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Abstract

Objective—To determine relationships between pain site(s) and pain intensity/interference in 

people with lower limb amputations.

Design—Cross-sectional survey.

Setting—Community.

Participants—Lower limb prosthesis users with unilateral or bilateral amputations (n=1296, 

mean time since amputation = 14.1 years).

Intervention—Not applicable.

Main Outcome Measures—Patient-Reported Outcomes Measurement Information System 

(PROMIS) Pain Intensity (1-item to assess average pain), PROMIS Pain Interference (4-item short 

form to assess the consequences of pain in desired activities), and questions that asked participants 

to rate the extent to which each of the following were a problem: residual limb pain, phantom limb 

pain, knee pain on the non-amputated side, back pain, and shoulder pain.

Results—Nearly three-quarters of participants (72.1%) reported problematic pain in one or more 

of the listed sites. Problematic phantom limb, back, and residual limb pain were reported by 

48.1%, 39.2%, and 35.1% of participants, respectively. Knee pain and shoulder pain were less 

commonly identified as problems (27.9% and 21.7%, respectively). Participants also reported 

significantly (p<.0001) higher pain interference (T score=54.7, SD=9.0) than the normative sample 

based on the U.S. population (T score=50.0, SD=10.0). Participants with lower limb amputations 

rated their pain intensity on average at 3.3 (SD=2.4) on a 0–10 scale. Pain interference (rho=.564, 

p<.0001) and intensity (rho=.603, p<.0001) were positively and significantly correlated with 

number of pain sites reported.
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Conclusion—Problematic pain symptoms, especially residual limb, phantom limb, and back 

pain, affect the majority of prosthetic limb users and have the potential to greatly restrict 

participation in life activities.
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shoulder

Introduction

Pain is extremely common in people with lower limb amputation (LLA). Up to 90% of 

people report persistent pain following amputation, including phantom limb pain (PLP) and 

residual limb pain (RLP).1–3 PLP refers to pain experienced in the missing limb.4 

Approximately 58–79% of people with LLA experience some degree of PLP.1–3, 5 In 

contrast, RLP is felt in the remaining limb and is often related to issues such as prosthetic 

socket pressure, skin abrasions, infections, adherent scars, neuromas, or bone spurs.4 RLP 

occurs in 61–76% of people with LLA.1–3, 5

Back, contralateral limb, and shoulder pain are also common,1–3, 6, 7 affecting up to 71%,2 

50%,3 and 31%1 of people with LLA, respectively. Pain in these sites can result from 

compensatory strategies adopted when using a prosthesis.8–11 While the prevalence of PLP 

and RLP decreases12 or remains relatively stable over time,2, 3 a study of 812 people with 

LLA found that intensity and bothersomeness of back pain and contralateral limb pain 

increase with time.3 In addition, back pain has been reported to interfere with life activities 

(i.e., pain interference) more than amputation-related pain.13

Understanding pain characteristics and predictors in people with amputation is important 

because pain can be associated with poor rehabilitation outcomes. For example, people with 

PLP and RLP have reported poorer acceptance of the prosthesis and more prosthesis-related 

restrictions than people without pain.14 Similarly, 54% of older veterans with LLA reported 

that pain-related concerns are a barrier to engagement in physical activity.15 Another study 

found that back pain, RLP, and PLP all contribute to pain-related disability.16 In addition, 

risk for depression increases in those with chronic back, contralateral, phantom, and residual 

limb pain.3

Previous studies have reported pain experiences in people with LLA,1–3 but focused 

primarily on pain prevalence and predictors. Less is known about the relationship between 

sources of problematic pain and the degree of pain interference and pain intensity 

experienced. In addition, prior studies1, 3, 6 included prosthesis users and non-users, so 

results may not characterize pain in the context of prosthesis use. The purpose of this study 

was to determine the contributions of pain from five sites to individuals’ reported pain 

interference and intensity. We hypothesized that pain from all sites would contribute to both 

pain intensity and interference. Further, we hypothesized that back and residual limb pain 

would have the strongest relationships with pain interference and intensity because these 

sites have been identified as worst1 or most interfering13 in previous literature.
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Methods

