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Factors Influencing Self-selected Throwing Styles of Young Children

under the Maximum Distance Thrown Effort

Ratanapinunchai, J.*, Silsupadol, P.**

Abstract

Objective: Factors affecting self-selected throwing styles of young children as they threw a ball as
far as possible was the focus of this study.

Materials and methods: Thirty-two healthy boys (2-7 years old) participated. Subjects were asked
to throw a light plastic ball from the standing position with no demonstration of the throwing pattern
for five trials. A video camera was used to record the performance of children. The researcher then
demonstrated a mature overarm battern of throwing which included verbal explanation. Another
three trials of the child’s throwing motion were then recorded. The isometric strength of the external
rotators, internal rotators and horizontal abductor of the shoulder were measured using a handheld
dynamometer.

Results: Five throwing patterns could be classified from 160 trials, that is, the underarm (UA), the
immature overarm pattern 1 {IM1) and 2 (IM2} and the mature cverarm pattern 1 (MP1) and 2
(MP2}. The youngest boys (2-3 years old) chose only the UA, IM1 and IM2 whereas most of the
oldest boys (6-7 years old) selected MP1 and MP2 except only one subject who threw in the UA
paftern. Subjects at the age of 4-5 years demonstrated the high variability of the self-selected
throwing patterns. This group of boys used all 5 classified throwing patterns. Some subjects
demonstrated intra-variability of throwing styles. This intra-variability occurred oniy from the UA to
the IM1 or the IM2. The isometric strength of the shoulder muscles showed a non-significant
correlation with the selected patterns when the effect of age was partialled out. Following a dem-

onstration of the mature overarm pattern, some subjects continued to use an UA or an IM style.
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Conclusion: The results suggest that under the maximum distance thrown condition, selection of
throwing patterns depend on the age and the knowledge of the mature pattern. The MP tends to
develop at the age of 4-5 years and the UA seems to be the simplest pattern when compare to the

overarm style. Buil Chiang Mai Assoc Med Sei 2001 34 1p0-201.
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Introduction

Throwing is a skilled multijoint movement
which developed after children are capable of
ambulating without assistance and it is one of
a movement in a category of object-control
skills'. Different throwing patterns can be
classified such as underarm, sidearm and
overarm throw. However, most research
described is related to an overhand throw with
only a few studies presenting information
associated with an underarm pattern. Thus, the
role of the underhand pattern in the develop-
ment of throwing remains unclear.

Development of the overarm throwing
develops through several stages from
throwing using the elbow to the incorporation
of shoulder and elbow movements. A young
child normally throws using extension of the
elbow joint. Maturation of the motion causes a
change from flexion and extension of the
elbow and the shoulder joint to rotation and
horizontal adduction of the shoulder joint'.
Throwing movement tends to progress from
an anterior-posterior plane to a horizontal plane.

In addition, the base of support changes from
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a stationary to a shifting position”.
A number of factors have been
identified as influencing the overarm throwing.

% and gender’.

These factors included age
Males tend to show a more mature throwing
pattern than females®. Five—year—old children
demonstrate some components of an overarm
throw incorporating shoulder rotation and
forward shifting of the body®. Other factors
involved balance®, sociocultural factors such as
sport participation®, training®, verbal cues’, ball
size®, mass and velocity of upper limb
segment’.

instruction also influenced the overarm
throwing pattern or technique'’. However,
Halverson and coworkers'' stated that
instruction showed no significant changes to
the children’s ball-throwing velocities. Payne
and Isaacs' concluded that throwing pattern
development may develop before the elements
of the pattern can be appropriately and
sequentially timed. Major component of the
mature throwing pattern is timing of segmental

rotation. If coordination of body segment

rotation is not appropriately linked with arm
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action the pattern might lcok appropriate but
ne gain in hall velocity will be achieved.

