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1. INTRODUCTION:  

 

Quality gaps in care of military and Veterans with upper limb amputation have been reported. 

In 2008, amputees receiving prosthetic care in the VA were reported to be less satisfied than 

counterparts receiving care in the private sector. In 2011, reported widespread dissatisfaction 

amongst combat Veterans with upper limb loss led to calls for efforts to evaluate needs of 

Veterans with traumatic upper limb amputations to improve satisfaction. Major efforts to 

improve quality of prosthetic care have been made since these studies were conducted. In 2009, 

the VA reorganized its amputation system of care, and in 2014 the VA and DoD released the 

Evidence-Based Clinical Practice Guidelines (CPGs) for the rehabilitation of persons with 

upper limb amputation. It is now time for a comprehensive study to assess the current state of 

quality and outcomes of amputation rehabilitation for upper limb amputees and to track quality 

and outcomes over time. Our objective is to provide comprehensive cross-sectional and 

longitudinal data on function, needs, preferences, and satisfaction of Veterans and service 

members with major upper limb amputation.  

 

2. KEYWORDS:  

 

Keyword summary: Upper limb amputation; upper limb amputee; quality of care; Evidence-

Based Clinical Practice Guidelines; prosthetic device; care satisfaction; amputation 

rehabilitation; amputation outcomes.  

 

3. ACCOMPLISHMENTS: 

 

▪ What were the major goals of the project?  

 

There are 3 major goals/aims in the approved statement of work (SOW) for this project: 

 

Aim 1: Describe patterns of prosthesis use; identify the impact of amputation and prosthesis use 

on function, activities and participation; and identify unmet prosthetic needs. 

 

Aim 2: Conduct a one year longitudinal follow-up survey to examine changes in satisfaction with 

care and prosthetic services, physical performance, self-reported quality of life and physical 

function to assess the implementation of new clinical practice guidelines (CPGs). 

 

Aim 3: Quantify physical function using a battery of performance-based tests. 

 

The table below shows the major tasks associated with each aim/goal, the original and revised 

target completion date, the actual completion date (if relevant) and percent complete.  
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Aim Activities Target 

Completion 

Date 

Revised 

Target 

Completion 

date 

Completion 

Date  

Percent 

Complete 

Aims 

1&2 

Regulatory 

approvals 

Month 3  Month 3 May 2017 100% 

Prepare study staff 

for survey 

administration 

Month 9 Month 9 April 2017 100% 

Prepare study data  

(VA sample) 

Month 7 Month 7 May 2017 100% 

Prepare study data 

(DoD sample) 

Month 7 Month 39 December 

2019 

100% 

Conduct surveys  

(Aim 1) 

Month 19 Month 19 June 2018 100% 

Conduct Aim 1 

survey 

(DoD sample) 

Month 19 Month 42 March 2020 100% 

Conduct surveys  

(Aim 2) 

Month 31 Month 31 June 2019 100% 

Data analysis  

(Aims1 & 2) 

Month 33 Month 60  98% 

Dissemination Month 36 Month 60  95% 

Aim 3 Regulatory 

approvals 

Month 8 Month 8  July 2017 100% 

Prepare study staff Ongoing Ongoing --------- 100% 

Study coordination Month 33 Month 42 March 2020 100% 

Data collection 

(Visit 1) 

Month 21 Month 35 August 2019 100% 

Data collection 

(Visit 2) 

Month 33 Month 42 March 2020 100% 

Data Analysis Month 36 Month 72  95% 

Dissemination Month 36 Month 72  90% 

 

▪ What was accomplished under these goals?  

 

1 & 2: Specific objectives and major activities 

 

Specific objectives and major activities accomplished during the Year 5 (NCE) reporting period 

(30th September 2020 – 29th September 2021) are described below: 

 

 

Aims 1 & 2 
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Specific Objective 1: Maintain regulatory approvals (fully met) 

 

Specific Objective 2: Identify Aim 1 & 2 sample (fully met) 

 

Specific Objective 3: Complete Aim 1 data collection (fully met) 

 

Specific Objective 4: Begin Aim 2 data collection (fully met, VA sample) 

 

Specific Objective 5: Complete Aim 2 data collection (fully met, VA sample) 

 

Specific Objective 6: Begin Aim 1 data analysis (fully met, VA sample and DoD sample) 

 

Specific Objective 7: Complete Aim 1 data analysis (almost fully met VA sample, fully met DoD 

sample) 

Major Activities: 

o Data analysis 98% complete 

 

Specific Objective 8: Disseminate Aim 1 results (partially met, VA sample) 

Major Activities: 

o 2 manuscripts were published (Aims 1 & 2) 

o 1 manuscript is under construction 

o 1 manuscript is in press (Aims 1 & 2) 

o 1 conference abstract was presented 

o 1 conference abstract was accepted for presentation 

o Please refer to Tables 2 & 3 for a detailed description of Aim 1 dissemination activities 

for this year 

 

Specific Objective 9: Complete Aim 2 data analysis (almost fully met, VA sample) 

Major Activities: 

o Data analysis 98% complete   

 

Specific Objective 10: Disseminate Aim 2 results (partially met, VA sample) 

Major Activities: 

o 2 manuscripts were published (Aims 1 & 2) 

o 1 manuscript is in press (Aims 1 & 2) 

o Please refer to Tables 2 & 3 for a detailed description of Aim 2 dissemination activities 

for this year 

 

Aim 3 

 

Specific Objective 1: Maintain regulatory approvals for data collection sites (fully met) 

 

Specific Objective 2: Complete Aim 3 Visit 1 data collection (fully met) 

 

Specific Objective 3: Complete Aim 3 Visit 2 data collection (fully met) 
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Specific Objective 4: Continue Aim 3 analysis (partially met) 

Major Activities: 

o Continued analyses of Aim 3 Visit 1 data, analyses of psychometric properties of our 

outcome metrics were completed. 

o Continued analyses of Aim 3 Visit 2 data 

 

Specific Objective 5: Begin dissemination of Aim 3 results (partially met) 

Major Activities: 

o 5 manuscripts were published 

o 2 conference abstracts were presented 

o 2 conference abstracts were accepted for pending presentation 

o 4 conference manuscripts were accepted for publication 

o Please refer to Tables 2 & 3 for a detailed description of Aim 3 dissemination activities 

for this year 

 

3) Significant Results or Key Outcomes 

 

Data collection is complete for Aim 1, Aim 2 (VA sample) and for Aim 3.  

o Aim 1 (VA sample): 808 complete  

o Aim 1 (DoD sample): 5 complete  

o Aim 2 (VA sample): 585 complete  

o Aim 3 Visit 1: 127 complete  

o Aim 3 Visit 2: 64 complete  

 

Please refer to Tables 2 & 3 on the following pages which summarize the dissemination 

manuscripts and presentations across study aims. 

Full citations for the manuscripts are listed in Section 6. Products
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Table 2: Year 5 Manuscripts     
 

Author Title Aim 

1 

Aim 

2 

Aim 

3 

Under 

construction 

Under 

review 

(journal, date) 

In press 

 

(journal) 

Published  

(journal, 

date) 

Resnik, L, Borgia, 

M, Clark, M. 

The Prevalence and Impact of Back and 

Neck Pain in Veterans with Upper Limb 

Amputation. American Journal of 

Physical Medicine and Rehabilitation 

X X     Physical 

Medicine and 

Rehabilitation 

E.pub: 

1/11/2021 

Resnik, L, Borgia, 

M., Highsmith, J, 

Randolph, BJ, 

Webster, J. 

Amputation Care Quality and Satisfaction 

with Prosthetic Limb Services: A 

Longitudinal Study of Veterans with 

Upper Limb Amputation 

X X     Federal 

Practitioner 

3/1/2021 

Resnik, L, Borgia, 

M, Clark, M. 

Contralateral Limb Pain is Prevalent, 

Persistent and Impacts Quality of Life of 

Veterans with Unilateral Upper Limb 

Amputation 

 

X X    Journal of 

Prosthetics 

and 

Orthotics 

 

 

Resnik, L, Borgia, 

M., Cancio, J, 

Heckman, J, 

Highsmith, J, 

Phillips, S, Levy, C, 

Webster, J. 

Dexterity, Activity Performance, 

Disability, Quality of Life and   

Independence in Upper Limb Prosthesis 

Users: A normative study. 

  X    Disability and 

Rehab. 

10/18/2020 

Resnik, L, Borgia M, 

Delikat, J, Cancio, J, 

Delikat, J, Ni, P. 

Psychometric Evaluation of the 

Southampton Hand Assessment Procedure 

in a Sample of Upper Limb Prosthesis 

User 

 

  X    Journal of 

Hand 

Therapy 

E-pub: 

7/7/2021 

Resnik, L, Borgia, 

M., Cancio, J, 

Heckman, J, 

Highsmith, J, Levy, 

C, Webster, J. 

Upper Limb Prosthesis Users: A 

Longitudinal Cohort Study 

  X   

 

 Prosthetics 

& Orthotics 

International 

E-pub: 

8/31/21 

Resnik, L, Borgia, 

M, Cancio, J, 

Heckman, J, 

Highsmith, MJ, 

Understanding Implications of Residual 

Limb Length, Strength and Range of 

Motion Impairments of Veterans with 

Upper Limb Amputation 

  X 

 

   Physical 

Medicine and 

Rehabilitation 

E.pub: 

8/3/21 
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Phillips, S, Webster, 

J. 

Webster, J, Webster, 

N, Borgia, M, 

Resnik, L. 

 

Frequency, Severity, and Implications of 

Shoulder Pain in Persons with Major 

Upper Limb Amputation Who Use 

Prostheses: Results of a National Study 

 

  X    Physical 

Medicine and 

Rehabilitation 

E.pub: 

7/4/21 

Webster, J, Witt, O, 

Borgia, M, Resnik, 

L. 

Outcomes Associated with Concomitant 

Lower Limb Amputation in Persons with 

Major Upper Limb Amputation: Results 

of a National Study 

X   X 

 

   

 

 

Table 3: Year 5 Abstracts / Conference Manuscripts 
 
Author Title Aim 1 Aim 2 Aim 3 Submitted Accepted Presented 

Webster, N, Webster, J, 

Borgia, M, Resnik, L 

Frequency and Severity of Shoulder Pain in 

Persons with Major Upper Limb Amputation 

Who Use Prostheses: Results of a National Study 

  X  AAPMR 

2020 

Assembly 

Abstract was presented in 

November, 2020 

Cancio, JM, Borgia, 

M., Cancio, LC, 

Resnik, L. 

The Impact of Burn Injury on Upper Extremity 

Prosthesis Users. American Burn Association 

National Conference 

  X  American 

Burn 

Association 

Abstract was presented at 

ABA National Conference 

in April, 2021 

Witt, O, Webster, J, 

Borgia, M, Resnik, L. 

Outcomes Associated with Concomitant Lower 

Limb Amputation in Persons with Major Upper 

Limb Amputation: Results of a National Survey 

    X    VCU 

Research 

Day  

Abstract was presented in 

June 2021  

Witt, O, Webster, J, 

Borgia, M, Resnik, L. 

Outcomes Associated with Concomitant Lower 

Limb Amputation in Persons with Major Upper 

Limb Amputation: Results of a National Survey 

X 
 

   AAPMR 

2021 

Assembly 

Abstract to be presented 

November, 2021 

Resnik, L, Highsmith, 

J, Webster, J. 

Exploring the Relationship between Residual 

Limb Length, Strength and Range of Motion 

Impairments of Veterans with Upper Limb 

amputation 

  X 
 

 ISPO 18th 

World 

Congress 

2021 

Abstract to be presented 

November, 2021 

Resnik, L, Borgia, M, 

Cancio, J, Delikat, M, 

Ni, P. 

Alternative Scoring and Psychometric Evaluation 

of a Briefer Version of the Southampton Hand 

Assessment Procedure (SHAP) 

 

  X 
 

 ISPO 18th 

World 

Congress 

2021 

Abstract to be presented 

November, 2021 
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Resnik, L, Highsmith, 

J, Webster, J. 

Exploring the Relationship between Residual 

Limb Length, Strength and Range of Motion 

Impairments of Veterans with Upper Limb 

amputation 

  X  ISPO 18th 

World 

Congress 

2021 

Conference Manuscript to 

be published November 

2021 

Webster, J, Highsmith, 

M, Resnik, L. 

Pain Conditions in Persons with Upper Limb 

Amputation: New Findings from the U.S. 

Department of Veterans Affairs 

  X  ISPO 18th 

World 

Congress 

2021 

Conference Manuscript to 

be published November 

2021 

Resnik, L, Borgia, M, 

Cancio, J, Delikat, M. 

Alternative Scoring and Psychometric Evaluation 

of a Briefer Version of the Southampton Hand 

Assessment Procedure (SHAP) 

  X  ISPO 18th 

World 

Congress 

2021 

Conference Manuscript to 

be published November 

2021 

Highsmith, M, Webster, 

J, Resnik, L. 

Comparing Dexterity, Activity Performance, 

Disability, and Quality of Life, of Body Powered 

and Myoelectric Upper Limb Prosthesis Users 

  X  ISPO 18th 

World 

Congress 

2021 

Conference Manuscript to 

be published November 

2021 
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4) Other Achievements 

 

Infrastructure development 

 

• Executed Year 5 subcontract award for Brown University. 

 

• Continued regular communications to facilitate coordination and to ensure study fidelity, 

including: 

• Weekly PVAMC team meetings to ensure tracking of study deliverables 

 

 

Data  

 

• Please refer to Tables 2 & 3 above. 

 

Stated goals not met  

 

On August 12, 2021, we requested a 12 month No Cost Extension due to the impact the COVID 

19 pandemic has had on manuscript review times and are awaiting a response from the Grants 

Specialist. Many journals have been significantly delayed in their review process. In normal 

times, the review process can be slow for a variety of reasons, including revision requests. Since 

the pandemic began, turnaround times have gotten much slower. We would like to have the 

opportunity to respond to journal reviewers’ requests for revisions, as well as publish more 

manuscripts with our rich data. 

 

1. Complete data analysis for Aim 3 

 

Goal – Month 36; Actual: February 2022 (Month 66) 

As mentioned above, we expect that we may need to conduct additional analyses in 

responses to reviewer comments and will not be complete until any additional papers are 

accepted for publication.  

 

2. Complete dissemination for Aims 1, 2 & 3 

Goal – Month 36; Actual: September 2022 (Month 72) 

 

We have continued dissemination for Aims 1, 2 & 3 (Visit 1 and Visit 2), as mentioned 

above. During the next No Cost Extension year, we will continue our dissemination 

activities by submitting manuscripts for review and responding to reviewer comments. 

We will be presenting at several conferences and/or grand rounds (for example the 

AAPMR Assembly and ISPO World Conference in November 2021). We may need to 

conduct additional analyses in responses to reviewer comments and will not be complete 

until any additional papers are accepted for publication.  

 

• What opportunities for training and professional development has the project 

provided?  
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Oksana Witt. a medical resident at the Richmond VA, has been working with our team on the 

analysis of data related to outcomes associated with concomitant lower limb amputation in 

persons with major upper limb amputation. She has presented one conference abstract on this 

topic and will present another at the AAPMR Assembly in November 2021. She will be a co-

author on an upcoming manuscript related to this data. 

 

Natalie Webster, a student from George Macon University, presented a conference abstract 

related to the Frequency, Severity and Implications of Shoulder Pain paper at the AAPMR 

Assembly in November 2020. 

 

 

▪ How were the results disseminated to communities of interest?  

 

During this reporting period, we disseminated results at the following conferences and events: 

 

1. American Academy of Physical Medicine and Rehabilitation (AAPMR) 2020 Assembly: 

Webster, N., Webster, J., Borgia, M., Resnik, J. Frequency and Severity of Shoulder Pain 

in Persons with Major Upper Limb Amputation who use prostheses: Results of a national 

study. 

 

2. American Burn Association (ABA) National Conference: Cancio, JM., Borgia, M., 

Cancio, LC., Resnik, L. The impact of burn injury on upper extremity prosthesis users. 

 

3. Virginia Commonwealth University Research Day: Witt, O., Webster, J., Borgia, M., 

Resnik, L. Outcomes Associated with Concomitant Lower Limb Amputation in Persons 

with Major Upper Limb Amputation: Results of a National Survey. 

 

4. VA Amputation System of Care Grand Rounds, August 2021 

 

 

▪ What do you plan to do during the next reporting period to accomplish the goals?  

 

Assuming that we are granted an additional 12 month No Cost Extension (Year 6), we plan to 

complete the following activities to meet the project goals and objectives: 

 

Project Activity Goal Completion Date 

Complete analysis for Aims 3 Month 63 

Complete dissemination for Aims 1, 2 & 3 Month 72 

Submit 2 abstracts to national conferences Month 72 

Submit 4 publications to scientific journals Month 72 

 

4. IMPACT:  

▪ What was the impact on the development of the principal discipline(s) of the project?  
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Many of our findings have important implications that may impact regulatory policy and clinical 

care. 

• We reported data that indicated widespread interest of Veterans in exploring 

osseointegration, and surgeries to restore sensation and improve motor function. This data 

will be useful to the FDA in reviewing risk/benefit for experimental surgeries. 

 

• We found that a substantial proportion of Veterans did not receive amputation related care at 

the VA and many had never been to a VA amputation clinic, suggesting an opportunity to 

increase access to VA care for persons with upper limb amputation.   

 

• We found that amputees who do not use a prosthesis report more difficulty in activities, 

greater overall disability, and lower physical function compared to amputees that use any 

type of active prosthesis. Additionally, those that do not use a prosthesis are more likely to 

need help with ADLs compared to those who use a body powered prosthesis. These findings 

demonstrated the value of active prostheses in improving quality of life and highlight the 

clinical imperative to encourage prosthesis use by addressing factors such as early prosthetic 

training to improve satisfaction with devices and reduce abandonment. 

 

• The manuscript resulting from the in-person component of this study reported normative 

values for dexterity, activity performance, prosthesis satisfaction disability, HRQoL and 

community integration in persons with upper limb amputation by amputation level and 

prosthesis type. These never before published data will inform clinicians and researchers and 

help them create benchmarks for these standardized measures by amputation level and 

prosthesis types. 

 

▪ What was the impact on other disciplines?  

 

Amputation care is transdisciplinary and our research has application to fields of prosthetics, 

occupational therapy, physical therapy, physical medicine and rehabilitation and research. 

 

▪ What was the impact on technology transfer?  

 

Nothing to report. 

 

▪ What was the impact on society beyond science and technology?  

 

Nothing to report. 

 

5. CHANGES/PROBLEMS:  

 

▪ Changes in approach and reasons for change  
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Nothing to report. 

 

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

 

Nothing to report. 
 

▪ Changes that had a significant impact on expenditures  

 

Nothing new to report regarding delays. We are using remaining funds during the no cost 

extension period for data analysis and dissemination activities for Aims 1 – 3. 

 

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 

 

Nothing to report. 

 

▪ Significant changes in use or care of vertebrate animals. 

 

Nothing to report. 

 

▪ Significant changes in use of biohazards and/or select agents 

 

Nothing to report. 

 

6. PRODUCTS:  

 

Publications, conference papers, and presentations 

 

▪ Journal publications.  

 

Accepted manuscripts: 

Since the last Annual Report, we have published a total of 7 manuscripts and have 1 manuscript 

in press. These papers summarize selected results from the following Aims: 

 

(Aims 1 & 2) 

1. Resnik, L, Borgia, M, Clark, M. The Prevalence and Impact of Back and Neck Pain in 

Veterans with Upper Limb Amputation. American Journal of Physical Medicine and 

Rehabilitation. 2021 Jan 11. Published Ahead of Print. doi: 10.1097/PHM.0000000000001694 

2. Resnik, L. Borgia, M, Highsmith, J. Randolph BJ, Webster, J. Amputation Care Quality and 

Satisfaction with Prosthetic Limb Services: A Longitudinal Study of Veterans with Upper Limb 
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Amputation. Fed Pract. 2021 Mar;38(3):110-120. doi: 10.12788/fp.0096. PMID: 33859462; 

PMCID: PMC8040957. 

3. Resnik, L, Borgia, M, Clark, M. Contralateral Limb Pain is Prevalent, Persistent and Impacts 

Quality of Life of Veterans with Unilateral Upper Limb Amputation. Journal of Prosthetics and 

Orthotics, In Press. 

 

(Aim 3) 

1. Resnik, L, Borgia et al. Dexterity, Activity Performance, Disability, Quality of Life and   

Independence in Upper Limb Prosthesis Users: A normative study. Disabil Rehabil. 2020 Oct 

18:1-12. doi: 10.1080/09638288.2020.1829106. Published ahead of print. PMID: 33073621. 

2. Resnik, L, Borgia M, Delikat, J, Cancio, J et al. Psychometric evaluation of the Southampton 

Hand Assessment Procedure in a Sample of Upper Limb Prosthesis User. Journal of Hand 

Therapy, Journal of Hand Therapy. Published ahead of print. 2021 Jul 7. doi: 

10.1016/j.jht.2021.07.003 

 

3. Resnik, L, Borgia, M, Cancio, J, Heckman, J, Highsmith, J, Levy, C, Webster, J. Upper Limb 

Prosthesis Users: A Longitudinal Cohort, Prosthetics and Orthotics International. Published 

ahead of print. 2021 Aug 31. doi: 10.1097/PXR.0000000000000034 

 

4. Webster J, Webster N, Borgia M, Resnik L. Frequency, Severity, and Implications of Shoulder 

Pain in Persons with Major Upper Limb Amputation Who Use Prostheses: Results of a National 

Study. PM R. Published ahead of print. 2021 Jul 4. doi: 10.1002/pmrj.12666. PMID: 34219397. 

5. Resnik, L, Borgia, M, Cancio, j, Heckman, J, Highsmith, MJ, Levy, C, Phillips, S, Webster, J. 

Understanding Implications of Residual Limb Length, Strength and Range of Motion 

Impairments of Veterans with Upper Limb Amputation, American Journal of Physical Medicine 

& Rehabilitation. 2021 Aug 3. Published ahead of print, doi: 10.1097/PHM.0000000000001862. 

PMID: 34347631. 

 

 

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

 

Nothing to report. 

 

▪ Other publications, conference papers, and presentations.  

 

Our dissemination activities for this past year have also included 3 abstract presentations. In 

addition, 1 abstract and 4 conference manuscripts have been accepted for presentation at the 

upcoming World Congress of the International Society for Prosthetics and Orthotics (ISPO) in 

November 2021 and 1 abstract has been accepted for presentation at the upcoming AAPM&R 

Assembly in November 2021. 
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Abstracts presented: 

1. Webster, N, Webster, J, Borgia, M, Resnik, L. Frequency and severity of shoulder pain in 

persons with major upper limb amputation who use prostheses: Results of a national study. 

AAPMR, November 2020. (Aim 3) 

2. Cancio, JM, Borgia, M., Cancio, LC, Resnik, L. The impact of burn injury on upper extremity 

prosthesis users. American Burn Association National Conference, Chicago, IL, April 2021 

(virtual). (Aim 3) 

3. Witt, O, Webster, J, Borgia, M, Resnik, L. Outcomes Associated with Concomitant Lower 

Limb Amputation in Persons with Major Upper Limb Amputation: Results of a National Survey. 

Virginia Commonwealth University (VCU) Residents & Fellows Research Day, June 2021. 

(Aim 1) 

 

Abstracts accepted for presentation: 

1. Resnik, L, Borgia, M, Cancio, J, Delikat, M, Ni, P. Alternative Scoring and Psychometric 

Evaluation of a Briefer Version of the Southampton Hand Assessment Procedure (SHAP). ISPO 

Nov 2021 (Aim 3) 

 

2. Resnik, L, Highsmith, J, Webster, J. Exploring the Relationship between Residual Limb 

Length, Strength and Range of Motion Impairments of Veterans with Upper Limb amputation. 

ISPO Nov 2021 (Aim 3) 

 

3. Witt, O, Webster, J, Borgia, M, Resnik, L. Outcomes Associated with Concomitant Lower 

Limb Amputation in Persons with Major Upper Limb Amputation: Results of a National Survey. 

AAPM&R Assembly Nov 2021 (Aim 1) 

 

Conference manuscripts accepted for publication (All Aim 3): 

1. Webster, J, Highsmith, M, Resnik, L. Pain conditions in Persons with Upper Limb 

Amputation: New Findings from the U.S. Dept of Veterans Affairs. ISPO Nov 2021 

 

2. Highsmith, M, Webster, J, Resnik, L. Comparing dexterity, activity performance, disability, 

and quality of life, of body powered and myoelectric upper limb prosthesis users. ISPO Nov 

2021 

 

3. Resnik, L, Highsmith, J, Webster, J. Exploring the Relationship between Residual Limb 

Length, Strength and Range of Motion Impairments of Veterans with Upper Limb amputation.  
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ORCID ID): 
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1.0 
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preparation and oversight for the work of Mr. Borgia, Ms. 

Small and Mr. Davey 
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Needs, Preferences and Functional Abilities of Veterans and 

Service Members with Upper Limb Amputation
PI:  Linda Resnik, PT, PhD Org:  Providence VA Medical Center       Award Amount: $2,497,440

Study/Product Aims
1. Describe patterns of prosthesis use; identify the impact of amputation 

and prosthesis use on function, activities and participation; and 

identify unmet prosthetic needs.

2. Conduct a one-year longitudinal follow-up survey to examine changes 

in satisfaction with care and  prosthetic services, physical 

performance, self-reported quality of life and physical function to 

assess the implementation of new clinical practice guidelines (CPGs)

3. Quantify physical function using a battery of performance-based tests. 

Approach
This 3-part study will provide cross-sectional and longitudinal survey and

performance data. Data collection will be done through surveys and 

functional performance testing. Part 1 will be a cross-sectional survey. Part 

2 is a one-year longitudinal follow-up survey of respondents from Part 1. 

Part 3 is an in-person study to collect performance-based measures of 

physical function at two time points, about one year apart. 

Goals/Milestones 
PY1 Goals – Study Launch – All goals met

PY2 Goals – Data collection and early analysis

✓ Part 2 surveys administered

✓ Gift cards issued Part 2

✓ Conduct analyses Aim 1, and preliminary analyses Aim 2

PY3 Goals – Data collection, preliminary analysis and dissemination

✓ Complete all data collection (Aims 1, 2 Aim 3 Visit 1)

✓ Analyze data Parts 1, 2 and 3 – in progress

✓ Submit abstracts and manuscripts – in progress

PY4 / PY5 (NCE Goals) – Data collection, analysis and dissemination

√   Complete remainder of data collection (Aim 3 Visit 2)

√   Complete data analysis for Parts 1, 2 (*partially complete Part 3)

❑ Complete dissemination for Parts 1, 2 and 3

PY5 Budget Expenditure to Date
Projected Expenditure: $2,497,440 (Cumulative, Y1+Y2+Y3 +Y4 + Projected 

Expenditure Y5 No Cost Extension) 

Actual Expenditure: $2,446,685.10 as of 9/30/2021 (Cumulative, Y1+Y2+Y3 + 

Y4 + Y5 Actual Expenditure) 

Timeline and Cost

Accomplishments: During Year 5, 2 manuscripts were published, and 1 manuscript is 

in press (Aims 1 & 2); 5 manuscripts were published (Aim 3); 1 conference abstract 

was presented (Aim 1) and 2 conference abstracts were presented (Aim 3).