This study was an analysis of cross-sectional data collected between 2011–2014 for 

development of the Prosthetic Limb User’s Survey of Mobility (PLUS-M), a self-report 

measure of prosthetic mobility.17 Recruitment for the original study was targeted to identify 

individuals with specific characteristics; 250 people with transtibial amputation from 

trauma, transtibial amputation from dysvascular causes, transfemoral amputation from 

trauma, transfemoral amputation from dysvascular causes, and bilateral amputation were 

sought.

Participants

Eligibility criteria included: (1) age of 18 years or older, (2) unilateral or bilateral 

amputation below the hip and at or above the ankle, (3) regular use of a prosthesis to walk, 

and (4) the ability to read, write, and understand English. People with upper limb 

amputations were excluded. Procedures were approved by a University of Washington 

Institutional Review Board. All participants were provided an information statement prior to 

participation.

Procedure

Magazine advertisements, mailings, internet postings, and flyers in private and institutional 

clinics across the U.S. directed people with LLA to the study website. Interested individuals 

either completed an electronic survey or contacted study investigators for a paper survey. 

Individuals who chose the electronic survey were directed to the Assessment Center 

(Northwestern University, Chicago).18 Participants who requested a paper survey were 

mailed a survey and return envelope. Paper surveys were double-entered to minimize data 

entry errors.19 All surveys were assessed for completeness and consistency; participants 

were contacted to resolve missing data and/or potentially invalid responses.

Survey

Participants completed a survey of standardized outcome measures and health questions, 

including measures of pain intensity, pain interference, and pain sites. Pain intensity (1-item) 

and pain interference (4-item) were measured with the Patient-Reported Outcomes 

Measurement Information System 29-item profile (PROMIS-29) v1.0 (www.nihpromis.org), 

a valid and reliable measure of health-related quality of life.20, 21 PROMIS instruments, with 

the exception of pain intensity, provide scores on the T-score metric with a mean of 50 and 

SD of 10. Normative scores for PROMIS-29 instruments are based on samples 

representative of the U.S. general population. A higher score indicates higher levels of the 

measured trait. Thus, a higher score of pain interference indicates more consequences of 

pain on participation in desired activities. Pain interference items asked how much pain 

interfered with day-to-day activities, work around the home, participation in social activities, 

and household chores over the past seven days. Pain intensity had respondents rate their 

average pain over the past seven days from 0–10 (i.e., from no pain to the worst imaginable 

pain). PROMIS depression and anxiety scores were included in the regression model as 

potential covariates.22, 23

Morgan et al. Page 3

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Participants also rated the extent to which five different pain sites were a problem using a 

five-option scale from “not at all” to “very much”. Pain sites (i.e., residual limb, phantom 

limb, knee, back, and shoulder) were chosen by clinical investigators as most relevant to the 

health experience of people with LLA. Pain at these sites was characterized as “problematic” 

if the respondent indicated “somewhat,” “quite a bit,” or “very much.” Sites were 

characterized as “non-problematic” if the respondent indicated “not at all” or “a little bit.” 

Participants also answered demographic and clinical questions.

Analysis

Demographic and clinical characteristics were summarized using descriptive statistics. Mean 

pain interference T-scores and pain intensity scores were calculated for the sample as a 

whole, and for subgroups based on amputation etiology and age. A one sample median test 

was performed to test whether the pain interference T-score for the whole sample was 

different from the PROMIS norm of 50. Spearman correlations were used to determine the 

relationship between the number of problematic pain sites and PROMIS pain interference T-

scores/pain intensity ratings. Kruskal Wallis tests were used to assess differences in pain 

interference T-scores and pain ratings grouped by number of problematic pain sites. Two 

multiple linear regression models were conducted to look at factors related to pain 

interference and pain intensity scores. Twenty-one independent variables that were 

hypothesized to have a relationship with pain were selected and entered into each model. 

