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SUMMARY
This study was undertaken to investigate the
development of children's torque generating capacities
in maximal limb movements performed at a range of
angul ar velocities.

To be able to obtain meaningful information from
this investigation the answers to five specific
questions were sought:

1. what is the relationship between the peak torque and
velocity for the subjectg?

<. what effect does age have on the peak torgque scores?
3. to what extent do commonly used parameters of growth
i.e. age and measures of body size, explain the
variation in peak torque scores?

4. are there any sex differences in (a) peak torgue
scores? (b) body size measurements”?

S. is it possible to obtain FT scores representative of
the subject’'s maximum voluntary effort?

In the review of literature three reasons were
highlighted for asking these guestions: firstly, little
has been done to investigate limb strength. Indeed, the
majority of studies to date have investigated general
body strength, with one or more isometric strength tests
representing this measure. Secondly, the isokinetic

technique for measuring torgue developed in early 1970's

is an ideal method measuring limb strength; it not only

Nvi



provides an objective and safe means of measuring
strength throughout the range but also allows strength
to be measured specific to velocity. Although the
velocity specific nature of strength is receiving more
attention little is known about the effect of velocity
on the development of strength. Thirdly, there is
little information about the use of this device with
children; indeed, a pilot study was necessary to provide
a workable method for the main study. Clearly there was
a need for studies to provide information about the
testing of children on this device.

To answer the five questions outlined a design was
implemented which used boys and girls of four distinct
age groups f(age 14, 11, 8 and S; n = 114), in a repeated
test, to obtain measurements of PT in left leg knee
extension at four angular velocities, and measurements
of body size.

From the results and discussion five conclusions
could be drawn from the present study:
i.For each subject, irrespective of age and gender,
there was a negative exponential decrease in PT as the
velocity of angular motion increased. Furthermore, the
intercept and slope values calculated from the |
regressions of log PT on velocity, when used in the
equation Log PT = intercept + slope velocity, were
highly accurate representations of each subject’s PT-V

relationship.
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2. The FT generating capacities of children
significantly increased (p < 0.05) with age; this was
true for all velocities tested. In addition, there were
velocity-gperific differences in this development.
Although these differences were only significant for the
males the females showed a similar pattern of
differences. Further research is required to examine
these differences in more detail.

I. The correlations between the FT scores and body size
measures were significant (p < 0.001), lying between
0.83%3 to 0.94; each body size measure accounted for
between 6%9% and BBYZ of the variation in the FT scores.
These relationships are a reflection of the fact that
the FT scores increased because the subjects were
getting bigger and more mature.

4. SBex differences in ability to produce FT at a range
of velocities were only apparent at age 143 boys were
found to be significantly stronger at 3 out of the 4
velocities; that is, at 300 deg/sec (p <« 0.01), 210
deg/sec (p + 0.01) and 120 deg/sec (p < 0.05). At this
age there was also a signifcant trend (P < 0.01)
indicating that as velocity increased the magnitude of
the sex difference increased. This result adds to the

number of studies which have found this

velocity-specific sex difference.

wviii



S(a) Using the recommended calibration procedures of the
manufacturers the Cybex Il was shown to be both valid
and reliable. Recent studies, however, have suggested
that limitations of the Cybex could lead to
velocity-specific inaccuracies in the measurement of FT.
However, the ability to successfully predict the PT
scores at one velocity from the FT scores at the other
three velocities gave evidence against there being any
velocity—-specific inaccuracies in the mesurement of FT.
Sb) In terms of subject reliability the results
indicated that the best FT scores obtained were reliable
estimates of the subject’'s best effort. There was a
tendency, however, using this protocol, for better FT at
the fast velocities to be produced in the second weel,
and for better FT scores at the slow velocities to be
produced in the first week. This tendency was related
to the different experience of being tested at fast and
slow velocities.
This study, then, made two important contributions:

a) it provided information on the development of
strength in voluntary limb movements, and in the
process, provided additional information about the
effect of velocity on this strength developmenty b) it
provided information concerning the use of isokinetic

devices to test the strength of children.
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Definition of Terms

Torque: Torgue is a force which acts about an axis of
rotationy it is the product of the force produced
and its perpendicular distance from its axis of

rotation.

Cybex II: The Cybex Il is a device which controls the
velocity of a voluntary limb movement at a constant
pre-set velocity and measures the corresponding

torgue produced.

Feak Torque: The peak torque measured in the present
study represents the highest torque value attained
in a maximum voluntary isokinetic knee extension

task.

Foot-Founds: The Cybex 17 model used in the present
study measures peak torgue in foot pounds (ft.lbs).
The international units of torgue are Newton
metres (N.m). Foot pounds can be converted to
Newton metres by multiplying foot pounds by

1.355818; i.e. 1 ft.lb = 1.355818 N.m.

o



CHAFTER 1

INTRODUCTION

It has only been since the early 1970's that
Isokinetic devices, which allow for movements to be
performed at controlled velocities, have been available
on the commercial market. These, devices such as the
Cybex Il Isokinetic Dynamometer (Lummex Inc.), measure
the torque produced throughout the range of voluntary
limb movements held at constant pre-set velocities.

These devices, can not only provide an ideal means
of measuwring an individual ‘s maximum torque generating
capacities, but also give more information about the

xpression of strength in maximal voluntary limb
movements.

To date, however, little work has been done, using
such isckinetic devices, with children. In this study
an isokinetic device, namely the Cybex II, was used to
measure the torgue generating capacities of children at
a range of angular velocities, with a view to obtaining
more information about the development of strength in
voluntary limb movements.

Freviously the studies of strength in children have
restricted their investigations to measuring the
development of strength under isometric conditions. The
main concern of these studies has been to investigate

the development of general body strength. Indeed in

FAGE 1



some of these studies the only measure used to represent
general strength has been grip strength, particularly in
children below the age of 10 years. There is little
information on the development of voluntary joint
movements.

A limitation of isometric strength tests is that
the emphasis is placed on the measurement of maximum
forces that can be generated by muscles. This fails to
recognise that force generation in the body is not
simply a guestion of the maximum force generated by
muscles, but a complex phenomenon involving the
integration of many factors, not least the central
nervous system. Moreover, there is much evidence to
suggest that the maximum force an individual can
generate is specific to the movement condition in which
it is measured.

The development of strength in movement has
typically been evaluated from performance scores in
running, Jjumping, or throwing activities. While these
tests involve maximal efforts, they do not allow for any
ohiective measure of the force generated, and are
therefore limited measurements of strength. The
isokinetic technigue, by contrast, provides a means of
obtaining measures of strength with respect to voluntary
limb movements performed at a range of constant angular
velocities; the isokinetic technigque takes into account

the various factors involved in strength.

FPAGE 2



This study, then, makes two important
contributions: a) that it will provide information on
the development of strength in voluntary limb movements,
and in the process, provide additional information about
the effect of velocity on this strength development; b)
it will provide information concerning the use of

isokinetic devices to test the strength of children.

1.1.1 Statement of the Probhlem

This study was undertaken to investigate the
development of children’'s torque generating capacities
in maximal limb movements performed at a range of
angular velocities. To be able to obtain meaningful
information from this investigation the answers to five
specific questions were sought:

1. what is the relationship between the peak torque and
velocity for the subjects?

2. what effect does age have on the peak torque scores?
3. are there any sex differences in (a) peak torque
scores? (b) body size measurements?

4. to what extent do commonly used parameters of growth
i.e. age and measures of body size explain the variation
in peak torque scores?

5. is it possible to obtain PT scores representative of

the subject’'s maximum voluntary effort?
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1.1.28 Pilot Study

Central to this study was the test on the Cybex II.
The lack of previous work with children using this
device meant that it was necessay to undertake a pilot
study to obtairm information to provide the basis for the
design and the method for this test. More specifically,
the pilot study provided the following information:
1. & workable method including guidelines for
appropriate testing procedures,
o an indication of the number of trials and retests
required to obtain FT scores representative of subjects’
maximum effort.

3. guidelines for a suitable age and velocity range.

The pilot study is reported in appendix G.

1.1.3%, Limitations of Study

S8ince little work had previously been done in this
area, the problem set for this study was by necessity
broad in nature. To be able to answer this problem
meaningfully it was necessary to impose limitations on
the scope and design of this study; potentially there
were many related aspects that could have been studied.
The limitations concerned the use of equipment,

selection of movement, and selection of subjects.
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1e1.8¢a) The Equipment Used

The Cybex II Isokinetic Dynamometer was to be used
to control limb velocity and to record the masximum
torgue produced throughout the range of the movement.
The use of this equipment was limted in two respects:
the measurements obtained and the number of velocities

used.

(i) the measuwrements

Feak torque, the highest torgue value obtained
throughout the ramge, was the only measurement used to
represent the subjects’ maximum torque generating
capacities.

It could be argued that only measuring peak torgue
provides limited informatiorn on maximum torqgue
generating capacities; the manufacturers claim that
several parameters of torgue generation can be obtained
from a single maximal effort: rate of torque
development, total work, and torgue at a specific joint
angle. However, the main interest in this study was the
fact that torgue could be measured at a range of
velocities., To include a range of measurements was
beyond the scope of this study.

It was also felt that peak torgue was the most
accurate measurement that could be obtained from the
‘Cybex 11 model used in this study. The Cybex model used

in this study demands that any analysis be done by hand.
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This is a fairly simple process in the case of peak
torgque, but more complex for other measures, such as
rate of torque development. It has only been in the
past few years that the Cybex manufacturers have
developed adaptations that will allow the accurate
analysis of these measurements.

(ii) the velocities

To measwre torgue generation at a range of
velocities the number of velocities was limited to four:
300 deg/sec, 210 deg/sec, 120 deg/sec, and 30 deg/sec.
The aim was to sample velocities that represented the
velocity range of the Cybex II, which is from 0 deg/sec

to 300 deg/sec.

1.1.3(b) selection of limb movement

Uné of the limits imposed on this study was that
the torque generating capacities would only be measured
for one task. The task selected was voluntary knee
extension, and one limb only, the left leg, was
employed.

Since FT scores were to be obtained at four
velocities, testing at more than one task would have
made the test too lengthy. In doing this, it is
recognised, moreover, that torgue generation is specific
to the tasky; therefore, these results refer only to
torgue generation in the task of knee extension.
Ideally, it would have been preferable to obtain results

from a range of Jjoint movements.
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knee extension was chosen because it involves a
large muscle group, and is therefore more likely to
produce peak torque scores at the higher velocities in
the younger age groups. It was also chosen because most
of the previous work that has been done on the Cybex 11
has used knee extension.

It is also recognised that there are strength
differences between the right and left sides of the
body. Asmussen and Molbech (1958) reported that the
average differences of strength between symmetrical
muscle groups in 150 normal children was between 5% to
10%4. It was also reported that these percentages were
not affected by the subjects age or sex. In the present
study, since the measurement of FT was limited to the
left leg, a possible source of variance in the FT scores
would be differences in leg dominance.

1.1.3¢(c) selection of subjects

To study the development of maximum torque
generating capacities, age was chosen as the means of
selecting children of varying developmental stages; four
age groups were selected: 5, 8, 11, and 14 years. In
order to show differences between these groups in terms
of growth, measurements were selected with the aim of
showing differences in body size, particularly in the
left leg.

A major limitation of using age to select subjects

was that it only allowed general trends in the
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development of peak torque to be investigated. However,
since little previous work had been done in this area,
particularly with respect to the development of PT at a
range of velocities, it was felt that studying only
broad trends was justified; a more detailed study of
developmental trends would be more appropriate for

futuwre research.
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CHAFTER TWO

REVIEW OF LITERATURE

In reviewing the literature for the study outlined
in chapter one, three major, but interrelated, aspects
were considered:

1. usefulness of isokinetic devices in measuring
strength,
2. effect of velocity on torque generation,

IZ. factors that affect the development of strength.

FAGE @



Section 1.

The Usefulness of Isokinetic Devices for

Measuring Strength

Isokinetic devices, as suggested in chapter one,
can provide not only an ideal means of measuring
strength but also more information about the strength of
maximal voluntary joint movements. In this study the
purpose of measuring strength is to obtain more
information on the development of streﬁgth in children.
In previous studies in this area the two methods used to
measuwre strength were isometric strength tests and
performance scores in gross motor tasks.

The +irst part of this review will therefore
examine these two methods, in terms of their uses and
their limitations. This will then lead on to a
discussion of the isokinetic technique, its advantages
over other methods of measuwring strength, and, finally
an assessment of its usefulness in investigating the

development of strength in children.
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eslel Uses of Isometric Strenoth Tests in Children

In studies investigating the development of
strength the most common type of strength tests are
isometric strength tests.
Isometric strength tests measure the force
generated, in a maximum effort where no or pratically no
movement takes place and the muscles maintain a constant
length (Asmussen, 19733 Espenchade and Eckert, 1980;
Lamb, 1984). There are many different types of
equipment for measuring the force produced in a maximum
effort while allowing no movement, equipment such as
spring dynamometers (Martin, 1918; Jones, 1949), cable
tension dynamometers (Clarke, 1957; Asmussen,
Heeboll-Nielsen and Molbech 1939). Reviews of the
different types of equipment and methods of use can be
found in Clarke (1930) and Hunsicker and Greey (1937).
The most widely used isometric strength test is
grip strength. The extent of the use of grip strength
is highlighted in the following statement by Burke et
al. (1953):
Experiments in which grip strength was used as
a measure of general strength and physical
growth and for the prediction of general
athletic ability include a wide range (p.«
628) .

Indeed, in many of the studies investigating the

development of strength in children grip strength was

the only measwre used, although it was used to represent
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general body strength (Meredith, 1935; Metheny, 194laj;
Montoye and Lamphiear, 1977).

This would appear to be particularly true for
studies of younger children. For example, Metheny
(1941b), in & review of studies measuring the strength
of children under the age of ten yvears, found that all
the studies she reviewed used grip strength as the
representative measure. She concluded that:

With very few exceptions, strength testing at
this age level, particularly in the school
situation, has been restricted to grip
strength (p. 11%).
Moreover, a more recent assessment by Espenchade and
Eckert (1980) of the state of strength testing, in their
text book Motor Development, confirms that for young
children the state of strength testing has not changed
much since 1941:
Studies of the development of static strength
in preschonl and elementary school children
have usually employed grip strength (p. 186).
it could be concluded from these studies that the
wide use of grip strength means that most of the
information about the development of strength is based
on grip strength.

There are a few studies, however, which have used &
much larger selection of measurements to represent
general strength. For example, Martin (1918) obtained
22 different measures from muscle groups of the feet,

hips, knees, shoulders, forearms, wrists, and fingers to

represent general body strength. Similarly, Carron and
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Bailey (1974), in a longitudinal study of the strength
development of boys aged from 10 years to 17 years, used
seven individual strength tests, measured isometrically
with cable tensiometers: shoulder extension, wrist
extension, elbow flexion, elbow extension, hip flexion
and knee extension. These seven tests provided three

derivative measures:

1. general strength - the average of the seven strength
measures;

2. upper body strength - the average of the scores
obtained for wrist extension, elbow flexion, elbow
extension, shoulder extension and wrist flexion;

3. lower body strength - the average of the score
obtained for knee extension and hip flexion.

Although these studies have used a much wider
selection of measwements, the interest of these studies
lies nmot in the individual measurements themselves but
in their combined effect to represent general strength.
It could be concluded that there is little information
on the development of strength in different muscle
groups.

What little information there is has been provided
by, for example, Jones (1949) and Asmussen et al.
(1959),  Jones (1949) investigated the development of
strength in children over a six-year period in four
different measures: right grip, left grip, thrusting,

and pulling. HMis interest was both in development and



in the factors which affected commonoly used measures of
strength. More specifically, Jones (1949) gives
detailed developmental information on strength for four
different measures. Similarly, Asmussen et al. (1959),
in a cross—-sectional study, obtained measures from 300
boys and 300 girls, 7 to 15 years, for 25 objective
igometric tests of different muscle groups. These
measuwres included flexion, extension, pronation,
adduction, and abduction for different muscles. The
results of this study were used to provide norm values
for the 25 strength measuwres. Other investigations
using similar measures considered the effect of body
size, age, and sex in the development of strength
(Asmussen and Heeboll-Nielsen, 1935; 19543 Asmussen,
1960) .

These studies mentioned above (Jones, 1949;
Asmussen and Heeboll-Nielsen, 1955, 19543 Asmussen et
al., 1959; Asmussen, 1980) were able to show that
although there were general trends in strength
development there were variations amongst the
measurements. For example, Asmussen et al. (1959) was
able to show that the sex differences in the lower body
strength measurements were relatively lower than in the
trunk and upper body strength measwes. Jones (1949)
indicated that the mean age period of the greatest gain
in strength varied depending on the site at which

strength was measured. These studies highlight the fact
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that there is a need to study, not only the development
of general strength, but also the development of
individual strength measurements. The results of these
- two studies will be discussed in more detail later in
the review of literature.

The need for information on specific muscle groups
has perhaps been most clearly voiced by those involved
in rehabilitation. For example, Muwrray et al. (1980),
discussing strength related to specific muscle groups,
concluded as follows:

The ability to measure changes in muscle
strength and to relate these changes to
expected normal performance is essential to
all clinicians involved in the rehabilitation
of the physically disabled (p. 412).
Murray et al. (1980) further suggested that one of the
problems with previous studies was that very few had
been concerned with investigating what normal
performance is; for example, Murray et al. (1980) could
find no studies which had produced objective standards
in muscle strength testing for subjects above the age of
69, while norms for those under 49 were limited to one
joint angle, 90 degrees.

It could be concluded that the main use of
isometric strength tests in studies investigating the
development of strength has been to measure general
strength and that there is a need for more information

on the development of strength in specific muscle

Groups.
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Sul.2 Limitations of Isometric Strength Tests

There are two limitations of isometric strength
tests: (1) strength is only measured at one joint angle;
and (2) they represent a narrow definition of strength.

2ale2(a) strength measured at one joint anqgle

As indicated above, isometric tests measure the
force that can be generated in a maximum effort where
there is no or practically no movement. However, using
this method maximum force generation is only measured at
one point in the joint range of the muscle group, or
groups, involved in the movement.

In movement the tension generated in the muscle
will be affected by many factors, including its length
and its angle of force application. These two factors
will both vary throughout a movement (Williams and
Stutzman, 1939; Haffajee, Moritz and Svantesson, 1972;
Murray et al., 1977). MWilliams and Stutzman (1939), for
example, measuwred isometric force at 30-degree
joint-angle intervals, throughout the range of several
joint movements. They were able to show the torgue
variations which occurred. Figure 1 shows the results
they obtained for the knee extensors and elbow
extensors. This figure shows that in the case of the
knee extensors, at 40 degrees, the percent of maximum
force was about 75%, at 120 degrees it was 100%, whereas

at 180 degrees it was less than 50%. This highlights
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Figure 1 Isometric joint torque curve for
knee extension from “Strength variation
throughout the range of joint motion”
Williams and Stutzman, 1959, The Physical
Therapy Review 39, 3
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the dramatic variations in the force—-generating
capacities of a muscle throughout the range of a joint
movement. Williams and Stutzman (1959) drew the
following conclusions from the force variations they
observed:
Not only do force values vary among muscle
groups but the rotational effects of a given
group depend on the position of the joint it
moves (p. 152).
Therefore, in order to obtain representative strength
scores for a muscle group, one would have to obtain
strength measurements at a range of positions throughout
the range of the movement (Gleim, Nicholas and Webb,
19783 Murray et al., 1980)., This was confirmed by
Murray et al. in 19803
A measurement of isometric strength, although
valuable to the clinician, supplies only
partial information about muscle function (p.
412) .