Activities - Project 
Year (PY) 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Identify sampling frame 
and train interviewers 

     

Data collection – Part 1      

Data collection – Part 2      

Data collection – Part 3      

Data 
analysis/dissemination 

     

Actual Expenses YR 1-4) 
(*estimated YR 5) 

$404,526 $810,622 $679,432 $376,039 $226,821 
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Copyedited by: Jayson Villagomez 

ORIGINAL RESEARCH ARTICLE 

AQI< The Prevalence and Impact of Back and Neck Pain in Veterans 
With Upper Limb Amputation 

AQ2AQ3 Linda Resnik, Matthew Borgia, and Melissa A. Clark-

 

Objective: The aims of the study were (1) to describe frequency of back 
pain only, neck pain only, and co-occurring pain in veterans with upper 
limb amputation, (2) to examine changes in pain over I yr; and (3) to quan-
tify the association of pain and healdrrelatod quality of life and disability. 
Design: This is an observational cohort study with a survey of a sam-
ple of 792 veterans with upper limb amputation, with 1-yr reassess-
ment of 585 (85.3%) of 777 eligible participants. Pain prevalence 
and intensity were examined Logistic and linear regressions identified 
variables associated with pain and examined associations between in-

 

AQ41 tensity and veterans RAND-12 mental component scone and physical 
component score and QuickDASH. 
Results: At baseline, 52.3% had co-occurring pain, 20.0% had back pain, 
and 8.3% had neck pain. Pbrsistenl[ back and neck pain is present in 60.80/o 
and 48.1% respondents, respectively. Pain intensity was unchanged for 
59.1% with back pain and 613%o with neck pain. Mental component score 
and QuickDASH were significantly worse with severe and moderate back 
and neck pain, compared with no pain. Severe/moderate back pain in-
tensity was associated with lower physical component score. 
Conclusions: Back and neck pain is highly prevalent and persistent in 

AQ5 veterans with upper limb amputation. Pain intensity is negatively asso-
ciated with health-related quality of life and disability. Pain prevention 
and intervention are needed in this population. 

Key Words: Amputation, Upper Limb, Epidemiology, Back Pain, 
Neck Pain, Veterans 

(Ant J Phys Med Rehabil 2021;00:00-00) 

L oss or absence of one or more upper limbs alters perfor-
mance of everyday activities resulting in compensatory 

and adaptive movements,' overreliance on the sound side (in 
persons with unilateral limb loss), or use of the chin, teeth, 
lower limbs, or other body parts (in persons with bilateral limb 
loss).2  These alterations in body mechanics may contribute to 
the development of musculoskeletal conditions, such as back 
and neck pain. Indeed, back and neck pain, which is prevalent, 
costly, and disabling conditions in the general population, 
seems to disproportionately affect persons with major upper 
limb amputation (ULA).3-5  Veterans with ULA are a unique pop-
ulation; many have lost their limbs in combat and simultaneously 
may have sustained injuries to other body parts and systems. 

From the Research Department, Providence VA Medical CennM Providence, Rhode 
Island (LR, MB); Health Services, Policy and Practice, Brown University, 
Providence, Rhode Island (LR, MAC); and University of Massachusetts Medical 
School, Worcester, Massachusetts (MAC). 
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16-0794 and by A9264S Department of Veterans Affairs Rehabilitation 
Research and Development Service. 
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publication. Opinions, interpretations, conclusions, and recommendations are 

What Is Known 

• Back pain and neck pain are prevalent in persons with 
upper limb amputation (ULA) and common in vet-
erans with ULA. 

• The US veterans are more at risk for low back pain or 
joint pain than the general population. 

What Is New 

• Co-occurring back and neck pain in veterans with 
ULA is common. 

• Back pain and neck pain are chronic for many vet-
erans with ULA. 

• Pain intensity is associated with worse quality of life 
and greater disability. 

• These findings point to a need for pain prevention 
and intervention for veterans with ULA. 

Veterans as a group, and combat veterans in particular, report 
high rates of severe and chronic pain 6-s 

In a nationally representative study, veterans with ULA re-
ported back pain and neck pain at rates of 72% and 61%, re-
spectively.3  These rates far exceed US population-based 
estimates, which are 9%-30% for back pains 13  and 4%_ 
16% for neck pain.9,11,12  Rates of back pain are also higher 
than the 64% rate reported in US adults with ULA,4  and the 
27% rate reported among Dutch adults with ULA.5  Back pain 
is more prevalent in female individuals as compared with male 
individuals,9-11,13  and younger persons have higher rates of 
pain compared with older persons. Therefore, rates of back 
and neck pain reported in the veteran ULA population as com-
pared with the general and ULA population are particularly 
alarming, given that the veteran ULA population is almost ex-
clusively male and older than the US population. 

The US veterans are more at risk for low back pain or joint 
pain, and those who have pain are more likely to report pain as 
severe, as compared with the general pope ation.b  An esti-
mated 40% of veterans returning from combat duty reported 
chronic pain (defined as pain lasting 3 mos or longer).? 
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Some small, nonrepresentative US studies and studies 
from outside of the US suggest that chronic back and neck pain 
is common in ULAs. A study of ULA from the Washington 
state region of the US reported rates of 52% and 43% for 
chronic back and neck pain, respectively. t4  An estimated 
45%-51 % of Norwegian adults with ULA have chronic back 
pain and 570/o--78% have chronic neck pain.' 5,16  Only one 
study to date has reported prevalence rates of chronic back 
pain in veterans with ULA, and none have reported on rates 
of chronic neck pain or described the intensity of back or 
neck pain. Chronic back pain in veterans with ULA was re-
ported by 30% of Vietnam veterans (mean age = 60.7 rs~ 

AQ8 and 42% of OIF/OEF veterans (mean age = 29.3 yrs). 7.1 

This study was limited to Vietnam and OIF/OEF veterans. 
Further research is needed to quantify the extent of chronic 
back and neck pain as well as factors associated with high 
rates of back and neck pain in veterans with ULA. Given ef-

 

AQ9 forts to improve the quality of amputation care in the VA, 
data on the prevalence of chronic back and neck pain and 
co-occurring pain would provide a benchmark for longitudi-
nal analyses. If modifiable factors are identified, efforts can 
be made to address these factors, potentially reducing the 
prevalence of pain. 

Although back and neck pain is often co-occurring, few 
studies have estimated the prevalence of comorbid back and neck 
pain in the general or ULA population, and none have examined 
comorbid pain in veterans with ULA. A single population-based 
study of US adults reported that 9% had co-occurring back and 
neck pain, whereas 17% had only back pain and 4% had only 
neck pain.9  The authors' previous study of veterans with 
ULA, which used the baseline data from the analysis reported 
in this article, did not distinguish between those with only 
back pain, only neck pain, or co-occurring pain.3  Lack of 
these data makes it impossible to compare prevalence rates 
with national studies that examine back and neck pain alone 
and in combination. 

Upper limb amputation is associated with reduced physi-
cal functioning and quality of life.19'20  In previous studies 

AQ10 using the Veterans RAND 12-item health survey (VR-12), vet-
erans with ULA had physical functioning scores (VR-12 PCS) 
that were approximately 0.5 SD below population means (for 
nondisabled), indicating moderately impaired physical func-
tioning; mental health functioning (VR-12 MCS) was at the 
population mean, indicating unimpaired mental/emotional 
functioning.21  However, the impact of back and/or neck pain in 
combination with ULA on health-related quality of life (HRQoL) 
has not been specifically examined. These data are needed to 
appreciate the significance of back and/or neck pain in this 
population, and findings could be used to motivate targeted in-
terventions and research studies to prevent and reduce pain. 

A recently completed follow-up survey of veterans with 
ULA provides a unique opportunity to examine pain preva-
lence and intensity over time. This study expands upon anal-
yses of previously collected baseline data and uses additional 
longitudinal data to (1) describe the frequency and severity of 
back pain only, neck pain only, and co-occurring back and 
neck pain in veterans with ULA, (2) examine changes in back 
pain and changes in neck pain over 1 yr, and (3) quantify the 
association of back pain and neck pain with HRQoL and 
disability. 

METHODS 

Design 
A survey of veterans with ULA3  was conducted, and a 

follow-up survey was administered 1 yr later. The population 
included all nondeceased veterans with major ULA who received 
care in the VA from 2010 to 2015 and had valid telephone 
numbers and mailing addresses. The sampling frame, identi-
fied f om VA corporate data warehouse sources, was described 
in a prev'ous publication.3  All participants provided oral in-
formed c nsent to participate in telephone interviews, con-
ducted b trained interviewers from an academic survey 
center. This study and the oral informed consent procedure 
were approved by the VA Central Institutional Review Board. AQ11 
Those who indicated that they were willing to participate in fu-
ture activities were contacted 1 yr after baseline for a follow-up 
interview. Participants who did not respond to any back or 
neck pain questions in the survey were excluded from the ana-
lyric sample. This study conforms to all STROBE guidelines AQ12 
and reports the required information accordingly (see Supple-
mental Checklist, Supplemental Digital Content 1, http:// 
links.lww.com/PHMB207). 

Survey 
Baseline and follow-up surveys contained questions ask-

ing about the presence of pain "in the past 4 wks." At each time 
point, respondents were asked about a variety of pain locations: 
back pain, neck pain, contralateral limb, residual limb, and 
phantom limb pain. 

Survey questions asked respondents to rate how often they 
experienced each type of pain ("never," "only once or twice," 
"about once per week," "2-3 times per week," "4-6 times per 
week," "several times a day," "all the time or almost all the 
time'). Those who indicated that they had any pain were asked 
to rate the intensity of pain on a scale from 0 (no pain) to 10 
(worst possible pain). 

The surveys included the VR-12, a generic measure of 
HRQoL. The surveys also included the QwckDASH, which mea-
sures perceived disability of the arm, shoulder, and hand.22-24 

Higher QuickDASH scores indicate greater disability. 

Variable Parameterization 
Descriptive analyses identified the numbers and percent-

ages of missing/unknown data in categorical variables. Data 
were categorized as missing if respondents refused to answer 
or did not know the answer to an item. Missing categorical data 
were not included in subsequent analyses, except for the var-
iable for race, which had a high proportion of missing. A 
separate category for unknown race was created and used 
in multivariable analyses. 

Given that the central focus of this analysis was back and 
neck pain, we described prevalence of back and neck pain two 
ways. First, pain was dichotomized as a yes/no variable, and the 
proportion of respondents who had any back pain and any neck 
pain was calculated. To understand the magnitude of co-occurring 
back and neck pain, participants were also categorized as hav-
ing no back or neck pain, only back pain, only neck pain, or a 
combination of back and neck pain. 

2 1 www.ajpmr.com ® 2011 Wokers Kluwer Health, Inc. AU rights newrved. 
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Pain frequency was examined two ways: (a) as a dichoto-
mous variable (never or any frequency reported) and (b) as a 
four-category pain frequency variable ("never," "weekly or less 
frequent," "2-6 times per week," and "daily/always"). Pain in-
tensity, which was assessed on a 0-10 scale, was also examined 
in two ways: (a) as a continuous variable and (b) as a categor-
ical variable with 4 levels ("never had pain," 0-3 = "none to 
mild," 4-7 = "moderate," 8-10 = "severe"). 

The VR-12 items were used to calculate the physical con]M 
nent score (PCS) and the mental component score (MCS). 
Higher PCS and MCS indicate better functioning. 

Analyses With Baseline Data 
Response and cooperation rates at baseline were calcu-

lated using the American Association of Public Opinion Re-
AQ13 search guidelines (response rate 4 and cooperation rate 4).27 

Characteristics and prosthesis use patterns of respondents 
in the baseline sample were described. The prevalence of back 
and neck pain, frequency and intensity ofpain, PCS, MCS, and 
QuickDASH scores were also described. 

Two separate multivariable logistic regression models 
were developed: one to identify variables associated with hav-
ing any back pain and one to identify variables associated with 
having any neck pain at baseline. Two separate multivariable 
linear regression models were also developed: one to identify 
factors associated with back pain intensity and one to identify 
factors associated with neck pain intensity at baseline. These 
four models included amputation level, and the following co-
variates, which the research team believed, might be potentially 
related to pain prevalence: age, sex, race, ethnicity, amputation 
level, amputation of the dominant side, time since amputation, 
etiology of amputation, back pain (for neck analysis), neck 
pain (for back analysis), contralateral limb pain, phantom limb 
pain, residual limb pain, current prosthesis use, primary type of 
prosthesis used, frequency of prosthesis use, and intensity of 
daily prosthesis use. Given the number of variables associated 
with pain outcomes, the extent of multicollinearity was evaluated 
to detemune whether any covariates should be removed. Variable 
inflation factors were all below 10, and tolerance parameter es-
timates were all above 0.1; thus, no covariates were removed. 

To examine the impact of pain intensity on HRQoL and 
disability, three separate multivariable linear regression models 
for PCS, MCS, and QuickDASH were computed. In these 
models, the key independent variables were categorical inten-
sity of back pain and neck pain. Covariates in the model were 
based on those identified in previous research on HRQoL 
and ULA21  and included the following: age, years since ampu-
tation, race, marital status, amputation level, ever having used a 
prosthesis, lower limb amputation, amputation of dominant 
side, amputation etiology, initial and current prosthesis train-
ing, year of prosthesis receipt, and number of prostheses used. 
Because we expected other painful conditions to contribute to, 
and potentially confound the outcomes, covariates for pres-
ence of any contralateral limb, phantom limb, and residual 
limb pain were also added to the models. Linear regression 
model fit was evaluated using R2, root mean square error, 
and overall F tests. Logistic regression model fit was evaluated 
using Cox-Snell R2  and Hosmer-Lemeshow tests. SAS 9.4 was 
used for statistical analyses. 

Longitudinal Analyses 
Similar to baseline, response and cooperation rates at 

follow-up were calculated using the American Association of 
Public Opinion Research guidelines (response rate 4 and coop-
eration rate 4).27  Characteristics and prosthesis use patterns of 
respondents in the baseline and follow-up survey were de-
scribed. To assess response bias in loss to follow-up, sociode-
mographic characteristics and prosthesis use patterns for 
those who completed follow-up were compared with those lost 
to follow-up using t tests, X2  tests, and Wilcoxon Mann-Whitney 
tests for continuous, categorical, and ordinal data, respectively. 

The prevalence of back and neck pain, frequency and in-
tensity of pain, PCS, MCS, and QuickDASH scores at both 
baseline and at follow-up were described. Change in pain be-
tween baseline and follow-up was classified into three groups: 
"pain-free," no pain at both time points; "incident," no pain at 
baseline, but pain at follow-up; "resolved' pain at baseline 
but none at follow-up; or "persistent," pain at both baseline 
and follow-up. For those categorized as having persistent pain, 
we examined change in pain intensity, defined as "improved," 
"worsened;' or "unchanged" Respondents who had a decrease 
of 2 or more points in pain intensity at follow-up as compared 
with baseline were categorized as "improved' respondents 
with an increase of 2 or more in pain intensity at follow-up 
as "worsened," and those with follow-up scores less than 2 
points of baseline scores as "unchanged" 

RESULTS 

Analytic Sample 
The analytic sample included 792 persons and the 

follow-up survey included 585 participants. Figures I and 2 ®® 
show the recruitment flow diagrams for baseline and 
follow-up participants. The baseline response rate and cooper-
ation rate were 47.7% (808 of 1693 estimated to be eligible) 
and 63.3% (808 of 1277), respectively. Fifteen participants 
were ineligible for the follow-up survey because of hearing/ 
cognitive impairments or death. The follow-up response rate 
and cooperation rate for completers ofthe baseline survey were 
75.3% (585 completed of 777 eligible) and 82.2% (585 com-
pleted of 687 eligible and reached), respectively. 

Baseline Sample 
Characteristics and prosthesis use patterns are shown in 

Table 1, with key characteristics presented here. Participants 
had a mean age of 63.3 yrs (SD = 14.1 yrs) at baseline, and 
on average, it had been 31.3 yrs (SD = 18.4 yrs) since amputa-
tion. The baseline sample was 97.5% male (n = 772) and 
76.4% White (n = 605). Overall, 274 (34.6%) had below elbow 
amputation, 232 (29.30/6) above elbow, 124 (15.7%) wrist disar-
ticulation, 71 (9.0%) shoulder disarticulation, 37 (4.7%) elbow 
disarticulation, and 22 (2.8%) had forequarter amputation. Acci-
dents (n = 502, 63.4%) and combat injury (n = 278, 35.1 %) were 
the most common amputation etiology. The most common 
prosthesis type reported was body powered (n = 349, 44.1%), 
followed by none (nonusers; n = 309, 39.0%), myoelectric/ 
hybrid (n = 97, 12.3%), and cosmetic (n = 23, 2.9%). 

At baseline, 414 (52.3%) reported both back and neck 
pain, 158 (20%) reported only back pain, and 66 (8.3%) only 
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FIGURE 1. Flow diagram of baseline study recruitment. 

FT-21 neck pain (Table 2). Only 154 (19.4%) reported having neither 
back nor neck pain. Daily (or more frequent) back pain was re-
ported by 311 participants (39.3%), whereas 220 (27.8%) 
never had back pain; 202 (25.5%) reported daily neck pain, 
whereas 312 (39.4%) reported never having neck pain- At 
baseline, back pain intensity was rated as none to mild by 
126 participants (15.90/6), moderate by 325 (41.1%), and se-
vere by 120 (15.20/6), whereas neck pain intensity was rated 
as none to mild by 121 participants (15.30/6), moderate by 
267 (33.8%), and severe by 91 (11.5%). The average PCS 
and MCS were 39.8 and 50.6, respectively, and the average 
QuickDASH score was 36.1. 

Results of multivariable logistic and linear regressions for 
® back pain are shown in Table 3. Those with any neck pain had 

4.9 times the odds of reporting any back pain compared with 
those with no neck pain. The odds of back pain were lower 
for those 75 yrs or older (compared with those aged 45-64 
yrs) and for prosthesis users (compared with nonusers), but 
higher for those with any contralateral limb pain or any phan-
tom limb pain. No other covariate was significantly indepen-
dently associated with reporting any back pain. Greater back 
pain intensity was associated with Black race, missing race 
as compared with White race, and any neck pain. No variable 
was independently associated with lower-intensity back pain. 

Results of logistic and multivariable linear regressions for 
neck pain are shown in Table 3. Those with bilateral amputa-
tion had 4 times the odds of having any neck pain compared 
with those with unilateral, uansradial amputation. The odds 
of having any neck pain were higher for those who identified as 
Hispanic, those with any back pain, those with any contralaterai 
limb pain, and those with any residual limb pain. Those with 
cancer etiology and those 75 yrs or older (compared with ages 
45-64 yrs) had lower odds of having any neck pain- Model fit 
statistics were acceptable and are shown in Table 3. Factors as-
sociated with greater neck pain intensity included the follow-
ing: Black race (compared with White race), any back pain, 
and any residual limb pain. The only etiology of amputation as-
sociated with lower neck pain intensity was combat etiology. 

Results of multivariable linear regressions of HRQoL and 
disability are shown in Table 4. On average, mental health p 
(MCS) scores were 5.6 points lower for those with severe back 
pain and 4.7 points lower for those with severe neck pain, com-
pared with those with no to mild pain. The MCSs were 3.1 and 
3.4 points lower for those with any phantom limb pain and any 
residual limb pain, respectively, 5.9 points lower for those with 
unknown race compared with White rxe, and 2.7 points lower 
for those with two or more prostheses (compared with one). 
Factors associated with higher MCSs were more years since 

Initial Sample 
N=792 

Lost to Follow-up n=207 

Did not provide permission to be re-contacted n=52 
Deceased n=8 
Unable to recontact n=106 
Declined survey when contacted n=34 
Ineligible (cognitive/hearing impairment) n-7 

Completed Follow-up 
N=585 

FIGURE 2. Flow diagram of loss to follow-p. 
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TABLE 1. Characteristics of respondents to the baseline and 
longitudinal surveys 

 

Baseline Sample Longitudinal Sample 

 

(A - 792) (n = 585) 

 

Mean (SD) Mean (SD) 
Age, yr 63.3 (14.1) 63.7 (13.6) 

Missing, n 8 0 
Years since initial amputation 31.3 (18.4) 31.7 (18.0) 

Missing, n 19 14 

 

n (%) n (%) 

Sex 

  

Male 772 (97.5) 575 (98.3) 
Female 20(2.5) 10(l.7) 

Race 

  

White 605(76-4) 459(78-5) 
Black 89 (11.2) 60 (103) 
Unknown 59(7.5) 34(5.8) 
Other (including 39(4.9) 32(5.5) 

mixed race) 

  

Hispanic or Latino 

  

Yes 67(8.5) 46(7.9) 
No 704 (88.9) 532 (90.9) 
Unknown 21(2.7) 7(1.2) 

Employment 

  

Enployed/student 125 (15.9) 94 (16.1) 
Retired 551 (70.3) 417 (713) 
Medical leave/other 107 (13.7) 73(12-5) 
Unknown 1(0.1) 1(0.2) 

Marital status 

  

Married or living together 503 (63.5) 368 (663) 
Divorced or separated 174 (22.0) 121 (20.7) 
Widowed 46(5.8) 34(5.8) 
Never married 60(7.6) 42 (72) 
Unknown 9(1.1) 0(0-0) 

Laterality of amputation 

  

Unilateral. right 363 (45.8) 273 (46.7) 
Unilateral left 397 (50.1) 289 (49.4) 
Bilateral 32(4.0) 23(3.9) 

Amputation of lower limb 

  

Yes 101 (12.8) 73 (12.5) 
No 691 (87.3) 512 (87.5) 

Side of lower limb amputation 

  

Right side 40 (39.6) 31 (42.5) 
Left side 24 (23.8) 16 (21.9) 
Both sides 37 (36.6) 26 (35.6) 

Amputation level 

  

Forequarter 22(2.8) 18(3.1) 
At the shoulder joint 71(9.0) 45(7.7) 
Above the elbow 232(29.3) 175 (29.9) 
At the elbow 37(4.7) 31(5.3) 
Below the elbow 274 (34.6) 198 (33.9) 
At the wrist joint 124 (15.7) 95(16.2) 
Bilateral 32(4.0) 23(3.9) 

Etiology of amputation 

  

(may be >1) 

  

Combat injury 278 (35.1) 200(34.2) 
Accident 502 (63.4) 380 (65.0) 

TABLE 1. (Continued) 

   

Baseline Sample Longitudinal Sample 

 

(n = 792) (n = 585) 

Bum 91 (11.5) 69 (11.8) 
Cancer 30(3.8) 20(3.4) 
Diabetes 12(l.5) 4(0.7) 
Infection %(12.1) 70(12.0) 

Primary prosthesis type 

  

Body powered 349 (44.1) 269 (46.0) 
Myoelectric/hybrid 97 (12.3) 68 (11.6) 
Cosmetic 23(2.9) 14(2.4) 
Nonusers 309 (39.0) 224 (38.3) 
Unknown 14(2.9) 10(1.7) 

Ever used prosthesis 

  

Yes 738 (93.2) 551 (94.2) 
No 52(6.6) 33(5.6) 
Unknown 2(0.3) 1(0.2) 

Initial prosdiesis Mining 

  

Yes 556 (75.3) 410 (74.4) 
No 175 (23.7) 136 (24.7) 
Unknown 7(1.0) 5 (0.9) 

Current prosthesis use 

  

Yes 479 (60.5) 358(61-2) 
No 309 (39.0) 224(38-3) 
Unknown 4(0.5) 3(0.5) 

Current prosthesis users n = 479 n = 358 
(at baseline) 

  

Current prosthesis training 

  

Yes 315 (65.8) 233 (65.1) 
No 162 (33.8) 124 (34.6) 
Unknown 2(0.4) 1(0.3) 

No. prostheses used 

  

1 307 (64.1) 221 (64.5) 
2z 172 (35.9) 127 (35.5) 

Frequency of prosthesis use 

  

Daily 375 (78.3) 283 (79.1) 
Weekly 57 (11.9) 41 (11.5) 
Monthly or less 43(9.0) 30(8.4) 
Unknown 4(0.8) 4(l.1) 

Intensity of daily prosthesis use 

  

<2 hrs 88 (18.4) 65(18-2) 
2 to <4 his 44(9.2) 27(7.5) 
4 to <8 hrs 89 (18.6) 65(18.2) 
8 to <12 hrs 91(19.0) 73 (20.4) 
z 12 firs 162 (33.8) 124 (34.6) 
Unknown 5(1.0) 4(1.2) 

amputation having received training to use the initial prosthesis 
and having one prosthesis (compared with two or more). 

On average, physical health (PCS) scores were 3.4 and 7.1 
points lower for those with moderate and severe back limb 
pain, respectively, as compared with those with no back pain. 
However, neck pain intensity was not significantly associated 
with the physical health score. The PCSs were 2.2 points lower 
for those with any contralateral limb pain and for those with 
any phantom limb pain. The PCS was also lower with older 
age and bum etiology. Factors associated with higher PCSs 
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TABLE 2- Frequency and intensity of back and neck pain: Baseline 
and longitudinal cohorts 

 

Full Sample Longitudinal Sample 

 

(N = 792) (n = 585) 

 

Ba:seime Baseline Follow-up 

 

n (%) n (%) n (%) 
Any back pain (yes) 572 (72.2) 420 (71.8) 419 (72.1) 

 

0 0 4 
Any neck pain (yes) 480 (60.6) 353 (60.3) 358 (61.5) 

 

0 0 3 
Other painful conditions 

   

Contralateral limb pain (yes) 538 (71.1) 407 (72.7) 400 (71.6) 
Missing, n 3 2 3 

Phantoms limb pain (yes) 577 (73.2) 427 (73.2) 419 (72.5) 
Missing, n 4 2 7 

Residual limb pain (yes) 454 (65.3) 334 (64.4) 333 (64.5) 
Missing, n 4 3 6 

Back and neck 

   

pain co-occurrence 

   

No back or neck pain 154 (19.4) 112 (19.2) 110 (18.9) 
Back pain only 158 (20.0) 120 (20.5) 114 (19.6) 
Neck pain only 66(8.3) 53(9.1) 52(9.0) 
Co-occurring back 414 (52.3) 300 (51.3) 305 (52.5) 

and neck pain 

   

Missing, n 0 0 4 
Back pain f -equency 

   

Never 220 (27.8) 165 (28.2) 162 (27.9) 
Weekly or less frequent 135 (17.1) 103 (17.6) 113(19.5) 
2-6 times per week 126 (15.9) 98 (16.8) 108 (18.6) 
Daily/always 311 (39.3) 219 (37.4) 198 (34.1) 

Missing n 0 0 4 
Neck pain frequency 

   

Never 312 (39.4) 232 (39.7) 224 (38.5) 
Weekly or less frequent 160 (20.2) 128 (21.9) 112 (19.2) 
2-6 rimes per week 118 (14.9) 79 (13.5) 111 (19.1) 
Daily/always 202 (25.5) 146 (25.0) 135 (23.2) 

Missing, n 0 0 3 
Back pain intensity 

   

Never had pain 220 (27.8) 165 (28.3) 162 (27.9) 
None to null (0-3) 126 (15.9) 104 (17.8) 104 (17.9) 
Moderate (4-7) 325 (41.1) 232 (39.7) 241 (41.6) 
Severe (8-10) 120 (15.2) 83(14-2) 73 (12.6) 

Missing, n I 1 5 
Neck pain intensity 

   

Never had pain 312 (39.4) 232 (39.7) 224 (38.5) 
None to mild (0-3) 121 (15.3) 99 (17.0) 105 (18.0) 
Moderate (4-7) 267 (33.8) 191 (32.7) 194 (33.3) 
Severe (8-10) 91 (11.5) 62 (10.6) 59 (10.1) 

Missing, n 1 1 3 

 

Mean (SD) Mean (SD) Mean (SD) 
Pain intensity (far those 

   

with any pain) 

   

Back pain intensity 5.4 (2.3) 5.3 (2.3) S-2(2.2) 
Missing, n 0 0 0 

Neck pain intensity 5.2(23) 5.1 (2.3) 5.0 (2.2) 
Missing, n 0 0 0 

Volume 00, Number 00, Month 2021 

TABLE 2. (Continued) 

   

FOR Sample Longitudinal Sample 

 

(N= 792) (n = 585) 

 

Baseline Baseline Follow-up 

Quality of life and disability 

  

VR-12 PCS 39.8 (11.2) 40.1 (11.4) 40-3(10.9) 
Missing, n 34 16 40 

VR-12 MCS 50.6 (13.1) 51.1 (13.0) 51.2 (13.1) 
Missing, n 34 16 40 

QuickDASH 36.1 (21.3) 35.6 (21.1) 34.6(21-3) 
Missing, n 17 8 28 

included more years since amputation and having two or more 
prostheses. 

