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SUMMARY

The prevalence of morphological asymmetry amongst sport participants and sedentary
individuals has been well documented. The importance of studies in this field is
accentuated by the fact that morphological asymmetry has a negative effect on the health
and performance of elite athletes. The purpose of this study was, therefore, firstly to
determine whether significant differences for thirty five anthropometrical measurements
exist between the dominant and non-dominant sides of male (n = 16) and female (n = 11}
crawl stroke swimmers. Dependent t-tests were used for this purpose. All of the
measurements were taken twice on both the dominant and non-dominant sides of the
body, according to the methods described by Norton et al. (1996). Amongst the male
swimmers, the (relaxed-, tensed- and corrected-) upper arm girths, wrist girth, thigh girth
and lower leg length showed statistically significant (p < 0.08) differences. Amongst the
female swimmers statistically significant (p < 0.05) differences were found for the thigh
girth, upper leg length and foot length. The second purpose was to compare the indices of
morphological asymmeltry of twenty upper body anthropometrical variables of the male
swimmers to that of male fast bowlers {(n = 27) and aged-matched sedentary males (n =
27). This comparison was done using an ANOVA with Tukey post hoc tests. The indices
“of morphological asymmetry were determined with Wolafiski's Relative Indices of
Asymmetry (RIA). The RIA for the twenty upper body measurements for the three groups
in this comparison are also reported. Statistically significant (p < 0.05) differences were
found for the (relaxed, tensed and corrected) upper arm girths and half-chest girth when
the fast bowlers were compared fo the male swimmers as well as for the comparison
between the fast bowlers and the sedentary individuals. A statistically significant (p <
0.05) difference was also found for the hand length between the fast bowlers and the
sedentary individuals. To conclude, all four of the measured groups showed indices of
morphological asymmetry for certain anthropometrical variables, with the fast bowlers
showing the highest indices and the swimmers showing the lowest indices of
morphological asymmetry. These results support the notion that swimming may have
preventive and therapeutic value for athletes who show a high degree of morphological
asymmetry due fo participation in unilateral sport types. Further research is, however,
required.

Key words: Asymmetry, fast bowlers, cricket, crawl stroke, swimmers, sedentary
individuals, South Africa.
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OPSOMMING

Die voorkoms van morfologiese asimmetrie onder sportdeeinemers en sedentére persone
is goed gedokumenteer. Die belangrikheid van studies oor hierdie onderwerp word
beklemtoon deur die feit dat morfologiese asimmetrie 'n negatiewe effek op die
gesondheid en prestasies van elite sportiui het. Die doel van die studie was gevolgiik
eerstens om te bepaal of betekenisvolle verskille tussen die dominante- en nie-dominante
kante van manlike (n = 16) en vroulike (n = 11) kruipslagswemmers voorkom vir vyf-en-
dertig antropometriese veranderlikes. Alle metings is twee maal aan beide die dominante-
en nie-dominante kante geneem, volgens die metodes van Norton et al. (1996). Stalisties
betekenisvolle (p < 0,05) verskille is by die mans gevind vir die (ontspanne-, gespanne- en
gekorrigeerde-) boarmomirekke, gewrigomtrek, dyomirek en onderbeenlengte. Statisties
betekenisvolle (p < 0,05) verskille is by die dames gevind vir die dyomtrek, bobeenlengte
en voetlengte. Die tweede doel was om die indeks van asimmelrie vir twintig bolyf
antropometriese veranderlikes van die manlike swemmers te vergelyk met dié van manlike
sneifboulers (n = 27) en sedentére mans (n = 27) van dieselfde cuderdom. Die indeks van
asimmetrie is met behulp van Wolafiski se Relatiewe Indeks vir Asimmelrie (RIA) bepaal.
Die RIA vir die twintig bolyf antropometriese veranderlikes vir die drie groepe wanneer
vergelykings getref word, word geraporteer. 'n Statisties betekenisvolle (p < 0,05) verskille
is gevind vir die (ontspanne-, gespanne- en gekorrigeerde-) boarmomtrek asook die halwe
borsomtrek wanneer die manklike snelboulers onderskeidelik met die swemmers en die
sedentére persone vergelyk word. ’n Statisties betekenisvolle (p < 0,05) verskil is ook
gevind vir die handlengte tussen die snelboulers en die sedentére persone. Om saam fe
vat, toon al vier die getoetsde groepe 'n mate van asimmetrie vir sekere antropometriese
veranderlikes, met die snelboulers wat die hoogste- en die swemmers wat die laagste
mate van morfologiese asimmetrie toon. Hierdie resultate ondersteun die mening dat
swem van voorkomende en terapeutiese waarde mag wees vir sportiui met 'n hoé mate
van morfologiese asimmetrie vanwee hul deelname aan asimmetriese sportsoorte.
Verdere navorsing word egter benodig.

Sleutel terme: Asimmetrie, snelboulers, krieket, kruipslag, swemmers, sedentére

persone, Suid Afrika.
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Problem statement and
purposes of the study

1.1 Problem Statement

1.2 Purposes

1.3 Hypotheses

1.4  Structure of the Dissertation
1.6 References

1.1 PROBLEM STATEMENT

The occurrence of morphological asymmetry in different types of sport have been well
documented (Buskirk et al.,, 1955; Chinn et al.,, 1974; Czabanski, 1974; Copley, 1980,
Montoye et al., 1980; Zaharieva, 1981; Powers & Walker, 1982: Pirnay et al., 1987; Wyss
et al., 1989; Nystrom et al, 1990; Sward et al., 1990; Stretch, 1991; Groppel & Roetert,
1992; Coetzee, 1994; Margonato ef al.,, 1994, Green ef al, 1996, Kippers et al., 1998;
Krawczyk et al., 1998; Carson, 1999; Engstrom ef al., 1999; Jansen van Rensburg, 2000).
Further evidence suggests that such morphoiogical asymmetries are also prevalent
amongst sedentary individuals (Laubach & McConville, 1967; Womersley & Durnin, 1973;
Ruff & Jones, 1981; Martorell et al., 1988; Dangerfield, 1994; Margonato et al., 1994). ltis
the interest of this study to compare the incidence and degree of morphological asymmetry
amongst participants in specific asymmetrical and symmetrical sports (cricket and
swimming respectively) and sedentary individuals.

Miller and Brackman Keane (1987:120) defined asymmetry as “a lack or absence of
symmetry” and “a dissimilarity in the corresponding parts or organs on opposite sides of
the body that are normally alike’. According to Gomez (1994:47), morphological
asymmetries can be accredited to physical activity, environmental factors and inherent
factors such as laterality, handedness and side dominance. Zaharieva (1981:148) further
stressed that morphological limb asymmetry is highly dependent on the kind of sport
practised. In this regard, Pimay ef al. (1987:331) stated that participants of asymmetrical

1



Chapter 1: Problem statement and purposes of the study

sport develop morphological asymmetry due to the asymmetrical physical and neurological
demands that are placed on the locomotor apparatus of the dominant limb, compared to
the non-dominant limb. Normal daily activities (in which the tendency is to make greater
functional use of the dominant limb, compared to the non-dominant limb) were also
indicated as a contributing factor to asymmetrical development (Dangerfield, 1994:20;
Margonato ef al., 1994:569). # is the functional, morphologically observable and
measurable asymmetry resulting from participation in certain asymmetrical and
symmetrical sports that are of interest in this study.

Most of the available research on morphological asymmetry in sport focuses on the
occurrence thereof amongst tennis players (Buskirk et al, 1955, Chinn et al., 1974;
Copley, 1980; Montoye et al., 1980; Zaharieva, 1981; Powers & Walker, 1982; Pirnay et
al., 1987, Wyss et al., 1989; Sward et al., 1990; Groppel & Roetert, 1992; Green et al,
1996; Krawczyk et al, 1998; Jansen van Rensburg, 2000). Significant differences
between the dominant and non-dominant sides for the forearm girth, wrist girth and wrist
width (Green et al., 1996:945), humerus length (Wyss et a/., 1989), humerus width, and
ulna and radius width (Montoye af al., 1980) are just some of the reported findings.

Research also indicates morphological asymmetries amongst épée fencers (Azemar, as
quoted by Pirnay ef a/., 1987; Nystrém et al., 1990; Margonato et a/, 1994). In this regard,
Margonato et al. (1994:569), for example, found a significant difference (p < 0.001) in the
dominant forearm cross sectional area of épée fencers when the dominant and non-

dominant sides were compared.

Indices of morphological asymmetries have also been reported amongst fast bowiers in
cricket (Stretch, 1991; Bioomfield ef a/., 1994; Kippers et al., 1998). These researchers all
demonstrated asymmetrical development of the body structure of fast bowlers. In this
regard, Bloomfield et al. (1994:102) illustrated the over-development of the dominant side
of the upper body in a high level fast bowler by means of a photograph. Similar results
concerning lower body morphological asymmetry were reported by Stretch (1991:62-63),
who found that a number of bowlers in his study exhibited larger calf girths of the leg
opposite to the bowling arm, when compared to the leg on the dominant side. Kippers et
al. (1998:106) also found that small indices of morphological asymmetry exist when the
dominant and non-dominant limb measurements of these players are compared. It can,
therefore be concluded that morphological asymmetry does exist amongst participants of

asymmetrical sport, such as tennis players, épée fencers and fast bowlers in cricket.

2




Chapter 1. Problem statement and purposes of the study

The prevalence of morphological asymmetries amongst swimmers was also indicated
(Czabanski, 1974; Zaharieva, 1981; Perrin, 1993; Coetzee, 1994). In a comparative study
on the participants of 14 different sports, Zaharieva (1981:143) demonstrated that
swimmers had the lowest percentage for morphological asymmetry of the upper arm girth.
Of these swimmers, 49.9% did, however, show a difference of greater than 0.3 cm
between the dominant and non-dominant side measurements for this specific girth. Perrin
(1993:67) indicated that few morphological differences between the dominant and non-
dominant sides were observed in athletes who participate in sport (such as swimming)
where bilateral, symmetrical development of the upper body and extremities occur. These
findings were substantiated by Czabanski (1974:211) and Coetzee (1994:16), in studies

on the anthropometrical profiles of junior swimmers.

Although it seems that sports participants (especially those invoived in asymmetrical sport
types) are more prone to asymmetrical development, research has shown that
morphological asymmetry could also be prevalent amongst normal sedentary individuals
(Laubach & McConville, 1967, Womersiey & Durnin, 1973; Dangerfield, 1994).
Dangerfield (1994:10-11) found that the dominant limbs of such individuals may be larger
(1-3%) and heavier (2-4%) than the non-dominant limbs. This researcher also indicated a
greater degree of asymmetry in the upper fimbs than in the lower limbs. These findings
are further accentuated by Laubach and McConville (1967:368) who found that the upper
arm girth (both relaxed and tensed), forearm girth, wrist girths and hand breadth of the
dominant side were statistically significantly larger than that of the non-dominant side.
However, no statistically significant differences were observed in the comparison of
dominant and non-dominant skinfold measurements of sedentary individuals (Womersiey
& Dumin, 1973:289). The above mentioned literature results seem to indicate that
handedness and other inherent factors plays a significant role in the onset and
development of morphological asymmetry amongst sedentary individuals.

The occurrence of morphological asymmetry amongst sedentary individuals and especially
sport participants makes it an important research subject. This aspect becomes even
more important when the negative effects thereof are evaluated. In this regard, Starosta
(1989) stated that morphological asymmetry could lead to the reduction of an athletes’
range of movement in certain joints. The internal rotation of the shoulder on the dominant
side of tennis players was, for example, significantly less than on the non-dominant side
(Chandler ef al., 1990:135). Similarly, Chinn et al. (1974:476) found a significant reduction
in the radial-ulnar pronation and supination in the dominant forearms of tennis players.
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Starosta (1989) also stressed that such athlete’s health could be influenced negatively by
the degree of morphological asymmetry in certain body segments. Sward (1992:362)
subsequently reported a scoliosis frequency of more than 80% amongst participants of
sport (such as javelin and tennis) in which movements occur where an asymmetrical load
is placed on the trunk and shoulders. This is in line with the portrayed over-development
and accompanying scoliosis of a high level fast bowler by Bloomfield ef al. (1994:102). It
is in the light of these and other research findings that the United Cricket Board of South
Africa (UCBSA) Research Committee (2000:1) that addresses back injuries decided to
focus on screening protocols for the identification and evaluation of morphological
asymmetry and scoliosis amongst young developing fast bowlers. They also claim that
morphological asymmetries may be a possible contributing factor in the complex aetiology
of back injuries amaongst fast bowlers, although they stressed that further research is

needed to substantiate this viewpoint.

It is against this background that the importance of research on the possible occurrence of
morphological asymmetry amongst fast bowiers, swimmers and sedentary individuals are
brought to light. The research questions that arise are firstly whether significant
differences between the dominant and non-dominant sides exist (for selected
anthropometrical measurements) amongst fast bowlers, crawl stroke swimmers and
sedentary individuals. Secondly, how do these three groups differ with regard to the
indices of morphological asymmetry in their upper bodies.

Answers to these research questions could be of great value to the Sport Scientist,
Biokineticist, Physiotherapist and the other role-players within the sporting fraternity. It
would focus these professionals’ attention on the importance of specific preventive and
therapeutical exercises for morphological asymmetry amongst sport participants. This
study also aims to draw exercise professionals’ attention to swimming as a possible
preventive exercise for the onset of such morphological asymmetries and for the
improvement of symmetry amongst participants of asymmetrical sport, thereby positively
contributing to the health and performance of these athletes.

1.2 PURPOSES

The purposes of this study are:

1.2.1 Firstly, to determine whether fast bowlers, crawl stroke swimmers and aged-
matched sedentary individuals show significant differences between the dominant
and non-dominant sides for selected anthropometrical measurements

4



Chapter 1: Problem statement and purposes of the study

1.2.2 Secondly, to compare the fast bowlers, crawi stroke swimmers and aged-matched
sedentary individuals with regard to the indices of morphological asymmetry in the
upper body.

1.3 HYPOTHESES

This study is based on the following hypotheses:

1.3.1 Fast bowlers will show significant differences between the dominant and non-
dominant side measurements for selected anthropometrical variables

1.3.2 Crawl stroke swimmers and sedentary individuals will show small, but significant
differences between the dominant and non-dominant side measurements for
selected anthropometrical variables

1.3.3 Fast bowlers will show significantly greater indices of morphological asymmetry for
selected upper body anthropometrical variables than the crawl stroke swimmers
and sedentary individuals.

1.4 STRUCTURE OF THE DISSERTATION

From the problem statement it is clear that morphological asymmetry is present amongst
participants of both asymmetrical and symmetrical sport as well as normal sedentary
individuals. This dissertation, therefore, discusses the prevalence of morphological
asymmetries amongst these different groups and the causes, effects and implications
thereof for the exercise professionals. Recommendations for the improvement of these
athletes’ health (by preventing and remedying asymmetrical differences) and
performances will also be brought to light.