It could be concluded, therefore, that isometric
tests are limited, in that they only measure strength at
one joint angle and provide limited information on the
strength of a muscle group, unless several measurements

are taken throughout the range of the movement.

2.1.2(b) isometric strength tests: narrow definition of

A major study by Fleishman, Kremer and Shoup
(1961), concerned with defining strength, concluded that
strength measured as only one value, i.e. the highest

maximum force that can be attained, as in isometric
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tests, represented a narrow definition of strength.
In Fleishman et al.’'s study a factor analysis technique
was used to identify and define types of strength, from
a total of I8 strength tests. These tests included a
diverse range of tasks, such as weight lifting,
dynometric strength tests (grip strength), and various
types of running, jumping, and throwing. Fleishman et
al. (1961) were able to define four types of strength
from the factor analysis:
1. Static strength. The critical feature of the
static strength factor was that maximum force is
exerted for a brief period of time where the force
is exerted continuously up to its maximum.
Examples of measures loaded on this factor were
isometric strength tests and weight lifting, as
used in isotonic strength testing.
2. Dynamic strength. Fleishman et al. (1961)
suggested that im the dynamic strength factor a
commen reguirement is for the muscles involved to
propel, support, or move the body repeatedly, or to
support it continuously over a period of time. They
also suggested that this factor was the most
analogous to the concept of power, the rate at
which energy is released. Typical tests in this
factor were chins to limit and push-ups to limit.
= splosive strength. This factor emphasises the

el W

ability to expend a maximum of energy in one
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explosive act. The common feature of tests with
the highest loading on this factor is that subjetcs
are required to jump or to project themselves, or
to project some object, as far or as high as
possible. This factor is distinguished from other
strength factors in that it reguires the
mobilisation of energy for a burst of effort,
rather than continuous strain, stress or repeated
exertion. Typical tests loaded on this factor were
S0-yard dash or shuttle run, softball throw, and
standing broad jump.

4. Trunk strength. Although Fleishman et al.
(1961) suggested that static, dynamic, and
explosive strength were the three primary types of
strength a fourth type of strength, trunk strength,
was alsp identified. Loadings on this factor were
confined to three tests: leg lifts {in 20 secs.),
half sit ups, and leg raise. These three tests all
had secondary loadings on the dynamic strength
factor and led Fleishman et al. (1961) to suggest
that trunk strength was a second type of dynamic
strength specific to the trunk muscles and

particulary the abdominals.

In some of the comments on these results Fleishman et

(1961) suggested that static strength was only one

type of strength, that it differed from the other

factors identified, and that too many tests of strength
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emphasised static strength:
The independence of this factor from the other
strength factors, together with the greater
practical implications of these other factors
in significant human activities, would argue
against such overemphasis on tests of Static
Strength (pp. 27-28).

It could be concluded, therefore, that strength in
voluntary human movement is not simply a question of
muscles and the maximum force they can generate, but
rather a guestion of the movement conditions in which
force is developed. This was highlighted in Fleishman
et al.’'s (1961) study, where four types of strength were
identified. The features that distinguished each type
of strength were the movement conditions in which force
was developed. For example, in static strength force is
developed continuously to maximum, whereas in explosive
strength maximum force has to be expended in one
explosive act. 8Since isometric tests do not take this
distinction between hkinds of strength into account,

measuring strength isometrically represents a narrow

view of strength.

2.1.3 Use of Gross Motor Tasks to Measure Strenagth in

Although the majority of studies investigating the
development of strength in children have only used
isometric strength tests, there are a few studies which
have included other types of tests. For example, Jones

(1949) suggested that there were two recognised types of
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strength:

1. Static dynamometric strength, shown by tests of

gripping, pulling, and thrusting strength;

2« Dynamic strength, involving lifting or
propulsion of the body weight, represented in
Jones ' (1949) study by athletic performances such
as dash, standing broad jump, jump and reach, and
distance throw.

Similar measures have been used in other studies to

represent what Jones (1949) refers to as dynamic

strength (Carpenter, 19423 Cullumbine et al., 1950

Asmussen, and Heebol-Nielson, 19%&4:; Asmussen, 1980),

although it must be noted that in some of these studies

different terminology is used for the same measures.

For example, where Jones (1949) would describe the

standing broad jump as dynamic strength, Carpenter

(1942) would refer to this as a measure of explosive

strength and Asmussen and Heebol-Neilson (1954) would

describe it as a measure of strength in action.

However, in spite of these differences in terminology a

common feature of the evaluation of maximum force

production, where the force generated results in
movement, is that it is almost exclusively evaluated
from performance in gross motor tasks. RAs Espenchade
and Eckert (1980) suggest:
Contractions resulting in movement (isotonic
muscle action) are referred to as dymamic

strength, strength in action, or power (p.
184) .
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They define dynamic strength as follows:
Dynamic strength is usually determined by the
level of performance in events which measure
the ability of the body to develop momentum in
propelling external objects or the
individual ‘s own body (p. 186).

It could be concluded, therefore, that there are
studies investigating the development of strength in
children which have attempted to construct a wider
definition of strength. Tests other than isometric
tests have been used to measure strength under different

movement conditions, and all involve obtaining

performance scores in gross motor activities.

2.1.4 Limitation of Ferformance Scores to Measure

Strength

Ferformance scores in gross motor tasks, however,
also have limitations as measurements of strength. The
major limitation is that they lack an objective measure
of force; there are many factors other than the capacity
to generate force which could contribute to a high
performance sCore. Indeed, their use in studies to
evaluate the development of strength in children is
particularly problematic, since these same motor tasks
are also used in evaluations of the general development
of motor proficiency. For example, Glassow and kruse
{1960) used the standing broad jump and distance throw
to investigate the development of motor performance in

children aged 6 years to 14 years. These same tests are
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used in some studies to investigate the devel opment of
strength. Moreover, it would be expected that changes
in motor performance during these years would be
attributable to other factors tham maximum
force-generating capacities.

To highlight this a study by Teeple et al. (1975)
investigated the contribution of physical development
and muscular strength to the motor performance capacity
of 7 to 12 year—old boys. In this study, strength was
evaluated from isometric tests, and motor performance
was evaluated from a softball throw, vertical jump,
standing broad jump, shuttle run, S0-yard dash, and mile
run. Although the majority of these tests have been
used to evaluate strength, this study suggested that the
strength measures accounted for only 18% to 43% of the
motor performance variability. Similar results were
found by Jones (1949) using the same measures. However,
while both these studies reported similar results the
interpretations varied; that is, Teeple et al. (1975)
used them to describe the relationship between strength
and motor performance, whereas, Jones (1949) used them
to describe the relationship between static and dynamic
strength.

These studies suggest that in children there is a
poor relationship between static strength and measures
of motor performance and/or dynamic strength. It is not

clear, however, whether this poor relationship is due to
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differences in strength and growth of strength or to the
fact that there were other factors which could cause
individual differences. More importantly, the confusion
over terminology suggests that the nature of the
specificity of strength is not clear.

In an attempt sort out this confusion, Fleishman et
al. (1961), as was shown above, used a factor analysis
technique on I8 different strength tests to define four
types of strength. However, one of the limitations of
Fleishman et al. 's (19461) study is that it only provides
very broad generalisations about the natuwre of the
specifidity of strength. The reason for this is that
the majority of strength tests are evaluated not in
terms of force produced, but by performance scores in
events which demanrnd force generation under various
conditions, i.e. strength in action. Espenschade and
Eckert (1980) assessed the problem as follows:

There is still a marked tendency to use
end-product data such as the speed of the run
and the distance of a jump, as indicative of
either speed of movement or muscular power.
Statistical technigues such as factor analysis
are highly dependent upon this original input
data for the identification of factors (p.

196).

These findings confirm the need for more precise and

obijective measurements.
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2u 1.5 Isotonic Strength Tests: Uses and Limitations

Bo far the use of isotonic strength tests, using
weight, have not been mentioned. Isotonic strength
tests attempt to evaluate the maximum force that can be
produced in a movement. It is usually evaluated as the
maximum weight that can be lifted throughout a range of
movement. A typical test would involve repeated trials
to find the maximum weight a subject could lift.
Strength is evaluated as the maximum weight lifted
successfully, the weight prior to failure.

Isotonic tests have not been used to any extent in
studies investigating the development of strength of
children., Perhaps the major reason for this concerns
two administrative aspects of the isotonic method that
would be particularly problematic for children.
Firetly, particularly if free weights are used, the
isotonic method demands great care to ensure safety in
lifting the weights; ensuring this safety for children
would be more difficult than for adults. Secondly, the
fact that the isotonic method reguires repeated tests,
with a range of loads makes this test lengthy and tiring
for the subjects; best performance in & lengthy and
tiring test would be more difficult to achieve with
children than with adults.

It could be conluded then that these administrative

limitations provide an argument against using these
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tests with children.

These administrative limitations are not the only
limitations of isotonic strength tests; they are also
limited as measures of strength. The first limitation
concerns its ability to measure maximum force throughout
the range of a movement. Isotonic is the term used to
describe the constant tension in a muscle as it
contracts against a constant load. However, the term
isotonic is misleading when it is applied to the maximum
forces produced in a movement; even if the external load
is kept constant, the force developed by the muscles
varies as the lever arm changes throughout the range of
movement. In other words, this test is limited in that
the measurement of the weight lifted does not take into
account the changing force potentials, and only provides
maximal loading at the weakest point in the range of
movement. Thus, since strength is evaluated as the
masimum weight lifted it means that strength is
evaluated at the weakest point in the range of movement
(Gliem et al., 1978). Its second limitation as a
measure of strength is that it lacks an objective
measure of force. By definition, force = mass X
acceleration. By evaluating only the strength as the
weight lifted, only one factor in this equation, the
mass, has been taken into account. Clearly, a source of
error will be differences in the speed of lifts in

retests between subjects. Moreover, to be able to
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measure thg actual force produced throughout the range
of movement the calculation of force would have to take
into account the acceleration rate for any specific
point in the movement. Its final limitation as a
measure of strength concerns the type of strength this
method measures. Although this technigue measures
strength during movement Fleishman et al. (1961) found
that the type of strength measured isctonically was the
same as the type of strength measured isometrically:

they were both defined as static strength. It could be

concluded, therefore, that the isotonic strength
technique like the isometric technigue is limited as it
only measures static strength.

In conclusion, studies investigating the
development of strength in children have measured
strength in the folllowing ways:

1. strength as a general capacity, measured by one

or more isometric strength tests;

2. strength in action, measured by performance

scores in athletic tasks.
1t was notable that isotonic strength tests were not
used.

The review of these studies indicated a need to
investigate the development of strength, not as a
general capacity, but in specific movements, such as
voluntary limb movements. To obtain this information,

however, it was indicated that the methods of measuring
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strength traditionally used had limitations:

1. isometric strength tests had two limitations, 1in

that, firstly, strength was measured at only one

joint angle, and, secondly, they only measured one
type of strength, static strength;

Z. 1sotonic strength tests had three limitations in
that, firstly, strength was measured at the weakest
point in the ramge of movement, secondly, only one
type of strength was measured, static strength,
and, thirdly, the test was difficult to administer
to childrensg
I. performance scores in gross motor tasks to
measure strength other than static strength was a

limited testing technigue, in that it lacked an

objective measurement of force.

2.1.6 Isokinetic Strength Testing

From the previous section it could be concluded
that there was a need for more information on the
development of strength in specific movements. It was
also indicated that the methods used in these studies to
measw-e strength had their limitations.

The isokinetic technigue, which has been available
since 1970's, has been designed to overcome the
limitations of the other methods: it provides an ideal
means of measuring an individual ‘s strength;

The purpose of this section is, firstly, to assess
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whether or not measuring strength using isokinetic
devices, such as the Cybex Il does in fact overcome the
limitations of traditional methods, and secondly, to
assess the usefulness of this device for research on the
development of strength in children.

Svlebia) advantages of isokinetic over isometric and

isotonic techniaques

In reference to measuring strength it has been
suggetsed that the ideal muscle test would be one which
in one trial measured the maximum tension throughout the
whole range of movement (Asmussen, et al. 19593 Gleim,
Nicholas, Webb, 1978, Murray et al., 1980).

As has already been shown above, the limitation of
the isometric method is that a measure of maximum force
is only obtained at one point in the range of movement,
and the limitation of the isotonic method is that
strength is only evaluated at the weakest point in the
movement. In contrast, the isckinetic method allows for
the measurement of the madimum torgue throughout the
whole range of a movement. This is possible because
isokinetic devices, such as the Cybex II, control the
moving limb to & constant pre-set velocity. More
specifically, during the voluntary limb movement the
lever arm of the Cybex which is attached to the limb
being tested moves freely without resistance until it
attains the pre-set operating speed. Once in motion the

lever arm is mechanically prevented from surpassing this
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speed. It does this by a hydraulic feedback system
which keeps acceleration to zeroy the amount of loading
is determined by the efforts of the subject. If a
maximal effort is given, then maximal loading is
maintained at all points in the range of movement, with
the resulting torque being recorded. Flate 1 (p. 1432)
shows the Cybex Il set to test the torque produced in a
knee extension task. An example of the torque recorded
in a maximal effort knee extension task is shown in
Flate 2 (p. 142). The curve shown in this plate
represents the maximum voluntary torgue produced at all
points throughout the range of movement. Feak torque,
as the highest point in the curve, also marked in Flate
2, represents the highest torque value obtained.

It should also be noted that in addition to being
able to measuwre stremngth throughout the range of a
movement the fact that the subjects provide their own
loadings also means that this method is very safe; at
any point during the movement the loading can be
increased, decreased or removed altogether. This

contrasts with the isptonic method where the loading is

fived throughout the range of movement.

It could be concluded that the isokinetic method
provides a safe and objective method of measuring
strength throughout the whole range of a joint movement;
it overcomes the limitations of isotonic and isometric

methods in that isometric tests only measure strength at
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one point in the range of movement, and isotonic tests
only measure strength at the weakest peoint in the range
of movement.
Gliem et al. (1978) assess the isokinetic

technigue as follows:

Isokinetic strength testing is the only

objective method of quantifying the dynamic

strength of a muscle throughout the range of

motion (p. 82).

Z2:1.6(b) qross motor task performance v isokinetic

As was discussed earlier Fleishman et al. (1961),
using a factor analysis technique on 38 strength tests,
were able to define four types of strength. An
important conclusion from their study was that isometric
tests or weight lifting, as used in isotonic tests, were
only measurements of one type of strength, i.e. static
strength. They were able to define three other types of
strength: explosive, dynamic strength and trunk
strength. Clearly, measuring strength must take into
account this specificity.

However, as discussed earlier (section 2.1.4)
Fleishman et al.’'s (1961) study could be criticised
because their definitiorns of types of strength were
limited by the fact that the strength measures used to
form their original data base were inadequate, since
they relied on performance scores in athletic events and
not on objective measures of force generation. It was
also shown in this section that Espenschade and Eckert

(1980) believed that to measure strength under different
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movement conditions (strength in action) and +to
understand the specific nature of strength there was a
need for more precise and objective measurements. It
could be argued that the Cybex Il with its facility to
measure strength at a range of angular velocities (zero
deg/sec to 300 deg/sec) goes some way in providing these
more precise and objective measures of strength;
strength can be measured objectively in limb movements
where the speed of movement can be varied precisely.
More specifically, in terms of understanding the
specific nature of strength, this device will allow a
more objective investigation of the relationship between
strength and the speed of movement than has previously
been possible.

Indeed, it would appear from the results of
Fleishman et al. (19461) that an important factor
distinguishing the four different types of strength they
defined was the speed with which forces had to be
developed. For example, they showed that in static
strength force was generated continuously to maximum,
whereas in explosive strength the tasks
characteristically required the force to be developed as
rapidly as possible in one explosive act. Similarly,
between dynamic and explosive strength it was found by
Fleishman et al. (1961) that the test loaded on the
dynamic strength factor had secondary loadings on the

explosive strength factor. These turned out to be those
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tests which involved the same muscles, but given under a
time limit condition. Thus, asking an individual to
perform as rapidly as possible is more likely to bring
into play the factor of explosive stremgth, e.g. chins
<0secs. chins to limit. It can be seen from these
results of Fleishman et al. (1961) that while speed was
indentifiable as a factor affecting strength, the nature
of the relationship between strength and speed of
movement was not clear. Espenshade and Eckert (1980)
suggest the following reason for the lack of clarity in
the relationship between strength and speed:

It is increasingly evident that the nature of

the input data must become more minute and

precise before it will be possible to resolve

the eguivocal nature of the relationship

between strength and speed of movement (p.

1946) .
In this respect using the Cybex II to measure strength
at a range of velocities for a single joint movement
will help to provide that "more minute and precise"
data.

The ability to measure strength at range of

velocities has led to its use in two main areas:
1. the testing of athletes and evaluation of the
efftectiveness of training. OFf particular interest in
these studies has been the velocity specific nature of
strength training (Lesmes et al., 19783 Caiozzo,
Ferrine, and Edgerton, 1981; Coyle et al., 1981);
®. the investigation of the underlying neuromuscular

mechanisms involved in force and speed production
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(Thorstensson, 19763 Gregor et al., 19793 Larrson,

Grimby and Karlsson, 19793 Myashita and Kanieshia,

1979 .

2ele7. Use of lenkinetic Technigue with Children

There is only a small number of studies that have
wsed the isokinetic technigue to investigate the
development of strength in children. Most work has been
done by the collaboration between two researchers, J.
Alexander and G. E. Molnar. They have used the
isokinetic technigque in three studies investigating the
development of strength in children (Alexander and
Molnar, 19733 Molnar and Alexander, 1973, 1974, 1979).
In these studies PT scores were been obtained at 30
deg/sec using a Cybex II for a variety of different
movements including shoulder and hip flexion, extension,
and abduction, elbow and knee flexion and extension.
Their reason for using the isokinetic technigue (Cybex
I1I) was reported to be because it had advantages over
the isotonic and isometric technigues in that it
provided a safe and objective means of evaluating
strength throughout the range of a limb movement.

