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Abstract — Despite an increase in popularity of Paralympic
sports, there is a lack of studies on these sports, and con-
troversies regarding the classification system for Paralympian
swimmers. The Paralympic classification system features 10
classes to provide fair competition for swimmers with a physi-
cal disability. The summary of the clean swimming speed (SS)
can provide useful information for the classification system in
competitive swimming. The aim of this study was to summa-
rize evidence of the fairness of Paralympic categories of male
swimmers with a physically disability, focusing on SS in the
100-m front crawl. Multiple databases (PubMed, EMBASE,
ISI Web of Knowledge, SPORTDiscus, Academic Search Pre-
mier, CINAHL) were examined for observational studies pub-
lished until October 2017, on official swimming races. Five
studies were found and analyzed (n = 369; national and inter-
national level). The random effects model was used for this
meta-analysis. Statistical heterogeneity among the studies
was assessed by the inconsistency test (12) and alfa = 0.05.
Subgroup analyses were performed with addition of the “class”
covariant according to the characteristics of the studies. Bias
was analyzed with a forest plot on the OpenMeta[Analyst]
software. Increases in SS were related to higher Paralympic
classes. Pooling data from all studies and classes, the esti-
mated mean of SS was 1.25 m.s", SD = 0.05 m.s™, p < 0.01,
12 = 99%, p < 0.01. The analysis of sub-groups found high
heterogeneity (12 > 75%, p < 0.05). The results suggest that
the Paralympic Classification System seems to be fair for the
men’s 100-m freestyle events. Assessment of studies by close
classes and by groups with many classes together, e.g. S1 -
S10, increased the heterogeneity of the analysis. However,
further studies are necessary to explain possible inconsisten-
cies in the Paralympic Classification.
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1. INTRODUCTION

Speed is the main outcome to be monitored in swim-
ming biomechanics (Palayo, Alberty, Sidney, Potdevin,
& Dekerle, 2007; Morris, Osborne, Shephard, Skin-

ner, & Jenkins, 2016). Thus, above average swimming
speeds are a key-factor to excel in this sport (Arel-
lano, 1994). In Paralympic Swimming, competitions
are fair when the speeds of a category of the Paralympic
classification system are relatively similar, according to
the swimmers’ physical-motor handicap (Daly, Djobova,
Malone, Vanlandewijck, & Steadward, 2003). In this
sense, clean swimming speed (SS) can provide useful
information about the Paralympic classification system
and its fairness. That said, this study is not intended
to use swimming speed as a criterion for classifying
swimmers with a disability. The goal was to compare
swimming speed based on the actual classifications.

The IPC classification system features 10 classes to
provide fair competition for swimmers with physical dis-
abilities (IPC, 2015). Lower classes represent higher
levels of physical-impairment. The Paralympic classifi-
cation system aims to level the playing field across ath-
letes with various levels of impairment (WPS, 2017). In
this way, some studies have analyzed the performance of
a large number (n = 369 subjects) of high-level compet-
itive swimmers in national and international Paralympic
swimming events, specifically in the 100m freestyle
(Chatard et al., 1992; Daly, Malone, Vanlandewijck,
& Sdeadward, 1999; Pelayo, Sidney, Moretto, Wille, &
Chollet, 1999).

However, although there are insightful studies on the
SS of disabled swimmers (Daly et al., 2003; Zrnzevic,
2016), no meta-analysis is found in the literature. The
meta-analysis is able to integrate, combine and summa-
rize these result, making the result more reliable, besides
enabling the inclusion of future studies to be published
(Pigott, 2012).

The aim of this study was to summarize evidence of
the Paralympic categories of physically disabled male
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swimmers, focusing on the SS in the 100-m freestyle
event.

2. METHODS

2.1. Design
This was a meta-analysis of observational studies on
100-m front-crawl Paralympic swimmers.

2.2. Identification and selection of studies

A comprehensive search of the literature was performed
using PubMed, EMBASE, ISI Web of Knowledge,
SPORTDiscus, Academic Search Premier, CINAHL for
complete studies with titles in English, Portuguese or
Spanish, between the database inception and October 31,
2017. The keywords used were “disabled persons” OR
“disabled sport” OR “physical disability” AND swim-
ming OR aquatic OR crawl OR freestyle AND perfor-
mance OR biomechanics OR “swimming speed” OR
“swim speed” OR velocity. Inclusion criteria were stud-
ies focused on official swim races with male swimmers.
Exclusion criteria were: (i) only official swim races, (ii)
absence of data and / or incomplete data in the papers and
(iii) multiple publications in which results were recycled
(i.e. reported more than once), with only one of these
studies included. Clean swimming speed is understood
without start, turn and finish times (Daly et al., 1999).