The dissertation is submitted in article format as approved by the Senate of the

Potchefstroom University for Christian Higher Education (PU for CHE) and is structured as

follows:

o Chapter 1 consists of the problem statement, purposes of the study and the
hypotheses thereof. A source list is provided at the end of the chapter according to the
prescriptions of the PU for CHE

o Chapter 2 is a literature review on the prevalence of morphological asymmetries
amongst sport participants and sedentary individuals. This literature overview will be
used to construct the problem statement for each of the two articles (Chapters 3 and
4). The two articles will further incorporate the research methods and results of this
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study. A source list is presented at the end of this chapter according to the
prescriptions of the PU for CHE

o Chapter 3 is a research articie on the comparison between the upper body
morphological asymmetry between fast bowlers in cricket and aged-matched sedentary
individuals. This article has been published in the “African Journal for Physical, Health
Education, Recreation and Dance, 2001: 7(1):61-76. (Asymmetry in the upper body of
high school fast bowlers in cricket in South Africa. Grobbelaar, HW. and De Ridder,
J.H.).” The article is hereby included with the consent of the journal’s editor, according
to the specific prescriptions of the journal. The guidelines for contributors are included
as Appendix A

o Chapter 4 is a research article that deals with the incidence of morphological
asymmetry amongst top South African crawl stroke swimmers. The results of the
swimmers indices of morphological asymmetry are also compared to those of cricket
players (fast bowlers) and sedentary individuals. This article will be presented for
publication in the “Journal of Sports Sciences” The article is hereby included
according to the specific prescriptions of the journal. The Instructions for authors are
included as Appendix B

o Chapter 5 consists of a short summary, followed by conclusions drawn from this study,
the recommendations and implications for further studies on this topic. A source list is
presented at the end of the chapter according to the prescriptions of the PU for CHE.
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21 INTRODUCTION

At the elite sport level a strong relationship exists between human morphology and
functioning (Grimston & Hay, 1986:60, Stretch, 1991:57; De Ridder et al., 2000:39). The
study of morphology (the science of structure and form without regard to function (Carter,
1985:106)) and the effect thereof on sporting performance has as a result become an
important research topic. To further substantiate the importance of this research topic,
Becker (1986:155) concluded that the musculature development of an athlete has a strong
influence on performance and is functionally specific to the sport activity of participation.
The musculature development has an influence on performance due to the specific
demands of the type of sport or item as well as the playing position that the athlete holds.
in this regard, Stretch (1991:57) stated that morphology in itself is not the only criterion for
optimum performance in sport, but added that any deviations from the optimum standards
couid be a handicap in performing well. Carter (1985:115) contributed to this debate by
stressing that athletes who have, or acquire the optimal physique for an event are more
likely to succeed than those who lack these characteristics. Groppel and Roetert
(1992:262) are further of the opinion that specific programmes must be developed to
improve any deficient physical and/or physiological attributes, so as to further improve
sporting performance.

One aspect of the morphology of both sport participants and the normal sedentary
population that has not been thoroughiy researched, is that of asymmetry. Literature on
morphological asymmetry does exist, but according to Starosta (1989), many questions
still need to be answered to gain more knowledge of this subject. The relationship that
exists between morphological limb asymmetry of athletes and their physical fitness, as well
as their performance, focuses even more attention to this topic (Zaharieva, 1981:142).
Over and above these reasons, the negative effects of morphological asymmetry cast an
even bigger light on the importance of this research topic (Starosta, 1989).

Chinn ef al. (1974:482) indicated the need for more research on morphological asymmetry
within the sporting context, specifically to analyse unilateral sport activities and the effect
thereof on the morphological adaptations and performances of participants of such sport.
Studies on morphological asymmetry were seldom conducted with the emphasis of
indicating these asymmetries amongst sport participants. it mostly formed part of broader
studies on the morphological profiles of sport participants, and mainly focused on the

effects of unilateral activities on the physical and/or physiological attributes of the dominant
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limbs, compared to the non-dominant limbs. Such studies mostly involved tennis players
as they almost exciusively use a single upper extremity. According to Pirnay et al
(1987:331) and Priest (1988:387), tennis (and therefore all sport of which the movements
can be classified as unilateral) with its unilateral solicitations would allow for a more
precise examination of specific localised development. As a result of these statements
and earlier research findings concerning unilateral sports, numerous studies involving
tennis players were conducted, which revealed that morphological and/or physiological
adaptations do occur due to chronic unilateral exercises (Buskirk et al,, 1955; Copley,
1980; Montoye et al., 1980; Zaharieva, 1981; Powers & Walker, 1982; Pimay et al., 1987,
Wyss et al., 1989; Sward ef al, 1990, Groppel & Roetert, 1992, Green et al., 1996,
Krawczyk ef al., 1998; Jansen van Rensburg, 2000). in the above-mentioned studies,
these morphological adaptations give rise to statistically significant indices of

morphological asymmetry amongst tennis players.

Similar results were also observed amongst épée fencers (Azemar, as quoted by Pirnay et
al., 1987; Nystrém et a/., 1990; Margonato ef al., 1994) and fast bowlers (Stretch, 1991,
Bloomfield et al. 1994; Engstrom et al., 1997; Kippers ef al., 1998). In contrast to these
findings, a few studies {Czabanski, 1974; Zaharieva, 1981; Perrin, 1993; Coetzee, 1994)
also found that few morphological differences exist between the dominant and non-
dominant sides of swimmers (participants of a bilateral sport). This leads the author of this
study to argue that swimming can possibly be used as a preventive exercise for the onset
of morphological asymmetries and for the improvement of symmetry for participants of
asymmetrical sport.

Studies on the indices of morphological asymmetry of the sedentary population have also
been conducted (Laubach & McConville, 1967; Womersley & Durnin, 1973; Ruff & Jones,
1981; Martorell et a/., 1988; Dangerfield, 1994; Margonato et al,, 1994). The sedentary
population does show asymmetrical development for certain morphological variables,
which can be attributed mainly to side dominance and normal daily activities. This group
can, therefore be used as a control group to evaluate the nature, causes and degree of
asymmetry amongst athletes. ltis in the light of the above research findings that this study
on the prevalence of morphological asymmetry amongst fast bowlers, crawl stroke
swimmers and sedentary individuals was conducted.

In order to demonstrate any relationships between morphological asymmetry and sport

participation, the measurement procedures thereof need to be accurate and valid. The
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following sections will, therefore, firstly deal with the definitions of asymmetry and other
related terminology, as well as the criteria and methods for calculating asymmetry.

2.2 DEFINING ASYMMETRY AND OTHER RELATED TERMINOLOGY

Miller and Brackman Keane (1987:120) defined asymmetry as “a lack or absence of
symmetry”, and “a dissimilarity in the corresponding parts or organs on opposite sides of
the body that are normally alike”. According to the Oxford English Dictionary (OED, 1987),
asymmetrical refers to being “not symmetrical, with the parts not arranged
correspondingly”. Another term used in the same context as asymmetry, is dysplasia
(Battinelli, 1976:465), which can be defined in terms of the degree to which one part of the
body is disproportionate to another. “The quality of having distinct sides”, “sidedness’, or
“excessive development on one side” is referred to as laterality (OED, 1987) and is also
regularly cited in the literature.

Movements can further be divided into unilateral and bilateral movements according to the
“sidedness” of movements. Unilateral movements refers to “one-sided” movements,
movements that are “directed towards one side” or movements that “affect or lead to the
development of one side of the body” (OED, 1987). In contrast to unilateral movements,
bilateral movements are movements that “pertain to or affect two sides” and lead to
changes “on opposite sides of an axis” (OED, 1987). In the case of bilateral movements,
both sides of the body are, therefore “equally” involved in the movements. The word
“equally” is deliberately placed in inverted commas, as there is evidence that suggests that
even during the execution of bilaterai movements, one side of the athlete’s body (dominant
side) is more involved in the action than the other side (Becker, 1986:153; Riewald &
Lombardo, 2002:3). As a result of the fact that one body side is always more involved in
activity than the other side, the opposite extremity or opposite side (the less involved side)
will be termed the non-dominant extremity or the non-dominant side. Due to the fact that
the terms “dominant and “non-dominant” sides are critical throughout this study, it is
imperative that the criteria for indicating side dominance be determined, as well as the
methods by which morphological asymmetry is calculated and expressed.

23 CRITERIA FOR DETERMINING SIDE DOMINANCE AND METHODS FOR
CALCULATING MORPHOLOGICAL ASYMMETRY

As far as sport participants are concerned, it is obvious that dominance is determined by

identifying the primarily involved extremity during the execution of specific sport

movements. In cases where this dominance is not obvious from the type of sport
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movements that are performed (such as with participants of bilateral sports and sedentary
individuals), dominance is usually determined by the preferred writing hand, the best
throwing arm or the results of tapping tests (Provins, 1997:184). Provins (1997:184)
showed that most people are right handed, whilst Dangerfield (1994:9) found that people
in general show right hand dominance when performing unilateral tasks. Dangerfield
(1994:9) also indicated that hand preference is already apparent at three years of age, but
that it is only established at 5-11 years of age.

Just as different criteria exist for the determination of side dominance, so do different
criteria and methods exist for the calculation and expression of morphological asymmetry.
In his description, Shapovolov (as quoted by Zaharieva 1981:143) regarded morphological
asymmetry as a difference of greater than 0.3 cm for a certain limbs’ girth, length, breadth
or skinfold measurement, when compared to the corresponding limb. One problem with
Shapovolov's criteria for morphological asymmetry is that only the prevalence of
asymmetry for certain anthropometric measurements can be indicated, whilst the extent to
which such asymmetry exists cannot be determined. A more effective method and criteria
is the Relative Indices of Asymmetry (RIA) of Wolafiski {as quoted by Copley, 1980.30),
that expresses morphological asymmetry in the form of a numeric value (percentage). The
RIA is calculated as follows:

RIA = 2(Xp — Xnp) / (Xp + Xnp) x 100
With: Xp = variable on the dominant side
Xnp = variable on the non-dominant side
if RIA is +, then Xp > Xnp
If RIA is -, then Xp < Xnp

This equation allows for the differences between the metrical traits of the dominant and
non-dominant (or right and left) sides of the body to be expressed as a percentage of the
sums of the dominant and non-dominant (or right and left) side traits. By using this
equation, bilateral comparisons are made possible by a comparison of the indices of
morphological asymmetry of different traits. It is therefore possible to assess the degree of
morphological asymmetry that has occurred due to training and/or other inherent or
environmental factors. Training, inherent or environmental causes will be discussed once
the prevalence of morphological asymmetry amongst different sport participants and
normal sedentary individuals has been reported and discussed.
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24 THE PREVALENCE OF MORPHOLOGICAL ASYMMETRY AMONGST
PARTICIPANTS OF DIFFERENT SPORT

The occurrence of morphological asymmetry amongst participants of different sport have
been well documented in various studies (Buskirk et al., 1955; Czabanski, 1974; Copley,
1980; Montoye et al., 1980; Zaharieva, 1981; Powers & Walker, 1982; Pirnay et al., 1987,
Wyss ef al., 1989; Nystrom et al., 1990; Sward et al, 1990; Stretch, 1991; Groppel &
Roetert, 1992; Coetzee, 1994; Margonato et al., 1994; Green et al., 1996; Engstrom et al.,
1997; Kippers ef al., 1998, Krawczyk et al., 1998; Carson, 1999; Engstrom ef al., 1999;
Jansen van Rensburg, 2000). Due to the differentiation between asymmetrical (unilaterat)
and symmetrical (bilateral) sport, the research findings of these two sport classifications
will be reported and discussed separately.

241 The prevalence of morphological asymmetry amongst participants of
asymmetrical (unilateral) sport

As already indicated, most of the available research on morphological asymmetry in sport
focused on tennis players. Buskirk et al. (1955), Copley (1980), Montoye et al. (1980),
Zaharieva (1981), Powers and Walker (1982), Pirnay et al. (1987), Wyss ef al. (1989),
Sward et al. (1990), Groppel and Roetert, (1992), Green et al. (1996), Krawczyk ef al.
(1998) and Jansen van Rensburg (2000) all reported a high occurrence of morphoiogical
asymmetry amongst tennis players.

Table 2.1 summarises the indices of morphological asymmetry amongst tennis players of
different age groups, genders and participation levels. From this table it is evident that no
significant indices of asymmetry exists for skinfold measurements in the upper body of
tennis players (Montoye ef al., 1980; Green ef al., 1996:945). Earlier research by Copley
(1980:312) also confirms these research findings, in that he observed that tennis playing
had little effect on the local fat deposits and corresponding skinfold measurements of
these players.

More recent research evidence, however, shows that significant (p < 0.001) indices of
asymmetry do exist for the relaxed upper arm, flexed upper arm, forearm and wrist girths
amongst tennis players (Pirnay et al., 1987:332; Green et al., 1996:945; Krawczyk et al.,
1988; Jansen van Rensburg, 2000:6), with the dominant side values being greater than
that of the non-dominant side. In addition to these findings, Copley {1980:312) reported
marked muscle and bone hypertrophy of the dominant upper arm and forearm.
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Table 2.1: Summary of the descriptive statistics of indices of morphological asymmetry amongst tennis players of different
age groups, genders and participation levels.

Morphological
variables

Subject information

Dominant side

(Y £SD)

Non-dominant
side (v t SD)

Indices of
asymmetry

Sources

Upper limb skinfolds

61 male players of 55

years or older

No significant differences were found between the

dom. and non-dom. side skinfold measurements.

Montoye et al. (1980)

Triceps skinfold 8 male players 107 £1.0mm 9.6106mm 10.84% (NS) | Green ef al. (1996.945)
Biceps skinfold (27.5 + 2.1 years) 50405 mm 47+05mm | 619% (NS)

Forearm skinfold 6.4+09mm 6.5+0.9mm -1.55% (NS)

Relaxed upper arm 10 professional players 314+£12cm 281x1.0cm 11.09% *™* | Pirnay et af. (1987:332)
girth (20.3 £ 2.1 years)

Amongst 134 elite athletes (21-32 years) competing in nine sport disciplines

tennis players were found to have the most pronounced asymmetry for certain

anthropometric variables, of which the relaxed upper arm girth is one such

Krawczyk et al. (1998)

variable.
10 male university 30.1 £2.80 cm 289+2.88cm 4.07% **** Jansen van Rensburg
players (20.8 years) (2000:6)

Flexed upper arm girth | 10 male university 32.513.06 cm 31.0+3.13¢cm 4.72% *™* Jansen van Rensburg

players (20.8 years)

(2000:6)

Upper arm

Marked muscle and bone hypertrophy on the dominant side.

Copley (1980:312)
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Table 2.1: Summary of the descriptive statistics of indices of morphological asymmetry amongst tennis players of different

age groups, genders and participation levels (continued).

Morphological Subject information | Dominant side Non-dominant Indices of Sources
variables (Y £SD) side ({1 £ SD) asymmetry
Forearm girth 10 professional players 286+1.2cm 253+09cm 12.25% *** | Pirnay et al. (1987:332)
(20.3 £ 2.1 years)
8 male players 280+06cm 26.2+ 0.7 cm 6.64% **** Green et al. (1996:945)

(27.5 1 2.1 years)

Amongst 134 elite athletes (21-32 years) competing in nine sport disciplines

tennis players were found to have the most pronounced asymmetry for certain

anthropometric variables, of which the forearm girth is one such variable.

Krawczyk ef al. (1998)

10 male university

27.7 £1.34 cm

26.2 £+ 1.68 cm

5.57% ***

Jansen van Rensburg

players (20.8 years) (2000:6)
Forearm Pronounced muscle and bone hypertrophy on the dominant side. Copley (1980:312)
Wrist girth 10 professional players 182+ 0.7 cm 16.7 £ 0.8 cm 8.60% **** Pirnay et al. (1987:332)
(20.3 £ 2.1 years)
8 male players 17.2+03 cm 16.51+0.3cm 4.15% **** Green ef al. (1996:945)

(27.5 £ 2.1 years)

Humerus length

Tennis was proved to cause a slight shortening of the dominant humerus.

Wyss ef al. (1989)
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Table 2.1: Summary of the descriptive statistics of indices of morphological asymmetry amongst tennis players of different
age groups, genders and participation levels (continued).

