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Abstract

The objective of this study was to examine whether there was a relationship between
relative strength development and self-perception of independence in adults with
paraplegia six weeks after a physical activity intervention. For this purpose, a sample
of eight people with paraplegia was evaluated, five men and three women, with a mean
age of 29.5+5.17 years, with spinal cord injury below D5, and who had not performed
physical activity previously. The relative strength index was used to measure body
capacity together with the Barthel index questionnaire to evaluate independence in
activities of daily living. The results showed a very high significant Pearson’s correla-
tion coefficient between changes in relative strength and the questionnaire (.93), as
well as an 87.1 % coefficient of determination. The mean percentage increase in the
participants’ relative strength was 25.52 %, accompanied by a 16.54 % increase in the
questionnaire score. In conclusion, there was a direct relationship between relative
strength and the self-perception of adults with paraplegia of their independence in
daily life, which shows that an intervention programme leads to significant changes in
relative strength and self-perception of independence.

Keywords: spinal cord injury, physical disability, independence, evaluation, exercise.
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Introduction

In general terms there are various benefits of engaging in
physical activity for people with disabilities (Gallego et al.,
2016), such as improved self-concept and independence.
These benefits are also observed in paraplegia (Kawani-
shi & Greguol, 2013) and these factors are essential for
devising social inclusion strategies for people with physical
disabilities (Macias Garcia & Gonzalez Lopez, 2012).
Accordingly, this study contends that adapted physical
activity has been conceived as a means of rehabilitation,
and there are several studies which examine features
related to performance (Castelli Correia de Campos et
al., 2019) and quality of life.

Some papers report that upper body strength is crucial
in the activities of daily living of people with paraplegia
(Gottlob, 2008), although there are almost no studies about
the impact of relative strength on the self-perception of
independence in activities of daily living of people with
paraplegia.

There is little scientific evidence relating relative
strength and the perception of independence. In this respect,
relative strength means the ability to lift and accelerate
body movement (National Strength and Conditioning
Association, NSCA). Similarly, Barrero, Garcia-Arrioja
and Ojeda (2005) define self-perception of independence
as a person’s own assessment of their functional capacity
in their activities of daily living.

A previous study (Jiménez, Martin, Abadia, & Her-
rero, 2007) presents similarities with the purpose of this
paper by establishing the influence of strength endurance
on physical condition in individuals with spinal cord inju-
ries in wheelchairs between the ages of 22 and 39, where
strength is a basic physical ability which, in addition to the
biological domain, may also affect other areas of people’s
lives (Kawanishi & Greguol, 2013). In all these cases,
strength is said to be related to physical self-concept.

In terms of independence, Penninx et al. (2001) describe
a study comparing the development of strength with inde-
pendence and the prevention of acquired disability. How-
ever, in their conclusions they argue that endurance, rather
than strength, is the basic physical capacity which can
grant independence and prevent disability. There are also
studies (Martins, Alberto, & Massoli, 2019) that show the
impact of ergonomics on the performance of an activity
in people with physical disabilities.

As for the potential impact of strength endurance on
relative strength, Jiménez et al. (2007) hold that strength
endurance cannot alter maximal strength and therefore
cannot alter relative strength either. A distinction is drawn
between maximal strength and relative strength, whereby
the latter is determined by dividing the kilos lifted at
maximal strength by the kilos of the individual’s body
weight (Bompa, 2003). It is germane to underline this,
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since the programme to be used in this study would not
see changes in either maximal or relative strength. Thus,
the relationship between psychological and social fac-
tors is significant when the impact of this basic physical
capacity on aspects of wellbeing and functionality (Serra,
2011) is considered. However, hitherto, relative strength
has not been shown to be related to self-perception of
independence.

Moreover, since previous studies did not clarify wheth-
er exercises focused on developing basic physical abilities
such as strength, endurance, speed and flexibility might
have positive effects on wheelchair users, other training
methods or systems need to be brought into play. According
to on this premise, there is a controversy in which it is
suggested that “the progress of maximal strength does not
correspond to an equal increase in strength endurance or
speed strength, since a successive reduction in these spe-
cific abilities immediately becomes apparent if the training
is not modified” (Mirella, 2001, p. 54), which indicates
whether training focused on developing strength endurance
may influence relative strength. Similarly, the relationship
between the results of tests in which one muscle group is
primarily involved and those obtained by evaluating the
muscle activity of the opposite muscle group is unknown.
Furthermore, in the general population, the relationship
between the development of strength and the subjective
perception of factors other than physical self-concept
is unknown, bearing in mind that other feelings which
influence the individual and collective development of
each person must also be taken into account. Moreover,
neither are the perceptions of people with paraplegia of
their independence and its possible relationship with basic
physical abilities known.