2.3. Extraction of results

The following phases were used as criteria for the se-
lection of studies: 1st phase - two researchers assessed
the titles and abstracts of the articles identified by the
research strategy, independently and in duplicate; 2nd
phase - the same reviewers assessed the articles in full
and made their selection according to the identification
and selection of studies. A third independent reviewer
resolved disagreements between reviewers.

2.4. Assessment of risk of bias
Methodological quality was

Newcastle-Ottawa quality assessment scale for cohort
studies (Wells et al., 2007), adapted for observational
studies (Sparrenberger et al., 2009). The scale is com-
posed of eight items divided into three domains: group
selection (three items, 0-3 points); comparison of groups
and factors (one item; 0-2 points); exposure and assess-
ment of the outcome value (three items, 0-3 points).
Each item can be awarded a maximum score within
each category: selection and results. A maximum of
two scores was given for comparability. Low quality

assessed with the

was ranged at < 7 points out of 8 (Stang, 2010).

2.5. Data analysis

The meta-analysis was carried out using a random ef-
fects model (Borenstein, Hedges, Higgins, & Rothstein,
2010). The inconsistency test (I2) was used to assess
statistical heterogeneity, in which the values for hetero-
geneity were null = close to 0%; low = close to 25%;
moderate = close to 50%; high = close to 75% (Boren-
stein, Hedges, Higgins, & Rothstein, 2010). Subgroup
analyses were developed with addition of the covariant
Paralympic classification (IPC, 2015). All tests were set
with a significance level of p < 0.05. The meta-analysis
was conducted using the OpenMeta[Analyst] software
(Wallace, Schmid, Lau, & Trikalinos, 2009).

3. REsuLTS

The research strategy identified 369 potentially relevant
studies, but only four were within the scope of this meta-
analysis, since they fulfilled the inclusion criteria (Figure

1).

PubMed (n = 54)
H EMBASE (n = 33)
E IS1 Web of Knowledge (n = 34) ) -
s SPORT discus (n = 137) Additional records identified
£ Academic Search Premier (n =58) through other sources (n = 1)
3 CINAHL (n = 12)
= Total (n = 328)
¥
Records after duplicates removed
= (n=188)
=
£
@
5
o Records screened | »| Records excluded
{n=133) (n=101)
v
2 Full-text articles assessed N Full-text articles excluded, with
= for eligibility (n = 32) reasons (n = 27)
2 T - 14 gualitative studies;
=2 12 no competitive events;
. 1 different front-crawd.
¥
Studies included in
= quantitative synthesis
5 (meta-analysis)
= {n = 5 studies)
E Total sample:
369 subjects.

Figure 1. Flowchart of the systematic literature search.

The studies included in the meta-analysis are shown
in Table 1. Papers included were published from 1992 to
2016. Regarding the quality of the observational stud-
ies included, all studies had high methodological qual-
ity (based on the Newcastle-Ottawa quality assessment
scale). Regarding the competitive level of the subjects
participating in the studies, all studies were carried out
on international-level swimmers racing at the 1996 At-
lanta Paralympic Games (Daly et al., 1999), 1996 Para-
lympic Games and the European Championships (Pelayo
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et al., 1999) and a study without reference of the com-
petitive event (Chatard et al., 1992).

As far as the division of classes is concerned, in-
creases in SS were related to higher Paralympic class.
For the collected data from all studies and classes, the
estimated mean of SS was 1.25 m.s" (95% confidence
interval: 1.16 - 1.34 m.s™"), standard deviation = 0.05
m.s”, p < 0.01,12 =99%, p < 0.01 (Figure 2).

