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ABSTRACT 

Inflexibility of the hamstring muscle is one of the major contributing factors to 

lower back pain. People who wish to relieve lower back pain should increase the 

flexibility of their hamstring muscle. People who are unable to stretch by 

themselves must seek assistance from a physical therapist. The Hamstring 

Flexor allows such people to stretch their hamstring muscle on their own without 

depending on the physical therapist. Customer surveys were conducted at 

various rehabilitation centers to help identify the needs of the customers. The 

four most important needs were identified by using the Quality Functional 

Deployment (QFD). One of the needs stated that the machine must effectively 

stretch the patient’s leg from 0 to 90°.   Another need required the patient to have 

complete control of leg rotation.  The last two needs were the patient could 

stretch either leg while staying on the machine and the machine must 

ergonomically fit users ranging from 5-6 feet tall. 

 
Test results showed that 75% of volunteer users were fully satisfied with the 

stretch effectiveness of the Hamstring Flexor. Of all volunteer users, 87.5% were 

fully satisfied with how well they could fit in the Hamstring Flexor. Several 

volunteer users who were from 6.4 to 6.7 feet tall had also tested the Hamstring 

Flexor without any problem fitting into it. The report ends with the 

recommendation that the Hamstring Flexor could improve its cost efficiency.   

The Hamstring Flexor could provide better stability for the leg supporters, and 

provide higher stretching angles. 
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1.0 INTRODUCTION 
The Hamstring muscle is defined as any one of the three muscles at the back of 

the thigh: medially the semimemberanosus, semitendinosus and laterally the 

biceps femoris [1]. 

The hamstring plays a vital role in walking, running, jumping, and controlling 

movement of the trunk [2].  At Mount Lookout Chiropractic and Sport Injury 

Center (MLCSIC), many patients seek treatment for their lower back pain.  

According to Doctor Steve King, inflexibility of the hamstring is one of the major 

contributing factors to lower back pain. Therefore, making the hamstring muscle 

flexible would relieve the pain in the lower back. 

 

The current stretching method requires a physical therapist to assist patients to 

stretch their hamstring muscle. This difficult job is very stressful for the physical 

therapist because they have to carry all different sizes and shapes of patients’ 

legs on their shoulder [3]. In the past three years, the number of patient visits to 

the MLCSIC has increased dramatically [4].  The MLCSIC could not meet the 

high demand of patients without having to hire more physical therapists.  Hiring 

more physical therapists cost more money; instead, the MLCSIC was interested 

in funding a project to develop a prototype machine that could perform the job of 

the physical therapist.  
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1.1 Design Objectives 

The primary objectives of this project are to design a machine that can reduce 

the need of physical therapists and at the same time keep up with the demand of 

patients at MLCSIC.  The first objective is to improve the ergonomic and 

economic factors of the current stretching method.  The second objective is to 

allow the patient to have the control of range of motion of the machine. 

 

1.2 Technical Resources 

Body dimensions were collected from several ergonomic textbooks and the 

Engineering Physiology Base of Human Factors/Ergonomic textbook to identify 

average size and shape of a human. Also, data and observations collected from 

the MLCSIC were used to develop the Hamstring Flexor machine. 

 

1.3 Project Management 

To ensure the smooth flow of the project, a project schedule was developed with 

target dates assigned to certain tasks to be completed. The project schedule can 

be seen in Appendix H. Notice that the date sections are in range to allow for 

adjustment. To keep track of how the project was progressing, a weekly report 

was written and submitted to the project advisor. 
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1.4 Scope of Report 

The remaining sections of this report will discuss the design process, fabrication 

process, assembly process and testing process.  In closing of this report, the 

recommendation section will provide information for improving the prototype and 

future developments. 

 

2.0 SURVEY OF RELATED TECHNICAL SOURCES 

 

2.1 Research of existing products 

Throughout the research process, there are three different products that are 

currently available for dynamic stretching of the hamstring muscle: 

-Hamex-I: this is a floor-mounted model that is capable of stretching up to a 54-

inch leg, and rotating from 0-110 degrees random of motion. It is controlled by a 

remote hand-held switch. Please refer to Figure-1. 