However, although this advantage has been utilised
in children’'s studies when investigating the development
of strength less attention has been given to the fact
that using this technigque also allows strength to be

measured at a range of velocities; little work has been
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done to study the effect of velocity on the development
of strength in children. Indeed, only one study has
been found that measured peak torqgque at more than one
velocity (Gillian et al., 1979h). In this study peak
torgue scores were obtained for 28 boys and 28 girls in
knee and elbow flexion and extension at angul ar
velocities of 30 deg/sec and 120 deg/sec. It is
interesting that in this study when differences in body
size were accounted for, a significant sex difference in
favour of boys being stronger was found at 120 deg/sec
but not found at 30 deg/sec. It was also reported that
the magnitude of this difference increased as the
subjects got taller and heavier. Clearly, this
velocity~-specific sex difference would not have been
picked up if strength had only been measured at one
velocity. This would indicate that there is a need to
investigate the effect of velocity on the strength
development of children. Asmussen (1973) sums this up
as follows:

Growth may influence various parts of the
neuromuscul ar system differently,
asynchronously, and strength in one situation
may be different from strength in another
situation because the co-operation of these
various parts may be different in the two
situations (p. &4).

1t could be concluded that isokinetic devices
provide a means of obtaining more information about
strength than the measurements traditionally used. This

was shown to be the case for two major reasonsi firstly,
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that strength was measured throughout the range of a
jwint movement, and secondly, that the measurements were
specific to velocity.

It was also shown earlier in section 2.1.1 that
there was little information concerning the development
of strength in specific voluntary joint movements. The
isokinetic technigue was assessed as being a useful
means of obtaining this information, in that objective
measurements of strength can be obtained in voluntary
joint movements at a range of constant angular
velocities.

The original aspect of this study is that the
development of strength will be investigated at four
different velocities within the range of 30 deg/sec to
Z00 deg/sec (incl.). The second section of this review
will consider in detail what is known about the effect

of velocity on torque generation.
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Section 2

The Effect of Velocity on Torgue

Since one of the purposes of this study is to
xamine the effect of velocity on torgque production, FT
will be measured ét a range of velocities. Although
much is known about the effect of velocity on the force
produced in isolated muscles, the relationship between
force and velocity, in voluntary human movement} has
been much more difficult to establish. In this section
the studies which have investigated the effect of
velocity on force production will be reviewed; two areas
of research will be considered:
1. the relationship between torgue and velocity, its
measurement, its form, and its interpretation;
2. the complexity of torgue generation in voluntary
movement.
These will be preceded by a summary of the relationship

between force and velocity obtained from isolated muscle

experiments.
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2x2x1 The Relationship Between Force and Velocity

in Isolated Muscles

The characteristics of force and velocity in
muscular contractions are obtained from muscle tetanised
against constant loads. The classical observation from
these experiments is that there is an inverse
relationship between force and velocity in a muscul ar
contraction. When the force is great the velocity is
low, and vice versa. A.V. Hill first observed this
relationship in 1922, and later, in 1938 described it as
hyperbolic. The shape of this relationship has been
shown to be the same for all muscles (Close, 1972
McMahon, 1984). Hill (1938) also described this
relationship mathematically:

(F + a)V = b(Fo - P)
Where V is the speed of shortening,
Fo is the maximum isometric tension,
Fis the load,
a and b are constants.
Other studies have suggested that as an empirical
equation this could be used to describe all
force-velocity (F-V) relationships, although it was
recognised that many pther equations can be used
(Ralston et al., 19493 Close, 19723 Mc Mahon, 1984).

This view is expressed in the following statement
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by McMabon (1984)

This relation, known as Hill's equation, is
founq to describe nearly all muscles thus far
examnn@d, including cardiac and smooth muscle
as well as skeletal muscle and even
contracting actomyosin threads (pp. 13-14).
Close (1972) suggested that Hill's equation was
valuable because it gave the following information:
l. intrinsic strength of the contractile material, Fo at
) = C);
2. intrinsic speed of shortening, V at P = O

I. general shape of the F-V curve, as indicated by the

ratio a/Fo.

£.2.2 Relationship Between Torque and Velocity in

Human Movement

2.2.2(a) measurement

With the introduction of the isokinetic testing
devices several researchers suggested that they provided
an ideal means of determimning the torgue-velocity (T-V)
relationship in voluntary human limb movements (Moffroid
et al., 1969; Rodgers and Berger, 1974; Perrine and

Edgerton, 1978).
Rodgers and Berger (1974) stated:

Many previous studies of the force-velocity
relationships employed velocity values
determined primarily by the load against which
the muscle was contracting. It would seem
more appropriate for the velocity to be
determined independent of the load and to be
held constant throughout the contraction to
eliminate the acceleration of a ballistic

movement (p. 253).
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In other words the main advantage of isokinetic testing
is that velocity can be held constant, while allowing
maximal loading throughout the whole range of the limb
movement. Under isotonic conditions, which test force
generation against constant loads, the joint torque and
velocity potentials would vary throughout the movement.
The measurement of the velocity in movements performed
against various weights would therefore have to take
into account the acceleration rate for a specific point
in the movement (Ferrine and Edgerton, 1978: Rodgers and
BRerger, 1974).

More recently, several studies have used isokinetic
devices to study the relationship between torque and
velocity in a limb movement (Moffroid et al., 1969;
komi, 1973a; Costill et al., 19763 Jorgenssen, 1976;
Thorstensson, 19763 Thorstensson, Grimby, and Karlsson,
19763 Ferrine and Edgerton, 1978; Coyle, Costil, and
Lesmes, 19793 Gregor et al., 1979; Fugl-Meyer,
Gustafsson, and Burstedt, 1980).

These studies have found relationships for various

subject populations and for a range of limb movements:

(i) subiject popuwlations

- male athletes (Jorgenssen, 197é6; Thorstensson,
Tesch, and Larsson, 1977)

- female athletes (Gregor et al., 1979)

- subjects classified by age (Larrson, Grimby, and

Karlsson, 19793 Fugl-Meyer et al., 1980).
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(ii) limb movements

The majority of studies, however, have concentrated on
the T-V relationship for knee extension (Thorstensson,

19763 Caiozzo et al., 1981; Coyle et al., 1981). Other

limb movements that have been used are elbow flexion
(komi, 197%a; Rodgers and Berger, 1974), plantar flexion
of the ankle (Fugl-Meyer et al., 1980), and knee flexion
(Knapik and Ramos, 1980 Scudder, 1980) .,

To obtain these relationships studies have differed
both in the measurements taken and in the range of
velocities used; measurements have been joint angle
specific, where the torgue obtained at each velocity was
measured at a specific joint angle (Gregor et al., 1979;
Caiozzo et al., 1981). Other studies have used the
maximum torgue recorded throughout the joint range at
each velocity (Moffroid et al., 19693 Thorstensson,
1976y Coyle et al., 19793 Knapik and Ramos, 1980;
Clarkson et al., 1982).

The range and number of velocities used in the
studies also varies considerably. For example,
Thorstensson (1976) obtained torgue curves using peak
torque scores obtained at seven angular velocites of
movement, between the range of O deg/sec to 180 deg/sec
inclusive. In contrast, Gregor et al. (1979) obtained
torque curves using the angle-specific torgque values (30
degrees before full knee extension) from four angular

velocities, within the velocity range of O deg/sec to
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280 deg/sec inclusive,

Finmally, although most of these relationships have
been obtained using a Cybex II, a few studies
constructed their own isokinetic device to obtain this
relationship (Jorgenssen, 197&; Fomi, 1973a), or made
adaptations to the Cybex Il to give a wider velocity
range (Ingemann—Hansen and Halk jaer—-Kristensen, 1979
Coyle et al., 1981,

Seme@ib) the form and interpretation of the relationship

In explaining these relationships some studies have
interpreted the T-V curves as measures of the tension
produced in muscular contractions; they have not
considered that torque is the result of many factors, of
which the tension produced in muscles is only one factor
(FKomi, 1973a; Thorstenssen, 19763 Ferrine and Edgerton,
1978). It is this emphasis which has led some
researchers to describe the T-V relationships as if they
were in vivo versions of experiments designed to obtain
the force-velocity relationships of muscles in vitro (
Rodgers and Berger, 19743 Jorgenssen, 19763 Ferrine and
Edgerton, 1978). This is highlighted in the terminology
they have used; the constant velocity of a limb movement
is referred to as a constant velocity muscular
contraction. An example of this is Ferrine and

Eggerton's (1978) description of a method of obtaining
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an in vivo torce-velocity relationships:

A.methnd wherein the muscle is allowed to
41rst'attain some specific contractile
velocltY without loading and then finding, by
some'sultable method, the maximum load the
mu%;lg can meet and carry past a given
p051ﬁlon at that speed. These prereqguisities
are fulfilled by the iscokinetic loading
dynamometer, which allows for a direct
measurement of at least the lower—-velocity
portions of the force~velocity relationships
of various human muscles in vivo (p. 159).

As a result of this interpretation several studies
have reported that the T-V relationships obtained from
voluntary limb movements show similarities to the in
vitro F-V relationships (Komi, 1973a; Jorgenssen, 19763
Thorstensson, 1976). For example, Jorgenssen (1976&)
reported that the hand-drawn force-velocity curves for
elbow flexion and extension were similar to the
classical in vitro curve, although it was not possible
to fit the data points to Hill’'s equation. As a result,
Jorgenssen (1976) suggested that it was not possible to
calculate the muscle’'s maximum shortening speed.

In contrast, Thorstensson (1976), on the basis that
the in vitro and in vivo curves looked similar,
extrapolated from the T-V curve obtained in vivo an
approximated value for the maximum speed of shortening
in the knee extensor muscles. The T-V curve obtained,
and the extrapolation, are shown in Figure 2. It can be
seen that the torgue values were obtained at angular

velocities within the range of O deg/sec to 180 deg/sec

inclusive. the extrapolated maiimum velocity was

FAGE 44




3.041%

~ ] -==¢xXtrapolated line
i |
2 ®
g; 2.0 —
(]
-}
el
(@]
o+
x 1,0 A
S
(a1

0 -

[ 1 | T =1
0 180 360 540 720

Angular velocity, degrees/sec.

Figure 2 Peak torque-velocity relationships for

two groups of subjects differing in fibre composition.
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determined by continuing the hand-drawn line through
the average data points for 10 subjects, until the line
crossed the x axisg, indicating O force produced and
maximum shortening velocity. The extrapolated maximum
velocity was found to be approximately 720 deg/sec.

kKomi (1979) also found similarities between the in
vivo and in vitro relationships and described them as
follows: -

One of the most important aspects of muscle
mechanics is the force-velocity relationship,
which has a basic form that is similar for a
single fibre, one muscle, a muscle group or
even for the combined action of several muscle
groups in normal movements such as jumping (p.
2.

Other studies would not agree with the above
statementy instead, they have used their relationship to
point out the differences between the in vivo
relationship and the classical form of the in vitro
relationship (Perrine and Edgerton, 1978; Gregor et al.,
1979; Caiozzo et al., 1981). These differences led
Ferrine and Edgerton (1978) to the following
conclusions:

The present in vivo muscle force-velocity data
deviate markedly from the basic force-velocity
relationship that has been found to generally
hold for isolated and maximally stimulated

muscles from a broad range of animals (p.164).

Indeed, when a comparison was made of all the

relationships, in the studies mentioned so far, it would

appear that there are differences in the forms of the
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relationship, not only in comparison to the classical in
vitro form, but also between the in viveo studies
themselves.

As a result of this comparison it would appear that
the major inconsistencies in the form of the T-V
relationship are due to differences obtained at the
lower velocities. Some studies show that the torgue
scores decline rapidly as velocity increases from O
deg/sec (Jorgenssen, 1976; Thorstensson, 19763 HKnapik
and Ramos, 19803 Scudder et al., 1980). A different
trend, however, was described by Rodgers and Berger
(1974) , although they found, as did the studies above,
that there was a rapid decline in the torgue scores from
O deg/sec, they did mnot find that this decrease
continued at the subseqguent velocities tested; that is,
at 9 deg/sec, 72 deg/sec, 108 deg/sec, and 144 deg/sec.
Indeed, they reported that, between these velocities,
the torque scores only decreased by 17.4% as the
velocity increased. They also reported that the
differences between adjacent velocities was only
significant (p < 0.0%5) for the difference between the
torgque scores obtained at 108 deg/sec and 144 deqg/sec.

There are also studies which bhave not found that
the torque scores decline as velocity increases in the
low velocity, high torgue region, even from O deg/sec.
In these studies the torque scores show a plateau across

all the lower velocities, and in some cases there is
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even an increase in the torque produced as the velocity
increases (Moffroid et al., 1969; Perrine and Edgerton,
19783 Gregor et al., 1979; Caiozzo et al., 1981). For
example, Ferrine and Edgerton (1978) described the
relationship obtained as bi-phasic, where, as velocity
decreased between 280 deg/sec and 192 deg/sec, a rapid
rise in the torgue scores was found; however, as the
velocities decreased below 192 deg/sec a distinctly
different trend was found, where the relationship showed
a sharply diminishing rate of rise. Moreover, it was
reported that the highest torque scores for two thirds
of the subjects was obtained at & velocity of 96
deg/sec, and for the remaining third of the subjects a
slight rise in torgue was found as the velocities
decreased below 946 deg/sec, with the highest torgue
score being obtained at O deg/sec.

Although the differences between the studies are
mainly in the low velocity, high torque region, they
affect the form of the whole relationship, causing wide
variation in the forms reported. This fact makes it
difficult to get a clear indication of the form of the
torque-velocity relationship.

This lack of clarity was highlighted by Murray et

al. (1982b), when they compared the data from the
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tfollowing relationships:
classical force-velocity relationship obtained from
in vitro studies;
2¢ the force-velocity relationship of the knee extensors
(using a Cybex) obtained by Moffroid et al. (1969),
Perrine and Edgerton (1978) and Thorstensson et al.
(197&) .
These relationships are shown in figure 3 and 4, and it
is quite clear that there are major differences in the
forms of the relationships. In other words, Murray, et
al. (1982b) clearly showed the vast differences not only
between the in vitro and in vivo force-velocity
relationships, but also between the in vivo
force-velocity relationships themselves:
Firstly, curves often do not follow Hill's
classical form. SBecondly, group mean
observations of particular Cybex studies are
freqguently described adequately only by unique
mathematical fumctions... Conflicting results
and incomplete measures prevent a clear
understanding of the nature of the
farce~-velocity associations (p. 2).
The conflicting results of these studies,

therefore, make it more and more difficult to clarify

the complex nature of the force-velocity relationship.
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Leged The Complexity of Torgue Generation

in Human Movement

The differences outlined in these studies,
particularly when compared to the classical form of the
in vitro relationship, are not surprising, given the
complexity of force generation in voluntary human limb
movements. Indeed, it could be argued that making
comparisons between T-V relationships obtained on a
Cybex and F-V relationships obtained in vitro is
erroneous, or is at best an oversimplification of the
force generation processes of human voluntary movements.

In the next section it will be argued that the
complexity of limb movements, in comparison to the
simplicity of the isolated muscle condition, is
responsible for the diverse results reviewed above. Two
aspects will be considered: methodological
considerations and differences in stimulation. It is
essential to highlight the fact that force generation in
voluntary movement is complex; there are many factors,
other than tension in a muscle, which affect the
production of torgue.
2,2.%3(a) methodological considerations

From a purely methodological point of view
criticism has been levelled at those studies using peak
torgque to represent the force-velocity relationship of
the muscles in vive. Criticism was directed, for

example, at Thorstenssen et al. (1976), at Scudder
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(1980) and at Coyle et al. (1981). The justification of
this criticism has been provided by Moffroid et al.
(196%9), Knappik et al. (1980) , Murray et al. (1980), and
Charteris and Goslin (1982), who have shown that, as the
velocity of a movement increases, peak torgue occurs at
a later joint angle in the movement. In this way, the
peak torque-velocity (FT-V) relationship will now
reflect not simply the effect of velocity on muscle
force, but also the effects of different muscle lengths
and moment arms, as the joint angle at which FT is
measured changes.

Furthermore, other studies have argued that since
the in vitro force-velocity relationships are obtained
from a constant initial muscle length, they cannot
meaningfully be compared to the peak torgque
relationships obtained using varying muscle lengths
(Caiozzo et al., 198l: Gregor et al., 1979).

In addition, Hinson, 8mith, and Funk (1979) pointed
out that using terminology such as "constant linear rate
of muscular contraction”, used by Hislop and Ferrine
(1947) and Ferrine (1948) to describe the action of
muscle in response to constant velocity veoluntary limb
movements, is erroneous. Hinson et al. (1979) were able
to present a mathematical argument to indicate that when

the angular movement of a limb is held at a constant

velocity the corresponding change of muscle length is

not constant, nor is its acceleration through the range
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of a joint movement constant. Hinsan and co-workers
(1979) suggested that the term isokinetic "may be
reserved to denote a type of muscular contraction which
accompanies a constant angular rate of movement, rather
than a constant lirnear rate of muscul ar shortening" (p.
S4). Clearly this clarification argues against the
notion that the isckinmetic device can be used to measure
the in vivo force-velocity relationship of muscles.

2.2.5(h) differences in stimulation

The complexity of force generation in voluntary
human movement, in comparison to in vitro conditions, is
further emphasised by the difference in the stimulation.
This was summed up by Asmussen (1973) as follows:

Data obtained on isolated, artifically
stimulated muscles cannot uncritically be
transferred to muscles in situ. The reasons
for this are several, the most important
probably being that in the body the muscles
are stimulated by nervous impulses coming from
the central nervous system, and the functional
capacities of this system must, therefore,
also be considered (p. 61).
In other words, in isolated muscle the force-velocity
measurements are obtained where the muscle is
artifically, tetanically stimulated. Under these
conditions all fibres will fire at once, and the
force-velocity relationship obtained will represent the
physiological limits in the muscle, in terms of its
maximum force output and contraction velocity at
different loads. This is in complete contrast to the

stimulation and control of even the simplest of

voluntary human limb movements, where force production
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is controlled by the central nervous system. It has
been shown that the C.N.8. controls the amount of force
produced by regulating both the number of motor units it
recruits and the frequency of firing of these active
motor units (Milner et al., 1973a, 1973by Burke, 1980;
Desmedt, 1980). Burke (1980) describes the role of the

C.N.S. as follows:

The final step in the control of movement by
the central nervous system thus involves the
inter-related mechanisms of recruitment of
motoneurons and modulation of their firing
rates (p. 25%).,
The maximum force a muscle could produce is therefore a
matter of all the motor units being recruited, with the
frequency of firing such that these units are in
sustained tetanus.

However, other studies have suggested that
sustained tetanus of all motor units cannot be achieved
in human voluntary movement (Ikai and Steinhaus, 1961
Ferrine and Edgerton, 1978; Caiozzo et al., 1981). For
example, Perrine and Edgerton (1978) suggested that the
plateauing at the low velocities, in the in vivo
force-velocity relationship, was due to a neural tension
limiting mechanism; this mechanism inhibits the
sustained tetanus of all motor units. They compared the
data points in the in vivo relationship with an in vitro
relationship calculated from Hill's equation.

Approximate calculations revealed that the regulator

mechanism could be restricting the maximum voluntary
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tension level of the in vivo muscle to as little as SOU
of its actual peak mechanical potential at zero speed.

