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ABSTRACT

Gallagher P, Franchignoni F, Giordano A, MacLachlan M: Trinity Amputation and
Prosthesis Experience Scales (TAPES): A psychometric assessment using clas-
sical test theory and Rasch analysis. Am J Phys Med Rehabil 2010;89:
487–496.

Objective: To perform a detailed psychometric analysis using both
classical test theory and Rasch analysis of the three main scales of the
Trinity Amputation and Prosthesis Experience Scales (TAPES) in people
with a lower-limb amputation.

Design: A sample of 498 persons who were prosthesis users with a
lower-limb amputation was retrospectively studied, pooled from a number of
studies undertaken across the United Kingdom and Ireland in the past decade
in which the TAPES had been completed as part of a postal survey. Both
factor analysis techniques and Rasch analysis were performed on TAPES
data. Dimensionality, item fit to the model, response category performance,
and internal construct validity were assessed. Category collapsing and item
removal were considered to improve the questionnaire.

Results: The analyses suggested to restructure the TAPES as follows:
(a) three psychosocial adjustment subscales with a four-point rating scale
(and a reworded item); (b) an activity restriction scale based on ten items
with their original three-point rating scale; and (c) two satisfaction with the
prosthesis subscales using a three-point rating scale. All scales and
subscales showed acceptable internal consistency and ability to define a
distinct hierarchy of persons along the measured construct.

Conclusions: This study empirically identified a revised version of the
TAPES (TAPES-R) with a simplified general structure and psychometri-
cally suitable for assessing the complex experience of amputation and
adjustment to a lower-limb prosthesis. Additional studies are needed to
confirm and further explore its measurement properties in other samples,
thereby adding clinical validity to the instrument.

Key Words: Amputation, Psychometrics, Rasch Analysis, Outcome Assessment, Psy-
chological Adjustment

www.ajpmr.com A Psychometric Assessment of TAPES 487

ORIGINAL RESEARCH ARTICLE

Outcomes

D
ow

nloaded from
 http://journals.lw

w
.com

/ajpm
r by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 09/13/2022

http://www.ajpmr.com


The ability to appropriately measure outcomes is
acknowledged as an integral part of evidence-based
practice. Consequently, there is an increasing ten-
dency for clinicians and practitioners to use and
seek out outcome measurement instruments. In
terms of prosthetic rehabilitation, outcomes are
predominantly concerned with the physical, func-
tional, and psychosocial factors related to pros-
thetic use. An individual must adjust to many new
personal realities after an amputation and the ac-
quiring of a prosthetic limb. However, the way in
which persons negotiate their environment and
activities may differ considerably.1 Furthermore,
they must also become accustomed to the prosthe-
sis, which is a new part of their internal and exter-
nal image.2,3 The variability in people’s adjustment
to limb loss and subsequent prosthesis usage has
prompted the development of several scales to in-
vestigate the success of adjustment to a prosthesis
and the factors related to prosthetic use.4 Among
them, the Trinity Amputation and Prosthesis Ex-
perience Scales (TAPES) were theoretically and
empirically derived to enable an examination of the
psychosocial processes involved in adjusting to am-
putation and the specific demands of wearing a
prosthesis.5 The TAPES has been widely used in
both clinical and research contexts, has been trans-
lated into different languages (see www.tcd.ie/psy-
choprosthetics), and has demonstrated good psy-
chometric properties according to classical test
theory.5,6 But, more recently there has also been a
deliberate move toward basing the psychometric
evaluation of instruments on item response theory
and Rasch analysis.7,8 Rasch analysis provides a
wealth of psychometric information that is not
obtainable through classical test theory9,10 on (a)
the functioning of rating scale categories; (b) the
validity of a measure by evaluating the fit of indi-
vidual items to the latent trait; and (c) the consis-
tency of item difficulties with the expectations of
the construct (and hence a description of the range
and hierarchical relationship of the variable). In-
deed, Rasch analysis has been recommended as a
method for assessing scale properties in addition to
classical psychometric criteria for reviewing and
assessing surveys and questionnaires for disability
outcomes research.7

The purpose of this study, therefore, was to
perform a detailed psychometric analysis using
both classical test theory and Rasch analysis of the
three main scales of the TAPES (adjustment, activ-
ity restriction, and satisfaction) in people with a
lower-limb amputation and to thoroughly investi-
gate a spectrum of psychometric characteristics.
This approach aims to provide the rationale for
revising and improving the measurement qualities
of this outcome measure.