Age, years since amputation, hours of prosthetic use, body mass index (BMI), and PROMIS 

depression and anxiety T-scores were entered as continuous variables. Number of comorbid 

conditions was entered as an ordinal variable. Sex, income, education, employment 

disability status, amputation level, amputation etiology, number of affected limbs, and pain 

sources were entered as binary variables. Tests were conducted to verify that data met 

assumptions and data were examined for unusual and influential observations. The level of 

significance was set at α=.05. All analyses were conducted using SAS software v9.3 (SAS 

Institute, Cary, NC).

Results

Participants

1250 electronic surveys were started and 200 paper surveys were mailed. Of those, 1134 

electronic surveys and 162 paper surveys were completed for a total sample of 1296 people 

with unilateral (n=1090) or bilateral (n=206) LLA (Table 1). The majority of the sample was 

male (70.1%), non-Hispanic white (79.8%), and reported a mean age of 54.4 (SD=13.7) 

years. Approximately two-thirds of the sample (64.7%) had amputation(s) at the transtibial 

level and just under half (42.3%) had amputation(s) as a result of dysvascular causes. 

Participants in the sample were an average of 12.2 (SD=14.1) years post-amputation and 

used their prosthesis an average of 12.3 (SD=4.1) hours a day. 61.7% of the sample had one 

or more co-morbid health conditions, with 35.3% reporting diagnosis of diabetes. Average 

PROMIS depression and anxiety T-scores for the sample (49.2 and 49.3, respectively) were 

similar to the U.S. general population.
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Self-reported pain

Nearly three-quarters (72.1%) of the sample reported problematic pain in one or more sites 

(Table 2). Almost half (48.1%) of the sample reported problematic PLP, and over one-third 

reported problematic back pain (39.2%) or RLP (35.1%). Knee pain (27.9%) and shoulder 

pain (21.7%) were less commonly problematic. As a group, study participants reported 

significantly (p<.0001) higher pain interference (T score=54.7, SD=9.0) than the U.S. 

normative sample. Average pain intensity was 3.3 (SD=2.4) on a 0–10 scale. Tables 3 and 4 

present pain data by amputation level and etiology. Data on pain sites was missing for <9% 

of participants, resulting in a smaller sample (n=1174) in regression models compared to the 

total sample. Pain interference (rho=.564, p<.0001) and intensity (rho=.603, p<.0001) were 

positively and significantly correlated with number of pain sites reported. As the number of 

pain sites increased, mean pain interference scores increased from 48.1 for no sites reported 

up to 64.3 for those who endorsed all sites as problematic (chi-square=416.3, p<.0001; see 

Figure 1). Average pain intensity likewise increased from 1.6 for zero problematic pain sites 

to 6.2 for those who reported pain from all sites (chi-square=473.9, p<.0001).

Unusual and influential data

Data for four participants in the pain interference model and six participants in the pain 

intensity model were flagged as unusual and potentially influential based on leverage, 

Cook’s Distance,24 studentized residuals, and DFITS criteria24–26 and were removed from 

analysis.

Association between pain interference and pain sites

The full model accounted for 48% of the variance in pain interference scores (Table 5; 

adjusted R2=.48, p<.0001). After adjusting for covariates, four of the five pain sites (back, 

residual limb, knee, and phantom limb) were significantly associated with pain interference. 

The strongest relationship with pain interference was back pain (β=0.18, p<.0001), followed 

by depression (β=0.18, p<.0001), and RLP (β=0.16, p<.0001). More anxiety (β=0.10, p=.

0034) was also associated with more pain interference. Fewer hours of prosthetic use were 

also significantly associated with more pain interference (β=−0.14, p<.0001).