This levelling~off phenomenon was observed by
Caiozro et al. (1981) who looked at the training induced
effects in the in vivo force-velocity relationship in
untrained subjects. Training at slow velocities had a
significant effect on the levelling-off phenomenon, an
effect which was not found in subjects traimed at high
velocities: the latters’ relative improvement was the
same across the whole in vivo relationship. The
conclusions drawn from this experiment were that
training at slow velocities had an effect on the neural
tension limiting mechanisms, causing an enhancement of
the motor neuron activation at slow velocities.
Moreover, optimum motor neurone activation can be
affected by psychological factors. For example, lkai
and Steinhaus (1961) were able to show that shouts,
pistol shots, and hypnotic suggestion could enhance
motor newron activation and an increased production of
force. They suggested that psychological, rather than
physiological, factors determined the limits of human
performance.

However, other studies have shown that there is no
difference between force obtained in a maximum voluntary
contraction and force obtaimed in the same muscles when
stimulated electrically (Merton, 19354; EBEelanger and
1981). These studies suggest that the maximal

MeComas ,
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force of a muscle can be produced in a maximum voluntary
contraction. It must be pointed out, however, that
these studies have used small muscle groups such as the
thumb adductors,

Up to this point the regulation of force has been
considered in terms of the numbers of motor units
recruited, and of their freguency of firing. It must
also be considered, however, that even a simple movement
involves many muscles. To produce force the central
nervous system must also organise and sychronise the
firing, and frequency of firing, to obtain a motor
pattern suitable to the movement (Fujiwara and
Basmajian, 1975; Knutsson, 1982). The importance of
this organisational function of the C.N.S., in terms of
maximal force production, was shown by Fnutsson (1982).
In his study, he was able to show that the aberations
from normal motor control, in terms of the organisation
and sychronisation of muscles, caused below normal
torque scores in patients with spastic paresis, as they
performed maximal voluntary movements at constant
angular velocities. (Patients with spastic paresis are
those diagnosed with organisational dysfunction of the
C.N.S.W)

1t could be concluded, therefore, that an important
role of the C.N.S in force production is to synchronise
and organise the firing and firing rate of the motor

units of muscles involved in the movement pattern.
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Given this role of the CoN.8., some researchers
have concluded that in a maximal effort, where different
speeds of movement are required, the force exerted will
not be determined by the physiological limits of the
muscle but by the neural pathways specific to the speed
of movement (Smith, 1961; Whitley, and Smith, 19675
knapilk and Ramos, 1980).

Evidence for this comes from the interrelationships
between maximal performances in limb movements loaded in
various ways (isometric, isotonic, isokinetic); they
suggest that the greater the difference between the
tasks, in terms of the speed of movement, the greater
the neurospecificity obtained (Whitley amd Smith, 1963
Enapik and Ramos, 1980). The greatest individual
differences are found between measures of isometric
strength and measuwres of maximum limb speed moved by
these muscles (strength in action). In general, the
correlations between these two measures are low (Henry
and Whitley, 1960; Whitley and Smith, 1963). Some
correlations do not even differ significantly from zero
(Clarke and Henry, 19613 Smith, 1961).

Consistently better correlations have been found in
the intercorrelations between FT scores obtained at
various constant velocities of movement (Fugl-Meyer et
al., 19803 knapik and Ramos, 1980), and in studies where
different speeds of movement are obtained by loading the

limb with weights (Whitley and Smith, 1963y Lambert,
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1965) . However, even in these studies there is still
evidence to suggest that as the tasks become more
dissimilar in terms of speed of movement the specificity
increases. For example, Knapik and Ramos (1980)
measured FT at the angular velocities of O deg/sec, 30
deg/sec, 90 deg/sec, and 180 deg/sec., They reported
that the generality between the immediately adjacent
velocities ranged from 31% to 81%. This generality
decreased to 20% to 55% when the velocities immediately
adjacent were compared. In explanation of this
specificity between the torque at different isokinetic
velocities Knapik and Ramos (1980) suggested the
following:
It may be that as the isokinetic velocities
become further apart, the motor tasks become
more dissimilar, reguiring different patterns
of neural recruitment and co-ordination (p.
bb) .
Clearly this indicates that even for the torgue produced
at a range of constant velocities the maximum torque
everted will be affected mot only by the physiological
limits of the muscle but also by the neural pathways
which are specific to the velocity of the movement.

It could be concluded from these studies that in a
maximal effort, where different speeds of movement are
required, there will be individual differences in the
force exerted. Furthermore, the greater the difference
between the tasks, in terms of the speed of movement,

the greater the individual differences. Given these
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results, these studies conclude that neural factors
specific to the velocity of the task account for these
individual differences.

However, Eckert (1946%) pointed out that there may
be tactors, other tham neurospecificity, to account for
low correlations, especially for those between isometric
strength and maximum limb speed. Eckert (196%5)
suggested that these low correlations might be due to
the fact that an individual cannot attain the maximal
limb speed, which would reflect the physiological limits
of a muscle, in terms of force production, because of
the anatomical limitations of the joint movement. The
measurement of maximal limb speed would therefore not
reflect the individual ‘s maximum strength in action of
an unloaded limb.

This was confirmed by Wilkie (1930) who measured
the velocity curves of maximal limb movements loaded
with various weights. Figure 5 shows that the velocity
curve for the unloaded limb does not appear to have
reached its maximum speed by the end of the movement.
Similarly, Perrine and Edgerton (1978) suggested that
the F-V relationships of muscles in vivo cannot be
measured at the high shortening velocity region because
of the inherent limitation of all in vivo F-V testing
methodss the methods are limited in that they cannot
allow the muscle enough time to develop full tension

before an associated joint reaches the end of its
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The bar at the end of each curve marks the end
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Journal of Physiology 110,
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anatomical range of movement at high test speeds.

In conclusion, these studies suggest that force
generation in limb movements is extremely complen;
tactors other tham the physiological limits of the
muscles could affect the scores. Asmussen (1973) has
defined this complex process as follows:

Muscular strength and power is the integrated
expression of what the neuwomuscular system
can do under the existing conditions (p. &2).

Interpretation of a torgue-velocity relationship,
from voluntary movements, must, therefore, consider it
as the relationship of the limb movement with its
underlying neuromuscul ar mechanisms, and not fococus
exclusively on the muscles involved., Few studies of the
F-V relationship have taken this into account. Indeed,
the main emphasis of the studies was to compare the in
vivo and in vitro curves. However, as was shown
earlier, this approach has led to confusion in the
understanding of the relationship between torque and
velocity. Indeed, when comparisons were made between
the in vitro and and T-V relationships, there were not
“only differences between the T-V and in vitro
relationships but also differences between the T-V
relationships themselves. It is perhaps not surprising
that there are differences in the form of the T-V
relationship, given the complexity of force generation
in a limb movement. This is especially true when it is

considered that the construction of these TV
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relationships varied in terms of the subject
populations’ characteristics, of the muscle groups, of
the measuwrement taken, of the velocity range, and of the
testing devices used. Few studies have considered that
these differences in design might be the cause of the
differences in the form of the T~V relationships.
Clearly, there is a need to investigate the

variations in the T~V relationships, rather than to
continue to make comparisons with the in vitro
relationship; studies must be designed to allow
variation of the T-V relationship to be investigated.
Ferrine and Edgerton (1978), for example, stressed the
importance of studying these variations:

Further studies will be necessary, however, to

determine the exact nature and significance of

specific variations within the general form of

the in vivo muscle force-velocity relationship
associated with different muscle groups, Jjoint

-

angles, subject populations etc (p. 163).

One method of doing this has been developed by
Fugl-Meyer et al. (1980), where the form of the
relationship was investigated for several sub-groups of
the total subject population tested (n = 1335).
Sub-groups were categorised on the following basis:

1. sex,

2. side: right or left side,

Je krnee position: straight knee, and flexed knee,
4. age: subjects ranged in age from 20 to 60 years;
they were split into two groups, below 50 and above

5(:.‘).
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Fugl—-Meyer et al. (1980) demonstrated that in a
semi~logarithmic plot (FT on the log scale) the FT
scores for plantar flexion strength declined linearly,
with increasing angular velocity. The authors concluded
from their results that a negative exponential model
accuratel y summarised the relationship between
isokinetic strength and the velocity of angular motion,
and that this model was suwitable, regardless of
subjects’ age, sex, knee position, or the side at which
they were tested. With a similar approach to Fugl-Meyer
et al. (1980) Ingemann—Hansen and Halkjaer-kKristensen,
(1979) were able to demonstrate that when the PT and
velocity relationship was represented on a
semi~logarithmic plot (with PT on the logarithmic scale)
FT scores were shown to decline linearly, as the angular
velocity increased. The eqgquation of this line, using
linear regression, was calculated to be Log PT = 2.246%9 +
-1.04 (velocity 10-%), and the probability for this
regression function to be linear was reported to be
significant (p < 0,0%). Although this was the result
reported for one subject, the authors reported that
similar results were obtained for the rest of the
subjects.

What is significant about these studies is that in
both these studies the approach allowed the form of the
relationship to be examined for different subject groups

and individuals.
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Other studies have used a different approach, in
that they are designed to examine the effect of one
factor on the T-V relationship. For example, several
studies have used this approach successfully to study
the effect of fibre type composition on the T~V
relationship (Thorstenssen, 19763 Gregor et al., 1979;
LCoyle et al., 1981). Typically they compare the T-V
relationship of a subject group with a high percentage
of fast twitch fibres with the T~V relationship of a
subject group with a relatively lower percentage of fast
twitch fibres. Differences between the forms of these
two relationships indicates the effect of fast twitch
fibre on the torgue generating capacities at different
velocities.

Al though these examples described above indicate
the usefulness of investigating the variations in the
T~V relationship there still needs to be more research
in this area before a clearer understanding of the
nature of the T~V relationship and factors that affect
it are understood. Given this need the present study
will describe the peak torque-velocity relationship for
children, at a range of different age groups, and will
then examine the effect of development on the

relationships obtained.
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Section 2

Factors affecting the Development of the Force

Generating Capacities of Children

This next section will consider the factors that
must be taken into account when investigating the
development of isokinetic strength in children. Several
studies have investigated factors that affect the
development of strength; these factors include, age
gender, changes in body size, and physical activity.
However, as was shown in section ome, the strength
measuwrements used were, in the main, isometric tests or
performance in gross motor tasks; little has been done
to examine the factors that will affect the development
of iscokinetic strength.

There is, therefore, little evidence to suggest
that the factors affecting the development of strength
measured at a range of constant velocities will be any
different from the factors affecting the development of
strength measured isometrically or by performance in
gross motor tasks.

To indicate the possible effects of such factors as
age, gender, changes in body size, and physical activity
on the development of isokinetic strength this section

will, therefore, review the studies that have
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investigated the effect of these factors on the
development of strength. Consideration will also be
given to any evidence which would suggest that the
development of strength is velocity specific.
£xzal Bge
Many studies of the development of strength have
used age to signify different stages of growth
(Meredith, 1935y Jones, 1949; Metheny, 1941la, 1941b;
Cullimbine et al., 1950; Torpey, 194603 Carron and
Bailey, 19743 Montoye and Lamphiear, 1977). Meredith
{(1933) commented that the mean couwrse for the
development of strength in boys was as follows:
a relatively slow constant growth below 12
vears, a period of rapid increase between 12
to 16 years, and a phase above sixteen years
indicating a decline in growth rate (p. 39).
The question, however, is whether this general
pattern of growth in terms of age holds true for all
measures of strength, irrespective both of the site
measured and of the method of measurment. It would be
difficult to justify such a conclusion from the evidence
of the studies which have investigated the effect of age
on strength in children. There are perhaps two major
reasons for this:
1o limited measwres, limited both in terms of method and
of groups tested. Typically, the measurements used in
children's studies have been confined to isometric

methods of strength measurement, of which the most
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commonly used is grip strengths; only a small number of
studies have investigated isokinetic strengthg

2. variation in age range, there is a wide variation of
the age groups studied. For example, Metheny (1941ia)
reports results for children aged between 2 to 6 years,
while Carron and Bailey (1974) report results for
children between 10 years and 1% vears.

Howaever , even despite differences in the method of
measuwring, the wide variation in sites measured, and the
variation in age ranges investigated, there seems to be
little doubt, from the evidence of these studies that as
children get older they improve in strength. For

wample, Metheny (194la) measuwred the grip strength of
children aged 2 to 6 years and found that the increase
in strength was significant year by year. The
correlation between the increase in strength and age was
reported to be +0.9. Meredith (1933) reported that in
children aged 6 to 1é years boys increased in grip
strength by 389%4 and girls by 260%4. Jones (1949)
reported the strength improvements in grip, pull, and
thrust in a logitudinal study of children aged 11 years
to age 17 years. Strength increases with age were
evaluated in terms of standard deviation scale units:
for each sex the difference between the raw score means
at age 11 and at sucessive ages was divided by the
atandard deviation at age 11. Jones (1949) suggested

that these stamdard deviation scale units provided a
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convenient method for comparing different functions,
such as change in body size, to changes in strength, as
well as the age changes in strength of boys and girls
relative to their own initial status. Jones (1949)
reported that at age 11 boys increased in strength by 7
standard deviation scale units and girls by 3.9 scale
units. This was the result for grip strength, but
similar results were reported for the other measures.

Although little work has been done with children
using isokinetic measuwres it is possible from the work
done to show that isckinetic strength increases in a
variety of measures, and indeed at different velocities,
as children get older. Alexander and Molnar (1973) and
Molnar and Alexander (1973) in two pilot studies
measured peak torque at anm angular velocity of 30
deg/sec for elbow and knee flexors and extensors.
Alexander and Molnar (1973) reported results for 36 boys
and 34 girls aged 7 to 13 years, and Molnar and
Alexander (1973) reported results for a further 50 boys
and girls aged 7 to 15 years for the same movements. In
both these studies it was reported that as age increased
FT increased. The correlation between age and PT was
reported to be 0.89 {(for all measures).

Molnar and Alexander (1974) extended their study on
isokinetic muscle strength in children to include FT
measurements taken on the hip and shoulder flexors,

wtensors, and abductors. In this study they reported
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FT scores at 0 deg/sec for 500 subjects aged between %
and 17 years. Their results were similar to those of
the other studies, in that PT increased as the chidren
got older.

Billiam et al. (1979b) obtained FT scores at more
than one isokinetic velocity. They reported FT scores
for 268 boys and 28 girls for knee and elbow extension
and flexion per?ormed at angular velocities of 20
deg/sec and 120 deg/sec. They reported that the
correlations between age and FT scores, for each angular
velocity, at each limb movement, ranged from 0.71 to
0.85. They also found that the velocity of movement had
no significant effect on the magnitude of the
correlation.

Although it could be suggested that, in general
terms, strength increases with age, there are
differences in the results; there are variations both in
the age at which strength is reported to make its
greatest gain and in the age at which the growth rate of
strength declines. This can be most clearly illustrated
in a table, devised by Espenchade and Eckert (1980),
which includes the strength data collected from 115 boys
and 101 girls, 7 to 12 years, in Wisconsin Elementary
School. The mean stremgth scores for both boys and
girls are shown for a variety of isometric strength
measures: ankle extensor, knee extenors, wrist flexors,

showl der abductors, and hip extensors (Table 1).
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TABLE 1

Isometric Strength Means for Various Muscle Groups (in pounds)

Age (years) 7 8 9 10 11 12
Ankle Extensor

Boys 60 67.5 83.5 89.5 96 t 123.

Girls 56.5 66.5 75.51t 96.5 101.5 102
Knee Extensor

Boys 63.5 75 906.5 107.5 110.5¢t 151.

Girls 64.5 76.5 83.51% 116.5 127.5 139.
Hip Extensors

Boys 40.5 46.5 58 58.5 65,51 87.

Girls 34.5 44.5 47 57.5 63.5 73
Elbow Flexors

Boys 31.5 41.5 45 50.5 56.5t 67.

Girls 31 35.5 41 ¢t 50.5 50.5 56.
Shoulder Abductors

Boys 37 49 53 53.5 64 t 81

Girls 33.5 43.5 43.51% 55.95 56 50
Shoulder Medial Rotators

Boys 20 25.5 27.5 28 31.5t% 37.

Girls 16.5 21 22.5 25.5 28.5 29
Vrist Flexors

Boys 23 25.5 28.5 32.5 33 ¢t 42

Girls 20.5 22 25 28.5 29.5¢t 39

t Start of period of greatest gain.

Note: From ‘Motor Development', Espenschade and Eckert, 1980,

University of California, C.E. Merrill, copyright Bell and
Howell Company, 1980.

p. 189.
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These results suggest that the mean period of greatest
gain varies considerably. For example, the period of
greatest gains in strength for the girls, in four of the
strength measures, was between 9 and 10 vears, while
boys made their greatest gains in strength, in seven of
the strength measures, between 11 and 12 years. This
study also shows variations in the onset of the greatest
gain in the various muscle groupings. For example, boys
and Qirls both make the greatest gain in wrist flerors
between 11 and 12 years, whereas there is a difference
of 2 years in the onset of gains in other muscle
groupings for the sexes.

Similarly, Jones (194%9) also found that the period
of greatest gain varied depending on the area of the
body at which strength was measured. For example, the
period of most rapid gain for boys in grip strength was
1Z2.9% to 19 years, but im pulling and thrusting strength
it occurred a little later, between 13.85 to 16 years.
Jones (1949) also showed that this was related very much
to the maturity of the individual.

Carron and Bailey (1974), in a longitudinal study
of boys aged 10 to 17 years, found that the largest
increase in strength occured between the 10th and 11th
veary; this is vounger than any of the other studies
reported. They suggested, however, that the large
increment between these two years might be a product of

the test designy that is, in the 1lth year subjects
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scored better because they were more familiar with the
test.

Miyvashita and Fanehisa (1979) reported FT scores
for girls and boys aged 13 to 17 yvears in knee extension
performed at & constant angular velocity of 210 deg/sec.

They showed the rate of increase in isokinetic strength
with age. They reported that PT scores increased
linearly with age in boys from the age of 12 to 1é
vyears, but found that there was no statistical
difference in the T scores between the age of 16 and 17
Years. In girls there was only a significant increase
in the PT scores between the ages of 13 and 14, and
between the ages of 14 to 17 years the FT scores were
reported to have remained constant.

It could be concluded from these studies that
although strength increases with age there are
variations both in the age at which strength is reported
to make its greatest gain and in the age at which the
growth rate of strength declines. Moreover, these
variations will be affected by the area of the body in
which strength is measured and by the gender of the
individual.

Another important factor to consider in the effect
of age on strength is that although as children get
older they improve in strength, there is a wide range
of scores within any one age group. For example, the

study, mentioned earlier, by Alexander and Molnar (1973)
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reported that the correlation between age and FT scores
was 0.8%; this indicates a high positive relationship
between the increase in FT and the increase in age.