Morphological Subject information | Dominant side Non-dominant Indices of Sources

variables (¥ £SD) side (v * SD) asymmetry

Forearm length 10 male university 456 £ 1.60 cm 453 1£1.46 cm 0.66% * Jansen van Rensburg
players (20.8 years) (2000:7)

Radius length Tennis playing ied to an increase in radius length on the dominant side. Buskirk et al. (1955:129)

Ulna length Tennis playing led to an increase in ulna length on the dominant side. Buskirk ef al. (1955:129)

Humerus breadth 61 male players of 55 A greater width was found on the dominant side than | Montoye ef al. (1980)

(Biepicondylar) on the non-dominant side.

years or older

8 male players 7.1+010cm 7.0+0.01¢cm 1.42% (NS) | Green et al. (1996:945)
(27.5 £ 2.1 years)

Amongst 134 elite athletes (21-32 years) competing in nine sport disciplines | Krawczyk et af. (1998)
tennis players were found to have the most pronocunced asymmetry for certain
anthropometric variables, of which the humerus breadth is one such variable.

10 male university 7.310.38¢cm 7.1+£0.3%cm 2.78% " Jansen van Rensburg
players (20.8 years) (2000:6)
Wrist breadth 8 male players 59+01cm 57+01cm 3.45% *** Green et al. {1996:945)
(Bistyloid) (27.5 £ 2.1 years)
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Table 2.1: Summary of the descriptive statistics of indices of morphological asymmetry amongst tennis players of different

age groups, genders and participation levels (continued).

Morphological Subject information | Dominant side Non-dominant Indices of Sources

variables (Y £8SD) side (1 % SD) asymmetry

Hemithorax perimeter | 10 professional players 476 +1.7cm 470+14cm 1.27% (NS) | Pirnay et al. (1987:332)
(20.3 £ 2.1 years)

Distal radius 10 professional players 2481018 cm 2081+0.15¢cm 17.54% *** | Pirnay et al. (1987.333)

trabeculare bone width | (20.3 £ 2.1 years)

Midradius cortical 10 professional players 1.77 £0.25 cm 1.59+0.13 cm 10.71% **** | Pirnay ef al. (1987:333)

bone width (20.3 + 2.1 years)

Forearm volume 8 male players 1535 £ 69 ml 1376+ 79 ml 10.92% *** | Green et al. (1996:945)

(27.5 + 2.1 years)

Humerus cortical area
thickness

Tennis was proved to cause an increase of the thickness of the cortical area of

the humerus.

Wyss et al. (1989)

Total cortical area of
the humerus

Tennis was proved to cause an increase in the total cortical area of the humerus,

without a reduction of the medullary space.

Wyss et al. (1989)

Anterior muscles

A remarkable hypertrophy of the muscles of the anterior compartment was found.

Wyss et al. (1989)

*p<0.05

** p < 0,005

*** p < 0.001

NS = Not significant.
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Wyss et al. (1989) also proved that tennis could cause a slight shortening of the humerus
on the dominant side, whilst several investigators noted that tennis players experience a
statistically significant (p < 0.05) increase in their dominant forearm lengths (Jansen van
Rensburg, 2000:7), as well as their radius and ulna lengths (Buskirk et al, 1955:129)
respectively. It also seems that tennis players show a greater biepicondylar humerus
breadth on the dominant side compared to that of the non-dominant side (Montoye et al.,
1980; Green ef al, 1996:945; Krawczyk et al., 1998; Jansen van Rensburg, 2000:6).
Similar findings were also reported by Green et al. (1996:945), who found a statistically
significantly greater (p < 0.005) bistyloid wrist breadth on the dominant side than on the

non-dominant side.

No statistically significant indices of morphological asymmetry for the hemithorax perimeter
were found by Pirmay ef al. (1987:332). These researchers did, however, report a
statistically significantly (p < 0.001) greater dominant trabeculare bone width on the distal
mark of the radius and cortical bone width on the midradius mark. Statistically significantly
greater (p < 0.005) dominant forearm values (Green ef al.,, 1996:945), larger cortical area
thickness of the humerus, larger total cortical humerus area and marked muscle
hypertrophy of the anterior compartment of the dominant arms (Wyss ef al, 1989) were

some of the published research findings.

Tennis is certainly not the only asymmetrical sport for which morphological asymmetries
that occur due 1o the unilateral nature of sport movements, have been reported. Nystrom
et al. (1990:138) and Margonato ef al. (1994:568) (see Table 2.2) have, for example,
shown that the girth, cross sectional area and total muscle area of the dominant (forward)
thigh of épée fencers are significantly greater than that of the non-dominant (backward)
thigh.

Azemar (as quoted by Pirnay ef al., 1987:334) examined the effect of épée fencing on the
morphological measurements of the upper body and conciuded that fencing results in
hypertrophy of the dominant shoulder, elevation of the dominant scapula and the
development of scoliosis. The fact that these investigators have shown that morphological
asymmetries do exist among épée fencers, supports the theory of Nystrém et al.
(1990:138). These researchers indicated that morphological asymmetries may occur
amongst these athietes, because their forward extremities (dominant arm and leg) exhibit
different movement patterns than that of the backward extremities {non-dominant arm and

leg).
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Table 2.2: The descriptive statistics of indices of morphological asymmetry

amongst épée fencers.

Morphological Forward thigh | Backw. thigh RIA Sources

variables {1y tSD) (Y £SD)

Thigh girth 60.21+16cm | 568+3.3 cm | 581% * | Nystrom et al.
(1990:138)

Cross sectional area of | 51.7+£82cm? | 4581+7.8cm? | 12.1% *™ | Margonato ef

thigh (muscle plus bone) al. (1994:568)

Total muscle area of the | The total muscle area of the front thigh is on | Nystrém et al.

thigh average 16% (™) higher than that of the | (1990:138)
backward thigh.

“p<0.01

e p < 0,001

One sport of particular interest to this study is that of cricket. The tasks performed by
cricket players are divided into bowling, batting and fielding, all of which can be regarded
as asymmetrical (unilateral) movements. Relatively few studies have, however, addressed
the relationship between cricket specific tasks and the morphology of cricketers. In this
regard, Stretch (1991:58) indicated that only a limited amount of research on the
morphology of cricket players has been conducted and that most of the reported data
concerning morphology formed part of broader studies on these subjects. The availabie
literature on morphological asymmetry mostly focused on that of fast bowlers, because of
the nature and intensity of bowling which makes them especially prone to such
morphological adaptations.

A photo of a high level fast bowler by Bloomfield ef al. (1994:102) clearly demonstrates the
type of asymmetrical upper body development that is commonly seen amongst fast
bowlers.  Similar results concerning lower body asymmetry were found by Stretch
(1991:62-63), who reported that a number of bowlers in his study exhibited a larger calf
girth of the leg opposite to the bowling arm, when compared to the leg on the dominant
side. He atiributed this asymmetrical development to the large impact at front-foot contact
during the delivery action and the use of the front leg as a lever during the delivery action.
Kippers et al. (1998:106) also found (in their study on provincial junior fast bowlers) that
small indices of morphological asymmetry exist when the dominant and non-dominant limb

measurements of the players are compared. These researchers also recommend that
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future studies should make use of magnetic resonance imaging to compare limb
measurement asymmetry to trunk muscle asymmetry.

According to the author of this study, tennis, épée fencing and cricket are certainly not the
only sports that can be classified as asymmetrical sports. Throwing and even jumping
items in athletics, i.e. javelin, discuss, shot put, hammer throw, long, triple and high jump,
as well as hurdling can also be regarded as asymmetrical items. Other asymmetrical
sports includes squash, baseball, softball, volleyball and golf. In spite of the large number
of asymmetrical sport types, there has been no published research on the morphological

asymmetry of participants of these sports.

To conclude, it is evident that morphological asymmetry is prevaient amongst participants
who make use of unilateral activities. This is in accordance with the findings of Zaharieva
(1981:148), in which she indicates that morphological asymmetry is more frequently
observed in sport where conditions exist for unilateral movements to occur. In contrast to
these findings, researchers have also reported that participants of symmetrical sports,
such as swimming, exhibit less asymmetricai deviations compared to those participating in
asymmetrical sport types (Czabanski, 1974; Zaharieva, 1981, Perrin, 1993; Coetzee,
1994; Krawczyk et al., 1998). It is in the light of these and other findings that a literature
survey on the prevalence of morphological asymmetry amongst participants of
symmetrical sport is conducted as to enhance the understanding of the relationship
between symmetrical development and participation in symmetrical sports.

24.2 The prevalence of morphological asymmetry amongst participants of
symmetrical (bilateral) sport
In a comparative study on the participants of 14 different sports, Zaharieva (1981:143)
found that swimmers had the lowest prevalence of morphological asymmetry. Nearly half
of the measured swimmers (49.9%) did, however, portray asymmetry of the upper arm
girths. In this specific study, a variable was defined as being asymmetrical when a
difference of greater that 0.3 cm between the right and left girths was observed. Coetzee
(1994:16) substantiated this finding by reporting very small indices of morphological
asymmetry in a study on junior swimmers. Furthermore, Czabanski (1974:211) also
concluded that very little limb length asymmetry existed amongst 30 breaststroke
swimmers. These findings did, however, suggest that a certain degree of non-significant
asymmetrical development does occur amongst swimmers (see Table 2.3). The only non-

significant differences that were apparent when comparisons were made between the
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dominant and non-dominant sides, were the ieg length as well as the maximal and minimai
calf girth.

Table 2.3: The descriptive statistics of indices of morphological asymmetry
amongst breaststroke swimmers (n = 30) (Czabanski, 1974:211).

Morphological Right hand side Left hand side Indices of 1
variables (Y £SD) (Y £SD) asymmetry
Leg length 91.22+443cm | 91.42+4.49cm 0.22% (NS)
Calf girth (smallest girth) 23.3310.894cm 23.30£0.91 cm 0.13% (NS)
Calf girth (greatest girth) 37.20+1.55cm 37.08 £ 1.65 cm -0.32% (NS)

NS = not significant

Similar results were also obtained by Perrin (1993.67), who indicated that few
morphological differences occurred when the dominant and non-dominant sides of
swimmers were compared, These research findings suggest that swimmers develop more
symmetrically, which can probably be attributed to the swimming technigues in which both
arms and legs are used in a similar fashion (Coetzee, 1994:2).

From the above-mentioned findings, it is, however, also evident that a small degree of
asymmetrical development does occur amongst swimmers. Some researchers (Becker,
1986:153; Riewald & Lombardo, 2002:3) have hypothesised that swimmers may indeed
exert a greater peak force with one arm or leg compared to the other when performing the
propulsion stroke or Kick phase during the swimming action. This is probably brought
about by the use of unilateral breathing techniques (breathing to one side only) during
crawl stroke swimming, which gives rise to asymmetry in the stroke (Riewald & Lombardo,
2002:3; Maglischo, 2003:131). Normal daily activities in which the tendency is to use the
dominant side more than the non-dominant side, could possibly also contribute to

morphological asymmetries observed amongst these athietes (Dangerfield, 1994:20).

Krawczyk et al. (1998) further reported significant levels of asymmetry in other sports
(kayaking, canoeing and rowing) which makes use of symmetric movements. These
asymmetries were mainly manifested in the forearm girth. Zaharieva (1981:148) observed
limb asymmetries in a smaller percentage of the subjects involved in sport in which
conditions exist for equal engagement of the opposite limbs, than in participants of sport

making use of unilateral activities. In summarising the results of various studies on
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athletes engaged in symmetrical sports, Krawczyk et al. (1998) agreed with the above-
mentioned comment by Zaharieva that the left-right differences in anthropometrical
measurements recorded in these athletes, were lower than in subjects representing sport

making use of asymmetrical movements.

From these results it seems that participants of asymmetrical sports are more prone to
asymmetrical development, but that participants of symmetrical sports also show indices of
asymmetry for certain morphological measurements. The question now arises whether
sedentary individuals also undergo such morphological adaptations, and if so, to what

extent?

25 THE PREVALENCE OF MORPHOLOGICAL ASYMMETRY AMONGST
SEDENTARY INDIVIDUALS

Dangerfield (1994:19) indicated that minor trunk asymmetries (referred to as constitutional
back asymmetry) are common amongst the normal population and are frequently detected
in school screening programmes. He further noted that the upper limbs display greater
indices of morphological asymmetry than the lower limbs. Womersley and Durnin
{1973:289) observed no significant differences in the comparison of the dominant and non-
dominant skinfold measurements of sedentary individuals, except for the measurements of
the triceps skinfold. In this comparison, the measurement on the right hand side was on
average 1.2 mm (and statistically significantly) greater than that on the left hand side.

In their study on 58 male épée fencers, Margonato et al. (1994:568) used 17 sedentary
individuals as control subjects. These researchers reported a 4.32% asymmetry in the
forearm cross sectional area, with the dominant side (47.3 £ 2.7 cm?) being statistically
significantly (p < 0.005) larger than that of the non-dominant side (43.3 £ 3.5 cm®). Ruff
and Jones (1981:69) also noted that crossed asymmetry exists among sedentary
individuals, with the femur on the non-dominant side being slightly longer and heavier (less
than 1%} than that of the dominant side. They also reported that the dominant upper limbs
of sedentary individuals are statistically significantly longer (1-3%), and heavier (2-4%)
than the non-dominant limbs. These findings are further accentuated by the results of
taubach and McConville’'s (1967:368) study on 117 individuals from the normal
population. These researchers found that the upper arm (both relaxed and tensed),
forearm and wrist girth, as well as the hand breadth of the right hand side were
significantly (p < 0.01) larger than that of the left hand side. The measurements for which
Laubach and McConville (1967:368) reported significant differences are listed in Table 2.4.
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Table 2.4: The descriptive statistics of indices of morphological asymmetry
amongst normal individuals (n = 117) (Laubach & McConville, 1967:368).

Morphological Right hand side Left hand side Indices of
variables (v £SD) (v £SD) asymmetry
Relaxed upper arm girth 2871+266cm 28.16 £ 2.62 cm 1.93% **
Tensed upper arm girth 31.56 +2.59 cm 30.82 + 2.59 cm 237%™
Forearm girth 2654+ 1.54¢cm 2599+ 1.48cm 2.09% **
Wrist girth 16.72 £ 0.82 cm 16.58 + 0.82 cm 219% **
Hand breadth 8.45+ 0.55cm 8.43+0.52cm 0.71% **
“*p<0.01

Not all studies on morphological asymmetry, however, support a pure environmental and
exercise-related explanation for morphological asymmetry. This is shown in a study
conducted by Dangerfield (1994:17), in which 100 male neonates of full-term normal birth
were measured. Table 2.5 shows small, statistically significant differences between the
right and left limb segments for the arm length, forearm length and dorsum hand length of
these neonates.

Table 2.5: The descriptive statistics of indices of morphological asymmetry
amongst male neonates (n = 100) of full-term normal birth (Dangerfield, 1994:17).

Athropometric variables | Right hand side | Left hand side | Indices of asymmetry
(3} (¥}

Arm length 84.1 cm 84.3 cm -0.24% *
Forearm length 74.5cm 751 ¢cm -0.80% **
Dorsum length of the hand 61.0cm 62.2 cm -1.95% **+
*p<005

**p<0.01

w5 < 0.0001

Dangerfield (1994:18), therefore, concluded that the indices of morphological asymmetry
in the normal population is mostly very small and considered to be of no functional
importance. He did, however, indicate that it's role during the growth process is still
unclear.
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Now that the nature and incidence of morphological asymmetry amongst sedentary
individuals as well as participants of asymmetrical and symmetrical sports have been
reported, a report on the factors that can lead to the onset and development of

morphological asymmetry wili be given.