METHOD
Instrument
Trinity Amputation and Prosthesis
Experience Scales

In addition to requesting demographic and
disability-related data (regarding sex, age, cause
and type of amputation, length of time living with
the prosthesis, and degree of prosthetic use), the
TAPES consists of three scales (psychosocial ad-
justment, activity restriction, and satisfaction with
the prosthesis), each one containing three sub-
scales.5

The three psychosocial adjustment subscales
are as follows: general adjustment (e.g., “I have
adjusted to having an artificial limb”), social ad-
justment (e.g., “I don’t mind people asking about
my artificial limb”), and adjustment to limitation
(e.g., “Being an amputee means that I can’t do
what I want to do”). Each of these subscales con-
tains five items, which are measured along a five-
point rating scale (strongly disagree, disagree, nei-
ther agree nor disagree, agree, and strongly agree).
Items 9 and 11–15 have reversed scores. Higher
scores always indicate greater levels of adjustment.

The three activity restriction subscales are as
follows: Functional activity restriction (e.g., walk-
ing 100 yards), Social activity restriction (e.g., vis-
iting friends), and Athletic activity restriction (e.g.,
sport and recreation). Each of these activity restric-
tion subscales contains four items, which are mea-
sured along a three-point scale (not at all limited,
limited a little, and limited a lot). Higher scores are
indicative of greater activity restriction.

Three further subscales assess satisfaction
with the prosthesis, measured along a five-point
scale (very dissatisfied, dissatisfied, neither dis-
satisfied nor satisfied, satisfied, and very satis-
fied). The functional satisfaction subscale con-
tains five items (e.g., reliability). There are four
items in the aesthetic satisfaction subscale (e.g.,
color), and there is a single weight satisfac-
tion item. Higher scores in each of the satisf-
action subscales are indicative of greater satis-
faction with the prosthesis.

Participants
A sample of 498 persons who were prosthesis

users with a lower-limb amputation was retrospec-
tively studied, pooled from a number of studies
undertaken across the United Kingdom and Ireland
in the past decade in which subjects had completed
the TAPES as part of a postal survey (see Table 1).
For each of the studies from which the data are
pooled, ethical approval had been obtained from
the respective institutional ethics committee.
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Statistical Analysis
Analysis of Homogeneity and
Dimensionality

Internal consistency of the TAPES subscales
was analyzed by calculating (a) Cronbach’s coefficient
�. � Values �0.70 are recommended for group level
comparison, whereas a minimum of 0.85–0.90 is
desirable for individual judgments11,12; and (b) the
item-total correlation. Each item should correlate
with the total score (omitting that item) with r �
0.20.11 The correlations were calculated as Spear-
man’s � (rs), corrected for ties.

Dimensionality (the structure of underlying
latent factors that can be seen as actually causing
the observed score on the test items) must be
investigated before proceeding with further analy-
ses: ideally, one sole latent factor should be present
for the application of Rasch analysis to the entire
item set. If unidimensionality is not sustainable,
the number of underlying factors and their rela-
tionship with each item can be used to separate the
scale into subscales. Classical factor analysis was
used to evaluate the dimensional structure of each
of the three TAPES scales.13

