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ESTONIAN AND FINNISH GRADUATING
SENIORS’ OPINIONS AND MOTIVATION
ABOUT PHYSICAL EDUCATION

K. Ahlbick, A. Koka, T. Janson
Institute of Sport Pedagogy and
Coaching, University of Tartu, Tartu, Estonia

ABSTRACT

This study investigated the general feelings and opinions about their
health, school, leisure time physical activity and physical education
among senior graduating students in Estonia and Finnish. The results
showed that Estonian and Finnish youth had similar opinions about
their health and the similar patterns in leisure time physical activity.

Many of the Finnish and Estonian graduating senior reported that
there is something that bothers in PE classes (PE classes are boring,
condition, evaluation system). Finnish and Estonians students reported
that evaluation is based on too much performing of general standards
although evaluation should measure more individual development and
how individual pushes during the PE classes. Most of the Estonian
students reported that conditions during and especially after PE clas-
ses needed improvements. The study demonstrated that Finnish boys
were more interested in having more PE in schools than Estonian
boys. However most of the Estonian graduating students reported that
there should be more optional PE lessons for choosing in schools.

Additionally, in terms of motivation in physical education, the
study revealed that the external type of motivation among Estonian
girls was significantly higher compared to Finnish girls.

Key words: health, leisure time physical activity, intrinsic and
extrinsic motivation, physical education.
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INTRODUCTION

Physical education (PE) is being viewed as an important means in
promoting health and wellness that may, in turn, influence students to
lead physically active lifestyles. Attitudes toward physical activity and
perceptions about physical education classes are important to under-
stand as they can influence an individual’s decision to begin or to
continue participation in an activity [1]. A thorough understanding
about students’ attitude towards physical activity will give an impact
on the effectiveness of teachers and the planning of programs that
cater for student needs in order to ensure the achievement of pre-
determined objectives and aims [13]. Furthermore, research in this
area identifies curriculum content, classroom environment, and
teacher behavior as the primary determinants of negative and positive
attitudes toward physical education [4].

Children and youth must learn healthful living habits while in
school because many will not attend college or be able to afford
fitness club memberships or expensive exercise equipments. Through
participation in sports, students can develop positive personal traits,
such as self-confidence and discipline, and social skills, such as team-
work and sportsmanship [11].

There are several problems and open questions when discussing
about the connection between the physical activity and the school
physical education. What is clear is that present policies and ap-
proaches in physical education curricula do not seem to be having a
positive impact with regard to facilitating the adoption of an active
lifestyle. Because of this, it is important to explore ways to use phy-
sical education to increase physical activity and promote healthy
lifestyles [5].

Research’s has consistently demonstrated that enjoyment repre-
sents a key factor underlying the motivation for children and youth to
maintain positive engagement in both physical activity and PE. In
relation to school physical education, enjoyment represents a direct
and tangible influence on students’ participatory behavior, providing
immediate reward for being physically active. It is important, there-
fore, for researchers to acquire a clearer understanding of the moti-
vational mechanisms that underlie the positive or negative affective
outcomes of PE, such as enjoyment or anxiety [17].

The purpose of this study was to investigate general feelings and
opinions about health, leisure time physical activity and physical
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education, as well as motivation in physical education among senior
graduating students in Estonia and Finnish.

Research is needed because this kind of knowledge could be useful
for making PE classes more attractive and effective for school-aged
Estonian and Finnish youth.

METHODS AND PROCEDURES

Participants and procedures

Participants were 269 graduating seniors (140 Estonians and 129
Finnish) from 8 different high schools in Tartu (Estonia) and Tam-
pere, Nokia (Finland) (Table 1). Permission to carry out the question-
naire in each school was obtained from the administration, headmaster
and the physical education teachers. The anonymous questionnaire
was administered in the classrooms. The purpose of the study was
explained and the instructions were given for completing the ques-
tionnaire. It was emphasized that the questionnaire was designed to
measure students’ general feelings and opinions about PE classes.

Table 1.The anthropometrics results of Estonian (n=140) and Finnish
(n=123) graduating seniors.

Group n Height (cm) Weight (kg)

mean SD mean SD

Estonian boys 79 183.2 5.5 75.6 13.4

Finnish boys 70 179.5 6.3 73.5 9.8

Estonian girls 61 169.3 54 59.0 7.3

Finnish girls 53 166.6 5.1 58.0 10.2
MEASURES

The questionnaire was divided into two parts. The first part of the
questionnaire, compiled by the authors ofi this study, examined stu-
dents’ general feelings and opinions about their health, studies in
school, leisure time physical activity and physical education. Second
part ofi the questionnaire examined students’ motivation in physical
education. The Sport Motivation Scale (SMS), developed by Pelletier
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et al., [14], which has been adapted to physical education and trans-
lated into Estonian by Hein and colleagues [8] and into Finnish by
Jaakkola [9], was used. The SMS consisted of 28 items examining
participants’ motivation with three types of intrinsic motivation
(intrinsic motivation to know, to accomplish, and to experience), three
types of extrinsic motivation (identified, introjected, and external
regulation) and amotivation. Since these three types of intrinsic
motivation have shown to be strongly correlated [10], the averaged
scores of three types of intrinsic motivation were used to characterize
a global intrinsic motivation variable. Also, averaged scores of three
types of extrinsic motivation were used in this study to characterize a
global extrinsic motivation variable. Students responded to the items
on a 7-point scale ranging from 1 = totally agree to 7 = totally
disagree.

Statistical analysis

The data was analyzed using statistical package of SPSS 17.0. The
cross tabulation analysis was used to examine the distribution of
responses to the items asking students’ opinions about their health,
school, leisure time physical activity, and physical education. The chi-
square statistics was utilized to determine whether the differences in
distribution of responses were statistically significant. In order to
determine differences in students’ motivation in physical education,
independent samples t-test was used.

In this study the focus was on determining the possible national
differences between Estonian and Finnish senior graduating students.
Specifically differences between Estonian and Finnish male senior
graduating students, as well as Estonian and Finnish female senior
graduating students were determined. Statistical significance was set
at p<0.05.

RESULTS

Graduating seniors’ opinions about their health and physical
activity
Results revealed that 35.4% of Estonian boys and 33.8% of Finnish

boys valued their health as very good. 53.2% of Estonian boys and
56.3% of Finnish boys valued their health as good. 11.4% of Estonian
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boys and 9.9% of Finnish boys valued their health as moderate. None
of Estonian or Finnish boys valued their health as poor. Differences
between Estonian and Finnish boys were not statistically significant:
x* (2, n=150)=0.180, p>0.05.