Disability (QuickDASH) scores were 7.9 points higher 
(worse) on average for those with severe back pain, and scores 
were 4.4 and 12.3 points higher for those with moderate and se-
vere neck pain, respectively, compared with those with no pain. 
The QuickDASH scores were significantly higher for those 
with any contralateral limb pain (7.1 points), phantom limb 
pain (7.2 points), and residual limb pain (3.5 points). Other fac-
tors associated with higher (worse) QuickDASH scores in-
cluded shoulder or bilateral amputation, older age, Black or 
unknown race, never being married, and not using a prosthesis. 
The factors independently associated with lower (better) 
QuickDASH scores were cancer etiology, current prosthesis 
use, and more years since amputation. Model fit statistics were 
acceptable (Table 4). 

Longitudinal Sample 
Comparisons between longitudinal completers and those 

lost to follow-up (Appendix Table 1, Supplemental Digital 
Content 2, httplAinks.tww.com/PHNM208) found significant 
differences only in sex (higher proportion offemale individuals 
lost to follow-up), race (higher proportion of Black and un-
known race lost to follow-up), and diabetes etiology (higher 
proportion lost to follow-up). 

Among the longitudinal sample, daily back pain was re-
ported by 219 participants (37.4%) at baseline and 198 
(34.1%) at follow-up; daily neck pain was reported by 146 
(25.0%) at baseline and 135 (23.2%) at follow-up (Table 2). 
Among those with any back pain at both baseline and follow-
up, most reported that back pain intensity was moderate. 
Among those with neck pain at both baseline and follow-up, 
most reported moderate neck pain intensity. Among those with 
any pain, average back pain was 5.3 (SD = 2.3) at baseline and 
5.2 (SD = 2.2) at follow-up, whereas average neck pain was 5.1 
(SD = 2.3) at baseline and 5.0 (SD = 2.2) at follow-up. Average 
PCSs at baseline and follow-up were 40.1 and 40.3, respec-
tively, average MCSs were 51.1 and 51.2, and average 
QuickDASH scores were 35.6 and 34.6. 

Examination of the change in pain prevalence over 1 yr 
(Appendix Table 2, Supplemental Digital Content 2, http:// 
links.1ww.com/PHM/B208) shows that persistent back and 
neck pain was present in 60.8% (n = 353) and 48.1% 
(n = 280) of the sample, respectively. On the other hand, 98 
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~y 

              

o TABLE 3. Independent factors associated with having any back pain, back pain intensity, any neck pain, and neck pain intensity at baseline: Results of separate multivariable logistic and 
3 - linear regression 

            

m 

  

Logistic Regression: Any Back Pain Linear Regression: Back Pain Logistic Regression: Any Neck Pain Linear Regression: Neck Pain 
o 
Z 

   

(Yes/No, n = 738) 

 

Intensity (0-10, n = 533) 

 

(Yes/No, n - 738) 

 

Intensity (0-10, n = 448) c 

 

Characteristic OR 95'/o Cl P 0 95`/o Cl P OR 95'/o CI P 

 

95'fo CI P ~ 

 

Amputation level 

            

0 

34 Shoulder/forequarter 1.16 0.56 to 2.37 0.6949 -0.15 -0.92 to 0.61 0.6939 1.52 0.76 to 3.03 0.2329 0.51 -0.34 to 1.37 0.2398 0 

 

Transhumeral/elbow disarticulation 0.68 0.43 to 1.08 0.1037 0.05 -0.41 to 0.52 0.8227 1.16 0.74 to 1.82 0.5188 0.32 -0.16 to 0.81 0.1907 s 
a Transradial/wrist disarticulation (ref) 

            

^' 0 

 

Bilateral 0.74 0.28 to 1.95 0.5436 0.65 -0.49 to 1.79 0.2613 4.44 1.65 to 11.97 0.0032 0.15 -0.99 to 1.28 0.7998 AQ LZ 
°per Sex 

             

is 

               

Male (ref) 

              

Fernale 1.44 0.35 to 5.94 0.6133 -0.39 -1.50 to 0.72 0.4922 2.04 0.56 to 7.35 0.2773 -0.88 -2.00 to 0.25 0.1262 

 

2L Race 

              

White (ref) 

              

Black 1.00 0.52 to 1.90 0.9898 0.94 0.32 to 1.56 0.0031 1.85 1.00 to 3.44 0.0501 0.83 0.20 to 1.47 0.0101 

  

Unknown 0.82 0.32 to 2.09 0.6773 1.09 0.16 to 2.02 0.0212 0.45 0.18 to 1.13 0.0880 0.69 -0.32 to 1.71 0.1807 

  

Other/mixed 1.48 0.52 to 4.18 0.4586 0.12 -0.73 to 0.98 0.7757 1.51 0.59 to 3.86 0.3935 0.34 -0.53 to 1.22 0.4432 

  

Hispanic 

              

Yes 1.21 0.49 to 2.99 0.6799 0.27 -1.22 to 1.75 0.7261 2.94 1.19 to 7.28 0.0193 -1.39 -2.93 to 0.14 0.0755 

  

No (ref) 

              

Do not Know/unsure 0.99 0.22 to 4.56 0.9897 -0.39 -1.17 to 0.39 0.3229 1.52 0.35 to 6.63 0.5742 -0.53 -1.33 to 0.28 0.1982 

  

Amputation of dominant side 

              

Yes 0.92 0.62 to 1.37 0.6925 -0.18 -0.58 to 0.22 0.3763 0.72 0.50 to 1.06 0.0948 0.22 -0.20 to 0.65 0.3019 

  

No (ref) 

              

Age at time of study, yr 

              

18-44 1.42 0.64 to 3.19 0.3912 -0.42 -1.15 to 0.30 0.2495 0.69 0.34 to 1.42 0.3182 -0.52 -1.32 to 0.28 0.1982 

  

45-64 (ref) 

              

65-75 0.56 0.34 to 0.94 0.0282 0.14 -0.36 to 0.64 0.5837 0.74 0.45 to 1.21 0.2311 -0.10 -0.64 to 0.44 0.7119 

  

75+ 0.41 0.21 to 0.82 0.0119 -0.13 -0.90 to 0.63 0.7345 0.47 0.23 to 0.94 0.0333 -0.27 -1.16 to 0.61 0.5414 

  

Time since amputation 

              

0-19 (ref) 

            

o 

 

20-49 1.25 0.74 to 2.11 0.4000 0.07 -0.45 to 0.60 0.7880 1.27 0.76 to 2.13 0.3647 0.19 -0.38 to 0.75 0.5196 

  

50+ 1.55 0.71 to 3.40 0.2750 0.21 -0.63 to 1.05 0.6255 2.16 0.97 to 4.82 0.0609 0.06 -0.85 to 0.97 0.8968 z 

 

Amputation etiology 

              

Combat injury 

              

Yes 1.25 0.67 to 2.33 0.4857 -0.16 -0.77 to 0.46 0.6215 0.86 0.47 to 1.59 0.6340 -0.77 -1.44 to -0.10 0.0246 a' 

 

No (ref) 

            

c 
$ 

      

Accident  

        

3 
Yes 1.02 0.56 to 1.86 0.9384 0.15 -0.43 to 0.74 0.6050 0.81 0.46 to 1.44 0.4748 -0.51 -1.13 to 0.11 Q1077 a 

n 
No (ref) 

                           

3 
3 

             

~ 
- 
J 

           

(Continued on next page) 
n 
~' 



oe TABLE 3. (Continued) 

                              

Logistic Regression: Any Back Pain Linear Regression: Back Pain logistic Regression: Any Neck Pain Linear Regression: Neck Pain 

    

(Yes/No, n - 738) Intensity (0-10, n = 533) 

 

(Yes/No, n - 738) 

 

Intensity (0-10, n - 448) 

  

Characteristic OR 950/0 CI P p 95% 0 p OR 95% CI p 0 950/0 CI p 

 

o Bum 

             

3 Yes 1.05 0.57 to 1.93 0.8865 0.03 -0.59 to 0.66 0.9145 1.04 0.57 to 1.89 0.9033 -0.09 -0.75 to 0.57 0.7856 

  

No (ref) 

              

Cancer 

              

Yes 1.18 0.41 to 3.39 0.7593 -0.42 -1.58 to 0.73 0.4705 0.35 0.13 to 0.97 0.0429 -1.22 -2.72 to 0.27 0.1089 

  

No (ref) 

              

Diabetes 

              

Yes 0.73 0.15 to 3.65 0.7018 1.12 -4.88 to 3.12 0.2697 0.52 0.11 to 2.54 0.4187 -1.02 -3.22 to 1.18 0.3635 

  

No (ref) 

              

Infection 

              

Yes 0.68 0.38 to 1.23 0.1995 0.61 -0.01 to 1.22 0.0529 1.61 0.87 to 2.97 0.1292 0.39 -0.22 to 1.00 0.2133 

  

No (ref) 

              

Any back pain 

              

Yes 

      

4.98 3.30 to 7.50 <0.0001 0.79 0.17 to 1.42 0.0132 

  

No (ref) 

              

Any neck pain 

              

Yes 4.92 3.27 to 7.40 <0.0001 0.62 0.15 to 1.09 0.0104 

        

No (ref) 

              

Any contralateral limb pain 

              

Yes 1.54 1.01 to 2.35 0.0471 0.50 0.01 to 1.00 0.0466 4.14 2.74 to 6.27 <0.0001 0.38 -0.22 to 0.98 0.2126 

  

No (ref) 

              

Any phantom limb pain 

              

Yes 1.56 1.01 to 2.42 0.0441 0.39 -0.12 to 0.90 0.1324 1.16 0.74 to 1.79 0.5212 0.45 -0.12 to 1.02 0.1183 

  

No (ref) 

             

0 Any residual limb pain 

             

o Yes 1.31 0.83 to 2.07 0.2447 0.31 -0.21 to 0.83 0.2417 2.46 1.59 to 3.82 <0.0001 0.73 0.15 to 1.30 0.0136 

 

N 
No (ref) 

              

Cuaent prosthesis use 

              

Yes 0.54 0.30 to 0.96 0.0370 -0.50 -1.13 to 0.12 0.1116 0.81 0.45 to 1.44 0.4651 0.21 -0.44 to 0.86 0.5296 0 

 

No (ref) 

            

c 

 

Primacy prosthesis type 

              

Body pov ied (ref) 

            

o 
0 

 

Myoelectrioltybrid 0.81 0.44 to 1.50 0.5001 -0.25 -0.89 to 0.39 0.4414 1.07 0.59 to 1.96 0.8192 -0.05 -0.73 to 0.63 0.8880 c 

 

Cosmetic 0.41 0.14 to 1.16 0.0911 0.25 -1.03 to 1.54 0.6995 1.29 0.43 to 3.86 0.6491 0.09 -1.11 to 1.29 0.8828 3 

 

Frequency of prosthesis use 

              

Daily (ref) 

            

S 

 

Weekly 0.83 0.34 to 1.98 0.6666 0.66 -0.16 to 1.48 0.1129 1.53 0.65 to 3.60 0.3270 -0.17 -1.02 to 0.68 0.7010 3 

 

Montbly or leas 0.96 0.33 to 2.77 0.9386 0.70 -0.34 to 1.74 0.1878 1.06 0.38 to 2.98 0.9153 -0.96 -2.07 to 0.15 0.0914 

                              

N 
O 

              

N 
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x a 

 

participants (16.9%) in the longitudinal sample reported no 
$ aq N M 

 

back pain at both baseline and follow-up and 152 (26.1%) re-

 

0 c c c 

 

ported no neck pain at either survey. Incident back pain was re-

   

ported by 66 (11.4%) and resolved back pain by 64 (11.0%). 
t' 00 4n G 
c c 8 

 

Similarly, incident neck pain was reported by 78 (13.4%) and 
0 0 o 9 

 

resolved neck pain by 72 (12.4%). 

  

Most respondents were categorized as having no change 

  

in back pain intensity (n = 208, 59.1%) and neck pain intensity 

  

(n = 171, 61.3%). Back pain intensity was categorized as im-

 

.. v v 

 

proved for 76 participants (21.6%) and worsened for 68 

Q c o 

 

(19.3%). Neck pain intensity was categorized as improved for 

  

52 participants (18.6%) and worsened for 56 (20.1%). 

esooQo 

    

DISCUSSION 

  

This study was a fast of its kind, nationally representative, 

_ 

 

longitudinal study of veterans with ULA that described the 
"! M N N N 

 

change in prevalence and intensity of back and neck pain over 
S S 8 8 

 

I yr. Given the high prevalence rates of back and neck pain pre-

 

M 0% 

 

viously identified,3  the prevalence of co-occurring back and 
0 o c c 

 

neck pain was also examined. In addition, the factors associated 

  

with the likelihood of reporting any pain and with having higher 
c $ = 

 

intensity pain were identified. Lastly, the associations between 

  

pain severity and HRQOL and disability were examined. 
cv a M 

 

Rates of co-occurring back and neck pain were more than 

U 

 

5 times the general US population, and rates of neck pain are 
C; c d c 

 

more than double the general population rates .9  However, rates 

  

of back pain alone were only slightly higher.9  Furthermore, 
a o N M 

 

mean back and neck pain intensity was moderate, with less 

0  0 0 8 
S c e 

 

than 20% reporting neck or back pain as mild, and at least 

000 oo
 c 

 

12% reporting severe back pain, and l0% reporting severe 

4 i' Q 4 N 

 

neck pain. These findings point to the need for clinical inter-

   

ventions to prevent and treat back and neck pain ULAs. 
N 

a  

 

The longitudinal study design enabled quantification of 
$ o o o q 

 

change in pain prevalence and intensity over time. Although 

  

the survey asked about the experience of pain over the previous 

  

month, the data from baseline and follow-up were used to esti- 
A ;° 

 

mate the proportion of veteran ULAs with chronic pain. Pain 
c 0 0 0 o was persistent from baseline to follow-up for 61% with any 

  

back pain and 48% with any neck pain. The severity of pain 

a O en oo 

 

was stable for the majority, with approximately one fifth 
0O (n In N 

 

reporting worsening pain and another fifth reporting unprove-

 

n 8 3 o 

 

ment in pain. These findings suggest that treatment of back and 
w $ 

 

neck pain in ULAs should, in many cases, be informed by 
0 o c o 

 

evidence-based clinical practice guidelines for chronic pain. 

  

A variety factors that might be associated with likelihood 

  

of having pain and intensity of pain were explored. Other pain-

   

ful conditions, including contralateral, phantom, or residual 

  

limb pain, were associated with increased likelihood of having 

  

back or neck pain, suggesting that there may be some shared 

  

pain etiology, and pointing to the need for pain management in-

   

terventions in veterans with ULA. Some current theories on 
of multisite to hyperexcitability of the ner-

 

etiology pain point 

     

vous system and sensitization.2" Some researchers report a 

  

relationship between sleep quantity and quality and presence 

  

and severity of multisite pain. This study did not include 
`o J9 

 

items about sleep. This is an area that should be explored in fu-

 

Z' v 

 

ture research. 
V c4 Q N 

 

An effect of Black or missing race was also identified, 
,5 

 

where those persons identifying as Black or not indicating their 
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TABLE 4. Results of separate multivariable linear regression models: Impact of pain on HRQoL and disability 

HRQoL Disahilih~ 

Mental Health Physical Health 
(VR-12 MCS, n = 734) (VR 12 PCS, n - 735) QuickDASH (n = 723) 

 

fi 95% Cl P 0 950/0 C1 P 

 

95% C1 P 

Amputation level 

         

AQ 15 SH/FQ - 0.99 -4.39 to 2.40 0.5663 - 1.17 -4.08 to 1.74 0.4307 6.13 1.13 to 11.13 0.0164 AQ16 
TH/ED 1.95 -0.17 to 4.07 0.0712 1.25 -0.57 to 3.06 0.1774 -1.73 -4.86 to 1.39 0.2763 
TR/wrist (ref) 

         

Bilateral 1.29 -3.62 to 6.19 0.6074 - 2.30 -6.51 to 1.90 0.2825 17.37 10.17 to 24.57 x0.0001 
Back pain intensity 

         

Never had pain -0.17 -3.02 to 2.68 0.9086 1.13 -1.32 to 3.57 0.3657 - 1.69 -5.87 to 2.48 OA262 
None to mild (0-3, ref) 

         

Moderate (4-7) -1.34 -4.07 to 1.40 0.3373 -3.38 -5.73 to -1.04 0.0048 2.50 -1.51 to 6.52 0.2210 

Severe (8-10) -5.55 -9.10 to -2.01 0.0022 -7.16 -10.19 to -4.12 <0.0001 7.91 2.66 to 13.16 0.0032 
Neck pain intensity 

         

Never had pain -0.19 -2.99 to 2.62 0.8971 2.10 -0.31 to 4.50 0.0878 -1.13 -5.25 to 3.00 0.5914 
None to mild (0-3, ref) 

         

Moderate (4-7) -0.73 -3.67 to 2.21 0.6256 -0.73 -3.25 to 1.78 0.5670 4.40 0.09 to 8.71 OA456 

Severe (8-10) -4.73 -8.59 to -0.87 0.0164 -1.81 -5.12 to 1.49 0.2812 12.28 6.62 to 17.93 x0.0001 
Any contralateral limb pain 

         

Yes -1.01 -3.17 to 1.14 0.3573 -2.16 -4.01 to -0.31 0.0220 7.10 3.90 to 10.30 <0.0001 

No (ref) 

         

Any phantom limb pain 

         

Yes -3.02 -5.24 to -0.80 0.0077 -2.17 -4.07 to -0.27 0.0251 7.19 3.93 to 10.46 <0.0001 
No (ref) 

         

Any residual limb pain 

         

Yes -3.43 -5.71 to -1.15 0.0032 -1.06 -3.01 to 0.89 0.2861 3.46 0.09 to 6.82 0.0439 

No (ref) 

         

Age, yr 0.00 -0.10 to 0.10 0.9787 -0.19 -0.27 to -0.10 <0.0001 0.18 0.03 to 0.32 0.0156 

Years since amputation 0.10 0.02 to 0.17 0.0135 0.09 0.02 to 0.15 0.0079 -0.19 -0.31 to -0.08 0.0008 
Race 

         

White (ref) 

         

Black -2.74 -5.61 to 0.14 0.0624 -0.65 -3.12 to 1.81 0.6047 6.89 2.64 to 11.15 0.0015 

Unknown -5.94 -9.64 to -224 0.0017 -0.35 -3.48 to 2.79 0.8275 8.79 3.40 to 14.19 0.0014 
Other/mixed -0.43 -4.57 to 3.71 0.8378 0.26 -3.29 to 3.80 0.8870 5.13 -0.93 to 11.19 0.0970 

Marital status 

         

Married or living together (ref) 

         

Divorced or separated - 1.05 -3.24 to 1 .13 0.3445 -0.73 -2.60 to 1.14 0.4449 - 1.55 -4.80 to 1.70 0.3483 
Widowed 2.42 -1.50 to 6.33 0.2259 -0.23 -3.58 to 3.13 0.8948 -1.02 -6.76 to 4.72 0.7267 
Never married - 1.38 -4.81 to 2.05 0.4300 - 2.37 -5.31 to 0.57 0.1142 5.97 0.94 to 10.99 OA201 

Lower limb amputation 

         

Yes 2.10 -0.68 to 4.89 0.1380 -1.44 -3.82 to 0.95 02375 -0.81 -4.90 to 3.29 0.6993 
No (ref) 

         

Etiology 

         

Combat injury -0.44 -3.38 to 2.51 0.7719 0.76 -1.77 to 3.28 0.5556 -0.32 -4.71 to 4.08 0.8877 
Accident 0.05 -2.74 to 2.85 0.9698 1.07 -1.32 to 3.46 0.3806 -3.18 -7.33 to 0.97 0.1333 
Bum 1.76 -1.06 to 4.59 0.2208 -2.78 -5.20 to -0.36 0.0242 0.45 -3.70 to 4.61 0.8300 
Cancer 4.68 -0.57 to 9.93 0.0807 2.80 -1.70 to 7.30 0.2221 -7.97 -15.77 to -0.17 0.0452 

Diabetes 1.27 -7.29 to 9.82 0.7714 -5.69 -13.02 to 1.64 0.1281 0.92 -13.40 to 15.25 0.8995 
Infection 1.93 -0.91 to 4.77 0.1834 -4.32 -2.74 to 2.10 0.7943 -3.11 -7.28 to 1.05 0.1430 

Ever used prosthesis 

         

Yes (ref) 

         

No 2.91 -1.34 to 7.15 0.1795 -1.72 -5.36 to 1.91 0.3524 -5.84 -12.12 to 0.45 0.0686 

        

(Continued on next page) 
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TABLE 4. (Continued) 

            

HRQoL 

   

Disability 

   

Mental Health 

  

Physical Health 

     

(VR-12 MCS, n = 734) 

 

(VR 12 PCS, n = 735) 

 

QuickDASH (n = 723) 

 

13 95% CI P p 950/0 CI P 

 

95% CI P 

Current prosthesis use 

         

Yes 2.30 - 0.66 to 5.26 0.1272 1.31 - 1.22 to 3.84 0.3094 - 8.75 - 13.12 to 4.39 <0.0001 

No (ref) 

         

Primary prosthesis type 

         

Body (ref) 

         

Myoelectric/hybrid 1.98 -0.96 to 4.93 0.1865 -1.36 -3.88 to 1.15 0.2883 2.43 -1.88 to 6.75 0.2688 

Cosmetic -2.47 -7.94 to 2.99 0.3742 1.54 -3.14 to 6.22 0.5177 3.06 -4.94 to 11.05 0.4533 

Nonusers 

         

Initial prosthesis training 

         

Yes 3.38 0.84 to 5.91 0.0091 - 0.33 - 2.50 to 1.84 0.7648 - 2.19 - 5.95 to 1.56 0.2515 

No (ref) 

         

Current prosthesis training 

         

Yes - 0.15 - 2.92 to 2.63 0.9163 2.00 - 0.37 to 4.38 0.0980 - 1.77 - 5.86 to 2.32 0.3952 

No (ref) 

         

No. prostheses 

         

1 (ref) 

         

a2 - 2.65 - 5.17 to - 0.14 0.0383 3.47 1.32 to 5.62 0.0016 - 0.67 -,4.38 to 3.03 0.7208 

Amputation of dominant side 

         

Yes 0.04 - 1.77 to 1.86 0.9640 - 0.90 - 2.46 to 0.65 0.2560 1.74 - 0.95 to 4.42 0.2042 

No (ref) 

         

n, Adj 142 

 

734, 0.16 

  

735, 0.22 

  

723, 0.33 

 

F, P 

 

5.11, <0.0001 

  

7.02, <0.0001 

  

11.25, <0.0001 

 

RMSE 

 

11.84 

  

10.15 

  

117.33 

 

Cl, confidence interval; RMSE, root mean square error. 

       

race were more likely to report greater pain intensity. Others 
have reported an association between Black race and increased 
pain sensitization, 33  noted disparities in chronic pain manage-
ment,34  and found that a few veterans were less likely to be 
screened for pain .35  It is unclear how to interpret the finding re-
lated to persons who did not provide information on racial 
group in this study. Data on socioeconomic status or education 
were not collected, which precludes determining whether there 
was potential confounding with race. That said, clinical care 
providers should routinely assess trunk pain in all ULA pa-
tients using standardized assessment tools, as recommended 
by clinical practice guidelineS.36 

Those with bilateral ULA had 4 times the likelihood of 
having neck pain than those with unilateral amputation, suggest-
ing that compensatory strategies used by this group were major 
contributors to neck pain, and pointing to the need for prosthetic 
training that addresses body mechanics and compensation. 

Many potentially modifiable factors of pain including fre-
quency and intensity of prosthesis use were examined. Those 
who used a prosthesis had half the odds of reporting any back 
pain. However, prosthesis use was not associated with likeli-
hood of reporting neck pain. This finding is somewhat surpris-
ing but might be related to increased symmetry of postural 
muscle use and decreased likelihood of developing scoliosis 
for those who wear a prosthesis. Further research is needed to 
investigate this possibility. 

Veterans with ULA had physical quality-of-life (PCS) 
scores below that reported in subgroups of adults with back 
and/or neck pain, but better mental quality-of-life (MCS) 
scores. Baseline PCS and MCS in our longitudinal sample were 
40.1 and 51.1. General population estimates for PCS and MCS, 
respectively, for US adults with chronic back pain are 44.9 and 
44.5.37  Estimates of PCS and MCS in a population-based sample 
of North Carolina adults with chronic neck pain were 38.6 and 
50.6, respectJively.38  The HRQoL findings in this study were 
somewhat better than those in a small study of persons with 
ULA from the Washington state area, which reported a mean 
PCS of 38.3 and MCS of 44.0 for those with back pain, and a 
mean PCS of 37.0 and MCS of 44.8 for those with neck pain.  14 

This study also quantified the independent associations of 
neck and back pain intensity on HRQoL and disability. In this 
sample of veterans with ULA, only severe back pain and severe 
neck pain, but not mild and moderate pain, were independently 
associated with having worse mental health (MCS) scores, 
whereas moderate to severe back pain (but not mild) was asso-
ciated with worse physical health (PCS) scores. Severe back 
pain and moderate to severe neck pain (but not mild pain) were 
also associated with greater disability (QuickDASH). These 
findings suggest a clinical imperative to engage multidisciplin-
ary team members including physical therapists in the care of 
persons with ULA and to develop programs and interventions 
to prevent and treat back and neck pain in this population. 
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Limitations 
This longitudinal study used a large and nationally repre-

sentative US veteran population. Findings are limited to vet-
erans who had received care at the VA and therefore may not 
be generalizable outside of the veteran population and the VA 
system of care. The survey used a narrow definition of pain, 
asking about pain reported in the previous 4 wks, and identi-
fied persistent pain as pain reported at baseline and follow-
up. Although persistent pain is most likely chronic pain, it is 
uncertain whether pain at follow-up was an indicator of chronic 
pain or an episode of recurrent pain. The survey was adminis-
tered by telephone, and all data were self-reported by respon-
dents; medical records were not used to establish whether 
veterans had diagnoses of spinal conditions or pain. This type 
of self-reported data is subject to recall bias. Future studies 
would benefit from quantitative measures of back and neck 
pain that are collected on a routine basis in the home and clin-
ical environments. 

The full survey was multidimensional, and questions 
about pain were a minor component. We have no reason to be-
lieve that pain was a major factor in an individual's willingness 
to participate in the survey or that this would have biased the 
results in a particular direction. It is possible that some with 
pain were less likely to participate (because of response bur-
den). However, others may have also been more likely to par-
ticipate because they wanted to report their experiences. 

