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1. INTRODUCTION:

  

2. KEYWORDS:

3. ACCOMPLISHMENTS:

What were the major goals of the project?

1. Complete training of the test center personnel to ensure consistent execution of the study design

across every facility.

2. Determine the short- and long-term effects of interface design and control methodology on

objective functional performance measures.

3. Determine the short- and long-term effects of interface design and control methodology on

subjective outcome measures.

4. Determine the impact on socket fitting, fabrication and training time for each study condition.

Despite the advancements in upper extremity myoelectric prosthesis interface and control

methodology, little evidence exists to help the practitioner determine the most effective system

combination for their particular patient. Further, advanced technologies continue to be reimbursed

using miscellaneous L5999 Medicare codes, thus limiting the widespread use of the new

technology given the current reimbursement climate. The purpose of this study is to evaluate and

compare the short- and long-term effectiveness of existing and emerging interface designs and

control methodologies to provide objective and subjective data to guide evidence-based practices,

as well as to present the latest research to third-party payers in order to make the best technologies

available to those most in need.  The goal of this research was to evaluate 20 transradial amputee

subjects completing a randomized crossover study including three conditions; 1. Traditional

control with electrodes embedded into a rigid socket (Direct), 2. Pattern recognition control with

electrodes embedded into a rigid socket (PR), 3. Pattern recognition with electrodes integrated in a

gel liner (PR+Liner).

Myoliner, myoelectric prosthesis, pattern recognition, direct control, conventional control
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What was accomplished under these goals? 

Major Activity 1:  Complete training of the test center personnel to ensure consistent execution of 

the study design across every facility. 

Results:  A 1-day training course was designed to educate the test centers on the myoliner as well 

as the specific details related to study execution and to practice the AMULA.  The details relating 

to study execution covered subject inclusion/exclusion criteria, the flow of the study, the timing of 

data collection, where and when data will be saved, how study compensation will work, and 

expectations from WillowWood and the sites.  On July 24th 2018 all study sites had completed the 

training seminar.  

Following this training, the study sites were able to complete the study procedures.  The initial 

enrollment target for the study was 20 subjects.  Due to subject dropout, primarily in response to 

the Covid-19 pandemic, the sites together recruited a total of 21 subjects (Table 1).  A total of 16 

subjects completed data collection for all three study conditions.  The breakdown for enrollment 

and retention is as follows: 

Site # 1:  Handspring POA – 10 total subjects.  Subjects participated from their Middletown, NY 

office (9 of the 10 subjects) and Salt Lake City, UT office (1 of the 10 subjects).  Eight of the ten 

subjects completed all three conditions.  One of the two subjects that did not complete the entire 

study, did attempt all three conditions.  However, the team was unable to deliver one of the 

conditions successfully, therefore no data was collected.  The team excluded this from the data 

analysis. 

Site #2:  Optimus – 4 total subjects.  All subjects participated from their Dayton, OH office.  Three 

of the four subjects completed all three conditions.   

Site #3:  Ability – 4 total subjects.  Subjects participated from their Exton, PA office (2 of the 4 

subjects) and Frederick, MD office (2 of the 4 subjects).  Two of the four subjects completed all 

three conditions. 

Site #4:  Motus – 3 total subjects.  All subjects participated from their Indianapolis, IN office.  All 

subjects completed all three conditions. 

Major Activity 2:  Determine the short- and long-term effects of interface design and control 

methodology on objective functional performance measures. 

Results:  The study included two functional outcomes measures that were scorer blinded.  The 

primary functional outcome measure was the Activities Measure for Upper Limb Amputees 

(AMULA).  The AMULA includes 18 tasks of daily living (Table 2).  The tasks are scored on a 0-

4 scale across five domains: completion of task, speed of completion, movement quality, 

skillfulness of prosthesis use, and independence.  The lowest score in any of these domains 

becomes the score for that task.  The scores are combined into a composite score for each 

condition.  The PR+Liner condition (using the Control Liner) had the highest scores at both initial 

and final data collection points compared to the other two conditions (Figure 1).  At the final data 

collection point, these differences were statistically significant (p=0.001 when compared to direct 

control and p=0.01 when compared to pattern recognition control without the Control Liner).  At 

the initial data collection point, there was also a significant difference between the PR and 

PR+Liner condition (p=0.01).  It was near significant at that data point between Direct and 

PR+Liner (p=0.07).   
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The AMULA results provide evidence that the biggest impact on performance was due to the 

interface condition as opposed to the control algorithm.  This makes sense from the relatively short 

in-lab test that the AMULA is.  The value proposition of the Control Liner is more consistent 

electrode contact which would directly impact the performance of this in-lab test.  There may be 

additional differences between controllers that are not fully exposed during this test.  That said, the 

PR condition did yield the second highest results, but these differences between Direct and PR did 

not reach any level of significance. 