2.6 THE POSSIBLE CAUSES OF MORPHOLOGICAL ASYMMETRY

Although clinicians consider the musculo-skeletal system to be symmetrical, it is clear from
reports that the two sides of the body are not equally at risk to injury and disease
(Dangerfield, 1994:10). Wolafiski (as quoted by Copley, 1980:30) is of the opinion that
morphological development is channelled equally to both halves of the body and that a
strong functional differentiation of the extremities is needed to disturb the symmetric
development. According to Carter (1985:106), morphology can be defined as the science
of structure and form without regard to function. He is, however, quick to point out that a
basic biological dictum exists, in that form follows function. This implies that function could
possibly lead to the onset and occurrence of morphological adaptations such as
asymmetries.

Margonato et al. (1994:569) clearly show that morphological adaptations and the resulting
asymmetries are not strictly related to specific technical training, but that they presumably
also reflect the greater use of the dominant arm during normal daily activities. This is also
in agreement with the observations of Dangerfieid (1994:20), who explained the cause of
limb asymmetry amongst sedentary individuals as a greater functional use of the dominant
limb compared to the non-dominant limb during daily chores. According to Gomez
(1984:47), asymmetrical morphological changes can be accredited to physical activity,
environmental factors andfor inherent factors such as laterality, handedness and side
dominance. Copley (1980:30) also found that functional, dynamic and morphological
asymmetries are largely dependent upon the age, sex and social environment of the
subjects under study. In a study by Azemar (1998) in which 1126 specialised sportsmen
were measured, cuitural factors and gender influences were highlighted as significant
contributors to the onset and development of morphological asymmetry. Physical activity
was also highlighted by Pirnay et al (1987:331) as one of the most important non-
hormonal factors that influence skeletal growth and modifications, such as morphological
asymmetries.

As previously mentioned, morphological asymmetry is highly dependent on the kind of
sport practised (Zaharieva, 1981:148). There is, therefore a general acceptance that the
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practised sport as well as the individuals technical ievel and the number of years of
training contributes to the uneven development between the dominant and non-dominant
limbs (Margonato et al., 1994:567). Within this context, Stretch (1991.62) observed
specific asymmetrical hypertrophy amongst fast bowlers in cricket and attributed this to the
many hours spent practising and repetitively performing specific skills. Chvalova et al.
(1988) also reported asymmetrical differences in the morphology of tennis players and
postulated that these asymmetrical changes might have resulted because of the tennis
players’ asymmetrical training load. There is a further notion by Chvalova ef al. (1988} that
the unilateral trunk rotation and lateral sway exerted by tennis players, might also be
responsible for the unequal development of the upper extremity girdie and thoracic
musculature. It is also expected that the continued preferential use of selected muscle
groups will induce morphological andfor physiological adaptations to the muscles’ structure
and function (Merletti et al, 1994:2104). Pimay et al. (1987:331) indicate that the
demands placed on the locomotor apparatus of athletes making use of asymmetrical
movements, could result in developmental and compositional differences between the

dominant and non-dominant limbs.

Several studies also suggest that strenuous physical activity can have an effect on bone
growth and development (Perrin et al., 1987; Kraemer & Fleck, 1993; Dangerfield, 1994;
Green ef al., 1996). In this regard, Kraemer and Fleck (1993:11) showed that resistance
training stimulates bone development because of the fact that muscle tension and force
are increased. It is also clear from the numerous studies conducted on tennis players in
which the differences between the dominant and non-dominant sides were observed, that
a relationship exist between physical activity and bone growth (Dangerfield, 1994:3).
Chronic exercise may, therefore, lead to physical adaptations if the stimulus is of sufficient
duration and intensity (Green et al.,, 1996:946). This is further substantiated by Perrin et
al. (1987:184) who conclude that neuromuscular adaptation due to participation in
asymmetrical sport, does occur.

In summarising the above research findings, two primary mechanisms for the observed
bilateral differences exist, i.e. normal extremity dominance (and the resulting asymmetrical
development due to daily activities) and asymmetrical morphological development due to
participation in sport which makes use of asymmetrical movements. These results with
regard to asymmetrical morphological development found amongst participants of
asymmetrical sport constitute an incontestable proof of the cause and effect relationship
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that exists between the functional use of different body parts and the occurring
morphological changes that take place.

In some cases, it is, however, difficult to give a conclusive explanation for these observed
morphological asymmetries. This is especially evident from the previously mentioned
study of Dangerfield (1994:17), in which male neonates of full-term normal birth showed
statistically significant asymmetries of the arm length, forearm length and dorsum length of
the hand. The causes of this phenomenon are unknown, emphasising the complexity of
functional and dynamic lateralisation as indicated by Czabanski (1974:212).

The above literature indicates that different causes of morphological asymmetry exist, as
demonstrated by studies on sport participants as well as on sedentary individuals.
However, further investigation is also required to establish the possible effects of
morphological asymmetry on the health of athletes and sedentary individuals, as well as
the possible effects thereof on the performances of these athletes.

27 THE EFFECTS OF MORPHOLOGICAL ASYMMETRY ON THE HEALTH AND
PERFORMANCES OF ATHLETES

The occurrence of morphological asymmetries amongst athletes and sedentary individuals

makes asymmetry an imporiant research subject. This aspect becomes even more

important when the negative effects thereof are taken into consideration. In this regard,

Starosta (1989) stated that morphological asymmetry could affect the health of athletes

negatively, and that it may hinder the achievement of optimal sporting performances.

2.7.1 The possible debilitative effect of morphological asymmetry on the heaith of
athletes and sedentary individuals
Harris (1994:175) observed that concurrent with the rise of organised sport, there has
been a dramatic increase in musculo-skeletal injuries (particularly overuse injuries)
amongst children, which were previously encountered aimost exclusively in aduits. The
risk of injury to the growth centres of the immature skeleton, as well as the negative effects
this has on the overall growth, maturation and psychological well-being of the young
athlete are some of the problems that accompany sport participation. Harris {1994:180)
and Sallis (1994:223) both reported that overuse injuries account for the majority of sport
injuries seen at junior level. Harris (1994:180) described these overuse injuries as
microtrauma, which occur insidiously as a result of repetitive musculo-skeletal stress, such
as rigorous training and/or the biomechanically incorrect execution of specific techniques
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in sport. Bloomfield et al. (1994:102) further stressed that the overuse of one or several
areas of the body could result in many postural defects, which could in turn cause physical
discomfort and injury to the athlete.

The strength and mobility demands imposed on the vertebral column in some sport are
extreme, with obvious risks of overloading and subsequent injury (Sward, 1992:358).
Together with this, O’Sullivan et al. (as quoted by Elliot, 2000:988) noted that the lumbar
spine is susceptible to injury under different loading conditions, which could be caused by
muscle imbalances. According to Sward (1992:358), a growing individual’s spine is very
vuinerable to injuries, especially during the adolescent growth spurt. This was further
emphasised by Harris (1994:180-181) who found that the musculo-skeletal system
appears to be more vulnerable to injury during the peak height velocity period of
adolescence, perhaps due to biomechanical changes that occur during the rapid growth
period. This vulnerability is especially evident in young fast bowlers who are prone to
sustain such injuries as their musculo-skeletal systems are still immature and not as
capable of absorbing the forces associated with fast bowling, as that of more mature
players (Elliot et al,, 1995:201). The risk of injury to the musculo-skeletal system of young
fast bowlers is also increased by the fact that they are often overbowled because of
zealous coaches, their inclusion in different squads and their effectiveness in taking
wickets (United Cricket Board of South Africa Research Committee, 2000:1).

As a result of these findings, the members of the United Cricket Board of South Africa
(UCBSA) Research Committee (comprising of academics, medical doctors, specialists,
coaches and ex-players) compiled a screening protocol by which potential injury risk
factors of young fast bowlers can be identified. Players are, amongst others, screened for
postural defects (i.e. lumbar lordosis, thoracic kyphosis, scoliosis, bow-legs, knock-knees,
body asymmetry, and high/flat foot), body weight problems, body development and
everyday lifestyle aspects. In the protocol, special attention is also given to asymmetrical
body development, muscular size imbalances and altered shoulder or hip heights.

The inclusion of scoliosis as a screening factor in this protocol stresses the importance
thereof, and is also in congruence with previous research findings, which have shown that
the incidence of scoliosis amongst athletes is fairly high. Scoliosis can be defined as a
lateral deviation in the normaily straight line of the spine (Milier & Brackman Keane,
1987:1113). The causes of this postural defect can be divided into two categories, namely
structural and functional {non-structural) causes (Strydom, 2000:169). According to this
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classification, structural causes include anatomical defects that a person is born with,

whilst functional causes include hyper-dominance and muscle imbalances resulting from
one-sided movements. Hauser (as quoted by Becker, 1986:155) conclude that an inability
of the back musculature to cope with the required demands of exercise (functional causes)
couid lead to a deviation in the normal curvatures of the spine and the subsequent onset of

$CoIiosis.

In trying to identify the causes of functional scoliosis, most attention has been given to the
paraspinal muscles, apparently under the presumption that the curvature(s) must resuit
from a “bowstring” effort, whereby disproportionate muscle shortening on one side results
in concavity on that side (Fuller et al, 1991:144). According to these researchers, “such
imbalances could result from an absence of the “cross-training effect” in which the over-
development of muscles on one side is not adequately matched by similar development of
the muscles on the other side”. However, since most studies have not yet shown that
significant differences do exist between the transverse muscles of both sides, it cannot be
said conclusively that muscle imbalances cause these curvatures. As has been shown in
most studies regarding scoliosis, it is virtually impossible to differentiate absolutely
between the potential aetiologies and the consequences of scoliosis (Fuller et al.,
1991:147).

One study in which a very high prevalence of scoliosis (>80%) amongst participants of
sports in which movements occur where an asymmetrical load is placed on the trunk and
shoulders, such as javelin and tennis, was that of Sward (1992:362). This high incidence
of scoliosis was also found by Kuprian et al. (1994:312), who reported a high incidence of
functionai scoliosis amongst those athletes participating in sport that requires extreme
torque production in repetitive serving, throwing, and volleying motions such as archers,
javelin throwers, pole-vaulters and table tennis players. A study by Krah! and Steinbruck
(as quoted by Becker, 1986:150) did, however, conclude that only 33.5% (191) of the 571
tested athletes in their study appear to have functional scoliosis, whilst 1.6% (9) showed
signs of idiopathic scoliosis. it should, however, be remembered that the observation of
asymmetry of the back area of an athlete does not necessarily imply that the athlete has
scoliosis (Sward, 1992:362).

Although scoliosis is more likely to occur amongst participants of asymmetrical sport, Sallis
(1994:225) indicated that scoliosis is quite common amongst younger swimmers and that
scoliosis may even be aggravated by swimming. Becker (1986:149) found that persons
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involved in swimming from a young age are exposed to the types of stress that can affect
growth and development of their maturing musculo-skeletal systems in an adverse way,
leading to a disruption of the normal growth pattern. In a study conducted on 173 male
and 193 female swimmers, Becker (1986:151) showed that 16% of the swimmers had mild
functional scoliosis, whilst 6.9% showed structural idiopathic signs of scoliosis. These
incidence figures are 3% times higher than the incidence of scoliosis amongst normal
sedentary individuals. Becker (1986:156) noted further that prevalent functional scoliosis
in swimmers is often accompanied by the over-development of one of the upper
extremities. In fact, all of the swimmers with mild functional scoliosis (16% of the total
tested group) displayed a lateral curvature to the dominant side of the body. Becker
(1986:155) also reported that the presence of scoliosis amongst swimmers might be
indicative of asymmetrical motor development pattemns that could have influenced the
growth of the vertebrae negatively. It is, however, clear that the incidence of scoliosis
amongst swimmers (16%) (Becker, 1986:151) is much lower than is the case with
participants of asymmetrical sport types (>80%) (Sward, 1992:362).

Scoliosis is, therefore, clearly prevalent amongst participants of both asymmetrical and
symmetrical sport. Further evidence suggests that scoliosis is also prevalent amongst
14.4% and 18.9% of the boys and girls from the sedentary population respectively (Willner,
1984:645).

Therefore, movement asymmetries in sport (different sides of the body exerting different
movement patterns) can sometimes contribute to the onset and development of postural
defects, such as scoliosis. Another contributing factor in this regard is the overuse of
certain muscle areas, as outlined in this section. From the above results, one may argue
that a correlation exists between such postural defects and morphological asymmetries
~and the health of the individual, although the precise mechanisms with regard to
morphological asymmetry is not yet fully understood. Of further importance are the
possible negative effects that morphological asymmetry may have on the achieved
performance of the athlete. The following section will address this possibility.

2.7.2 The possible performance-limiting effect of morphological asymmetry on
athletes

Surprisingly, very little research has examined the possible perfonnahce—limiting effect of

morphological asymmetry on athletes. In fact, the only direct reference to the negative

consequences of morphological asymmetry is the statement by Starosta (1989) that
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“optimal performance in sport is hindered by morphological asymmetry”. It can, however,
be argued that any health debilitating consequence of morphological asymmetry (as
discussed in the previous section), will negatively affect sporting performances. No
studies have, however, been conducted to prove the possible negative effect of
morphological asymmetry on performance.

It should, however, be noted that asymmetry is not limited to morphological development
only. Starosta (1989) also observed that morphological asymmetry prevents full range of
movement development. Various researchers have focused their attention on the
asymmetrical development (differences between the dominant and non-dominant sides) of
certain flexibility (Chinn ef al., 1974; Copley, 1980; Elhot ef al., 1986; Chandler ef a/., 1990;
Magnusson ef al., 1994; Jansen van Rensburg, 2000} and strength variables (Chinn ef al.,
1974; Powers & Waiker, 1982; Buti et al., 1984; Nystrom ef al., 1990; Groppel & Roetert,
1992). The results of studies conceming non-morphological asymmetries will not be
discussed due to the fact that the focus of this study is on morphological asymmetry.

The lack of research on this topic emphasises the need for further examination of the
possible relationship between non-morphoiogical asymmetries and morphological
asymmetries and the combined effects of these two variables on performance. Results
regarding this last mentioned field would be of great interest and benefit to the sporting
fraternity.

When both the high incidence of morphological asymmetries amongst athletes as well as
the negative effects thereof are taken into account, it is clear that the need for a scientific
prevention and remedy measure cannot be over accentuated. In the next section, a closer
look will be given to the preventive and remedial measures that are currently available for
athletes with high indices of morphological asymmetry.

2.8 THE PREVENTION OF AND REMEDY FOR MORPHOLOGICAL ASYMMETRY

A number of authors have made recommendations conceming the implementation and
identification of scientific preventive and remedial measures for morphological asymmetry.
In this regard, Carson (1999:105) firstly called for a greater collaboration between the
different exercise professionals and coaches (and for that matter all of the different role-
players in sport) in order to promote good posture and body alignment in young athletes.
Kelly (1995:312) and Finch et al. (1999:269) also stressed the importance of implementing
ways to ensure the correct execution of movement patterns during training. Carson
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(1999:105) stated that such collaboration (with the emphasis placed on correct movement
patterns and body posture) may contribute significantly towards the development of good
joint mechanics and movement pattems. This may, in turn, transtate into good technique

and a lower prevalence of morphological asymmetries and injuries amongst athletes.