CONCLUSIONS 
Together, these findings demonstrate the magnitude, se-

verity, and impact of back and neck pain in the veteran ULA 
population. Back pain and neck pain are pervasive and persis-
tent among veterans with amputation and seem to be negatively 
associated with quality of life and disability. These findnigs 
highlight an unmet need for prevention and intervention of 
co-occurring and painful back and neck pain in this population. 
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àba
cdaefghg:3
430-81=34
-7/8/-6381061-0
52
830;5<43<60
/6
=/03.1<3
/<4
25..5FLA;9
:3
A034
=/03.1<3
4/6/
65
-/.-A./63
XSS
0-5830
/<4
430-81=34
0-5830
258
/..
;/861-1;/<60@
258
0A=?85A;0
52
A<1./638/.
/<4
=1./638/.
/B;A6330@
/<4
258
A<1./638/.
/B;A6330
068/612134
=>
/B;A6/L615<
.3E3.9
:1.-5R5<
8/<[
0AB
63060
F383
A034
65
-5B;/83
673
XSS
163B
/<4
656/.
0-5830
52
̂iH
;850673010
A0380
F167
A<1./638/.
/B;A6/615<
/<4
Ij
F167
=1./638/.
/B;A6/L615<9
O5
143<612>
2/-6580
67/6
F3
7>;5673L01k34
B1?76
=3
/005-1/634
F167
XSS
0-5830
/6
=/03.1<3@
F3
43E3.5;34
03;/8/63
=1E/81/63



lmnop
q
rstuvws
rxyvz{xwyv|}
x}~
�|��xtvz|}z
|{
�sz�|}~s}yz
�vy�
�}v�xystx�
x}~
�v�xystx�
����yxyv|}���������
���
�����������
������
������
������
������������
 ���
�������� m��¡
¢���
£�¤¥£¦
§
̈©ª¥ ����������¡
¢���
£�¤¥�«
£�
§
q¬¥


l«
£�
§
­q­¥


l®
£�
§
̄­̄¥


m��
£�
§
̈°­¥ n��������¡
¢���
£�¤¥

£�
§
q©¥ ±

²�����³t|zy�syvzy
x��|v}y�s}y
́vy�v}

tsxz|}xµ�s
yv�s
 ¶·̧
¹º·»¼ ½·¶
¹º·¾¼ ¶·¾
¹º·»¼ ¶·¾
¹º·»¼ ¶·̧
¹º·»¼ ½·¶
¹º·¿¼ ·º½µ�swsvus~
x��t|�tvxys
w|�tyszÀÁ
tsz�swy
{t|�
zyx{{ ¶·¿
¹º·¿¼ ¶·¿
¹º·¿¼ ¶·Â
¹º·¿¼ ¶·¿
¹º·¿¼ ¶·¿
¹º·¿¼ ¶·¾
¹º·¿¼ ·¶Ã�xvys~
tsxz|}xµ�s
yv�s
y|
µs
zss} ¶·¾
¹º·»¼ ½·º
¹º·̧¼ ¶·»
¹º·»¼ ¶·¾
¹º·»¼ ¶·¾
¹º·»¼ ½·¶
¹º·¾¼ ·ºÃµÄ���À
v}{|t�s~
xµ|�y
sÅ�v��s}y
w�|vwsz
µÀ
zyx{{ ½·º
¹º·¾¼ ½·¶
¹º·̧¼ ¶·̧
¹º·¾¼ ½·º
¹º·¾¼ ½·º
¹º·¾¼ ½·½
¹º·»¼ ·¶ÆÇ��|ty�}vyÀ
y|
sÈ�tszz
w|}wst}z

tsÉxt~v}É
sÅ�v��s}y
y|
�t|zy�syvzy ¶·»
¹º·¿¼ ½·º
¹º·¿¼ ¶·¿
¹º·¿¼ ¶·»
¹º·»¼ ¶·»
¹º·»¼ ¶·̧
¹º·Â¼ ·¶Ã³t|zy�syvzy
tsz�|}zvus
y|
w|}wst}z

x}~
Å�szyv|}z ¶·»
¹º·¿¼ ¶·»
¹º·¿¼ ¶·¿
¹º·¿¼ ¶·»
¹º·¿¼ ¶·»
¹º·¿¼ ¶·¾
¹º·¿¼ ·¶¶rxyvz{vs~
́vy�
ytxv}v}É
v}
�zsÁ
�xv}ys}x}ws
|{
�t|zy�szvz
 ¶·¾
¹º·»¼ ¶·̧
¹º·»¼ ¶·¾
¹º·»¼ ¶·¾
¹º·¾¼ ¶·¾
¹º·»¼ ½·º
¹º·¿¼ ·º̧³t|zy�syvzy
~vzw�zzs~
�|zzvµ�s

�t|µ�s�z
́vy�
sÅ�v��s}y ½·º
¹º·»¼ ½·¶
¹º·¿¼ ½·º
¹º·¾¼ ¶·̧
¹º·»¼ ½·º
¹º·»¼ ½·¶
¹º·¿¼ ·¶¿ryx{{
w||t~v}xys~
zstuvwsz
́vy�

y�stx�vzyzÁ~|wy|tz ½·º
¹º·»¼ ½·Æ
¹º·»¼ ¶·̧
¹º·»¼ ¶·̧
¹º·»¼ ½·º
¹º·»¼ ½·º
¹º·¿¼ ·Æ̧Êswvzv|}
�xËv}É
́xz
w|��xµ|txyvus

v́y�
zyx{{
tsÉxt~v}É
wxtsÁsÅ�v��s}y ¶·̧
¹º·»¼ ½·º
¹º·¿¼ ¶·¾
¹º·»¼ ¶·̧
¹º·»¼ ¶·̧
¹º·»¼ ½·º
¹º·Â¼ ·¶¾Ì|yx�
zw|ts Æ¿·½
¹½º·º¼ Ã½·½
¹¶»·¶¼ ÆÆ·Ã
¹½º·¾¼ Æ¿·¶
¹½º·º¼ ÆÂ·¾
¹½º·¶¼ Ã¶·Ã
¹¶¾·Æ¼ ·½¶�µµtsuvxyv|}zÍ
rÎÏ
z�|��~st
~vzxtyvw��xyv|}
|t
zwx���|y�|txwvw
x���yxyv|}Ð
ÌÎÏ
ytx}z���stx�
|t
s�µ|́ 
~vzxtyvw��xyv|}Ï
Ì�Ï
ytx}ztx~vx�
|t
́tvzy
~vzxtyvw��xyv|}·Ñ�v�w|È|}
tx}ËÒz��
yszy
w|��xts~
zw|tsz
µsýss}
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mosoÂumuswÆu||
mosoÂuyÆqw°
muyqxowqlsÀw°up
rwpowuÂ} ÅÄ
µ³Ä·¿¹Ä́
µÅÅ·»¹Ä»
µ̧º·Å¹ Ä
µ³¼·¼¹
́µ¿¼·¼¹Å
µ¶¼·¼¹ ·»»x·Ä¶x·³Åx~sqwqo|
omn{wowqls
xopu�omq|}
lp
xopuÂqÁup
qsÁl|Áuy
qs
qsqwqo|
omn{wowqls
mosoÂumuswūup
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Abstract: Introduction  : Upper limb amputees (ULAs) have increased risk for contralateral limb
pain (CLP), and further study of CLP in ULA is needed. Study objectives were to: 1)
Describe CLP frequency, intensity, and 1-year change; 2) identify factors associated
with CLP; and 3) quantify associations between CLP, health-related quality of life
(HRQoL) and disability (QuickDASH).
Methods  : 776 Veterans with unilateral ULA were surveyed at baseline and 562 were
surveyed again at 1-year. Participants reported CLP frequency and intensity, and non-
amputated limb conditions. Multivariable models examined factors associated with
CLP, and associations between CLP intensity and HRQOL (physical component score
[PCS] and mental component score [MCS]) and disability (QuickDASH).
Results  : CLP prevalence was 72.7% (baseline) and 71.6% (follow-up); 59.8% had
persistent pain. Contralateral limb conditions, neck and residual limb pain were
associated with higher odds of CLP. Black race (vs. white), back pain (vs. without), and
age 45-65 (vs. 18-45) were associated with greater CLP intensity. Female sex (vs.
male) and use of cosmetic prostheses (vs. body-powered) were associated with lower
pain intensity. MCS was 2.7 and 6.6 points lower for moderate and severe CLP,
respectively; PCS was 4.2 and 8.4 points lower for moderate and severe CLP; and
disability was 9.4 and 20.7 points higher for moderate and severe CLP, compared to
none to mild pain.
Conclusions:  CLP was prevalent and persistent in Veterans with ULA and was
associated with black race, back pain and older age. Less pain intensity was
associated with female sex and cosmetic prosthesis use. Moderate to severe CLP was
associated with worse HRQOL and greater disability. Efforts are needed to prevent and
treat ULA CLP pain. Further research is needed to understand if disparities in pain
treatment exist by race.

Response to Reviewers: Reviewer #1:
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First and Foremost, the "Conclusion" within the abstract is both misleading and
negatively impactful to those seeking Upper Limb Prosthetic Care. Your study was
conducted, or the particular variables of this paper extracted, from a broader study that
does not clearly describe the reliance/over-reliance on the prosthesis. As the reference
of your material/survey suggests, that information was gleaned from previous work that
you had published in 2019. Daily use of a device, hours of use and tasks for using a
prosthesis will clearly lead to whether or not the prosthesis is utilized.
Reliance/Overreliance is not necessarily based on the factual nature of the prostheses
being used, but could have been concluded based on "if" tasks could not have been
accomplished without the prosthesis/prostheses. Even the population of individuals
with bilateral, upper limb prostheses find ways of managing without prostheses entirely.
The focus of this paper, that includes: presence, frequency, intensity of CLP and Hx of
musculoskeletal limb conditions has no bearing on the reliance of the prosthesis. You
may need to include other variables in this paper in order to even suggest such a
conclusion.

The statement of "CLP occurs regardless of (amputation level or) prosthesis use" is
quite detrimental if taken in the wrong context. The individuals from whom you have
gathered this information have CLP. There is no evidence to suggest that the addition
of an upper limb prosthesis will reduce this pain as this is not directly addressed in your
questioning. Therefore; concluding that "regardless of prosthesis use" individuals with
ULA will have contralateral limb pain suggests that there is no utility in these devices;
which is absolutely NOT the case. Additionally; the population that you have surveyed
is quite skewed. Several variables come into play with regards to their CLP:
Thank-you for these comments.  We have edited the conclusion section, removing our
discussion/speculation about over-reliance on a prosthesis.

Individuals within the VA system (and other healthcare systems) are reliant on their
care based on maintaining a "need" for services. Should these needs diminish or
resolve, the care is no longer provided.
The Reviewer makes an interesting point.  It may be possible that those who had
painful contralateral shoulder conditions were more likely to seek VA care.  We have
added to the discussion accordingly.

Depending upon where your number for "participants" had arisen, either 51% of all
Baseline Survey Group or 70% of Completion Group have some contralateral
musculoskeletal limb conditions. If this truly is the case; wearing or not wearing a
prosthesis will have little effect on resolution of the pain in several of these disorders,
and may contribute toward the pain depending upon suspension design, etc.
Table 1 shows that the prevalence of musculoskeletal limb conditions (at baseline) on
the contralateral side was 51.2% for the full cohort and 52.7% for the longitudinal
sample.  Given that our survey asked whether participants had ever been diagnosed
with a condition of the CLP, we were unable to assess whether change in a
musculoskeletal condition occurred over the one year period.

Additionally, as you had pointed out, these figures were taken from "self reported"
disorders and not confirmed via Medical Records data.
We clearly acknowledged the limitations of self-reported disorders in our study
limitations on p. 13-14

Over 50% of your participants surveyed had their amputation occur prior to 1990. Thirty
years of living with CLP will not likely resolve in the 12 months between your baseline
inquiry and follow-up.
We did not ask participants how long they had CLP pain and we have no reason to
believe that they were living with CLP for 30 years.  We agree that the generalizability
of our findings may be limited for persons with more recent limb loss, we have added
this limitation to our discussion of limitations on p. 13.

Not sure that the percentages of individuals using upper limb prostheses has changed
as dramatically as your comparison of a 2007 study (going 25 years retroactively) to
your current collection of data.
We do not make an assertions about whether the rates of prosthesis use have
changed since 2007.  We report on data collected in a national study of Veterans with
upper limb amputation.
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Your statement of the fact that ULP are "inefficient and uncomfortable ... contributing to
altered body mechanics and compensatory movements..." is without question. The
question arises as to whether or not these compensations are more or less detrimental
if the task were to be performed without a prosthesis. That information is more
important to know regarding the utilization of an ULP.
Thank-you for this comment, we agree that this is an important point.  We have added
to the introduction as follows, “Over-reliance on the sound side, due to non-use or
limited use of a prosthesis, is likely to create altered body mechanisms and contribute
to overuse injuries.”

Couple typos in "Other Variables" number of prosthesES currently used & intensiTY of
prosthesis use (vs. intensiFY)
Thank you, we have corrected these typos.

Analytical Methods: Not sure about your list of Covariates in the logistic regression.
Seems as if "combat and cancer amputation..." was supposed to be worded differently.
We have edited the sentence to read, “combat amputation etiology, cancer amputation
etiology”, to be clear that both were separately added to the model.

A "mean age of 63.2" is certainly not representative of new users, nor individuals who
may benefit from first prosthetic fitting that "may" help prevent them from acquiring the
onset of CLP.
We agree that our findings have limited generalizability to persons with more recent
amputation and have added this to the statement about limitations on p. 13.

"We did not observe an association between prosthesis use (or amputation level) and
the likelihood of reporting CLP." This statement neither supports nor refutes your
notion that "CLP occurs regardless of (amputation level or) prosthesis use".
As noted above, we have removed this text in the conclusion.

In your, overall, paper Conclusion, you did not discuss the dependency (or lack
thereof) of CLP and prosthesis use; as you had suggested in your Abstract's -
Conclusion.
As noted above, we have removed this text in the conclusion.

Reviewer #2:
Way, way too many abbreviations.
We have eliminated abbreviations for ‘Institutional Review Board’, ‘Operation Enduring
Freedom’, and ‘Operation Iraqi Freedom’ as each were only used once. In the revised
manuscript we use the following abbreviations for words that were used multiple times:
ULA, CLP, MCS, PCS, HRQoL, VA.

Introduction would benefit from some reorganization to improve flow. Development of
the rationale is sparse, especially first two paragraphs. Introduction would be stronger
staying focused on contralateral limb pain.
Thank-you for this comment, we reorganized the introduction and believe that the flow
has improved.

Line 12: "Veterans with ULA are at an even higher risk.2" seems like a sentence that
needs to be finished. E.g, why are they at a higher risk, or they are at a higher risk than
???
We have edited the sentence to explicitly clarify that veterans with ULA are at even
higher risk for CLP ‘than the general population of persons with ULAs’.

Lines 16-19: Similarly, these lines are rather global and leave the reader hanging. Can
comparisons by level of amputation be made? More context to support the difference
between VA and non-VA is needed.
The purpose of our introduction is to present a cogent rationale for the need for this
study with some preliminary background on Veterans with ULA. We provide a general
comparison of prosthesis use between Veteran and non-Veterans with upper limb
amputation. We added the following sentence, “However, the reasons for the
differences in prosthesis use are not well understood.”

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Lines 21-24: Citation is needed.
We added a citation for this sentence.

Lines 48-56: This language is typically in the Discussion not the Introduction. Rather
than state studies are needed, consider introducing the purpose of the study from the
perspective of the gap this study is filling.
We have edited this text to read, “The prevalence of musculoskeletal conditions
experienced by Veterans with ULA, the factors associated with CLP, as well as the
impact of CLP on disability and quality of life are not well understood”

Methods
Design: Really this was both a cross-sectional and longitudinal study design since you
did analyze the data for subject with no follow-up.
We have updated the first sentence to now read: “A longitudinal study of Veterans with
ULA was conducted, with cross-sectional data collected at baseline and longitudinal
data collected at 1-year follow-up”.

The first paragraph of the methods section could be improved with more detail on how
Veterans with recruited and what variables were used in the sampling frame. This
paragraph should include what happened during the telephone encounter, e.g., was a
survey or interview performed? Were the HQoL and DASH measures administered
over the phone? Were demographic and clinical variables collected at this time (Other
variables)
We revised the methods text to describe the method of data collection.  All data were
collected by telephone.  Given word limitations, we cite another paper that contains
more detailed description of the survey content.

Lines 43-46, Heading Key Variables: I would probably move the length of interviews up
to the previous paragraph.
We have deleted the ‘key variables’ heading and moved the sentence up to be
included in the previous paragraph. We agree this helps the methods text flow better
and still leads into our variable descriptions.

Line 24. Consider using either interview or survey rather than using these terms
interchangeably.
We have replaced the word “interview” with the word “survey” throughout.

Analytic Methods are presented in detail
Thank you.

Results
Line 51: Difference between the response and participation is not clear
We have amended this sentence by correcting ‘participation’ to ‘cooperation’ and by
adding a citation to the AAPOR guidelines used to calculate these rates.

Much of the text in the results section is repetitious of the data presented in the tables
and can be deleted
We have deleted sentences describing the demographics in table 1 and have removed
the reiteration of 95% Cis from the Table 6 text. We believe the remainder of our
results are concise and give clear interpretation to the findings in our tables.

Discussion
Lines 14-16: "This prevalence rate is far greater than that reported in the general
population of US adults, and in the civilian ULA population" should have citations so
the readers can compare results of this study with the results of other studies similar to
the nice comparison done in the following paragraph
We have added citations to the discussion per Reviewer suggestion.

Line 19 'Hardt' citation needs to be formatted
We made this correction
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Dear Dr Gard, 
 
Thank-you for your favorable review of our paper titled, Contralateral Limb Pain is 
Prevalent, Persistent and Impacts Quality of Life of Veterans with Unilateral Upper Limb 
Amputation (JPO14-159).  We appreciate the thoughtful Reviewer comments and have 
prepared a point by point response document.   
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1 

Contralateral Limb Pain is Prevalent, Persistent and Impacts Quality of Life of Veterans 1 

with Unilateral Upper Limb Amputation  2 

 3 

Abstract 4 

Introduction: Upper limb amputees (ULAs) have increased risk for contralateral limb pain 5 

(CLP), and further study of CLP in ULA is needed. Study objectives were to: 1) Describe CLP 6 

frequency, intensity, and 1-year change; 2) identify factors associated with CLP; and 3) quantify 7 

associations between CLP, health-related quality of life (HRQoL) and disability (QuickDASH).  8 

Methods: 776 Veterans with unilateral ULA were surveyed at baseline and 562 were surveyed 9 

again at 1-year. Participants reported CLP frequency and intensity, and non-amputated limb 10 

conditions. Multivariable models examined factors associated with CLP, and associations 11 

between CLP intensity and HRQOL (physical component score [PCS] and mental component 12 

score [MCS]) and disability (QuickDASH).  13 

Results: CLP prevalence was 72.7% (baseline) and 71.6% (follow-up); 59.8% had persistent 14 

pain. Contralateral limb conditions, neck and residual limb pain were associated with higher 15 

odds of CLP. Black race (vs. white), back pain (vs. without), and age 45-65 (vs. 18-45) were 16 

associated with greater CLP intensity. Female sex (vs. male) and use of cosmetic prostheses (vs. 17 

body-powered) were associated with lower pain intensity. MCS was 2.7 and 6.6 points lower for 18 

moderate and severe CLP, respectively; PCS was 4.2 and 8.4 points lower for moderate and 19 

severe CLP; and disability was 9.4 and 20.7 points higher for moderate and severe CLP, 20 

compared to none to mild pain.  21 

Conclusions: CLP was prevalent and persistent in Veterans with ULA and was associated with 22 

black race, back pain and older age. Less pain intensity was associated with female sex and 23 

cosmetic prosthesis use. Moderate to severe CLP was associated with worse HRQOL and greater 24 
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disability. Efforts are needed to prevent and treat ULA CLP pain. Further research is needed to 25 

understand if disparities in pain treatment exist by race.   26 

Keywords: amputation, arm pain, upper extremity, Veteran, quality of life   27 
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Introduction 28 

Upper limb amputees (ULAs) are at increased risk for contralateral limb pain (CLP) as 29 

compared to the general population, in part due to overreliance on the sound limb and increased 30 

susceptibility to overuse injuries.1  Veterans with ULA are at an even higher risk of CLP than the 31 

general population of persons with ULAs.2  32 

An estimated 36%-57% of persons with ULA report CLP.1, 8 , 9-11 In a nationally 33 

representative study of U.S. adults, prevalence estimates of CLP were: 19.9% for shoulder, 34 

16.8% for hand, 9.8% for wrist, and 1.2% for arm.12 Chronic pain of the upper limb was reported 35 

in 4.1% in a U.S. population with ULA.13 Furthermore, almost one third of persons with ULA in 36 

the Washington state area of the U.S reported CLP lasting at least 3 months.14   The rates of CLP 37 

in U.S. Veterans with ULA exceed rates previously reported, with 71% experiencing CLP.2 The 38 

persistence of CLP in Veterans has not been previously examined. 39 

Approximately 80% of adults with ULAs in the U.S., the U.K., and Canada utilize a 40 

prosthesis.3 In comparison, only 60% of the overall population of U.S. Veterans with unilateral 41 

ULA utilize a prosthesis.2  However, the reasons for the differences in prosthesis use are not well 42 

understood. 43 

Those with unilateral amputation depend on their sound limb for daily activities, 44 

regardless of whether or not they use a prosthesis. 4 Upper limb prosthetic devices can be 45 

inefficient and uncomfortable and do not fully restore function, contributing to altered body 46 

mechanics and compensatory movements for those that do use them.5, 6 , 7  Over-reliance on the 47 

sound side, due to non-use or limited use of a prosthesis is likely to create altered body 48 

mechanisms and contribute to overuse injuries. 49 
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The prevalence of musculoskeletal conditions experienced by Veterans with ULA, the 50 

factors associated with CLP, as well as the impact of CLP on disability and quality of life are not 51 

well understood. Research evidence could inform preventative measures or targeted treatment 52 

efforts to ameliorate the impact of CLP. Thus, the purposes of this study were to: 1) describe 53 

CLP frequency, intensity, and change over one year; 2) identify factors associated with CLP; and 54 

3) quantify the associations between CLP, health-related quality of life (HRQoL) and disability 55 

among a sample of Veterans with ULA.  56 

 57 

Methods 58 

A study of Veterans with ULA was conducted, with cross-sectional data collected at 59 

baseline and longitudinal data collected at 1-year follow-up through telephone surveys. This 60 

study was approved by the VA Central Institutional Review Board. The sampling frame included 61 

Veterans with major upper limb amputation who received VA care between 2010-2015. To 62 

maximize generalizability to Veterans with ULA, the sampling frame was identified from VA 63 

Corporate data warehouse sources.2  All non-deceased Veterans with valid addresses and phone 64 

numbers were mailed recruitment materials.  65 

All participants provided oral informed consent prior to participating in the baseline 66 

telephone survey. Participants who agreed to participate in future activities were contacted one 67 

year later for follow-up telephone surveys.  Analyses in this manuscript were conducted on those 68 

with ULA who participated at baseline (n=776) and at one-year follow-up (n=562) (Figure 1). 69 

Telephone Survey 70 
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Surveys lasted approximately 45 minutes and covered a wide range of topics (including 71 

demographics and outcome measures). The baseline survey has been described in detail 72 

elsewhere,2  and is summarized briefly below.  73 

Independent Variables 74 

The key independent variables used in analyses were: presence, frequency, and intensity 75 

of CLP “in the past 4 weeks”, and history of diagnosed musculoskeletal condition of the non-76 

amputated side.  77 

Respondents were asked if they had CLP, and if so to rate how often they experienced it 78 

(“never”, “only once or twice”, “about once per week”,”2 to 3 times per week”, “4 to 6 times per 79 

week”,” several times a day”, “all the time or almost all the time”). We examined pain frequency 80 

as a dichotomous variable (never or any frequency reported) and as categorical variable with 4 81 

categories (“never”, “weekly or less frequent”, “2 to 6 times per week”, and “daily/always”).  82 

Those who indicated that they had any pain rated the intensity on a scale from 0 (no pain) to 10 83 

(worst possible pain). We examined pain intensity as a continuous variable, and as a categorical 84 

variable with 4 levels (“never had pain”, 0-3=“none to mild”, 4-7=“moderate”, 8-10=“severe”). 85 

Respondents were asked whether they had ever been diagnosed with any of 9 common 86 

conditions in the non-amputated limb (e.g. tendinitis of wrist, elbow, finger, thumb, and rotator 87 

cuff, carpal tunnel syndrome, and arthritis). These items were adapted from a previous survey of 88 

Veterans with amputation.4 89 

Outcomes 90 

Health-related quality of life (HRQoL) was assessed using the VR-12 Physical 91 

Component Score (PCS) and the Mental Component Score (MCS).15   Disability was assessed 92 

using the QuickDASH, which measures disability of the arm, shoulder and hand.16 93 
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Other variables 94 

Respondents reported their age (categorized 18-44, 45-64, 65-74, ≥75), gender, race, 95 

Hispanic ethnicity, employment status, marital status, time since amputation, side of amputation, 96 

amputation level, amputation etiology (combat, accident, burn, cancer, diabetes, and infection), 97 

amputation of lower limb, prosthesis use (ever and current), primary prosthesis type (body-98 

powered, myoelectric, hybrid, cosmetic or other), number of prostheses currently used, 99 

frequency of prosthesis use, intensity of prosthesis use, and history of prosthesis training (ever 100 

and current), Respondents were also asked about presence, frequency and intensity of pain in 101 

other locations including: the back, neck, residual limb and phantom limb.  102 

 103 

Analytical Methods 104 

Descriptive analyses were used to identify participant characteristics at baseline and 105 

follow-up.  Prevalence rates, frequency and intensity of CLP were quantified at baseline and 106 

follow-up, and 1-year changes were examined. Change in pain over the year was categorized as: 107 

pain-free (no pain at both time points), incident (no pain at baseline, but pain at follow-up), 108 

resolved (pain at baseline, but none at follow-up), or persistent (pain at both baseline and follow-109 

up). We examined change in pain intensity from baseline to follow-up for respondents with 110 

persistent pain and categorized respondents as improved, worsened, or unchanged based on 111 

change in intensity of at least 2 points.  We calculated the prevalence rates of musculoskeletal 112 

conditions and grouped responses in the “other” category into clinical categories when possible.   113 

We identified factors associated with any CLP and intensity of CLP at baseline for the 114 

full sample (to maximize sample size) using bivariate analyses (t-tests/ANOVAs). We used 115 

findings from these analyses to construct two multivariable models: the first a logistic regression 116 
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model of any CLP, and the second a linear regression model of pain intensity.  These models 117 

included amputation level and all variables that were statistically significant at p≤0.2 in bivariate 118 

analyses (Supplementary Digital Content Table 1). We utilized backwards selection at p<0.2 to 119 

determine which variables to retain in the final models. Covariates in the logistic regression 120 

model included: age, combat amputation etiology, cancer amputation etiology, presence of 121 

musculoskeletal sound side conditions and presence of any back, neck, residual limb and 122 

phantom limb pain.  Covariates in the linear regression model included: age, gender, race, time 123 

since amputation, diabetes amputation etiology, presence of any back, neck, residual limb and 124 

phantom limb pain, current prosthesis use, and primary prosthesis type.  125 

We calculated HRQoL (VR 12 MCS and PCS) and disability (QuickDASH) scores at 126 

baseline for the full sample and stratified by intensity of CLP to observe crude relationships.  We 127 

then developed three sets of multivariable general linear regression models (GLMs) to examine 128 

the association of CLP intensity with HRQoL (2 models) and disability.  The GLMs were 129 

constructed in 3 stages. The first stage was development of crude models containing only the 130 

primary independent variable of CLP. The second stage was development of adjusted models 131 

that contained variables previously identified in bivariate analyses as being associated with 132 

HRQoL or disability scores at p<0.1,17 as well as history of diagnosed musculoskeletal 133 

conditions (which had not been previously studied).  Covariates in these models included: 134 

amputation level, musculoskeletal condition of the sound side (ever), age, years since 135 

amputation, race, marital status, amputation etiology (combat accident and infection), prosthesis 136 

use (ever), prosthesis type (/current use), initial prosthesis training, current prosthesis training, 137 

and number of prostheses.  Finally, the third stage was development of fully adjusted models 138 

controlling for pain intensity and presence of other types of pain (neck, back, phantom, residual 139 
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limb). Adjusted-R2 of the models were compared to identify the relative contribution of the other 140 

pain locations to the models’ explanatory power. SAS 9.4 was used for all analyses. 141 