A comprehensive subgroup analysis by close classes
and by groups with many classes together, within the
same classification, e.g. S2 with S2, S3 with S3, S4
with S4, S5 with S5, S6 with S6, S7 with S7, S8 with
S8, S9 wit S9 and S10 with S10 and between classes, e.g.
S3 with S4, S4 with S5, S6 with S6, S6 with S7, S7 with
S8, S8 with S9, S9 with S10, showed high heterogeneity
(12 > 75%, p <0.05).

4. DISCUSSION

The aim of this study was to summarize evidence of
physically impaired male swimmers Paralympic Classes
focusing on SS in 100-m freestyle event. The present
meta-analysis has shown that: (i) as far as the division
of classes is concerned, increases in SS were related
to higher classes; (ii) Subgroup analysis showed high
heterogeneities and statistical differences for SS in all
combinations of classes S1 to S10 of male in male 100-
m front crawl.

The main result of this study confirms the fairness of
the Paralympic classification system by showing that SS
decreases with increasing physical-motor impairment
(IPC, 2015; WPS, 2017). However, comparisons within
the same class, e.g. S3 with S3, are mostly heteroge-
nous, and close classes are heterogenous and differ sig-
nificantly (Wu and Williams,1999; Daly et al., 2003).
These increases in SS according to increases in the clas-
sification (high classification, low physical impairment)
may be due to several reasons: impaired muscle power,
limb deficiency, leg length difference, short stature, hy-
pertonia, ataxia, athetosis and impaired passive range of
movement (WPS, 2017).

This large physical-motor variability implies (i) dif-
ferent drag forces in the aquatic environment (Oh, Bur-
kett, Osborough, Formosa & Payton, 2013), (ii) the need
to increase stroke rates due to amputations or malfor-
mations in the upper-limbs (Figueiredo, Willig, Alves,
Vilas-Boas & Fernandes, 2014), or, even (iii) increases
in the kicking rate (Osborough, Daly & Payton, 2015)
or trunk movements (WPS, 2017).

Although only five studies were assessed by the
Newcastle-Ottawa quality assessment scale (Stang,
2010), all studies showed high methodological qual-

ity. One study with similar methodology obtained a
slightly lower average (Mannocci et al., 2016). The num-
ber of subjects in the meta-analysis was relatively large
(n=369). Similar meta-analysis on swimming are scarce
and recruit a small number of participants (Havriluk,
2005). Meta-analysis are observational studies of ev-
idence supported by the statistical method, which in-
tegrate two or more primary studies (Ramalho, 2005).
In addition, the larger the sample, the lower the esti-
mated variability and, consequently, the greater the study
weight in the estimation of the meta-analysis (Rodrigues
and Ziegelmann, 2010; Silva and Otta, 2014).

This meta-analysis researched complete studies with
Paralympic competitive swimmers, of international level
with one study without reference of the competitive
event (Chatard et al., 1992) and studies with reference of
the competitive event: 1996 Atlanta Paralympic Games
(Daly et al., 1999), 1996 Paralympic Games and the
European Championships (Pelayo et al., 1999), 2000
Sydney Paralympic Games (Daly et al., 2003), and 2012
London Paralympic Games (Zrnzevic, 2016). In this
sense, it is necessary to consider the age of the stud-
ies and to reinforce the need to monitor the swimming
speeds of Paralympic swimmers to better understand
their performance evolution. An analysis of the average
of the competitive results of Paralympic swimmers has
shown progression of the times in each competitive event
across World Championships and Olympic Games finals
from 1992 to 2013 (Konig et al., 2014). This progres-
sion must be considered in the swimmers’ performance,
even if it is not possible to incorporate the results of the
competitive overviews because they do not represent the
swimming speed without starts and turns.

The Paralympic classification system features 10
classes to provide fair competition for swimmers with
physical disabilities (IPC, 2015). Lower classes repre-
sent greater level of physical-motor impairment. The
Paralympic classification system aims to level the play-
field across athletes with the same level of impairment
(WPS, 2017). In this way, some studies have analyzed
the performance of a large number (n = 313 subjects)
of high-level competitive swimmers in national and in-
ternational Paralympic swimming events, specifically in
the 100-m freestyle (Chatard et al., 1992; Daly, Mal-
one, Vanlandewijck, & Sdeadward, 1999; Pelayo, Sid-
ney, Moretto, Wille, & Chollet, 1999; Daly et al., 2003).