The second functional outcome measure was elbow range of motion.  The maximum flexion and 

maximum extension angles were measured by the prosthetists using a goniometer both with and 

without the prosthesis.  Results are reported as the range of motion with the prosthesis (pro) 

divided by the range of motion without the prosthesis (no pro).  The results found that elbow range 

of motion was on average ~10% higher when using the PR+Liner condition compared to the other 

two (Figure 2).  The Control Liner enabled some prosthetists to design the socket different than the 

other two conditions, neither of which had a liner, thus impacting the results and explaining why 

there was not much difference between the Direct and PR condition.  Prosthetists reported 

eliminating the olecranon bar typically found in transradial prosthetic socket or replacing the rigid 

bar with an adjustable strap for the PR+Liner condition.  Further, prosthetists reported relaxing the 

amount of socket volume reduction since the Control Liner provided suspension of the prosthesis.  

Both of these factors were the primary drivers for the difference in elbow range of motion.  While 

these results did not hit statistical significance, they were near significant.  At initial data 

collection, the Direct to PR+Liner comparison had a p value = 0.09 and the PR to PR+Liner had a 

p-value = 0.06.  These same comparisons had a p-value of 0.054 and 0.08 at final data collection

respectively.  The team identified a large variation, where some subjects had a large reduction in

elbow range of motion when using the PR+Liner condition, likely due to the fit of the socket.  In

these instances, socket comfort was rated lower by the subject.  At the start of the study, this

technology was new for many of the prosthetists.  This suggest there may be a learning curve when

beginning to use the Control Liner as the prosthetist should not fit the socket the same way as if

they were fitting a skin fit socket.  Perhaps the results of this work will help minimize the learning

curve for future users.

Major Activity 3:  Determine the short- and long-term effects of interface design and control 

methodology on subjective outcome measures. 

Results:  The study included six subjective outcomes measures.  Four sections of the Orthotic and 

prosthetic User Survey (OPUS) were used.  These include the Upper Extremity Functional Scales, 

the Health Quality of Life, Satisfaction with Device (Primary subjective outcome), and Satisfaction 

with Services sections.  The McGann Feedback form was also included as it mirrored the primary 

section of the OPUS and thus should provide some similarity in results.  Lastly, the socket comfort 

score was recorded.   

The results indicated no significant difference between any of the conditions for all surveys 

(Figures 3-8).  The primary survey, the Satisfaction with Device did not follow a similar trend as 

the McGann Feedback Form, which asks similar questions.  Although the Satisfaction with Device 

survey indicated the highest satisfaction for the PR+Liner condition, the McGann Feedback Form 

found the highest scores for Direct condition.  There was also no consistency between initial and 

final data collection points.  Other surveys such as Health Quality of Life and Satisfaction with 

Services did not have much change in the score for any condition or data collection point, 

indicating the control method and interface design did not impact these areas greatly.   
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Major Activity 4:  Determine the impact on socket fitting, fabrication and training time for each 

study condition. 

Results:  Study prosthetists at each site completed surveys at the final data collection for each 

condition.  The results indicated that the PR+Liner condition resulted in the least hours spent fitting 

the socket (Figure 9), the highest rating for ease of socket fitting (Figure 10), and the fewest 

number of check sockets needed to achieve the final socket shape (Figure 11).  57% of the time, the 