Results 142 

Response and cooperation rates18 were 47.7% and 63.3%, respectively in the baseline 143 

sample, and 72.4% and 85.2%, respectively in the follow-up sample. 144 

The full sample was 97.3% male and 75.1% white, mean age of 63.2 (sd 14.1) with 31.3 145 

(sd 18.4) years since amputation. Accidents (63.1%) and combat injury (35.4%) were the most 146 

common amputation etiology. Characteristics of the baseline and longitudinal samples were 147 

similar (Table 1).  148 

CLP prevalence in the baseline sample was 71.1%. (Table 2). For the longitudinal 149 

sample, prevalence was 72.7% at baseline and 71.6% at follow-up. Slightly less than 1/3 of 150 

participants in the baseline and longitudinal samples experienced daily or more frequent pain. 151 

For the longitudinal sample, average pain intensity at baseline and follow-up was 4.9 (sd 2.3) and 152 

4.8 (sd 2.2), respectively. Most participants in the longitudinal sample had persistent pain 153 

(59.8%), with 12.8% reporting resolved pain and 11.4% reporting incident pain (Table 3). 154 

Among those with persistent pain, most had no change in pain intensity (56.3%), while 24.4% 155 

had improved pain and 19.3% worsened pain.  156 

There were 395 participants who reported ever having conditions of the contralateral limb 157 

(Table 4). The most prevalent conditions reported were: rotator cuff tendonitis (51.1%), 158 

osteoarthritis (45.8%), carpal tunnel (45.1%), nerve damage (44.3%), elbow tendonitis (37.0%) 159 

and wrist tendonitis (31.1%). Results of bivariate analyses of the relationships between 160 

covariates and likelihood and intensity of CLP are shown in Supplementary Digital Content 161 

Table 1.  162 
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Results of multivariable logistic and linear regressions models for baseline contralateral 163 

limb pain are shown in Table 5. Those with any diagnosis of a musculoskeletal condition of the 164 

contralateral limb had 4.2 (95% CI: 2.9, 6.2) times the odds of reporting any CLP compared to 165 

those without a prior diagnosis. Those with neck pain and residual limb pain had 3.8 (CI: 2.6, 166 

5.5) and 2.4 (CI: 1.6, 3.7) times the odds, respectively, of reporting CLP. 167 

Results of multivariable linear regression for baseline contralateral limb pain intensity are 168 

also shown in Table 5. Respondents of black race (compared to white) had, on average, 1.2 169 

points greater CLP intensity and those with back pain (compared to without) had 0.7 points 170 

greater CLP intensity.  Respondents age 18-45 (compared to 45-65) had 0.9 points lower 171 

intensity CLP. Female respondents (compared to male) had 1.4 points lower intensity CLP, and 172 

those using cosmetic prosthesis (compared to body-powered) had 1.7 points lower intensity CLP.  173 

Table 6 shows the crude relationship between intensity of CLP, HRQoL and Disability 174 

scores. Health-related quality of life as measured by mean MCS scores ranged from 53.4 for the 175 

sub-group with no CLP to 44.7 for the sub-group with severe CLP. Mean PCS ranged from 43.5 176 

to 33.5, and disability as measured by the QuickDASH ranged from 26.1 to 52.5.  Crude 177 

differences between sub-groups were diminished after adjusting for potential confounders. Fully 178 

adjusted GLMs (Table 7) showed that on average, MCS scores were 2.8 and 6.6 points lower for 179 

those reporting moderate and severe CLP, respectively, compared to none to mild CLP. On 180 

average, PCS scores were 4.2 and 8.4 points lower for those with moderate and severe CLP, 181 

respectively, compared to none to mild CLP. Compared to those with none to mild CLP, those 182 

with moderate and severe pain experienced greater disability; QuickDASH scores were 9.3 and 183 

20.5 points higher, respectively. Full results of multivariable linear regressions of health-related 184 

quality of life and disability are provided in Supplementary Digital Content Table 2. 185 
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 186 

Discussion 187 

Our study aimed to examine prevalence and intensity of CLP in Veterans with ULA and 188 

changes in CLP over a 12-month period.  We found more than 70% of Veterans with unilateral 189 

ULA had CLP and more than half had pain that persisted over a 12-month period, with no 190 

change in pain intensity. This prevalence rate is far greater than that reported in the general 191 

population of US adults,12 and in the civilian ULA population. 1, 8 , 9-11  We identified the most 192 

prevalent conditions diagnosed in the contralateral limb as rotator cuff tendonitis, osteoarthritis, 193 

carpal tunnel, nerve damage, elbow tendonitis and wrist tendonitis. 194 

We identified factors associated with likelihood of having pain as well as intensity of 195 

CLP pain.  We did not observe an association between prosthesis use or amputation level and 196 

likelihood of reporting CLP. These findings are consistent with those of Burger who reported 197 

that overuse problems did not vary by amputation level or type of prosthesis used.19  A study of 198 

Vietnam and Operation Enduring Freedom  and Operation Iraqi Freedom  Veterans reported that 199 

28-36% of those with unilateral ULA utilized their prosthesis for the majority of daily tasks, 40-200 

43% utilized their prosthesis in a minority of daily tasks, and 24-30% did not use a prosthesis.4  201 

Therefore, our findings may be explained by the fact that the vast majority of persons with 202 

unilateral ULA rely on their sound side, regardless of amputation level or prosthesis use.4   203 

Independent correlates of having CLP included: contralateral limb conditions, neck pain 204 

and residual limb pain. These findings make sense because residual limb pain may cause persons 205 

with ULA to avoid using the amputated limb, and rely even more heavily on the non-amputated 206 

side, which in turn contributes to overuse injuries.  The relationship between CLP and neck pain 207 
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is also not surprising given that arm pain, in many instances can originate from problems in the 208 

cervical spine.20, 21 209 

Mean pain intensity in our sample was about 0.8 points higher than previously reported in 210 

persons with ULA.14  We found a relationship between older age and CLP intensity but not 211 

prevalence, with persons ages 45-64 reporting more intense pain as compared to those younger 212 

than 45.  This is different from a study of chronic pain in the U.S. population which found that 213 

pain prevalence increased from younger to middle ages and then decreased with older age. 13 We 214 

also found that black race was associated with reporting greater pain intensity. This finding is 215 

consistent with prior studies that found an association between black race and increased pain 216 

sensitization,22 and greater pain intensity in black Americans as compared to white Americans.23 217 

The literature points to disparities in chronic pain management,23 and pain screening processes in 218 

the VA.24 Further research is needed to understand if disparities in pain treatment exist for black 219 

Veterans with ULA. 220 

We were initially surprised that cosmetic prosthesis use was associated with lower CLP 221 

intensity, given that these passive devices require exclusive use of the non-amputated limb for 222 

grasping activities. We do not believe that this is a causal relationship, but rather the result of 223 

selection bias, given that persons with bothersome CLP would be more likely to be prescribed or 224 

request (and thus use) a functional prosthesis in an attempt to ameliorate overuse and strain on 225 

the non-amputated side. 226 

We found that moderate to severe CLP was associated with poorer mental and physical 227 

health, and greater disability.  HRQOL scores in our study for those with severe CLP are 228 

comparable to those previously described.14 Hanley reported a PCS of 35.5 (sd 10.2) and MCS of 229 

44.5 (sd 11.2) in persons with ULA with persistent, bothersome CLP in the previous 4 weeks to 230 
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3 months.  Although Hanley examined impact of CLP on disability days, we did not find 231 

previous studies that examined the impact of CLP in ULA’s on QuickDASH scores. 14 232 

 233 

Limitations: 234 

The majority of our analyses utilized data from the full baseline sample of respondents. 235 

Given the relatively high response rate, we believe this sample is generalizable to the population 236 

of Veterans with ULA who receive care at the VA.  Although we observed minor differences in 237 

the longitudinal sample, as compared to those lost to follow-up (Supplementary Digital Content 238 

Table 3), we believe that findings about change in pain derived from the longitudinal sample are 239 

also largely generalizable to Veterans with ULA who receive care within the VA. Participants 240 

lost to follow-up were slightly more likely to be female, black or other race, and to have diabetic 241 

amputation etiology. We acknowledge that our results may have more limited generalizability to 242 

the civilian population with upper limb loss, and to persons with more recent limb loss.  243 

Nevertheless, our study represents one of the largest population-based studies of persons with 244 

ULA and provides important insights into factors associated with CLP and the association of 245 

CLP with HRQoL and disability. Further studies of the civilian ULA population are needed to 246 

confirm or refute our findings. 247 

Although our study provides a snapshot of the prevalence rates of common self-reported 248 

conditions of the non-amputated arm, there are limitations to our estimates.  First, respondents 249 

were asked to self-report whether they had ever been diagnosed with a condition of the non-250 

amputated side. No attempt was made to confirm diagnoses. We do believe that there is face 251 

validity to our approach, with findings regarding some specific conditions comparable to those 252 

reported in the literature.  For example, the proportion of persons in our sample with carpal 253 

tunnel syndrome (45.1%) was similar to that reported by Burger (43%),19, but higher than in 254 
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those experiencing symptoms suggestive of carpal tunnel syndrome reported by Datta (26.1%).11 255 

Another limitation was that our list of common conditions was limited and based on the list of 256 

conditions utilized in prior research.4  Almost 50% of respondents indicated that they had “other” 257 

types of conditions and described the condition to the interviewer.  Our research team reviewed 258 

these responses, re-categorized them into existing conditions whenever possible, or created 259 

several new categories to represent unique conditions that were reported by at least four people.   260 

 261 

Conclusion 262 

CLP was prevalent and persistent in Veterans with ULA. Veterans with histories of 263 

musculoskeletal conditions of the contralateral limb, neck, and residual limb pain were more 264 

likely to report CLP. Black race and middle age (compared to younger age) was associated with 265 

greater pain intensity, while female sex and use of cosmetic prostheses was associated with 266 

lower intensity.  Moderate to severe CLP was negatively associated with HRQoL and positively 267 

associated with greater self-reported disability. Efforts are needed to prevent and treat CLP pain 268 

in the Veteran ULA population.  269 
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Figure legends 271 

Figure 1. Lost to follow-up flowchart   272 

 273 

Conflicts of Interest 274 

This work was supported by the Office of the Assistant Secretary of Defense for Health 275 

Affairs, through the Orthotics and Prosthetics Outcomes Research Program 276 

Prosthetics Outcomes Research Award under Award No. W81XWH-16-0794 and 277 

A9264-S Department of Veterans Affairs Rehabilitation Research and Development.  278 

 279 

The sponsors did not play a role in study design, data collection, analysis or publication 280 

Opinions, interpretations, conclusions and recommendations are those of the authors, and not 281 

necessarily endorsed by the Department of Defense or the Department of 282 

Veterans Affairs. 283 

 284 

 285 

Acknowledgements 286 

The authors would like to acknowledge Sarah Biester, John Davey and Rachel 287 

Underwood for their assistance with literature review and synthesis. 288 

 289 

List of Supplementary Digital Content 290 

Supplementary Digital Content Table 1. Factors associated with contralateral limb pain 291 

frequency and intensity at baseline among persons with unilateral upper limb amputation 292 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

15 
 
 

Supplementary Digital Content Table 2. Factors associated with health-related quality of life and 293 

disability 294 

Supplementary Digital Content Table 3. Lost to follow-up comparison of characteristics at 295 

baseline  296 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

16 
 
 

1. Ostlie K, Franklin RJ, Skjeldal OH, Skrondal A, Magnus P. Musculoskeletal pain and overuse 297 
syndromes in adult acquired major upper-limb amputees. Arch Phys Med Rehabil. Dec 298 
2011;92(12):1967-1973 e1. doi:S0003-9993(11)00420-5 [pii] 299 

10.1016/j.apmr.2011.06.026 300 
2. Resnik L, Ekerholm S, Borgia M, Clark MA. A national study of Veterans with major upper limb 301 
amputation: Survey methods, participants, and summary findings. PLoS One. 2019;14(3):e0213578. 302 
doi:10.1371/journal.pone.0213578 303 
3. Biddiss EA, Chau TT. Upper limb prosthesis use and abandonment: a survey of the last 25 years. 304 
Prosthet Orthot Int. Sep 2007;31(3):236-57.  305 
4. Reiber GE, McFarland LV, Hubbard S, et al. Servicemembers and veterans with major traumatic 306 
limb loss from Vietnam war and OIF/OEF conflicts: survey methods, participants, and summary findings. 307 
J Rehabil Res Dev. 2010;47(4):275-97.  308 
5. Zinck A, Kyberd P, Hill W, et al. A STUDY OF THE USE OF COMPENSATION MOTIONS WHEN 309 
USING PROSTHETIC WRISTS. presented at: MEC’08: Measuring Success in Upper Limb Prosthetics: 310 
University of New Brunswick's Myoelectric Controls/Powered Prosthetics Symposium; August 13-15, 311 
2008 2008; Fredericton, N.B., Canada. http://hdl.handle.net/10161/2827  312 
6. Bouwsema H, van der Sluis CK, Bongers RM. Movement characteristics of upper extremity 313 
prostheses during basic goal-directed tasks. Clin Biomech (Bristol, Avon). Jul 2010;25(6):523-9. 314 
doi:10.1016/j.clinbiomech.2010.02.011 315 
7. Cowley J, Resnik L, Wilken J, Smurr Walters L, Gates D. Movement quality of conventional 316 
prostheses and the DEKA Arm during everyday tasks. Prosthet Orthot Int. Feb 2017;41(1):33-40. 317 
doi:10.1177/0309364616631348 318 
8. Ephraim PL, Wegener ST, MacKenzie EJ, Dillingham TR, Pezzin LE. Phantom pain, residual limb 319 
pain, and back pain in amputees: results of a national survey. Arch Phys Med Rehabil. Oct 320 
2005;86(10):1910-9. doi:10.1016/j.apmr.2005.03.031 321 
9. Postema SG, Bongers RM, Brouwers MA, et al. Musculoskeletal Complaints in Transverse Upper 322 
Limb Reduction Deficiency and Amputation in The Netherlands: Prevalence, Predictors, and Effect on 323 
Health. Arch Phys Med Rehabil. Jul 2016;97(7):1137-45. doi:10.1016/j.apmr.2016.01.031 324 
10. Jones LE, Davidson JH. Save that arm: a study of problems in the remaining arm of unilateral 325 
upper limb amputees. Prosthet Orthot Int. Apr 1999;23(1):55-8.  326 
11. Datta D, Selvarajah K, Davey N. Functional outcome of patients with proximal upper limb 327 
deficiency--acquired and congenital. Clin Rehabil. Mar 2004;18(2):172-7.  328 
12. Patel KV, Guralnik JM, Dansie EJ, Turk DC. Prevalence and impact of pain among older adults in 329 
the United States: findings from the 2011 National Health and Aging Trends Study. Pain. Dec 330 
2013;154(12):2649-57. doi:10.1016/j.pain.2013.07.029 331 
13. Hardt J, Jacobsen C, Goldberg J, Nickel R, Buchwald D. Prevalence of Chronic Pain in a 332 
Representative Sample in the United States. Pain Medicine. 2008;9(7):803-812. doi:10.1111/j.1526-333 
4637.2008.00425.x 334 
14. Hanley MA, Ehde DM, Jensen M, Czerniecki J, Smith DG, Robinson LR. Chronic pain associated 335 
with upper-limb loss. Am J Phys Med Rehabil. Sep 2009;88(9):742-51; quiz 752, 779. 336 
doi:10.1097/PHM.0b013e3181b306ec 337 
15. Jones D, Kazis L, Lee A, et al. Health status assessments using the Veterans SF-12 and SF-36: 338 
methods for evaluating otucomes in the Veterans Health Administration. The Journal of Ambulatory 339 
Care Management. 2001;24(3):68-86.  340 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://hdl.handle.net/10161/2827


 
 

17 
 
 

16. Gummesson C, Ward MM, Atroshi I. The shortened disabilities of the arm, shoulder and hand 341 
questionnaire (QuickDASH): validity and reliability based on responses within the full-length DASH. BMC 342 
Musculoskelet Disord. 2006;7:44.  343 
17. Resnik L, Borgia M, Clark M. Function and quality of life of unilateral major upper limb 344 
amputees: Impact of prosthesis use and type. Archives of Physical Medicine & Rehabilitation. 2020; 345 
18. American Association for Public Opinion Research. Response Rates - An Overview. August 23,, 346 
2018. https://www.aapor.org/Education-Resources/For-Researchers/Poll-Survey-FAQ/Response-Rates-347 
An-Overview.aspx 348 
19. Burger H, Vidmar G. A survey of overuse problems in patients with acquired or congenital upper 349 
limb deficiency. Prosthetics and Orthotics International. 2016;40(4):497-502. 350 
doi:10.1177/0309364615584658 351 
20. Iyer S, Kim HJ. Cervical radiculopathy. Curr Rev Musculoskelet Med. Sep 2016;9(3):272-80. 352 
doi:10.1007/s12178-016-9349-4 353 
21. Van Zundert J, Huntoon M, Patijn J, et al. 4. Cervical radicular pain. Pain Pract. Jan-Feb 354 
2010;10(1):1-17. doi:10.1111/j.1533-2500.2009.00319.x 355 
22. Meints SM, Wang V, Edwards RR. Sex and Race Differences in Pain Sensitization among Patients 356 
with Chronic Low Back Pain. J Pain. Dec 2018;19(12):1461-1470. doi:10.1016/j.jpain.2018.07.001 357 
23. Green CR, Baker TA, Smith EM, Sato Y. The effect of race in older adults presenting for chronic 358 
pain management: a comparative study of black and white Americans. J Pain. Mar 2003;4(2):82-90. 359 
doi:10.1054/jpai.2003.8 360 
24. Burgess DJ, Gravely AA, Nelson DB, et al. A national study of racial differences in pain screening 361 
rates in the VA health care system. Clin J Pain. Feb 2013;29(2):118-23. 362 
doi:10.1097/AJP.0b013e31826a86ae 363 

 364 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

https://www.aapor.org/Education-Resources/For-Researchers/Poll-Survey-FAQ/Response-Rates-An-Overview.aspx
https://www.aapor.org/Education-Resources/For-Researchers/Poll-Survey-FAQ/Response-Rates-An-Overview.aspx


 

1 

 

 
Baseline Sample 

(N=776) 
Longitudinal Sample (N=562) 

  Mean (sd) Mean (sd) 

   

Age (Years) 63.2 (14.1) 63.7 (13.6) 

Missing (n) 24 0 

Years since initial amputation 31.3 (18.4) 31.6 (18.0) 

Missing (n) 21 14 

  N (%) N (%) 

Gender   

Male 755 (97.3) 552 (98.2) 

Female 21 (2.7) 10 (1.8) 

Race    

  White (ref) 583 (75.1) 441 (78.5) 

  Black 86 (11.1) 59 (10.5) 

  Other/Mixed 35 (4.5) 30 (5.3) 

Unknown 72 (9.3) 32 (5.7) 

Hispanic or Latino   

Yes 62 (8.0) 42 (7.5) 

No 678 (87.4) 513 (91.3) 

Unknown 36 (4.6) 7 (1.3) 

Employment   

Employed/student 124 (16.5) 93 (16.6) 

Retired 525 (69.8) 400 (71.2) 

Medical leave/Other 102 (13.6) 68 (12.1) 

Unknown 1 (0.1) 1 (0.2) 

Employment   

Employed full-time 73 (9.4) 54 (9.6) 

Employed part-time 31 (4.0) 24 (4.3) 

Student 20 (2.6) 15 (2.7) 

Retired, but employed after amputation 373 (48.1) 290 (51.6) 

Retired, but not employed after amputation 152 (19.6) 110 (19.6) 

On medical leave 9 (1.2) 5 (0.9) 

Other 93 (12.0) 63 (11.2) 

Unknown 25 (3.2) 1 (0.2) 

Marital status   

   Married or living together  481 (62.0) 369 (65.7) 

   Divorced or separated 169 (21.8) 118 (21.0) 

   Widowed 45 (5.8) 34 (6.1) 

   Never married 56 (7.2) 41 (7.3) 

Unknown 25 (3.2) 0 (0.0) 

Side of amputation   

Right 370 (47.7) 273 (48.6) 

Table
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left 406 (52.3) 289 (5.14) 

Amputation of lower limb   

Yes 94 (12.1) 67 (11.9) 

No 682 (87.9) 495 (88.1) 

Side of lower limb amputation   

Right Side 39 (41.5) 30 (44.8) 

Left Side 23 (24.5) 15 (22.4) 

Both Sides 32 (34.0) 22 (32.8) 

   

Amputation level    

Forequarter  23 (3.0) 18 (3.2) 

At the shoulder joint 71 (9.2) 45 (8.0) 

Above the elbow  236 (30.4) 175 (31.1) 

At the elbow  40 (5.2) 31 (5.5) 

Below the elbow 280 (36.1) 198 (35.2) 

At the wrist joint 126 (16.2) 95 (16.9) 

Etiology of amputation (may be more than 

one) 

  

Combat injury 275 (35.4) 194 (34.5) 

Accident 490 (63.1) 366 (65.1) 

Burn 81 (10.4) 60 (10.7) 

Cancer 30 (3.9) 20 (3.6) 

 Diabetes 11 (1.4) 4 (0.7) 

Infection 89 (11.5) 63 (11.2) 

Primary prosthesis type   

   Body-powered 335 (43.2) 252 (44.8) 

   Myoelectric/Hybrid  93 (12.0) 65 (11.6) 

   Cosmetic 22 (2.8) 12 (2.1) 

Nonusers 306 (39.4) 223 (39.7) 

Unknown 20 (2.6) 10 (1.8) 

Ever used prosthesis   

   Yes  717 (92.4) 528 (94.0) 

   No 52 (6.7) 33 (5.9) 

Unknown 7 (0.9) 1 (0.2) 

Initial prosthesis training   

   Yes 545 (76.0) 397 (75.2) 

   No  165 (23.0) 126 (23.9) 

Unknown 7 (1.0) 5 (1.0) 

Current prosthesis use   

   Yes  461 (59.4) 336 (59.8) 

   No 306 (39.4) 223 (39.7) 

Unknown 9 (1.2) 3 (0.5) 

Current prosthesis users (at baseline)   

Current prosthesis training   
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   Yes 301 (65.3) 220 (65.5) 

   No  153 (33.2) 115 (34.2) 

Unknown 7 (1.5) 1 (0.3) 

Number of prostheses used   

One 291 (63.1) 215 (64.0) 

Two or more 170 (36.9) 121 (36.0) 

Frequency of prosthesis use   

  Daily 351 (76.1) 261 (77.7) 

  Weekly 59 (12.8) 41 (12.2) 

Monthly or less 44 (9.5) 30 (8.9)   

Unknown 7 (1.5) 4 (1.2) 

Intensity of daily prosthesis use   

  Less than 2 hours  68 (19.1) 64 (18.8) 

  2 to less than 4 hours 42 (9.1) 26 (7.7) 

  4 to less than 8 hours 85 (18.4) 62 (18.5) 

  8 to less than 12 hours 88 (19.1) 68 (20.2) 

  12 hours or more 152 (33.0) 113 (33.6) 

Unknown 6 (1.3) 4 (1.2) 

Musculoskeletal diagnosis on sound-side arm   

Yes 395 (51.2) 296 (52.7) 

No 376 (48.8) 266 (47.3) 

Table 1. Characteristics of Respondents in the Baseline and Longitudinal Samples (Unilateral amputees 

only 

 

sd, standard deviation
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 Full Sample 

(N=767) 

Longitudinal Sample 

(N=585) 

 Baseline Baseline Follow-Up 

 N (%) N (%) N (%) 

Any contralateral upper limb pain 

(dichotomized) 

538 (71.1) 407 (72.7) 400 (71.6) 

Contralateral upper limb pain frequency    

  Never (1) 219 (28.9) 153 (27.3) 159 (28.4) 

  Weekly or less frequent (2-3) 131 (17.3) 112 (20.0) 116 (20.8) 

  2 to 6 times per week (4-5) 165 (21.8) 120 (21.4) 103 (18.4) 

  Daily/Always (6-7) 242 (32.0) 175 (31.3) 181 (32.4) 

Contralateral upper limb pain intensity    

  Never had pain  219 (29.1) 153 (27.4) 159 (28.5) 

  None to Mild (0-3) 167 (22.2) 132 (23.6) 133 (23.8) 

  Moderate (4-7) 283 (37.5) 211 (37.8) 212 (38.0) 

  Severe (8-10) 85 (11.3) 63 (11.3) 54 (9.7) 

 Mn (sd) Mn (sd) Mn (sd) 

Contralateral upper limb pain intensity 

(for those with any pain) 

5.0 (2.3) 4.9 (2.3) 4.8 (2.2) 

Table 2.  Prevalence, frequency and intensity of contralateral upper limb pain: Baseline 

and Longitudinal Samples (Unilateral only) 
 1 
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Longitudinal Sample 

(N=585) 

Change in pain prevalence N (%) 

   Pain-free 87 (15.6) 

   Incident 66 (11.9) 

   Resolved 71 (12.8) 

   Persistent 333 (59.8) 

Change in pain intensity (those 

with persistent pain) 
(N=332) 

 N (%) 

   Improved 81 (24.4) 

   No change 187 (56.3) 

   Worsened 64 (19.3) 

Table 3. Change in contralateral limb pain prevalence and intensity  3 
*Improvement/worsening defined as a decrease/increase of 2 points or more in the pain intensity 4 
scale at follow-up as compared to baseline 5 
 6 

  7 
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Condition N (%) 

  Rotator cuff tendonitis 202 (51.1) 

  Osteoarthritis 181 (45.8) 

  Carpal tunnel 178 (45.1) 

  Nerve damage 175 (44.3) 

  Elbow tendonitis 146 (37.0) 

  Wrist tendonitis 123 (31.1) 

  Finger tendonitis 88 (22.3) 

  Thumb tendonitis 78 (19.8) 

  Ganglion cyst  40 (10.1) 

  Other  27 (6.8) 

  Tendon tear 19 (4.8) 

  Neuropathy 16 (4.1) 

  Fracture 15 (3.8) 

  Overuse or other tendonitis 15 (3.8) 

  Surgery of shoulder, elbow or hand 12 (3.0) 

  Pain 11 (2.8) 

  Trigger finger 8 (2.0) 

  Contracture 7 (1.8) 

  Muscle or nerve injury 7 (1.8) 

  Weakness 7 (1.8) 

  Bursitis 5 (1.3) 

  Stroke or neurological disorder 5 (1.3) 

  Partial hand amputation 4 (1.0) 

Table 4. Prevalence of conditions that had ever been diagnosed in the contralateral limb 8 

(N=395) 9 
 10 
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 Logistic Regression:  

Any contralateral limb pain (yes/no) 

N=746 

Linear Regression:  

Contralateral limb pain intensity (0-10) 

N=507 

Characteristic OR 95%CI p β 95%CI p 

Amputation Level       

   Shoulder/FQ 1.82 0.98, 3.36 0.0578 0.35 -0.39, 1.10 0.3517 

   Transhumeral/ED 1.04 0.69, 1.57 0.8358 -0.17 -0.61, 0.28 0.4641 

   Transradial/WD (ref)       

Gender       

  Male (ref)       

  Female    -1.39 -2.60, -0.17 0.0253 

Race       

  White (ref)       

  Black    1.17 0.55, 1.80 0.0003 

  Unknown    0.74 -0.06, 1.54 0.0693 

  Other/Mixed    0.40 -0.53, 1.33 0.3931 

Age at time of study      . 