They also reported, however, that for any age group FT
scores varied widely., These individual differences are
to be expected; they reflect the fact that many factors,
apart from growth, affect the strength of an individual.
However, the variability of strength during the
developmental years could also be a reflection of the
fact that, within any age group, individuals will be at
different stages in their development. This is
highlighted by the results obtained by Jones (1949)
concerning the changes in variability of strength scores
for adolescents, from the ages of 11 to 17 years. He
found that although the standard deviations of the
strength scores increased in response to accelerating
gains in the mean strength scores, the changes in
standard deviations were not merely proportional to the
growth of these mean scores. He found that during one
phase of adolescence the variability increased more
rapidly than did the group means. This was illustrated
by the coefficients of variation (standard deviations
expressed as a percent of the corresponding age means).
Figure & shows the standard deviations for right grip
strength, and Figure 7 shows their corresponding
coefficients m% variation. It would be expected that if

the variabilty shown by the standard deviations in
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Figure 6 Standard deviation of strength
scores by age,
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Age in years
Figure 7 Coefficients of variation of
strength scores by age,

Note Figures 6 and 7 are from “Motor Performance
and Growth” by Jones, 1949, University of
California Publications in Child Development.
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Figure 6 was merely increasing in proportion to growth,
the co-efficients of variation would remain constant.
It can be seen from Figure 7, however, that the
co-efficients of variation are not constant. Jones
(1949) suggested that the co-efficients of variation
obtained indicated cyclical changes in the relative
variabhility which would be expected i the pubertal
growth spurt appeared earlier in some individuals than
in others. Its appearance in those first to mature
would produce an increasing heterogeneity of scores,
followed by a return toward more normal variability, as
an increasing majority of cases completed their growth
spirt .

This indicates that age is no more than a simple
indicator of stage of development, and it would be
expected that within any age group individuals will be
at different stage of development. This is most clearly
seen during adolescence, where there is the greatest
variabilty in stages of devliopment with respect to age.

2.3.1a age and sex differences in strength

It is difficult to get & clear picture either of
the age at which sex differences appear in strength or
of the extent of these differences.

There have been studies which have found boys to be
signifticantly stronger than girls, even at pre-school
AC)EES o It must be noted, however, that the majority of
these studies have used grip strength as a

representative measuwre. Metheny (1941a), for example,
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found that the mean grip strength of boys exceeded that
of the qgirls in children aged 2 to & vears. Indeed,
even when the results were adjusted for differences in
height the boys were still significantly stronger at age
Sop o4 0.08) and at age & (p 4 0.01). In & review of
several studies measwing the strength of children at
pre-~schoonl and elementary stages, Metheny (1941b)
reported that all the studies showed that the boys were
on average stronger than the girls. All the studies she
reviewed used grip strength. This conclusion is
highlighted in the following statement Metheny (1941b):
The existence of a sex difference in strength
of grip has been implied by every investigator
who has reported separate values for boys and
girls (p. 125).
Indeed, the following excerpt is an example of the
implied sex difference she found in the studies she
reviewed:
Boys surpass the girls in strength at all
agesy even in the kindergarten the average boy
is stronger in his left hand than the average
girl is in her right hand {(p. 125).

These studies would clearly indicate that sex
differences in strength appear at a very early age.
However , since only grip strength has been used to
measure the strength of very young children this early
appearance of a sex difference might only be true for
grip strength., For example, Martin (1918), using the
sum of 22 strength measuwres in children aged 5 to 18

vyears, found boys to be stronger than girls, except at
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the age of 3 years; this indicates that strength
difference did not appear before the age of six.
Similarly, Torpey (1960) found no sex differences in
knee extensor strength in children of the first six
grades. Asmussen (1980), although bis results were
expressed in relation to height, found that sex
differences in children aged between 7 and 17 were more
apparent in some strength measures than in others.
Greater differences were noted in measures of strength
from the upper body, such as the shoulder extensors, and
finger flexors (grip strength), in comparison to
measures of strength from the lower body, such as the
knee extensors and hip flexors. |

It could be concluded that the age when sex
differences first appears varies and is affected by the
site of the measwrement.

The variability in sex differences for different
measures of strength is perhaps highlighted in the
strength data, referred to earlier, which were collected
from the children in Madison Wisconsin Elementary 8chool
and cited by Espenschade and Ekert (1980) (see Table 1,
p. 70). It is apparent from these results that there is
a high degree of variability in the level of sex
difference when the scores for each age and for each
measuwre are analysed separately; in some cases the mean

score of the girls is superior to that of the boys. For
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example, at age 8 the girls’ mean score for knee
extension is higher than the boys’' mean score. The
reverse is true, however, for the mean score at age 8
for the other six measuwrements. Espenchade and Eckert
(1980) confirmed that there is wide variability in
scores, with some girls being stronger than some boys,
although, they suggested that boys on average have
higher mean strength scores than girls.

This pattern is also demonstrated by Jones (1949).
He calculated the percentage of boys surpassing the mean
scores of the girls in pulling, thrusting, and in grip
strength, for children aged 11 to 17. At the age of 12
the boys surpassed the girls’ mean score by 40% in the
thrust, by 584 in the pull, and by 75% in grip strength.

After the age of 13 there was & rapid increase in these
percentages described by Jones (1949) as follows:
S8ex distributions overlap so little after the
age of 16, that practically no girl reaches
the boys’ ' means and practically no boys
perform as low as the girls’ average level (p.
41) .

It would be expected that the pattern outlimned by
Jones (1949) and Espenschade and Eckert (1980) would
also hold true for studies investigating sex differences
in isokinetic strength. Mivashita and Kanieshia (1979)
investigated the sex differences in the FT scores for
knee extension at 210 deg/sec for girls and boys aged 13
to 17 years. They reported significant differences

between girls’ and boys’' FT scores at each age, with
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boys having significantly higher scores (p < 0.0%) than
girls at each age. Similarly, Molnar and Alexander
(1973%) found that the mean scores of boys were higher
than the mean scores of girls at the ages of 7 years, 12
vears, and 15 years. It must be noted, however, that in
this study the difference obtained was an observation,

and not a result based on statistical analysis.

Sed.3 Body Sirze and Strength

Many studies have investigated body size and the
development of strength. Two different approaches have
been used in these studies to investigate this area.
These are as follows:

1. studies investigating the extent to which changes in
body size, particularly in muscle, account for the
changes in strengthy

2. studies investigating the actual relationship between
different body size measures and strength.

This section wili review studies involved in both
types of investigations.

e aea(a) general body size and strength

During growth the dimensions of the boedy increase;
this increase can be regarded in linear measurements,
such as height, cross—-sectional areas, such as muscle,
or volumes, such as blood. It is a common belief that
this increase in size, particularly in the the
cross-sectional measurement of muscle, has much to do

with the increase in strength. Indeed, studies have
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shown that the maximum voluntary isometric force which
can be produced is proportional to the muscle’'s cross
sectional area (Morris, 1948; Ikai and Fukunaga, 1968).

To examine the extent to which increases in
strength are related to individual increases in size,
and in particular muscle size, comparisons have been
made between changes in strength and changes in body
size. For example, Jones (1949) in a longitudinal study
of isometric strength for children, from 11 years to 17
vyears, examined the increase in strength related to
increases in body sizre. He compared the increase in
body size measures to the increase in strength measures
in terms of standard deviation scale units (for each sex
the difference between the raw score means at age 11 and
sucessive ages is divided by the standard deviation at
age 11). Jones (1949) found that the strength scores
improved beyond the scores of body size. For example,
boys’' right grip strength increased 7.61 standard
deviation scale units, whereas, height increased .23
scale units.

Other studies have been more specific in their
investigations; they have attempted to investigate the
extent to which changes in muscle size account for
changes in muscle strength (Asmussen and
Heebol l-Nielsen, 193&6; Carron and Bailey, 19743 Corlett,
1984) . It must be noted, however, that in these studies

changes in muscle size are not measured directly, but
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assumed from changes in body dimensions. This technigue
is based on dimensionality theory, which assumes that
individuals are geometrically similar, and that the
dimensions of an individual are proportional. Astrand
and Radahl (1977)explain this dimensionality theory as
follows:
If we take two geometrically similar cubes of
different size, the relationship between the
surface and the volume of the two cubes can
gasily be calculated when only the scale
factor between the sides of the cubes is
known. If this length scale is L:1l, the
suwrface ratio is L2221, and the volume ratio
L3zl (p. E69).
When this principle is applied to humans, Astrand and
Rodahl (1977), suggest, the dimensions of the body, in
terms of its linear dimensions, cross-sectional areas,
and volumes, will change dimensionally as a solid cube
does:

1. changes in body length are linearly proportional

to themselves, proportional to L1;

2. changes in area are proportional to the sqguare

of the changes in length, proportional to L2Z;

3. changes in volume are proportional to the cube
of the changes in length, i.e. L3I,

Based on these assumptions changes in the
cross—sectional area of ﬁuscle can be represented by
changes in simple body size measwrements. For example,
using height, changes in the cross—sectional area of

muscle will be proportional to height sguared. Since

studies have shown that strength is proportional to the
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cross—~sectional area of muscle it is hypothesised that
strength can also be predicted from simple linear
measurements. If actual strength measurements deviate
from those predicted by changes in body size, this
suggests that there is another factor, besides changes
in muscle size, that accounts for the change in strength
{(Asmussen and Heeboll-Nielsen, 19%4; Carron and Baily,
1974) .

Using dimensionality theory Corlett (1984) was able
to show that, for 240 Tswana children aged between 7 to
13 years, grip strength increased to a greater
proportion than could be predicted from changes in body
sizre., Similarly, Asmussen ((1980), using 22 different
strength measures, found that strength increased far
more than would be eupected from increases in linear
dimensions. Asmussen (1980) pointed out that this
increase varied according to the various muscle éroups
tested. Carron and Baily (1974), in a longitudinal
study of boys, revealed that composite strength
increased on average 22.7% per year. From linear
dimension predictions, based on the dimensionality
theory, it should have been 12.1%.

It could be concluded from the studies cited so far
that strength does increase wth body size, but to a
greater extent tham would be expected if the increase
was due to size alone. On the basis of their results,

and working from their assumption that increases in body
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size indicated a proportional increase in muscle size,
Asmussen and Heeboll-Nielsen (1956) stated that it was
reasonable to assume the following:
that the measured extra increase in strength
is due to gualitative changes. These changes
may be muscular, i.e.due to changes with the
muscle fibres proper, or they may be nervous,
due to an increased ability to mobilize
muscles voluntarily (p. &00).
Asmussen and Heeboll-Nielsen (19%4) also suggested that
these gqualitative changes were maturational, with muscle
strength improving independently of gréwth in size.
This point of view was also taken by Corlett (1984), who
suggested that maturational factors, such as the ability
to apply force more efficiently and appropriately could
account for some of the improvement in performance.
Asmussen (1980) suggested that an important factor
for this maturation was age. Using the strength and
height data of children aged 7 to 17 years, he was able
to show that age, independently of body size, affected
strength. The strength scores were divided on the basis
of height, with each height group divided into older and
vounger age groups (1.5 yr. differences approx.).
Regressions were calculated for the mean strength-height
relationship for both the older and younger age groups.
These regression indicated that the older group was
stronger. It was also shown that the younger subjects
of the lowest height group had strength scores below the

regression line which characterised the mean data for

the strength-height relationship. Asmussen (1980)
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suggested that these results reflected the effects of
the maturation of the central nervous system,
independent of body size; the younger, smaller subjects
were not able to reach the strength level expected for
body size, and the older, taller subjects were stronger
berause the central nervous system had more time to
mature.

Dedai(h) general body sirze and sex differences

in strength

Several studies have investigated the extent to
which sex differences in strength are related to
differences in muscle and body size (Martin, 1918;
Rarick and Thompson, 1956; Asmussen and Heeboll;Nielsen,
1965 Montoye and Lamphiear, 19773 Gilliam at al.,
1979b; Asmussen, 1980).

Rarick and Thompson (1956) looked at sex
differences in the relationship between direct measures
of leg muscle size and ankle extensor strength in 7
vear-old children. The correlation between ankle
extensor strength and muscle size of the leg was between
0.58 to 0.63% for boys and beeen 0.58 to 0.67 for boys
and between 0.22 and 0.32 for girls. Not only were the
boys stronger in ankle extensor strength but they also
had a greater muscle size. When boys and girls were
paired on the basis of muscle size the superiority of
boys was not statistically significant, although on

average the boys were 6 lbs stronger than the girls.
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Similarly, Asmussen (1980), calculating changes in
muscle size indirectly, using dimensionality theory,
also investigated sex differences in strength related to
differences in muscle size. He compared the mean
height-to-strength data, for boys and girls aged 7 to 17
years, and found that boys tended to be stronger than
girls of the same height at all ages. This difference
was particularly apparent in strength measures of the
upper body and trunk, but was not found in the lower
body strength measuwes of children in the lower height
groups. Although these two studies suggest that
differences in muscle size do account for some of the
differences in strength, it is clear that all
differences cannot be explained by size.

Further support for this conclusion comes from
studies investigating sex differences in strength, after
sex differences in body size have been accounted for.
For example, Montoye and Lamphiear (1977), in a study of
grip strength in males and females aged 10 to 69 years,
found that males were superior to females at every age,
even when the results were expressed as a ratio of body
weight. Bimilarly, Martin (1918) devised
strength—-to-weight ratios for boys and girls aged from
five to eighteen years. He found that boys had higher
ratios than girls from the age of six onwards.

Finally, and perhaps more relevant to the present

study, are the results obtained by Gilliam et al.

FAGE 835



(1979h) who investigated the sex differences in FT
scores of children, aged seven to thirteen years, in
knee and elbow extension and flexion, performed at
constant angular velocities of 30 deg/sec and 120
deg/sec. The results were expressed independently of
both body weight and body height. Significant sex
differences (p < 0.05) were found for FT scores at 120
deg/sec, independent of height, in elbow flexion and for
FT scores at 120 deg/sec, independent of weight, in knee
extension and flexion. In all these measures, boys were
stronger than girls. It should be noted that no
significant differences were found for FT scores at 30
deg/sec, expressed independently of height and weight.
This would indicate that although difference in body
size accounted for the difference at 30 deg/sec, it did
not account for the difference at 210 deg/sec. Clearly
there is another factor affecting the sex difference at
210 deg/sec.

It could be concluded from these studies that
differences in body size and muscle size only account
for part of the sex differences in strength. Moreover,
the extent to which differences in muscle size account
for sex differences seems to be affected by both the
site and the velocity at which strength is measured.
This suggests that sex differences which cannot be

explained by differences in muscle size might be due to
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qualitative differences in force production by muscles.

However, Ikai and Fukunaga (19468) not only reported
that isometric force was proportional to cross—sectional
area of muscle but also that the force output per sqguare
centimetre was the same for all subjects, regardless of
sex oFr age. (In their study the population tested
included children.) This indicates that the differences
obtained are unlikely to be due to qualitative
differences in the muscle tissue itself. Indeed, Rarick
and Thompson (193&6) suggested that the 6 1lb difference
obtained between boys and girls, in strength of muscles
of the same size, was probably not due to differences in
the guality of muscle tissue, but to differences between
the sexes in their use of these muscles and to the
consequent effect on force generation. This issue will
be discussed in section 2.3%.4..

2.3.30c) the relationship between measwes of body size

and strength

80 far the emphasis of the above studies has been
on accounting for changes in strength, with changes in
the general size, and particularly muscle size. To
represent these changes in size, body size measures such
as height were used. In these studies interest was not
in the body size measures themselves or their effect on
strength, but in their use as a means of representing a

general change in the size and growth of the individual.
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Many other studies, however, have investigated the
actual relationship between the body size measures
themselves and strength (Maglischo, 1968; Lamphiear and
Montoye 19763  8laughter, Lohman, and EBoileau, 1982).
Most of these studies attempted to discover the amount
of variance that can be explained by a particular body
measurement, or to find the best variable or combination
of variables that will explain the greatest variation in
strength scores. These studies will be now be
considered.

Ferhaps the first major point which needs to be
highlighted from these studies is that there is
considerable variability in the correlations between a
strength task and different body size measurements, and
that & number of these measurements combined are
required to explain the variance in strength scores.

It would appear that in order to obtain the best
correlation with various strength measurements no single
body size measuwre is adequate. This point is
highlighted in the studies by Clarke (1937) and
Maglischo (1948). Foar example, Clarke (1957), using
sixteen strength measures and 10 anthropometric
measures, found a correlation of 0.64 between body
weight and trunk flexion strength, whereas for height
this correlation was only 0.27. In knee extension
strength the best correlation was for hip width 0.62,

whereas, with sitting height it was only 0.29.

FAGE 88



Other studies have found that a combination of
anthropometric measuwres, in a regression analysis,
expresses the best relationship with strength (Clarke,
19475 Maglischo, 19685 Lamphiear and Montoye 1974). For
example, Lamphiear and Montoye (1976), in a multiple
regression analysis selected five size variables to show
the best relationship between body size and strength in
children.

Finally, some studies have found that measures
suitable at one age level might show a lower correlation
at another age level (Jones, 1949; Cearley, 1957;
Carron and Bailey, 1974). For example, Maglischo (19468)
intercorrelated twelve anthropometric measures and three
derived indices with 25 cable tensiometer tests. The
highest multiple correlations with composite strength
for three age levels were as follows:

1. 0.822 using height, cube root weight, arm girth

divided by thigh girth, at elementary level;

2. 0.784 using chest girth, standing height and
shoulder width, at junior high school level;

3. 0.607 using arm girth, shoulder width divided by
hip width, at senior high school level.

These studies suggest not only that children are
not geometrically similar in their growth, but also that
variation in body proportions does not allow the

relationship between body size and strength to be shown

by one measure. In fact, Corrlett (1984) suggested that
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the geometric models, based on the dimensionality
theory, were not adeguate because of this fact and were
only useful precisely because they forced examination of
their underlying assumptions.

These assumptions have been investigated in the
study by Marshall et al. (1978). Based on the geometric
model , these studies have looked at the changes in body
size in terms of one measure relative to another.
Marshall et al. (1978) reported the mean exponent (b)
values for girth lengths, and skinfolds on a vearly
basis for boys 7-17 vears. These results show the
relative positive or negative allometric growth for
different body size measures. For example, perfect
geometric growth between height and weight would be
shown by an exponent value of 3. However, Marshall et
al. (1978) reported that below the age of 14, weight
showed negative allometry, suggesting that height
increased beyond the expected increase in weight. At
the age of 14, weight and percentage body fat changed to
positive allometry. This indicates that the increase in
weight was due to an increased proportion of body fat.
At the age of 1é& weight and lean body mass both showed
positive allometry with percentage body fat showing
negative allometry. This would indicate that the
increase in weight was due to an increased proportion of
muscle mass. In their conclusion about the variability

of growth, in terms of girth lengths and skinfolds,
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Marshall et al. (1978) drew attention to the

implications of their results for future studies:
Utilization, or at least note of present
results would be wise in any attempt to
dissociate differential structure from
functional change (p. 9).