Muscle strength is another factor likely
to effect the development of this motor activity.
For example, it has been found that the size of
the arm muscles is related to the distance that
can be thrown, that is the greater the muscle
bulk, the greater the distance which can be
thrown®. This research demonstrated that
muscle strength is related to the overarm
throwing distance, however, no evidence has
been reported which supports a relationship
between the strength of the relevant shoulder
muscles and the self-selected throwing
pattern in young children.

According to the dynamic systems theory,
patterns of movement can emerge from the
interaction of system components within the
context of a given task'. This interaction is
called as self-organizing of the system. The
system may involve neurophysioiogical,
biomechanical, social, and other contextual
factors. Under the controlled gender and
conditions of throwing, that is without verbal
cues and using a proper ball size and weight
which can use for one hand throwing, we aimed
to explore self-selected pattern of throwing in
2-7 years old boys. The hypotheses are that
the self-selected throwing patterns, based on
dynamic systems concept, may depend not only
on age but also on the other factors. Maximum
throwing distance was set as a goal of move-
ment in the study. The shoulder muscles

strength and the knowledge of the mature
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overarm patterns were testified the contribu-

tion on the self-seldcted throwing patterns.

Materials and Methods
Subjects

Thirty-two healthy boys with typical
development aged between 2-7 years partici-
pated in the study. The boys were studying at
primary schools in the Chiang Mai Province of
Northern Thailand. All subjects were right
handed. Teachers at the schools who reported
the dominant hand of each subject from
observations of eating and writing activities
established handedness.
Protocols

The demographic data recorded and the
dates of birth of all subjects were collected
from their school records. After an explanation
and a short period of instruction, the isometric
strength of the external rotators, the internal
rotators and the horizontal adductor of the right
shoulder joint were measured using a
hand-held dynamometer in a seated position.
Isometric muscie strength of these three
muscles was chosen for examination in the
study, because they are considered to be
essential for an overarm throw. Subjects were
asked to abduct the shoulder joint at 90
degrees and flex the elbow joint at about 90
degrees, while the arm segment was rested
on atable. A push pull dynamometer was placed
at the distal end of the forearm to measure the
strength of the external and internal rotators.

For harizontal adduction, a push pull
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dynamometer was positioned at the medial side
of the distal end of the humerus. Subjects were
informed of the procedure and were aliowed to
practice a few times before the assessment
was performed. The average of three
measurements was used for analysis.

One video camera was set on the right
side of subjects at about 4.6 meters. Subjects
were asked to throw a light plastic ball (diam-
eter 7 cms) as far as they could using their
own style of throwing. Five repetitions were
permitted. The,researcher then demonstrated
a2 mature overarm pattern of throwing which
included verbal explanation. Another three
trials of the child’s throwing motion were then
recorded to determine the effect of the
knowledge of the mature overarm pattern on
the child’s performance. No practice was
allowed prior to the last three trials being
recorded.

Data analysis

Subjects were classified into different
groups according to their self-selected
throwing patterns. The strength of each
muscle in each throwing pattern was compared
using Kruskal-Wallis Test with a level of

significance of 0.05. The Mann-Whitney Test

Tn 34 adUi 3 Numow 2544

was used as a post-hoc test with p = 0.005.
Relationships between the pattern of throwing:
pre- and post-demonstration and the strength
of the shoulder muscles were tested using the
partial correlation with age as a controlled
factor. Intravariability of self-selected throwing
styles in each subject was also determined from
two plots of throwing patterns for the ‘initial five
trials according to the self-selected patterns

and to the age (Fig 1 and 2).

Results
Reliability of the isometric strength measure-
ment

The intratester reliability of the isometric
muscle strength measurement of the shoulder
joint established by repeated measurements in
a pilot group of eight children, was not
inciuded in the study. The intraclass correla-
tion coefficient (ICC) for the measure of
isometric muscle strength of each muscle group
were 0.98, 0.97 and 0.95 for the shoulder
external rotators, the internal rotators and the
horizontal adductor, respectively. The demo-
graphic data for the subjects is presented in
Table 1.