  18 to 44    -0.85 -1.50, -0.20 0.0104 

  45 to 64 (ref)       

  65 to 74    0.32 -0.15, 0.79 0.1824 

  75+    -0.12 -0.80, 0.56 0.7229 

Amputation Etiology       

  Combat injury       

     Yes 1.31 0.88, 1.94 0.1830    

     No (ref)       

   Cancer       

     Yes       

     No (ref)       

  Diabetes       

     Yes    -1.81 -0.40, 4.01 0.1086 

     No (ref)       
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Any musculoskeletal 

condition of the sound side  

      

     Yes 4.19 2.86, 6.14 <0.0001    

     No (ref)       

Any Back Pain       

     Yes    0.65 0.20, 1.10 0.0044 

     No (ref)       

Any Neck Pain       

     Yes 3.78 2.59, 5.51 <0.0001    

     No (ref)       

Any Phantom Lim Pain       

     Yes 1.43 0.94, 2.20 0.0988    

     No (ref)       

Any Residual Limb Pain       

     Yes 2.41 1.57, 3.72 <0.0001 0.48 -0.01, 0.98 0.0545 

     No (ref)       

Current Prosthesis Use       

     Yes    0.36 -0.10, 0.81 0.1244 

     No (ref)       

Primary Prosthesis Type       

   Body-powered (ref)       

   Myoelectric/Hybrid    -0.12 -0.76, 0.53 0.7231 

   Cosmetic    -1.65 -0.28, -0.47 0.0064 

R2    0.11 

Table 5. Correlates of contralateral upper limb pain and pain intensity in the baseline sample   11 
OR, odds ratio; 95%CI, 95% confidence interval; FQ, forequarter; ED, elbow disarticulation; WD, wrist disarticulation.  12 
*Empty shaded boxes indicate variables that were not significant at p<0.2 or those that were dropped in backward selection  13 
 14 
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  Health-Related Quality of Life  

   MCS PCS Disability 

  N Mn (sd) Mn (sd) Mn (sd) 

No CLP pain 219 53.4 (11.7) 43.5 (10.9) 26.1 (18.3) 

Mild CLP pain 167 51.9 (12.2) 42.6 (11.0) 30.8 (19.4) 

Moderate CLP pain 283 49.3 (13.6) 37.2 (10.6) 40.8 (19.2) 

Severe CLP pain 85 44.7 (14.2) 33.5 (9.8) 52.5 (22.3) 

Table 6. Health-Related Quality of Life and Disability among the baseline sample (N=776) 16 
MCS, Mental Component Score; PCS, Physical Component Score; Disability measured with the 17 

QuickDASH, Quick version of the Disabilities of the Arm Shoulder and Hand Questionnaire; sd, 18 

standard deviation; CLP, contralateral limb pain. 19 
 20 
 21 

  22 
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 Bivariate models Adjusted for  

Demographics* 

Fully adjusted models** 

GLM regressions Beta (95%CI) P Beta (95%CI) P Beta (95%CI) P 

MCS on CL Pain Intensity       

   Never had pain  1.54 (1.04, 4.13) 0.2402 0.89 (-1.77, 3.55) 0.5120 -0.80 (-3.50, 1.90) 0.5621 

   None to Mild (0-3) (ref)       

   Moderate (4-7) -2.70 (-5.16, -0.24) 0.0311 -3.20 (-5.71, -0.70) 0.0123 -2.76 (-5.22, -0.29) 0.0284 

   Severe (8-10) -6.63 (-9.99, -3.27) 0.0001 -7.63 (-10.99, -4.27) <0.0001 -6.64 (-9.95, -3.32) <0.0001 

N, Adj-R2 749, 0.04 706, 0.10 702, 0.15 

PCS on CL Pain Intensity       

   Never had pain  0.77 (-1.45, 2.99) 0.4975 1.16 (01.11, 3.43) 0.3160 -0.67 (-2.93, 1.60) 0.5647 

   None to Mild (0-3) (ref)       

   Moderate (4-7) -5.13 (-7.23, -3.02) <0.0001 -4.85 (-6.98, -2.71) <0.0001 -4.21 (-6.28, -2.14) <0.0001 

   Severe (8-10) 
-8.86 (-11.7, -5.97) 

<0.0001 
-9.77 (-12.63, -6.91) 

<0.0001 
-8.37 (-11.15, -5.59) 

<0.0001 

N, Adj-R2 750, 0.08 707, 0.17 703, 0.23 

QuickDASH on CL Pain 

Intensity 
 

 
 

 
 

 

   Never had pain  -4.68 (-8.62, -0.75) 0.0197 -3.93 (-7.81, -0.05) 0.0471 -0.15 (-4.00, 3.69) 0.9374 

   None to Mild (0-3) (ref)       

   Moderate (4-7) 10.03 (6.29, 13.75) <0.0001 10.35 (6.71, 13.99) <0.0001 9.30 (5.81, 12.79) <0.0001 

   Severe (8-10) 21.68 (16.55, 26.82) <0.0001 22.68 (17.76, 27.60) <0.0001 20.48 (15.75, 25.21) <0.0001 

N, Adj-R2 741, 0.16 698, 0.29 694, 0.36 

Table 7. Association of contralateral limb pain with health-related quality of life (MCS and PCS) and disability (QuickDASH).  23 
GLM, general linear regression model; 95%CI, 95% confidence interval; MCS, Mental Component Score; PCS, Physical Component Score; 24 

QuickDASH, Quick version of the Disabilities of the Arm Shoulder and Hand Questionnaire; CLP, contralateral limb pain; Adj-R2, 25 

adjusted-R2. 26 

 27 
*Covariates include: amputation level, age, years since amputation, race, marital status, amputation etiology (combat accident and 28 
infection), prosthesis use (ever), prosthesis type (/current use), Initial prosthesis training, current prosthesis training, number of 29 
prostheses. 30 
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**Covariates include: amputation level, Contralateral pain intensity and indicators of any back, neck, phantom limb, and residual 31 
limb pain, age, years since amputation, race, marital status, amputation etiology (combat accident and infection), prosthesis use (ever), 32 

prosthesis type (/current use), Initial prosthesis training, current prosthesis training, number of prostheses  33 



Initial Sample
N=776

Lost to Follow-up n=214

Refused contact after baseline survey n=65
Deceased n=8
Unable to recontact n=100
Declined survey when contacted n=34
Ineligible (cognitive/hearing impairment) n=7

Completed Follow-up
N=562
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 ��������
�����������������
��
��
%�
�����
��
�������
����
���
�����
�������
 ���������
���������������������
�
�

��
����
���!����
������
���O����
������������

����������.)���
E2�)���
 ���������
��������������������
�.a0@�@@E2)'&,D�
��
�.��6�52��������
 ��������
�������������.5�>2
�
����
���O����
������������
�
�������
��'��

����������.)���
E2�)���
 ��������
�����������������
��
�N*J-'N,)�
��
�����

%�
������������������
��
.a0@�@652�����!���������
�
�

 �������!
���!����
������
�
���

��������������

�����������C�������
����
����!
!������
��� ���,��
���%�f_[\�d̂�_�_g_]�h_[��_g\�d�_��î�j��kî�j_]�]\\�d�̂[e�[\]���̂_�)���
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DEFGHIJKLMNLOPNQRSNTRULVWQXUYSNXNPRZ[L\L[XZ]]L\PTLNQYL̂X[[VSW_LTNV̀WP[XNLOX[XUYSNXNPRZT[XVVPaPL]WQ]RUPZXZNVP]LbcdOXZVOX]PX[ dOXZVeSULOX[fR]QYRgLOL]ĥijkb lQRmVPZn[LKop̂hiqjb lQRUS[NPmKop̂hiqrb stu fR]QYRgLOL]ĥivwb lQRmVPZn[LKop̂hiqwb lQRUS[NPmKop̂hijb stulẐxKb lẐxKb lẐxKb y lẐxKb lẐxKb lẐxKb yKLMNLOPNQzd{puOPNPZn wcj|̂wckkb wc}~̂wcv~b wcjk̂wcvrb wcjkwq wck�̂wckjb wcvk̂wcvwb wcvĵwcq~b wc|v~}�XnLNSOZPZn wcq~̂wcqkb wcqĵwcwrb wcqv̂wcw~b wcvr}j wcw~̂wcw|b wcw}̂wcw~b wcw}̂wcw}b wcv}kvxUX[[RW_LTNV wcqk̂wcqqb wcqv̂wcqvb wcw�̂wcwrb �J���� wcw~̂wcw|b wcwk̂wcw|b wcwv̂wcwvb �J�����XNPZn wcqr̂wcqqb wcq~̂wcqkb wcqk̂wcwrb wcqv~j wcwr̂wcwrb wcw~̂wcw�b wcw}̂wcw}b wc}jq}�eLT�LOV wcwr̂wcw�b wcqk̂wcq}b wcqv̂wcw�b wcvr�� wcw~̂wcw~b wcwĵwcw~b wcwk̂wcwkb wc~v~r�PneNTXZV wcvĵwcqrb wcvk̂wcqvb wcv~̂wcqjb wc|�wv wcq}̂wcqqb wcwr̂wcqwb wcqq̂wcwjb wckjr~{LX\QTXZV wcvĵwcvvb wcv~̂wcqvb wcvĵwcqkb wcvkr� wcwr̂wcqwb wcwr̂wcqwb wcqĵwcw�b wcv}qrfRMXZ]f[RT�V vwc|̂rcvb qjcq̂rcqb qjc}̂|cwb �J����� qqc�̂rc�b jcv̂jc~b ~c|̂|cjb wcvqq�reR[LYLn wcw~̂wcw|b wcw|̂wcw|b wcwq̂wcwqb �J����� wcwĵwcw|b wcwq̂wcwkb wcwŵwcwwb �J����x{���op }}cŵqrc|b }qcŵvqcqb krc|̂q}c�b wcj|r~ q}c}̂qjckb qwc�̂q|c|b qvc�̂qvc~b wc|~}v�xPnZPaPTXZNXaNLOfLZ_XUPZPt{RTeWLOnX]_SVNULZNgPNeaX[VL]PVTR\LOQOXNLiwcqcfR[]\X[SLVPZNePVNXW[LPZ]PTXNL\X[SLVVNXNPVNPTX[[QVPnZPaPTXZNXNy�wcwjc
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?@ABCDEFGHIJKLHMNMHOPQNRSTQULTJLGJILVQPWXMVUGJMJKLHNQYQNMHOOQYKIQJXUQZGHKNMJQTMNMVUGJMJKLH[TLGULHNX\]T̂MHPTMOKMN T̂MHP_GVQTMNL̀OXULaQTQOZbcde\ fXLSPKH[NQghFZbcij\ fXLVGNJKSghFZbcik\ lmn L̀OXULaQTQOZbcik\ fXLSPKH[NQghFZbco\ fXLVGNJKSghFZbce\ lmnfHZpg\ fHZpg\ fHZpg\ q fHZpg\ fHZpg\ fHZpg\ qgQrJQTKJXŝtFnTKJKH[ u]doZu]vu\ u]diZu]jw\ u]ejZu]vu\ u]djxd u]joZu]jw\ u]jiZu]ju\ u]jeZu]ix\ u]kjxoyM[QJGTHKH[ u]ivZu]uo\ u]idZu]iu\ u]ijZu]ux\ u]kikj u]uwZu]ue\ u]ujZu]uv\ u]udZu]ud\ u]ieuepVMNNLWzQIJP u]iiZu]ux\ u]iiZu]ii\ u]uxZu]uo\ {E{|}} u]uxZu]uw\ u]uiZu]uj\ u]ujZu]uj\ {E{{~���MJKH[ u]ikZu]ij\ u]ixZu]id\ u]idZu]uo\ u]diwu u]ukZu]uo\ u]ueZu]uw\ u]udZu]ud\ u]edko�_QI�QTP u]ukZu]uw\ u]ukZu]uo\ u]ijZu]uk\ u]uoex u]uwZu]ux\ u]uvZu]ue\ u]uvZu]uv\ u]eowk�K[_JIMHP u]juZu]iv\ u]jjZu]ii\ u]jkZu]ie\ u]jooe u]ijZu]uo\ u]uwZu]ux\ u]iiZu]ue\ u]jvvutQMYXIMHP u]juZu]ix\ u]jwZu]ij\ u]jeZu]id\ {E{�}� u]ukZu]ii\ u]ukZu]uo\ u]ieZu]uk\ u]ieioL̀rMHÒ NLI�P io]uuZk]xv\ id]jxZx]kk\ ie]jkZw]io\ u]uwde iu]evZo]vd\ d]uuZd]dx\ x]wuZw]eu\ u]jiedo_LNQUQ[ u]uwZu]ue\ u]uwZu]uw\ u]uiZu]ui\ {E{{{}� u]udZu]ud\ u]uuZu]uu\ u]uuZu]uu\ {E{����pt�y�hF dj]dZik]d\ vo]vZjv]i\ du]jZie]u\ u]kjok iv]dZiw]j\ w]wZiu]v\ ij]kZij]x\ u]edux�IJKYKJXVQMPGTQP�fS��� id]oZe]v\ id]oZx]x\ iw]dZw]e\ u]wkuu ij]vZw]j\ o]dZd]j\ ii]oZi]k\ u]jvve�̀fS��� w]wZj]i\ o]jZi]u\ k]uZi]w\ {E{{|�� d]eZv]d\ d]uZ]\ v]eZu]x\ u]kvuxŜf�yZVKH\ e]uZi]k\ v]oZu]w\ v]oZu]o\ u]ukiu d]wZi]x\ d]oZi]j\ x]dZv]u\ u]ikjdyTLPJ_QPKPPMJKPRMIJKLH�̂y�p d]uZu]x\ v]eZu]x\ v]kZu]x\ u]ueid v]xZu]o\ v]eZu]e\ v]xZu]e\ u]wdujgKPMWKNKJX�t��L��MHOILVVGHKJXKHJQ[TMJKLH�GKI�g�pt jo]jZio]d\ vu]oZie]k\ jw]vZik]i\ u]xiow vd]uZju]x\ jk]jZiv]k\ vu]eZiv]v\ u]kdkk��Sijf�p ev]eZiu]i\ dw]vZij]k\ ej]dZii]e\ u]uked eu]dZiv]i\ eu]wZid]w\ ej]oZo]d\ u]okju��Sijy�p vx]eZk]o\ dv]jZw]o\ di]iZk]j\ u]uked vd]xZiv]j\ di]oZe]w\ dd]uZk]i\ u]ixio���pS��̂ QrJQHJ eu]iZk]x\ dd]wZo]w\ do]eZk]k\ u]jdjd de]dZk]v\ eu]iZiu]o\ ev]jZk]w\ u]ivij���pS��̂UQTIQKYQO do]dZw]k\ dd]vZd]x\ ei]iZo]i\ {E{��� dw]jZe]u\ dk]vZx]i\ dk]kZx]o\ u]kxve���pS��̂PMJKPRMIJKLH ei]jZo]j\ dw]oZx]x\ eu]jZiu]e\ u]vwei de]wZd]o\ dx]oZe]k\ dx]xZx]o\ u]eeikbZ�\ bZ�\ bZ�\ QrMIJU bZ�\ bZ�\ bZ�\ QrMIJU�QQORLT�g�_QNU xZji]j\ vZvx]e\ jZiw]x\ u]exvk vZje]u\ jZjk]w\ iZju]u\ i]uuuu�pK[HKRKIMHJMRJQT̀QHzMVKHKmtLI_WQT[MOzGPJVQHJaKJ_RMNPQOKPILYQTXTMJQcu]i]̀LNOYMNGQPKHJ_KPJMWNQKHOKIMJQYMNGQPPJMJKPJKIMNNXPK[HKRKIMHJMJq�u]ue]
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�� �������	
�����
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§�®��̄���¢���i�G�b¥_b�¥a�i�b�i�IRSNMXgFU�I�c��\�R|SM�R�W�c�ID\UNR�K�c�FD�RSi�[\XQDMVXRS�V\DQVNF�OQVUFO�PMDE�ODRX]�TRUT�N V̂FSFQDUMQ�jUVODEFOFO�MX�dFSVP]FSdVP�RNj\DFFOi��°��������������������i�G�b"�"��bG¥ bG"�i�b�i�IQEMFZFU���c�{RX�~�c�IMTF|�I��c�{̂SFU�~��i�IFXOVÛ�ZFFTdRQ|�d̂�jFUMjEFURS�XFUhF�ODMN\SRDMVX�MNjUVhFO�DRO|�jFUZVUNRXQF�MX�MXTMhMT\RSO�PMDE�\jjFU�SMNd�SVOO�\O]�MXg�R�N V̂FSFQDUMQ�jUVODEFOMOi���£������¢���i�G�bH�b��i�b¥i�IFgMS����c�J\TTSF�IK�c��FMU��[[�i�[\XQDMVXRS�ROOFOONFXD�VZ�R�N V̂FSFQDUMQ�jVOD\]�URS�QVXDUVSSFU�RXT�N\SDM]Z\XQDMVXRS�jUVODEFDMQ�ERXT�d̂�jFUOVXO�PMDE�DURXO]URTMRS�SMNd�SVOOi�¡¢¢¢�������£������¤������������¢���i�G�b��G¥�Hb� HG��i�bHi�hRX�TFU��MFD�̀ �c��VXgFUO����c�hRX�TFU�IS\MO����i�[\XQDMVXRSMD̂�VZ�M]�W���RXT�M]�W���L\SOF�ERXTO���ROF�UFjVUDi���������������¦�§�i�G�b��¥��bbG� bbG��i�b�i��FUXMXg���c��VEMQ|�I�c��VEXOVX���c��MSSFU��K�c�IFXOMXgFU����i��VNjRUMOVX�VZ�dVT̂]jVPFUFT�hVS\XDRÛ�VjFXMXg�RXT�hVS\XDRÛ�QSVOMXg�jUFEFXOVU�ZVU�RQDMhMDMFO�VZ�TRMŜ�SMZFi���������������¦�§�i�G�b��¥b�G¥� GHb�i�b�i��RXRNR|FU�K��c��EFSRX����c�[RUSF̂���c��ER\TERUM�K���i��MVNFQERXMQRS�RXRŜOMO�VZ�\OFUO�VZ�N\SDM]RUDMQ\SRDMXg�FYDFUXRSŜ�jVPFUFT�jUVODEFOFO�PMDE�RXT�PMDEV\D�DEFMU�TFhMQFi���
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Original Research Report

Upper limb prosthesis users: A longitudinal
cohort study
Linda Resnik1,2 , Matthew Borgia1, Jill Cancio3,4,5, Jeffrey Heckman6,7, Jason Highsmith8,9, Charles Levy10 and
Joseph Webster11,12

Abstract
Background:No previous studies have followed prosthesis users with upper limb loss or limb deficiency using their own prostheses
to assess change over time.
Objectives: (1) To describe prostheses and terminal device types used at baseline and 1-year follow-up; (2) to examine changes in
functional outcomes and device satisfaction over time; and (3) to examine whether changes in outcomes varied across level of
amputation and type of prosthesis used.
Study Design: Multisite, observational time series design with in-person functional performance and self-report data collected at
baseline and 1-year follow-up.
Methods: Baseline and follow-up outcome scores were compared using Wilcoxon signed-rank tests. Analyses were stratified by
amputation level, time since amputation, prosthesis type, and change in device type. Published minimal detectable change (MDC)
values were used to determine whether detectable change in outcome measures occurred.
Results: The longitudinal cohort consisted of 64 participants (mean age 64 years, 56% body-powered users). The only significant
differences in outcome measures between baseline and follow-up (after adjustment for false discovery) were hours/day of prosthesis
use, which increased from 6.0 (4.4) to 7.3 (5.3) hours (P 5 0.0022). Differences in prosthesis use intensity remained significant in
analyses stratified by amputation level, time since amputation, prosthesis type, and change in device type. Between 14 and 20% of the
sample had change in one or more outcome measures that was greater than the known MDC.
Conclusions: Most participants had stable outcomes over a year’s time, whereas 14–20% experienced either improvement or
decline in one or more tests indicating the importance of annual follow-up visits.

Keywords
upper limb amputation, upper limb prosthesis, longitudinal study, outcomes
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Background
Normative values of dexterity, activity performance, prosthesis
satisfaction, disability, health-related quality of life (HRQoL), and
community integration for upper limb (UL) prosthesis users were
recently published.1 These valueswere derived froma cross-sectional
study that examined a multitude of important outcomes at a single
time point, providing benchmarks for clinician and researcher use
when comparing patients/participants to age-matched prosthesis
users, by amputation level, using specific device types.

While valuable, the cross-sectional design of previous work
precludes tracking key outcomes over time. Much of the existing
data quantifying function and disability of UL prosthesis users are
derived from survey studies, the majority cross-sectional.2–8When
functional performance data have been reported, studies were
cross-sectional with no longitudinal follow-up 1 or involved small
samples focused on evaluating prosthesis training or specific
prosthetic intervention.9 At this time, there are no data available
on functional performance of established UL prosthesis users over
time. It is unclear whether performance remains stable or changes
year to year.

It is reasonable to expect that persons with more recent
amputation are more likely to experience considerable change
over 1 year. Healing and maturation of the residual limb to begin
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prosthesis fitting can take weeks to months depending on the
complexity of the surgical intervention and comorbid
conditions.10–12 Prosthesis fitting and training also typically requires
several months. Although clinical recommendations are to fit
individuals with prostheses as soon as possible following amputa-
tion, there is limited evidence detailing long-term outcomes
associated with early compared with delayed fitting.10,12,13 Persons
with more proximal UL amputations are commonly challenged to
incorporate more complex prosthesis control strategies requiring
greater training intensity and duration. Outcomes following UL
amputation also vary according to comorbidities (such as traumatic
brain injury) and amputation level.13,14

Enhanced understanding regarding patterns of key outcomes
over time could inform clinical care, alerting providers to clinically
relevant changes. Enhanced understanding of timing, duringwhich
change is anticipated, could also inform when to schedule follow-
up appointments. Understanding outcomes over time under
normal, nonexperimental conditions may also be useful for
researchers conducting longitudinal studies of novel device use,
where outcome measures are repeatedly administered, and some
amount of change might be attributable to prior history,
experience, and maturation.

Some research studies have followed users of novel or experi-
mental prostheses over time to evaluate changes in outcomes.15–18

Others have followed persons with incident amputation longitudi-
nally through surveys to make comparisons between amputation
and limb salvage and amputation and hand replantation.19 In
addition, limited data are available comparing outcomes in persons
with UL amputation undergoing vascularized composite allotrans-
plantationwith those undergoing prosthetic rehabilitation.20 To our
knowledge, no previous studies have followed a cohort of
established UL prostheses users to assess if and how they changed.
Such information could provide valuable information for clinicians,
patients, purchasers, and policy makers. Therefore, the overall
objective of this study was to follow UL prosthesis users over 1 year
to describe any changes in prosthesis use, satisfaction, function, and
HRQoL. Specifically, we aimed to (1) describe prosthesis and
terminal device (TD) type used at baseline and follow-up; (2)
examine changes in functional outcomes anddevice satisfaction over
time; and (3) examine whether changes in outcomes varied across
level of amputation and type of prostheses used.

Methods

Study design

The study used a cross-sectional, observational time series design
with data collected at baseline and 1-year follow-up. Data
collection occurred at one of five study sites in the United States.
The study was approved by the Veterans Administration Central
Institutional Review Board (IRB), Regional Health Command
Central IRB, and by the Human research Protection Office.
Participants provided written informed consent.

Sample

Participants were a convenience sample of individuals, primarily
Veterans, with major UL amputations or limb deficiency. Veterans

whowere participants in an earlier survey study andwho agreed to
be contacted for potential involvement in future study activities
were invited to participate. Others were recruited through clinical
contacts, advertisements, e-blasts, and word of mouth.

All participants used an active prosthesis (body powered or
externally powered—including myoelectric and Life Under Kinetic
Evolution [LUKE Arm] or hybrid).21 Persons who could not
tolerate wearing a prosthesis for 3 hours and/or those who had a
health condition thatmight limit their ability to participate in study
assessment activities were excluded. Participants were recruited
from a variety of sources.

Data collection

Participants attended in-person study visits at a data collection site.
Datawere collected by physical or occupational therapists, assisted
by research coordinators. Each of the study visits lasted
approximately 3–4 hours with rest breaks provided as needed.
During study visits, data were collected on demographic charac-
teristics (age, race, ethnicity, and military/Veteran status), history
of the amputations, and prosthesis use (prostheses type and hours
and days of prostheses use). Assessors inspected, described, and
photographed the prosthetic device and its components and TD.
Participants also described any additional prostheses and TDs that
they currently own and use (besides those used in testing). Study
staff reviewed text descriptions of additional device types for
classification of additional prostheses and TDs.

Descriptions of all outcome measures are provided in Table 1.
Measures of dexterity and activity performance were administered
by study assessors. Self-reported measures addressed satisfaction
with the prostheses, disability, HRQoL, community integration,
and need for assistance with activities of daily living (ADL). Study
assessors also administered the Trinity Amputation and Prosthesis
Experience Scale (TAPES) to measure prosthesis satisfaction.22

Data analyses

Demographics and physical characteristics of the longitudinal
cohort were described by amputation level/laterality. To examine
potential bias in the longitudinal cohort, sample characteristics and
outcomemeasureswere compared between the longitudinal cohort
and those lost to follow-up (LTF) using nonparametric Wilcoxon-
Mann-Whitney tests and Fisher exact tests because normality
assumptions required for parametric tests were rejected by the
Shapiro-Wilk test.

The type of device and TD used at baseline and follow-up were
described. All continuous and dichotomous outcome measures at
baseline and 1-year follow-up were compared using Wilcoxon
signed-rank and McNemar tests. Outcomes for individuals with
unilateral UL amputation were stratified by amputation level, and
Wilcoxon signed-rank analyses were repeated for subgroups with
transradial (TR) and transhumeral (TH) amputation. Given that
we expected that functional outcomes would be more likely to
change for those with more recent amputation and that we found
that thosewithmore recent amputationsweremore likely to switch
TD types between baseline and follow-up, we repeated these
comparisons for the subgroup who had sustained amputations
within the prior 5 years using Wilcoxon signed-rank tests.
Wilcoxon signed-rank tests comparing outcome measures at
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baseline to follow-upwere also repeated for the subgroups using
body-powered and myoelectric devices and the subgroups who
had switched device types and who had used the same device
type throughout the study. These analyses controlled for
multiple comparisons using the Benjamini-Hochberg method.23

This method adjusted for false discovery rates in major
categories of tests to maintain a false discovery rate of 0.10
within each test category.23 The following categories were used:
dexterity (10 measures), activity performance (three measures),

and self-reported function, disability, HRQoL, community
integration (six measures), and prosthesis use frequency (two
measures).

To determine the proportion of participants whose outcomes
achieved aminimally detectable change (MDC), we used published
MDC 90% values to classify change from baseline to follow-up as
“worsened by the MDC”, “within the MDC,” and “improved by
theMDC” and described the distribution of change aboveMDC in
outcome measures.

Table 1. Brief description of key outcome measures.