That variability can occur in the growth of body
tissues such as bone muscle and fat has also been shown,
using longitudinal data to follow growth patterns
(Meredith and Boynton, 1937; Reynolds, 1944; Malina and
Johnston, 19467). For example, Malina and Johnston
{(1967), looked at the significance of age, sex, and
maturational differences in the upper arm composition of
children aged 6 years to 16 years. Malina and Johnston
(1967) reported that there were no sex or age
differences in the muscle and bone ratios, but found
that the muscle to fat ratio more than dodbled for boys,
while it remaiﬁed constant for girls. This change was
due to a reduction in the adipose tissue in the boys.
This study highlights the markedly different upper arm
composition of boys and girls; this would not have been
shown by the measurement of girths.

The second major factor which shouwld be
highlighted, from the results of studies examining the
relationship between body size and strength, is the wide
variation in the magnitudes of the relationships. For
example, Jones (1949) reported a correlation of Q.33

between measured strength and body height in children

17.5% years of age, whereas Molnar and Alexander (1973)
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reported a correlation of 0.918 between body height and
FT scores obtained in a knee extension task performed at
S0 deg/sec in children aged from 7 to 15 vears.

However, as was indicated by studies cited earlier
(Asmussen and Heeboll-Nielsen, 19%4: Corlett, 1984),
children’'s strength increases firstly because they are
getting bigger, and, secondly, because of matuwrational
factors. The interpretation of the relationship between
body size variables and strength, therefore, demands the
recognition that measuwres of body sizre are also commonly
used as measures of growth and maturation (Krogman,
1948; Espenchade and Echkert, 1980). The relationship
between height and strength will therefore be affected
by the homeogeneity of the population in terms of stage
of development. Clearly, using data from a wide age
range, or during a growth spurt period such as
adolescence will decrease this homeogeneity and increase
the magnitude of the correlation between body size and
strength.

Jones (1949%9) was able to emphasise these points in
the results of his study. A correlation co-efficient of
Q.65 was found between strength and height. It was
stressed, however, that this was for a grade group with
an age range of two yesars, which covered a period of
accelerated growth around 14 years. When the
correlation was obtained for subjects aged 17.5 years

it was reduced to 0.33%, Jones (194%9) suggested that the
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lower correlation was due to the fact that the group was
more homeogeneous. This was because the age was held
constant and the subjects had reached maturity.
Bimilarly, Carron and Bailey (1974), measuring strength
in a longitudinal study of boys aged 10 to 17 years,
tound that the magnitude of the correlations with height
and weight varied year by vear. They found that the
magnitude increaesed and decreased in the shape of an
inverted U. It was suggested that this was to do with
the homeogegeneity of the group, where correlations were
greatest during the period of greatest change: the
adolescent growth spurt.

It could be concluded from this section that the
magnitude of correlation between measures of size and
strength do not simply reflect the influence of size on
strength but also the effects of maturation.

This conclusion is perhaps not surprising, since
the most commonly used indices of maturity are an
individual ‘s morphological characteristics, such as
height and weight. Indeed, studies which have
investigated the relationship between more sophisticated
measures of an individual ‘s maturity and strength not
related to body size have found that they provide little
to explain the variance in strength (Clarke and Harrison
1962 Carron and Hailey 1974). For example, Rarick and
Oyster (1964) measured skeletal age to see whether this

measure gave more intormation on the relationship
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between growth and strength, not measuwred by the common
indices of maturity, height and weight. They found that
the skeletal age added little, if anything, to the
relationship between strength and growth. They did
find, however, that the skeletally maturer subjects were
stronger than those who were skeletally immature. By
the same token, however, the more mature individuals
also tended to be the ones who were taller and heavier.

J2ed Physical Activity and Strength

2'

Several investigators believe that the level of
physical activity and type of physical activity children
engage in during growth and development will have an
effect on their strength and motor performance scores
(Muller, 19703 Conger et al., 19823 Heeboll-Nielsen,
1982 Corlett, 1984).

Muller (1970) studied the influence of training and
physical activity on muscle strength. He proposed that
thé state of training of a muscle be expressed as a
percentage of its limiting strength, which is the
maximum strength that can be achieved by maximum

wercise. Specifically related to children’'s strength
Muller (1970) suggested that growth and development
increased children’'s limiting strength, but that level
of activity affected their relative strength. In

children, stage of development, in terms of limiting
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strength, is a barrier to their impovement in relative
strength. Muller (1970) suggested that it was possible
to decrease in relative strength due to inactivity,
while increasing in limiting strength due to growth. Ry
comparing initial strength levels to the strength
achieved in response to maximum exercise (strength
training where subjects improved to their maximum)
Muller (1970) was able to calocwlate the relative
strength for 88 children aged 11 to 1é& years. He
reported that average initial strength was 78%, with
only 11 children having an initial relative strength
above 0% of their limiting strength. He concluded that
limiting strength bad not been reached in these children
by their daily physical activity and school physical
education classes.
Heeboll~Nielson (1982) compared the strength of

Danish children in 19%6é to Danish children in 1981. He
spressed the results of the strength measures relative
to height and found that when differences in body size
were accounted for children in 1936 were on average 9%
stronger tham the children measured in 198l. He
suggested that a less active lifestyle and a SO%
decfease of physical education class time in the
cirriculum since 1956 couwld possibly account for the
decreased strength in children. Conger et al. (1982)
compared the C.AH.F.E.R., fitness test scores obtained

in 1960 with the results obtained in 1980,
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Gignificantly better performances (p < 0.001) were
obtained in the 1980 children’'s scores for a one minute
sit-up test, standing long jump, and a flexed arm hang
{(tor females). One of the explanations given for this
improvement was as follows:
Children were now physically superior and
;apable of superior performance due to
inoreased emphasis on physical activity
ﬁz??ramﬁ in school and community settings (p.

Lower levels of physical activity and the
engagement in different types of physical activities are
thought to be factors that could account for seu
differences in strength and gross performance in
children and adults (Rarick and Thompson, 19%6: Andres
et al., 1981y Rees and Andres, 1981). It is suggested
that males and females engage in different levels and
types of physical activity because of social
stereotyping (Andres et al., 1981l; Rees and Andres,
1981). With respect to stereotyping, Rees and Andres
(1981) showed that children, regerdless of gender,
believe boys to be stronger than girls.

It is thought that there is little physiological
basis, in terms of muscle size or guality of the muscle
before puberty in boys, for any sex difference in
strength in children (Ikai and Funkaga 1968; Marshall,
1979) .  However, studies have found that boys are
significantly stronger than girls, even when differences

in body size, and muscle bave been accounted for (Rarick
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and Thompson, 199&4: Montoye and Lamphier, 1977;
Asmussen, 1980).

Studies using adults have found that when
differences in body size have been corrected for, sex
differences have been reduced (Wilmore, 1974; Hot fman ,
Btauffer, and Jackson, 1979; Morrow and Hosler, 1980).
Wilmore (1974) also found that when lower body strength
is expressed relative to weight males and females have
similar levels of strength. This was not true for upper
body strength, where men were stronger than women in
strength expressed per unit of lean weight. Similar
results were also reported by Hoffman et al. (1979) who
found that when strength was expressed relative to lean
body weight and height, sex differences in strength were
due to upper body strength and not to lower body
strength. These studies suggest that this difference
between upper and lower body strength provides evidence
that sex differences are partly due to dissimilarity of
use. They hypothesise that males and females are
similar in lower body strength when differences in body
sirze are accounted for, because these muscles are used
in similar activities by both sexes (running, walking).

This trend, for sex differences to be more apparent
for upper body strength than for lower body strength is
also noted in studies reporting sex differences in
strength in children. For example, Asmussen (1980)

reported that sex differences in children at any height
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was almost non-existent in lower body strength, but more
apparent in upper body and trunk strength. It could be
inferred that sex differences in children are caused by
dissimilarities of use. Indeed, Rarick and Thompson
(1956) suggested that the 6 ib difference in leg
extensor strength between boys and girls of equal leg
muscle size was probably due to differences in levels of
physical activity between the sexes. This suggestion is
expressed in the following statement by Rarick and
Thompson (1954)
It would, therefore, seem that the tendency
shown by the boys to be slightly stronger per
unit of muscle area than girls may be due to
gualitative differences in the muscle tissue
of the sexes. Such differences at this age
level are more likely the result of
differences in physical activity than of
constitutional sex differences (p. 331),
It could be concluded from this section that a
source of variance in strength scores amongst children

and between girls and boys will be levels of physical

activity and the type of physical activity engaged in.

2.e3.58 The Velocity Specific Natuwre of the Development of

Strength

Growth of the body in terms of size, the maturation
of the central nervous system, and state of training,
are all factors which might affect the development of an
individual 's torque generating capacities in voluntary
limb movement. One might expect that the relative

influence of these factors would be the same,
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irrespective of the angular velocity of the limb
movement at which peak torque was obtained. However, in
the studies cited above it was shown that an
individual ‘s capacity, in terms of maximum torque
production, can be specific to the speed of movement:
individual ‘s who are strongest at one velocity may not
be the strongest at another velocity (Henry and Whitley,
1960 Whitley and 8mith, 19633 kKnapik and Ramos, 1980),
Indeed, Gillian et al. (1979b), who obtained FT scores
at 30 deg/sec and 120 deg/sec in children aged 7 to 13
vyears, ftound that sex differences were relatively
greater at 120 deg/sec in comparison to 20 deg/sec.
Significant sex differences were found in FT scores,
independent of both height and weight, at 120 deg/sec,
though not found in FT scores at 30 deg/sec. This
indicated that boys were able to produce relatively
greater torgue at higher velocities than the girls.
Gillian et al. (1979b) also reported that the magnitude
of sex difference increased as the children grew taller
and heavier., This indicates that this sex difference is
atfected by development.

A similar type of sex difference has also been
found in a study by Anderson et al. (1979) who tested
college men and women in one isometric and three
isokinetic knee extension tasks 60, 180 and 300 deg/sec.

When strength scores were expressed in Nm and Nm/kg men

were stronger in all tests. However, when the results
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were expressed in Nm/LEW no difference between the sexes
was found for the isometric and 60 deg/sec conditions.
At isokinetic speeds of 180 deg/sec and 300 deg/sec men
exerted a greater percentage (F < 0.01) of their maximum
isometric torgue than did women. I¥ both studies are
considered together, therefore, it would appear that the
sex difference in the ability to produce greater
relative force at high speeds becomes apparent during
development and becomes more established during
adulthood.

In view of this, a pertinent question to raise is
whether a child's development of maximal torgue
production at different velocities of movement is
constant or develops at different rates. The folowing
statement by Asmussen (1973 suggests the possibility
that strength development could be velocity specific:

Growth may influence various parts of the
newromuscul ar system differently,
asynchronously, and strength in one situation
may therfore be different from strength in
another situwation because the co-operation of
these various parts may be different in the
two situations (p. 64).

Little is known about the factors which affect the
rate of development of children’s force-generating
capacities at different velocities of movement. Ferhaps

the major reason for this can be found in the following

statement made by Bosco (1983) in a monograph on
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strength and explosive power in man:
Due to the complexity of the newromuscul ar
system it is often difficult to identify the
essential compornents and their relative
contributions to the production of force and
speacd (p. 69).

However, one of the components of the neuwromuscul ar
system that has been identified and is thought to
influence force production at different velocities of
movement is the guality of an individual ‘s muscle, in
terms of its fibre type distribution. Indeed, Anderson
et al., (1979) suggested that the velocity-specific
nature of the sex difference for FT scores at the higher
velocities, independent of height and weight, was
probably due to differences in fibre type or fibre type
recruitment.

The next section will examine the studies which

have investigated fibre type distribution and its effect

on force and speed production.

D2u3.6 Fibre Type

The purpose of this section is to review the
studies which have investigated the effect of the
guality of an individual ‘s muscle in terms of
fast-twitch fibre type composition on force and speed
production. The purpose of reviewing these studies is
to ascertain the esxtent to which children’s maximum
torgue-generating capacities, at a range o? velocities,
will be affected by the percentage of fast-twitch fibres

in their muscles.
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Several studies have found that the percentage of
fast-twitch fibre will affect force production. For
example, Thorstensson (19764) obtained FT (Nm.kg/bw)
measures of maximum voluntary efforts in a knee
extension task at a range of constant angular
velocities, including O deg/sec (isometric), using a
Cybex Il for subject populations with a percentage
fast—-twitch fibre composition greater than &60%, and a
subject population with a percentage fast—twitch
composition less than S50% (n=10). He reported that the
peak torgque velocity curves obtained for these two
subject groups diverged in terms of FT production as the
velocity increased. This is shown in Figure 2 (p. 45).
This figuwre shows that the subject group with the
percentage of fast—twitch fibres greater than 60% tended
to have higher FT scores at each of the velocities,
comparecd to the subject group with a percentage of
fast—-twitch fibres less than 504, This difference,
however, was only significant (p « 0,03 at 180 deg/sec.

These results have been confirmed in two other studies
by Thorstensson et al. (1976 and 1977).

Thorstensson (1976) suggested that these results
demonstrated the importance of fast—twitch fibres in
movements demanding high tension at high velocities. It
was also suggested that the lack of significance at low

velocities was possibly due to the fact that at these

velocities other factors, such as muscle size, were of
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more importance.

Other studies have also confirmed the results
obtained by Thorstensson. For example, Gregor et al.
(1979) obtained FT scores in a knee extension task at
velocities of O, 96, 192, and 280 deg/sec, using a Cybex
ITy m = 22 female athletes. SBubjects were divided into
two groups on the basis of their percentage distribution
of slow twitch and fast twitch fibres (8T group less
than S04 FT, FT group greater than 50% FT). Im all
cases subjects with & slow twitch fibre composition less
than 507Z tended to have higher torque scores. These
differences were significant at 96 deg/sec (p < 0,05,
192 deg/sec (p « 0.01), and 280 deg/sec (FF < 0,025). No
significant differences were found at 0 deg/sec. When
torgque values were expressed per kilogramme of body
weight a significant difference was found only at 192
deg/sec (p < 0O,03), Covyle et al. (1979) obtained FT
scores in a leg extension task at the following constant
angular velocities: 57, 1135, 200, 287, and 400 deg/sec.
All FT scores were expressed as a percentage of the
subjects’ FT score obtained at 57 deg/sec. Twenty-one
males were tested. When subjects were divided into two
groups, on the basis of their percentage distribution of
slow twitch and fast twitch fibres (8T group less than
50% FT, FT group greater than S0% FT), it was found that
the predominantly fast twitch group was able to produce

11%, 1&%, 2%%, and 47%, significantly greater percentage
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torgue than the slow twitch group at the velocities of
118, 200, 287, and 400 deg/sec respectively.

The studies reported so far would seem to support
the view that the guality of an individual’'s muscle, in
terms of its percentage of fast-twitch fibres,
influences its capacity to develop maximum force,
particularly at high velocities.

Hased on the evidence of the above studies it could
be inferred that the percentage of fast-twitch fibres in
children’'s muscles might affect the torque they produce,
particularly at high velocities. This assumes, of
course, that the guality of children’'s muscles and
adults’ muscles are the same. To investigate this, Komi
et al. (1977) looked at the significance of the genetic
component in determining the inter—individual variation
obseryed in muscle fibre composition using 31 pairs of
female and male monozygous and dizygous twins. The data
revealed that, unlike the dizygous twins monozygous
twing had essentially identical muscle fibre
compositions., 8Bimilarly, & study by Bell et al. (1980)
investigated the muscle fibre types and morphometric
profiles of skeletal muscle (vastus lateralis) in six
year-old children, The researchers concluded that the
fibre distribution pattern and ultrastructure of
skeletal muscle in six year—old children was no
different from that of normal adults. It should be

noted that Bell et al. (1980) not only investigated the
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similarity between children and adults in terms of their
percentage of FT and 87 fibre type distribution but also
investigated a more detailed classification which
included the division of FT fibre into subtypes; fast
twitch glycolytic known as FG or Ilb fibres, and FT
odidative known as FOG or Ila fibres. The difference
between the Ila and Ilb fibres is related to their
glycolytic and oxidative potential: type I1Ib fibres have
a lower oridative and higher glycolytic capacity than
type Ila fibres which bhave enzymes for both metabolic
pathways. It bas been shown that it is possible with
training to convert the type Ila fibre to type Ilb fibre
and vice versa (Henriksson and Reitman, 1976)3 no such
effect has been found for the conversion of 8T into FT
fibres or vice versa. It could be suggested that growth
might be another factor that could influence this
conversion. Indeed, it might be the case that
pre~puberty there is a predominance of either type Ila
or type Ilb fibres. However, the fact that Bell et al.
(1980) was able to show that the distribution of type
ITa and type Ilb fibres was no different between
children and adults gives evidence against this
possibility. Indeed, the results of these studies by
Eomi et al. (1976) and Bell et al. (1980) would suggest
not only that the distribution of fibre types within a
muscle is controlled genetically but also that this

distribution is not affected by development.
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Two conclusions could be drawn from this, regarding
the extent to which children’'s masximum torque-generating
capacities at a range of velocities will be affected by
the percentage of fast-twitch fibres in their muscles.
These are as follows:

1. Since fibre distributions are the same for adults, it
would be expected that individuals with a higher
percentage of fast-twitoch fibres might obtain higher
scores, especially at the high velocities.

2., Since fibre distribution is not affected by
development, this phenomernon would not be affected by
age; the variability would be expected to remain
relatively constant across all ages.

Only two studies have investigated the relationship
between fibre type distribution and performance tasks
involving high tension at high velocities in children:
Mivashita and kKanehisa (197%9) and Kanehisa and Miyashita
(1980). Neither study, bhowever, measured fibre
distribution directly; both assumed, on the basis of the
results reported by Thorstensson (1976), that a high
peak torgue score obtained at a maximal effort, at a
fast contraction velocity, would reflect the effect of a
higher percentage fast-—twitch fibre distribution. The
results of both studies are reported below.

Myashita and Fanehisa {(1979), in a studonf 569
boys and girls aged 1% to 17 years of age, found a

significant relationship between the FT (210 deg/sec) of
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TABLE 2

Correlations Between Running Speed and Peak Torgue

Age 13 14 15 16 17 Total

Boys n 55 53 54 51 50 269

r 0,573%** 0.557*** 0.513*** 0.256 0.188  0.688***

r# 0,328 0.310 0.263 0.066 0.03% 0.473
Girls n 61 58 55 52 55 281

r 0.361** 0.251 0.281* 0.304* 0.312*% 0.373**

r< 0.131 0.063 0.079 0.092 0.097 0.139

* Significant at 0.05
** Significant at 0.01
*»* Significant at 0.001

Note: From 'Dynamic Peak Torque Related to Age, Sex, and
Performance', Miyashita and Kanehisa, 1979, Research
Quarterly, 50, 2, p. 250.
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knee extensors and the mean speed, in metres per second,
of a S0 metre maximal run (boys ' r = Q.688; (F < 0,001),
and girls’ r = Q.I7%; (F < 0.01)). Significant
relationships were also found when correlations were
obtained for these subjects categorised by age. These
are shown in Table Z. Significant correlations, using
S5 swimmers aged between 11 years and 21 years were also
obtained between pealk torque scores (210 deg/sec) of arm

pull and the best recorded time in the 100 metres

freestyle swimming (boys r = 0.728; p « 0.001), and
(girls r = 0.515; p < 0.05)). The authors reported that

they had expected to obtain relationships between FT 210
deg/sec for these two motor tasks. In addition,
although significant correlations were obtained, for
both males and females, the authors could not explain
the tendency for females to have lower correlations.