First, a confirmatory factor analysis for cate-
gorical data (CFA; LISREL version 8.80 software;
Scientific Software International, Inc., Lincoln-
wood, IL) was performed to evaluate the fit of the
data to the previously published models5 (related to
the domains psychosocial adjustment, activity re-
striction, and satisfaction with the prosthesis). The

extent to which the model can be used to repro-
duce the sample data was determined by examining
the following indexes:

a. Comparative fit index (CFI): The CFI ranges
from 0 (poor fit) to 1 (good fit) with values
�0.90 being indicative of a good fit.14

b. Nonnormed fit index (NNFI, aka Tucker-Lewis
index): Hu and Bentler15 have recently sug-
gested NNFI � 0.95 as a cutoff for a good model
fit and this is widely accepted.

c. Root mean square error of approximation (RM-
SEA): a RMSEA value �0.1 is considered to
reflect adequate fit14 and �0.05 is usually taken
as an indication of good fit.

d. Standardized root mean square residual (SRMR): a
value �0.05 is widely considered a good fit, and a
value �0.08–0.1 is an adequate fit.16

If CFA showed poor fit, the parallel analysis by
Horn17 was used to estimate the number of factors
to retain in each scale: the size of the eigenvalues
obtained from principal component analysis is
compared with those obtained from a randomly
generated data set of the same size and number of
variables, and only factors with eigenvalues exceed-
ing the values obtained from the corresponding
random dataset are retained for further investiga-
tion. Parallel analysis was conducted using ViSta18

Parallel Analysis plugin (http://www.mdp.edu.ar/
psicologia/vista/). The data were then randomly
divided into half. An explanatory factor analysis was
performed on the first half (n � 249) with a prin-
cipal component analysis using the number of fac-
tors suggested by the parallel analysis. After vari-
max rotation, the relationships between items and
retained factors were used to build a new multifacto-
rial model, verifying at least three items per factor;
common conceptual meaning of the items loading on
each factor; and different constructs between factors.
A CFA was then performed on the other half of the
data to confirm the dimensionality of the scales as
defined by explanatory factor analysis.

Rasch Analysis
The matrix of single raw scores in each unidi-

mensional scale/subscale underwent Rasch analysis
using the WINSTEPS software (WINSTEPS Rasch
Measurement, version 3.58.1). As a first step, we
investigated whether each rating scale was being
used in the expected manner. We evaluated the
response categories using criteria suggested by
Linacre10: (a) at least ten cases per category; (b)
even distribution of category use; (c) monotonic
increase in both average measures of persons with
a given score/category and thresholds [thresh-
olds—or step calibrations—are the ability levels at

TABLE 1 Sample characteristics

N %

Gender
Males 359 72.1
Females 138 27.7
Missing 1 0.2

Type of amputation
Transfemoral 168 33.7
Transtibial 286 57.4
Through knee 16 3.2
Bilateral 22 4.4
Missing 6 1.2

Cause
Cancer 52 10.4
Accident 170 34.1
PVD/diabetes 177 35.5
Other 93 18.7
Missing 6 1.2

Mean SD Range

Age (yrs) 54.8 18.6 18–89
Length of time with

a prosthesis (mos)
106.5 101.8 2–876

PVD, peripheral vascular disease.
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which the response to either of two adjacent cate-
gories is equally likely]. Additional criteria were (d)
category outfit mean square values �2 (see below)
and (e) threshold differences �1.4 log-odd units
and �5.

When necessary, categories were collapsed fol-
lowing specific guidelines, and different patterns of
categorization were compared, looking not only at
the above indicators of category diagnostics but
also at the solution maximizing the person separa-
tion and reliability indexes.