Table 1 Demographic data for subjects according to age.

Subject n Age (year) Weight (kg) Height (cm)-
2-3 years 9 2.60 (0.49) 13.83 (2.35) 893.78 (5.26)
4-8§ years 11 4.13 (0.53) 17.41 (2.98) 104.32 (5.29)
6-7 years 12 564 (0.49) | 20.88 (2.80) 114.75 (3.47)

Standard deviations are presanted in parenthesis
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Self-selected pattern of throwing

Thirty-two boys performed different
patterns of throwing, which could be classified
into 5 styles;

a) the underarm throw (UA) in which a
ball was thrown using mainly a movement of
the shoulder joint with the hand positioned below
the shoulder joint,

b) the immature overarm pattern 1 (IM1)
in which subjects threw a ball using flexion and
then extension of the elbow joint with no
rotation of the shoulder joint and the position
of the hand always being higher than the level
of the shoulder joint at the commencement of
the throw,

¢} the immature overarm pattern 2 (IM2)
in which subjects demonstrated external
rotation of the shoulder joint at the starting
position but used herizontal adduction to throw
the ball forward rather than internal rotation of
the shoulder joint,

d) the mature overarm pattern (MP1) in
which subjects utilized shoulder rotation to throw
a ball but did not show any forward weight
shifting,

€) the mature overarm pattern (MP2} in
which subjects performed the same movement
as in MP1 with forward weight shifting of the
body.

Intravariability of throwing patterns

Intravariability of throwing patterns of

individual subject in each group according to
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the self-selected patterns is presented in
Fig. 1. Most subjects used a consistent style of
throwing. Subjects who selected a mature
overarm pattern were consistent with the
mature style for five trials. Four subjects
changed their patterns from an underarm to
an immature overarm throw after a few trials
(Fig. 1). The plot of intravariability of throwing
pattern of individual subject according to the
age is presented in Fig 2. Two to three years
old boys selected the UA or the IM1 or the IM2
whereas most of the oldest boys (6-7 years
old) used the MP1 or MP2 with the exception
of only one subject. Inter-subject variability of
the selected pattern was pronounced in the
4-5 years old group. These results demon-
strated the effect of age on the self-selected
throwing style and intra-variability of pattern
occurred mainly when an underarm pattern was
initially selected.

Thus for the initial trial we found the
ratio of underarm to overarm pattern equal to
5:13 and after the few trials, the ratio of the
underarm to overarm was changed to 5:27.
Knowledge of the mature overarm patterns

After the demonstration, more subjects
could throw in the mature style (Table 2).
Surprisingly, some boys had some difficulties
and could not imitate the mature pattern being
presented and an UA style was still chosen.
These boys were 2-3 years oid. Older boys

were selected only the overarm pattern.
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Figure 1 Intravariability of throwing pattern for each subject: pre-demonstration. Each line represents each

subject. {(MP2 = mature overarm pattern 2, MP1 = mature overarm pattern 1, IM 2 = immature overarm

pattern 2, IM 1 = immature overarm pattern 1, UA = underarm throw)

Table 2 Number of subjects in each throwing pattern pre and post demonstration

Throwing Pre-demonstration Post-demonstration
pattem
UA 5 3
IM1 8 4
IM2 3 5
MP1 8 9
MP2 8 11

UA = underarm throw, IM1 = Immature overarm pattern 1, IM2 = Immature overarm pattern 2, MP1 = Mature

overarm pattern 1, MP2 = Mature overarm pattem 2
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predemon 2-3 years

MP2
MP1

M2

Throwing pattern

M1

UA

MP2

MP1

M2

1M1

Throwing pattern

UA

Throwing pattern

trial

Figure 2 Intravariability of throwing pattern for each
subject: pre-demonstration according to the

age of subjects. Each line represents each

subject. (MP2 = mature overarm pattern 2,

MP1 = mature overarm pattern 1, IM 2 =

immature overarm pattern 2, M 1 =

immature overarm pattern 1, UA

underarm throw)