In the study by Eanehisa and Myashita (1980) an
attempt was made to classify 549 children aged between
1% to 17 years into sprint or endurance types. In order
to do this , performance scores (which were converted
into t scores) were obtained on the following tests:

1) S0O-metre dash

2) Se-minute run

) OFT score from a knee extension task obtained at a
constant velocity of 210 degrees/sec.

Bubjects were classified into fast-~twitch and

slow-twitch fibre types using the following procedures:
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1. fast—-twitch fibre types: subjects whose t scores

of FT per unit of body height were 5% or over were
classified as having more than 50% fast-twitch
fibres,

2. slow-twitch fibre types: conversely those whose

t scores were 4% or under were classified as having

more than S04 of slow-twitch fibres.

Using this classification system 25.8% of the boys and
27.9% of the girls were classified as fast-twitch types
and 25.8% of the boys and 22.7% of the girls were
classified as slow-twitch types.

When the relationships between fibre type and
performance t scores on the S-minute run, and S0-metre
dash were examined, it was reported that the slow-twitch
fibre type boys and girls tended to have higher T
scores on the S-minute run  than on the S0-metre dash,
whereas the fast-twitch fibre types had higher t scores
in the S50-metre dash than in the S-minute run.
Correlations of the significance of these relationships
were not reported. The researchers did report, however,
that Z0% of the subjects showed the reverse tendency.

A stricter classification procedure identified
subjects as endurance types and sprint types as follows:

1. endurance types: t scores of 4% or below, for PT

and S0-metre dash, and t scores for the S-minute
run of S5 or over.

2. sprint types:if they had t scores of 485 or

e
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under on the S-minute run, and t scores of 55 or

above for FT and S50-metres dash.

Using this classification system only 3 sprint type boys
and seven endurance type girls could be identified out
of the %5469 children tested. The authors reported that
they could offer no explanations for the apparent sex
differences in the classification. They did suggest,
surprisingly perhaps, that this classification system
might aid the school teacher in providing exercise
programmes suited to the physiological profile (in terms
of fibre type composition) of children.

It could be concluded from these two studies that,
first of all, there are associations between FT scores
at 180 and 210 deg/sec and performance in motor tasks
demanding high tension at fast speeds, and, secondly,
these associations appear to be stronger in males than
in females. Moreover, since both these studies assume
that a high score at 180 or 210 deg/sec is indicative of
a subject with & high percentage of fast-twitch fibres,
it is also concluded that the better performance in
tasks demanding high tension at fast speeds is related
to a higher percentage of fast-twitch fibres.

Based on the above conclusions two observations on

the relationship between the percentage of fast-twitch
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fibre and performance could be made:

1. Although it was concluded that males showed a better
relationship between percentage fast-twitch fibre and
pertformance in tasks demanding high tension and speed
than females, this sex difference cannot be explained as
differences in fibre type distributions, since females
are thought to have the same percentage of fast—twitch
fibres as males.

Ze Although it was concluded that there was a
significant relationship between fibre distribution and
pertormance, the results indicate that as a factor
affecting performance it only accounts for a small
proportion of variance, particularly at some ages. For
example, although, from Table 2 it can be seen that many
of the relationships, found by Myashita and Kanehisa
(197%9), (relationships between the FT (210 deg/sec) of
knee extensors and the performance in a S0-metre maximal
run), were significant, they only accounted for between
47% and 147 of the variability in performance.

These observations highlight the fact that the
effect of fibre type distribution is not clear; there
are many questions still to be answered. Indeed, many
studies question the validity of the basic assumption,
made by kanehisa and Miyashita (1980) and Miyashita and
Fanehisa (1979), that relatively higher FT scores will
be obtained in maximal efforts at fast velocities by

individuals with a higher percentage of fast-twitch
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fibre distributions., In other words, researchers have
either found no significant correlations between the
percentage fast-twitch fibre composition and performance
in motor tasks which involve high tension and or speed
(Campbell et al., 19793 Ingemann-Hansen and
Halkjaer—-kristensen 19793 Clarkson et al, 1982), or they
have found significant relationships for one population
and the reverse or absence of significant relationships
for another subject group (Inbar, Kaiser, and Tesch,
1981, Jacobs and Tesch, 19813 Karlsson and Jacobs, 1981;
Fomi and Karlsson, 1978, 1979).

Two main explanations in these studies account for
the conflicting results.

The first explanation is that the percentage fibre
composition in a muscle is not a particularly
significant factor for explaining the variance in
performance scores obtained in motor tasks involving

o
high tension and/or speed. For example, Campbell et al.
(197%9) found no significant relationships between the
percentage fast-twitch distribution (22 females), either
positive or negative, and performance scores obtained in
the following tests:
1. 20 sec anaercbic power test with low KF and high KPP,
2. sargent jump,
Fe VOD man test.

In contrast to the results reported by Thorstenssen
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(1L97&) y Ingemann—Hansen and MHalkjaer-Eristensen (1979)
reported that they could not demonstrate that in a FT-V
relationship there is a significant correlation between
FT at the higher velocities and fast-twitch fibre
composition. In their study they obtained FT scores in
knee extension at a range of constant angular velocities
CH0 deg/sec to 360 deg/sec) in 15 football players.
They found that FT decreased linearly with increasing
angular velocity in a semilogarithmic scale. Linear
regression was used to calculate intercept and slope
values from individual data, plotted on a
semilogarithmic system {Log FT = Va + b, where a was the
slope, b the intercept, and V was velocity).
Correlations between the variables of slope and
fast—twitch fibre composition were not significant.
Similarly, Clarkson et al. (1982), obtained FT scores
using an isokinetic device at velocities of zero
deg/sec, 0 deqg/sec, 180 deg/sec, and 240 deg/sec for
eight males. No significant correlations were found
between FT (expressed relative to MVC or per kilogramme
of body weight) and the percentage distribution of
fast~-twitch fibres. However, in their discussion of the
lack of significant relationships, Campbell et al.
{1979) made the following gualifications:
Significant correlations are usually
exceptions to the data, or have not been
confirmed in other studies. Such correlations
may therefore be type [ errors and

rationalisations of such relationships may not
be warranted (p. 264).
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One of the rationalisations referred to was that made by
Thorstensson et al. (1977), who suggested that subjects
with & higher percentage of fast-twitch fibres would
have a greater performance capacity in tasks invelving
high tension at high velocities., However, Thorstensson
et al. (1977) did point out that although a significant
relationship was found between FT 180 deg/sec and the
percentage distribution of fast—-twitch fibres, fibre
distribution alone could not account for the higher FT
(180 deg/sec) scores obtained for sprinters in
comparison to the other athletes and sedentary subjects.
Campbell et al. (1979) also suggested that the
significant correlations in studies such as Thorstensson
et al. (1977) have not been confirmed; however, it must
be noted that the Campbell et al. (1979) study was
published in 1979, and, since then other studies have
confirmed the results reported by Thorstensson et al.
(1977), studies such as Coyle et al. (1979) and Gregor
et al. (1979).

It could be concluded from these results that the
effect of percentage of fast—twitch fibres for many
motor tasks might be relatively unimportant.

The second explanation for the conflicting results
of studies in this area is that the relationships
obtained between fast-—-twitch fibre distribution and
performance scores, in tasks involving high tension and

speed, may be specific to the subject population tested.
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For example, studies have found that in comparable
groups of males and females, differences were found
between the sexes, with respect to the relationships
between fibre type distribution and exercise performance
variables., Farlsson and Jacobs (1981), in a study of
the exercise performance of 38 males and 22 females
obtained the following results:

1. females, in muscle strength and power, were 6&60%

to 80U of the male level, even when corrections

were made for body sizes;

2. females reqguired almost twice as much time to
develop 70% of the maximal leg force of the males:
S. females demonstrated lower levels of activity of

the enzymes responsible for muscle contractility

and glycogenic activity.
These differences were found, in spite of the fact that
the females displayed a higher percentage of fast-twitch
fibre type distribution compared to the males. The
results of this study were similar to the results of
their earlier investigations (Komi and Karlsson, 1978;
Eomi and Karlsson, 1979). They interpreted their
results as follows:
Ubservations suggest that sexually mediated
differences in neuromotoric control may exist
atfecting muscle force production, speed, and
the accepted relationships between muscle
fibre types and exercise performance (p. 110).

The results reported by Jacobs and Tesch (1981) would

support the above conclusions of Karlsson and Jacobs
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(1981). Jacobs and Tesch (1981) obtained the following
results for the females in their study:
1. negative relationships between percentage
fast-twitch muscle fibre area and a) post exercise
muscle lactate and b) peak power;
A dinsignificant relationships between muscle
lactate and peak power.
In contrast, when these results were compared with the
same tests and variables examined on males, as reported
by Bar-0Or et al. (1980), the males showed the reverse of
the results for the females. Jacobs and Tesch (1981),
who observed this reversal, made the following comment:
Where a significantly positive relationship
was evident for the males, a statistically
insignificant or negative relationship was
demonstrated by the females (p. 130).
In discussing these results Jacobs and Tesch (1981)
suggest that sex differences in relationships between
fibre types and exercise performance might explain the
conflicting results obtained in some studies. For
example, they first of all suggested that the
non-significant relationships in the study by Campbell
et al. (1979) might be due to the fact that the subjects
were females, and, secondly, they suggested that
uwnexplained sex differences, found by Myashita and
banieshia (1979), in the strength of the correlation
between FT 210 deg/sec and speed of a S0-metre run are
the result of ser differences in the accepted

relationships between fibre type and exercise
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pertormance. Moreover, Anderson et al. (1979), in their
attempt to explain why the sex difference in torque,
independent of lean body weight, increased and became
significant, with males being stronger as velocity
increased, suggested that this sex difference might be
related to fibre type or muscle fibre recruitment.

It could be concluded from these studies that while
it is thought there are no sex differences in fibre type
distributions there may be sex differences in the
accepted relationships between these fibre types and
performance. In terms of force production, this sex
difference would appear to give males an advantage over
females at high velocities.

One of the purposes of the present study is to
investigate sex differences in PT scores at a range of
velocities. 8Sex differences in the accepted
relationships between FT fibre types and force
production at high speeds might be a factor which will
cause sex differences in the FT produced at high

velocities.

2.3.7 The Test as a Factor Affecting PT Scores

The purpose of this third section has been to
review the research concerning the factors that will
affect the development of isokinetic strength in
children; so far the factors which have been reviewed
are: age, gender, body sirze, level of activity, and

fibre type composition. It would be expected that some,
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or all, of these factors will affect the variance in BT
scores obtained for children at a range of velocities.
Indeed, Molnar and Alexander (1974) tested children aged
7 to 15 years at a velocity of 30 deg/sec in various
limb movements. It was found that sex, age, height,
weight, and leg dominance, in a multivariate regression
analysis, could account for 50% to 70% of the variance
in obtained scores. They suggested that the remaining
variation might be the result of variation in level of
activity, constitutional, or other unknown influences.
However, as Molnar and Alexander (1979) pointed out in
the following statement, the test itself must be
considered as a possible source of variance.
A pertinent question to raise is whether
inaccuwracies of measurement as a result of
technical defficiencies, physiological and
psychological variables play a significant
role in the remaining variance {(p. 220).

In the present study the intention is to obtain FT
scores at 4 constant velocities using a Cybex II. It
must be considered, therefore, that this test will be a
possible souwrce of variance in the FT scores. To be
able to evaluate the possible effect of this test on the
FT scores this review will consider the research
relevant to the following: the ability of the Cybex I1I
to give valid and reliable PT scores, and the ability of

the subjects to give reliable PT scores representing

their maximum voluntary effort.
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Sedebia) reliability and validity of Cybex II

AN important procedure for studies measuring
strength, irrespective of the method used, is first of
all to establish that the equipment gives valid and
reliable measures.

To date the procedures recommended by manufacturers
for calibrating the Cybex II to check its reliability
and vaiidity are based on the principle that torgue is a
force which acts about an axis of rotation; it is the
product of the force and its perpendicular distance from
the axis of rotation. The validity of torgue
measurements can therefore be checked by dropping a
known weight from a known lever length, where the
cbtained peak torgue should egual the calculated torque:
weight X lever length.

The manufacturers of Cybex II, Lummex Inc., claim
that a properly calibrated machine will accurately
measure peak torgue to plus or minus 1.5 ftlbs, when the
IO ftib full-scale deflection mode is used, and plus or
minus 2.5 ftibs with the 180 ftilb full-scale deflection
mode. In addition, the manufacturers also claim that a
calibrated machine will only deviate by 1 ftlb for
repeated measures across time, when the 30 ftlb or the
180 ftib full-scale deflection mode is used.

1t should be noted that this calibration procedure

can only be performed at 30 deg/sec. Nevertheless, the

FAGE 119



manufacturers state that the reliability and validity
determined using the calibration procedures at 30
deg/sec will determine the reliability and validity of
the scores at the other velocities. However, as will be
shown later in this review, recent research would
question the accuracy of this statement.

The procedures outlined by the manufacturers have
been used to check the reliability and the validity of
the Cybex Il devices used in the majority of previous
studies (Moffroid et al., 19693 Thorstensson, 1976;
Fnapik and Ramos, 1980; Scudder, 1980). All these
studies report that the Cybex Il gives reliable and
valid measurements of torque. For example, Moffroid et
al. (1969) made a detailed study of the reliabilty and
validity of the Cybex II. Their conclusions were as
follows:

The measurements made by the isokinetic device
and recorded by a pen recorder (torgue, worlk,
power, range of motion, and speed) have been
shown, thus far, to be reliable and valid (p.
746) .
Similar conclusions were drawn from the calibration
procedures of the other studies.

However, although Thorstensson (1976) concluded
that "torgque registration showed high reliability and
validity," he also reported that velocity was not
constant during the whole arc of motion. Furthermore,

e attributed inconsistencies in velocity to the initial

phase in the arc, where there was a time-lag before the

FAGE 120



pre-set angular velocity was reached.

The effect of this time-lag, and its implications
for obtaining valid torque measurements, is an area that
has only recently been investigated (Murray et al.,
1982a3 Murray, Harrisson and Wood, 1982bj Sapega et al.,
1982 Murray and Harison, 1986).

In an ongoing study of the reliability and validity
of the Cybex II, Muwray et al. (1982a) suggested, from
initial observations, that the ability of the
servo-mechanism of the Cybex II, to control limb
movements at a constant velocity throughout a movement
and give accurate registrations of torque, had perhaps
been overestimated.

The manufacturers themselves suggest that the
time-lag is causeéy%pproximately 2 degrees of mechanical
free play in the Cybex II. The effect of this free play
is that, for brief instants, the limb may accelerate
bevyond the pre-set velocitys the result of this is an
impulse load, as the servo—mechanism decelerates the
limb. The main effect is at the beginning of the
movement, where it causes an initial spike or a peak on
the chart recording. This is referred to as
"overshoot". This overshoot can also occur at other
points during the movement, although to a smaller
degree. It is shown by oscillations in the chart

recording (Murray et al., 1982a; Sapega et al., 1982).
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Sapega et al. (1982) have described the overshoot effect
as follows:
The prominent initial torgque spikes and
secondary oscillations that often appear in
Cybex torgue records do not represent
intermittent surges of muscular contractile
force, but rather the forces associated with
the initial deceleration and subsequent
velocity fluctuations of an initially over
speeding limb-lever system (p. 375).
The clearest examples both of the servo-mechanism's
response to accelerations and decelerations of the limb,
and of its effect on torque registration, can be found
in the undamped chart recordings of a torgue curve
(Murray et al., 1982b; Sapega et al, 1982).

The damping facility on the Cybex Il has the effect
of smoothing out the curve, correcting the artifacts
{Cybex Il Handbook). However, studies have questioned
the effect of this damping on the process of obtaining
accurate torgue registrations (Murray et al., 1982aj
Murray and Harrisson, 19863 Sapega et al., 1982). In
fact, Murray et al. (1982b) were able to show that the
ability of this damping system to give valid
artifact-free torque cuvres varied for different
velocity settings. In other words, the magnitude of the
inacruracies was velocity—-specific. This indicates that
there is some doubt about the assumption that the
calibration at low velocities is also valid across the
whole velocity range. Sapega et al. (1982) suggested

that this indicated the need for further research in the

use of the damping system,
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particularly at high velocities:
Investigators using the Cybex should cite the
damping setting used in recording their data
when reporting their results. Further
investigation into the accuracy of overshoot
correction by torque signal damping is needed,
particularly in high speed testing (p. I75).

Clearly the studies by Murray et al. (1982a),
Speaga et al. (1982), and Murray and Harrison (1986)
indicate that the Cybex has limitations, particularly in
the ability of the servo-mechanism to control velocity
at the start of the movement. However, although these
researchers have pointed out the limitations of the
Cybex they do not guantify the consequences of these
limitations for actual subject testing; their evaluation
of the Cybex was based mainly on the mechanical loading
of the system rather that on subject testing. Indeed
Murray and Harrison (1986) recognised this fact when
they wrote:

Fresent inferences are based solely upon a
mechanical loading model. A& further
appraisal , which utilizes muscle loading, is
needed (p.&23).

Although this indicates the need for greater
research in this area the manufacturers themselves have
investigated the implications of the limitations of the
Cybhex for actual subject testing. As a result they have
issued guidelines which should be followed to prevent

imaccuracies in the validity of the torque measurements

during testing. These guidelines recommend the following
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during testing. These guidelines recommend the
following two procedures to ensure valid results:

1. investigators should observe the recommended

damping setting,

2. peak torgue scores should not be taken if they

occur within the first or last eighth of a second

of the torgue curve (1/8 second is approximately
three small units along the baseline).
The latter recommendation ensures that peak torque
measures are taken in what is refered to as the
artifact-free part of the torque curve, that is, the
part of the curve where the effects of the initial
overshoot have passed.

To ensure valid results in the present study the
standardised calibration procedures, which have not only
been recommended by the manufacturers, but also used in
the majority of studies to date,have beenused. In
addition to these procedures guidelines issued by the
manufacturers for preventing the inaccuracies which can
ocow in torgue registration as a result of the
overshoot phenomenon have alsobeenfollowed.

2.5, 6b) subject reliability of FT scores

The second possible source of error in the
measurement of FT in the present study concerns the
subjects’ ability to produce reliable FT scores
rapfesentative of their maximum effort. Indeed to
obtain such measures it must be considered that

technical and psychological factors are potential
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sowrces of error which might affect this reliability.
The effect of these factors bas been estimated in two
ways: examining the occurrence of best scores in the

trials and retests and examining the amount of variation

between the trials and retests. This section will
consider these studies and the information they provide
that will be of use in the present study.