As for girls, results revealed that 23.0% of Estonian girls and 8.6%
of Finnish girls valued their health as very good. 60.7% of Estonian
girls and 77.6% of Finnish girls valued their health as good. 16.4% of
Estonian girls and 13.8% of Finnish girls valued their health as mode-
rate. None of Estonian or Finnish girls valued their health as poor.
Differences between Estonian and Finnish girls were not statistically
significant: ¥ (2, n=119)=5.194, p>0.05.

In terms of physical fitness, results revealed that 16.5% of Estonian
boys and 19.7% of Finnish boys valued their physical fitness as very
good. 43.0% of Estonian boys and 43.7% of Finnish boys valued their
physical fitness as good. 38.0% of Estonian boys and 29.6% of
Finnish boys valued their physical fitness as moderate and 2.5% of
Estonian boys and 7.0% of Finnish boys valued their physical fitness
as poor. Chi-square test revealed that the percentage of these answers
were not statistically significantly different among Estonian and
Finnish boys: %2 (3, n=150)=2.630, p>0.05.

As for girls, results revealed that 9.8% of Estonians and 5.2% of
Finnish students valued their physical fitness as very good. 63.9% of
Estonian girls and 50.0% of Finnish girls valued their physical fitness
as good. 23.0% of Estonian girls and 41.4% of Finnish girls valued
their physical fitness as moderate and 3.3% of Estonian girls and 3.4%
of Finnish girls valued their physical fitness as poor. The percentages
of these answers were not statistically significantly different among
Estonian and Finnish girls: ¥* (3, n=119)=5.030, p>0.05.

In terms of physical activity, results revealed that 17.7% of Esto-
nian boys and 15.7% of Finnish boys were physically active more than
four times a week. 21.5% of Estonian boys and 31.4% of Finnish boys
were physically active three to four times a week. 39.2% of Estonian
boys and 24.3% of Finnish boys were physically active one or two
time a week. 16.5% of Estonian boys and 24.3% of Finnish boys were
physically active less than once a week. 5.1% of Estonian boys and
4.3% of Finnish boys reported that they are not physically active.
Differences between the Estonian and Finnish boys were not
statistically significant: ¥ (4, n=149)=5.236, p>0.05.

For girls the results revealed that, 9.8% of Estonian girls and
19.0% of Finnish girls were physically active more than four times a
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week. 24.6% of Estonian girls and 24.1% of Finnish girls were
physically active three to four times a week. 32.8 % of Estonian girls
and 34.5% of Finnish girls were physically active one or two times a
week. 27.9% of Estonian girls and 19.0% of Finnish girls were
physically active less than once a week. 4.9% of Estonian girls and
3.4% of Finnish girls reported that they are not physically active.
Differences between the Estonian and Finnish girls were not statis-
tically significant: y? (4, n=149)=2.917, p>0.05.

Next the students were asked to indicate how many hours per week
they are physically active on leisure time that causes sweating. Results
showed that 21.5% of Estonian boys and 18.8% of Finnish boys were
physically active more than five hours per week. 8.9% of Estonian
boys and 13.0% of Finnish boys were physically active four or five
hours per week. 22.8% of Estonian boys and 21.7% of Finnish boys
were physically active three to four hours per week. 38.0% of Esto-
nian boys and 29.0% of Finnish boys were physically active appro-
ximately one hour per week. 8.9% of Estonian boys and 17.4% of
Finnish boys reported that they are not physically active at all. Diffe-
rences between the Estonian and Finnish boys were not statistically
significant: 42 (4, n=148)=3.713, p>0.05.

As for girls, 11.5% of Estonian girls and 12.1% of Finnish girls
were physically active on leisure time that causes sweating more than
five hours per week. 6.6% of Estonian girls and 3.4% of Finnish girls
were physically active four to five hours per week. 23.0% of Estonian
girls and 24.1% of Finnish girls were physically active three or four
hours a week. 36.1% of Estonian girls and 41.4% of Finnish girls were
physically active approximately one hour per week. 23.0% of Esto-
nian girls and 19.0% of Finnish girls reported that they are not
physically active at all. Differences between the Estonian and Finnish
girls were not statistically significant: x* (4, n=119)=1.039, p>0.05.

Students were also asked to indicate where they exercise in their
leisure time. Results indicated that 35.4% of Estonian boys and 37.7%
of Estonian girls reported that training in sport clubs is the most
popular way of doing sports after school. 38.6% of Finnish boys and
51.7% of Finnish girls were training most often with the friends
without coaching. Differences between the Estonian and the Finnish
boys were not statistically significant: y* (4, n=148)=3.713, p>0.05.
However Chi-square test revealed that the percentage of answers was
statistically significant between Estonian and Finnish girls: y? (5
n=119)=11.381, p<0.05.
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Graduating seniors’ opinions about physical education

Students were asked to indicate whether they like PE lessons. Results
revealed that, 84.8% of Estonian boys and 84.3% of Finnish boys
liked PE lessons (yx* (1, n=149)=0.008, p>0.05). For girls, 75.4% of
Estonian girls and 71.9% of Finnish girls liked PE lessons (y* (1, n=
18)=0.182, p>0.05).

Students were next asked to indicate whether they consider PE
lessons as interesting. Results revealed that 75.9% of Estonian boys
and 81.4% of Finnish boys rated PE lessons as interesting. (y* (1,
n=149)=0.661, p>0.05). For girls, 63.9% of Estonian girls and 63.8%
of Finnish girls rated PE lessons as interesting (¥ (1, n=119) = 0.000,
p>0.05).

When asked about the importance of PE, 83.3% of Estonian boys
and 80.3% of Finnish boys reported PE lessons are important (y* (1,
n=149)=0.233, p>0.05). Answers from girls revealed that 80.3% of
Estonian girls and 85.7% of Finnish girls though that PE lessons are
important (2 (1, n=117)=0.598, p>0.05).

When asked whether the students enjoy PE lessons results revealed
that 75.6% of Estonian boys and 87.1% of Finnish boys enjoyed the
PE classes (¥* (1, n=148)=3.182, p>0.05). For girls, the results re-
vealed that 70.5% of Estonian girls and 77.2% of Finnish girls
enjoyed the PE classes (* (1, n=118)=0.683, p>0.05).

