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Shane R. Wurdeman, PhD, Phillip M. Stevens, MEd, and James H. Campbell, PhD

Downloaded from https://journals.lww.com/ajpmr by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3wX04VDhDA64KBbJdNNE7jcA2jEzHME1gfj7haa2IJQSBA1ESsPmbJQ== on 10/31/2018

Objective: The aim of the study was to determine the impact of comorbidities on mobility in patients with lower limb prostheses.
Design: Cohort database chart review was conducted to examine mobility in lower limb prosthesis users grouped according to comorbidities. Regression models were used to determine significant predictor comorbidities for mobility. General linear univariate models were implemented to
investigate differences in mobility among cohorts (N = 596).
Results: Patient age and history of stroke, peripheral vascular disease, and anxiety/panic disorders were predictors of decreased mobility. After
adjusting for covariates, the differences in mobility reported by patients older than 65 yrs was compared with those younger than 65 yrs; in
addition, we compared those with a history of peripheral vascular disease with those without. The comparative analyses for both categories
did not satisfy the minimal clinically important difference. There were no significant differences when comparing overall comorbid health after
adjusting for covariates.
Conclusions: Clinicians should consider patient age and history of stroke, peripheral vascular disease, or anxiety/panic disorders when optimizing
a lower limb prosthesis users' mobility because these variables may be predictive of modest but clinically meaningful decreased prosthetic mobility. By contrast, common comorbid health conditions such as arthritis, chronic obstructive pulmonary disease, congestive heart failure, and
diabetes do not seem predictive of decreased mobility among lower limb prosthesis users.
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he prevalence of lower limb amputation in the United
T
States continues to rise with a projected population of
3.6 million affected individuals by 2050, up from 1.6 million

in 2005.1 Accompanying the rise in patients with a lower limb
amputation is the need for improved resource allocation to assure that those patients who will benefit from prosthetic rehabilitation have access to proper prosthetic technologies and
appropriate care. Paramount to this is the identification and
characterization of patients with lower limb amputation
and their expected function with a lower limb prosthesis.
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Previous studies have investigated the impact of comorbidities and age for patients with lower limb prostheses.2–9
Comorbidities represent additional health aspects of individuals that may lend themselves to better identify potential successful prosthesis users. Improved identification of successful
prosthesis users could assure that resources that are expended
for prosthetic rehabilitation (e.g., rehabilitation professionals'
time, monetary costs of devices, caregiver and patient time
for travel to fittings and therapy appointments, etc.) are best allocated. In this way, individuals that would benefit from such resources are guaranteed access whereas those who would not
benefit from prosthetic rehabilitation could instead have a more
successful plan of care put implemented as a primary plan rather
than a fallback. However, some of these studies have limited their
investigation of mobility to a dichotomous fashion (e.g., reports
limited to the use or abandonment of a prosthesis7,8). The results
from such dichotomous investigations have shown phantom limb
pain does not hinder the ability to independently ambulate.7,8 In
the older patient (>60 yrs old), Hamamura et al.6 reported a significant difference between successful and unsuccessful prosthesis
users with regard to the number of comorbidities. That study, however, defined success based on the ability to ambulate more than
100 meters, a criterion that would categorize an entire Medicare
functional classification level of prosthesis users (i.e., Medicare
functional classification level K1) as “unsuccessful.”10 An alternate approach was adopted by Webster et al.9 who reported
on age and several other demographic variables in a cohort of
87 patients with lower limb amputation using hours of wear
time as a proxy for a range of successful prosthetic outcomes.
Other studies that have investigated comorbidities in patients with lower limb amputation using comorbidity indices such as the Charlson Index and Elixhauser Index
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(e.g., see references7–9). These indices were developed with an
emphasis on mortality and thus may not be best suited when
mortality is not being considered.11,12 By contrast, the Functional Comorbidity Index (FCI) was developed to investigate
the impact of comorbidities on a patient's function13 and as
such may be more relevant to an understanding of the relationship between comorbid health and expected mobility among
users of lower limb prostheses.
This study is the second within a series of studies designed
to investigate lower limb prosthesis user mobility.14 The purpose of this study was to (1) determine significant predictor comorbidities for mobility in the lower limb prosthesis user,
(2) determine the impact of any noted significant predictor comorbidities on mobility for the lower limb prosthesis user, and
(3) determine any difference in mobility with an increasing number of comorbidities. It was hypothesized that peripheral vascular
disease (PVD)1 and history of stroke15–18 would be significant
predictors and subsequently patients with these conditions would
have reduced mobility. It was further hypothesized that a patient's
mobility would decrease with increasing comorbidities.2