PR+Liner condition only required 1 check socket whereas the other two conditions only 

accomplished this 29% of the time.  The PR+Liner condition never required more than 2 check 

sockets, but the other two conditions did, including as many as 9 check sockets.  In addition, 

clinicians reported that the PR+Liner condition was easier to modify the positive limb mold 93% of 

the time (Figure 12).  It was never rated harder than the other conditions.  On the other side, Direct 

and PR conditions were only rated easier to modify the positive mold 18% and 25% of the time 

respectively (Figure 12).  Also, the ease of fabrication was rated highest for the PR+Liner 

condition (Figure 13).  When using PR, the ease of selecting myosites was higher than the Direct 

control condition (Figure 14).  Note, the data sets were not equal for all conditions.  Two factors 

impacted this.  First, if the subject had an existing socket for one of the conditions that was 

functional and comfortable, it was used in the study and therefore the hours spent fitting the socket 

or the ease of fabrication may have been lost to history.  Second, at times the clinicians used an 

outside Central Fabrication facility to fabricate the condition and in those instances did not answer 

questions if they didn’t know the answer. 

Training of the conditions was most favorable for the Direct condition.  The results indicate the 

lowest number of training sessions (Figure 15) and the shortest amount of cumulative time spent 

training (Figure 16) for the Direct condition.  It should be noted however that a majority of the 

subjects in the study were existing Direct users so they needed little training for the Direct 

condition, whereas PR was new to them. 

Study Conclusion 

The completed study represents one of the largest prospective studies on an upper extremity 

prosthesis population known to the team.  The combined results indicate that the addition of the 

Liner provided the biggest difference in performance and clinician feedback.  This is evident 

because of the bigger differences between the PR+Liner condition relative to the other two and the 

smaller differences between conditions without the liner.  This is likely due to the reduction in 

electrode lift off that would have been consistent in the non-liner conditions.  The survey results 

provided inconclusive results and may point to the need for new surveys to be validated for the 

comparison of technologies.  Currently no surveys were originally constructed for this purpose, and 

this could explain the large variations in results.   
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Table 1: Subject demographics. 

ID Sex Age Prosthesis Side Clinic Existing Condition Completed all Conditions 

TR01 M 53 Left Optimus Direct Yes 

TR02 M 60 Left Optimus Direct No 

TR03 M 68 Left Optimus PR Yes 

TR04 F 62 Right Handspring Direct Yes 

TR05 M 41 Right Handspring Direct Yes 

TR06 M 23 Left Ability PR No 

TR07 F 18 Left Handspring Direct Yes 

TR08 F 50 Right Handspring PR Yes 

TR09 F 54 Left Ability PR No 

TR10 M 56 Left Optimus PR Yes 

TR11 M 41 Right Ability PR Yes 

TR12 M 63 Left Handspring Direct Yes 

TR13 M 47 Right Motus Direct Yes 

TR14 M 46 Left Handspring Direct No 

TR15 F 32 Left Motus Direct Yes 

TR16 M 54 Right Ability PR Yes 

TR17 F 54 Left Handspring Direct Yes 

TR18 M 63 Left Handspring Direct Yes 

TR19 M 32 Left Handspring Direct Yes 

TR20 M 27 Let Motus Direct Yes 

TR21 M 33 Left Handspring PR No 

Table 2: AMULA tasks and the number of substeps defined for task completion. 

Task No. of Substeps Defined 

Brush/Comb Hair 4 

Put on T-Shirt 4 

Remove T-Shirt 5 

Button Shirt with Front Buttons 5 

Attach End of Zipper and Zip Jacket 4 

Put on Socks 3 

Tie Shoelaces 5 

Drink from a Paper Cup 5 

Use a Fork 4 

Use a Spoon 4 

Pour from a 12oz Can 5 

Write the Word “LETTER” legibly 4 

Use a Pair of Scissors 5 

Turn a Round Door Knob 4 

Dial a Touch Tone Phone 3 

Use a Hammer and Nail 5 

Fold a Bath Towel 3 

Reach Overhead 4 
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Figure 1:  AMULA results from the study. 

Figure 2:  Elbow range of motion results from the study. 
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Figure 3:  OPUS Upper Extremity Functional Scale results for the study. 

Figure 4:  OPUS Health Quality of Life results for the study. 
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Figure 5:  OPUS Satisfaction with Device results for the study. 

Figure 6:  OPUS Satisfaction with Services results for the study. 
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Figure 7:  McGann Feedback Form results for the study. 

Figure 8:  Socket Comfort Score results for the study. 
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Figure 9:  Clinician-report hours spent fitting the socket. 

Figure 10:  Clinician-rated ease of fitting condition.  10 indicates the easiest possible fitting. 
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Figure 11: Clinician-reported number of check sockets to achieve proper fit. 