Association between pain intensity and potential pain sites

The full model accounted for 49% of the variance in pain intensity scores (Table 6; adjusted 

R2=.49, p<.0001). Pain intensity was significantly associated with all five pain sites (residual 

limb, back, phantom limb, knee, and shoulder). The strongest relationship with pain 

intensity was RLP (β=0.22, p<.0001), followed by back pain (β=0.18, p<.0001) and fewer 

hours of prosthetic use (β= −0.12, p<.0001). More depression (β=0.10, p=.0026) and anxiety 

(β=0.10, p=.0033) were also associated with more pain interference.

Discussion

The purpose of this study was to evaluate pain interference and pain intensity in people with 

LLA who use prosthetic limbs. Results demonstrate that, on average, people with LLA 

experience pain that interferes with life activities to a greater extent than people without 

amputation. This finding is likely because people with amputation commonly report pain in 
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the years following amputation.1–3, 6–8 In addition, most people with LLA experience pain 

from at least one source that can be directly (e.g., RLP) or indirectly (e.g., back pain) related 

to their amputation. Consistent with our hypotheses, most pain sites directly contributed to 

pain interference and pain intensity, with back and residual limb pain exhibiting the 

strongest relationships. These results reinforce findings from previous work assessing pain 

in people with amputation1–3, 6 and add to prior research by focusing exclusively on 

prosthesis users, who may have different experiences with pain than non-users. Results from 

our study indicate that pain is a problem for a high percentage (72.1%) of prosthesis users.

Additionally, this study examined relationships between sites of problematic pain (e.g., back 

pain, PLP) and measures of pain interference and intensity. Problematic pain most 

frequently experienced by prosthesis users was derived from the phantom limb (48.1%), 

back (39.2%), and residual limb (35.1%). Current study results suggest that pain was less 

common in our sample than in previous studies, where phantom limb, back, and residual 

limb pain were present in 67–76%, 52–71%, and 63–79% of the samples, respectively.1–3, 6 

Discrepancies in the prevalence of pain between this study sample and those in prior studies 

could be due to variations in the questions used to solicit pain experiences from participants. 

For example, Ephraim and colleagues assessed the frequency of painful sensations.3 In 

contrast, the current study assessed how problematic painful sensations were. Further, 

differences in how investigators chose to categorize pain may affect each study’s results. 

Borsje and colleagues described the effect of cut off points on phantom limb pain 

prevalence, which ranged between 7–72% depending on their definition of “absent” and 

“present” phantom limb pain. Results from this work suggested that the wide range of 

numbers presented in the literature may be due, in part, to cut offs used by study 

investigators.27 In the current study, we chose to report “problematic pain,” which we 

defined as pain that was “somewhat”, “quite a bit”, or “very much” a problem. Another 

approach to reporting painful sensations would have been to dichotomize pain as “present” 

for those that identified their pain as “a little bit” problematic or higher and “not present” for 

those choosing “not at all” problematic. With this approach, experiences of phantom limb 

pain increased from 48.1% to 81.7%, back pain increased from 39.2% to 70%, and residual 

limb pain increased from 35.1% to 74.8%. Thus, it is likely that questions used to assess 

painful experiences and/or the cut-points used by investigators to classify experiences as 

“painful,” affected the results presented across studies.

Another consideration when examining discrepancies in reported pain in people with LLA is 

differences in samples. In the current study, we assessed pain in people who regularly use a 

prosthesis to walk whereas other studies1,3,6 recruited samples with LLA who were both 

prosthesis users and non-users. Given the relatively small proportion of non-users in 

previous samples (~20%),1,3,6 it is unlikely that their inclusion in other studies is the sole 

reason for the large discrepancy in pain experiences across studies. However, it is possible 

that people who regularly use prostheses to walk are able to do so, in part, because they do 

not experience pain to the same degree as non-users.

