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Abstract

The prosthesis that athletes use should take over the function of the missing limb. Playing table tennis
without constraints is one exemplary goal. The question arose whether table tennis players who used a
prosthesis and players who did not show similar body image values and mental representation of move-
ments. Five matched pairs of active table tennis players (n = 10) completed a body image questionnaire.
Additionally, the mental representation of a forehand table tennis serve was assessed. Results revealed
no significant differences between the two groups of athletes on mental representations. Furthermore, the
integration of the prosthesis into the body image was considered satisfying by four out of the five athletes
with prosthesis, the use of a prosthesis did not appear to affect athletes’body image. Based on the research
results it can be recommended that in technical and mental training sessions, one methodological approach
be used for all athletes, regardless of whether they use a prosthesis. Finally, it is suggested to foster the
integration of athletes who use a prosthesis into the established leagues in which athletes compete who
do not use prosthesis.
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Introduction

The construct of body image consists of functional and aesthetic dimensions, on both cognitive
and affective levels. The goal of the present research was to further understand the link between
body image, especially its functional dimensions, and the mental representation of movement,
which also reflects the function of the investigated movement. The question arose whether the two
functional related measures mentioned are influenced by the usage of a prosthesis.

Body image is seen as a multidimensional construct that is built by several perceptions of the
individual’s body (Brown, Cash, & Milulka, 1990; Cash, Melnyk, & Hrabosky, 2004; Cash, Thé-
riault, & Annis, 2004). Body image has been used as a measure in a variety of interventions, such
as the treatment of eating disorders (Grabe, Ward, & Hyde, 2008), and in comparisons of athletes
and nonathletes (Hausenblas & Downs, 2001). For instance, athletes showed higher values on the
functional dimensions of body image than nonathletes (Abbott & Barber, 2011; Jaffe & Lutter,
1995), though different patterns emerged among athletes for different activities (Varnes, et al.,
2013). Abbott and Barber (2011) concluded that “perceiving the body as physically competent or
being satisfied with the way one’s body functions may be contingent on other additional factors [...]
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rather than purely on valuing and investing in the functional qualities of the body” (p. 338). For
sports participants who have a disability, a prosthesis takes over some of these specific functions.
The body of a person who uses a prosthesis has to work in the specific sports activities. Thus, the
question arises whether and how strongly especially these functional aspects of a prosthesis affect
such a person’s body image.

The integration of a prosthesis into one’s body image can depend on several aspects, such as
the fixation method, the weight of the prosthesis, or the length of time the prosthesis has been used
(Carlson, Alvarez, Wu, & Verstraten, 2010). However, studies have shown that the body image was
adapted when wearing or not wearing the prosthesis (Canzoneri, Marzolla, Amoresano, Verni, &
Serino, 2013) and that even tools have been integrated into the body image (Maravita, Spence, &
Driver, 2003). In the case of tools, it has been argued that familiarization and training with the
tool are essential for the tool to be integrated into the body image (Aglioti, Smania, Manfredi, &
Berlucchi, 1996; Maravita & Iriki, 2004; Maravita, Spence, Kennetta, & Driver, 2002), requirements
that can both be seen as being fulfilled by people who use a prosthesis. Thus, it would be interest-
ing to explore whether and how strongly a prosthesis is seen as a part of the body. Furthermore,
the integration of a tool into the body image, such as a table tennis racket in the present research,
would be relevant for athletes with and without prosthesis use, as well.

This presumed integration of the prosthesis into the body image does not necessarily mean that
an athlete who uses a prosthesis produces a similar mental representation of a complex movement
to that of athletes who do not use a prosthesis. An analysis of the mental structures of participants
with limb aplasia was feasible (Blasing, Schack, & Brugger, 2010). Participants were asked to sort
verbal labels of body parts and activities according to a hierarchical splitting paradigm, the so-
called structural dimensional analysis—-motoric (SDA-M; see Schack, 2012). Results revealed that
even absent body parts were represented within the different clusters. This suggests that in terms
of mental representation, people might be unaffected by a missing body part and that a prosthesis
can replace an absent body part and its functions in mental representations. Yet to our knowledge,
the mental representation of a complex athletic movement, such as the table tennis serve used in
the present research (Schiitz, Klein-Soetebier, & Schack, 2009), of athletes who use a prosthesis has
not been investigated so far. The question arises whether the mental representation of a complex
movement is unchanged by the use of a prosthesis because the absence of different body parts (i.e.,
forearm, shank) and their replacement by a particular prosthesis would affect different functional
aspects of the investigated movement.