Graduating seniors’ opinions about relationships in physical
education

When asked about the students’ relationship with their PE teacher the
results indicated that 49.4 % of Estonian boys and 57.1% of Finnish
boys having very good relationship with the PE teacher. 44.3% of
Estonian boys and about 38.6% of Finnish boys reported that they get
well along with the PE teacher. Only 2.9% of Finnish boys and none
of Estonian boys reported that they don’t get along with the PE
teacher (2 (3, n=149)=7.362, p>0.05). As for girls, 57.7% of Estonian
girls and 24.1% of Finnish girls reported that they get very well along
with the PE teacher. 29.5% of Estonian girls but 72.4% of Finnish
girls reported that they get well along with the PE teacher. 4.9% of
Estonian girls and none of Finnish girls reported that they don’t get
along with the PE teacher. Chi-square test revealed that the percentage
of these answers were statistically different among Estonian and
Finnish girls: ? (3, n=119)=22.872, p<0.05.
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The results revealed that 53.2% of Estonian boys and 52:9% of
Finnish boys reported that they get very well along with the
classmates in PE. 46.8% of Estonian boys and 38.6% of Finnish boys
reported that they get well along with the classmates in PE. Only 2.9%
of Finnish boys and none of Estonian boys reported that they don’t get
along with the classmates in PE (y* (3, n=149)=7.362, p>0.05). As for
girls, 44.3 % of Estonian girls and 25.9% of Finnish girls reported that
they get very well along with the classmates in PE. 52.5% of Estonian
girls and 69.0% of Finnish girls reported that they get well along with
the classmates in PE. 3.3% of Estonian girls and 5.2% of Finnish girls
reported that they don’t get along with the classmates in PE (¢ (2,
n=119)=4.445, p>0.05).

Graduating seniors’ opinions about evaluation system, provision,
and conditions of physical education

When asked from Estonian and the Finnish graduating seniors if there
was anything that bothers in the PE lessons, 54.4% of Estonian boys
and 88.6% of Finnish boys answered yes. Differences between the
Estonian and Finnish boys were statistically significant: ¥* (I,
n=149)=20.788, p<0.05. Similarly, 49.2% of Estonian girls and 82.8%
of Finnish girls reported that there is something that bothers in the PE.
Differences between the girls were statistically different: * (I,
n=119)=14,844, p<0.05. The notion that “PE classes are boring” was
one of the main reasons why Estonian and Finnish boys and girls
reported that there is something that bothers in the PE classes
(Figure 1).

The results were following when graduating seniors were asked the
question Do you like the evaluation system in PE. 72.2% of Estonian
boys and 91.5% of Finnish boys answered yes (x* (1, n=150)=9.267,
p<0.05). For girls, 59.0% of Estonian and 83.6% of Finnish girls
answered yes (x® (1, n=116)=8.461, p<0.05). Estonian and Finnish
boys and girls reported that evaluation is based on too much on
performing on general standards although evaluation should measure
more individual development and how does the individual push during
the PE classes.
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B Estonian boys
m Finnish boys
0O Estonian girl
B Finnish girls

no yes

Figure 1. Students’ opinion when asked if there was anything that bothers
in the PE lessons.

The results of study revealed that 43.6% of Estonian boys and 60.6%
of Finnish boys reported that there should be more PE lessons in
schools (% (1, n=149)=4.288, p<0.05). From girls, 22.9% of Estonians
and 44.6% of Finnish reported that there should be more PE lessons in
schools () (1, n=117)=2.877, p>0.05).

When asked about the conditions to carry out the PE lessons, 7.9%
of Estonians and 16.4% Finnish reported that the conditions are very
good. 40.7% of Estonians and 60.2% of Finnish rated PE conditions as
good. 39.3% of Estonians and 18.8% of Finnish rated PE conditions as
moderate and 12.1% of Estonian and 4.7% of Finnish as poor. Chi-
square test revealed that the percentage of these answers were
statistically different between Estonian and Finnish students: y* (3,
n=268)=23.044, p<0.05. Results showed also the differences between
the Estonian and Finnish boys and girls (Figure 2).
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The results were following when asked about the sanitary conditions
after physical education classes. The sanitary conditions rated as very
good 14.4% of Estonians and 14.8% of Finnish, as good rated 18.0%
of Estonians and 50.0% of Finnish, as moderate rated 29.5% of
Estonians and 31.3% of Finnish and as poor rated 38.1% of Estonians
and 3.9% of Finnish (Figure 3). The answers were statistically
different between Estonian and Finnish students: ¥ (3, n=267)=
56.495, p<0.05. Estonian student’s reported that there were no enough
showers for students or rooms were narrow, the condition of the
locker room or the shower room was bad, locker rooms and shower
rooms were dirty or smelly and there were frequently no warm water
coming from the showers.

55
50 o —
45
40
35
30

25
20 ) ) O Finland

15 :
10

5 .

0 -

Poor Mode. Good  Very good

B Estonia

Figure 3. Students’ opinion when asked about the sanitary conditions
after PE lessons.

Motivation in physical education

An independent-samples t-test was conducted to compare Estonians
and Finnish graduating seniors amotivation, intrinsic motivation and
external motivation. There was no significant differences in
amotivation between Estonian (M=2.5%1.1) and Finnish boys
(mean=2.3, SD=1.3) [t(137)=0.96, p=0.34]; in intrinsic motivation
between Estonian (mean=4.3, SD=1.3) and Finnish (mean=4.7,
SD=1.3) boys [t(137)—1.89, p=0.06]; nor in external motivation
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between the Estonian (mean=3.8, SD—1.3) and Finnish (mean 4.2,
SD=1.3) boys: [t(137)—1.58, p=0.12]. '

The motivational responses towards physical education among
Estonian and Finnish girls revealed that there were no significant
differences in amotivation between Estonian (mean=2.6, SD=1.3) and
Finnish (mean=2.5, SD=1.1) girls [t(115)=0.3, p=0.76]; nor in
intrinsic motivation between Estonian (mean=4.4, SD=1.3) and
Finnish (mean=4.2, SD=1.1) girls [t(111)=1.04, p=0.3]. There was,
however, a significant difference in external motivation between the
Estonian (mean=4.0, SD=1.1) and Finnish (mean=3.5, SD=1.0) girls
[t(115)=2.39, p=0.02]. The external motivation of Estonian girls was
significantly higher compared to Finnish girls.