Problematic back pain and RLP were main factors that positively correlated with pain 

interference and intensity scores. The finding is unsurprising given that back pain and RLP 

were common, both in the current study and in previous studies.1–3,6 However, even though 
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a high percentage of the sample experienced problematic PLP, it was not a main factor in 

either pain interference or intensity scores. Marshall and colleagues found that while back, 

residual limb, and phantom limb pain together accounted for 20% of the variation in pain-

related disability, PLP alone had uniquely accounted for only 2% of the variation.16 

Similarly, Ehde and colleagues found that many people with PLP did not find it to be as 

disabling as other types of pain, including RLP.1

Because our sample was limited to prosthesis users, it was important to evaluate the 

relationship between prosthesis use and pain. On average, people in our sample used 

prosthetic limb(s) 12.3 hours per day. While some pain, especially RLP and back pain, may 

be a result of prosthesis use, the current study found that higher prosthesis use correlated 

with lower pain intensity and interference scores. This negative relationship may indicate 

that experiences of pain limit individuals’ use of their prostheses. Thus, addressing the root 

cause of pain is paramount to increasing daily prosthesis use. Another interpretation of this 

data is that use of a prosthesis reduces pain in people with LLA. A study of people with 

upper limb amputation found that use of functional myoelectric prostheses reduced PLP.28 

Although the exact mechanisms of pain reduction may differ between upper and lower limb 

prosthesis users, it is possible that overall increased physical activity, fitness, or residual 

limb muscle activity reduce pain experienced by the user.

Finally, there appears to be a cumulative effect of pain sites on overall measures of pain 

interference and intensity. Pain interference and intensity significantly and positively 

correlated with number of problematic pain sites. Furthermore, those who indicated 

problematic pain at two or more sites reported clinically significant29 pain interference 

scores that were 0.63 to 1.43 SDs higher than the U.S. general population norm. This finding 

indicates that multiple pain sites need to be evaluated and treated by clinicians working with 

people who have LLA. While the treatment of some types of pain may require medication, 

other pain sites may require modifications to the prosthesis. Addressing pain at each 

individual site may reduce the overall intensity of painful experiences and decrease the 

extent to which pain interferes in prosthesis users’ lives.

Limitations

This study was cross-sectional, which precludes the ability to draw causal links between 

pain interference/intensity and pain sites. In addition, participants were not randomly 

sampled, and the sample had a smaller proportion of people with amputation from 

dysvascular causes (42.3%) than is estimated in the U.S. LLA population (about 80%).30 

Thus, results from this study may not be generalizable to all people with amputation.

Items used to assess pain sites asked respondents to rate the extent to which different types 

of pain were a problem, a term that has not been used to assess pain in people with 

amputation.

The ad hoc questions included in the survey were not subjected to cognitive interviews,31 

and may have been interpreted differently among participants. Future work is needed to 

assess how people with amputation interpret the question of “how much of a problem” they 

have with pain sites. We also did not ask about the frequency or intensity of individual pain 
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experiences, which provides information about the nature of a person’s pain experience and 

limits comparison to previous research.1,2,6,16 Finally, the survey did not include questions 

pertaining to pain medication. Use of pain medications may affect pain intensity, 

interference, or the extent to which participants perceive their pain as problematic. Future 

research should inquire about pain medication when assessing pain in people with 

amputation.

Conclusions

Problematic pain is common in prosthetic limb users and has the potential to impact 

participation in life activities. The number of pain sites appears to have a cumulative effect 

on pain intensity and interference. Health providers working with people with LLA should 

assess and manage pain from multiple sites to improve clinical outcomes.

Acknowledgments

Funding/Support: This research is supported by the National Center for Medical Rehabilitation Research 
(NCMRR), National Institute of Child and Human Development of the National Institutes of Health (NIH grant 
number HD-065340). The content is solely the responsibility of the authors and does not necessarily represent the 
official views of the National Institutes of Health.