After this phase, we assessed the validity of
each scale (the three psychosocial adjustment sub-
scales, the activity restriction scale, and the two
satisfaction with the prosthesis subscales; see Re-
sults) by evaluating the fit of individual items to
the latent trait as per the Rasch model and exam-
ining whether the pattern of item difficulties was
consistent with the model expectancies. Depending
on the string of ordinal raw scores, the Rasch
model estimates goodness-of-fit (or simply “fit”) of
the observed data to the model-expected data. If the
differences between observed and expected scores
are not too large, it is said that “the data fit the
model” (see below), and this is seen as equivalent
proving the theoretical construct validity and ade-
quacy of the scale.8,19 Information-weighted (infit)
and outlier-sensitive (outfit) mean-square statistics
(MnSq) for each item were calculated to test
whether there were items which did not fit with the
model expectations. Both of these fit statistics are
expected to approach 1. In accordance with the
literature,19,20 we considered MnSq �0.6 and �1.4
as an indicator of acceptable fit: items outside this
range were considered underfitting (MnSq � 1.4,
suggesting the presence of unexpectedly high vari-
ability) or overfitting (MnSq � 0.6, indicating a too
predictable pattern). Rasch analysis provides esti-
mates of the level of difficulty achieved by each
item (“item difficulty”) and of the location of each
individual subject along the continuum (“subject
ability,” representing the global amount of trait in
the individual). Item difficulty and subject ability
are expressed—on a common interval scale—in
logit units, a logit being the natural logarithm of
the ratio (odds) of mutually exclusive alternatives
(e.g., pass vs. fail or higher response vs. lower
response).19,21 Logit-transformed measures repre-
sent linear measures (i.e., the intended amount of
the trait). Conventionally, 0 logit is ascribed to the
mean item difficulty. For Rasch analysis, it is re-
ported that a sample size of �250 persons will
estimate item difficulty with an � of 0.01 to within
�0.5 logits.22

Reliability was evaluated in terms of “separa-
tion” (G), defined as the ratio of the true spread of
the measures with their measurement error.19,21

The item separation index gives an estimate (in

standard error units) of the spread or “separation”
of items along the measurement construct; the
person separation index gives an estimate of the
spread or separation of persons along the measure-
ment construct. A separation index of 1.5 is con-
sidered an acceptable level of separation, and an
index of 2.0 indicates a good level of separation. A
related index is the reliability of these separation
indexes, providing the degree of confidence that
can be placed in the consistency of the estimates
(range, 0–1; coefficients �0.80 are considered as
good and �0.90 excellent).19

A principal component analysis of the stan-
dardized residuals was also performed using the
WINSTEPS software to further confirm unidimen-
sionality: it is expected that after the removal of the
trait that the scale intends to measure (the so-
called Rasch dimension), the residuals for pairs of
items should be uncorrelated and normally distrib-
uted (i.e., there are no principal components). The
following criteria have been recommended to deter-
mine whether additional factors are likely to be
present in the residuals: (a) a cutoff of 60% of the
variance explained by the Rasch factor; (b) eigenvalue
of the first residual factor �3; and (c) percentage
variance explained by the first contrast of �5%.23

RESULTS
Analysis of Homogeneity and
Dimensionality

The Cronbach’s coefficient � was as follows:
0.89 (psychosocial adjustment), 0.89 (activity re-
striction), and 0.95 (satisfaction with the prosthesis).
The item-total correlation coefficients (rs) ranged
from 0.42–0.77 in all subscales, except for item 9 of
the psychosocial adjustment scale (rs � 0.30).

The initial CFA showed a satisfactory fit of the
data to the original three-factor model only for the
psychosocial adjustment scale (CFI � 0.99;
NNFI � 0.98; RMSEA � 0.057; and SRMR �
0.059), with the three factors loading respectively
on items 1–5, 6–10, and 11–15.

The parallel analysis by Horn suggested retain-
ing two factors for the activity restriction (items
1–8, 9–12) scale and two for the satisfaction with
the prosthesis scale (items 1–4, 5–9 with item 10,
“overall satisfaction,” preliminarily excluded from
the analysis, being considered a separate global
measure of satisfaction). After randomly splitting
the data into half, an explanatory factor analysis
with varimax rotation of the first half of the data of
each scale was used to determine the structure of
the relationships between items and the factors.