MATERIALS AND METHODS
Study Design
We performed a retrospective cohort study based on the
review of an outcomes database and associated demographic data
collected within multiple prosthetics clinics across the United
States spanning multiple regions including the Northwest,
Southwest, Rocky Mountains, Midwest, Southeast, Northeast,
and East. It was important to have representation covering the entire continental United States to minimize regional bias and influence. A convenience sample of the most recent 1000 patients seen
within a 1-yr time frame (April 1, 2016–May 1, 2017) at participating clinics was extracted for analysis. Importantly, as a standard practice, comorbidities were only reviewed with patients at
evaluation type appointments. Subsequently, it was expected that
only approximately 50% of the extracted patient charts would
have documented comorbidities attached to their outcomes,
achieving a sample size of 500 patients. For patients with multiple
mobility outcomes, only the highest mobility score was extracted
because this is considered to represent the patient's best mobility
to date given their comorbid health. This database review was approved and deemed exempt from patient consent by Western
Investigational Review Board (Protocol #20170059). This
study conforms to all STROBE guidelines and reports the required information accordingly (see Checklist, Supplemental
Digital Content 1, http://links.lww.com/PHM/A617).

Participants
Inclusion criteria were set as follows: (1) unilateral or bilateral lower limb amputation; (2) 18 yrs or older; (3) amputation
level of ankle disarticulation, transtibial, knee disarticulation,
or transfemoral; (4) presenting at a prosthetic clinic to initiate replacement of an existing prosthesis or obtain adjustments to an
existing prosthesis; and (5) have the ability to read and understand English or Spanish. Inclusion criteria were set by the established limitations of the Prosthetic Limb Users Survey
of Mobility (PLUS-M) outcomes instrument,19,20 limitations
of outcomes instrument language availability, and the nature
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of the convenience sampling from prosthetic clinics. Specifically, the PLUS-M is not validated for individuals that have
never used a prosthesis, and as such, these individuals were excluded. There were no restrictions with regard to prosthetic device or Medicare functional classification level. Individuals
were, however, excluded if they had incomplete outcomes
and/or comorbidities data.

Procedure
As part of the routine standard of care in participating
clinics, patients are asked to complete the 12-item PLUS-M.
The PLUS-M is a validated, objective patient-reported outcomes instrument, which reports on a patient's mobility.21–25
It is composed of 12 questions that ask a patient to rate their
level of difficulty in performing 12 various tasks with responses on a five-point ordinal scale. The response categories
were “unable to do,” “with much difficulty,” “with some difficulty,” “with a little difficulty,” and “without any difficulty.”26
Each of the 12 responses has a graded score and their sums comprise the raw score. The raw score is ultimately translated to a
T-Score, whereby a score of 50 represents the population average
and ± 10 points comprises one standard deviation above and below that mean. A higher score represents greater mobility. For
cases that were missing a response, the raw score and subsequent T-Score were calculated as outlined by the instrument developers.26 The PLUS-M has been validated and reported to
have good reliability with a minimal clinically important difference of greater than four points for the T-Score.22
At the start of an episode of care, initiating the procurement of a new prosthesis, socket, knee, or foot, clinicians review with the patient all comorbidities comprising the FCI
(Table 1),13 with exception of obesity, which is noted from patient height and weight. During the course of patient history
TABLE 1. Functional comorbidities index
● Arthritis (rheumatoid or osteoarthritis) (172)
● Osteoporosis (14)
● Asthma (25)
● COPD, ARDS, or emphysema (35)
● Angina (18)
● Congestive heart failure (or heart disease) (48)
● Heart attack (myocardial infarct) (48)
● Neurological disease (such as multiple sclerosis or Parkinson's) (9)
● Stroke or TIA (28)
● Peripheral vascular disease (157)
● Diabetes (types I and II) (288)
● Upper gastrointestinal disease (ulcer, hernia, reflux) (55)
● Depression (94)
● Anxiety or panic disorders (69)
● Visual impairment (such as cataracts, glaucoma, macular
degeneration) (78)
● Hearing impairment (very hard of hearing, even with hearing aids) (41)
● Degenerative disc disease (back disease, spinal stenosis, or
severe chronic back pain) (76)
● Obesity (BMI > 30) (341)
Those values in parentheses are the number of patients in this study.
ARDS, acute respiratory distress syndrome; COPD, chronic obstructive
pulmonary disease.
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taking, other health issues beyond the comorbidities included in
the FCI, hypertension, and hypercholesterolemia may be introduced by the patient but are not recorded in the outcomes database. Comorbidities included in the FCI were obtained through
patient, caregiver report, and when possible medical record, a
process similar to that used in the validation of the FCI.13 For
purposes of FCI, obesity is defined as a body mass index of
greater than 30.0. Body mass index was calculated using previously published algorithms based on patient height and weight accounting for specific missing anatomy.19,20 In addition, although
not included within the FCI, clinicians obtain patient history for
hypercholesterolemia and hypertension. Although hypercholesterolemia and hypertension were excluded from FCI calculation,
they were entered as separate variables within the regression
model along with the 18 comorbidities of the FCI and age. Importantly, examination of level of amputation and status of
unilateral or bilateral amputation were not considered comorbidities, thus were beyond the scope of this study, and
were excluded from the analysis.