Figure 12:  Clinician-reports ease of modifying the positive model. 
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Figure 13:  Clinician-reported ease of fabrication. 

Figure 14:  Clinician-reported ease of selecting myosites. 
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Figure 15:  Number of training sessions for each condition. 

Figure 16:  Total time reported engaging in training sessions with the subjects. 
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What opportunities for training and professional development has the project provided?   

 

 

 

 

 

 

 

 

 

How were the results disseminated to communities of interest?   

 

 

 

 

 

The WillowWood team provided training to seven O&P practitioners on the use of the Control Liner, a 

new technology for upper extremity myoelectric prosthesis users.  The practitioners learned about 

patient selection, sizing, fitting and delivering a socket for the Control Liner, and troubleshooting any 

problems.  In addition to the Control Liner training, these practitioners were also provided training on 

conducting the AMULA clinical outcome measures test and six subjective outcomes measures.  This 

training was useful for the completion of the project, as well as promoting evidence-based care in the 

future. 

The Control Liner platform has also given engineering interns at WillowWood the opportunity to learn 

about PCB board design and manufacturing processes while producing systems for the study subjects. 

During the course of the project, the team has presented at various conferences as follows: 

1. Wernke et al.  Advances in Upper-Limb Control Technologies: The Myoliner.  Part of an

Organized Session at AOPA National Meeting 2018.

2. Wernke et al.  Performance and Satisfaction with the Alpha Control Liner.  Podium

Presentation. AAOP National Meeting. 2020.

3. Wernke et al.  Comparison of Upper Extremity Myoelectric Interface and Control

Methodologies: A Preliminary Report from the First Five. Podium Presentation.  AOPA

National Meeting. 2020.

4. Wernke et al.  Comparison of Upper Extremity Myoelectric Interface and Control

Methodologies: A Preliminary Report from the Halfway Point. Podium Presentation.  AAOP

National Meeting. 2021.

5. Wernke et al.  Comparison of Upper Extremity Myoelectric Interface and Control

Methodologies: A Preliminary Report from the First Fifteen. Podium Presentation.  AOPA

National Meeting. 2022.

6. Wernke et al.  Comparison of Upper Extremity Myoelectric Interface and Control

Methodologies: A Preliminary Report from the First Sixteen. Podium Presentation.  MHSRS

Meeting. 2022.

7. Wernke et al.  Comparison of Upper Extremity Myoelectric Interface and Control

Methodologies: A Preliminary Report from the First Sixteen. Podium Presentation.  AOPA

National Meeting. 2022.

Note, there were also two abstracts accepted for presentation at the 2020 and 2021 MHSRS conference 

but due to Covid-19 the conferences were cancelled. 

The team is currently working on a final conference presentation and a journal manuscript to be 

submitted in the upcoming 2 months.   
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What do you plan to do during the next reporting period to accomplish the goals?  

4. IMPACT::

What was the impact on the development of the principal discipline(s) of the project?

What was the impact on other disciplines?   

 

What was the impact on technology transfer?  

What was the impact on society beyond science and technology? 

 

Nothing to Report. 

The Control Liner Technology is the first prosthetic liner with integrated electronics.  The results of the

study indicate how this interface technology has affected prosthetic care in comparison with other

standards of care.

Further, this was a first time for clinicians in the field to utilize this technology.  As such, clinicians at

each site had different approaches to how the socket should be designed and fit, and many of these

clinicians adapted their techniques as the study continued.  The lessons learned when fitting this

technology will help with future educational materials published by WillowWood when using the Control

Liner to avoid potential pitfalls when fitting the socket over the Control Liner to enable the best clinical

outcomes.

Additionally, this study is one of the largest prospective studies ever completed in upper extremity

prosthetic research.  The framework developed here can have an impact for future studies trying to

complete similar research with a host of clinical support facilities.

Nothing to report. 

The Control Liner technology was previously licensed by WillowWood from Rehabilitation Institute of 

Chicago prior to the start of the award.  Since then, WillowWood filed for additional IP prior to the start 

of the award.  The Alpha Control Liner is an FDA cleared Class II device that will be commercially 

available in 2023. 