197

Vol. 34, No. 3 September 2001

Muscle strength

The unequal sample size in each
throwing pattern is presented (Table 2), there-
fore, the nonparametric Kruskal-Wallis test was
selected as a statistical test (Table 3). The
external rotators and the internal rotators
pre-demonstration (Table 3) showed a
statistical difference among patterns of
throwing (p = 0.027 and 0.025, respectively).
For post-demonstration, only the internal
rotators (Table 3) showed a statistically
significant result among the five defined
patterns (p = 0.038). The isometric strength of
the horizontal adductor of the shoulder joint
was not significantly different for each pattern
of throwing either pre- or post-demonstration.

Ten comparisons between five throwing
patterns were determined using the Mann-
Whitney Test with the level of significance 0.005
(0.05 / number of comparisons}. For the
pre-demonstration {Fig 3a and 3c), only the
strength of external and internal rotators
between the IM1 and MP2 were significantly
different {p = 0.005 and 0.002, respectively).
For the post-demonstration (Fig 3e and 3f),
the strength of external and internal rotators
between the UA and MP2 showed a significant
difference (p = 0.005 and 0.005, respectively).
The significant result for the external rotators
identified when using the Mann-Whitney Test
but not the Kruskal-Wallis Test might be due
to the small sample size in the underarm group
after the demonstration (n = 3).

These results suggest that subjects who
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Table 3 Kruskal-Wallis Test of each muscle group in different throwing patterns : pre- and
post-demonstration (* p < 0.05)
External Intermnal Horizontal
ndition
Conditions rotators rotators adductors
Pre-demonstration Chi-square 10.933 11135 9.404
df 4 4 4
p 0.027"* 0.025"* 0.052
Post-damonstration Chi-square 8.967 10.134 9.253
dt 4 4 4
p 0.062 0.038" 0.055
Extarnal rotator Pre-demonstration Extarnal Rotatar Post-demonstration
. 5000 5000
:E, . .
% 4000 40C0
£ 3000 -1 . ‘L 3000 . ‘T
E 2000 !- + 2000 !'
3 1000 1000
) } i : 0 f + t
UA M1 M2 MP1 MP2 ua 1M1 IM2 M1 MP2
Internal Rolator Pre-gemansiration Internal ratator Post-demonstration
28000 8000
E
f 5000 S 6000 g
s 3 .
2 4000 4 |_* !‘ | l 2000 deme oo e e + }.
g ; .
B 2000 4 2000
2
o t t t + a ; } } t
UA 1M1 M2 MP1 MP2 UA IM1 M2 MP1 MP2
Horizantal Adductor Pre-demonstration Horizontal Adductor Post-demonstration
8000 8000
E
= e000 —— b= - 60O — i
g 4000 - + }- 4000 T L IL )
§ 2000 —— R - 2000
o : : : 0 : :
Ua M7 M2 MP1 MP2 UA 1M1 IM2 MP1 MP2
Figure 3 Mean and standard deviation of isometric muscle strength of pre- and post-demonstration A & B)

External rotators, C & D) Internal rotators and E & F) Horizontal adductors
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chose a mature overarm throw demonstrated
higher isometric force of the external and
internal rotators than those who selected an
underarm or an immature overarm throw.
Relationships between muscles strength and
throwing patterns. pre- and post-demonstra-
tion

The mature pattern from five trials of
throwing in one individual was selected for
examination to determine the relationship
between throwing pattern and strength of the
shoulder muscles. The results demonstrated
that the strength of the shoulder muscles
showed no significant changes to the pattern
of throwing being selected when the effect of
age was partialed out both pre and post-

demonstration of the mature overarm pattern.