Analysis- Significant Predictor Comorbidities
It was anticipated that it would be necessary to extract
1000 patients older than 18 yrs to afford at least a sample size
of 500 after exclusion of ineligible patients. Patients who did
not meet the inclusion/exclusion criteria were excluded, and any
patients who did not have either PLUS-M or comorbidities data
were also excluded. The PLUS-M T-Score for each person was
calculated from the highest raw score recorded for each individual
on the 12-item PLUS-M short form signifying the patient's
greatest mobility achieved given their comorbid health. A stepwise linear regression model was implemented with the 18 comorbidities identified within the FCI (Table 1), hypertension,
and hypercholesterolemia all entered as categorical predictors
along with a single continuous predictor, patient age, with a single
dependent variable for mobility (i.e., PLUS-M T-Score). For the regression model, a Bonferroni correction for multiple comparisons
was implemented for an adjusted α level of 0.05/21 = 0.0024.

To accomplish this analysis, all subjects were again divided
into cohorts, this time based on their FCI. Functional comorbidity
index was calculated by summing each factor comprising the
FCI with an equally weighted value of one.13 Individuals were
grouped into cohorts based on their summed FCI scores, with
the final cohort consisting of those individuals with FCI of
seven or higher to ensure that all groups retained a minimum
of 30 subjects. Functional comorbidity index cohorts were
compared using a general linear univariate model with Sidek
confidence level adjustment for post hoc comparisons following
significant main effect. Any significant predictor comorbidities
identified from the regression analysis were then entered as categorical covariates to remove any influence of these specific
comorbidities. This was done as the influence of specific predictor comorbidities was investigated separately as noted in
previous paragraph.

RESULTS
Participants
Of the most recent 1000 patients seen at clinics for which
outcomes were submitted, 596 were found to have verified
comorbidities data in their record as well as meeting outlined
inclusion/exclusion criteria (Table 2). Two individuals were
excluded because of their amputation level (hip disarticulation)
and the remaining 402 individuals were excluded because of
lack of verification of comorbidities. On average, individuals
were 10.5 ± 13.9 yrs after receipt of first prosthesis. Patient
mobility as assessed through the PLUS-M T-Score generally
followed a uniform, normal distribution consistent with the
PLUS-M design with a mean of 47.8 and standard deviation
of 11.7.

Significant Predictor Comorbidities
After stepwise linear regression, the significant predictor
variables were age, history of stroke, PVD, and anxiety/panic
disorders (R = 0.388; Table 3).