The objective of this study was to examine whether
there was a relationship between relative strength devel-
opment and self-perception of independence in adults
with paraplegia by measuring relative strength using
the shoulder muscle group, exploring whether this was
related to self-perception of independence in the activities
of daily living of adults with paraplegia. Furthermore,
the degree of such an influence was examined and the
mean percentage of variation in both relative strength
and self-perception of independence after a six-week
intervention programme was obtained. There are also
the particularities of focusing on the development of a
type of strength opposite to relative strength, namely
strength endurance (Bompa, 2003; Jimenez et al., 2007).
Therefore, the study was also designed to observe the
development of relative strength in the shoulder mus-
cle group, which is antagonistic to the dorsal muscle
group (Willmore & Costill, 2004), the main group in
the activities of daily living of people with paraplegia
(Gottlob, 2008).
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Figure 1
Study design.
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Methodology

A quasi-experimental longitudinal follow-up study was
performed with a pre-post facto design based on a six-week
intervention. The physical activity programme involved
working on the strength endurance of the upper body mus-
cles, specifically the pectoral, dorsal, abdominal, biceps
and triceps. The exercises were based on calisthenics and
free weights mainly with dumbbells, following the struc-
ture of four series of 20 repetitions each with 40 seconds’
rest between each series, as in the study carried out by
Willmore and Costill (2004).

Figure 1 shows the design of the study derived from
the objective.

Participants
The sample was comprised of eight people with physi-
cal-motor disabilities, five men and three women, with
an age range between 22 and 39 years (29.5 +5.17)
and residing in the Community of Madrid. The inclu-
sion criteria specified: a) having a spinal cord injury;
b) having a spinal cord injury below D5; c) having an
ASIA C, D or E scale (American Spinal Injury Asso-
ciation, ASIA); d) not performing any kind of physical
or sports activity in their daily lives prior to the study;
and e) not undergoing continuous weight changes prior
to the study. The exclusion criteria were as follows: not
having physical-motor disability combined with another
form of disability and not performing intense physical
activity in their jobs.

All the participants were informed about all the activ-
ities to be carried out in the study before it and signed

the informed consent form to indicate their voluntary
participation and commitment. The study protocol was
approved by the Autonomous University of Madrid Ethics
Committee and also complied with the guidelines of the
Declaration of Helsinki (2000).

Instruments
Barthel Index questionnaire

The Barthel Index questionnaire (Granger et al., 1979)
was used to evaluate independence in the activities of
daily living of people with disabilities. The questionnaire
consisted of 10 items assessed using a Likert scale,
each one with a score of 0 to 4. It was tailored to the
needs of the study, as it is a questionnaire which can
be adapted, and both the number of items and the score
can be chosen, according to Barrero, Garcia-Arrioja
and Ojeda (2005).

The items specified in the questionnaire were: Per-
sonal hygiene, Getting in and out of the shower, Eating,
Using the toilet, Going up and down stairs, Getting
dressed, Moving from wheelchair to bed and returning,
Moving without wheelchair, Moving with wheelchair,
Getting in and out of wheelchair. The scores meant:
unable to do so (0); tries to do so but is insecure (1);
some assistance needed (2); minimal assistance needed
(3); and totally independent (4). The range of scores was
therefore from O to 40 points. The higher the score, the
more independent the participants felt. Conversely, the
lower the score, the less independent they felt.
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Relative strength

The NSCA defines relative strength as the ability to lift and
accelerate body movement, giving the result of maximal
strength (S_ =1 RM) divided by body weight (BW).

max

Procedure

Firstly, the participants were informed about the process
and then completed the Barthel Index questionnaire (BIQ)
based on the points explained.

Body weight was then measured; the participants were
weighed using a scale with a margin of error of one gram
per kilogram of weight measured, and the data were also
recorded to the first decimal place (kilos and hectograms).
The measurement taken made in the same time interval
for each participant, who wore the same clothing for all
measurements, consisting of underwear, socks, trousers and
T-shirt. In order to ensure that measurements were taken in
the same conditions, all the participants were weighed at a
set time after their last food intake, as this is an influential
factor (Casanueva et al., 2008). This datum was gathered
on two consecutive occasions and was considered valid
when the scales showed the same weight both times.

Subsequently, the front shoulder press exercise was
performed to measure maximal strength using a 4.5-kilo
bar and discs of varying weight. In the exercise, partici-
pants performed 10 repetitions with the maximum weight
they felt they could manage, calculating maximal strength
at 70% of this amount (Cronin & Hansen, 2005). The
10-repetition procedure was used instead of a maximum
repetition in order to reduce the risk of injury to partic-
ipants, since higher loads increased such risk (Willmore
& Costill, 2004).