Nothing to report. 
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5. CHANGES/PROBLEMS:

Changes in approach and reasons for change  

 

 

Actual or anticipated problems or delays and actions or plans to resolve them 

 

Changes that had a significant impact on expenditures 

 

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 

select agents 

Significant changes in use or care of human subjects 

 

 

Significant changes in use or care of vertebrate animals 

 

Significant changes in use of biohazards and/or select agents 

 

The Covid-19 pandemic caused significant issues. As a result of the delays, we received two 1-year No 

Cost Extension for the project in order to complete the project goals. Fear of the pandemic did result in a 

few subjects dropping out of the study. 

Nothing to report. 

Nothing to report. 

All sites modified procedures to comply with local laws surrounding the pandemic in order to see patients 

in clinic.  This included wearing a mask and checking temperatures prior to engaging in the research. 

Nothing to report. 

Nothing to report. 
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6. PRODUCTS:

• Publications, conference papers, and presentations

Journal publications.

Books or other non-periodical, one-time publications.  

Other publications, conference papers and presentations.  

• Inventions, patent applications, and/or licenses

 

• Other Products

The team is currently drafting a manuscript on the full results for peer-review.  The 

team is initially focusing on the journal Prosthetics and Orthotics International (POI).  

The manuscript will recognize the funding support from the Department of Defense as 

defined in the award contract. 

Nothing to report. 

The conference presentations are noted above in the dissemination section.  

• Website(s) or other Internet site(s)

Nothing to report.

• Technologies or techniques

Here the team completed one of the largest prospective studies of subjects who utilize an 

upper extremity prosthesis.  The techniques to create a network of clinics and have them 

execute the study can become a model for future efforts in a tough to recruit population. 

Nothing to report.

Nothing to report.
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project?

Name Role Contribution Person Month 

Worked 

James Colvin PI Developing consultant 

agreements. 

Developed training materials. 

Coordinated site trainings. 

Generate reports 

4.3 

Matthew Wernke Co-PI Coordinated with study sites to 

correct IRB. 

Develop training materials. 

Executed Site Training 

Generate reports 

10.7 

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 

since the last reporting period?  

 

 

 

 

What other organizations were involved as partners?   

 

 

8. SPECIAL REPORTING REQUIREMENTS

QUAD CHARTS:

See next page.

Mr. Colvin was awarded a Phase II NIH SBIR award in 2019 but his total time commitment remained 

under 12 calendar months. 

WillowWood was awarded a small Phase I NIH SBIR subcontract on which key personnel may spend 

less than 100 hours but their total time commitment remained under 12 calendar months. 

The clinical testing sites were involved as consultants on the award and were reimbursed based on the 

completion of study conditions.  These clinical sites include Handspring, Optimus, Ability, and Motus. 
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APPENDIX I:  Data Collection Form 

Comparative Effectiveness of Various Interface Designs and Control Methodologies for 
Myoelectric Prostheses Test Protocol 

NEEDS: 

 Printed Questionnaire: OPUS Upper Extremity Functional Status

 Printed Questionnaire: OPUS Health Quality of Life Index

 Printed Questionnaire: OPUS Satisfaction With Device and Service

 Printed Questionnaire: McGann Feedback Form

 Printed Questionnaire: Socket Comfort Score

 Printed Questionnaire: Clinician Survey (If Final Visit Only)

 Goniometer

 Supplied AMULA Test Material Bag

 A Full Unopened Soda Can (12 fl oz)

 Table and Chair

 Access to Shelf

 Camera and Video Camera or Smartphone

 Tripod (Optional)
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Comparative Effectiveness of Various Interface Designs and Control Methodologies for 
Myoelectric Prostheses Test Protocol 

Subject ID:_________ Condition:  A  or   B  or   C Time point:  Initial  or   Final 

Protocol: 

 Have Subject Complete 3 OPUS Sections

 Have Subject Complete McGann Feedback Form

 Have Subject Complete Socket Comfort Score

If 0 represents the most uncomfortable socket fit you can imagine and 10 represents the most

comfortable socket fit, how would you score the comfort of the socket fit of your artificial limb at the 

moment?  Score:_______________ 

 Prosthetist Completes Clinician Survey if Final Visit Only

 Take Pictures of the Subjects Residual Limb

 Anterior  Posterior  Medial  Lateral  Distal End

 Collect Elbow Range of Motion:

RoM Without Prosthesis RoM With Prosthesis 

Extension degrees Extension degrees 

Flexion degrees Flexion degrees 

 Have Subject Don Sleeve to Blind Scorer

 Have Subject Perform AMULA Procedures (see directions on following pages)

 Scan This Page and Upload to Basecamp (Filename:  SubjectID_Condition[A or B or C]_[Initial or

Final]_DataForm)  Example = TR01_A_Initial_DataForm

 Upload Residual Limb Photos to Basecamp (Filename:  SubjectID_Condition[A or B or C]_[Initial or

Final]_[Anterior or Posterior or Medial or Lateral or Distal])  Example = TR01_A_Initial_Medial

 Upload OPUS sections to Basecamp (Filename:  SubjectID_Condition[A or B or C]_[Initial or

Final]_[OPUS])  Example = TR01_A_Initial_OPUS

 Upload McGann Feedback Form to Basecamp (Filename:  SubjectID_Condition[A or B or C]_[Initial or

Final]_[McGann])  Example = TR01_A_Initial_McGann

 Upload AMULA Videos to Basecamp (Filename:  SubjectID_Condition[A or B or C]_[Initial or

Final]_AMULA)  Example = TR01_A_Initial_AMULApart1

Note:  AMULA videos can be uploaded in multiple videos.  If so, just add part1, part2, etc to end of 

filename 
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Administering the AMULA 

AMULA Introduction Statement: 

“I want to see how you do some everyday activities. Please use your prosthetic arm to do these 

activities. Please use your sound arm only on those activities that require 2 hands.” 

1. Brush/Comb Hair (Unilateral)  

“Please take this comb and, while grasping it, run it through your hair (or over the top of their

head if bald). Then put the comb down. Try to use only your prosthesis to do this task.”

- Subject is seated behind table with brush/comb on table.  Place camera directly

in front of subject and ensure hand/comb stay in field of view when brushing

hair.  Ensure when the subjects grasps and releases the comb/brush it is in the

field of view of the camera.  Task ends when subject releases grasp of

brush/comb and places it on table.

2. Drink From a Paper Cup (Unilateral)  

“Pick up this paper cup from the table, bring it all the way to your mouth, and pretend to drink

from it. Then put the cup back on the table. Try to use only your prosthesis to do this task.”

- Subject is seated behind table with cup on table. Place camera directly in front of

subject and ensure upper body (table to above head) stay in field of view of the

camera while drinking from the cup.  Task ends when subject releases grasp of

the cup.

3. Use a Fork (Unilateral)  

“Please grasp this fork and bring it to your mouth as if you were going to take a bite of food

from it. Then put the fork back on the table. Try to use only your prosthesis to do this task.”

- Subject is seated behind table with fork on table. Place camera directly in front

of subject and ensure upper body (table to above head) stay in field of view of the

camera while using the fork.  Task ends when subject releases grasp of the fork.

4. Use a Spoon (Unilateral)  

“Please grasp this spoon with your prosthesis and bring it to your mouth as if you were going to

take a bite of food from it. Then put the spoon back on the table. Be sure to use your prosthesis

while doing this.”

- Subject is seated behind table with spoon on table. Place camera directly in front

of subject and ensure upper body (table to above head) stay in field of view of the
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camera while using the spoon.  Task ends when subject releases grasp of the 

spoon. 

5. Pour From a 12oz Can  

“Please pick up the soda can from the table with 1 hand and grasp the cup with your other hand.

Then pour the soda from the can into the cup. When finished set the can and cup (if necessary)

down on the table. Be sure to use your prosthesis while doing this.”

- Subject is seated behind table with cup and soda can on table.  Place camera

directly in front of subject and ensure upper body (table to above head) stay in

field of view of the camera while pouring the can.  Task ends when the subject

releases cup and soda can.

6. Write the word “LETTER” Legibly (Unilateral)  

“Please grasp this pen with your prosthesis and write the word “LETTER” on the blank sheet of

paper on the clipboard. Then set the pen down on the table. Try to use only your prosthesis to do

this task.”

- Subject is seated behind table with pen and paper on table.  Place camera

directly in front of subject and ensure upper body (table to above head) stay in

field of view of the camera while they write.  Task ends when the subject releases

grip of pen and paper.  Show the paper to the camera at the end so the scorer

can see the written word.