Analysis- Impact of Specific Comorbidities

Impact of Specific Comorbidities

Those comorbidities, which were identified as significant
predictors from the regression model, were then selected for further investigation. Individuals identifying the presence of the comorbidities that were found to be significant predictors were
grouped and then compared with individuals from the sample
who had no comorbidities and also with those individuals who
had comorbidities but not the specific condition being investigated. Group differences were tested under separate fixed-effects
general linear univariate models. When testing each significant
predictor, the other significant predictor comorbidities were
then entered into the model as covariates to parse out the influence of these factors. This was done because of high likelihood
of overlap of presence of multiple significant predictor comorbidities, allowing for investigation of each individual significant predictor while eliminating influence of the remaining
predictors in individuals with multiple comorbidities.

Based on the results of the regression model, the impact of
the predictor variables was further tested for differences in mobility via separate general linear univariate models with the
other three variables input as covariates to remove their effects.
When testing history of stroke, there was a significant main effect (F2,590 = 6.58, P = 0.001). Individuals with a history of
stroke had significantly reduced mobility (n = 28; estimated
marginal mean = 40.44; standard error of measurement
[SEM] = 2.09; 95% confidence interval [CI] = 36.33–44.55)
compared with individuals without any reported comorbidities
(n = 62; estimated marginal mean = 49.06; SEM = 1.44; 95%
CI = 46.23–51.89; P = 0.003) and individuals with reported
comorbidities except stroke (n = 506; estimated marginal
mean: 48.05; SEM: 0.48; 95% CI: 47.10, 49.00; P = 0.001).
This was after removing effects of age, history of PVD, and
history of anxiety/panic disorders.
For history of PVD, there was a significant main effect
(F2,590 = 7.03, P = 0.001). Individuals with a history of PVD
had significantly reduced mobility (n = 157; estimated marginal
mean = 44.89; SEM = 0.90; 95% CI = 43.13–46.66) compared

Analysis- Overall Comorbid Health
A separate analysis was then conducted to determine the
difference in mobility with an increasing number of comorbidities.
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20
8
63.0
11.4
31.2–84.5
174.7
11.7
149.9–195.6
87.8
21.5
52.2–133.8
21
2
2
1
0
2
0
15
8
5
0
1
3
1
0

46
16
48.6
17.5
18.7–87.0
175.4
10.4
147.3–195.6
73.9
14.5
42.6–112.5
3
22
7
9
5
3
13
40
20
2
0
0
1
1
0

337
113
55
6
3
34
10
2

243
114
56
14
18
28
33

95.0
24.0
42.2–207.3

175.5
11.3
121.9–208.3

58.6
13.7
19.4–95.2

382
124

No Comorbidities Stroke/TIA *Except Stroke/TIA

*Individuals who identified comorbidities with exception of the specific comorbidity.
AK, above-knee; BK, below-knee; KD, knee disarticulation.

Total patients included
596
Male
448
Female
148
Age, y
Mean
57.8
SD
14.4
Range
18.7–95.2
Height, cm
Mean
175.4
SD
11.2
Range
121.9–208.3
Mass, kg
Mean
92.5
SD
24.0
Range
42.2–207.3
Amputation etiology, n
Vascular disease/diabetes
267
Injury/trauma
138
Infection (without diabetes)
65
Cancer/tumor
24
Congenital/birth
23
Other
33
Unknown
46
Amputation level, n
BK/symes
393
AK/KD
141
Bilateral
62
AK-AK
6
AK-BK
4
BK-BK
38
BK-Symes
12
AK-Symes
2