In relation to the different levels of performance of
the swimmers included in this meta-analysis, e.g., Daly
etal., (1999) includes only the heat results for all Atlanta
participants, while Daly et al., 2003 includes current re-
sults only from finalist swims (n = 8 per class) at 2000
Paralympic Games, a first statistical test was performed



328 Paralympic and Performance Analysis

Table 1. Characteristics of the studies: SS values, study weights, 100-m front crawl competition.
Class. = classification of swimmers with physical disabilities. For more information, see (Dummer, 1999; Sampedro, Flores,
& Tejero, 2016). n=313; SS in m.s"; M = mean; Sd = standard deviation.

Study name Class. n SS(M=+Sd) weight%
Chatard et al., 1992 S1-S2 8 0.98+0.16 2.70%
Daly et al., 1999 S2 6 0.56+0.06 2.79%
Daly el al., 2003 S2 8 064+0.06 2.79%
Zrnzevic, 2016 S2 8 0.72+0.05 2.80%
Daly et al., 1999 S3 11 0.73+0.08 2.79%
Pelayo et al., 1999 S3 7 073007 2.78%
Chatard et al., 1992 S3 6 1.20+0.20 2.59%
Pelayo et al., 1999 S4 7 094+0.04 2.80%
Daly et al., 1999 S4 14 091+0.08 2.79%
Daly el al., 2003 S4 8 1.02x0.05 2.80%
Zrnzevie, 2016 S4 8 1.15+£0.02 2.81%
Pelayo et al., 1999 S5 8 1.03+0.09 2.77%
Daly et al., 1999 S5 13 1.02+0.12 2.77%
Daly el al., 2003 S5 8 1.15+0.07 2.79%
Zrnzevic, 2016 S5 8 1.28+0.07 2.79%
Chatard et al., 1992 S5-S6 7 1.18+0.28 2.45%
Pelayo et al., 1999 S6 8 1.16+0.11 2.76%
Daly et al., 1999 S6 18 1.19+0.12 2.78%
Daly el al., 2003 - S6 8 1.36£0.04 2.80%
Zrnzevic, 2016 S6 8 1.43+0.04 2.80%
Daly et al., 1999 S7T 26 1.36+0.07 2.80%
Pelayo et al., 1999 S7 8 1.38+0.03 2.81%
Daly el al., 2003 -S7 8 145+0.04 2.80%
Zrnzevic, 2016 S7 8 1.55+0.05 2.80%
Pelayo et al., 1999 S8 8 146+0.06 2.79%
Daly et al., 1999 S8 25 1.42+0.06 2.80%
Daly el al., 2003, S8 8 150+£0.02 2.81%
Zrnzevie, 2016, 100m S8 8 1.63+0.056 2.80%
Pelayo et al., 1999 S9 8 146+0.03 2.81%
Daly et al., 1999 S9 21 1.52+0.04 2.81%
Daly el al., 2003 S9 8 1.57+£0.03 2.81%
Zrnzevic, 2016 S9 8 1.70+0.02 2.81%
Daly et al., 1999 S10 24 1.57+0.08 2.80%
Pelayo et al., 1999 S10 8 1.59+0.04 2.80%
Daly el al., 2003 S10 8 1.68+0.04 2.80%
Zrnzevic, 2016 S10 8 1.81+0.05 2.80%
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Studies Estimate (95% C.I.)
Chatard etal,, 1992-51-S2,100m  0.9%8 (0.87, 1.09) R i
Daly et al., 1999 - S2, 100 m 0.56 (0.51, 0.61) —m— g
Daly el al,, 2003 - §2, 100 m 0.64 (0.80, 0.68) - ]
Zrnzevic, 2016 - S2, 100m 0.72 (0.69, 0.75) - 4
Daly et al., 1999 - S3, 100 m 0.73 (0.68, 0.78) N :
Pelayo et al., 1999 - S3, 100 m 0.73 (0.68, 0.78) —.— §
Chatard etal., 1992 -S3-54, 100m  1.20 (1.04, 1.36) ;
Pelayo et al., 1999- 54, 100 m 0.94 (0.91, 0.37) g 3 ]
Daly et al., 1999 - S4, 100 m 0.91 (0.87, 0.95) - §
Daly el al., 2003 - §4, 100 m 1.02 (0.99, 1.05) E B '
Zrmzevic, 2016 - S4, 100m 1.15 (1.14, 1.16) — .
Pelayo et al., 1999 - S5, 100 m 1.03 (0.97, 1.09) —a—
Daly et al., 1899 - §5, 100 m 1.02 (0.95, 1.09) —— :
Daly el al., 2003 - S5, 100 m 1.15 (1.10, 1.20) -
Zmzevic, 2016 - S5, 100m 1.28 (1.23, 1.33) ——
Chatard etal., 1992-55-56, 100m  1.18 (0.97, 1.39) _—
Pelayo et al., 1999 - S6, 100 m 1.16 (1.08, 1.24) —-—
Daly et al., 1999 - S6, 100 m 1.19 (1.13, 1.25) —-
Daly el al., 2003 - S6, 100 m 1.36 (1.33, 1.39) L.
Zrnzevie, 2016 - S6, 100m 1.43 (1.40, 1.48) ! s 3
Daly et al., 1999 - S7, 100 m 1.36 (1.33, 1.39) -
Pelayo et al., 1999 - 57, 100 m 1.38 (1.38, 1.40) o
Daly el al., 2003 - 57, 100 m 1.45 (1.42, 1.48) ' -
Zrnzevic, 2016 - S7, 100m 1.55 (1.52, 1.58) : -
Pelayo et al., 1999 - S8, 100 m 1.46 (1.42, 1.50) i
Daly et al., 1999 - S8, 100 m 1.42 (1.40, 1.44) | "
Daly el al., 2003 - S8, 100 m 1.50 (1.49, 1.51) ! |
Zmzevic, 2016 - S8, 100m 1.63 (1.60, 1.66) : -
Pelayo et al., 1999 - 59, 100 m 1.46 (1.44, 1.48) n
Daly et al., 1999 - S9, 100 m 1.52 (1.50, 1.54) -]
Daly el al., 2003 - S9, 100 m 1.57 (1.55, 1.59) ! E
Zrnzevic, 2016 - S9, 100m 1.70 (1.69, 1.71) | |
Daly et al,, 1999 - S10, 100 m 1.57 (1.54, 1.60) ' T
Pelayo et al., 1999 - S10, 100 m 1.59 (1.56, 1.62) ! -
Daly el al., 2003 - $10, 100 m 1.68 (1.65, 1.71) : s 3
Zmzevic, 2016 - $10, 100m 1.81 (1.78, 1.84) : -
Overall (1%2=99.73 % , P< 0.01) 1.25 (1.16, 1.34) T
r T T T . T T 1
06 08 1 12 14 16 18