7. Use a Pair of Scissors  

“Please take this blank piece of paper and, grasping scissors in 1 hand and with the paper in the

other, make at least 3 cuts in the paper. Then place the cut paper and scissors on the table.”

- Subject is seated behind the table with the scissor and paper on the table. Place

camera directly in front of subject and ensure upper body (table to above head)

stay in field of view of the camera while using the scissors.  Cut the paper they

just wrote the word letter on.  Task ends when the subject releases grip of paper

and scissors.

8. Dial a Touch Tone Phone  

“Please take this cell phone and dial a phone number with it. Be sure to use your prosthesis

while doing this.”

- Subject is seated behind table with phone of the table.  Place camera directly in

front of subject and ensure upper body (table to above head) stay in field of view
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of the camera while dialing phone.  Task ends when the subject has pretended to 

dial number. 

9. Put on Socks  

“Please take this sock and put it on, pull the sock over your heel and pull it up all the way so that

it fits well. Then remove the sock from your foot. Be sure to use your prosthesis while doing

this.”

- Subject is seated with sock on a table next to subject.  Place camera directly in

front of subject and foot, sock and prosthesis ensure lower body stay in field of

view of the camera while putting on the sock.  Task ends when the subject pulls

the sock over their heel so it fits properly.

10. Tie Shoelaces  

“Please take this shoe-lace board (place on the floor) and tie the laces. Grasp a lace in each

hand, criss-cross the laces, making loops, and tie the bow tight. Be sure to use your prosthesis

while doing this.”

- Subject is seated with shoe-lace board on floor in front of them. Place camera

directly in front of subject and ensure shoe-board and prosthesis stay in field of

view of the camera while they tie the shoe.  Task ends when the subject releases

grip of the laces.

11. Put on T-Shirt  

“Please put this t-shirt on. I want you to grasp the t-shirt, thread your head through the neck

opening, thread your arms through the arm holes, and pull the shirt down over your body. Be

sure to use your prosthesis while doing this.”

- Subject is standing behind table with t-shirt on table.  Place camera directly in

front of subject and ensure whole body and shirt stay in field of view of the

camera while putting on the shirt.  Make sure camera can see subject grasp the

shirt off the table initially and pull it over their head.  Task ends when the shirt is

pulled down to fit properly.

12. Remove T-Shirt  

“Now I’d like you to remove the t-shirt. While grasping the t-shirt, lift it over your head, remove

your arms from the sleeves, and place the shirt on the table. Be sure to use your prosthesis while

doing this.”

- Subject is standing behind table wearing t-shirt.  Place camera directly in front

of subject and ensure whole body and shirt stay in field of view of the camera



Data Collection Form 

25 

while taking off the shirt.  Make sure camera can see subject remove the shirt 

and release the t-shirt to the table at the end of the task. 

13. Button Shirt with Front Buttons  

“Please put on this button-up shirt (therapist may help don shirt) and then button 3 buttons by

putting the buttons through the holes and pulling them out the other side. Be sure to use your

prosthesis while doing this.”

- Subject is standing behind table.  Place camera directly in front of subject and

ensure subject (roughly mid-thigh to above head) and shirt stay in field of view of

the camera while buttoning the shirt.  Task ends when subject releases grasp on

shirt.

14. Attach End of Zipper and Zip Jacket  

“Please put this vest on (therapist may help don vest), start the zipper, and pull it at least two-

thirds of the way up. Then unzip the zipper. Be sure to use your prosthesis while doing this.”

- Subject is standing behind table.  Place camera directly in front of subject and

ensure subject (roughly mid-thigh to above head) and vest stay in field of view of

the camera while zipping up the vest.  Task ends when the subject unzips vest and

releases grasp.

15. Use a Hammer and Nail  

“Please pick up the hammer in 1 hand and the nail in the other. Position the nail vertically on the

piece of wood and use the hammer to drive the nail into it. Remove your hand that was holding

the nail and continue hammering the nail into the wood. Then put the hammer down.”

- Subject is standing behind table with a block of wood, nail, and hammer on the

table.  Place camera directly in front of subject and ensure upper body (table to

above head) stay in field of view of the camera while hammering the nail.  Task

ends when the subject releases grasp of nail, possible hammering nail a few

more blows to ensure it stays in the wood and releases grasp on hammer.  No

need to hammer nail until the head is flush with the wood surface.