The successive CFA on the second half of the data
provided an acceptable two-factor solution for the
satisfaction with the prosthesis scale (CFI � 0.98;
NNFI � 0.97; RMSEA � 0.089; and SRMR � 0.057).
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The two-factor solution for the activity restric-
tion scale showed only a moderate fit according to
conventional standards (CFI � 0.97; NNFI � 0.98;
RMSEA � 0.10; and SRMR � 0.10), very similar to
that obtained with the one-factor solution (CFI �
0.98; NNFI � 0.97; RMSEA � 0.10; and SRMR �
0.12). Thus, for parsimony, we decided to provi-
sionally proceed, as the activity restriction scale
was one unidimensional item pool, and leave the
task of further verification to the subsequent Rasch
analysis.

Rasch Analysis
The rating scale diagnostics showed that some

rating categories did not comply with the preset
criteria for category functioning (average mea-
sures, thresholds, etc.). In all the three psychoso-
cial adjustment subscales, the “neutral” mid-point
category 2 (neither agree nor disagree) was very far
below the model level (see Fig. 1), whereas the
other categories met all the established criteria.
Thus, it was decided to eliminate the middle cate-
gory, obtaining a new four-level rating scale (0–3
points). Moreover, the five categories of the satis-

faction with the prosthesis scale (0, very dissatis-
fied; 1, dissatisfied; 2, neither dissatisfied nor sat-
isfied; 3, satisfied; and 4, very satisfied) showed
some disordered thresholds (see Fig. 2A). The best
model was the one that collapsed category 0, 1, and
2 into a unique category (representing answers
from persons not clearly satisfied). Figure 2B
shows the probability curves of the three resulting
categories after the collapsing procedure. The anal-
ysis of the activity restriction rating-scale function-
ing confirmed that the responses in the three cat-
egories behaved in a valid manner.

After the rating-scale modifications, Rasch
analysis showed that all items of the three psycho-

FIGURE 1 Category probability curves of psychoso-
cial adjustment subscale 1 (five catego-
ries: 0 � strongly disagree; 1 � disagree;
2 � neither agree nor disagree; 3 �
agree; and 4 � strongly agree). The y-axis
represents the probability (0–1) of re-
sponding to one of the rating categories,
and the x-axis represents the different
performance values (difference between
subject ability and the item difficulty) in
logits. The “0” curve declines as the sub-
ject’s ability increases; the crossing point
(where 0 and 1 are equally probable) is
the first “threshold.” The same applies for
the other curves. The ideal plot should
look like a range of hills, with an “emerg-
ing” crest for each category. It can be
seen from the figure that the probability
of using category 2 (dashed line) is never
higher than that of adjacent ratings.

FIGURE 2 Category probability curves of the satis-
faction with prosthesis subscale 2: (A)
original five categories (0 � very dissat-
isfied, 1 � dissatisfied, 2 � neither dissat-
isfied nor satisfied, 3 � satisfied, and 4 �
very satisfied); (B) revised rating scale
after collapsing categories 0, 1, 2, and
renumbering (new categories: 0 � not
satisfied; 1 � satisfied; and 2 � very sat-
isfied). For details, see Figure 1. Again,
the plot should look—as in (B)—like a
range of hills, with a clear “emerging”
crest for each category. A, The probability
of using categories 1 and 2 is very slim.
Conversely, it can be seen that the prob-
ability of selecting each of the three re-
vised rating categories is now an evident
function of the level of ability shown by
the subject in the x-axis (B).
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social adjustment subscales fitted the respective
constructs (MnSq between 0.6 and 1.4), except for
item 9 (“I have difficulty in talking about my limb
loss in conversation”) in the subscale social adjust-
ment, which was misfitting (infit MnSq � 1.94 and
outfit MnSq � 1.97). In the activity restriction
scale, all items showed good infit and outfit values,
except for items 9 (“maintaining friendships”; Out-
fit MnSq � 3.13) and 10 (“visiting friends”; Outfit
MnSq � 1.84). In the two satisfaction with the
prosthesis subscales, the only item that did not fit
the Rasch model was item 3 “noise” (infit MnSq �
1.60; outfit MnSq � 1.51).