In the present research it is investigated whether athletes who use a prosthesis had a similar
body image to that of athletes who did not use a prosthesis, especially in its functional dimensions.
In addition, mental representation is used as an additional measure of a movement’s function, as-
suming that the functional image would be similar to its mental representation (cf. Bldsing at al.,
2010). This exploratory research extends previous research in two ways: First, the functional body
image of people who use a prosthesis is investigated and how their prosthesis is integrated into
their body image. Second, the mental representation of a complex movement as a supplemental
functional point of view is explored. The combination of the two areas (body image and mental
representation) has never been used before, although their functional relation is important. The
interesting part of the present research is that with this explorative approach a comparison of two
subsamples might be possible. This explorative approach is also the reason why a formulation of
clear hypotheses is not possible.

Methodology of Research
Background of Research
The present research is based on an online questionnaire that was active for four weeks in
summer 2016. The aim was to determine whether athletes who use a prosthesis differ in their body

image and in their mental representation of a table tennis skill, as compared to athletes who do
not use a prosthesis.
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Sample of Research

Initially, N = 85 male and female table tennis players completed an online questionnaire. Of
this group, five male players self-reported using one or more prostheses. Five male players from the
remaining 80 are selected to generate five matched pairs. According to the cognitive action archi-
tecture approach, the mental representation of a skill is stored in long-term memory as a result of
the learning process (Schack, 2004; Tenenbaum & Land, 2009). Thus, the pairs are matched based
on age and the players’ table tennis experience in years, their level of play (competition leagues),
and their training time in hours per week (Table 1). Because of gender differences in body image,
the focus was on male participants only (Smolak & Murnen, 2008). The resulting sample consisted
of n = 10 participants.

Table 1. Demographic Characteristics of the Matched-Pairs Sample.

Player CL Level of play
Player Age experience Training time (competition Kind of prosthesis
(years) (years) (hours/week) league)
A1 58 6 2 gin Both shanks
A2 53 4 2 gn —
B1 29 17 9 gt Thigh, shank, both forearms
B2 29 16 9 7 —
C1 74 63 2 7 Thigh
C2 71 60 2 — —
D1 37 13 4 8 Thigh
D2 28 15 4 gt —
E1 26 1 2 — Thigh
E2 63 3 3 gn —
Note. Pairs were labeled A-E. All participants were male. The 7th division of the German Table Tennis League is more skilled
than the 8th league.
Instruments

Online questionnaire. An online questionnaire is composed consisting of a demographic
section that included questions about the possible use of prostheses, a body image section, and
an SDA-M section. All three sections were created in and displayed by the software package SoSci
(SoSci Survey, Munich, Germany), which is specifically designed for professional scientific surveys
and commonly used in noncommercial institutions. All sections of the questionnaire were designed
so that anonymity would be ensured.

Body image. This section consisted of 20 items addressing the functional perception of the
participant’s own body, for example (translated from German), “I am satisfied with my body’s
function because I am able to do everything I want to do” Each item was rated on a 6-point Likert
scale ranging from 1 (I do not agree at all) to 6 (I agree completely). The multidimensional body
image section had a four-factor representation with an overall Cronbach’s alpha coefficient of a =
.84 (Musculus, Vogel, Kraus, & Lobinger, 2016): (a) functional-affective body image, (b) aesthetic-
affective body image, (c) functional-cognitive body image, and (d) aesthetic-cognitive body image.
One addition item asked how integrated into the participant’s body image the prosthesis and the
table tennis racket were. This item was rated on a 10-point Likert scale ranging from 1 (not at all)
to 10 (completely). A second additional item asked the participants whether they saw the prosthesis
and the table tennis racket as a part of their body. Both additional questions were chosen to assess
the amount of integration of the prosthesis into the body image.
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SDA-M. The SDA-M instrument was used to assess the mental representation of a forehand
backswing serve. The version used in the present research consisted of 13 text items (Schiitz,
Klein-Soetebier, & Schack, 2009). Each item was paired with every other item, resulting in a 13
x 12 matrix (156 decisions). Participants were asked to decide for each pair if the two displayed
items were functionally related together or not (Schack, 2012). The items were (1) legs a little more
than shoulder width apart, (2) toss ball to head height, (3) shift center of mass backward, (4) move
racket backward, (5) rotate hip and shoulder to the right (left), (6) lay the wrist back, (7) focus on
the ball, (8) lower body toward the point of ball contact, (9) rotate hip and shoulder into the ball,
(10) move racket downward and forward, (11) open racket, (12) chopping motion of the wrist, and
(13) sweep racket through.