All Patients

TABLE 2. Patient demographics

56.7
14.1
19.4–95.2

286
91

*Except PVD

106
25
26
2
3
15
4
2

136
7
8
1
0
5
0

96.7
26.7
42.2–207.3

246
96
34
4
1
22
7
0

128
109
50
14
18
25
33

93.7
22.7
49.0–174.2

175.7
175.3
10.9
11.5
125.9–198.1 121.9–208.3

64.0
10.8
25.2–91.2

116
41

PVD

Subgroups

40
21
8
1
1
6
0
0

28
19
5
3
3
7
4

91.7
26.2
45.4–174.6

173.5
12.7
132.1–195.6

51.8
13.5
19.7–79.9

42
27

Anxiety/
Panic

313
100
52
5
3
31
11
2

236
97
53
12
15
23
29

95.1
23.6
42.2–207.3

175.7
11.1
121.9–208.3

59.9
13.3
19.4–95.2

360
105

*Except Anxiety/Panic

50.8
11.1
18.7–65.0

309
99

Age < 65

121
49
18
0
2
10
5
1

109
30
17
8
0
12
12

272
92
44
6
2
28
7
1

158
108
48
16
23
21
34

87.8
94.6
22.0
24.6
42.2–174.6 42.6–207.3

173.7
176.2
10.5
11.5
134.6–203.2 121.9–208.3

73.1
6.8
65.0–95.2

139
49

Age ≥ 65
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TABLE 3. Stepwise regression results (dependent: PLUS-M T-Score)

(Constant)
Age
Stroke
PVD
Anxiety/panic disorder

B

SE

β

t

P

62.024
−0.213
−7.639
−3.903
−4.322

1.905
.032
2.141
1.057
1.412

−0.262
−0.138
−0.147
−0.118

32.562
−6.582
−3.568
−3.692
−3.060

<0.001
<0.001
<0.001
<0.001
0.002

with individuals without any reported comorbidities (n = 62; estimated marginal mean = 49.70; SEM = 1.43; 95% CI =
46.90–52.51; P = 0.017) and individuals with reported comorbidities except PVD (n = 377; estimated marginal
mean = 48.69; SEM = 0.56; 95% CI = 47.59–49.79;
P = 0.001). This was after removing effects of age, history
of stroke, and history of anxiety/panic disorders.
For history of anxiety/panic disorders, there was a significant main effect (F2,590 = 4.90, P = 0.008). Individuals with a history of anxiety/panic disorders had significantly reduced mobility
(n = 69; estimated marginal mean = 44.00; SEM = 1.33; 95%
CI = 41.39–46.60) compared with individuals without any reported comorbidities (n = 62; estimated marginal mean = 49.19;
SEM = 1.42; 95% CI = 46.39–52.98; P = 0.022) and individuals
with reported comorbidities except anxiety/panic disorders
(n = 465; estimated marginal mean = 48.17; SEM = 0.51; 95%
CI = 47.18–49.17; P = 0.011). This was after removing effects
of age, history of stroke, and history of PVD.
To further understand age, the total sample of 596 individuals was again divided into two cohorts with a cutoff of 65 yrs
based on Medicare guidelines. Individuals 65 yrs or older
had significantly reduced mobility (n = 188; estimated marginal mean = 45.27; SEM = 0.82; 95% CI = 43.65–46.88)
compared with individuals younger than 65 yrs (n = 408; estimated marginal mean = 48.96; SEM = 0.55; 95% CI =
47.87–50.05; P < 0.001).

TABLE 4. Functional comorbidity index cohorts comparisons - not
adjusted for covariates

Overall Comorbid Health
On average, the sample of 596 patients had an FCI of
2.68 ± 2.14 (range = 0–12). When comparing FCI cohorts
without any adjustments for covariates, there was a significant
difference for main effect (F7,588 = 5.932, P < 0.001), with multiple post hoc significant differences between groups (Table 4).
However, after adjusting for the identified covariates (i.e., age
and history of stroke, PVD, and anxiety/panic disorders), there
were no significant differences in PLUS-M T-Scores between
any of the groups (F7,584 = 0.430, P = 0.884) (Table 5, Fig. 1).

DISCUSSION
The continued increase in prevalence of lower limb amputation1 has created an increased need for a better understanding
of the implications of comorbid health on the mobility
achieved by those with lower limb amputation. Improved clinical standards of care that track outcomes and monitor patient
mobility in a quantified, objective manner are providing new
opportunities for further understanding of comorbid health in
patients with lower limb amputation. A regression model was
implemented to investigate the role of noted comorbidities
comprising the FCI as predictors for lower limb prosthesis users'
mobility. The patient's comorbid health was quantified using the
FCI, a comorbidity index developed specifically for looking at
the impact of comorbidities on a person's overall function.13
Our results showed age and histories of stroke, PVD, or anxiety/panic disorders are all significant predictor variables for modest but clinically meaningful declines lower limb prosthesis users'
mobility. When these four variables are removed from consideration, there was no significant differences between cohorts
without any comorbid health conditions (i.e., FCI: 0) and all
remaining cohorts with their increased prevalence of comorbid
health concerns (FCI: 1-FCI > 6).