In addition to these preventive measures, Groppel and Roetert {1992:260) recommend
that athletes such as tennis players, should also incorporate flexibility, strength and
endurance training into their fitness regimen, to minimise morphological asymmetry and
injuries, while simultaneously enhancing performance. In this regard, the results of
Harvey's study (1998) suggest that flexibility exercises can be successfully used to
decrease the incidence of morphological asymmetry amongst athietes.

Research has shown further that therapeutic exercises can significantly contribute to the
correction of any existing muscular or postural imbalances (Groppel & Roetert, 1992:262;
Drowatzky & Woods, 1997; Strydom, 2000:169). In cases where muscle imbalances and
morphological asymmetry are present, Norris (1995:134) emphasises the necessity to
correct such muscle imbalances before engaging in general strengthening programmes of
the lumbar spine. Together with these research findings, Fuller ef al. (1991:147) noted
that an aggressive physical therapy, by which an attempt is made to create an unbalanced
pull from the concave side of the transverse musculature, may reduce the progression of
postural defaults. According to Kelly (1995:312), such physical therapy methods are,
however, only suitable for the treatment of functional (non-structural) scoliosis, as no
deformity of the spine exists. He indicated further that such deviations of the vertebrae
(scoliosis) could be realigned through positioning and/or removal of the primary cause,
such as muscle weaknesses.

Swimming (as mentioned in Section 2.4.2) might also be seen as a useful preventive or
therapeutic exercise for morphological asymmetry. Since swimming does not involve any
hard impact and buoyancy produces a significant reduction in body weight, the joints are
protected from excessive exertion (Barteck et al, 1999:185). The water in which the
swimmers are immersed, furthermore, promotes blood circulation (Barteck et al.,
1999:185). Swimming also involves all the major muscle groups and leads to an increase
in muscie flexibility (Moran & McGlynn, 1997:24) and cardiorespiratory fitness (Anon.,
2003:1). These last mentioned benefits, together with the fact that swimming is a bilateral
activity of which its participants show very few indices of morphological asymmetry, make
it an ideal preventive exercise for morphological asymmetry.
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2.8.1 Swimming as a possible preventive or therapeutic exercise for morphological
asymmetry

The role of swimming as a preventive or therapeutic exercise for the treatment of
morphological asymmetry and scoliosis is a debatable issue. Despite contradicting
research findings, researchers like Preislerova (1987) and Kuprian ef al. (1994:320)
support the notion that swimming can be used successfully in rehabilitation programmes
for scoliotics. Kuprian et al. (1994:320) do, however, also point out that a high incidence of
unilateral trunk rotation and lateral sway, which can iead to unequal development of the
upper body together with the thoracic musculature, are sometimes experienced by
swimmers. This last mentioned point together with the findings of Becker (1986:157) and
Sallis (1994:225), which indicate that swimming has a significant effect on the reversal of
unilateral spine alignment, stresses the need for further research into this aspect. In the
meantime, the emphasis must be placed on the correct and supervised implementation of
techniques (such as swimming) that reduce any possibile forthcoming negative effects of
asymmetry on the health and performances of athletes.

29 SUMMARY OF THE LITERATURE

The literature study on morphological asymmetry amongst sport participants and
sedentary individuals pointed to the relationship between human morphology and
functioning, and the implications thereof on sporting performance. The emphasis of this
study falls on a related morphological topic, that of the morphological asymmetry found
amongst fast bowlers, crawt stroke swimmers and sedentary individuals. Research on this
topic is of the utmost importance due to the current shortage of literature findings on this
topic and the possible effects of morphological asymmetry on the health and performances
of athletes.

The occurrence of morphological asymmetry amongst participants of asymmetrical
(unilateral) sport such as tennis, épée fencing and cricket (fast bowlers) has been
reasonably weil documented. Significant indices of asymmetry exist for various
morphological variables amongst these athletes. Most of these morphological
asymmetries occur in the upper extremities, with the dominant side girths being larger than
that of the non-dominant side.

Small morphological asymmetries were also found to be prevalent amongst swimmers
(participants of a symmetrical/ bilateral sport), albeit to a lesser extent than with
participants of asymmetrical sports. A possible explanation for the prevalence of smaller
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morphological asymmetries amongst swimmers, may be related to the tendency to use the
dominant extremities more than the non-dominant extremities during normal, daily

activities and the use of unilateral breathing and stroke patterns during swimming training.

There is further evidence that morphological asymmetries are even prevalent amongst
sedentary individuals, again emphasising the greater functional use of the dominant limb
compared to the non-dominant limb during normal daily activities. Numerous other factors
that can contribute to the onset of morphological asymmetries were also discussed.
Amongst these factors, the role of age, gender, social environment, cultural factors and
physical activity or participation in certain sport were discussed in the literature review.

Another aspect of morphological asymmetry not to be overlooked is the possible influence
that this morphological factor can have on the health and performance of athletes.
Although a conclusive indication that morphological asymmetry has a direct impact on the
athletes’ health may not be made, morphological asymmeiry may contribute to this
situation in that certain postural defects can develop due to asymmetrical techniques and
overuse. Postural defects such as scoliosis may, in tumn, cause physical discomfort and
injury, which may have a further negative effect in that it may prevent optimal

performances in the sport.

Although swimmers do portray indices of morphological asymmetry, these indices are
mostly very small. It can, therefore, be argued that swimming might be an excellent
preventative and remedial exercise in cases where the possibility exists that morphological
asymmetry may develop, or where morphological asymmetry is already prevalent. One
apparent reason for this is that swimming is a bilateral exercise in which both sides of the
body are used in a similar fashion. In addition to this, swimming has additional
advantages for conditioning and remedial purposes, which makes it an ideal exercise for
the prevention and remedy of morphological asymmetry.

In spite of the fact that the prevalence of morphological asymmetry amongst athletes and
sedentary individuals is rather high, and that morphological asymmetry has a debilitative
effect on the health and performances of athletes, this has been a research area that has
not received much attention during the last few years. It is, therefore, necessary to
investigate the prevalence of morphological asymmetry amongst participants of
asymmetrical (unilateral) and symmetrical (bilateral) sport. In this regard, the author
decided to focus on the prevaience of morphological asymmetry amongst fast bowlers and
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crawl stroke swimmers. Aged-matched sedentary individuals were also included in this
investigation to determine the effect of chronic exercise on the morphological asymmetry
of athletes. It is in the light of this literature survey that the results of this investigation

follow.
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Grobbelaar and De Riddes

Numerous studies with regard to morphological asymmetry have been conducted on
tennis players, in which morphological asymmetry of the upper-body was frequently
reported. Wyss, Gandini, Levi, Astegiano, Gangzit and Vaudano (1989) proved that tennis
causes a shortening of the humerus on the dorminant side. Montoye, Smith, Fardon and
Howley (1980) further indicaled a grealer hone width on the dominant side for the uina,
radius and humerus of tennis players. Green, Fowler, O'Driscoll, Blanksby and Taylor
{1996) reported significant differences for forearm volume (p < 0.005), forearm girth (p <
0.001), wrist girth (p < 0.001) and bistiloid width (p < 0.005), with the dominant side being
greater on each occasion.

Observable morphological asymmetries were also reported for perticipenis of other
asymmetrical sports such as épée fencing and cricket (fast bowlers). Margonato, Roi,
Cerizza and Galdabmno (1994) found signiicant differences (p < 0.001) between the
dominant and non-dominant sides of the forearm cross-sectional area in a group of 58
male épbe fencers.

From a morphological viewpoint, vary itle mformation was found with regard to
morphoiogical asymmetry of fast bowlers. Stretch (1991) reported that in a number of the
fast bowlers in his shxily, the leg opposile the dominant bowling aamn showed greater calf
girth measurements than that on the dominant side. A photograph in Bloombield, Acidend
and Elliot (1994) dearly portrayed the over-development of the dominant side of the upper
body of a high level fast bowler, which aleo showed accompeanying scoliosis. In addition o
these findings, Kippers, Engstrom, Walker and Hunlder (1998) state that indices of imb
asymmefry (although very small) do exist.  These researchers also emphasised the need
for frther studies, in which these asymmetric imb measurements and asymmelries of the
trunk muscies be compeared (by making use of magnelic resonance images), 10 determine

The apparent reason for such shuxdfies is emphasised fusther by the resulls of Engstrom,
Walker, Kippers, Hunler, Hanna and Buckiey (1999), who reported large and reliable
asymmetries in fast bowlers for the quadralus lumborum muscle volume (AX = 10%
absolute volume asymmetry, effect size 1 2). These researchers indicate furfher a strong
association between stress ingries of the pars and asymmetry of the quadralus lumborum
(>10%) on the bowling armm side (relative risk A4.0). & is, thevelore, hypothesised that
asymmetric volumes of the quadratus imborumn muscle, underiie asymmelric loading in
the pars, hence indicaling it as a possible confribuing factor 10 the complax astiology of
bone stress inpries of the pars commonly found in fast bowders.
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According to Stretch (2000), most of the injuries to fast bowlers occur as a result of
over-bowling, poor technique or a combination of these two factors. Sward (1992) also
indicated the high vulnerability of the growing individuals’ spine to injuries, especially
during the adolescent growth spurt According fo Stretch (2000), this is a period when
young fast bowlers are especially prone to be over-bowled, with resulting injuries that
could have a great impact on the player at a later stage. Sward (1992) subsequently
reported a scoliosis frequency of more than 80% amongst the participants of sport in which
movements ocour where an asymmedrical load is ptaced on the frunk and shouiders, such
as javelin and tennis. Fast bowlers show similar asymmetrical loads.

As a result of these findings and the high ccaumence of back inpuries o young fast
bowlers, the United Cricket Board of South Africa (UCBSA) Research Commiittee (2000:1)
was formed to address the issue of back injries to cricket players and, in particular, to
young fast bowlars. This committee compiled a screening protocol by which potential
injury nsk faciors n young developing fast bowlers can be screenad This protocol
includes posthral defects (ie. lumbar lordosis, thoracic kyphosis, scoliosis, bow-legs,
knock-knees, body asymmetry, and highMiat foot arches), bodyweight problems, body
development and everyday lifestyle habits. According to this protoool, when screening for
body asymmetry, attention must be paid to asymmetrical body development, muscular sive
imbalance, altered shoulder or hip height and the possible prevalence of scoliosis. The
importance of screening for morphological asymmety is, therefore, shown, but ltle
research has been done on young fast bowlers 10 investigate 1o what exdent it is prevalent,
and how it can be prevented or remedied.

From the above mentioned research resulls, it is evident that indices of morphologicali
asymmetry are prevalent amongst participants of asymmetnical sport such as lennis, épée
fencing and crickst (fast bowders). Morphoiogical asyrametries have, however, also been
reported for sedentary individusls (Laubach & McCorwille, 1967; Womersiley & Dumnin,
1973; Ruff & Jones, 1981; Margonalo ef al, 1994). The apparent reasons for this
occurrence is the greater functional use of the dominant imb compered 1 the non-
dominant imb duwring the execution of nommal dailly activities (Dangerfield, 1994,
Margonato ef al., 1994).

The first question that arises is whether morphological asymmetry is found in the upper
body of fast bowlers (and if so, 0 what exdent doss it ocair), as there is clearly a gap in
the terature on this subject and this particular position in cricket. Fast bowlers are to be
studied because they show the grealest tendency of all arickelers towards asymmefrical
development because of the nahire and inlensity of the bowling action. The second
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question is whether fast bowlers show significantly greater indices of morphological
asymmetry than sedentary individuals. ¥ the fast bowlers show statistically significantly
greater indices of morphological asymmetry than the aged-matched sedentary individuals,
one could assume that it is as a result of the asymmetrical technique used in fast bowling.
information on the occurence of morphological asymmetry in the upper body of fast
bowlers could be of great value  the Sport Scientist, Biokineticists, Physiotherapists and
other roleplayers within the sporting context. Exercise programmes could then be
developed and mplemented accordingly 0 prevent or remedy the occumence of
morphological asymmetry, whilst they can aiso contribute t0 improved performances.

Subjects

All the fast bowlers (n = 27) with a mean age of 16.5 + 1.16 years, n a South African
provincial cricket squad (W15 (n = 9), W17 (n = 8) and W19 (n = 10)), batting at numbers 8
to 11 were measwed. While reasonably small in number, this is a particularly
homogenous group. Other fast bowlers in the squad, batting at numbers 1 to 7 (all-
rounders), were deliberately exciuded from the tested group in order 1o imit the possible
effect which baiting may have on asymmetrical development. # must be noted, however,
that quite a mamber of these bowlers are regarded as all-rounders at high school and chib
level.

Eighty male high school pupils (of the same age group as the fast bowlers) were asked
to compiete the Sport Participation Activity Profile Questionnaire (SPAPQ). From these
results, the lifestyles of thirty five pupils were regarded as sedentary. In addition 1o their
sedentary lifestyle, none of these pupils have ever participated in any asymmetrical sport,
thereby enabling them to form past of the control group for this study. From these thirty
five pupils, twenty seven (with a mean age of 16.1 + 0.82 years) were randomly chosen
and tested, in order 10 determine nabral asymmetric development.

Measurement procedures and anthwopometry

The subjects were mformed about the nature of the measurements and were free o
refuse to participate in the shudy. Al of the fifty four subjects completed informed consent
forms.

The fast bowlers were measured prior to thewr scheduled practice sessions at the
facilittes of the Cricket Union. Demographic information and a sport participation history of
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the fast bowlers’ were also gathered. The fast bowlers were measured prior to
participation in any physical activities or warm-up routines. After being included in the
control group by means of the SPAPQ results, the sedentary individuals were measured in
the exact same way as the fast bowlers.

Eighteen anthropometrical variables (eight skinfolds, five girths, three segment lengths
and two bone breadihs) were measwred. From these measurements the sum of the eight
skinfolds, upper kmb length and comrected arm girth were derived, bringing the total
number of variables 0 twenty one. Two sets of measurements were taken for each
variable, of which the mean value was used for further analysis. These variables were
measured according to the methods described by Norton, Whittingham, Carter, Kerr, Gore
and Marfell-Jones (1996:25-73).

One of the measured girths (the half-chest girth) is not an intermnationally recognised
anttwopometnic grth.  This measurement can be defined as the horzontal distance from
the midpoint of the stemum on the level of the mesostemal andmark to the spinous
process of the vertebrae on the same level as the mesosternal landmark, taken at the end
of a nommal expiration. R was specifically developed by the authors of this study to
measure the possible morphological asymmetry in the upper body, as seen amongst
various sport participants.

A Harpenden skinfold caliper (with a consiant compression of 10 g.mm™), large sliding
caliper, segmometer, stadiometer, small siding (bone) caliper and steel anthwopometry
tape were used for the measurements.

Data analysis

The indices of morphological asymmetry of the twenty one measurements were
calculated using Wolafiskis' Relative Indices of Asymmetry (RIA), as used by Copley
(1980), in which:

RIA = 2(Xp — Xnp) / (Xo + Xwp) x 100
With: Xp = variable on the dominani side and Xyp = variable on the non-dominant side
FRIA s +, then Xp > Xnp- K RIA IS -, then Xp < X

This equation allows for the differences between the mefrical measurements of the
dominant and non-dominant sides of the body to be expressed as a percentage of the
sums of the dominant and non-dominant side measurements, thereby, enabling direct
comparisons of the indices of morphological asymmetry of different measurements
(Copley, 1980).
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The Statistica data Processing package (StatSoft Inc. 2000) was used to process the
data. Descriptive statistics are reported for all the measurements. Dependent f-tests were
used to compare the dominant and non-dominant values of both the fast bowlers and
sedentary individuals (regarding the twenty one measured variables) to see whether
significant differences were prevalent in the two groups. Independent f-tests were used to
measure differences between the two groups regarding the relative indices of asymmetry

of the twenty one variables.