 

 
 

Figure-1: Hamex-I Dynamic hamstring stretching 
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-Hamex-II: This is a wall-mounted unit that requires 15 inches of wall space. It is 

fully adjustable with a range of 25 inches to 72 inches, and it is controlled by a 

remote hand-held switch. Please refer to figure-2. 

 

 
 

Figure-2: Hamex-II Dynamic hamstring stretching 
 

-Hamstring Stretch-Rx: This product puts patients in complete control of their 

own hamstring stretch, yet it works like a personal trainer. Supine positioning 

isolates the hamstring muscles for optimal stretching while protecting the lower 

back to prevent injury. Please refer to Figure-3. 

 

 
Figure-3: Hamstring Stretch-Rx 
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2.2 Market information  

Hamex-I and Hamex-II are the products of Northern Orthopedic Products, Inc. 

156 Genese Lane, Madison, Connecticut 06443. 

Hamstring Stretch-Rx is the product of Rajala Rehabilitation Products 3900 

Valley Ave, Suit A, Pleasanton, CA 94566. 

 

2.3 Existing Products and Their Differences 

Hamex-I, Hamex-II, and Hamstring Stretch-Rx typically serve the same purpose 

for patients. However, they are designed differently. The Hamex-I was designed 

to mount on the floor so a patient could feel comfortable while stretching the 

hamstring muscle. However, it could be difficult and inconvenient for patients to 

get up, especially for those who are obese. The Hamex-II offers the wall mount 

unit, which allows patients to stretch their hamstring muscle in a standing 

position. This machine does not require as much space as the Hamex-I. It only 

requires 15 inches of wall space while the Hamex-I can take up to several feet of 

floor space. The disadvantages of the Hamex-II machine are that the patients 

could potentially lose their balance because it has less support, for the body.  It 

can also result in poor posture support, which can apply more stress on the 

patient’s back. The Hamstring Stretch-Rx has a similar motion as the Hamex-I. 

However, it requires patients to use their own hands as a power supply source to 

pull up their leg. This product is the most economic and convenient compared to 

the other two machines. However, it requires too much muscular effort for 
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hamstring stretching. It may not be preferred by those patients who do not want 

to use too much of their own effort with their hand muscles. 

 

2.4 Journal of Orthopaedic and Sports Physical Therapy: Effect of 

hamstring on hamstring muscle performance 

The report in this journal provides useful resources for supporting the Senior 

Design Project. This journal has included hamstring-testing methods from 

nineteen university students without a history of knee or hamstring muscle injury. 

The journal also reported stretching protocol. The study is how to perform an 

anterior pelvis tilt while standing. All subjects demonstrate the ability to obtain an 

anterior pelvic tilt in the standing position prior to the experimental study. The 

subject was told to face a table or chair and place the heel of the leg to be 

stretched on the table or chair seat. (This was determined by subject comfort and 

his/her ability to maintain an anterior pelvic tilt.) Subjects were then told to keep 

their hand on their hips, hold their head in the neutral position looking forward, 

keep the stretched leg fully extended, extend their cervical and thoracic spine, 

and retract their scapulae while maintaining an anterior pelvic tilt. Then, they 

were asked to move their trunk forward at the pelvis until they perceived a 

hamstring stretching sensation without pain. Each subject stretched both legs, 

one leg using static stretch and the other leg using proprioceptive neuromuscular 

facilitation (PNF-this is contract relax-contract). In conclusion, the journal showed 

statistical results that both stretching techniques did not show any significant 

difference between static stretching and PNF stretching. Therefore, both 
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techniques can be used to increase flexibility. The journal recommends using the 

static technique for increasing hamstring flexibility as it is much easier to teach 

and to perform than the PNF stretching. 