References

1. Ehde DM, Czerniecki JM, Smith DG, et al. Chronic phantom sensations, phantom pain, residual 
limb pain, and other regional pain after lower limb amputation. Arch Phys Med Rehabil. 2000; 
81:1039–1044. [PubMed: 10943752] 

2. Smith DG, Ehde DM, Legro MW, Reiber GE, del Aguila M, Boone DA. Phantom limb, residual 
limb, and back pain after lower extremity amputations. Clin Orthop Relat R. 1999:29–38.

3. Ephraim PL, Wegener ST, MacKenzie EJ, Dillingham TR, Pezzin LE. Phantom pain, residual limb 
pain, and back pain in amputees: results of a national survey. Arch Phys Med Rehabil. 2005; 
86:1910–1919. [PubMed: 16213230] 

4. Uustal H, Meier RH 3rd. Pain issues and treatment of the person with an amputation. Phys Med 
Rehabil Clin N Am. 2014; 25:45–52. [PubMed: 24287239] 

5. Buchheit T, Van de Ven T, John Hsia HL, et al. Pain Phenotypes and Associated Clinical Risk 
Factors Following Traumatic Amputation: Results from Veterans Integrated Pain Evaluation 
Research (VIPER). Pain Med. 2015; doi: 10.1111/pme.12848

6. Ehde DM, Smith DG, Czerniecki JM, Campbell KM, Malchow DM, Robinson LR. Back pain as a 
secondary disability in persons with lower limb amputations. Arch Phys Med Rehabil. 2001; 
82:731–734. [PubMed: 11387575] 

7. Norvell DC, Czerniecki JM, Reiber GE, Maynard C, Pecoraro JA, Weiss NS. The prevalence of 
knee pain and symptomatic knee osteoarthritis among veteran traumatic amputees and 
nonamputees. Arch Phys Med Rehabil. 2005; 86:487–493. [PubMed: 15759233] 

8. Gailey R, Allen K, Castles J, Kucharik J, Roeder M. Review of secondary physical conditions 
associated with lower-limb amputation and long-term prosthesis use. J Rehabil Res Dev. 2008; 
45:15–29. [PubMed: 18566923] 

9. Gaffney BM, Murray AM, Christiansen CL, Davidson BS. Identification of trunk and pelvis 
movement compensations in patients with transtibial amputation using angular momentum 
separation. Gait Posture. 2016; 45:151–156. [PubMed: 26979898] 

10. Hendershot BD, Wolf EJ. Persons with unilateral transfemoral amputation have altered 
lumbosacral kinetics during sitting and standing movements. Gait Posture. 2015; 42:204–209. 
[PubMed: 26050872] 

Morgan et al. Page 8

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Morgenroth DC, Orendurff MS, Shakir A, Segal A, Shofer J, Czerniecki JM. The Relationship 
Between Lumbar Spine Kinematics during Gait and Low-Back Pain in Transfemoral Amputees. 
Am J Phys Med Rehabil. 2010; 89:635–643. [PubMed: 20647781] 

12. Bosmans JC, Geertzen JH, Post WJ, van der Schans CP, Dijkstra PU. Factors associated with 
phantom limb pain: a 31/2-year prospective study. Clin Rehabil. 2010; 24:444–453. [PubMed: 
20442256] 

13. Jensen MP, Smith DG, Ehde DM, Robinsin LR. Pain site and the effects of amputation pain: 
further clarification of the meaning of mild, moderate, and severe pain. Pain. 2001; 91:317–322. 
[PubMed: 11275389] 

14. Desmond D, Gallagher P, Henderson-Slater D, Chatfield R. Pain and psychosocial adjustment to 
lower limb amputation amongst prosthesis users. Prosthet Orthot Int. 2008; 32:244–252. [PubMed: 
18569892] 