Construct Rating Criteria Interpretation

Functional performance

Dexterity

JTHFT Dexterity Performance speed; items per
second (modified scoring)

Higher scores indicate better
dexterity

NHP Dexterity Timed measure (time limited to 6
minutes), score calculated as
items/second (modified scoring)

Higher scores indicate faster
speed, better dexterity

Box and Block Dexterity Performance speed; total number
of blocks transported

Higher scores indicate better
performance

SHAP Dexterity/index of
function

Performance speed Higher scores indicate better
dexterity

Activity performance

AM-ULA Activity performance Each item is rated on task
completion: speed, movement
quality, skillfulness of prosthesis
use, and independence. Total
score is the average score 310

Higher scores indicate better
activity performance

BAM-ULA Activity performance Ability to complete each task (yes/
no). Total score is the number of
activities that were completed

Higher scores indicate better
activity performance

T-MAP Activity performance Timed measure: sum of time to
complete each activity

Lower scores indicate faster speed,
less difficulty

Self-report

Device satisfaction

TAPES Prosthetic satisfaction Satisfaction Higher scores indicate greater
prosthetic satisfaction

QuickDASH Disability Performance difficulty and
impairment severity

Higher scores indicate greater
disability

HRQoL

VR-12 MCS Quality of life Self-rated quality of life Higher scores indicate greater
satisfaction

VR-12 PCS Quality of life Self-rated quality of life Higher scores indicate greater
satisfaction

CRIS-CAT Extent of participation Frequency and amount of
participation

Higher scores indicate better
community integration

CRIS-CAT Perceived difficulty Perceived limitations in
participation

Higher scores indicate better
community integration

CRIS-CAT Satisfaction Satisfaction with participation Higher scores indicate better
community integration

Need for activities of daily living
help

Independence Yes/no No required help indicates greater
independence

Abbreviations: ADL, activities of daily living; AM-ULA, Activities Measure for Upper Limb Amputation; BAM-ULA, Brief Activities Measure for Upper Limb Amputation; CRIS-
CAT, Community Reintegration of Injured Service Members–Computer Adapted Test; HRQoL, health-related quality of life; JTHFT, Jebsen-Taylor Hand Function Test; NHP,
Nine Hole Peg; QuickDASH, Quick Disability of the Arm, Shoulder, and Hand; SHAP, Southampton Hand Assessment Procedure; TAPES, Trinity Amputation and Prosthesis
Experience Scale; TH, transhumeral; T-MAP, Timed Measure of Activity Performance; TR, transradial; VR-12 MCS, Veterans RAND 12-Item Health Survey Mental Composite
Score; VR-12 PCS, Veterans RAND 12-Item Health Survey Physical Composite Score; WSR, Wilcoxon signed rank.
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Table 2. Demographics and prosthesis characteristics of the longitudinal cohort by amputation level.

SH (N 5 1) TH (N 5 18) TR (N 5 39) Bilaterala (N 5 6) Total (N 5 64)

Mn Mn (sd) Mn (sd) Mn (sd) Mn (sd)

Age 27.5 54.5 (11.7) 57.5 (16.3) 56.3 (12.4) 56.1 (15.0)

Years since amputation 6.0 18.9 (13.9) 25.0 (19.3) 14.1 (14.9) 21.9 (17.7)

Years with specific device used in
testing (baseline)

6.0 4.1 (3.9) 4.6 (5.9) 2.7 (3.0) 4.3 (5.1)

Years with specific device used in
testing (follow-up)

7.0 3.7 (3.9) 6.1 (10.7) 7.9 (10.7) 5.6 (9.1)

Years with general type of device used in
testing (baseline)

6.0 14.7 (14.5) 18.9 (19.3) 11.7 (11.8) 16.8 (17.3)

Yearswith general type of device used in
testing (follow-up)

7.0 16.2 (15.5) 20.9 (19.4) 9.8 (12.8) 18.3 (17.9)

Weeks of training with baseline device 9.0 15.4 (31.7) 4.1 (5.7) 7.5 (14.2) 7.7 (18.2)

Weeks of training with follow-up device 9.0 17.7 (31.8) 4.3 (6.6) 6.7 (14.5) 8.4 (18.7)

N (%) N (%) N (%) N (%) N (%)

Receipt of any training to use current
prosthesis

No 0 (0.0) 3 (16.7) 11 (28.2) 3 (50.0) 17 (26.5)

Yes 1 (100.0) 15 (83.3) 28 (71.8) 3 (50.0) 47 (73.4)

Years since amputation

,5 years 0 (0.0) 1 (5.6) 4 (10.3) 2 (33.3) 7 (10.9)

5 years or more 1 (100.0) 17 (94.4) 35 (89.7) 4 (66.7) 57 (89.1)

Age category

18# age ,45 1 (100.0) 3 (16.7) 9 (23.1) 1 (16.7) 14 (21.9)

46# age ,65 0 (0.0) 12 (66.7) 12 (30.8) 3 (50.0) 27 (42.2)

66# age ,75 0 (0.0) 3 (16.7) 15 (38.5) 2 (33.3) 20 (31.3)

75+ 0 (0.0) 0 (0.0) 3 (7.6) 0 (0.0) 3 (4.7)

Sex

Male 1 (100.0) 18 (100.0) 38 (97.4) 6 (100.0) 83 (98.4)

Female 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 1 (1.6)

Race

White 1 (100.0) 10 (55.6) 29 (74.4) 3 (50.0) 43 (67.2)

Black 0 (0.0) 5 (27.8) 5 (12.8) 1 (16.7) 11 (17.2)

Mixed/other 0 (0.0) 3 (16.7) 3 (16.7) 2 (33.3) 10 (15.6)

Ethnicity

Hispanic 0 (0.0) 4 (22.2) 4 (10.3) 1 (16.7) 9 (14.1)

Non-Hispanic 1 (100.0) 14 (77.8) 34 (87.2) 5 (83.3) 54 (84.4)

Unknown 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 1 (1.6)

Prosthesis type

Body powered 0 (0.0) 9 (50.0) 22 (56.4) 5 (83.3) 36 (56.3)

Myoelectric single DOF TD 1 (100.0) 5 (27.8) 7 (18.0) 1 (16.7) 14 (21.9)

Myoelectric multi-DOF TD 0 (0.0) 4 (22.2) 10 (25.6) 0 (0.0) 14 (21.9)

TD type

Body-powered hook 0 (0.0) 9 (50.0) 21 (53.9) 5 (83.3) 35 (54.7)

Body-powered prehenser 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 1 (1.6)

Externally powered prehensers 0 (0.0) 2 (11.1) 5 (12.8) 1 (16.7) 8 (12.5)

Multi-DOF Myo Hand 0 (0.0) 4 (22.2) 10 (25.6) 0 (0.0) 14 (21.9)

Single-DOF Myo Hand 0 (0.0) 3 (16.7) 2 (5.1) 0 (0.0) 6 (9.4)
aAll bilateral amputees had TR amputation on the tested side.
Abbreviations: DOF, degrees of freedom; SH, shoulder; TD, terminal device; TH, transhumeral; TR, transradial.
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Results

One hundred and twenty-seven individuals with UL prosthesis
experience were recruited to participate in this study. Sixty-three
(50%) participants who completed the baseline assessment were
LTF. There were no statistically significant differences in baseline
demographics or amputation characteristics of the longitudinal
sample and those LTF (Appendix Table 1, Supplemental Digital
Content 1, http://links.lww.com/POI/A45). There were significant
differences in several baseline outcome measures (Appendix
Table 2, Supplemental Digital Content 1, http://links.lww.com/
POI/A45). Those LTF performed worse on the Jebsen-Taylor
Hand Function Test page-turning (completed significantly fewer
items per second) (P 5 0.02) and heavy cans (P 5 0.05) tasks
compared with the longitudinal cohort. A greater percent of those
LTF (31.8%) reported needing ADL help compared with the
longitudinal cohort (10.9%) (P , 0.01), with most of those LTF
requiring ,4 hours/day of ADL help.

Sixty-four participants completed both the baseline and follow-
up data collection visits. Baseline demographics and prosthesis
characteristics of the sample, stratified by amputation level, are
provided in Table 2. The sample was 98%male, 67%White, 88%
Veteran, and had a mean age of 56.1 (SD 15.0) years. On average,
participants had sustained their amputation 21.9 (SD 17.7) years
before baseline, had been using their baseline testing device for 4.3
(SD 6.1) years, and had 16.8 (SD 17.3) years of experience using
that general type of device (by category). A small percentage of
participants (N 5 7, 11%) sustained their amputation within 5
years of baseline testing. Body-powered devices were used by most
(56.2%) at baseline testing, followed by myoelectric single-degree
of freedom (DOF) (21.9%) and multi-DOF devices (21.9%).

Seventy-three percent of participants reported receiving training
with their current prostheses.

Most participants were tested with the same prosthesis type at
follow-up.Change in prosthesis type betweenbaseline and follow-up is
shown in Figure 1. In the full longitudinal cohort, the only significant
differences in outcomemeasures between baseline and follow-up (after
adjustment for false discovery)were hours/day of prosthesis use,which
increased from 6.0 (4.4) to 7.3 (5.3) hours (P 5 0.002) (Appendix
Table 3, Supplemental Digital Content 1, http://links.lww.com/POI/
A45). In the TR subgroup (Table 3), the only statistically significant
difference after adjustment for false discovery was frequency of
prosthesis use (days/week), which decreased from 5.4 (2.0) to 4.9 (2.3)
days perweek fromVisit 1 toVisit 2. Among the THgroup, hours/day
of prosthesis use increased from baseline 4.0 (3.4) hours per day to
follow-up 5.7 (4.7) hours per day (P 5 0.04), and this difference
remained significant after adjustment for false discovery.

Analyses stratified by years since amputation (Appendix Table 4,
Supplemental Digital Content 1, http://links.lww.com/POI/A45)
showed significant differences after adjustment for false discovery in
hours/dayofprosthesis use,which increased from5.6 (3.6) to8.6 (5.0)
(P 5 0.047) among those with amputation in the prior 5 years and
from 6.0 (4.6) to 7.1 (5.3) hours (P 5 0.02) among those with less
recent amputation. After stratifying by prosthesis type and adjusting
for false discovery (Appendix Table 5, Supplemental Digital Content
1, http://links.lww.com/POI/A45), there was a significant difference
among body-powered device users in hours/day prosthesis use, which
increased from 6.3 (4.6) to 7.6 (5.4) (P5 0.01).

Analyses stratified by change in prosthesis used are shown in
Appendix Table 6 (Supplemental Digital Content 1, http://links.
lww.com/POI/A45). There were no statistically significant

Figure 1. Change in prosthesis type from baseline to follow-up.
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differences after adjustment for false discovery for those who
switched device types between baseline and follow-up. However,
among those who did not switch device type, hours/day of
prosthesis use increased from 6.1 (4.5) at baseline to 7.4 (5.4) at
follow-up (P5 0.01), and prosthesis use per week decreased from
5.6 (2.1) days/week at baseline to 5.2 (2.3) at follow-up (P 5

0.048).
The proportions of participants who experienced a change in

outcome scores that was greater than or less than the knownMDC
90 of the measure are shown in Table 4. Most (65–95%) did not
experience any change in outcomes. Twenty percent of partici-
pants improvedmore than theMDC in the Brief ActivitiesMeasure

for Upper Limb Amputation (BAM-ULA scores), 17% in Jebsen
writing task, and 16% in Activities Measure for Upper Limb
Amputation (AM-ULA) scores. Whereas, 15% worsened more
than the MDC in the BAM-ULA and QuickDASH and 14%
worsened more than MDC in the AM-ULA.

Discussion

We conducted a longitudinal cohort study of UL prosthesis users
and evaluated whether there were changes in prosthesis use,
dexterity, activity performance, HRQoL, and disability over 1
year. We also examined whether there were differences in

Table 3. Outcomes over time, stratified by amputation level: unilateral amputation only.

TR (N 5 39) TH (N 5 18)

Baseline Follow-up WSR Baseline Follow-up WSR

Dexterity measures N Mn (sd) Mn (sd) P N Mn (sd) Mn (sd) P

JTHFT

Writing 38 0.49 (0.35) 0.52 (0.28) 0.2236 16 0.34 (0.22) 0.38 (0.17) 0.6788

Page turning 39 0.16 (0.09) 0.15 (0.09) 0.4254 17 0.06 (0.05) 0.06 (0.05) 0.9632

Small objects 38 0.10 (0.09) 0.10 (0.07) 0.8758 17 0.05 (0.06) 0.05 (0.05) 0.4257

Eating 39 0.19 (0.13) 0.20 (0.11) 0.5448 17 0.09 (0.08) 0.08 (0.06) 0.8394

Checkers 39 0.10 (0.08) 0.10 (0.09) 0.8534 17 0.07 (0.07) 0.07 (0.06) 0.7057

Light cans 39 0.23 (0.14) 0.25 (0.17) 0.4719 16 0.13 (0.09) 0.15 (0.11) 0.4037

Heavy cans 38 0.26 (0.18) 0.27 (0.19) 0.5191 16 0.13 (0.12) 0.15 (0.13) 0.4212

Box and Blocks 38 18.8 (8.8) 19.0 (9.2) 0.6825 18 9.1 (9.0) 9.9 (7.1) 0.5933

Nine-Hole Peg 36 0.06 (0.05) 0.06 (0.05) 0.7394 13 0.02 (0.05) 0.03 (0.04) 0.5625

SHAP IOF 38 43.9 (18.2) 43.8 (20.7) 0.6483 17 16.1 (15.9) 17.7 (17.8) 0.4118

Activity measures

AM-ULA 39 15.8 (6.6) 15.6 (6.8) 0.7842 18 11.2 (4.2) 11.0 (3.9) 0.5089

BAM-ULA 15 8.1 (2.2) 7.93 (2.8) 0.8621 4 3.8 (3.3) 5.0 (2.7) 0.3750

T-MAP (mins) 28 4.5 (1.7) 4.20 (1.5) 0.2623 11 4.9 (1.58) 4.8 (1.4) 0.9854

Prosthesis Satisfaction

TAPES 39 3.89 (0.62) 3.87 (0.62) 0.9939 18 3.84 (0.55) 3.9 (0.5) 0.7042

Disability, HRQOL, and community
integration

QuickDASH 36 28.8 (19.7) 31.4 (19.4) 0.4143 18 26.2 (14.2) 28.3 (15.5) 0.4488

VR-12 MCS 38 54.3 (12.0) 52.6 (11.1) 0.0973 16 56.0 (10.5) 55.7 (9.8) 0.7057

VR-12 PCS 38 43.5 (7.1) 41.8 (9.2) 0.2542 16 42.9 (12.0) 42.40(11.6) 0.6322

CRIS-CAT Extent 37 49.3 (9.3) 48.7 (7.6) 0.5414 17 48.6 (9.0) 49.2 (8.2) 0.4307

CRIS-CAT Perceived 37 48.8 (7.8) 48.4 (7.3) 0.6003 17 48.5 (5.3) 48.9 (5.3) 0.6777

CRIS-CAT Satisfaction 37 51.4 (10.9) 48.6 (7.7) 0.0421 17 47.9 (5.2) 48.6 (5.2) 0.5171

Prosthesis use

Hours of prosthesis use per day 39 6.1 (4.2) 7.2 (5.0) 0.0628 18 4.0 (3.4) 5.7 (4.7) 0.0372a

Frequency of prosthesis use (days
per week)

39 5.4 (2.0) 4.9 (2.3) 0.0837a 18 5.6 (2.1) 5.7 (2.0) 0.9609

N (%) N (%) McNemar P N (%) N (%) McNemar P

Need for ADL help 22 19 (86.4) 19 (86.4) 1.0000 12 11 (91.7) 10 (83.3) 1.0000
aBold indicates significant at p,0.05 after Benjamini-Hochberg adjustment with false discovery rate50.1.
Abbreviations: ADL, activities of daily living; AM-ULA, Activities Measure for Upper Limb Amputation; BAM-ULA, Brief Activities Measure for Upper Limb Amputation; CRIS-
CAT, Community Reintegration of Injured Service Members–Computer Adapted Test; HRQoL, health-related quality of life; JTHFT, Jebsen-Taylor Hand Function Test;
QuickDASH, Quick Disability of the Arm, Shoulder, and Hand; SHAP, SouthamptonHand Assessment Procedure; TAPES, Trinity Amputation and Prosthesis Experience Scale;
TH, transhumeral; T-MAP, TimedMeasure of Activity Performance; TR, transradial; VR-12MCS, Veterans RAND 12-Item Health Survey Mental Composite Score; VR-12 PCS,
Veterans RAND 12-Item Health Survey Physical Composite Score; WSR, Wilcoxon signed rank.
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outcomes over time by amputation level, years since amputation,
baseline type of prosthesis used, and for those who switched device
types between baseline and follow-up. The significance of this
study is strengthened by the relatively large sample size and broad
spectrum of outcome measures collected 1 year apart.

Overall, we found that dexterity and activity performance
outcomes, HRQoL, and perceived disability were remarkably
stable over time, with little difference by subgroup. These findings
suggest that persons with TR and TH amputation are equally
stable over time and that key outcomes plateau in the first 5 years
following amputation. Outcomes were also stable for subgroups
tested with body-powered and myoelectric devices, demonstrating
that once trained and experienced in using the prosthesis,
performance with either type of device can be consistent over

time. Although average functional performance remained stable,
our analyses of the proportion of persons who changed more than
the MDC revealed small proportions of participants who declined
(14–15%) or improved in performance (16–20%) over 1 year.
This finding emphasizes the potential value of routine/annual
follow-up visits to monitor function and identify potentially
reversible causes of functional decline.

Most of our sample used the same prosthesis for testing at
baseline and follow-up, a finding that is not surprising, given that
most Veterans with UL amputation are prescribed a new device at
rates of 0.19–0.33/year and 89%of the samplewas 5 years ormore
out from their amputation.24 We did not find group differences
between those who tested with a different type of device at baseline
and follow-up. This may be because the “new device type” used at

Table 4. Change in measures over time above MDC.

Change over 1 year

Worsened by MDC Within MDC Improved by MDC

MDC90 N N (%) N (%) N (%)

Dexterity measures

JTHFT

Writing 0.18 60 6 (10.0) 44 (73.3) 10 (16.7)

Page turning 0.11 63 7 (11.1) 52 (82.5) 4 (6.4)

Small objects 0.09 62 6 (9.7) 52 (83.9) 4 (6.5)

Eating 0.10 62 5 (8.10 51 (82.3) 6 (9.7)

Checkers 0.11 62 5 (8.1) 51 (82.3) 6 (9.7)

Light cans 0.15 62 3 (4.8) 54 (87.1) 5 (8.1)

Heavy cans 0.13 61 8 (13.1) 46 (75.4) 7 (11.5)

Box and Blocks 6.49 62 5 (8.1) 50 (80.7) 7 (11.3)

Nine-Hole Peg NA

SHAP IOF NA

Activity measures

AM-ULA 3.72 63 9 (14.3) 44 (69.8) 10 (15.9)

BAM-ULA 1.9 20 3 (15.0) 13 (65.0) 4 (20.0)

T-MAP (mins) 130.7 42 0 (0.0) 40 (95.2) 2 (4.8)

Prosthesis satisfaction

TAPES 0.79 54 7 (10.9) 51 (79.7) 6 (9.4)

Disability, HRQoL, and community
integration

QuickDASH 13.9 61 9 (14.8) 47 (77.1) 5 (8.2)

MDC not available

VR-12 PCS Not Available

CRIS-CAT Extent of Limitations NA

CRIS-CAT Perceived Limitations NA

CRIS-CAT Satisfaction NA

Prosthesis use

Hours of prosthesis use per day NA

Frequency of prosthesis use (days
per week)

NA

Abbreviations: AM-ULA, Activities Measure for Upper Limb Amputation; BAM-ULA, Brief Activities Measure for Upper Limb Amputation; CRIS-CAT, Community Reintegration
of Injured Service Members–Computer Adapted Test; HRQoL, health-related quality of life; JTHFT, Jebsen-Taylor Hand Function Test; MDC, minimal detectable change;
SHAP, Southampton HandAssessment Procedure; TAPES, Trinity Amputation and Prosthesis Experience Scale; T-MAP, TimedMeasure of Activity Performance; VR-12 PCS,
Veterans RAND 12-Item Health Survey Physical Composite Score; WSR, Wilcoxon signed rank.
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follow-up were devices that were not, in fact, new to the
participant. At baseline, 74% of the sample indicated that they
owned a secondary device. Participants who switched device types
indicated that they had been using the device they tested with at
follow-up for an average of 2.3 (SD 2.4) years and that general
device type for an average of 14.2 (SD 20.4) years. This suggests
that participants were testing with an alternate device they already
owned at baseline, but which, at that time, was not considered their
primary device type.

We did observe that for the full sample, and for most subgroup
analyses, the hours of prosthesis use increased over time, whereas
the reported frequency of use decreased. We observed that, on
average, those with more recent amputation, increased their
usage by 3 hours/day compared with an increase of 1.1 hours/day
for those with less recent amputation. The reason for this change
and the clinical significance of this finding are unclear as these
differences in usage were not reflected in change in functional
performance and might be explained by recall bias and
limitations of self-reporting prosthesis use. It is also possible that
participants increased their usage in preparation for their second
study visit.

Limitations

Our findings are limited to older Veterans, most of whom were
long-term prosthesis users. Further studies are needed to identify
whether non-Veterans and younger persons show the same pattern
of stable outcomes over 1 year’s time. There are also limitations to
our study because of the 50% loss to follow-up. There are several
explanations for this high attrition rate. Many participants
traveled long distances to study data collection sites to participate
in testing sessions, and for some, this required overnight stays and/
or flights (both payed for by the study). This burden of
participation may have been too much for those who were
employed or who required a companion to assist in ADL or were
experiencing health challenges or functional decline. Several
participants retired from the military and moved. To assess
potential bias due to loss to follow-up, we compared baseline
scores of participants LTF and those that were retained. Those LTF
were very similar to the longitudinal cohort on most measures, but
had worse scores on two of ten dexterity tests, which may suggest
worse dexterity and a greater likelihood of need for helpwith ADL.
These differences suggest that our longitudinal cohort may have
been more independent and thus more easily able to travel to study
sites for testing without the need for a companion.However, we do
not know how this difference may have impacted the findings
regarding change over time. Because of a change in data collection
protocol, data on the need for ADL help were not collected in 27%
of participants. Given that this information was missing in similar
proportions in those retained and those LTF, we do not think that
this biased our analyses.

Although we included non-Veterans to increase our sample size,
most participants were Veterans. Because the sample was a
convenience sample, our results should be interpreted cautiously,
as they may not accurately characterize the change in outcomes
that occurs in non-Veterans, those with newer amputation,
younger persons with UL amputation, those who do not use a
prosthesis, and those with differing etiologies.

Our study, though large for this population, is limited by sample
size. We conducted a post hoc power analysis with G*Power
3.1.9.7.25 For our full sample of 64 participants with follow-up
data we had 80% power at alpha 5 0.05 to detect effect sizes of
0.364 and higher in Wilcoxon signed-rank tests. Power was lower
for subsamples. Thus, we may have been limited in detecting
smaller effect sizes. Another limitation in our study is that we were
unable to control for a variety of potentially confounding factors
(e.g. living environment, occupation/hobbies, and climate), which
may have influenced outcomes. Although we observed differences
in hours/day of prosthesis use and frequency of prosthesis use over
time, these findings should also be interpreted cautiously. The
survey questions addressing hours and frequency of prosthesis use
asked participants to provide information for one point in time
rather than for an average use over a period of time. The accuracy
of this type of information has not been previously examined and
may have been impacted by a variety of factors such as seasonal
variations in activity levels and prosthesis use.26

Although we saw comparable patterns in persons with more
recent (,5 years) and less recent amputations, our sample included
few persons having very recent amputation. Additional studies are
needed with larger samples and individuals with less time since
amputation to identify the trajectory of outcomes in the first 5
years after amputation.

Finally, although we classified participants as having changed
by at least theMDC on several measures, there were not published
MDCs for all outcome measures. Furthermore, it is unknown
whether the MDC represents clinically meaningful change.
Additional research is needed to establish the minimal clinical
important difference of outcome measures for persons with UL
amputation.

Conclusion

This longitudinal study of persons with UL amputation with a
considerable history of prosthetic use found that most had stable
functional performance and perceived disability and HRQoL over
a year’s time. Stability was consistent across amputation level and
prosthesis type. Although most participants demonstrated stable
performance, results revealed some variation in function (both
improvement and decline) over a year’s time indicating the
importance of an annual visit for amputation care. Further
research in this patient population is warranted to understand
whether strategies to optimize engagement (andminimize LTF) are
indicated for a longitudinal cohort.
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Abstract
Background: People with upper limb amputation are potentially at increased
risk of shoulder pain because they often perform compensatory movements to
operate their prostheses and rely more heavily on their nonamputated limb for
everyday activities.
Objective: To describe the frequency, severity, associated factors, and impli-
cations of shoulder pain in people with unilateral major upper limb amputation
who use prostheses.
Design: Cross-sectional, observational design.
Setting: National recruitment of people living in the community.
Participants: U.S. veterans and civilians (N = 107) with unilateral major upper
limb amputation.
Interventions: Not applicable.
Main Outcome Measures: Shoulder pain (any, ipsilateral and contralateral to
amputation), activity performance (Activities Measure for Upper Limb Amputa-
tion), health-related quality of life (Veterans RAND 12-Item Health Survey men-
tal component summary [MCS] and physical component summary [PCS]), and
disability (Quick Version of the Disabilities of the Arm, Shoulder and Hand
Score [QuickDASH]).
Results: All participants completed a comprehensive in-person assessment. Par-
ticipants were 97% male with a mean age of 57.1 years and a mean time since
amputation of 23.4 years. The prevalence of any shoulder pain was 30% (15% ipsi-
lateral, 25% contralateral, 10% bilateral). Shoulder pain intensity (0 to 10 scale) was
moderate for both ipsilateral (mean 4.9, SD 2.0) and contralateral (mean 4.2, SD
2.0) pain. No significant difference in shoulder pain frequency was observed by
amputation level. The prevalence of any shoulder pain was greater in those using a
body-powered prosthesis (38% compared to 18% in externally powered users).
Each additional year since amputation was associated with an increased likelihood
of having contralateral shoulder pain (odds ratio: 1.05, confidence interval: 1.01,
1.10). In linear regression models, those with contralateral shoulder pain had worse
PCS (β = �7.07, p= .008) and worse QuickDASH (β = 18.25, p < .001) scores.
Conclusions: In our sample of predominantly male veterans with major upper
limb amputation, shoulder pain was a common condition associated with func-
tional and quality of life implications. Among prosthesis users, the shoulder
contralateral to the amputation was at greatest risk, with risk increasing with
every year since amputation.
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INTRODUCTION

Shoulder pain is considered a relatively common condi-
tion in the general adult population, although rates
reported in the literature vary widely from 4% to 26%.1-8

The frequency of shoulder pain in those with major
upper limb amputation has been reported to be as high
as 59% with an average pain severity in the slightly to
rather bothersome range (3.5) as assessed by a
5-point ordinal scale ranging from “no pain” to “very
bothersome pain.”9 Although prior studies examining
this topic have not identified differences between pros-
thesis users and nonusers in pain frequency,9-11 indi-
viduals with upper limb amputation who use prostheses
are potentially at increased risk of shoulder pain com-
pared to prosthesis nonusers because they often per-
form compensatory movements with proximal joints to
operate their prosthesis.12-14 Because prosthetic limbs
vary greatly in terms of weight, suspension mechanism,
and control strategy, it is also possible that certain pros-
thetic limb types are more likely to be associated with
shoulder pain. Most people who require upper limb
amputation have a long postamputation life expec-
tancy15-17 and based on longitudinal studies of overuse
syndromes and other painful conditions, it is plausible
that the compensatory movements used to operate
prosthetic limbs have a cumulative effect over
time.2,5,7,18,19

Upper limb amputation also has the potential to con-
tribute to musculoskeletal conditions and pain on the
nonamputated side. Individuals with unilateral upper
limb loss commonly rely more heavily on their non-
amputated limb for the performance of functional tasks
including lifting and carrying.9-11,13-14 This reliance, in
combination with the bilateral compensatory move-
ments used for prosthesis use, might result in overuse
syndromes and pain in the proximal joints of the ampu-
tated limb as well as the nonamputated upper
limb.9-11,14,20 Prior studies have reported an increased
rate of overuse syndromes and other painful musculo-
skeletal conditions in people with upper limb
amputation,21-26 including those with distal amputations
at the hand or finger level.27 High pain intensity levels
and pain interference in the nonamputated limb and
neck region of those with upper limb amputation has
also been described.10-11,23-25

Although prior studies reported an increased risk of
musculoskeletal conditions including shoulder pain in
those with upper limb amputation, these studies have
not fully characterized the factors associated with
shoulder pain, the pain location (contralateral vs ipsilat-
eral to the amputation), or the association between
shoulder pain and function. Obtaining a better under-
standing of shoulder pain frequency and intensity as
well as those at greatest risk could influence strategies
aimed at maintaining functional independence and gen-
eral health outcomes in those with upper limb loss and

may also inform new prosthesis designs and rehabilita-
tion strategies for prevention. Therefore, the objectives
of this study were to (1) describe the frequency and
severity of shoulder pain in people with unilateral major
upper limb amputation who use prostheses; (2) deter-
mine the association between pain and specific person,
amputation, and prosthesis characteristics; (3) quantify
the association between shoulder pain and activity per-
formance, disability, and health-related quality of life
(HRQOL).