Procedure

Participants completed the online questionnaire by using a link that was distributed through the
national table tennis organization and the national disabled sports organization. They were informed on
the first page of the questionnaire that they could cancel their participation without any consequences
and that the data collection was completely anonymous. The aim of the research was presented together
with an opt-in button where participants had to give their consent before completing the question-
naire. After providing consent, the participants filled out a demographic data sheet and an optional
prostheses section, followed by the SDA-M section. Finally, all participants were asked to complete
the body image section. In sum, they needed about 17 minutes to fill out the complete questionnaire.
Before the start of the research, the university ethics committee approved the research design.

Data Analysis

For all calculations, a significance criterion of a = .05 was defined. For body image, the mean
of the four factors’ data was analyzed in a descriptive way. In addition, a Mann-Whitney U test was
calculated to test for differences in athletes who did and did not use prostheses, as well as the cor-
responding Pearson correlation coefficient r for a measure of the effect size. To analyze the SDA-M,
several steps were necessary, starting with a hierarchical splitting procedure for each case, which
resulted in the calculation of normalized Z matrices (for details, see Schack, 2012). The following
distance calculations of the SDA-M used the mental representation of the matched pairs: (a) The
Adjusted Rand Index (ARI) was used as a measure of similarity (Rand, 1971; Santos & Embrechts,
2009), which resulted in an index ranging from -1 (not similar) to 1 (same), and (b) the A value
was used as a measure of invariance. Whereas the critical value of a cluster fusion resulted in d_, =
3.434 (Lander, 2002; Schack, 2012), the calculated range of the A value was between 0 and 1, where
a comparison of two mental representations were seen as invariant when A > .683 and variant when
A <.683 (Lander & Huth, 1999). Finally, (c) a descriptive analysis for each case was used. Data were
analyzed using SPSS 24 and R 3.4.0 software.

Results of Research

Four of the five participants who used a prosthesis self-reported that they saw their prosthesis
as part of their body image, and all five self-reported that the table tennis racket was not integrated
into their body image. A Mann-Whitney U test was used to look for a difference in athletes who did
and did not use a prosthesis in the four factors of the body image. None of the calculations revealed
asignificant test value for the functional-affective body image: U=11.00, Z=-.314, p = .841, r= .10,
the aesthetic-affective body image: U = 9.50, Z = -.649, p = .548, r = .21, the functional-cognitive
body image: U = 10.00, Z = -.530, p = .690, r = .17, or the aesthetic-cognitive body image: U =
12.50, Z = .000, p = .999, r = .00. Thus, there was no difference between the two groups of athletes
(see Figure 1). All participants, independent of whether they wore a prosthesis, agreed more with
functional aspects than aesthetic aspects of the body, at least on a descriptive level.
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Figure 1: Means and standard deviations of the four factors of the body image
for the two groups of participants.

The calculations (ARI and A values) and the resulting tree diagrams of the distance measures of
each mental representation of the matched pairs are shown in Figure 2. According to the similarity
measure, all five matched pairs were seen as similar: all ARI values were .909 or higher. According
to the invariance measure, three matched pairs (B1-B2; C1-C2; D1-D2) were invariant (A >.683),
whereas the remaining two (A1-A2; E1-E2) were variant (A < .683). A descriptive analysis of the
content of the items did not reveal a systematic difference among the five pairs. The number of
clusters was almost identical for all pairs, although the content of the clusters was slightly different
for the members of each matched pair.
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Figure 2: Tree diagrams with calculated distance values of each matched pair
of athletes.

The dotted lines represent the critical d value of 3.434 defined by structural dimensional analysis—-motoric calculation. The item

number refers to the number of the item described in the Materials section; clustering is identified by underlining the involved

item numbers. The Adjusted Rand Index (ARI) value represents the similarity of two mental structures (higher values = more

similar). The A value represents the invariance value of two mental structures; invariant values above the critical value of A =

.683 are indicated by an asterisk.