15. Littman AJ, Boyko EJ, Thompson ML, Haselkorn JK, Sangeorzan BJ, Arterburn DE. Physical 
activity barriers and enablers in older Veterans with lower-limb amputation. J Rehabil Res Dev. 
2014; 51:895–906. [PubMed: 25356624] 

16. Marshall HM, Jensen MP, Ehde DM, Campbell KM. Pain site and impairment in individuals with 
amputation pain. Arch Phys Med Rehabil. 2002; 83:1116–1119. [PubMed: 12161833] 

17. Amtmann D, Abrahamson D, Morgan S, et al. The PLUS-M: item bank of mobility for prosthetic 
limb users. Qual Life Res. 2014; 23:39–40. [PubMed: 23754685] 

18. Gershon R, Rothrock NE, Hanrahan RT, Jansky LJ, Harniss M, Riley W. The development of a 
clinical outcomes survey research application: Assessment Center. Qual Life Res. 2010; 19:677–
685. [PubMed: 20306332] 

19. Paulsen A, Overgaard S, Lauritsen JM. Quality of data entry using single entry, double entry and 
automated forms processing--an example based on a study of patient-reported outcomes. PloS 
One. 2012; 7:e35087. [PubMed: 22493733] 

20. Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes Measurement Information 
System (PROMIS) developed and tested its first wave of adult self-reported health outcome item 
banks: 2005–2008. J Clin Epidemiol. 2010; 63:1179–1194. [PubMed: 20685078] 

21. Amtmann D, Cook KF, Jensen MP, et al. Development of a PROMIS item bank to measure pain 
interference. Pain. 2010; 150:173–182. [PubMed: 20554116] 

22. Bair MJ, Robinson RL, Katon W, Kroenke K. Depression and pain comorbidity: a literature review. 
Archives Intern Med. 2003; 163:2433–2445.

23. Kroenke K, Outcalt S, Krebs E, et al. Association between anxiety, health-related quality of life 
and functional impairment in primary care patients with chronic pain. Gen Hosp Psychiat. 2013; 
35:359–365.

24. Cook RD. Detection of Influential Observation in Linear Regression. Technometrics. 1977; 19:15–
18.

25. Belsley, DA.; Kuh, E.; Welsch, RE. Regression diagnostics: Identifying Influential Data and 
Sources of Collinearity. New York: John Wiley; 1980. 

26. Chatterjee S, Hadi AS. Influential observations, high leverage points, and outliers in linear 
regression. Stat Sci. 1986; 1:379–416.

27. Borsje S, Bosmans JC, van der Schans CP, Geertzen JH, Dijkstra PU. Phantom pain: a sensitivity 
analysis. Disabil Rehabil. 2004; 26:905–910. [PubMed: 15497920] 

28. Lotze M, Grodd W, Birbaumer N, Erb M, Huse E, Flor H. Does use of a myoelectric prosthesis 
prevent cortical reorganization and phantom limb pain? Nat Neurosci. 1999; 2:501–502. [PubMed: 
10448212] 

29. Farivar SS, Liu H, Hays RD. Half standard deviation estimate of the minimally important 
difference in HRQOL scores? Expert Rev Pharmacoecon Outcomes Res. 2004; 4:515–523. 
[PubMed: 19807545] 

30. Ziegler-Graham K, MacKenzie EJ, Ephraim PL, Travison TG, Brookmeyer R. Estimating the 
prevalence of limb loss in the United States: 2005 to 2050. Arch Phys Med Rehabil. 2008; 89:422–
429. [PubMed: 18295618] 

Morgan et al. Page 9

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Morgan SJ, Amtmann D, Abrahamson DC, Kajlich AJ, Hafner BJ. Use of cognitive interviews in 
the development of the PLUS-M item bank. Qual Life Res. 2014; 23:1767–1775. [PubMed: 
24442531] 

Morgan et al. Page 10

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Mean pain interference and pain intensity scores by number of problematic pain sites (*chi-

square=416.3, p<.0001; **chi-square=473.9, p<.0001).
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