DISCUSSION

Finnish and Estonian graduating seniors’ opinions about their
health and leisure time physical activity

The Estonian and the Finnish girls rated their health as moderate and
as good. However, Estonian and Finnish boys rated their health as
very good. Fair or poor self-rated health tends to be more common
among older children and girls [16]. Although most of the Finnish
girls did not rate their health as very good, they reported the highest
percentage when the frequencies of leisure time physical activity were
over four times a week. The minimum recommendations of daily PA
for 18-year-olds are at least one hour [6], so results revealed that only
a small group of Estonian and Finnish graduating seniors are reaching
the limit of being physically active at least one hour per day. As
Bugge et al. [2] reported, many children do not meet current recom-
mendations of physical activity and that may become a threat to the
health of the up-coming adult population. Findings revealed that the
most popular way of making sports among Estonian graduating
seniors were training in sport clubs where as in Finnish graduating
seniors the most popular way of making sports was with friends and
without coaching. However, the study revealed that there were no
significant differences between the Estonian and Finnish pupils in
health and leisure time physical activity.
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Finnish and Estonian graduating seniors’ opinions about physical
education

Findings revealed that more than half of the Estonian and Finnish
boys and girls reported that PE lessons are important. Bibik et al., [1]
studied High school students’ attitudes toward their physical education
programs in the state of Delaware and descriptive analyses revealed
that 43.5% of both high school boys and girls rated physical activity to
be important in their high school studies. Compared findings above-
mentioned Estonian and Finnish graduating seniors’ opinions were
more positive about importance of PE. Estonian and Finnish students’
opinions about enjoyment and interest in PE were also very high.
Bibik et al., [1] reported that, the students’ enjoyment of physical
education is significantly correlated with attribution of team sports
(such as basketball, baseball, floor hockey and volleyball), fitness
activities (aerobic dance, weight training, bicycling), individual games
(tennis, badminton, track, pickle ball), and self-defense (wrestling,
karate, judo) in the physical education curriculum. The positive
attitude and perception of students towards physical activities are the
main elements in evaluating the success of a particular Physical
Education curriculum [13]. [t is possible that because of the high level
of enjoyment and interest toward PE that both Estonian and Finnish
students reported in this study, their consider PE also as important.

When it was asked about the students’ relationship with their PE
teacher and classmates, findings revealed that Estonian boys opinions
were a bit positive compared to Finnish boys. As for girls, Estonian
girls reported a very good relationship with the PE teacher compared
to Finnish girls. Opinions about the relationships to classmates were
more equal between the Estonian and Finnish girls but Estonian girls
opinions were however little bit more positive. Bibik et al. [1] wrote
that the students in the latter study appeared to engage in more active
behavior in physical education classes when they received interest and
positive reinforcement from their peers. Finding in the present study is
not similar, when referring to the Bibik et al. [1] study, although
Estonian girls’ relationships toward PE teacher and classmates are
more positive, there are no significantly different in the opinions about
PE classes between the Estonian and the Finnish girls.

Compared to the Estonian boys and girls most of the Finnish boys
and girls reported that there is something that bothers in PE classes.
Many of Estonian and Finnish students reported that PE classes are
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boring because they are doing all the time the same sports or €Xercise
workouts. Considering that one of the important goals is to foster
students” interest in physical education, it is crucial for physical e?du-
cators to present learning activities in interesting, novel, and meaning-
ful ways, and create a safe and caring learning environment to
enhance students’ situational interest in physical education [7].
Findings are similar to the findings of Bibik et al., [1], who revealed
that approximately 21% of students responded that physical educators
should teach more sports or games while approximately 13%
indicated physical educators should teach more skills and strategies
and 7.3% responded that students should learn more about fitness.
Only 2.5% of the students responded that there was nothing they liked
about physical education. Findings revealed that compared to Estonian
graduating seniors, many of the Finnish graduating senior reported
that they don't like the evaluation system in PE. Finnish boys and girls
but also Estonian boys and girls reported that evaluation is based too
much on performing of general standards although evaluation should
measure more individual development and how individual pushes
during the PE classes.

Compared to Estonian students, Finnish students’ opinions were
more positive when asked about should there be more PE lessons in
schools. Estonian girls had the most negative opinions about extra PE
classes. However, findings revealed that most of the Estonian girls
were readv to have more optional PE lessons for choosing in schools.
Also Estonian boys had positive opinions for having more optional PE
lessons. Reason why Estonian boys and girls have so positive feelings
about having more optional PE lessons for choosing in school is
probably, because High Schools in Finland it is already possible to
choose more PE classes.

One of the strongest findings indicated that there was a significant
difference between the Estonian and Finnish graduating seniors when
asking about the conditions to carry out the PE lessons and the
sanitary conditions after PE lessons. Estonian student reported
conditions to carry out PE lessons as moderate and as good. Most of
the Finnish student reported conditions as good. Most of the Estonian
students reported sanitary conditions as poor or as moderate. Finnish
students reported the sanitary conditions as good. Comfort in the
locker room may have a significant impact on their enjoyment of
physical education with those feeling the most uncomfortable also
enjoying physical education less [1]. Research in this area identifies
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curriculum content, classroom environment, and teacher behavior as

the primary determinants of negative and positive attitudes toward
physical education [4].

Finnish and Estonian graduating seniors’ motivation in physical
education

The study revealed that there were no significant differences in
amotivation, intrinsic or extrinsic motivation between Estonian and
Finnish boys. The motivational responses towards physical education
among Estonian and Finnish girls revealed that there were no
significant differences in amotivation or in intrinsic motivation
between Estonian and Finnish girls. The study revealed however a
significant difference in external motivation between the Estonian and
Finnish girls. The external motivation of Estonian girls was signifi-
cantly higher compared to Finnish girls. There are several reasons to
external motivation. In this study it revealed that the one of the main
reasons for higher external motivation might be because of poor to
moderate conditions of sanitary and classrooms. As mentioned before
findings revealed that Estonian girls had very good relationships to PE
teachers and classmates. Therefore the reasons for the Estonian girls
high extrinsic motivation might be that they avoid confrontation from
the PE teachers or they feel that they should participates in PE because
of that is what “good students” do. PE must provide an enjoyable
experience such that students do not feel that they are taking part in
PE because of external rules or feeling of guilt [15].

The results in the cross-cultural study by Caune and Hein [3]
revealed that the comparison of the types of motivation showed that
Estonian children evaluated all motivation types higher than Latvian
children. As mentioned, results in the present study revealed that there
are no significant differences about the types of motivation between
Estonians and Finnish students compared to Estonian and Latvian
students.

Large epidemiological studies in the United States, the Nether-
lands, and Finland indicate that the largest decrease in physical
activity levels occurs during early adolescence. This trend parallels
age-related declines in intrinsic motivation and other adaptive indices
of motivation in compulsory school PE classes. Such decreases are
problematic, given that positive experiences in school PE are related
to physical activity participation during leisure time [12].
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ABSTRACT

The aim of the study was to establish the main kinematic and dynamic
parameters that generate the efficiency of vertical and drop jumps. The
take-off power was assessed using the following tests: counter-
movement jump, counter-movement jump with arm swing, jump, drop
jump and continuous jump. Kinematic and dynamic parameters of
vertical and drop jumps were established using two separate force-
plates Kistler Type 9286A and a synchronised 3-D kinematic system
CCD SMART-600E. The athlete model was defined with 17 markers
sensitive to infra-red light. It was established that the main generators
of efficiency in vertical and drop jumps included: take-off velocity,
eccentric-concentric time, eccentric impulse, ground contact time and
ankle flexion.

Key words: diagnostics, kinematics, dynamics, vertical jump, drop
jump.