Figure 2. Forest plot derived from continuous random-effects models depicting the swim speed by Paralympic classification

(class S1 to S10, male) in tests and races of 100 m freestyle.

to verify the inconsistency of the studies (Figure 1). The
inconsistency test (I12) found that there is indeed a great
heterogeneity or inconsistency between the studies (12
= 99.58%, p < 0.01). For results with high inconsis-
tency, subgroup analyses are recommended to find the
inconsistencies using a random effects model (Boren-
stein, Hedges, Higgins, & Rothstein, 2010). These
results are relevant to demonstrate that analyzes with
several classes of Paralympic swimmers increase the
heterogeneity between classes.

This meta-analysis goes beyond the base consulted to
systematize and consolidate the results found. The func-
tional classification system used in disability swimming
in front crawl events was supported for men’s 100-m
front crawl (Chatard et al., 1992; Daly, Malone, Vanlan-

dewijck, & Sdeadward, 1999; Pelayo, Sidney, Moretto,
Wille, & Chollet, 1999; Daly et al., 2003; Zrnzevic,
2016). This meta-analysis allows the inclusion of fu-
ture studies to summarize a new set of evidence in gen-
eral analyses and by subgroup of the 10 classes of male
swimmers crawl. In this way, more studies are needed to
explain possible inconsistencies in the Paralympic clas-
sification.

5. CONCLUSION

This meta-analysis suggests that the Paralympic Clas-
sification System seems to be fair in the men’s 100-
m freestyle events when assessed based on swimming
speed.
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