RESULTS AND DISCUSSION

Figure 1: A photograph depicting
the upper body of a provincial fast
bowler, in which hypertrophy and
over-development of the dominant
right-hand side is evident.

Figure 1 is a photograph of one of the
tested fast bowlers. From this photo it is
evident that the dominant right-hand side has
undergone hypertrophy and over-
development. Table 1 further reports that

eight of the measured upper body variables
in the group of fast bowlers, showed
statistically significant differences when the
dominant and non-dominant side values
were compared. These eight variables are
graphically illustrated in Figures 2 and 3.
The mid-axilla and supraspinal skinfolds
of the fast bowlers show a significant (p <
0.05) difference, with the values on the
dominant side greater on each occasion. In
this regard, Martorell, Mendoza, Mueller
and Pawson (1988) indicated that
differences in skinfold thickness between
the dominant and non-dominant sides, even
though statistically significant, are of no
practical significance. The relaxed upper
arm*, flexed upper arm*, corrected upper
arm, forearm and half-chest* girths show
significant (p < 0.001) differences, with the
dominant side being greater than the non-
with an asterisk are the same girths for
between the fast bowlers and the sedentary
individuals and will be discussed later.
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Table 1: The descriptive statistics of the dominant and non-dominant sides of the
fast bowlers and the age-matched sedentary individuals.

Mean values and standard deviations

Fast bowlers Sedentary individuals
(n=27) (n=27)
VARIABLES Dominant Non- Dominant Non-
dominant dominant

SKINFOLDS (mm)
Biceps skinfold 56 + 1.78 59 + 1.72 6.3 + 264 .72 & 302
Triceps skinfold 10.2 + 343 10.0 + 3.33
Subscapular skinfold 9.6 + 2.37 100 + 258 11.3 + 586 116 + 523
Pectoral skinfold 71 + 2.33 6.6 + 2.24 8.1 + 469 7.9 + 4.16
Mid-axilla skinfold 221" T4 & 215" 9.2 + 4.18 9.5 + 4.86
Supraspinal skinfold B9 + 205* 83 342 103 + 557 208 + K17
lliac crest skinfold 11.0 + 3.91 11.2 + 4.27 14.9 + 7.50 147 + 7.41
Abdominal skinfold 11.5 + 3.88 11.2 + 4.27
Sum of 8 skinfolds?® 71.5 +19.10 | 70.6 +19.60 | 85.0 + 35.20 | 83.5 + 33.70
GIRTHS (cm)
Relaxed upper arm girth
Flexed upper arm girth
Corrected upper arm girth
Forearm girth
Wrist girth
Half-chest girth 46.2 + 373
LENGTHS (cm)
Upper arm length 348 + 2.74 352 + 185 344 + 292 343 + 289
Forearm length 261 + 1.35 259 + 1.39 254 + 1.82 253 + 1.86
Hand length 199 + 1.09 19.8 + 1.02 196 + 1.13 19.7 + 1.20
Upper-limb length 80.8 + 4.53 808 + 3.78 793 + 562 793 + 572
BREADTHS (cm)
Humerus breadth 7.2 + 049"
Wrist breadth 59 + 045 58 + 0.47 56 + 0.33 57 + 0.35
* Sum of 8 skinfoids = biceps, triceps, subscapular, pectoral, mid-axilla, supraspinal, iliac crest, al.

*p<0.05
**p<0.001
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Figure 2: Graphs of the five variables for which the fast bowlers (n = 27)
showed significant (p < 0.001) differences between the dominant and non-
dominant side measurements.

|

8.5

7.4

7.5

1 2 3
1. Mid-axilla skinfold. 2. Supraspinal skinfold.
3. Humerus breadth.

Skinfolds in mm and breadth in cm

l O pominant side ‘
O Non-dominant side

]
Figure 3: Graphs of the three variables for which the fast bowlers (n = 27)

showed significant (p < 0.05) differences between the dominant and non-
dominant side measurements.
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The humerus breadth of the fast bowlers shows a significant difference (p < 0.05), with
the breadth on the dominant side being greater than that on the non-dominant side. This
finding is in line with that found amongst tennis players as reported by Montoye et al.
(1980).

According to Table 1, nine of the variables in the group of aged-matched sedentary
individuals showed significant differences between the dominant- and non-dominant sides.
These observed asymmetries again reflect on the greater functional use of the dominant
side during daily activities as indicated by Dangerfield (1994) and Margonato et al. (1994).

Table 2 reports on the indices of morphological asymmetry, the t-values and p-values
for the twenty one measured vanables of both tested groups, from which the comparisons
between the two groups in this study are made. The five variables for which significant
differences were observed are also graphically illustrated in Figures 4 and 5.

Significant differences in the relative indices of morphological asymmetry for the
relaxed upper am, flexed upper arm, and half-chest girths (p < 0.001) were noted between
the groups of fast bowlers and sedentary individuals. The corrected upper arm girth and
hand length also differed significantly (p < 0.05).

The greater relative indices of morphological asymmetry found in the upper arms of the
fast bowlers compared to the sedentary individuals are the result of hypertrophy of the
muscles in this area due to the fast bowling action. The major muscles in this area are m
biceps and m triceps brachii, all of which are prone to undergo hypertrophy as a resuit of
the intensity and frequency of eccentric and concentric muscle contractions during elbow
flexion and extension. The greater relative indices of morphological asymmetry of the half-
chest girth of the fast bowlers can be accredited to hyperirophy of the muscles on the
dominant side of the upper back and chest. The major muscles in this area are m
latissimus dorsi, m erector spinae and m pectoralis major and minor, which are all involved
in the fast bowling action. This particular finding was expected, because of the portrayed
over-development of the upper body in this area by Bloomfield ef al. (1994), hence leading
to the development of the half-chest girth measurement.

The observed morphological asymmetry of the hand length of the fast bowlers can be
accredited to the continuous force exerted on the metacarpal bones, phalanxes, joints and
ligaments of the bowling hand caused by the momentum of the ball. The momentum is the
result of the weight of the cricket ball (156 g) muitiplied by the velocity of the hand as the
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Table 2: Indices of morphological asymmetry, t-values and p-values (of the 21
variables) for the fast bowlers and the age-matched sedentary individuals.

Mean values and standard
deviations
Fast bowlers Sedentary
(n=27) individuals (n=27)
Variables Indices of Indices of t-value p-value
asymmetry (%) | asymmetry (%)
SKINFOLDS
Biceps skinfolds -5.5 + 13.50 6.9 + 30.47 1.90327 0.62547
Triceps skinfolds 2.0 + 1492 7.8 + 1161 -1.60345 0.114893
Subscapular skinfolds -3.7 + 11.28 41 + 976 0.11822 0.906350
Pectoral skinfolds 7.2 + 16.11 1.3 + 18.56 1.25683 0.214430
Mid-axilla skinfolds 48 + 9.27 0.6 + 13.48 1.73416 0.088815
Supraspinal skinfolds 8.1 + 13.06 14 + 11,71 1.99252 0.051575
lliac crest skinfolds 0.1 + 23.09 21 + 1549 -0.37193 | 0.711456
Abdominal skinfold 41 + 13.87 6.6 + 10.71 -0.73704 0.464412
Sum of 8 skinfolds® 1.5 + 473 14 + 455 0.39292 0.695983
GIRTHS
Relaxed upper arm girth 3820 12+ 210" 3.7862** | 0.000398 **
Flexed upper arm girth 47 + 216 * 21 £ 270* 3.8114 ** | 0.000367 **
Corrected upper arm girth 4T .+ 229" 19 + 289" 3.99049* | 0.00208 *
Forearm girth 28 + 2.30 20 + 238 1.27916 0.206520
Wrist girth 0.0 + 3.97 1.6 + 3.29 -1.56837 | 0.122861
Half-chest girth 6.4 + 318 ™ 4.1047 ** | 0.000143 **
LENGTHS
Upper arm length -1.5 + 6.49 0.2 + 1.58 -1.32757 0.190120
Forearm length 09 + 2.30 0.1 + 2.38 1.23172 0.223595
Hand length 0.7 + 1.84* 2.59945* | 0.012124*
Upper-limb length -0.18500 | 0.853947
BREADTHS
Humerus 1.8 + 2.73 29 + 3.00 -1.37240 | 0.175830
Wrist 0.7 + 5.81 0.6 + 4.62 0.91937 0.362146
M AT SRR

*p<0.05
= p<0.001
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Figure 4: Graphs of the relative indices of morphological asymmetry of the
fast bowlers (n = 27) and aged-matched sedentary individuals (n = 27) for the
three variables which differed significantly (p < 0.001).
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Figure 5: Graphs of the relative indices of morphological asymmetry of the
fast bowlers (n = 27) and aged-matched sedentary individuals (n = 27) for the
two variables which differed significantly (p < 0.05).




CONCLUSIONS

The foliowing conclusions were drawn from the results of this study:

e The fast bowlers showed significant differences between the dominant and non-
dominant side measurements for two upper body sianfold measurements (mid-aalla-
and supraspinal skinfolds), five upper body girth measurements (relaxed upper arm,
flexed upper arm, comected upper arm, foreanrn and half-chest grihs) and the humerus
breadth measurement

e The fast bowlers showed no significant differences between the dominant and non-
dominant skie measurements for any upper body segment lengths

+ No significant differences were found between the fast bowlers and the aged-maiched
sedentary individuals regarding indices of morphological asymmetry for any upper body
skinfold and bone breadih measurements

+ Signiiicant differences were found between the fast bowlers and the aged-matched
sedentary individuals regarding the indices of morphological asymmedry for four upper
body grth measurements (the flexed upper amm, relaxed upper arm, comrected upper
arm, and half-chest girths) and the hand length.

Even though marphological asymmetry was prevalent in both groups (fast bowlers and
aged-maiched sedentary individusis), the ilarger relaive indices of morphological
asymmelry in the group of fast bowlers could be atiriuted to the nature, intensity and
frequency of the bowiling action. The observed and measured morphological asymmetry in
the sedentary individuals is the result of normal daily activities, in which the tendency is to
make greater functional use of the dominant imb (Dangerfieid, 1994; Margonato et al.,
1994). The fast bowlers are, however, also subjected 0 similar daily activies, thereby
unequivocally indicating the addibonal effect of fast bowling on morphological
asymmetrical development.

IMPLICATIONS

As the cross-sectional method of analysis was used to assess the asymmetrical
morphological responses to fast bowling, it could not be established with certainty whether
the observed morphological differences between the fast bowlers and sedentary
individuals were the result of constitutional dissimilarities or the exclusive effects of fast
bowiing # would, therefore, be of great value to conduct a longitudinal study on
morphological asymmetry amongst cricket players (fast bowlers) and participants of other
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asymmetrical sport, t0 assess the structural and functional effects of intensive participation
in such sport. The curent study could be exdended further, by including variables such as
fleoability, strength, power, aerobic endurance and motor processes (for example, reaction
time, speed of movement and co-ordination) in order 10 compile a complete profile of fast
bowiers’ and/or participants of other asymmetrical sport.

Starosta (1989) further developed a method called movement symmelrisation. Results
of comprehensive stkudies on moarphological asymmetry in different sport participants,
could assist the Sport Scienist to develop such programmes specilic 0 the needs of the
sport, item or posiion and thereby contribuie to the above mentioned movement
symmetrisation programme. Groppel and Roetert (1992) also recommend the inclusion of
asymmetrical development, whilst simultaneously enhancing the sporting performance.
information on the possible relationship belween morphological asymmetry and certain
injunes could be of further value. The effect of ssamming programmes for the
enhancement of symmetry or the prevention of the onset thereof, could be studied, as
Coeizee (1994) indicated in his study on unior swanwners that swimming leads o
symmetrical development. This study addressed a tapic regarding this specific position in
the sport, which up 10 now has been largely neglected.

The key to success in sport is to implement knowledge in a scentific manner and to
continually research for new knowledge. Far progression and performance in sport, all
related aspects must be fully researched. The implementation of a complete spectrum of
knowiedge on asymmetry could possibly lead to a decrease in the number of inpmnes
sustained by sportsman of all levels of participation, as well as enhance sporting
performance, aithough these aspects need o be further researched.
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The purpose of this stly was firsly to deternmine whether significant
differences exist between the dominant and non-dominant sides of male and
Dependent t-tests revealed significant (P<0.05) differences for the upper amm
girths, wrist girth, thigh girth and lower leg length amongst the males, whiist
similar results were observed for the thigh girth, upper leg length and foot
length amongst the females. The second purpose was 0 compare the
relative indices of asymmetry (RIA) of male swimmers to that of male fast
bowiers and aged-matched sedentary males for twenly upper body
measurements. The RIA for these three groups are reported. An ANOVA
with Tukey post hoc tests revealed significant (P<0.05) differences in the RIA
of the upper arm girths and half-chest girth between the fast bowlers and the
swimmers, as well as belween the fast bowlers and the sedentary

individuals.

The RIA for the hand length differed significantly (P<0.05)

betweoon the fast bowiers and the sedentary individuals. All of the measured
groups showed a certain degree of asymmetry for the different variables, with
the fast bowlers portraying the highest and the swimmers the lowest RIA.

Keywords: Asymmetry, morphology, fast bowlers, cricket, crawl stroke
swimmers, sedentary individuals.

Introduction

Al the elite level of sport a stong
relationship exists beiween human
morphoilogy and functioning (De Ridder ef
., 2000). Morphology (the scence of
struchwe and form without regard to
function {Carter, 1985)) and the effect
thereof on sporting performance has
become a very importart research topic.
in this regard Stretch (1991), stated that
morphology in itself is not the only criterion
for optimum performance in sport, but that
any devigtions from the optimum
standards could be a handicap to
performance. One aspect of morphology
that has not been thoroughly researched
is that of asymmetry. Even though

literatwe on morphological asyrnmelry
does exist, Starosta (1989) indicates that
many questions still need to be answered
as to gain more knowiedge of this subject.

More recently, studies on the topic were
predominantly conducted on tennis
players (Wyss ef al, 1989; Green et al,
1996; Krawczyk ef al, 1998). These
studies focused on the effects of unilateral
activites on the physical and/or
physiological attributes of the dominant
imb, compared to the non-dominant imb.
The signiicant differences of certain upper
body  morphological measurements
between the two sides unequivocally
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Morphological asymmetry amongst participants of sport

between male fast bowiers, crawl siroke
swimmers and sedentary individuals. The
results of this study could be of great
value to Sport Scientists, Physiotherapists
fratemity, as # will focus these
professionais’ attention on the importance
of specific preventive and therapeutical
exercises for morphoiogical asymmetry
amongst sport participants.

Methods

This study firstly focuses on the indices of
morphological asymmetry found amongst
elite male and female crawl stroke
swimmers. In addition to this, the indices
of upper body morphological asymmetry
of the male swimmers are compered to
that of fast bowlers and sedentary
individuals. Grobbelaar and De Ridder
(2000) reported the data of the last two
groups mentioned. This study is,
therefore, a partial replication, but also a
further extension of these previously
published findings.

Subjects

Sixteen male swimmers (19.11+3.28 years)
and eleven female swimmers (17.242 34
years), that reached one or more of the
cravl event finals at the 2001 Telkom
South African National Swimming
Championships were measured during
the championships.

Twenty seven high school fast bowlers
(16.511.16 years) in a South African
provincial cricket squad were measured.
Other fast bowders in this squad batting at
numbers one to seven in the line-up were
deliberately exciuded from the measured
grouptolumtthepos&bleeﬁedofbaﬁmg
on the different

varniables. The bowters consisted out of 9
w15, 8 W17 and 10 W19 piayers.