INTRODUCTION

The movement structures that occur in specific sport situations are
associated with different inputs of eccentric and concentric muscle
contractions. The aim of training is often to modify the eccentric
muscle contraction in view of its neurological characteristics. A good
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understanding of the role of eccentric muscle contraction in sport
activities facilitates adaptation through the application of apposite
training resources. The eccentric-concentric cycle consists of muscle
stretching due to an external force and muscle shortening in the
second phase, i.e. a stretch-shortening cycle (SSC) [12]. In the
eccentric phase, a limited quantity of elastic energy accumulates in the
muscle-tendon complex to be used in the second phase. This portion
of elastic energy that is accumulated in the muscle is only available
for a specific time. The available time depends on the life span of the
cross-bridges and lasts from 15 to 120 milliseconds [8, 10, 14]. As
regards the production of force, it is essential that the muscle develops
more force and consumes less chemical energy during an eccentric
contraction compared to a concentric contraction [2, 10, 12, 13]. The
efficiency of an eccentric-concentric contraction also depends on the
time of the transition. The longer the time, the less efficient is the
contraction. In addition to the extent and velocity of the change in the
muscle’s length and the duration of the transition, the efficiency of an
eccentric-concentric contraction largely depends on pre-activation [9].
The latter defines the first contact of the foot with the ground. Pre-
activation prepares the muscles for stretching and is manifested in the
number of attached cross-bridges and the change in the excitability of
a-motor nerves. Both factors affect the short-range stiffness of the
muscle. Greater muscle stiffness causes a marked extension of the
ligaments and the tendon which, in turn, reduces the consumption of
chemical energy in the muscle. The reduced consumption of chemical
energy is particularly important in those motor situations where
specific movements must be made at a high velocity (e.g. the action of
the ankle joint in a sprint, the take-off action in long jump, high jump
and triple jump).

Even though the eccentric-concentric type of force production is
very common in different human movements, it only became the
focus of research relatively late. The first studies of this subject were
conducted by Flitny and Hirst (1978) using an isolated muscle of a
frog. The positive transfer of preliminary muscle stretching on the
contractile characteristics of muscles in motor situations was first
established by Asmussen and Bonde-Petersen [1] and Cavagna [8].

In functional and anatomical terms, the main role in a vertical jump
is played by the two-joint thigh muscles which are also referred to as
hamstrings or ischio-crural muscles by some authors [7, 19]. This
muscle group includes: m. semimembranosus, m. semitendinosus and
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m. biceps femoris. In specific sport situations these muscles are
responsible for the primary extension of the hip joint in a closed
kinetic chain and for flexion of the knee joint. The length of the two-
joint thigh muscle is highly variable, depending largely on the position
of the knee and hip joints [18]. Its efficiency is best manifested in
conditions of the high angular velocity of the joints of lower
extremities. For that reason, the thigh muscles play an important role
in fast explosive moves of acyclic and cyclic types.

Due to the inter-segmentary transmission of energy and the
optimisation of the take-off action, the thigh muscles’ activity is
important in vertical jumps in conditions of a concentric or eccentric-
concentric muscle contraction [18, 20]. With vertical jumps, the
muscles engage in the take-off action following the proximal-distal
principle of muscle activation. In the first phase of the jump when the
vertical velocity of the body’s centre of gravity increases, the
extensors of the trunk and hip are the most active muscles. The key
role in this phase of the take-off action is played by m. gluteus
maximus which is able to develop great force due to the relatively low
angular velocity of the hips. The thigh muscles generate the peak
activation at the beginning of the hip extension [7]. In the continuation
of the take-off action, the knee extensors engage and the energy is
transmitted from the hip to the knee through m. rectus femoris. The
last phase of the take-off is performed by the two-joint shank muscle
(m. gastrocnemius). The explosive performance of vertical jumps
primarily depends on the optimal co-ordination of one- and two-joint
muscles. Zajac [20] established that one-joint muscles generate the
initial propulsive energy for vertical jumps, whereas two-joint muscles
control the intermuscular co-ordination and the final vertical impulse.
The method used for establishing the activation of muscles based on
their electrical activity is electromyography (EMG).

In many sports, vertical and drop jumps are an important exercise
resource in an athlete’s power training. They enhance the eccentric-
concentric muscle contraction of the lower extremities. At the same
time, they are an indispensable measurement instrument in take-off
power diagnostics. As regards their movement structure, vertical and
drop jumps are similar to real motor situations in sports practice.
Different test batteries are used to diagnose the explosive power of the
lower extremities, either of a laboratory or a situational/field type.
Bosco [5] developed a classical protocol to monitor take-off power
based on vertical jumps. Take-off power in conditions where the
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active muscles first extend (eccentric contraction) and then shorten
(concentric contraction) is measured by means of a countermovement
vertical jump and a drop jump. Continuous jumps can be used as an
instrument to measure reactive explosive power. This study aimed to,
establish the main dynamic and kinematic parameters that generate the
efficiency of vertical and drop jumps.

METHODS

Experimental procedure

In the experimental procedures, two elite athletes — triple jumpers —
took part (M. S.: age 29 years, height 173.5 cm, body mass 59.0 kg;
and M. G.: age 21 years, height 181.4 cm, body mass 60.0 kg) as well
as two elite sprinters (M. O.: age 28 years, height 179.8 cm, body
mass 75.6 kg; and J. G.: age 26 years, height 181.4 cm, body mass
79.6 kg). The athletes performed jumps in the following order: squat
jump, countermovement jump, drop jump and continuous jumps. Each
jump was performed three times. A system consisting of nine CCD
SMART-e 600 video cameras (BTS Bioengineering, Padua) with a
50 Hz frequency and 768 x 576 pixel resolution was used for a 3-D
kinematic analysis of vertical jumps (Figure 1). Kinematic parameters
were processed by the BTS SMART Suite programme. A dynamic
model featuring a system ofi 17 markers sensitive to infra-red light was
defined (head, shoulders, forearm, upper arm, trunk, hips, thigh,
shank, foot). The validity of the model was checked against the
sequence of walking in the sagittal and frontal planes. The dynamic
parameters ofi vertical and drop jumps were established by using two
independent force plates (Kistler, Type 9286A). The sampling
frequency was 1,000 Hz. The analysis was based on the following
dynamic parameters: peak ground reaction force, force impulse and
amount of work per 1 kg of body mass (concentric work J/kg). The
ground reaction force was measured uni- and bilaterally. The
statistical analysis of the results was processed with the SPSS
statistical software.
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Figure 1. Drop jump 25 cm — kinematic and dynamic parameters