16. Fold a Bath Towel  

“Please grasp the ends of this bath towel, bringing the ends of the towel together to fold it

twice. Then place the folded towel back on the table. Be sure to use your prosthesis while doing

this.”

- Subject is standing behind table with a towel on the table.  Place camera directly

in front of subject and ensure upper body (table to above head) and towel stay in
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field of view of the camera while folding the towel.  Task ends when subject 

releases grasp on towel after two folds. 

17. Turn a Round Door Knob (Unilateral)  

“Please reach for this door knob (use a round door knob), grasp the knob, and turn it until the

latch is released. Then release the knob. Try to use only your prosthesis to do this task.”

- Subject is standing with the mini door placed on a table.  Use clamps to secure

table if needed.  Place camera behind and to the side (prosthesis side) of the

subject.  Ensure camera view can see the terminal device grasp the handle and

turn it.  Task ends when the subject releases grasp of the knob after unlatching

door.

18. Reach Overhead (ie, to the top of refrigerator door) (Unilateral)  

“Using your prosthetic side, reach up to this overhead shelf and grasp the object (a lightweight

cup) on the shelf, now lower your arm and hand the object to me. Try to use only your

prosthesis to do this task."

- Subject is standing in front of overhead shelf or refrigerator with a cup on top.

Place camera behind and to the side (prosthesis side) of the subject.  Ensure camera view

can see the terminal device grasp the object overhead and place it on the lower shelf.  Task

ends when the subject brings down prosthesis with object in hand.
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APPENDIX II:  AMULA Scoring Sheet 
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APPENDIX III:  Surveys 
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Clinician Survey 

Subject ID:_________ Condition:  A  or   B  or   C 

1. In general practice, what is your normal upper extremity socket technique (ie ¾ style,

pin-lock, anatomical, etc)?

_____________________________________________________________________

________________________________________________________________________

___________

2. Did you use a different socket design than stated in Question 1? If yes, how did it differ?

____________

________________________________________________________________________

____________

3. Approximately how many hours did you spend in front of the subject fitting the socket

for this condition? ________________hrs

4. Rate the ease of fitting the socket using the scale below.

1 2 3 4 5 6 7 8 9 10 

Hardest

Possible

Easiest 

Possible 

5. How many check sockets did it require before a definitive socket was created for this

condition?

______________check sockets

6. How would you describe the process of modifying the positive model for check socket

creation compared to normal socket modifications?

Same as Normal  Easier than normal  More difficult than normal?

Please

explain__________________________________________________________________

______

________________________________________________________________________

________________________________________________________________________

________________________

7. Rate the ease of fabrication of the socket and prosthesis using the scale below.  If a CFab

was used, please skip this question.

1 2 3 4 5 6 7 8 9 10 

Hardest 

Possible 

Easiest 

Possible 
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8. How many training sessions did you complete with this condition prior to the initial data

collection? ________________sessions

9. Approximately what was the cumulative time spent during those training sessions?

____________hrs

10. How many training sessions did you complete between the initial and final data

collection? ________________sessions

11. Approximately what was the cumulative time spent during those training sessions?

____________hrs

12. Rate the overall ease of training the subject on this condition.

1 2 3 4 5 6 7 8 9 10 

Hardest

Possible

Easiest 

Possible 

13. Rate the ease of selecting myoelectric sites for this condition.

1 2 3 4 5 6 7 8 9 10 

Hardest

Possible

Easiest 

Possible 

14. How much time did you spend finding myoelectric sites for this condition?

________________hrs

15. Rate the ease of incorporating the electronics into the prosthesis for this condition.  If a

CFab was used, please skip this question.

1 2 3 4 5 6 7 8 9 10 

Hardest 

Possible 

Easiest 

Possible 

16. What was the most difficult aspect of fitting and delivering this condition?

_______________________

________________________________________________________________________

____________

________________________________________________________________________

____________
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17. At the end of this condition, do you feel the interface and control methodology provides a

change, positive or negative, regarding myoelectric potential?  This may include the

addition/subtraction of components, increase/decrease in controlled degrees of freedom,

etc.  Please Explain._______________

________________________________________________________________________

___________

________________________________________________________________________

___________