 

2.5 Research of Human Factors/Ergonomic 

Ergonomics contributes to the solution of a large number of social problems 

related to safety, health, comfort and efficiency. Human factors and ergonomics 

are considered an important part of any design solutions because they help 

engineers to design the equipment and machines so that they have an adequate 

relationship between the operators and their tasks. In other words, it means that 

the equipment or machine must be fitted to the man. Humans come in a variety 

of sizes, and their bodies are not assembled in the same proportion. Therefore, 

fitting equipment to the body requires careful consideration. Critical dimensions 

for this Senior Design Project have been extracted from the Engineering 

Physiology Bases of Human Factors/ Ergonomics by K. H. E Kromer. These 

include the most recent information on body sizes of North American adults, 

female and male at the 95th percentile. For improving the design of past 

equipment, the following body dimensions need to be considered: 

1. Stature. 

2. Shoulder height (acromion), standing. 

3. Hip height (trochanter). 

4. Sitting height. 

5. Sitting popliteal height. 
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6. Shoulder breadth (bidetoid). 

7. Foot breath. 

 

2.6 Customer Survey Results 

The customer surveys were sent to doctors and patients at Mt. Lookout 

Chiropractic & Sport Injury Center to identify how the customers would value the 

features that have been proposed in the survey.  (Please refer to Appendix D for 

a sample of the survey). A few comments from the customers were very 

interesting. The customers would like to see more cushions to support the back. 

The customers also felt that the stretch-leg is not secure enough, and agree that 

changing sides is good because of circulation. Other opinions were that it is 

difficult first to get situated on the machine. The rested leg will come up for 

patients who have tighter hamstring muscle. Customers desired some device to 

keep the rested leg down while the other leg is stretching. The results of the 

survey can be found in Appendix E (Survey result). 

 

3.0 TECHNICAL DISCUSSION OF DESIGN SOLUTION 

 

3.1 Selection of Preferred Design 

After searching for existing hamstring stretching equipment, three different 

conceptual drawings were constructed. The objective of all three of these 

alternative solutions is stretching the patient’s hamstring muscle. This section 

explains how each of the concepts works mechanically. The first concept (please 

 14



refer to Figure1) consists of a bench and six linkages, three on each side of the 

bench. Link one and link three pivots to the bench. Link two is the connecting link 

that connects together link one and link three. As the patient exerts a force on 

link one, the force will transmit to link two and then link three. Link three is 

moving as a rotary motion, which will bring up the patient’s stretched-leg.  

 

Concept number two (please refer to Figure 2) uses the same bench as 

described in concept number one, except the lifting mechanism is replaced by 

two electric actuators, one for each side. Since the mechanism in this concept is 

power-operated, the two electric actuators can be placed under the bench for 

clearance. At the end of the bench, there are two rotating members that serve as 

a support for patient’s legs and as driven linkages. Notice that the pivot point of 

the leg supporter has moved further from the bench. This design would allow the 

leg supporter to rotate passed 90 degrees without interference. Another 

advantage in this design is that the load can be applied directly to the center of 

the actuator. Therefore, if the system is at rest, the moment will equal to zero. 

 

Concept number three consists of an electric actuator system. This system 

includes two electric actuators (one for each side), a two-channel, control box, 

and a handset-controlled switch connected by a coiled cable. The structural 

frame is constructed by T-Slot aluminum extrusions made from 6105-T5 

aluminum with a clear anodize finish. At the top of the bench, 3/8” thick plywood 

is used as a platform to cover the surface of the framework. On top of the 
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plywood is a ½” thick medium firm Neoprene Rubber. The leg supporter is 

mounted on the side of the bench. This leg supporter is pivoted by a shoulder, 

shoulder screws and 2 Oilite flanged bushings on each side of the bench. Notice 

that the pivot point has moved toward the front of the bench. The electric 

actuators were moved outside of the bench frame. The electric actuators stand 

on top of 7” x 5” x ¼” thick steel plate. The two-channel control box is placed 

under the bench, and the handset-controlled switch can be mounted on the left or 

the right side of the bench. 

 

3.2 Analysis of All Elements of Preferred Design 

After carefully going through all three concepts, the preferred design is concept 

number 3. The design selection was obtained from the Quality Functional 

Deployment (Appendix F) to meet the specification of the design. In the design 

concept number two, the axis of rotation is several inches away from the end of 

the bench. Consequently, the machine will push the patient toward the head end 

of the bench as it lifts the patient’s leg. To resolve this problem, the axis of 

rotation must be parallel with the patient’s hip. In the human bio-mechanic, the 

leg is pivoted at the hip. Since the pivot mounting point of the leg supporter is 

located on the side of the bench, the electric cylinder needs to be placed outside 

of the bench to gain more structural support for the leg supporter. This design 

does have some mechanical disadvantage because the force does not apply 

directly perpendicular to the pivot mounting point of the leg supporter. To ensure 

the pivot can withstand the load, a free-body diagram was constructed, and the 
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calculation showed that the force applied to the pivot was 660 pounds (Appendix 