Exercise performance consisted of vertical movement of
the arms from a position in which they were parallel to the
ground (90-degree elbow flexion) to maximum extension
above the head (total elbow extension). The participants
sat on a chair used by all of them, to which their trunk
was securely fixed by means of Velcro straps in order to
avoid compensation by other muscles not required in the
exercise (Monroy, 2011). A stopwatch was also employed
to set the exact same rest time between possible repetitions
of the exercise by some participants, as they sometimes
performed the exercise and at the end of it felt they could
lift more weight. A three-minute rest time was set, which
was appropriate for achieving maximum efficacy in the
maximal strength method (Bompa, 2003). Finally, these
data were used to record the relative strength index, the
result of dividing the kilos of maximal weight lifted by
the kilos of body weight of each one of the participants,
which was noted on a datasheet.

Relationship between Strength and Self-Perception of Independence in Activities of Daily Living of Paraplegic Adults

After the measurements, the participants began the
physical activity programme, which consisted of exercises
designed to develop strength, endurance, speed and flexi-
bility (Mirella, 2006).

The intervention was organised into nine one-hour
sessions held three times a week. After three weeks,
the variables were measured. On the following day, the
second part of the programme was resumed, consist-
ing of the remaining nine sessions. Finally, after six
weeks the variables were measured for the third and
last time. Three measurements were chosen to verify
whether the changes occurring between the first and
third measurements followed a consistent order during
the middle stage of the experimental process (Arnau
& Bono, 2008).

Data analysis

The data were recorded using Microsoft Excel 2010
Professional Plus, and the statistical analysis was per-
formed using SPSS version 22. The data met a normal
distribution according to the Shapiro-Wilk test (Pedrosa
et al., 2015). As the study was longitudinal, the general
linear model (Arnau & Bono, 2008) was used to anal-
yse repeated measurements with a significance level of
p < .05 to check for significant differences in changes in
relative strength and BIQ score during the process, and
the Bonferroni interval adjustment was added to compare
the three pre-, intermediate and post- study measures in
pairs (Gil, 2015). In addition, the Pearson correlation
coefficient was applied to extract the type of relation-
ship in the changes produced between both variables
(Pedrosa et al., 2015). In the interpretation of this type
of relationship, values of < .20 were considered as very
low; between .20 and .39 as low; between .40 and .59
as moderate; between .60 and .79 as high; and between
.80 and 1 as very high (Morrow et al., 2005). Similarly,
the coefficient of determination was extracted to obtain
the percentage of reliability that the potential changes in
relative strength would impact the change in the Barthel
Index questionnaire score (Pedrosa et al., 2015). Mean-
while, the percentages of each participant were calculated
and then added up and the total was divided by the study
sample to establish the mean variation percentages.

Results
As can be seen in Table 1, the study participants presented
changes in both their relative strength and BIQ. In relative
strength, positive changes were observed, except in par-
ticipants 4 and 6. Furthermore, positive changes in BIQ
were seen after the intervention.
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Table 1

Relationship between Strength and Self-Perception of Independence in Activities of Daily Living of Paraplegic Adults

Evolution of relative strength and BIQ between the first and last measurements.

Participant Measurement RS % change BlQ % change
12 0.34 23

1 32.35% 26.09%
32 0.45 29
12 0.32 23

2 43.75% 21.74%
3?2 0.46 28
12 0.28 22

3 25.00% 9.09%
32 0.35 24
12 0.31 27

4 -3.23% 0.00%
3?2 0.30 27
12 0.36 16

5 41.67% 43.75%
32 0.51 23
12 0.45 34

6 -4.44% 0.00%
3?2 0.43 34
12 0.35 31

7 34.29% 22.58%
32 0.47 38
12 0.23 33

8 34.78% 9.09%
3?2 0.31 36

Abbreviations: RS: relative strength; % change: change percentage; BIQ: Barthel Index questionnaire.

The operability of relative strength comprised an unlim-
ited range, while in BIQ the response range was between 0
and 40. Finally, table 2 shows that there were significant
changes in both study variables, with greater variation in
relative strength than in BIQ scores.