RESULTS

According to the standard test protocol [5] a vertical and drop jumps is
initiated from a stationary upright posture, with the knee angle
measuring about 90 °. The jumps were performed with arms kept
akimbo. The tests measured the eccentric — concentric component of
speed strength. The measurement procedure was based on two
separate Kistler force plates. The jumps height depends on the
extensor muscles of the ankle, knee and hip joints. Based on the
ground reaction force measured by force plates, and the 3D kinematic
analysis the following kinematic and dynamic parameters were
investigated (jump height, ground contact time, eccentric time,
concentric time, flight time, jump efficiency, take-off velocity, peak
force, eccentric-concentric impulse, hip fleksion, knee fleksion and
ankle fleksion) (Table 1, 2, 3, 4).
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Table 1. Dynamic and kinematic parameters of a countermovement vertical

jump
COUNTERMOVEMENT JUMP | UNIT A B
Jump height cm 48.8+0.3 40.8+0.1
Ground contact time ms 364+10 338+9
Eccentric time ms 12349 13148
Concentric time ms 241+6 207+£15
Concentric work J/kg 6.4+0.3 5.1£0.1
Jump efficiency cm/J 7.6:£0.4 7.9+0.1
Peak power Wikg 50.1+£0.9 45.8+0.1
Flight time ms 5901 525+1.9
Take-off velocity m/s 2.47+0.3 2.42+0.3
Peak force N 904+1.5 1104+25
Eccentric impulse Ns 34+1 96+3
Concentric impulse Ns 178+2 145+1
Hip flexion deg 77+1 69+2
Knee flexion deg 89+3 88+2
Ankle flexion deg 32+1 38+2

Table 2. Dynamic and kinematic parameters of a countermovement

vertical jump with an arm swing

COUNTERMOVEMENT UNIT A B
JUMP — WITH ARM SWING

Jump height cm 55.0£1.7 47.3£0.5
Ground contact time ms 372+11 408+17
Eccentric time ms 158+8 128+8
Concentric time ms 214+11 280+7
Concentric work J/kg 6.4+0.3 5.8+0.1
Jump efficiency cm/J 8.6+0.2 8.1£0.1
Peak power Wikg 57.3+£2.2 49.3+0.6
Flight time ms 63349 57845
Take-off velocity m/s 2.80+0.4 2.68+0.3
Peak force N 1029423 827+6
Eccentric impulse Ns 93+3 39+4
Concentric impulse Ns 181+5 174+1
Hip flexion deg 74+3 70+2
Knee flexion deg 88+2 96+1
Ankle flexion deg 31+l 40+1
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Table 3. Dynamic and kinematic parameters of a drop jump from a height
of 25 cm

DROP JUMP — 25 cm UNIT A B
Jump height cm 47.3+0.8 38.6+0.8
Ground contact time ms 165+5 174+3
Eccentric time ms 73+2 80+2
Concentric time ms 92+2 94+1
Concentric work J/kg 5.1£0.2 4.340.1
Jump efficiency cm/J 9.3+0.3 9.0+0.3
Peak power W/kg 92.4+6.7 76.6+1.2
Flight time ms 580+3 503+6
Take-off velocity m/s 2.78+0.1 2.65+0.4
Peak force N 3654+108 3689+180
Eccentric impulse Ns 161+4 15143
Concentric impulse Ns 1641 14142
Hip flexion deg 26+1 29+1
Knee flexion deg 56+2 61+2
Ankle flexion deg 13£1 25+1

Table 4. Dynamic and kinematic parameters of continuous jumps (n=20)

CONTINUOUS JUMPS (N =20) | UNIT C D
Jump height cm 33.3¢1.5 37.5+3.8
Ground contact time ms 156+4 252+19
Eccentric time ms 79+6 128+8
Concentric time ms 76+3 124+11
Concentric work J/kg 3.1+0.2 4.0+0.4
Jump efficiency cm/J 10.8+0.5 9.4+0.2
Peak power W/kg 66.3+4.4 58.8+7.1
Flight time ms 445+13 452434
Index activity 0.35+0.2 0.55+0.4
Take-off velocity m/s 2.19+0.7 2.59+0.2
Peak force N 42244393 2735+363
Eccentric impulse Ns 165+17 171423
Concentric impulse Ns 155+16 201+£26
Hip flexion deg 1243 2246
Knee flexion deg 2743 46+4
Ankle flexion deg 6+2 18+2
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DISCUSSION

This motor task consists of a rapid lowering of the body’s centre of
gravity, whereby the active leg muscles stretch (eccentric contraction).
Then the movement is halted and the subject immediately takes off in
a vertical direction (concentric contraction). The energy that accu-
mulates in the muscles and the tendon during the stretching is
transmitted to the concentric phase. Consequently, the velocity of
movement in the second phase increases. The jump is performed with
arms kept akimbo. The measurement protocol was based on the
following parameters (Table 1). The take-off time ranges from 338 to
364 milliseconds. According to the principle of elastic energy transfer,
the eccentric phase is shorter than the concentric one. Subject A,
whose jump height was 48.8 cm, had an eccentric/concentric phase
ratio of 33.8% : 66.2%. For subject B, whose jump height was 40.8 cm,
the respective ratio was 38.7% : 61.3%. It can be concluded that the
efficiency of the two-phase muscular activity depends on an
appropriate ratio between the eccentric and concentric muscle
contraction. The elastic energy generated in the first phase thus
accumulates in the muscle-tendon complex (tendon, aponeurosis,
cross-bridges, perimysium, epimysium and sarcolemmas; [3, 4]) and
merges with the chemical energy of the muscle in the concentric
phase. The consequence is a larger muscle force, resulting in a higher
jump. The vertical velocity of the body’s centre of gravity in a two-
phase muscle contraction is 9.5% higher than in a single-phase
concentric muscle contraction. The transition from eccentric to
concentric contraction takes place when the knee angle measures 89°.
The ground reaction force ranges between 904 N and 1104 N.

A countermovement vertical jump can be performed with or
without an arm swing. According to the classical protocol [5], the
arms were isolated and kept akimbo. In some motor situations it is
important to know what the contribution of the arms is to the
efficiency of a vertical jump (e.g. in volleyball). The arms contribute
8.6% to 8.8% to the jump height (Table 2). The arm swing changes
some kinematic and dynamic parameters of a vertical jump. For study
subject A, the ground contact time was longer, especially the eccentric
phase, while increases were recorded in the ground reaction force — by
125 N, take-off velocity — by 0.33 m/s and the force impulse in the
eccentric contraction — by 59 Ns.
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Drop jumps are an extremely efficient means to improve how the
ankle muscles function in eccentric-concentric conditions. At the
same time, they are used in take-off power diagnostics. The degree of
loading in drop jumps is defined by the jump depth, the athlete’s body
mass, contact time and vertical jump height. The jumps are performed
from a height of 25 c¢m to 80 cm. Jumps from a height of 80 cm or
more constitute a risk of injury which is why they are usually wamed
against in training practice. These jumps put the bulk of loading on the
plantarflexors and the knee and hip extensors. The landing must be
performed in such a way as to prevent the heel from touching the
ground. The bumping of the heel against the ground causes a rise in
the ground reaction force of more than 100%. If braking in the
eccentric phase cannot be performed by the ankle joint extensors, the
task is taken over by the knee and hip extensors. However, in this
case, the time of the transition from the eccentric to the concentric
phase is substantially longer, thus negatively affecting the efficiency
of the jump.