A). This is a cantilever beam loading application. At the pivot, a 660 pound force 

applies to the end of a 2-inches long, ¾” diameter shoulder screw.  The bending 

moment calculation comes out to be 1,320 inch-pound. Apply this bending 

moment to the stress formula σ = MC/I the result is σ = 30,937.5 pound per 

square inch (PSI). In another word, it will take 30,937.5 PSI for the shoulder 

screw to fail. 

 

Because of the way the dynamic load applies to the shoulder screw, the 

transverse shear loading in the beam must be considered. Based on the 

calculation, τ = 4131.5 PSI, the safety factor of 2.75 is selected in this design. 

Therefore, based on ANSI B18.3 1969, a ¾” diameter by 2” long shoulder screw 

is the best fit for this application. The single shear strength for the ¾” shoulder 

screw is 84,000 PSI. Thus, this design is in the safe zone. 

 

3.3 Designs for Manufacturing & Assembly 

 In this project, the design involved human subjects. Therefore, the frame 

structure had to be very rugged and stabile. This lead to the material selection to 

be constructed out of metal. Aluminum and steel were the only two best options 

for material of construction. A comparison chart was constructed (please refer to 

Aluminum versus Steel chart) to see wether aluminum or steel would be a best 

suited for manufacturability and assembling.  
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Aluminum Versus Steel 

T-Slotted Aluminum Frame 

• No welding required  

• No priming or painting 

• Lightweight and easy to 

machine 

• (24” x 24” x 18”) = 20 lbs 

• Easy to fabricate- only simple 

hand tools required 

• No expensive fabrication 

equipment required 

• Less engineering time required 

• Machine can be easily to 

configured for changes 

Steel Frame 

• Welding required 

• Painting required 

• Heavyweight and hard to 

machine 

• (24” x 24” x 18”) = 33 lbs 

• Difficult to fabricate and required 

many tools for welding 

• Expensive welding equipment 

required 

• More engineering time required 

• Machine frame can be difficult to 

configured for changes  

 

From the comparison chart, the aluminum was selected for materials of 

construction. In addition, the aluminum material offered much more 

manufacturing characteristics than the steel material. The T-Slotted aluminum 

extrusion was made from 6105-T5 aluminum with a clear anodized finish, which 

provided its outside appearance a clean look. Further more, the advantage of the 

T-Slot aluminum extrusion was the cheaper alternative for mass production of the 

Hamstring Flexor. The space for assembling the Hamstring Flexor only required 

as much as 66 square feet. Another advantages that T-Slotted aluminum 
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extrusion offers was the shipping purpose. Every single component can be 

separated, and the only tools it takes to assemble it together were, a 9/16” 

socket, a 3/8” ratchet, a 5/16” and ½” Allen wrench.  

 

4.0 PLAN FOR CARRYING DESIGN THROUGH TO PROJECT COMPLETION 

 

4.1 Fabrication 

The equipment needed to fabricate parts for the Hamstring Flexor were the 

Bridgeport 4 axis-milling machine, the LVD laser cutting machine, and the 

Cincinnati Press-brake machine. The two spacers were estimated about 6 hours 

to machine on the Bridgeport 4 axis-milling machine, including the set up time. 

The LVD laser-cutting machine was used to laser-cut all flat parts, holes and 

parts to be formed. The greatest advantages for using the LVD laser-cutting 

machine were eliminating the holes drilling processes, cutting any contour lines, 

radius for sharp corners, and reducing the fabrication time down to as much as 

50%. Once all parts have been cut from the LVD, the Cincinnati press-brake 

could form parts such as U-brackets, L-brackets and clevises. This forming 

process would eliminate the majority of parts welding processes. 

 

4.2 Performance Testing  

Performance testing for the Hamstring Flexor had been set for two locations: 

Mount Lookout Chiropractic and Sport Injury Center and College of Applied 

Science (North-Lab building). The testing was aimed at three categories: 
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Stretching effect, Ergonomics and Features (please refer to Appendix K, L, M). 