Regarding the hierarchic ordering of items of
the activity restriction scale, Figure 3 shows—
according to the Rasch model—the distribution
map of subject ability and item difficulty. The abil-
ity levels and reliability indexes of the subjects for
all scales and subscales of the TAPES are reported
in Table 2. The average levels of ability for our
sample were sometimes quite far from the mean
difficulty of the items, set by convention at 0 logits
(see Table 2): this finding indicates problems with
targeting, i.e., the extent to which items are of
appropriate difficulty for the sample. All scales and
subscales contained items distributed into many
difficulty strata (except for satisfaction with the
prosthesis subscale 1), and each one was able to
distinguish 2–3 levels of subject ability in this
study sample.

The results regarding the principal component
analysis of the standardized residuals (analyzing
the variance explained by the estimated mea-
sures—Rasch factor—and the first residual factor)
are shown in Table 2. They indicate acceptable to
borderline levels of unidimensionality.

DISCUSSION
To validate a tool measuring a multidimensional

phenomenon such as adjustment, it is necessary to
analyze several datasets to confirm, refine, or modify
the conceptual model of measurement as initially
defined. First of all, we tested dimensionality using
factor analytic methods, because Rasch analysis fit
statistics alone can be inadequate for determining
unidimensionality.24 The original three-factor model
for the psychosocial adjustment scale was confirmed.
Conversely, two factors instead of the original three
came out in the satisfaction with the prosthesis scale.
In particular, the item relating to satisfaction with
the “weight” of the prosthesis (which was originally a
single-item factor) was subsumed into the factor
“functional satisfaction.” On the other hand, we con-
sidered the activity restriction scale as sufficiently
unidimensional to undergo Rasch analysis as a whole.

Rasch analysis was then performed on each
scale/subscale suggested by factor analysis. In these
conditions, Rasch analysis provides a valuable tool

FIGURE 3 Subject-ability and item-difficulty maps of
the activity restriction scale. The vertical
line represents the measure of the variable,
in linear logit units. The left-hand column
locates the individual’s ability along the
variable: each “#” denotes three persons.
The right-hand column locates the 12-item
difficulty measures along the variable (for
each item, the difficulty estimate represents
the mean calibration of the threshold pa-
rameters according to the rating scale
model). Misfitting items are visiting friends
and maintaining friendships. The double
line indicates that the two sides have oppo-
site orientations. From bottom to top, mea-
sures indicate higher activity restriction for
patients and higher difficulty for items, re-
spectively. By convention, the average diffi-
culty of items in the test is set at 0 logits (and
indicated with M�). Accordingly, a candidate
with average ability is indicated with M.
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for testing whether the properties of a question-
naire comply with a wide spectrum of psychomet-
ric requirements for measurement, which are not
analyzed by traditional techniques.8 Overall, the
modifications suggested by Rasch analysis improve
the measurement properties of an instrument.19

Indeed, Rasch analysis is a medium to weigh up the
strengths and weaknesses of the TAPES scales in a
way that is different from classical test theory, and
decide whether and how to refine the scales.