METHODS

Study design

The study employed a cross-sectional study design.
Community dwelling people with major upper limb
amputation were recruited from the Department of Vet-
erans Affairs and from the community. Data collection
took place at five study sites across the United States.
The study was approved by the Veterans Administra-
tion Central Institutional Review Board, Regional Health
Command-Central Institutional Review Board, and by
the Human Research Protection Office. All participants
provided voluntary informed consent.

Sample

The analytic sample was a subset of participants who
participated in a larger study of people with major upper
limb amputation (amputation at or proximal to the wrist
level) who used an active prosthesis.28 An active pros-
thesis was defined as a prosthetic limb that used either
a body-powered or an externally powered control sys-
tem to provide active motion in at least the prosthetic
terminal device. The analyses presented here were lim-
ited to people with unilateral upper limb amputation at
the wrist disarticulation (WD), transradial (TR), elbow
disarticulation (ED), or transhumeral level (TH). Partici-
pants with bilateral upper limb amputation (N = 15)
were excluded to create a more homogeneous group.
Participants with shoulder disarticulation or forequarter
amputation (N = 5) were excluded given that the shoul-
der joint on the side of the amputation was absent. Par-
ticipants who at the time of screening were not actively
using a prosthesis or could not tolerate wearing a pros-
thesis for at least 3 hours and those with a severe
health condition that would limit their ability to partici-
pate in study assessment activities were excluded.

Data collection

Participants were assessed by a physical or occupa-
tional therapist, assisted by a research coordinator.
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Study visits included collection of demographic data,
collection of amputation and prosthesis use history,
and performance of a directed physical examination.
Self-report and functional performance measures were
collected by the study assessor to quantify HRQOL,
upper limb disability, and activity performance. Asses-
sors underwent rigorous training in the administration
of all outcome measures. The script used by the asses-
sors to instruct participants in the performance of
each measure was standardized and used by all asses-
sors at all sites. All participant assessments were
videotaped, and assessments were reviewed by the
study investigators to ensure that all measures were
reliably performed according to the provided script and
that ratings were performed consistently across partici-
pants and sites.

Primary outcome

Participant pain symptoms and pain location were
obtained by the study assessor during the study visit.
Using a pain map diagram, participants were instructed
to identify and mark all painful areas and rate the level
of pain for each area on a scale from 0 (not painful) to
10 (extremely painful). Following the study visit,
research team members abstracted pain information
from data collection forms using a structured abstrac-
tion tool developed by the research team. The pain
maps were divided into 10 regions of the body including
the shoulder. The 10 regions of the body that were
used for the structured data abstraction are included in
Table S1. Tables with all 10 regions were used to
record location of pain and pain intensity rating on a
scale of 0–10 for any location where the participant
reported pain. As previously reported, pain intensity
was recategorized and reported in four levels: Never
had Pain, None to Mild (0–3), Moderate (4–7), and
Severe (8–10).29 We examined shoulder pain preva-
lence as a dichotomous variable (present or absent).
Shoulder pain was categorized by location depending
on whether the pain was located on the same side as
the amputation (ipsilateral), on the side opposite from
the amputation (contralateral), both sides (bilateral) or
on either side or both sides (any).

Secondary outcomes

We measured activity performance using the Activities
Measure for Upper Limb Amputation (AM-ULA), a per-
formance measure that includes 18 everyday tasks.30

Higher AM-ULA scores indicate better activity perfor-
mance. The AM-ULA has strong interrater reliability
(reported intraclass correlation coefficients of 0.84–
0.89), internal consistency (Cronbach alphas of 0.89–
0.91), and known groups validity and evidence of

responsiveness to change in people with upper limb
amputation.30,31 HRQOL was assessed using the
generic Veterans RAND 12-Item Health Survey (VR-
12), which is scored as the physical component sum-
mary (PCS) and mental component summary (MCS).32

Normative values for the VR-12 scales are available.32

Higher scores indicate better HRQOL. The Quick Ver-
sion of the Disability of Arm, Shoulder, and Hand
(QuickDASH) measure assessed difficulty performing
activities, amount of limitation, extent of interference
with activities, and extent of arm, shoulder, and hand
pain and tingling.33,34 Higher QuickDASH scores indi-
cate greater disability. The QuickDASH, examined in a
sample of upper limb amputees, had a Cronbach alpha
of 0.83 and test-retest intraclass correlation coefficient
of 0.87.34

Other measures

Categories of amputation level were collapsed into two
categories: TR, which included people with wrist disar-
ticulation and TR amputation; and TH, which included
people with elbow disarticulation and TH amputation.
Participant age in years was calculated based on date
of birth. Time since amputation was analyzed as a con-
tinuous variable, indicated in years as reported by the
participant. Time since amputation was also classified
into three categories (less than 10 years since amputa-
tion, between 10 and 20 years, and greater than
20 years). Prosthesis type was classified as body
powered or externally powered (eg, myoelectric). Par-
ticipants indicated the average hours/day of prosthesis
use as well as the average number of days/week that
they typically used their prosthesis. Amputation etiology
data was obtained by participant self-report. Partici-
pants were asked to select the etiology of their amputa-
tion from a list including the following options:
congenital, combat, accident, burn, cancer, diabetes,
and infection. Participants were able to select more
than one amputation etiology. Employment data were
also collected by self-report. Participants were asked to
select from a list of employment options including the
following: working, student, retired, medical leave, or
other. Response options were collapsed in our ana-
lyses into a working/student category and a retired/
medical leave/other category owing to small subgroup
sizes.

Residual limb length was measured by the study
assessor. We collapsed categorizes of limb length
identified by Kelly.35 For those with TH level amputa-
tion, we used length from acromion to the distal bone
end on the amputated side and divided by the length
from acromion to the lateral epicondyle on the sound
side to obtain an estimate of the proportion of the resid-
ual limb remaining. We then categorized this fraction as
short (<0.5) or standard/long above elbow (0.5 or
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more). For those with TR level amputation, we used the
length from lateral humeral epicondyle to the distal
bone end on the amputated side and divided by the
length from the humeral epicondyle to radial styloid on
the sound side. We categorized the proportion of the
limb remaining as very short/short (<0.55) or standard/
long (0.55 or more).

Data analyses

We compared participant characteristics by presence
of any shoulder pain with bivariate analyses (t-tests,
chi-square, and Fisher’s exact tests). Bivariate ana-
lyses also compared the prevalence (using chi-square
and Fisher’s exact tests) and intensity (t-tests and
Wilcoxon Mann-Whitney U tests) of shoulder pain (ipsi-
lateral, contralateral, any) by amputation level and pros-
thesis type. T-tests were used to compare QuickDASH,
AM-ULA, and VR-12 PCS and MCS scores for those
with and without ipsilateral, contralateral, and any
shoulder pain.

To identify the independent predictors of contralat-
eral and ipsilateral shoulder pain, we developed two
separate logistic regression models. These models
controlled for potential confounders that we believed,
based on prior work, might be associated with shoulder
pain36 and any additional variables that were signifi-
cantly associated (at p < .1) with any shoulder pain in
our bivariate analyses. Variables included in the model
were years since amputation and prosthesis type, age,
amputation level, race, residual limb length, and com-
bat and accident amputation etiologies. To quantify the
association between shoulder pain and activity perfor-
mance, HRQOL, and disability, we created four sepa-
rate linear regression models to identify the association
between presence of ipsilateral, contralateral, or any
shoulder pain and key outcome measures (AM-ULA,
PCS, MCS, and QuickDASH). These models also con-
trolled for years since amputation, age, amputation
level, prosthesis type, residual limb length, and combat
and accident amputation etiologies. Participants with
missing data for combat and accident amputation etiol-
ogies were classified as “no data” for regression ana-
lyses; those missing outcomes data were excluded
from analyses.

RESULTS

Participants (N = 107) completed the in-person assess-
ment at one of the five study sites. Table 1 provides the
demographic, amputation, and prosthesis characteris-
tics of participants by presence of any shoulder pain.
Participants were 97% male with a mean age of
57.1 years and a mean time since amputation of
23.4 years. On average, those with shoulder pain were

7.2 years older (p = .03), had sustained an amputation
10.5 years earlier (p = .01), and were more likely to
report a body-powered prosthesis (75.0% compared
to 52.0%) as their current device (p = .03) as compared
to participants without shoulder pain. Bivariate analyses
revealed no other statistically significant differences in
any other participant, amputation, and prosthesis char-
acteristics. Additional descriptive statistics (Table S2)
showed comparable prosthesis use intensity between
those with and without shoulder pain by laterality (ipsi-
lateral or contralateral) or between those using body-
powered prostheses compared to externally powered
prostheses. Nineteen participants had missing data for
amputation etiology. Table S3 provides participant
characteristics for subgroups with ipsilateral and
contralateral shoulder pain.

As shown in Table 2, the prevalence of any shoul-
der pain was 30%; pain in both shoulders (bilateral
shoulder pain) was present in 10% (N = 11). Mean
shoulder pain was rated as moderate intensity on
both the ipsilateral (mean 4.9) and contralateral
(mean 4.2) sides. Bivariate analyses found that the
prevalence of shoulder pain and shoulder pain inten-
sity were not statistically significantly different by
amputation level. Prevalence of any shoulder pain
was significantly (p = .03) greater for those using a
body-powered prosthesis (38%) compared to exter-
nally powered prosthesis (18%). Contralateral shoul-
der pain was significantly more prevalent among
body-powered users than among externally powered
prosthesis users (p = .02) (Figure 1). Ipsilateral
shoulder pain was also more prevalent for body-
powered users, but the difference was not statisti-
cally significant (p = .16). There were no statistically
significant differences in ipsilateral (p = .13) or con-
tralateral (p = .91) shoulder pain intensity by pros-
thesis type (results not shown).

The relationship between shoulder pain fre-
quency and time since amputation is shown in
Figure 2. The figure shows that the frequency of both
ipsilateral and contralateral shoulder pain was similar
for people throughout the first 20 years after amputa-
tion. The prevalence of ipsilateral shoulder pain fre-
quency did not increase in people who had their
amputation for more than 20 years. The frequency of
both any and contralateral shoulder pain was higher
in those who were more than 20 years past
amputation.

Mean outcome measure scores are compared for
those with and without any, ipsilateral, and contralateral
shoulder pain in Table 3. Analytic sample sizes varied
for each outcome measure because of missing data:
QuickDASH (N = 107), AM-ULA (N = 105), PCS
(N = 101), and MCS (N = 101). QuickDASH scores
were significantly higher (worse disability) for those with
any shoulder pain (mean 38.5) than for those without
pain (mean 26.1) (p = .001) and for those with
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contralateral shoulder pain (39.7 vs 26.5, p = .001)
than those without contralateral shoulder pain. Signifi-
cant differences in PCS scores were also noted for

those with any shoulder pain (36.4 vs 44.8, p < .001)
compared to those without any shoulder pain, for those
with ipsilateral shoulder pain (35.8 vs 43.4, p = .003)

TAB LE 1 Demographics and participant characteristics by presence of shoulder pain

No shoulder pain (N = 75) Any shoulder pain (N = 32) Total (N = 107)
Mean (SD) Mean (SD) t-test p Mean (SD)

Age (y) 54.9 (16.2) 62.1 (15.0) .034 57.1 (16.1)

Years since amputation 20.3 (17.6) 30.8 (20.3) .008 23.4 (18.9)

Hours prosthesis use/day 5.9 (4.7) 6.1 (4.9) .155 6.0 (4.7)

Days/week prosthesis used 5.3 (2.4) 5.8 (1.6) .883 5.4 (2.2)

N (%) N (%) χ2/Fisher’s p N (%)

Amputation level .843

Transhumeral/elbow 22 (29.3) 10 (31.3) 22 (29.9)

Transradial/wrist 53 (70.7) 22 (68.8) 75 (70.1)

Gender .212

Male 74 (98.7) 30 (93.8) 104 (97.2)

Female 1 (1.3) 2 (6.3) 3 (2.8)

Race .089

White 50 (66.7) 28 (87.5) 78 (72.9)

Black 11 (14.7) 2 (6.3) 13 (12.2)

Mixed/other 14 (18.7) 2 (6.3) 16 (15.0)

Ethnicity .218

Hispanic 13 (17.3) 2 (6.3) 15 (14.0)

Not Hispanic 60 (80.0) 28 (87.5) 88 (82.2)

Unknown 2 (2.7) 2 (6.3) 4 (3.7)

Employment status .148

Working/student 25 (33.3) 6 (18.8) 31 (29.0)

Retired/medical leave/other 34 (45.3) 21 (65.6) 55 (51.4)

Unknown 16 (21.3) 5 (15.6) 21 (19.6)

Military status .869

Active duty 1 (1.3) 1 (3.1) 2 (1.9)

Veteran 66 (88.0) 28 (87.5) 94 (87.9)

Civilian 8 (10.7) 3 (9.4) 11 (10.3)

Prosthesis type .027

Body powered 39 (52.0) 24 (75.0) 63 (58.9)

Externally powered 36 (48.0) 8 (25.0) 44 (41.1)

Residual limb length .132

Short 24 (32.0) 5 (15.6) 29 (27.1)

Standard or long 47 (62.7) 23 (71.9) 70 (65.4)

Unknown 4 (5.3) 4 (12.5) 8 (7.5)

Etiology of amputationa N = 61 N = 27 N = 88

Congenital 3 (11.5) 0 (0.0) >.99 3 (8.8)

Combat 24 (39.3) 11 (40.7) >.99 35 (39.8)

Accident 30 (49.2) 15 (44.4) .648 45 (51.1)

Burn 5 (8.2) 1 (3.7) .662 6 (6.8)

Cancer 4 (6.6) 1 (3.7) >.99 5 (5.7)

Diabetes 1 (1.5) 0 (0.0) >.99 1 (1.1)

Infection 8 (13.1) 4 (14.8) >.99 12 (13.6)

aEtiology of amputation: respondents could indicate multiple etiologies; however, 19 participants are missing all etiology data and 73 are missing data on congenital

etiology.
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compared to those without ipsilateral shoulder pain,
and for those with contralateral shoulder pain (35.9 vs
44.4, p < .001) compared to those without contralateral

shoulder pain. There were no significant differences
found in AM-ULA or MCS scores for those with and
without shoulder pain in bivariate analysis.

TAB LE 2 Shoulder pain prevalence and intensity by amputation level

WD/TR (N = 75) ED/TH (N = 32) All (N = 107)

N % N % χ2p Exact p N %

Shoulder pain prevalence

Ipsilateral 10 13.3 6 18.8 .472 .556 16 15.0

Contralateral 19 25.3 8 25.0 .971 >.99 27 25.2

Any shoulder pain 22 29.3 10 31.3 .843 .822 32 29.9

N Mean (SD) N Mean (SD) T-test p WMW p N Mean (SD)

Shoulder pain intensity

Ipsilateral 10 5.1 (2.0) 5 4.6 (2.1) .662 .506 15 4.9 (2.0)

Missing 0 1 1

Contralateral 17 4.4 (2.0) 5 3.6 (2.1) .433 .533 22 4.2 (2.0)

Missing 2 3 5

Abbreviations: ED, elbow disarticulation; TH, transhumeral; TR, transradial; WD, wrist disarticulation; WMW, wilcoxon mann-whitney.

F I GURE 1 Shoulder pain prevalence

by prosthesis type
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The results of the multivariable logistic regression
models of contralateral and ipsilateral shoulder pain
presence are shown in Table 4. The odds of reporting
contralateral shoulder pain were 1.06 times higher
(p = .02) for each additional year since amputation,
0.25 times lower (p = .049) for externally powered pros-
thesis users (compared to body powered), and 0.14
times lower (p = .01) for those with short residual limb
length (compared to “not short”). There were no

statistically significant predictors of ipsilateral shoulder
pain in the logistic regression model. Cox-Snell R2 of
models was 0.08 for ipsilateral shoulder pain and 0.22
for contralateral pain.

The results of multivariable linear regression models
examining predictors of outcome measure performance
are shown in Table 5. Presence of ipsilateral or contra-
lateral shoulder pain did not have a significant effect on
AM-ULA scores. On average, AM-ULA scores were

TAB LE 3 Comparison of disability, activity performance and HRQOL in participants with and without shoulder pain

Any shoulder pain Ipsilateral shoulder pain Contralateral shoulder pain

No (N = 75) Yes (N = 32) t-test No (N = 91) Yes (N = 16) t-test No (N = 80) Yes (N = 27) t-test
Mean (SD) Mean (SD) p Mn (sd) Mn (sd) p Mn (sd) Mn (sd) p

QuickDASH 26.1 (17.3) 38.5 (17.4) .001 28.4 (18.1) 37.2 (17.2) .073 26.5 (17.2) 39.7 (17.5) .001

AM-ULA 14.3 (5.9) 13.8 (6.3) .725 14.4 (6.1) 12.4 (5.1) .215 14.0 (6.0) 14.6 (6.1) .630

VR-12 PCS 44.8 (8.3) 36.4 (8.9) <.001 43.4 (8.9) 35.8 (8.9) .003 44.4 (8.3) 35.9 (9.3) <.001

VR-12 MCS 54.5 (11.6) 50.9 (13.0) .173 53.9 (12.2) 50.2 (11.1) .276 54.0 (11.8) 51.6 (12.8) .392

Abbreviations: AM-ULA, Activities Measure for Upper Limb Amputation; HRQOL, health-related quality of life; QuickDASH, Quick Version of the Disabilities of the

Arm, Shoulder and Hand Score; VR-12 MCS, Veterans RAND 12-Item Health Survey mental component summary; VR-12 PCS, Veterans RAND 12-Item Health

Survey physical component summary.

TAB LE 4 Logistic regression models of contralateral and ipsilateral shoulder pain (N = 99)

Contralateral shoulder pain Ipsilateral shoulder pain

OR (95% CI) p OR (95% CI) p

Intercept 3.58 (0.16, 78.38) .402 0.22 (0.02, 7.55) .499

Years since amputation 1.06 (1.01, 1.11) .017 1.00 (0.96, 1.04) .958

Age 0.95 (0.89, 1.01) .101 1.00 (0.95, 1.06) .893

Amputation level

Transradial (ref)

Transhumeral 1.31 (0.39, 4.35) .664 1.70 (0.45, 6.44) .432

Race

White (ref)

Black 0.94 (0.15, 5.95) .946 0.41 (0.04, 3.95) .441

Mixed/other 0.12 (0.01, 1.25) .077 0.31 (0.03, 2.91) .306

Prosthesis type

Body powered (ref)

Externally powered 0.25 (0.06, 0.99) .049 0.43 (0.11, 1.79) .248

Amputation etiology

Not combat/accident (ref)

Accident (not combat) 1.27 (0.14, 11.74) .833 0.76 (0.11, 5.40) .785

Combat 1.26 (0.13, 12.07) .840 0.18 (0.02, 1.97) .159

No data 0.81 (0.06, 10.12) .867 0.74 (0.08, 6.74) .790

Residual limb length

Short 0.14 (0.03, 0.65) .012 0.87 (0.19, 3.98) .860

Not short (ref)

Cox-Snell R2 0.22 0.08

Abbreviations: CI, confidence interval; OR, odds ratio.
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lower (worse) in participants with increased age
(β = �0.14, p = .005), transhumeral amputation
(β = �4.72, p < .001), externally powered prosthesis
use (β = �2.71, p = .03), and short residual limbs
(β = �3.91, p = .003). PCS scores were significantly
worse for those with contralateral shoulder pain
(β = �7.07, p = .008). Worse performance on the
QuickDASH was found in those with contralateral
shoulder pain (β = 18.25, p < .001). Linear regression
R2 values ranged from 0.14 to 0.33.

DISCUSSION

This study highlights shoulder pain as an important
condition in people with upper limb amputation who
use prosthetic limbs. The frequency of shoulder pain
in our study is higher than rates reported in the gen-
eral adult population, which ranges from 4% to 26%.
Although the overall shoulder pain frequency and
intensity are consistent with prior studies in people
with upper limb amputation,9-11 our investigation adds
to the existing literature by identifying a higher fre-
quency of pain in the shoulder opposite from the
amputation and that shoulder pain of moderate inten-
sity is present even many years after amputation. Our
finding of greater frequency of shoulder pain contralat-
eral to the amputation especially in those using body-
powered prostheses may be explained, in part, by the
fact that our population consisted mostly of people
with acquired amputations, all of whom used an active
prosthesis type. In contrast, prior studies that reported
similar or greater rates of shoulder pain in the ipsilat-
eral shoulder were conducted with samples that were
predominantly individuals with congenital limb defi-
ciency including those with finger or hand deficiencies,
the majority of whom did not use prosthetic limbs.24,25

Most body-powered prostheses use harness systems
that require specific compensatory movements to be
performed in the contralateral shoulder for prosthetic
limb control and these compensatory movements are
typically not similarly performed in those not using a
prosthesis.

It is possible that the higher frequency of pain in the
contralateral shoulder is related to both the compensa-
tory strategies that are used by prosthesis users as well
as the heavy reliance on the nonamputated upper
extremity for heavy lifting and carrying activities. This
concept is supported by our finding that myoelectric
users had lower odds for having contralateral pain than
body-powered users. Individuals who use body-
powered prosthesis control strategies involve both
shoulders, whereas externally powered users do not
involve the contralateral limb in prosthesis control. This
finding alerts clinicians and upper limb amputation
prosthesis users to the importance of shoulder joint pro-
tection strategies on the side opposite of the

amputation when performing activities both with and
without the prosthesis.10,11,14

One of the strengths of our study is that it offers an
opportunity to better understand the relationship
between time since amputation and shoulder pain.
Prior studies that found no correlation between shoul-
der pain and time since amputation examined mixed
populations with both congenital limb deficiency and
acquired limb amputation,10,21 and only 25% of the par-
ticipants in the study by Burger et al were active pros-
thesis users.10 Another study addressing time since
amputation by Hanley et al did not specifically address
shoulder pain and participants had an average time
since amputation of 7.0 years, as compared to our pop-
ulation with a mean time since amputation of
23.4 years.11 Our study found the frequency of both
any and contralateral shoulder pain was at least twice
as high in those who were more than 20 years past
amputation. Our study findings support the concept that
the compensatory movements used to operate pros-
thetic limbs have cumulative effects over time.9-11,14

Our research found significant increases in contralat-
eral shoulder pain prevalence over time with a 5%
increased odds of contralateral shoulder pain for every
year following amputation. This finding suggests that
the cumulative effects on shoulder pain are greater in
the contralateral shoulder.

Consistent with prior investigations, this study found
no significant differences in shoulder pain frequency in
those with transhumeral level amputation compared to
the transradial level.21-25 This suggests that although
people with different amputation levels may use unique
compensatory strategies for prosthesis use and com-
pletion on activities of daily living, all types of compen-
satory movements likely contribute to shoulder girdle
and/or rotator cuff overuse syndromes and the develop-
ment of chronically painful conditions. This finding also
helps to inform clinicians that strategies to prevent and
manage shoulder pain are important in all patients with
major upper limb amputation who use prostheses,
regardless of amputation level. Our finding that those
with shorter residual limbs experienced less contralat-
eral shoulder pain is of unclear significance as it might
be anticipated that those with shorter residual limbs
would require greater compensatory movements for
prosthesis control and subsequently have a stronger
association with contralateral shoulder pain. However,
it is possible that those with shorter residual limbs actu-
ally had lower prosthesis use intensity over the long
term, which could reduce the risk of contralateral shoul-
der pain. In this study, those with shorter residual limbs
had worse functional performance as measured by the
AM-ULA, which suggests that shorter residual limbs
make it more difficult complete functional tasks while
using the prosthesis. It is also possible that those with
shorter residual limbs have a greater reliance on the
nonamputated limb for activity performance, given that
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items on the AM-ULA are scored lower if the prosthesis
is used passively or not at all.27

Although not statistically significant across all
domains, our study indicates that shoulder pain in the
moderate intensity range is associated with functional
performance and HRQOL outcomes in long-term upper
limb prosthesis users. Our study specifically found a
negative correlation coefficient between contralateral
shoulder pain and measures of upper limb disability
and the physical component of HRQOL. To our knowl-
edge, this finding has not been previously reported.
The finding that pain in the contralateral shoulder was
associated with worse function as measured by the
QuickDASH and worse physical HRQOL as measured
by the PCS supports the assertion that people with
upper limb amputation rely upon the nonamputated
limb and that focused prevention strategies are critical.
The lack of association between shoulder pain and
activity performance as measured by the AM-ULA sug-
gests that either the pain was not severe enough to
interfere with functional performance or that individuals
were able compensate for the pain to maintain their
functional performance.

Conclusions based on our study findings are limited
in several respects. Some subgroups (such as myo-
electric users) are small, which may have limited our
ability to detect statistically significant differences with
small or moderate effect sizes. For t-tests comparing
groups with and without “any shoulder pain,” we had
80% power at alpha = .05 significance to detect effect
sizes ≥0.597 or more. Whereas we had 80% power to
detect effect sizes ≥0.767 for groups with and without
ipsilateral shoulder pain and an effect size ≥0.629 for
groups with and without contralateral shoulder pain.
Our identification and measurement of shoulder pain
were based on a one-time visit and may not accurately
reflect the frequency, intensity, and impact of this condi-
tion over a longer time period. We did not collect data
on the status of the shoulder before amputation and we
have no data to determine whether the initial traumatic
injury involved damage to either shoulder. It is possible
that variations in shoulder pain etiology, additional life-
style, and/or occupation-related factors not explored in
this study contributed to shoulder pain and confounded
our results. Our results should be interpreted cautiously
given that our study did not collect additional diagnostic
data (physical examination finding or radiographic stud-
ies) that may have been able to further elucidate the
shoulder pain etiology. Given that our sample consisted
primarily of male veterans who were long-term prosthesis
users, our findings may not be generalizable to other
cohorts of people (eg, nonveterans, those with more
recent amputation). Our sample was limited to unilateral
amputees with limb loss distal to the shoulder joint. Future
research to build upon our findings should consider the
study of larger samples, the collection of more detailed
employment and activity data, the incorporation of

additional diagnostic evaluations, and examination of the
potential impact of prevention strategies on pain and func-
tional performance. Additional research detailing the influ-
ence of prosthesis characteristics such as weight,
terminal device type, and suspension strategy is also
recommended.

CONCLUSION

Shoulder pain was found to be a common condition
associated with functional and quality of life implications
in our sample of mainly male veterans with major upper
limb amputation who use a prosthesis. The shoulder
contralateral to the amputation was found to be at
greatest risk, especially in those with a longer time since
amputation and who were body-powered prosthesis
users. No association was found between shoulder pain
and level of amputation. These findings emphasize the
potential cumulative effects of prosthesis use and the
importance of lifelong prevention strategies for the shoul-
der opposite from the amputation. These findings may
not generalize to others with upper limb amputation who
do not use prostheses, nonveteran populations, or those
with different demographic characteristics.
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