To assure all aspects of the Hamstring Flexor were being tested, the volunteer 

users were selected from various groups including age from 17 to 60, weight 

ranging from 90 to 300 pounds, and height ranging from 5 to 6 feet. In addition, a 

set of testing evaluation questionnaires was developed for the volunteer users to 

receive their feedback as well as comments and suggestions (please refer to 

Appendix I). 

 

4.3 Results 

All testing data have been analyzed to compose three graphical charts for 

Stretch-Effect, Ergonomic, and Features (please refer to Appendix K, L, M). All 

three graphs showed the percent of testing population versus the level of 

satisfaction on the number scale from 1 to 5 (5 being best). In the Stretch effect 

graph, the results showed 75% of the testing population was fully satisfied, 

12.5% was above average, and 12.5% was at the average. In the Ergonomic 

graph, the results showed 87.5% of the testing population was fully satisfied, and 

12.5% was above average. In the Features graph, the results showed 62.5% of 

the testing population was fully satisfied, and 37.5% was above average. Overall, 

the comments from 20 volunteer users were quite positive, such as “ I loved the 

way my legs feel after being on the Hamstring Flexor.” Some user had 

commented, “ The Hamstring Flexor could not provided a better care than a 

human being (physical therapist). However, it is definitely a cheaper alternative to 

stretch the hamstring muscle.”  
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4.4 Cost Analysis 

A cost comparison chart was developed to see how much money could be saved 

yearly for both of stretching alternatives (please refer to the Hamstring Flexor 

machine versus Certified Physical Assistance chart). Choosing the Hamstring 

Flexor machine alternative would allow Chiropractors to save $ 48,440 per year 

for a one-to-one comparison. The saving number could grow much higher, 

depending the size of the Rehabilitation Center. 

Hamstring Flexor machine versus Certified Physical Therapist Assistance 

Hamstring Flexor machine 

• Cost of machine   = $ 2,000 
• Maintenance        = $ 100 / year 
• Liability insurance = $ 200 / year 
• Machine set up     = $ 100 

 
                Total cost = $ 2,400 

Certified Physical Therapist 

Assistance 

• Yearly salary          = $ 36,314 
• Benefit & workman 

compensation         = $ 14,525 
 
 
                    Total cost = $ 50,840 

 

5.0 Recommendation 

There were several areas for improving the Hamstring Flexor such as eliminating 

the number of electric actuators down to one since only one cylinder worked at 

one time. A mechanical linkage system could be used to mobilize the electric 

actuator from the left side to the right. The cylinder reduction could drive the cost 

of the Hamstring Flexor down by $300. To gain better stability in the leg 

supporter, the cylinder could move toward the center of the leg supporter. Based 

on the feedback from volunteer users, the leg-strap used was a little difficult to 

strap both legs down. To improve this problem, a Velcrostrap could do the job 
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much easier than the Snap-On buckle. To make the Hamstring Flexor a safer 

machine to operate, two stands could be added at the end of each of the leg 

supporter. This could prevent the worse case scenario if a user who wanted to sit 

on the end of the Hamstring Flexor. This machine could provide more features by 

designing it with multiple stretches. To gain a higher ground in the biomedical 

market, the Hamstring Flexor could be designed and built from a cheaper 

material.   

 

Conclusion 

In conclusion, the Hamstring Flexor was designed in a very unique manner. The 

machine had met all of the needs of the patients, which were identified earlier in 

the Technical Discussion of Design Solution section. The results of ergonomic 

tests demonstrated that well over 87% of volunteer users were fully satisfied with 

the machine, which indicated the Hamstring Flexor had solved most of the 

ergonomic issues from the past equipment. Over 70% of volunteer users were 

fully satisfied with the stretch effect of the machine. So it definitely could reduce 

the need of physical therapists. The proof of design had stated earlier in the 

proposal that the Hamstring Flexor was designed for patients who are from 5 to 6 

feet tall only. However, there were several volunteer users who were from 6.4 to 

6.7 feet tall that had tested the Hamstring Flexor without a glitch. The budget of 

this project was forecasted around $2,000, but the final cost was well under 

budget. The total cost for completing this project was $1,685. In regards to time, 

the project was completed one week before the Tech. Expo 2002.  