According to rating scale diagnostics per-
formed using Rasch analysis, one response cate-
gory of the psychosocial adjustment subscales and
two of the satisfaction with the prosthesis subscales
did not comply with the set criteria for category
functioning (average measures, thresholds, etc.):
this suggests that respondents were unable to ap-
preciably discern between them as indicating dif-
ferent levels of frequency. Our collapsing proce-
dures improved the measurement qualities of the
scales (without decreasing their reliability in-
dexes), minimizing irrelevant construct variance
and ensuring that each rating category represents a
clearly distinct level of ability. These findings are in
line with previous observations25,26 and indicate an
inherent problem with the use of nonresponse cat-
egories, i.e., categories labeled with an indifferent,
neutral or undecided phrase; such as “neither
agree nor disagree,” “neither dissatisfied nor satis-
fied,” “does not apply,” “don’t know,” “no opinion.”
Such categories are used as a “dumping ground,”
and it has been argued that, from a measurement
perspective, it would be better for the respondents
to leave these items blank, rather than provide
error-laden ratings.27 Our findings also indicate a
problem with the “traditional” five levels of satis-
faction rating (from “very dissatisfied” to “very sat-
isfied”). This drawback has been already addressed
by Waugh and Chapman,28 who pointed out that
these categories are not ordered from low to high
and thus respondents tend to not respond to the
items in a logical and consistent pattern. Our rec-
ommended revision of the TAPES (the TAPES-R) is
shown in the Appendix. The key differences with
regard to rating scales are as follows: (a) for the
psychosocial adjustment subscales, a simpler four-
point rating scale with the categories “strongly
agree,” “agree,” “disagree,” “strongly disagree,” and
an additional nonscored category, “not applicable”;
and (b) for the satisfaction with the prosthesis
subscales, a simpler three-point rating scale with
the categories “not satisfied,” “satisfied,” and
“very satisfied.”

After collapsing the categories, the data were
analyzed again to extract Rasch-modeled parame-
ters of ability and difficulty and to face the validity
and reliability issues. Close inspection of the most
misfitting response strings suggested that the re-
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versed phrasing of the misfitting item in the psy-
chosocial adjustment subscale “social adjustment”
(item 9, “I have difficulty in talking about my limb
loss in conversation”) may have caused confusion
for some readers who did not pay sufficient atten-
tion to the wording and answered using a “re-
sponse set behavior.”27 For these reasons, this item
is reworded in the revised TAPES-R to omit the
necessity for its reverse scoring; “I find it easy to
talk about my limb loss in conversation” (the state-
ment is more generic than in item 7 and incorpo-
rates the wider experience of limb loss and not
simply the artificial limb itself). Finally, we are
aware that the psychosocial adjustment subscale
“adjustment to limitation” contains items written
in the opposite direction compared with the first two
subscales and that this choice could have contributed
in factor analysis to show a separate factor.28,29 None-
theless, it is important to note that compared with
the two other psychosocial adjustment subscales, the
“adjustment to limitations” subscale is focused more
on behaviors and less on attitudes, and therefore was
likely to emerge as a different factor irrespective of
the direction of the items.

As for the activity restriction scale, the high
values of the outfit statistics for items 9 (“main-
taining friendships”) and 10 (“visiting friends”)
were due to unexpected responses from a few re-
spondents with very low global activity restriction
scores who rated these two activities as limited. We
chose to delete the two items because they likely
belong to a construct different from “general ac-
tivity restriction,” as already hypothesized by pre-
vious factor analyses5 and confirmed by the present
ones. As an additional demonstration of the internal
construct validity of the activity restriction scale, the
general hierarchic arrangement found by Rasch anal-
ysis is consistent with clinical expectations (e.g., see
the difficulty order of items such as walking 100
yards, climbing one flight of steps, walking half a
mile, and climbing several flights of steps).

Regarding satisfaction with the prosthesis, this
analysis confirms the presence of two subscales
related respectively to aesthetic (items: 1, color; 2,
shape; and 4, appearance) and functional aspects
(items 5–9, including the item “weight” that pre-
viously constituted a separate factor).