Eighty male high school pupils completed
the Sport Partiopation Activity Profile
Questiomare (SPAPQ). The results of

the SPAPQ were used to determine which
of the pupils were sedentary. The results
sedentary and had never participated in
any asymmetnical sport types. Twenty
seven subjects (16.1+0.87 years) were
then randomly selected out of the group
of thirty five. The sedentary group was
inciuded as a control group for this study.

Measurement procedures

All subjects were informed about the
measurement procedures, possible risks
and benefits of the research project. The
suﬂectssrgnedawmwncomitfam

sport
participation history of the fast bowlers
and swimmers were aiso gathered.

Thirty two anthropometric variables of the
swiInmmers were measured on both sides

of the body, according to the methods
described by Norton ef al. (1996). Two
sets of measurements were taken for each
calculated and used for further analysis.
Tivee more values were derived from this,
bringing the total number to thirty five. A
girth, namely the half-chest girth (as
described by Grobbelaar and De Ridder,
2000) was aiso measwed to determine
the degree of asymmetry in the chest
area. The half-chest girth is the horizontal
distance from the mdpoint of the stemum
on the jevel of the mesostemal iandmark
to the spinous process of the vertebrae on
the same level, taken at the end of a

The fast bowlers were measured prior to
ther training sessions at the faciliies of
the Cricket Union over a period of four
weeks. The sedentary individuals were
measured at their different schools. Only
seventeen upper body measurements of
each of the fast two merntioned groups
wore taken, from which a further three
vatues were derived.
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Data analysis

The indices of morphological asymmetry

of all the varables were calculated by
. Wolaftskis' Relali ck of

Asymmetry (RIA) (Copley, 1980) in which:

RIA = 2(Xp — Xo) / (Xo + Xnp) x 100

With Xo = vatiable on the dominant side

Xno = variable on the non-dominant side

K RIA s +, then Xp > X
IfRIAis -, then Xp < Xnp.

in this equation, differences between the
metrical traits of the dominant and non-
dominant sides of the body are expressed
as percentages of the sums of the
According to Copley (1980), this allows
for the indices of asymmelry of different
traits to be compared directly.

The Statistica Data Processing package
(StatSoft Inc. 2000) was used to process
the data. Dependent {-tests (between the
dominant and nondommant side
measwrements) were performed for each
of the measured vanables of the male and
female swimmers. An ANOVA with Tukey
post hoc tests were used for comparisons
between the three male groups regarding
the indices of morphological asymmetry in
the upper body. Statistical significance
was set at P<0.05.

Results and discussion

Table 1 shows the anthwopometrical
variables that differed significantly
between the dominant and non-dominant
sides of the male and female crawl stroke
swimmers. Significant differences were
observed in six of the variables of the
males (relaxed arm, flexed arm, corrected
arm girth, wrist gath, thigh gith (1cm
gluteal) and lower leg length). Five of
these measwements showed bigger
values on the dominant side, whiist the
lower leg length was longer on the non-
dominant side. Only three measurements
the dominant and non-dominant lower

extremities of females. The dominant
thigh girth (tcm gluteal) and dominant
that of the non-dominant side, whilst the
non-domnant foot length obtained a
significantly bigger value than that of the
dominant foot.

The results of the male swimmers' upper
arm girths are in accordance with the
findings of Zaharieva (1981), who
indicated that 499% of the tested
swimmers in a study showed asymmetries
of greater than 0.3 cm for the upper arm
girths. A plausible explanation for the
finding that five of the dominant girths of
the men's group and one of the women's
group were significantly bigger compared
to the non-dominant sids, may lie in the
research findings of Becker (1986) and
Riewald and Lombardo (2002). These
researchers report that swimmers exert a
greater peak force with one arm and leg
compared to the other during the kick
phase or propulsion stroke of the
swimming action. According 0 Riewald
ad Lombardo (2002) as well as
Maglischo (2003), the asymmetrical stroke
and kicking pattemn may be the result of
the unilateral breathing techniques
commonly wused by corawl stroke
swimmers. The causes of the differences
in the lower leg lengths (of the males) and
upper leg lengths (of the females) are
presently unknown, however, a possible
reason emerged in the iterature. Kemper
(2000) indicated that bone structures are
dynamic tissue, which adapt to loading
exerted on it. This argument is also
supported by Grimston ef al. (1993) who
indicated that mechanical loading could
change and/or stimulate the growth
patterns of a certain bone structure. It is,
thevrefore possible that swimmers exert
more force with the one leg compared to
the other during tumble tumns, and that this
may over time lead to the
antthwopometrical discrepancies that were
found. The phenomenon that the
women's dominant foot length was
significantly smaller than that of the non-
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Table 1 Average anthwopometrical values, indices of asymmetry as well as significance of
differences between the dominant and non-dominant sides of crawl stroke swimmers.

0 e st
Dominant  Non-dominant indices of Significance
Variables side (cm) side {(cm) asymmetry (P)
Male swimmers (n=16)
Relaxed upper arm girth 31.0+246  30.542.28 1.542.45% 0.020574
Flexed upper arm girth 33.242 .43 32.8+2.44 1.041.30% 0.010264
Corrected upper amm girth 32.382.41 32.012.43 0.8+1.41% 0.037363
Wrist girth 17.310.82 16.9+0.91 2242 12% 0.000764
Thigh girth (1 cm gluteal) 55.94+3.82 55.3+3.90 1.1£2.00% 0.046872
Lower leg length 40.5+1.94 41.011.99 -1.2+1.90% 0.018197
Female swimmers (n=11)
Thigh girth (1cm gluteal) 56.713.04 55.942 97 1.441.14% 0.001704
Upper leg length 44 3+1.96 43.411.52 2.0+2.78% 0.041861
Foot length 2471105 25.010.91 -1.3+1.79% 0.041762

explained.

The descriptive statistics as well as
results of the {- and post hoc tests with
regard to the indices of morphological
asymmetry of the male fast bowlers, cram
stroke swimmers and  sedentary
individuals are presented in Table 2 and
Figure 1. The resuits of the subject group
with the lowest indices of morphological
asymmetry for each of the measured
varables are highlighted in Table 2. With
regard to the ANOVA results, it should be
noted that no studies exist in which the
indices of asymmetry differences between
conducted.

As shown in Table 2, the male swimmers
achieved the smaliest RIA values for the
maijority (8 out of 11) of the girth, length
and breadih measurements. In contrast to
these results, the fast bowlers obtained
the greatest RIA values for most {9 out of
11) of their gwth, length and breadth
measuwements. The skinfold data does
not show a fixed trend across the different

subject groups. This fact was further
substantiated by the results of the simple
analysis of varniance, which showed that
no significant differences between the
ttwee groups exist for the skinfold
measurements. The same applied for
some of the geths (forearm and wrist),
lengths {upper arm, forearm and upper
imb) and the humerus breadth. The
relaxed, flexed and corrected upper amm,
as well as the half-chest gwths, however,
differed significantly with regard to the
indices of morphological asymmetry
between the fast bowlers and the
swimmers and the fast bowlers and the
RIA for the hmd length  differed
significantly between the fast bowlers and

the sedentary individuals only.

The results of the simple analysis of
variance concerning the fast bowlers are
not strange. The relatively large RIA of
the upper arm and half-chest girths of the
fast bowlers is indicative of athietes who
participate in unilateral sport in which
elbow flexion and extension (upper amm
musciles) as well as  shoulder
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athletes who show a high degree of
morphological asymmetry due to
participation in unilateral sport types.

Addional research is needed to
determine the effect of a short and long
term swimming programme on the
morphological make-up of athletes
participating in asymmetrical sport. Such
longitudinal studies must not only be
limited to the morphological composition of
athletes, but must aiso give attention to
the flexibility and strength asymmetry that
may exist. Further research is also
necessary to investigate the factors that
may contribute to such morphological and

physiological asymmetries.
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Summary, conclusions
and recommendations.

51 Summary
5.2 Conclusions
5.3 Recommendations

5.4 Source list

5.1 SUMMARY

The purpose of this study was firstly to determine whether fast bowiers, crawi stroke
swimmers and aged-matched sedentary individuals showed significant differences
between the dominant and non-dominant sides for certain anthropometric measurements.
The second purpose was to compare the fast bowlers, crawl stroke swimmers and aged-
matched sedentary individuals with regard to the indices of upper body morphological
asymmetry. Chapter 1 provided a brief outiine of the problem statement that underlies the
research questions as well as the research questions, purposes and hypotheses that
forms the basis of this study.

Chapter 2 is a literature review of the nature and prevalence of morphological asymmetry
amongst sport participants and sedentary individuais. The chapter firstly introduced the
reader to the literature format of this chapter by means of an introduction. The introduction
is followed by a section that deals with the definitions and terminoiogy pertaining to
asymmetry, as well as the criteria used to determine side dominance and the methods for
calculating asymmetry. This is foliowed by a literature review of the prevaience of
morphological asymmetry amongst participants of unilaterai and bilateral sports as well as
sedentary individuals. The last section of the chapter deals with the causes and negative
effects of morphological asymmetry. The chapter was conciuded by focusing on the
possible preventive and therapeutic measures that can be used to reduce and remedy the

occurrence of asymmetry amongst athletes.




Chapter 5; Summary, conclusions and recommendations

This dissertation is submitted in article format, as approved by the Senate of the PU for
CHE and, therefore, includes two articles (in Chapters 3 and 4 respectively), of which one
has already been published. The first article entitled “Asymmetry in the upper body of high
school fast bowlers in cricket in South Africa”, has been published by Grobbelaar, HW.
and De Ridder, J.H. in the African Journal for Physical, Health Education, Recreation and
Dance, 2001:7(1):61-76. Wt is included in this dissertation with the consent of the Journal's
editor. The main purposes of this article were firstly to determine whether morphologicai
asymmetry is found in the upper body of fast bowiers, and secondly, to determine if fast
bowlers show significantly greater indices of morphological asymmetry than aged-matched
sedentary individuais.

The second article entitted “Morphological asymmetry amongst participants of
asymmetrical (fast bowlers in cricket) and symmetrical (swimmers) sports and sedentary
individuals in South Africa”, by Grobbelaar, HW., De Ridder, J.H. and Coetzee, B. will be
presented for publication in the Journal of Sports Sciences. This article is included as
Chapter 4. The first purpose of this study was to determine the morphological differences
between the dominant and non-dominant sides of elite male and female crawl stroke
swimmers for thirty five anthropometrical measurements. The second purpose was to
compare the indices of asymmetry for twenty upper body measurements for male fast
bowlers, crawl stroke swimmers and sedentary individuals. This article is a partial
repiication, but aiso a further extension of the previously published findings by Grobbelaar
and De Ridder (2000).

Both articles are included according to the guidelines of the specific journals and consist of
an introduction, problem statement and the resulting research questions and purposes of
the study. The research methods (subjects, measurement procedures and data analysis)
are described, after which the results are presented and discussed. FEach article
concludes with research conclusions and implications.

5.2 CONCLUSIONS

The conclusions that are drawn from this research are presented in accordance with the
set hypotheses (Chapter 1).

5.2.1 Hypothesis 1. Fast bowlers will show significant differences between the
dominant and non-dominant side measurements for selected
anthropometrical variables.
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Hypothesis 1 is accepted based on the research findings that statistically significant
differences were found for eight of the twenty one anthropometrical variables amongst the
group of fast bowlers, when the dominant and non-dominant side measurements were
compared. The girth measurements showed the biggest differences in the comparison of
the dominant and non-dominant sides.

5.2.2 Hypothesis 2: Crawl stroke swimmers and sedentary individuals will show
small, but significant differences between the dominant and
non-dominant side measurements for selected

anthropometrical variables.

Hypothesis 2 is accepted for both the male and female craw! stroke swimmers based on
the research findings that statistically significant differences were found for six and three of
the thirty five anthropometrical variables respectively, when the dominant and non-
dominant side measurements were compared. The girth measurements showed the

biggest differences in the comparison of the dominant and non-dominant sides.

Hypothesis 2 is accepted for the group of sedentary male individuals, based on the
research findings in which statistically significant differences were found for nine of the
twenty one upper body anthropometrical variables, when the dominant and non-dominant
side measurements were compared. The girth measurements showed the biggest

differences in the comparison of the dominant and non-dominant sides.

5.2.3 Hypothesis 3: Fast bowlers will show significantly greater indices of
morphological asymmetry for selected upper body
anthropometrical variables than the crawl stroke swimmers
and sedentary individuals.

Hypothesis 3 is accepted based on the research findings that significantly greater indices
of morphological asymmetry were found for four of the twenty anthropometric variables
amongst the group of fast bowlers, when compared to the crawl strocke swimmers and
sedentary males respectively. These four variables are ali girth measurements, whilst the
indices of asymmetry for the hand length of the fast bowlers and the sedentary male
individuals also differed statistically significantly. No statistically significant differences
were found between the crawl stroke swimmers and the sedentary male individuals. it is

of further importance to note that the crawl stroke swimmers were the most symmetrical
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group, as they reported the lowest indices of morphological asymmetry (of the three male
groups) for thirteen of the twenty measured variables. The fast bowlers showed the
greatest indices of morphological asymmetry (of the three male groups) for twelve of the
twenty measured variables and can, therefore, be regarded as the most asymmetrical

group.

5.3 RECOMMENDATIONS

The results from this study emphasise the importance of further research regarding the
indices of asymmetry amongst participants of various sports, as there is clearly a shortage
of literature that focuses on this research theme. Future studies should not only be limited
to morphological asymmetry, but also give attention to flexibility and strength development
asymmetry to give more insight into this research field. The possible causative factors of
asymmetry should also be investigated, in order to compile preventative measures to limit
the onset and development of these asymmetries. The debate concerning the possible
negative effects of morphological asymmetry on the health and performances of athletes

vindicate more in depth research into this relationship.

The findings of this study give rise to the argument that swimming might be a good
exercise for the prevention of asymmetrical morphological development, as well as the
exercise of choice in cases where morphological asymmetries are prevalent, such as
amongst participants of various asymmetrical sports. The need for more research to
investigate the specific influence of swimming programmes on the morphological
asymmetry of elite fast bowlers and other participants of unilateral sport, can, therefore not
be over emphasised.

Certain shortcomings regarding this study, can, however, be indicated:

e A cross-sectional method of analysis was used to assess the asymmetrical
morphological responses of athletes and sedentary individuals to sport and/or normal
daily activities. It could, therefore, not be said with certainty that the observed
differences between the different groups were the result of constitutional dissimilarities
or the effects of normal daily and/or sport activities. A longitudinal study that focuses
on the influence of certain daily and sport activities on the onset and development of

morphological asymmetry would be a more suited approach to research this aspect.

o A small number of subjects was included in each of the four groups in this study.

Outliers, therefore, had a much greater influence on the total group results than would

77



Chapter 5: Summary, conclusions and recommendations

have been the case with a larger sample size. Further research of this nature must,

therefore focus on larger subject groups.

¢ For studies such as the present one, in which comparisons between different groups of
athletes are made, the ideal is that athletes from the same competitive level should be
used. The fact that the swimmers participated on a national level and the fast bowlers

on a provincial level, could have caused certain discrepancies.
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GUIDELINES FOR CONTRIBUTORS

AJPHERD publishes researchers that contribute to knowledge and develop theory either
as new information, reviews, confirmation of previous findings, application of new
teaching/coaching techniques and research notes. All manuscripts should be sent to the
editor-in-chief. These must represent original works which have not been submitted or
published elsewhere. Authors are normally advised about the decision on their
manuscripts within 90 days. Authors are however, reminded to return the revised edition
soonest.