A drop jump consists of the following phases: leaving the bench
set at a specific height, flight, preparation for landing, ground contact,
braking, eccentric-concentric contraction and vertical acceleration.
Not only is the height of the bench important, but so too is the peak
height of the body’s centre of gravity during the flight phase. The pre-
activation phase starts 100 milliseconds before the ground contact [9,
11]. The function of the muscle pre-activation is to prepare the muscle
for stretching. This pre-activation is secured by the concurrent
activation of m. gastrocnemius and m. tibialis anterior. The short-
range stiffness of m. gastrocnemius thus facilitates the accumulation
of a higher quantity of elastic energy in the tendon and a smaller
extension of the muscle [9]. The purpose of drop jumps is to shorten
the time of shock absorption which generates an optimum transition
from the eccentric to the concentric contraction. The analysis of drop
jumps was based on the following parameters (Table 3).

Contact time is one of the crucial parameters of drop jumps as it
defines the efficiency of the transition from the eccentric to the
concentric contraction. The contact time of the study subjects who
performed a drop jump from a height of 25 cm ranged from 165 to
174 milliseconds. The ratio between the time of the eccentric and
concentric phases of subject A was 44.2% : 55.8%, whereas that for
subject B was 45.9% : 54.1%. Subject A expressed greater efficiency
in braking after landing from a 47.3 centimetre-high jump. Some
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authors [11, 19] have shown that the pre-activation of plantarflexors is
the most important mechanism in shortening the contact time in
eccentric-concentric motor tasks. Basically, the central motor
programme improves and — through control of musculature activation
— increases the short-range stiffness of the muscle-tendon complex of
the lower extremities upon contact with the ground. This programme
is responsible for synchronisation of the ankle joint flexors and
extensors. The optimum pre-activation of agonists and antagonists
prior to contacting the ground reduces the amplitudes of movement
and shortens the eccentric phase. Consequently, a larger muscle force
is generated, along with a lower consumption of metabolic muscle
energy. The shortening of the ground contact time in a drop jump is
mainly the result of the pre-activation of m. gastrocnemius, m. soleus
and m. tibialis anterior [11]. The efficiency of the performance of drop
jumps in subject A (this athlete is an elite triple jumper) compared to
that in subject B is primarily reflected in the following parameters: a
shorter contact time, a shorter eccentric phase, peak power (W/kg of
body mass), a higher take-off velocity, a higher force impulse in the
eccentric and particularly the concentric phase as well as a lower
amplitude of movement in the knee and ankle joints. Short-range
muscle stiffness is additionally manifested in the ankle joint since the
amplitude of the movement of subject A was only 13°, whereas that of
subject B was 25°. The peak ground reaction force, measured by two
force plates (Kistler, Type 9286A), was 3654 + 108 N in the case of
subject A and 3689 + 180 N in the case of subject B (drop jump from
25 cm). The peak ground reaction force and the peak force impulse
were recorded in the eccentric phase.

The test consists of a series of continuous vertical jumps (Table 4),
with the emphasis put on the take-off from the ankle joint. The arms
are kept akimbo, while attention must be paid to a correct body
balance. The subjects of the present study performed 20 vertical
jumps. The test assessed the degree of the elastic (reactive) power of
the plantarflexors which play the key role in real motor situations such
as sprint, hurdles, long jump and triple jump. The test result is defined
by the average height of the jumps, the average time of flight and the
ground contact phases, the average duration of eccentric and con-
centric phases, the peak ground reaction force and the realised average
power per 1 kg of the subject’s body mass (W/kg).

Study subject C, who is an elite world class sprinter, recorded very
short contact times, averaging 156 = 4 milliseconds. The eccentric
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phase lasted only 79 milliseconds. The velocity of the eccentric-
concentric cycle reveals the efficiency of the transformation of kinetic
energy to elastic energy, with major roles being played by the elastic
and reflex components of the muscle-tendon complex. The shorter the
phase during which the muscle-tendon complex stretches and the
smaller the amplitude of movement in the ankle (6°), the better the
utilisation of elastic energy [6, 15]. In terms of the movement
structure and generation of force within a short time interval, the test
is very similar to that for sprinting. Sprinting is a typical example of
an eccentric-concentric cycle. In the eccentric contact phase, the
muscle-tendon complex extends, whereby the accumulated elastic
energy is consumed in the efficient propulsion of the running stride. In
the phase of peak sprint velocity, the contact phase time ranges
between 85 and 90 milliseconds, with the vertical component of the
ground reaction force equalling 1400 to 2100 N [14]. Subject C
develops a peak ground reaction force of 2265 + 373 N and 1959 +
413 N with their right and left legs, respectively. A certain degree of
asymmetry between the lower extremities was identified. The obvious
difference between study subjects C and D was seen in the short-range
stiffness of their ankle and knee joints. Subject C’s flexion of the
ankle joint in vertical jumps was only 6 + 2°, whereas that of subject
D was 18 + 2°.The greater short-range stiffness of the ankle joint in a
sprint results in the lower consumption of chemical energy in the
following muscles: m. gastrocnemius lateralis, m. gastrocnemius
medialis and m. soleus. The lower consumption of chemical energy is
important in those motor situations where a certain movement must be
performed at a high velocity.