The reliability values indicate that all scales and
subscales have acceptable internal consistency and
ability to define a distinct hierarchy of persons along
the measured construct. Furthermore, all but one
(satisfaction with the prosthesis subscale 1) have also
a high item separation reliability, which indicates
that great confidence can be placed in the replicabil-
ity of item placement across future samples.19

The composite data analysis reported in this
article has allowed us to empirically identify a
revised version of the TAPES (TAPES-R, see Appen-

dix) that has adequate psychometric characteristics
for assessing the complex experience of amputation
and adjustment to a lower-limb prosthesis.30 Im-
portantly, this revised version simplifies the gen-
eral structure of the TAPES and the interpretation
of its scores. The TAPES-R consists of (a) the three
psychosocial adjustment subscales with a four-
point rating scale (strongly agree, agree, disagree,
and strongly disagree) and a reworded item; (b) an
activity restriction scale based on ten items with
their original three-point rating scale (limited a
lot, limited a little, and not at all limited); and (c)
two satisfaction with the prosthesis subscales using
a three-point rating scale (dissatisfied, satisfied,
and very satisfied) and a single overall index of
satisfaction with the prosthesis. This overall index
provides a more detailed numerical rating scale
ranging from 0 to 10 and two verbal anchors at its
two limbs (“not at all satisfied” and “very satisfied,”
respectively).

Although these preliminary results suggest the
adequacy of the new instrument, further studies
are currently ongoing to analyze the actual perfor-
mance of the new response structures and to
confirm its measurement properties in other
samples, thereby adding clinical validity to the
instrument. Furthermore, a reasonable next step
would be to assess whether the TAPES-R items
have local independence and stability of hierar-
chy across subsamples defined according to rel-
evant clinical criteria.
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APPENDIX: TAPES-R
In addition to sections on demographic,prosthetic, phantom limb pain, residual limb pain, and
other medical problems (see www.tcd.ie/psychoprosthetics), the TAPES-R consists of the
following items:

Psychosocial Adjustment
Strongly
Disagree Disagree Agree

Strongly
Agree

a. I have adjusted to having an artificial limb �	 �	 �	 �	
b. As time goes by, I accept my artificial limb more �	 �	 �	 �	
c. I feel that I have dealt successfully with this trauma in my life �	 �	 �	 �	
d. Although I have an artificial limb, my life is full �	 �	 �	 �	
e. I have gotten used to wearing an artificial limb �	 �	 �	 �	
f. I don’t care if somebody looks at my artificial limb �	 �	 �	 �	
g. I find it easy to talk about my artificial limb �	 �	 �	 �	
h. I don’t mind people asking about my artificial limb �	 �	 �	 �	
i. I find it easy to talk about my limb loss in conversation �	 �	 �	 �	
j. I don’t care if somebody notices that I am limping �	 �	 �	 �	
k. An artificial limb interferes with the ability to do my work �	 �	 �	 �	
l. Having an artificial limb makes me more dependent on others

than I would like to be
�	 �	 �	 �	

m. Having an artificial limb limits the kind of work that I can do �	 �	 �	 �	
n. Being an amputee means that I can’t do what I want to do �	 �	 �	 �	
o. Having an artificial limb limits the amount of work that I can do �	 �	 �	 �	

Activity Restriction
Yes, Limited

a Lot
Limited a

Little
No, Not Limited

at All

a. Vigorous activities, such as running, lifting heavy objects,
participating in strenuous sports

�	 �	 �	

b. Climbing several flights of stairs �	 �	 �	
c. Running for a bus �	 �	 �	
d. Sport and recreation �	 �	 �	
e. Climbing one flight of stairs �	 �	 �	
f. Walking more than a mile �	 �	 �	
g. Walking half a mile �	 �	 �	
h. Walking 100 yards �	 �	 �	
i. Working on hobbies �	 �	 �	
j. Going to work �	 �	 �	

Satisfaction with Prosthesis Dissatisfied Satisfied Very Satisfied

a. Color �	 �	 �	
b. Shape �	 �	 �	
c. Appearance �	 �	 �	
d. Weight �	 �	 �	
e. Usefulness �	 �	 �	
f. Reliability �	 �	 �	
g. Fit �	 �	 �	
h. Comfort �	 �	 �	

Please circle the number (0–10) that best describes how satisfied you are with your
prosthesis?

0 1 2 3 4 5 6 7 8 9 10

Not at all Very satisfied
Satisfied
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