Preparation of manuscripts

Authors should submit three copies of the manuscripts written in English and typed double
spaced on one side with generous margins. In general, manuscripts should not exceed 20
pages on A-4 size paper inciuding a concise abstract of not more than 250 words.
Diagrams, tables, charts and plates should be simple and appear at the appropriate
positions in the text. Key words must be included at the end of the abstract.

The first page of the paper should show the title, author's name/s and address(s). Authors
are advised to include their telephone numbers, fax numbers and e-mail addresses.
Multiple authors should be listed in the order of proportionate work commitment. The next
page of the manuscript should begin with the title, abstract and introduction, in that order.
All manuscripts recommended must conform to the Publication Manual of the American
Psychological Association (4™) ed. Manuscripts deviating from the recommended format
will neither be reviewed nor returned. On final acceptance of a manuscript, the author(s)
will be requested to submit a computer disk with file stored in Microsoft 5.1 format. The
order of submitted manuscripts is (1) title page (2) abstract (3) text including tables, figures
etc. and (4) references.

Proofreading

The author may receive the page proofs for corrections when necessary before
publication. In case of multiple authors, proofs will be sent to the first listed author unless
otherwise advised. Proofreading of manuscripts should be thoroughly done.

Copyright and permission to reprint

LAP Publications Ltd holds the copyright for AJIPHERD. In keeping with copyright law,
authors may be required whenever legally possible, to assign the copyright of accepted
manuscript to LAP Publications Ltd. This ensures that both the publishers and authors are
protected from misuse of copyright materiais. Permission requests should be addressed
to the Editor-in Chief.

Reprints

No charge is made for publication in AJPHERD. On publication, a copy of AJPHERD
containing the article of the author will be sent to the author.
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Correspondence

All correspondence concerning manuscripts and editorial materials should be directed to
the Editor-in-Chief, Proffesor L.O. Amusa. Department of Physical Education, University
of Botswana, Private Bag 0022, Gaborone, Botswana. (e-mail: Amusa@noka.ub.bw).
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JOURNAL OF SPORTS SCIENCES
INSTRUCTIONS FOR AUTHORS

1. Scope

The Journal of Sports Sciences is published on behaif of the British Association of Sport
and Exercise Sciences and in association with the international Society for Advancement
of Kinanthropometry. The emphasis is on the human sciences applied to sport and
exercise. Topics covered also inciude technologies such as design of sports equipment,
research into training, and modelling and predicting performance; papers evaluating
(rather than simply presenting) new methods or procedures will also be considered.

2. Submission

Authors must submit an original manuscript plus three copies, along with originals of all
artwork, to the relevant Section Editor (see facing inside front cover) or, in case of any
doubt, to the General Editor. Authors should keep a copy of all materials sent for later
reference. Papers submitted to the Joumal will be refereed anonymously by acknowledged
experts in the subject; at least two such referees will be involved in this process. In the
event of conflicting reviews, the Section Editor will normally seek a further independent
review. The Section Editor will forward papers recommended for publication to the General
Editor, who has the final decisiocn on publication. No word limits are specified for papers,
but discursive treatments of the subject matter are discouraged. Section Editors will not
accept manuscripts in two or more parts unless this has been agreed in advance by the
General Editor. As well as normal length communications of original research, shorter
communications are also considered subject to the same refereeing process. Review
papers will normally be by invitation of a Section Editor; authors wishing to submit a review
paper are advised to consult the appropriate Section Editor before doing so. Book reviews
are by invitation oniy. The Journal does not normally publish letters to the editor. Although
submission of disks is encouraged, do not supply the disk until the manuscript has finally
been accepted for publication. Please use a standard word-processing package, such as
WordPerfect, Microsoft Word or TEX.

3. Originality

All material submitted for publication in the Journal must he accompanied by a letter
signed by the lead author, with the authority of all of the authors, making it clear that: the
material submitted is original and unpublished, and is not under consideration for
publication elsewhere; the material wili not be submitted for publication eisewhere while it
is under consideration for publication in the Journal of Sports Sciences; if accepted for
publication in the Journal of Sports Sciences, the material will not be submitted elsewhere
for publication, either in part or in whole, without the written consent of the General Editor.
Material submitted will not enter the refereeing process until such an undertaking has been
received.

4. Effective Communication

Papers should be written and arranged in a style that is succinct and easy to follow. An
informative title, a concise abstract and a well-written introduction will help to achieve this.
The writing should conform to the recommendations of any of the excellent texts on good
style in scientific writing (e.g. M. O'Connor, 1991, Writing Successfully in Science. London:
Chapman & Hall). Authors should avoid some of the more common pitfalls, such as
excessive use of the passive voice and past tense and unnecessary use of fabricated
abbreviations within the text. Figures and tables should be used to add to the clarity of the
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paper, not to pad it out. At all times, please try to think about your readers, who will not all
be specialists in your discipline.

5. Manuscript

a. General

The manuscript must be in English, UK English spellings and words should be used in
preference to other versions of English. It must be typed or word-processed, double-
spaced throughout, on one side only of A4 paper, with a 4 cm margin on the left side, with
pages numbered consecutively, no "headers and footers' (other than page numbers), and
without footnotes unless these are absolutely necessary. Authors are encouraged to
number in consecutive lines. Arrange the manuscript under headings (such as
introduction, Methods, Results, Discussion, Conclusions) and subheadings. Generally the
Journal style and format conform to the CBE Manual for Authors, Editors and Publishers
(Council of Biology Editors, 1994, Scientific Style and Format. Cambridge: Cambridge
University Press); authors are advised to consult that publication in case of difficulty. The
Editors cannot consider for publication papers that are seriously deficient in presentation
or that depart substantially from these "Notes and Guidelines'.

b. Ethics of human experimentation

The Joumnal will accept only papers that conform to the highest standards of safety and
ethics. All experimental work involving human volunteers must conform to the laws of the
country in which the work took place. The manuscript should, where appropriate, include a
statement to the effect that the work reported has been approved by an institutional ethics
review committee. If such approval has not been obtained, the reasons for this should be
clearly stated in the submission letter that accompanies the manuscript.

c. Anonymous refereeing

Because of the adoption of anonymous refereeing by the Journal with effect from 1
January 1988, the title page and manuscript should include no information that clearly
identifies the authors or their affiliations. Authors should submit a separate typed page,
which is not part of the manuscript, that should include the following information: the full
title; the names of the authors without qualifications or titles; the affiliations and full
addresses of the authors; the name, address, telephone and fax numbers, and email
address of the author responsible for all correspondence and correction of proofs. Any
acknowledgements should also appear on this page, not in the manuscript. These
acknowledgements will appear in the printed version if the manuscript is accepted.

d. Title page

Inciude the following information on the first page of the manuscript: the full titie; a running
titte of no more than 75 characters and spaces; and up to six keywords for indexing
purposes.

e. The abstract
The abstract must not exceed 200 words and it must summarise the paper, giving a clear
indication of the conclusions it contains.

f. Tables and illustrations

lllustrations and tables must accompany the manuscript but not be inciuded in the text.
Authors may wish to express a preference for the location of tables and figures by
including comments such as ****Table 1 near here*** or ****Figure 2 near here***
separated by at least one line space from the main text. Tables, referred to as “Table 1',
“Table 2, and so on, must be numbered in the order in which they occur in the text. Tables
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must be clearly and simply laid out with clear row and column legends, units where
appropriate, no vertical lines and horizontal lines only between the table title and column
headings, between the column headings and the main body of the table, and after the
main body of the table.

Photographs and line drawings, referred to as "Figure 1', "Figure 2', and so on, must be
numbered in the order in which they occur in the text. Hlustrations must be submitted in a
form ready for reproduction {i.e. camera-ready copy). Diagrams and drawings should
preferably be produced using a computer drawing or graphics package and printed in laser
quality (at least 300 dpi). All illustrations must be suitable for reduction to single column
(84 mm) or page width (174 mm) of the Journal, with particular attention to lettering size.
Photographs must be sent as black and white glossy prints. Please indicate on the back of
all illustrations the name of the first author, the figure number and the top edge of the
figure.

g. Symbols, units and abbreviations

Symbols, units and abbreviations in papers must conform to the Systéme International
d'Unités (S| Units). Authors are advised to consult the National Physical Laboratory
publication (R.J. Bell (ed.), 1993, Si: The International System of Units. London: HMSQO).
For all abbreviations other than units, write the word or words to be abbreviated in full on
the first mention followed by the abbreviation in parentheses. If at all possible, group these
definitions together near the beginning of the manuscript. As indicated earlier, avoid use of
non-standard abbreviations, especially fabricated ones, within the text; words are much
easier to read and follow than abbreviations. When numeric values are given, a space
must appear between the number and unit, as in 95.6 W and 25.0 N (exceptions are
angles in degrees, e.9. 23.5E, and percentages, e.g. 15%). Separate compound units by a
raised dot (N@m) and not by a space (N m); a compound unit formed from others by
division should be indicated, for example, as mi@min!t not as mi/min. Angular velocities
should be expressed in rad@s!1 not degrees s!1 or E s!1. Some exceptions to the use of
the Sl are allowed, for example for heart rate (beats@min!1) and blood or gas pressure
(mmHg). Other units and abbreviations should conform to Bell {1993} or Council of Biology
Editors (1994).

Scalar variables or constants that are represented by a single letter should appear in italics
(e.g. v, k, x). Where the abbreviation is of more than one letter (excluding suffices or
superfices), it should be set in Roman typeface, as should abbreviations of mathematical
functions (thus a = dv / dt). Vectors should be indicated in bold and italics (e.g. F, v). For
further and more detailed examples, authors should consult Council of Biology Editors
(1994). Equations and formulae should, wherever possible, be presented on one line: for
example, use v = (dP/dt)/a rather than v = .

Statistical definitions and symbols should conform to 1S03534-1977, summarised briefly in
Council of Biology Editors (1994). Some examples should make matters clear: F2,12, HO,
t, n =10, P <0.05, r = 0.71 (or r for population correlation coefficient), s, s (for standard
deviation of sample and population}, sx- (standard error of the mean), x- (upper case for
population mean). Mean values with standard deviations or standard errors of the mean
should be reported as, for exampie: mean value 13.7, s = 2.5 m, or mean 15.7, sx- = 3.6
kg (no need for ). In tables and lists, the following is convenient (mean " s) or (x- " s), with
the tabulated values in the form: 13.4 " 7.2. Authors should, therefore, avoid the use of
abbreviations such as S.D. and S EM.
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h. References

The Journal uses one of several variations of the Harvard system. The following examples
should make clear the most important points. References in the text are cited as follows:
Smith (1985) . . . or (Brown and Green, 1996) . . . or, if there are more than two authors, as
Jones et al. (1993) . . . or {Jones et al., 1993). Citations of different publications by the
same author(s) are differentiated as Green (1993a) . . . (Brown et al., 1395b); the a, b, c,
etc., are normally in order of citation in the text. Multiple citations are listed in ascending
chronological order. Within a year, they are organised in alphabetical sequence of the first
author. Examples: Smith (1995), Brown and Green (1996), Jones et al. (1996); or (Smith,
1995; Brown and Green, 1996; Jones et al., 1996). The following should make clear how
multiple publications by the same authors are treated in such lists: Smith (1991, 1995),
Brown and Green (1992, 1993), Jones et al. (1993, 1996ab); or (Smith, 1991, 1595,
Brown and Green, 1992, 1993; Jones et al., 1993, 1996a,b).

A list of all cited references should be collected at the end of the paper in alphabeticai
order by, in the first instant, the first author's surname. Where the name of the first author
appears more than once, the order is determined by: first, the number of co-authors (zero,
one, or more than one); secondly, for one co-author, the first co-author's sumame then the
year; for two or more co-authors, year then order as dictated by the use of 1990a,b,c (for
example) in the citations. The following is an example of how references would be ordered
in the reference list: Brown (1980), Brown (1990), Brown and Jones (1977), Brown and
Smith (1973), Brown and Smith (1975), Brown, Smith and Jones (1990a), Brown, Jones,
Smith, Jones and Brown (1990b), Brown, Jones and Smith (1990c). Note that the last
three examples would all have been cited as Brown et al. in the text, with the a, b and ¢
relating to the order of citation. The names and initials of all authors should be given in the
list of references. The style should follow the examples below:

Books
Zatsiorsky. V.M. (1995). Science and Practice of Strength Training. Champaign, iL:
Human Kinetics.

Journals (Papers or Abstracts)

Elliott, B., Marshall, R. and Noffal, G. {(1996). The role of upper limb segment rotations in
the development of racket-head speed in the squash forehand. Journal of Sports
Sciences, 14, 159-165.

Chapters in Books

Stephenson, D.G., Lamb, G.D., Stephenson, G.M.M. and Fryer, M.W. (1996). Mechanisms
of excitation-contraction coupling relevant to skeletal muscle fatigue. In Fatigue: Neural
and Muscular Mechanisms (edited by S.C. Gandavia, R M. Enoka, A.J. McManus, D.G.
Stuart and C.K. Thomas), pp. 45-56. New York: Plenum Press.

Chapters in Published Books of Conference Proceedings or Abstracts

Howe, B.L. and Bell, G.J. (1986). Mood states and motivation of triathletes. In Sports
Science: Proceedings of the VIl Commonwealth and International Conference on Sport,
Physical Education, Dance, Recreation and Health {edited by J. Watkins, T. Reilly and L.
Burwitz), pp. 273-278. London: E & FN Spon.

The issue number of a journal should be included only to avoid confusion, as when for
example the pagination starts from 1 in each issue rather than being continuous across a
volume; in such cases use 16(4), etc. Authors should seek to minimise references to non-
published material, including collections of conference abstracts that are not generally
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available through libraries or electronic databases. When it is absolutely necessary to
reference unpublished material, this must be done within the citation in the body of the
paper, for example (Bartlett and Bremble, unpublished data), the material must not be
included in the list of references. Secondary references should be avoided if at all
possible; if not, the reference should be listed as, for example: Full reference (cited in
Zatsiorsky, V.M., 1995, Science and Practice of Strength Training. Champaign, IL: Human
Kinetics).

6. Proofs

Proofs will be sent to the corresponding author for correction. The difficulty and expense
involved in making amendments at proof stage make it essential for authors to prepare
their manuscript carefully; any alterations to the original text are strongly discouraged. Our
aim is rapid publication; this will be helped if authors provide good copy, follow the above
instructions, and return their proofs as quickly as possible.

7. Early Electronic Offprints

Corresponding authors can now receive their article by e-mail as a complete PDF. This
allows the author to print up to 50 copies, free of charge, and disseminate them to
colleagues. In many cases this facility will be available up to two weeks prior to publication.
Or, alternatively, corresponding authors will receive the traditional 50 offprints. A copy of
the journal will be sent by post to ail corresponding authors after publication. Additional
copies of the journal can be purchased at the author's preferential rate of £15.00/$25.00
per copy.

8. Copyright

Submission of a paper to the Journal of Sports Sciences is taken to imply that it represents
original, unpublished work, not under consideration for publication elsewhere. Authors will
be asked to transfer the copyright for their paper to the Publisher, using the form provided,
if and when the paper is accepted for publication. The copyright covers the exclusive rights
to reproduce and distribute the paper, including reprints, photographic reproduction,
microfilm or any reproduction of a similar nature, and translations. Authors must obtain
permission to publish copyrighted illustrations before submission; any acknowledgements
should be included in the figure captions.
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