Discussion

The present research investigated whether athletes who use a prosthesis perceived their body image
similarly to athletes who do not use a prosthesis and whether they showed similar mental structures
of a complex movement. Therefore, the body images and mental structures of the two samples using
matched pairs are compared.
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There are no differences found in the body image reported by athletes who used a prosthesis
and those who did not, in either its functional or aesthetic dimensions. The use of a prosthesis seemed
to have no influence on the resulting body image, as four of the five table tennis players who used a
prosthesis self-reported that the prosthesis was part of their body image. This was also independent
of the type of prosthesis. This suggests that the prosthesis had taken over the function of the missing
limb in a perfect manner. Although different sports lead to different body image patterns, in general,
athletes tend to rate the functional dimensions of body image higher compared to nonathletes (Abbott
& Barber, 2011; Jaffe & Lutter, 1995; Varnes, et al., 2013). These functional dimensions were similar
in the present sample, as well; the use of a prosthesis did not appear to affect athletes’ body image. In
the light of studies comparing athletes and non-athletes (Abbott & Barber, 2011; Jaffe & Lutter, 1995;
Varnes et al., 2013) the results obtained allow concluding that sports, whether or not people use a pros-
thesis, promotes a functional body image. Future research could also examine whether sports might
even serve as a protective factor. In particular in the sense that when people who use a prothesis keep
doing or even start doing sports, they might be less affected by negative changes in their aesthetic or
functional body image. This intepretation is in line with studies showing that, due to familarization
and training, even tools can be integrated into the body image (Maravita et al., 2003). Thus, sports can
be considered as a suitable context for promoting the integration of prostheses.

There are no differences found in participants’ mental representation of the investigated table
tennis serve according to the similarity measure. The slight difference found in the invariance measure
might have been caused by those participants who are less experienced with table tennis, this is also
assumed by the grounded theoretical framework of building mental representations (Tenenbaum &
Land, 2009). Although one could recognize slight differences in the descriptive analysis in the tree
diagrams of the matched pairs, no systematic difference emerged. This complements the body image
findings and strengthens the assumption that athletes integrated their prosthesis into their body image.
It also shows that slight individual differences occur which have to be analyzed in detail for further
deductions, such as specific training programs as, for example, used in other sports for athletes who
do not use a prosthesis (for an overview see Hennig, Velentzas, & Jeraj, 2016).

Three specific limitations of the present research deserve mention: First, the sample consisted
of five matched pairs, but as there are fewer table tennis athletes who use a prosthesis than those who
do not (Dehghansai, Lemez, Wattie, & Baker, 2017), one can assume that the sample is representa-
tive enough. Second, according to the cognitive action architecture approach (Schack, 2004), one can
argue that the investigated mental structures were not identical compared to those an expert would
produce. In comparison to Schiitz and colleagues’ (2009) results, the present tree diagrams exhibited
more variation and less structured clusters. Reinvestigating the research question with athletes at the
international competition level, who generally have a clearer representation, would clarify whether one
can compare mental structures of athletes who do and do not use a prosthesis within one research. Third,
one could discuss whether the results obtained with a very specific table tennis skill, can be transferred
to other table tennis skills or other sport movements. As the present results in the two measures (body
image and mental representation) seem to be systematic and go hand in hand, a transfer to other
skills and sport movements is promising. Taken former and present research of mental representation
into account that was conducted in other sports and other movements with athletes who do not use
a prosthesis (Hennig et al., 2016), the results are stable here as well. However, one has to consider that
the present results and the theoretical framework they are based on suppose that all functional aspects
of the prosthesis are covered.

Conclusions

Given the similarities of the functional body images and mental structures reported here by ath-
letes who do and do not use a prosthesis, one could deduce the necessity of matching methodological
approaches in daily training to athletes using prostheses. Regardless of whether they use a prosthesis,
athletes can be trained with the same methodological approaches. Therefore, further education for
coaches who supervise athletes who use a prosthesis, as the social inclusion movement in Germany
has requested, is not necessary. Furthermore, one could question whether the differentiation in the
degree of handicap is still meaningful for the level of play, given that the functional aspects of the use
of a prosthesis are ensured. Also, one could think about integrating athletes who use a prosthesis into
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the established leagues in which athletes compete who do not use prosthesis, as is already done in some
regions. Finally, in regard to the interindividual characteristics found in the present sample, it might
be beneficial when analyzing data to do so not only on the group level but also on the individual level,
especially when developing training recommendations and supporting the individual development
of athletes.
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