The results indicated a direct correlation between rela-
tive strength and BIQ scores (r = .933), which was consid-
ered very high, showing that changes in relative strength
in each one of the participants were related to BIQ scores
across all three data measurements in the study. Thus, the
coefficient of determination presented a high-influence
value (R?=.871), which meant that there was an 87.1%

Table 2
Descriptive values

M (SD) S-w p<.05
Relative strength 0.08 (0.07) 0.21 .03
BlQ 3.75 (2.92) 0.22 .04

Abbreviations: M: mean; SD: standard deviation; S-W: Shap-
iro-Wilk normality test values; BIQ: Barthel Index questionnaire.
The significance level is p < .05.

probability that the variation in the BIQ score over the
three measurements could be explained by the changes in
relative strength.

Discussion
This paper focused on the impact of relative strength on
self-perception of independence in the activities of daily
living of adults with paraplegia. It also explored the
degree of relative strength, and additionally determined
the mean percentage of variation in relative strength and
self-perception of independence separately.

The most significant result of the study was the asser-
tion that changes in relative strength are strongly associated
with this population’s self-perception of independence.
Furthermore, the percentage increase in the group mean
for relative strength represented a substantial improve-
ment.

Unlike previous research (Serra, 2011), this paper
showed variations in relation to relative strength. The
results point to significant changes in relative strength
after six weeks of intervention in people with paraplegia;
however, there are studies in people with intellectual dis-
ability whose performance is lower after doing strength
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tests (Cabeza Ruiz & Castro Lemus, 2017), whereby a
certain degree of caution is required when generalising the
findings. In this respect, the proposed intervention may
bring about significant changes in adults with paraplegia
who do not perform any other physical activity outside
the programme or any other physical activity prior to it.

Taking previous studies as a reference, Jiménez et
al. (2007) studied the implications of strength endurance
for speed and fatigue, it being considered that the devel-
opment of relative strength has proportional changes
together with these two factors in the independence of
adults with paraplegia. Strength endurance was worked
on in the physical activity programme analysed and led to
positive changes in relative strength. However, studies by
other researchers found no impact at all. Mirella (2001)
does not draw precise conclusions about the influence of
relative strength on independence, which is why these
results differ from previous studies.

It is important to stress that the literature concerning
relative strength in people with physical disabilities is
scant, which constitutes a challenge in conducting research
in this group. While there are a number of studies in which
strength measurements were taken in wheelchair users
(Wilbanks & Bickel, 2016; Cabeza Ruiz & Castro Lemus,
2017), these studies did not address relative strength.

In terms of the characteristics of the physical activity
programme, this paper is similar to that of Hicks et al.
(2003), who observe no significant changes in the first stage
of their programme, hence self-perception and external
perception might be said to present discrepancies with
regard to independence taking the intervention into account.

Similarly, Hicks et al. (2003) established a nine-month
physical activity programme with two weekly sessions to
observe the possible transference from strength develop-
ment to independence. By contrast, in this study, changes
were apparent after three weeks, bearing in mind that in
both sets of research none of the participants had done
any previous physical activity.

With regard to the recording of relative strength data,
resources such as MuscleLab are recommended as a
reliable tool for ascertaining maximal strength, since
Padullés and Lépez (2011) argue that it can identify and
describe the events which occur in muscle contraction.
This would make it possible to confirm, with the utmost
confidence, that each participant used their muscle fibres
involved in the effort at the maximum possible contraction.

There were two specific limitations with regard to
body weight. The first was weight variation throughout
the process. Although these weight changes were minor
and the differences were not significant (.231>.05), the
participants’ weight fluctuations ranged from a .6 kg gain

Relationship between Strength and Self-Perception of Independence in Activities of Daily Living of Paraplegic Adults

to a 1.6 kg loss. The second limitation was in the intake
times prior to weighing on the scale.

Adherence to the programme was 72.7 %. This figure
reflects the number of participants who completed the
full physical activity programme, since three participants
dropped out of the study for personal reasons; these
withdrawals do not influence the results, because in these
cases only the first data set had been collected. In this
respect, it would be useful to explore this question in
greater depth in a larger sample in future research designed
to compare the different types of strength and ascertain
which one would have the greatest impact on factors such
as independence or self-perception of independence in
people with paraplegia, as well as in studies focusing on
self-perception in this population group.

Conclusion

After six weeks of intervention there were significant
changes in terms of relative strength and self-perception of
independence which improve the performance of activities
of daily living. Using the BIQ and measuring relative
strength are recommended as tools for supervising and
monitoring a physical activity and strength programme in
people with paraplegia for initiation and also to establish
functional changes during the rehabilitation and recovery
process. In this respect, it is important to underscore the
need to set clear targets when implementing an inter-
vention, include strength and endurance exercises in
programmes targeting wheelchair users, and also to factor
in self-perception of independence in order to enhance
their quality of life.
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