(i) the occurrence of best score

For strength testing,researchers have investigated the
occurrence of the best score in the trials and in the
retests in order to find out whether or not there are
any factors affecting the subjects’ ability to produce
their best score (Johnston and Siegel, 1978; Molnar and
Alexander, 19793 Murray et al., 1980). For example, if
as a result of this type of examination it was shown
that the best scores more freguently occurred in the
retest it would indicate there was a factor preventing
the subjects from giving their best score in the first
test. Furthermore, it would also suggest that in future
testing two tests are required to obtain reliable
SCOres. In the present study this type of information
would be important, particularly when designing the
method; it would be ideal to get an indication from
previous research of the factors that might affect the
peocurrence of best scores.

In providing this information the study by Molnar

and Alexander (1979) is relevant to the present study,

FAGE 125




in that the occurrence of best FT scores was examined
both in successive trials and between an initial and
repeated test for peak torgue scores obtained at 30
deg/sec, using the Cybex II, in children aged between 7
and 1% vears. They reported that there were no
systematic trends, in terms of the increase or decrease,
in the scores for successive trials of the test. Nor
were there any consistencies in the direction of the
deviations between initial and repeated tests, carried
out by the same or by different examiners; that is, the
frequency at which higher maximal scores were obtained
on the initial or the repeated test were nearly equal,
48.6% and 51.4% respectively. HMolpar and Alexander
(1979) suggested that these results indicated that
fatigue, training, or learning did not affect the
results.

These results might indicate that in the present
astudy, at least for testing at 30 deg/sec, these factors
would not affect the results. It could also be
concluded that one test is sufficient to obtain the best
BCONE.

However , although these conclusions could be drawn
from Molmnar and Alexander’'s (1979) study, they would not
be supported by the results of other studies; other
studies have shown that factors such as learning and
familiarisation with the task can affect the reliability

of the scores. For example, Carron and Bailey (1974),
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in a longitudinal study of the development in strength
of boys from age 10 to age 17, found that the largest
increase in strength occurred between the 10th and 11th
vear. They noted, however, that this large increase may
reflect the influence of factors other than a simple
strength increasey; that is, the subjects at age 11 had
adjusted to, and become familiar with, the apparatus,
the test environment, and with the isometric test
itself. This would suggest, therefore, that the first
test was not sufficient to obtain subjects’ best score
and that familiarisation did affect the subjects’
ability to produce a reliable score.

Although these results by Carron and Bailey (1974)
contradict the results of Molnar and Alexander (1979),
this contradiction might be a result of fact that
different methods of testing were used in the two
studies; it may be that isometric tests are more
affected by familiarisation and learning than are
igsokinetic tests. In fact, a study by Murray et al.
(1980), comparing the reliability of isometric and
isokinetic tests suggested that, not only was isokinetic
testing affected by learning, but this effect was also
greater than any effects that occurred in isometric
tests. More specifically, Murray et al. (1980)
investigated the difference in the torgue obtained in
knee extension in repeated measures, during three trials

and two testing weeks, using both isometric and
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isokinetic technigues. The following results were
reported for the isokinetic test:

l. there was no significant difference between the

best score obtained from the two testing weeks,

although the torgue scores tended to be higher in
the second week;

2. torque scores were significantly higher in the

second of the two consecutive trials in 5 out of

the & knee angles tested.
Murray et al (1980) pointed out that the opposite
results, with respect to points 1 and 2 above, were
found for the torque produced when these same muscle
groups and joint angles were tested isometrically,
instead of iscokinetically. It was this difference that
led Murray et al. (1980) to suggest that, within & given
testing session, motor learning played a more important
role in the isokinetic test than in the isometric test.
Murray et al. (1980) further suggested that this was
possibly because the experience of a constant speed of
movement was new to the subjects.

Further evidence that factors such as learning and
familiarisation with the task can affect the occurrence
of best performance in isokinetic tesing is seen in the
results reported by Johnson and Siegel (1978). They
investigated the reliability of peak torque scores
ohtained in knee extension at 180 deg/sec, using a Cybex

1l isokinetic dynamometer; three warm-up trials were
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given, followed by six maximal recorded trials. When
checking the assumption of the randomness of trials
Johnston and Siegel found a significant linear trend (p
o 0.01).  Further analysis revealed that this trend was
due to the first three trials. This trend clearly
indicated that there was a factor preventing the
subjects from producing their best effort in the first
three trials. Although Johnston and Siegel (1978) did
not suggest a reason for this trend, they did suggest
that to obtain reliable scores, future studies should
include these three maximal trials as part of the
warm-—up .

It could be concluded, therfore, that although
Molnar and Alexander (197%9) found no trends in the
occurrence of best FT scores to suggest that factors
such as learning, training, or fatigue were affecting
the subjects’ ability to produce their maximal scores,
other studies did find trends that would indicate the
influence of such factors on the reliability of the
scores. Indeed, Murray et al. (1980) suggested that, in
comparison to the more commonly used isometric test,
there was greater evidence of motor learning affecting
the reliability of the scores. The conflicting evidence
from these results indicates that there is little
definite information that could be used in the present
study, particularly for establishing a sound measurement

schedule. Johnston and Siegel (1978) highlighted the
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need for such information in the following statement:
Although a number of authors have addressed
the fundamental guestion of how many trials
over how many days are required to obtain a
true measure of a subject’'s ability to perform
a particular task, a considerable amount of
work remains to be done in establishing sound
measurement schedules for different parameters
and populations (p. 88).

Indeed, it could be concluded that one of the
important aspects of this study is that it will provide
this information, information important not only for
establishing that subjects in the present study were
able to produce PT scores that represented their maximal
effort within the trials and retests given, but also
important for the information it provides for future
testing in this area. More specifically, it will
provide information concerning the ability of specific
age groups, 5, 8, 11, and 14, to produce maximal efforts
in knee extension at four constant velocities within the

trials and retests given.

(ii) magnitude of variation

Although the occurrence of best scores in repeated
measures gives an indication of any general factors
affecting reliability, by investigating the amount of
variation between these repeated measures researchers
have been able to aobtain a more gquantitative assessment
of reliabilitys high variability indicates low
reliability. Indeed, to be able to assess the
reliability of the FT scores in the present study it

would bhe ideal from previows research to get an
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indication of the amount of variation that would be
acceptable. This type of information would allow the
reliability of the FT scores to be assessed by
comparison with an established baseline score. However,
few of the studies that do guantify this variability are
relevant to the subject population and task performed in
the present study.

The exception to this is the study by Molnar and
Alexander (1979). As was shown above, this study
investigated the reliability of the peak torque scores
obtained at 30 deg/sec, using the Cybex II, in children
aged between 7 and 1% years. The results of their
investigation, concerning the variablity between
repeated measures, showed a mean score deviation of 5.3%
to 5.8% within the trials. This was called intratest
variation; that is, the maximum deviation of the three
trials computed as a percentage of the highest score of
the three trials. When the test was repeated, seven to
ten days later, the mean deviation, using the highest
scores of the two weeks, ranged from 7.9%4 to 9.8%; this
was called intertest variation. Molnar and Alexander

(1979) suggested that calculating the magnitude of
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variation gave an indication of the following:
Intratest and intertest variability reflect
the many aspects of psychological ambience
that occur in a testing situation and that are
created by the interaction between particuluar
subjects and examiners. In addition they can
be considered as an indication of the
consistency in the technical conduct of
measurements by the individual examiner (p.

220) .

Furthermore, they concluded from their results that,
since the variations were slight, technical and
psychological factors did not affect the results to any
extent and could be attributed to the fluctuations in
the uniformity of any human performance.

8ince the subject population and testing device
used by Molnar and Alexander (1979) show similarities to
those to be used in the present study it could be
suggested that their results provide & baseline score
that would allow for the assesment of the reliability of
FT scores in the present study. However, in Molnar and
Alexander 's (1979) study the reliability results were
only obtained at 30 deg/sec. In the present study, by
contrast, FT will be obtained at four constant
velocities. It is possible that the magnitude of
variation would be affected by velocity. A study by
Thorstensson (1974), however, indicated that velocity
had little effect of the reliability of scores. More
specifically, this study assessed the reliability of 25
subjects’ ability to produce peak torgue at six constant

angular velocities (0 to 180 deg/sec), using the Cybex
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I, The co-efficients of variation were reported to be
dulZoto 4.7% in consecutive attempts, and 4.1% to &.5%
in repeated tests, with velocity having little effect on
the co-efficients. Although Thorstensson (1976)
concluded that velocity had little effect on the
reliability, it must be noted that his study differs
from the present study in two respects; firstly, the
velocity range used was only O deg/sec to 180 deg/sec,
whereas in the present study it is from 30 deg/sec to
300 deg/sec, and, secondly, the subjects were adults,
whereas, in the present study the subjects are children
aged S to 14 years. It might be suggested that these
differences in the age of the subject population and in
the velocities tested might be factors affecting the
variability, and that they should be investigated in the
present study. Indeed, in terms of the age of the
subjects, Molnar and Alexander (1979) did find &
tendency, although not significant, for the deviations
to be greatest for those with the lower absolute scores;
this represented the younger subjects.

It could be concluded from this section that there
is very little information from previous research that
would indicate what magnitude of variation to expect for
the subject population and task to be performed in the
present study. The exception to this was the study by
Molnar and Alexander (197%9) who reported the mean

variation between FT scores over trials and repeated
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tests for a similar subject group at 20 deg/sec.

However, since little is krnown about the effect of

velocity on the magnitude of variation, for children of

different ages, it is important that the present study
investigates this. This information is important, not
only, for establishing the reliability of the FT scores

in the present study, but also because it will add to

the information obtained from Molnar and Alexander s

(1979) study concerning the reliability of measuring FT

inm children with a Cybex II. More specifically, the
present study will describe the variation in best PT

scores obtained out of fow trials, occurring between

initial and repeated tests, for subjects aged 5, 8, 11
and 14 in a maximal voluntary knee extension task
performed at four constant velocities (300, 210, 120,

and 30 deg/sec) using & Cybex 11.
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CHAFTER THREE

METHOD

This study was undertaken to investigate the
development of children’s torque generating capacities
in maximal voluntary limb movements performed at a range
of velocities. To be able to obtain meaningful
information from this investigation the answers to five
specific questions were sought:

1. What was the relationship between peak torgue

and velocity for the subjects of each age group”?

2. What effect does age have on the peak torque

scores obtained at each velocity?

3. Are there any sex differences in (a) peak torgue

scores? (b) body size measures?

4. To what extent do parameters of growth, i.e.

age, hip to ankle length, hip to knee length, knee

to ankle length, thigh circumference, height,
weight, and cybesx lever length, explain the
variation in peak torgue scores?

5. Is it possible to cbtain FT scores

representative of a subject’'s maximum voluntary

effort?
To answer these gquestion a design was implemented which
used boys and girls of four age grouﬁs, in a repeated

test, to obtain measurements of PT in left leg knee
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emtenaién'at four angular velocities, and measurements
of body size. The design also included a calibration
test of the Cybex, the equipment used to measure FT.
The methods used to carry out this design will be
detailed below in the following sections:
section 1- subjects, measurements, and equipment,
section 2- testing procedures,

section 3~ the calibration test.
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Section 1

Bubiects, Measurements, and Eguipment

J.l.1 Subjects

121 subjects were involved in this study. Their
age range was between % years and 15 years. The numbers
of the subjects, in their respective age and gender
groups, are listed in Table 3.

The subjects were selected from neighbouring
Primary and SBecondary schools and from the Summer Sports
School held in the Department of Fhysical Education and
Recreation at Glasgow University.

To obtain children from the selected schools the
headteachers were contacted and the test was explained.
They were asked to distribute letters to the parents of
eligible children. The letter explained the purpose and
requirements of the test. Parents who agreed to let
their children participate in the test returned the
permission slips; these recorded the child’'s name,
address, telephone number, and date of birth. The
parents were then contacted directly, any guestions they
had were answered, and arrangements were made for the
test. The parents of eligible children attending the

Summer Sports School were contacted directly.
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TABLE 3

Age and Sex of Subjects
Age (years, months) Sex Number
F 14
5 yrs. - 5 yrs. 6 mths.
' . 15
F 15
8 yrs. - 8 yrs. 6 mths.
.| 16
F 15
11 yrs. - 11 yrs. € mths.
M 16
F 15
14 yrs. - 14 yrs. 6 mths.
X 15
Note: Seven subjects did not complete the test.

These were:
Females - 2 aged 5, 2 aged 8
Males - 1 aged 5, 1 aged 8, 1 aged 14.
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Bubjects were asked to wear light sports clothing
for the test. All tests were carried out in the
Fhysical Education and Recreation Department of Glasgow

University. Transport was available to and from the

test, if required.

Zul.2 Measurements

There were two types of measurements taken:
measurements of FT and mesurements of body size.

The measurement of FT involved the subject
performing left leg knee extension in a standardised
testing position at 4 pre-set velocities: 300 deg/sec,
210 deg/sec, 120 deg/sec, and 30 deg/sec. At each
velocity the subjects were required to perform seven
efforts, three submaximal efforts followed by four
maximal efforts. The torque produced in the four
maximal efforts was recorded.

There were six measurements of body size taken:
standing height, weight, hip to ankle length, hip to
knee length, knee to ankle length, thigh circumference.

Both the FT measurements and the measurements of
body size were repeated one week later.

There were seven subjects who did not do the second

testy 114 subjects completed both tests.
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el d Eguipment

The equipment used to measure PT will be described
in this section. The equipment used for each body size
measurement will be described along with their
respective testing procedures.

To be able to perform voluntary limb movements at a
pre-set velocity and to record the torque produced
throughout the range of movement an isokinetic device is
needed. The isokinetic device used in this study was
the Cybex II Ismkinetic Dynamometer (Lummex Inc.), as
illustrated in Flate 1.

The isokinetic method allows for the measurement of
the maximum torque throughout the whole range of a
movement., This is possible because iscokinetic devices,
such as the Cybex II, control the moving limb to a
constant pre-set velocity. More specifically during the
voluntary limb movement the lever arm of the Cybex,
which is attached to the limb being tested, moves freely
without resistance until it attains a pre-set operating
speed. Once in motion the lever arm is mechanically
prevented from surpassing this speed. It does this by a
hydraulic feedback system which keeps acceleration to
zero; the amount of loading is determined by the efforts
of the subject. If a maximal effort is given, then
maximal loading is maintained at all points in the range

of movement, with the resulting torque being recorded.
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The Cybex also incorporates a device which can
record the torque produced during one effort. Plate 2
shows & typical example of a recording of the torgue
produced dwing a voluntary knee extension limb movement
performed on a Cybex. This Flate also indicates where
the peak torque (FT) values are for each torque curve:
FT is the maximum torgue value obtained in the curve.

To measure the PT in foot-pounds (ft.1lbs) the vertical
units from the baseline to this highest point are
counted. Each vertical unit represents (x) number of
ftibs depending on the scale chosen. The Cybex recorder
used in this study has three possible scales:

IO ft.lbs scale: 1| vertical unit = 1ft.lbs and a

full scale deflection of 30 ft.lbs.

1BO ft.lbs scale: 1| vertical unit = 6 ft.lbs and a

fullyscale deflection of 180 ft.lbs.

360 Ft.lb scale: 1 vertical unit = 18 ft.lbs and a

full scale deflection of 180 ft.lbs.

In this study only the 30 and 180 ft.lbs scales were
used; the torque scores were not high enough to require

the use of the 360 ft.lbs scale.
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Plate 1. Cybex II being used to test knee extension

Foot
Pounds
mm/sec.
Plate 2. Torque recording obtained from knee extension task

Note: Peak Torque = number of boxes from torque
baseline to highest point in torque curve.



Section 2

Testing Frocedures

The purpose of this section is to describe the
exact procedures used to carry out this test. Included
will be a description of the collection of the subjects,
the testing protocol for the measurement of FT, the
testing protocol for the measuwrement of body size, and
the testing protocol for the retest. A summary of the

complete test for one subject is given on page 133.

J.2.1 Collection of Subjects

Subjects were collected and brought to the testing
centre at the Department of Fhysical Education and
Recreation at Glasgow University. Farents or guardians
of the subjects were given the option of attending; this
was considered important for younger subjects, or for
subjects apprehensive about the test. O0On arrival at the
testing centre the subjects were asked to change into

their sports clothes.
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sefe2 Testing Protocol for Measurement of FT

Je2.2(a) testing position

It was, firstly, necessary to make sure that the
subjects assumed a standardised testing position, and
that this position could be repeated exactly for the
retest. Flate I shows the correct positioning of a
subject on the Cybex for left leg knee extension. To
achieve this position for the subjects in this study the
following procedures were adopted:

1. Subjects were positioned on the right-hand chair,
sitting as far back as possible, with their back
supported, and with their lower legs hanging freely over
the edge of the chair. In this position the left thigh
was stabilised using the thigh strap provided on the
Cybex. For small subjects to be able to achieve this
positioning several adaptions were made (FPlates 4 and
S

a) For smaller children, sitting as far back as

possible meant that their lower legs could not hang

freely over the edge of the chair. Back spacers
were used to overcome this.

b) Subjects’ legs are usually placed at either side

of the middle bracket of the chair, with only one

leg being stabilised by the thigh strap. Bince
this was not possible for smaller children, both
legs were placed and stabilised between the middle

and left bracket.

FAGE 143




Plate 3. Standardised testing position - knee extension
(subject aged 11)

Plate 4. 5 year-old subject sitting on Cybex II, showing the
problems of achieving testing position

Plate 5. Modifications made for 5 year-olds to achieve testing

position



~d

2+« In this correct sitting position the dynamometer of

the Cybex was adjusted so that the centre of the

subject’'s knee joint was in line with the axis of

rotation of the dynamometer, that is with the collect

lock. The lever arm was then adjusted to suit
length of the subject’'s lower leg and attached
shin pad just above the subject’'s dorsi-flexed
3. The next step in obtaining the standardised
position was to standardise a starting postion

leg betore each of the knee extension trials.

the

with the
foot.
testing
for the

This

position was obtained using the following procedures:

a) the Cybex was set to a velocity between 120

deg/sec to 180 deg/sec;

b) the subject were then asked to fold their arms,

close their eyes and relax their legs;

c) the tester then lifted the left leg to the

dtended position and then let it goj this

free~hanging position, the point where the leg came

to rest; was used as the starting position;g

d) this position was marked by fixing the angle

dial on the collect lock to zero; this allowed the

subject to return to the starting postion

by

refering to the zero mark on the collect lock.

5, The final step was to make the subjects aware of the

testing postion, the position they must assume

before

each knee extension trial. They were told to check that
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their leg was in the correct starting position (the
point at which the leg corresponds to the zero on the
angle dial), that their arms were folded, and that they
were sitting straight.

ey

Sead(b) measurement of testing position

To be able to obtain this testing position in the
retest, each subject’'s testing position was measured
using the following procedures:

1. The number of back spacers used was noted. If one or
both legs had been stabilised, this was also recorded.
2. Hip and knee angles were taken using the following
procedures:

a) Hip Angle.

The centre of the manual angle goniometer was

placed on the greater trochanter of th