 22



CALCULATION APPENDIX - A 
 
 
Static load on top of the electric cylinder: 
 
• Aluminum extrusion (long section) 44”                        = 4 lbs 
• Aluminum extrusion ( 3 short sections @ 11 inches)  = 3 lbs 
• Upper pivot bracket (1/4”thk-304SS)                           = 2 lbs 
• Small aluminum bracket (5 pieces @ .125lb/EA)         = .625 lb 
• Cushion Pads (plywood & Neoprene material)            = 3lbs 
• Hardware (5/16-18UNC, T-nut, washer)                      = 1 lb 
• Hamstring muscle resistance (maximum)                    = 20 lbs 
• Weight of the leg                                                          = 45 lbs  
 
Total static load = 78.625 lbs approximately 80 lbs 

 23



 24

 
 
 
 



Fx = (-787#) cos 33° = -660 lbs 
 
Fy = (-787#) sin 33° = -428.63 lbs 
 
↑+ ∑ MA = 0 
 
(80 lbs)*(35.6 in) – (Fy)*(6 in) = 0 
 
⇒ Fy = 475 lbs (at leg supporter) 
 
↑+ ∑ MB = 0 
 
(80 lbs)*(42 in) – (Fy)*(10.75 in) = 0 
 
⇒ Fy = 313 lbs (at cylinder supporter) 
 
Stress analysis for shoulder screw: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
↑+M = (660 lbs)*(2.00 in) = 1320 in-lbs 
 
C = .75 in/2 = .375 in 
 
I  = (14)*(π)*(R)4 = (.25)*(π)*(.375)4 = 0.016 in4 
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σ = MC / I 
 
σ = (1320 in-lbs)*(.75 in/2) / 0.016 in4 = 30,937.5 PSI 
 
Transverse shear loading in beam: 
 
V = 660 lbs 
 
A = πd2/4 = (π)*(.521 in)2 / 4 = .213 in2 
 
τ = 4V / 3A = (4)*(660 lbs) / (3)*(.213 in2) = 4131.5 PSI 
 
Shear Force Calculation for 5/16-18NC S.H.C.S.: 
 
Single shear force 
 
τ = F / A 
 
A = πd2/4 = (π)(.3125 in)2 / 4 = 0.08 in2 
 
⇒ τ = 660 lbs / 0.08 in2 = 8250 lbs (for a single screw) 
 
8250 lbs /2 = 4125 lbs (for double screw) 
 
Profile Bending for Deflection of Static Load 

  
For Leg stopper extrusion: 
 
. f = FL3 / 3EI 
 
F= 475 lbs 
 
L = 2.75 in 
 
E = 10x106 PSI 
 
I = .183 in4 
 
⇒ f = (475 lbs)*(2.75 in)3 / (3)*(10x106 PSI)*(.183 in4) = 0.002 in 
 
Determination of Maximum Occurring Bending Stress 

 
σ = FL / W  
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W = .289 in3 (section modulus) 
 
σ = (475 lbs)*(2.75 in) / .289 in3 = 4383.4 PSI 
 
Shearing Stress for Cylinder Pins 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To obtain average shearing stress τAVG = P/A = F/2A 
 
F = 787 lbs 
 
A = A = πd2/4 = (π)(.375 in)2 / 4 = 0.110 in2 
⇒ τAVG = 787 lbs / (2)*(0.110 in2) = 3577.3 PSI 
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Nomenclature 
 
 
M = Bending moment (lb) 
 
σ = Stress (PSI) 
 
C = Distance to the centroid 
 
I = Moment of inertia 
 R = Radius 
 
τ = Transverse shear loading (PSI) 
 
V = Shearing force (lb) 
 
A = Cross section area 
 
F = Applying force (lb) 
 
L = Length of profile (in) 
 
E = Modulus of Elasticity or young modulus = 10x106 PSI 
 
.f = Amount of deflection 
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Hamstring Stretching Equipment           Appendix-D 
Product Improvement Survey 

 
A student from the MET Department is attempting to improve the design and usefulness of the 
hamstring stretching equipment (HAMEX-I). Please take 10 minutes to fill out this customer 
survey and return it to Tuan Nguyen 355 Bob Drive Cincinnati, Ohio 45238. Your comments will 
be helpful in improving the design of the HEMEX-I. 
 