Impact of Specific Comorbidities
There are certain comorbidities whose prevalence in lower
limb prosthesis users has subsequently lent themselves to perceptions of inherently compromised outcomes.2,6,20,27–29 In
TABLE 5. Functional comorbidity index cohorts comparisons after
covariate adjustments

95% CI for Mean
FCI

n

Mean

SE

Lower
Bound

Upper
Bound

Group Differences
(P < 0.05)

0
1
2
3
4
5
6
>6
Total

62
142
123
108
60
37
31
33
596

52.45
50.46
48.03
47.16
45.81
44.05
43.09
40.97
46.50

1.45
0.96
1.03
1.10
1.47
1.87
2.05
1.98
0.55

49.61
48.59
46.02
45.01
42.92
40.38
39.08
37.08
45.43

55.30
52.34
50.05
49.31
48.70
47.73
47.11
44.86
47.58

e, f, g, h
g, h
h
—
a
a
a, b
a, b, c

a, significantly different vs FCI: 0; b, significantly different vs FCI: 1; c, significantly different vs FCI: 2; d, significantly different vs FCI: 3; e, significantly different vs FCI: 4; f, significantly different vs FCI: 5; g, significantly different vs
FCI: 6; h, significantly different vs FCI > 6.
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95% CI for Mean
FCI

n

Estimated
Marginal Mean

SE

Lower
Bound

Upper
Bound

0
1
2
3
4
5
6
>6
Total

62
142
123
108
60
37
31
33
596

48.99
48.43
47.66
48.12
47.34
47.14
45.13
46.34
47.39

1.47
0.97
0.99
1.06
1.43
1.85
1.98
2.19
0.55

46.11
46.52
45.72
46.03
44.53
43.51
41.24
42.04
46.32

51.88
50.34
49.60
50.21
50.15
50.78
49.02
50.63
48.47

Covariates appearing in the model are evaluated at the following values:
stroke = 0.05, PVD = 0.26, anxiety = 0.12, patient age = 57.81. No differences
were found between groups.
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FIGURE 1. Group estimated marginal means for each FCI cohort after removing effects of covariates. There was a lack of significant differences
between groups.

addition to age, history of stroke, PVD, and anxiety/panic disorders were found to be significant predictors in the model.
History of stroke would seem to be most impactful on lower
limb prosthesis users' mobility. This is consistent with previous
reports of reduced mobility in amputees with a history of a comorbid stroke.15–18 However, it should be noted that of the 28
individuals with reported history of stroke, only 3 (10.7%)
scored 21.8 on the PLUS-M, which translates to being unable
to do any of the tasks with their prosthesis, indicating that although the mobility of those with comorbid stroke is limited,
its complete absence seems rare among those with a prosthesis.
As a noted limitation, the observation of history of stroke did
not reflect whether the impaired side was contralateral or ipsilateral of amputation, which would also likely impact mobility.
The significance of PVD is important given the high incidence
and prevalence within the lower limb prosthesis user population.1 Thus, it was relevant to further examine the influence
of PVD while accounting for other comorbidities. The patient
with PVD will likely have lower mobility; however, the presence of PVD should not be considered independent of patient's
age, history of stroke, and anxiety/panic disorders as part of the
clinical assessment. In particular, when these variables were removed from the model, the difference in group mobility means
between individuals without PVD and individuals with PVD is
reduced nearly 36% (5.91 vs 3.8 points), again dropping below
the minimal clinically important difference of four points. Age
was examined more thoroughly by dividing the sample into cohorts based on Medicare age guidelines (65 yrs). From this, it
was possible to discern that although age was significant, once
the influence of stroke, PVD, and anxiety/panic disorders is removed, the mean mobility difference between individuals
younger than 65 yrs and older than 65 yrs fell below the
four-point minimal threshold for a clinically important difference in mobility.22 As a result, whereas clinicians working with
Medicare age patients should be aware of age, other factors are
more likely to be impactful.
Perhaps more interesting than the significant comorbidities
were those that were not found to be significant, for example, diabetes (n = 288) was not a significant factor. It is possible that the
low prevalence of certain less frequent comorbidities such as osteoporosis (n = 14), asthma (n = 25), angina (n = 18), and

neurological conditions such multiple sclerosis and Parkinson's
(n = 9) precluded significance. However, comorbidities such as
arthritis (n = 172), chronic obstructive pulmonary disease
(n = 35), congestive heart failure (n = 48), heart attack (n = 48),
hypertension (n = 182), hypercholesterolemia (n = 115), upper
gastrointestinal disease (n = 55), depression (n = 94), visual
impairment (n = 78), hearing impairment (n = 41), degenerative disc disease (n = 76), and obesity (n = 341) all failed to
reach significance.