Discussion

Five trials of self-selected patterns of
thirty—two boys throwing a ball as far as
possible were analyzed. Twenty-seven
subjects selected an overarm throw, and only
five subjects used an underarm pattern prior to
a demonstration of a more mature pattern.
Classification of each throw was performed
using a description of throwing maturation'.
From 160 ftrials, five styles of seif-selected
throws have been classified with four styles
related to an overarm pattern and the last
being an underhand motion. For the overarm
patterns, sequential motions of the upper limb
and body were used as criteria for classifica-

tion purposes. External and internal rotation
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and horizontal adduction of the shoulder joint
as well as rotation of the body with a forward
weight shifting were the essential motions for
categorization of a mature overarm pattern.
Immature overarm throws {IM 1 and IM 2) were
identified to involve a simple motion of the
shoulder and the elbow joint in which subjects
threw without sequential motion of the upper
limb segment and nc segmental rotation of the
body. For example, some subjects used flexion
and extension of the elbow joint or horizontal
adduction of the shoulder joint for throwing.
Mature overarm pattern 1 and 2 were
separated from each other by forward weight
shift'ing of the body. Boys at the age of 4-5
years old starts to develop to the mature
overarm throw. Afthough this study did not
classify a mature and an immature underarm
pattern, no performances could be categorized
as a skilled underhand throw'®,

Variahility of throwing patterns within
subjects was also analyzed. Intrasubject
variability over five throwing trials was mainly
evident in those subjects using an underarm
throw who switched to a more mature overarm
style. Alteration of the throwing pattern arose
freely during the first few trials as subjects
practiced the task and because familiar with its
requirements. According to the dynamic
systems concept, subjects were instructed to
throw as far as possible, thus the distance
thrown might be one of underlying reasons for
the change in the pattern employed. Further-

more, the results seem to suggest that
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coverarm pattern is the more stable pattern of
throwing under the maximum throwing distance
context.

Only the isometric strength of the
external and internal rotators demonstrated a
significant difference when compared among a
mature overarm throw and an underarm
pattern {post-demonstration) or an immature
overarm pattern (pre-demonstration). The
results implied that the strength of externai and
internal rotators might be one of the factors
determined the selection of throwing pattern in
young boys. However, no relationships of
isometric muscle strength and the self-selected
throwing patterns were identified in both pre
and post-demonstration of the mature pattern,
The non-significant refationship may be
resulted from the small number of subject in
each throwing pattern. Thus further study is
required to confirm the result.

After the demonstration of mature
overarm throws, some boys continued to use
an immature overarm or underarm throw.
Explanation was also given about the throwing
action to each individual subject. Because the
demonstration and instruction were presented
in a short period without any practice, these
boys might have had difficulty in learning from
the information presented and copying the
presented throwing action based on observa-
tional learning alone. Knowledge of the mature
overarm pattern reduced the variability of
throwing styles, especially at the age of 4-5

years old.
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Conclusion

Self-selected throwing patterns of young
boys as they were asked to throw a ball as far
as possible were examined in this study and
the relationship between these patterns and
strength of the shoulder muscles was
considered. The results indicated the
underarm and the overarm throwing styles were
the self-selected patterns under the maximum
distance thrown condition. Moreover, the
mature overarm throw tends to develop at the
age of 4-5 years and the underarm pattern
seems to be the simplest pattern when
compare to the overarm style. Invariability of
throwing patterns presented mainly when the
underarm throw was initially selected and
subjects who were 4-5 years old demonstrated
a highest inter-subject variability. No signifi-
cant relationship between strength of these
muscle groups around the shoulder joint and
seif-selected throwing patterns was identified
as the effect of age was partialled out.
However, subjects with low isometric force of
the external and internal rotators of the
shoulder joint tended to throw using an
underarm or an immature overarm style. These
results suggest that seiection of a throwing
pattern under the maximum distance thrown
context is dependent on age and the
knowledge of the mature pattern. Other factors
such as the shoulder muscles strength is
possible to also contribute to the selection of
particular pattern, however further studies are

required.
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