Please indicate the level of importance you attach to the following aspects of the HAMEX-I 
machine.  

1 = low importance     5 = high importance 
 
 
1. A more secure position to stretch your hamstring.  
    1    2     3     4     5 
    Comments ______________________________________________________ 
2. Make it easier to keep one leg down while the other leg is stretching. 
    1    2     3     4     5 
    Comments ______________________________________________________ 
3. A frame that fits your leg better. 
    1    2    3     4     5 
    Comments ______________________________________________________ 
4.  Easier to stretch either leg without switching side. 
     1    2    3     4     5 
     Comments ______________________________________________________ 
5. Make it easier to sit on the stationary mat table. 
    1    2    3     4     5  
    Comments ______________________________________________________ 
6. A more cushion on your back. 
    1    2    3     4     5 
    Comments ______________________________________________________ 
7. Make it so either leg can cross over the other side of the machine.  
     Comments ______________________________________________________ 
8. Make it so the stretch-leg may not easily fall off the machine. 
    1    2    3     4     5  
9. Make it so the stretch-leg may not have too much side rotation. 
    1    2    3     4     5 
     Comments ______________________________________________________ 
 
Please list any other improvement features you like to see in the HAMEX-I.  
 
 
Would you willing to pay more for Hamstring Stretching Equipment if the improvement you value 
with a 5 or 4 rating available on the market?     Yes       No 
If you answer yes to the previous question, how much more would you willing to pay? 
($0-100)   ($100-200)   ($200-300)   ($300-400)   ($400-500) 
How many HAMEX-I do you own (approximately)? ________ 

Thank you for taking the time to complete this survey. 
Your comments are very important to us. 
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Appendix-E- Survey Results 
 

 Summary of responses from customer survey for Hamstring Stretching 
Equipment 
 
 

Question number Number of responses with 4 or 5 
rating 

1 6 
2 9 
3 1 
4 4 
5 6 
6 10 
7 6 
8 4 
9 9 
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 Appendix-I 
TESTING EVALUATION 

 
Please check your age group. 
18-23__  24-29__  30-35__  36-41__  42-47__  48-53__  54-59__  60-65__ 
Please check your weight range. 
90-140__  141-190__  191-240__  241-300 __ 
What is you height? ______ 
What is your gender?  Male___ Female___ 

After testing the Hamstring Flexor, please indicate the level of satisfy to the 
following questions.  
1 = least satisfy     5 = most satisfy 
 
1. How was the height of this machine compare to the Hamex-I machine? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
2. How satisfy were you when you first get situated on the machine? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
3. Did you feel the stretch of your hamstring muscle as you would feel from the help of therapist 
assistance?  
    1    2     3     4     5  
    Comments ______________________________________________________ 
 4. Was this machine able to keep your rested leg down while the other leg was up? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
Did you feel comfortable when laying the machine? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
5. How did you like the speed of the machine? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
6. How do you rank this machine compare to the conventional stretching method? 
    1    2     3     4     5  
    Comments ______________________________________________________ 
7. Overall, how much did you like this machine 
    1    2     3     4     5  
    Comments ______________________________________________________ 
8. Do you prefer to own this machine, or stay with the conventional stretching method? 
    Yes  No 
   Comments ______________________________________________________ 

 
Thank you for taking the time to complete this survey. 

Your comments are very important to us. 
Please return this testing evaluation to Tuan Nguyen 355 Bob Drive 

Cincinnati, Ohio 45238 
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Appendix J 
 

MUSCLE RESISTANCE DATA 
 
GENDE

R 

AGE HEIGHT 
(inches) 

WEIGHT(lb) MUSCLE RESISTANCE(lb) 

Male 15 56 140 13.5 
Male 20 50 155 13 
Female 35 57 157 16 
Female 48 54 180 14.5 
Male 50 62 160 14 
Female 17 61 145 10 
Female 32 58 110 15 
Male 18 52 200 12.7 
Male 60 53 165 16.5 
Female 25 59 195 18 
 

                                                               AVERAGE = 14.3 lbs. 
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MANUFACTURE SPECIFICATIONS 
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