Impact of Multiple Comorbidities
The FCI was calculated for patients based on their report
of presence and history of the noted comorbidities (Table 1).
Although there were significant group differences without any adjustments for covariates, once the influence of age and history of
stroke, PVD, and anxiety/panic disorders was removed, there were
no longer any significant differences between groups. These results are interesting because the FCI is designed to inform patient's
physical function13 with a negative relationship. In the case of patients with lower limb amputation, when the influence of the four
noted covariates is removed, there was no significant difference
in mobility regardless of the absence, presence, or number of
comorbidities. The FCI was developed using the patientreported outcome instrument Short-Form 36 survey, focusing
on physical function subscale, which may explain why the predictor variables were different for the PLUS-M instrument.13
However, the FCI was only used as a guide for which comorbidities needed to be recorded. The results of this regression
analysis would indicate that for the purpose of mobility, age
and history of PVD, stroke, and anxiety/panic disorders are
the only pertinent variables.

Limitations
There are certain limitations with this study. This is a retrospective analysis, which prevents reporting on causation. In
addition, comorbidities are recorded primarily through patient
report, in some instances they have been verified through medical record by the patient's clinician. It should be noted that this
is the procedure used in the validation of the FCI13 as comorbidities are primarily obtained through patient history.
www.ajpmr.com
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There is a potential for selection bias as this retrospective chart review would have precluded individuals that received a prosthesis and never used it or have fully abandoned
prosthesis use.
In this study, data are captured in clinics through patientreported outcomes. The PLUS-M has been validated22 and
demonstrated reliability in various administrative formats24
including settings where outcomes are administered and not
controlled. To minimize error and improve consistency in outcomes data reported to the database, all clinics participating
have undergone training in face-to-face classroom format.
Similarly, potential errors in patient-reported outcomes may
also exist in a patient's ability to accurately report comorbidities.
This places strong emphasis on a patient's ability to provide
their medical history. However, this reliance is done routinely
in the clinical setting where physicians are making critical plan
of care decisions based on medical history report. We offset
this potential limitation by having a large sample size with at
least 30 subjects per comorbid health cohort.
There is an additional limitation with regard to choosing
the study outcome of mobility. By choosing mobility as an outcome, the study lends itself to the misperception that this is the
only goal of lower limb prosthetic rehabilitation, which fails to
account for many successful prosthetic users that rely on their
prosthesis for effective transfers. The K1 prosthesis user is defined as the individual that “has the ability or potential to use a
prosthesis for transfers or ambulation on level surfaces at fixed
cadence.”10 The importance of provision of lower limb prostheses for ease of transfer should not be lost in any efforts designed to identify successful prosthesis users given the
importance independent transfers have with regard to patient
independence and reducing caregiver burden.30 Future studies
and outcomes assessments should include the ability to include
prosthesis users that define success through independence
gained with the ability to transfer.

CONCLUSIONS
In conclusion, our results showed only age and history of
stroke, PVD, and anxiety/panic disorders to be significant predictors for lower limb prosthesis users' mobility. However, further examination of these specific comorbidities showed that
when removing influence of the other predictor variables, patients with PVD and those older than 65 yrs retained group mobility levels within the minimal clinically significant difference
compared with those without these predictive health states. Patients with a history of stroke should be examined with care as
part of the clinical care plan for optimizing their future mobility. This is similar for those identifying history of anxiety/panic
disorders. Surprisingly, diabetes was not a significant factor for
lower limb prosthesis users' mobility. In general, a patient's
overall comorbid health is not a factor for the patient's mobility
with a lower limb prosthesis.
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