CONCLUSION

The biomechanical diagnostics of the explosive power of lower
extremities is an extremely important element of monitoring modern
athletes’ training processes. The results of measuring different types
of vertical and drop jumps provide us with fundamental information
on the status and functioning of the neuromuscular system. Based on
this information the training process can be far more accurately
programmed and controlled in terms of power. Certain state-of-the-art
technologies and measurement procedures for diagnosing explosive
power have been presented, primarily as regards monitoring the
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dynamic and kinematic parameters of vertical and drop jumps. The
tests are implemented in laboratory conditions, whereas the next step
is to enable the monitoring of an athlete’s neuromuscular system in
field conditions, i.e. in a real environment.
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ABSTRACT

The aim of the present study was to investigate the gait and muscle
strength characteristics in total knee arthroplasty (TKA) patients with
patellofemoral pain syndrome (PFPS) before and six months after
surgery. Eight patients (4 men and 4 women) aged 58-77 years with
PFPS following unilateral TKA who had primary degenerative knee
OA participated in the study before and six months after reoperation.
In patients was registered the active range of motion (AROM) of knee
extension and flexion, hip abduction and adduction. Isometric maxi-
mal voluntary contraction (IMVC) force of knee flexors, extensors,
abductors and adductors was measured and gait kinematic characte-
ristics and kinetic characteristics of knee joint were recorded. Knee
flexion AROM in the involved leg was significantly lower (p<0.05) as
compared to the uninvolved leg pre- and post-surgery. The patients
had greater (p<0.05) hip abduction AROM and significant increase
(31%, p<0.05) of IMVC force of the involved leg’s hip abductors
postoperatively as compared before surgery. Six months after surgery



38 H. Gapeyeva et al.

a significant (p<0.05) improvement of gait spatiotemporal charac-
teristics (increase of swing time and stride length (p<0.05), together
with decrease of stance time and cadence, as well increase of stride
length) was noted in the involved leg. In TKA patients 6 months after
reoperation due to PFPS the knee joint function in involved leg was
significantly improved and the positive changes in gait with com-
fortable velocity took place as compared before surgery.

Key words: joint replacement, isometric contraction, osteoarthritis,
anterior knee pain

INTRODUCTION

Patellofemoral complications following total knee arthroplasty (TKA)
continue to be a significant source of postoperative morbidity and
revision surgery. The possible complications include patellofemoral
instability, extensor mechanism impairment, soft tissue impingement,
prosthetic wear or loosening, and osteonecrosis [18]. Patellofemoral
pain syndrome (PFPS) can be defined as anterior knee pain or retro-
patellar pain in the absence of other specific pathology [6].

Cooney et al [5] retrospectively reviewed 361 patients who had a
revision total knee arthroplasty done for an extensor mechanism
problem to assess the prevalence, etiology, and risk factors of sub-
sequent reoperation. The prevalence of reoperation was 23% and
84 patients were reoperated for one or more times. The average time
until the first reoperation was 2.4 years. The cumulative risk of a re-
operation for any reason was 7% 1 year, 19.6% 5 years, and 35.9%
10 years after index revision. The authors found that the most
common reason for reoperation was a new or recurrent patellofemoral
problem, which accounted for 33% of the first reoperations. By data of
Sierra et al [23] the average time from index revision total knee
arthroplasty to the first reoperation was 3.5 years (range 1 day-—
19 years) and the cumulative risks of the first reoperation at 5, 10, and
15 years were 16.1%, 26%, and 31.4%, respectively.

A retrospective analysis of 2188 total knee arthroplasties
performed during six years (2002-2007) in Tartu University Hospital
revealed that reoperation was conducted in 2.1% of cases (47 pa-
tients). Reoperation burden was 1.5% in unconstrained GEMINI SL
(LINK), 2.6% in semiconstrained PFC (De Puy) and 1.3% in
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constrained rotational hinged knee (LINK). Normal alignment of the
PF joint in the axial X-ray was differentiated in 3 patients (6.4%) and
other had lateral pressure syndrome — 34 patients (72.3%) and patellar
subluxation or necrosis — 10 patients (21.3%) [11].

The level of ROM limitation and joint contracture localization
define the functional limitations of a patient [4, 16]. It has been
suggested that an imbalance between the vastus medialis and vastus
lateralis muscle forces causes abnormal tracking of patella, resulting
in reduced contact areas, increased stresses, and patellofemoral pain
[3]- Knee extensor (KE) muscle forces play an important role in
determining the medial-lateral force balance, contact force and
pressure distribution of the patellofemoral joint [3, 8, 13]. In a review
article [2] on kinematic gait characteristics associated with PFPS it
was noted that during walking, individuals with PFPS can exhibit
impaired ankle joint kinematics and a possible reduction in gait
velocity. Previously, it has been demonstrated that persistent gait
abnormalities are comparable between patients with different type of
knee joint prostheses (posterior-stabilized, cruciate-retaining and
cruciate-sacrificing prostheses) [26]. The data regarding the gait
biomechanics for TKA patients with PFPS patients is not well
documented.

The aim ofiour study was to investigate the gait and thigh muscle
characteristics in TKA patients with PFPS before and six months after
surgery. It was hypothesized that gait velocity and other kinematic
data can be improved in TKA patients with PFPS 6 months after
surgery.

MATERIALS AND METHODS
Subjects

Eight patients (4 men and 4 women, mean age 66 years, range 56—77,
BMI 31.9 kg/m?, range 26-39) with PFPS following unilateral TKA
participated in the study before and six months after surgery (Table 1).
Pre-TKA, all patients had primary degenerative knee OA in stage IlI
or 1V according to Kellgren-Lawrence Scale and were scheduled for
the first TKA. The patients had patellofemoral compartment
involvement in OA in the operated knee joint. The duration of
symptoms before TKA was 9.3+2.5 years (range 3-20 years) and
reoperation due to PFPS was performed 18.8+3.5 months (range 6—



40 H. Gapeyeva et al.

36 months) later. Patients in the PFPS group were confirmed with the
presence of pain and/or tenderness upon palpation of the patella;
experienced diffuse anterior knee pain for at least 6-12 months and
had increased knee pain when descending stairs and during physical
activity. Exclusion criteria were any other joint replacement of lower
limbs, other orthopaedic dysfunctions, rheumatoid arthritis, neuro-
muscular or neurodegenerative diseases, significant cardiac or
pulmonal problems. The patients were evaluated twice: pre-
operatively and six months after reoperation. Before the beginning of
the testing session, all subjects completed an informed consent form.
The study carried the approval of the Ethics Committee of the
University of Tartu.

Measures

Surgical procedures
For TKA, the condylar endoprostheses GEMINI (W. Link Gmbh &
Co, Germany) with a rotating plateau were used in case of moderate
knee varus deformity (up to 10°) and stable knee ligaments (in 4
patients). By using this type of prostheses the posterior cruciate
ligament was retained. The condylar endoprostheses PFC with
posterior joint stabilization (Johnson & Johnson, USA) were used in
case of more severe knee varus deformity (up to 20-25°) and instable
knee ligaments (in 4 patients). The posterior cruciate ligament was
sacrificed in these cases. A fixed polyethylene insert was used. The
patella was not resurfaced.

Two kinds of reoperations were performed in TKA patients with
PFPS — patella endoprosthesis (resurfacing) or patella resection
(reshaping).

Active range of motion

The knee flexion, extension, and hip abduction and adduction active
range of motion (AROM) were measured by standard mechanical
goniometer Gollehon Extendable Goniometer (Lafayette Instrument,
USA) and standard guidelines [4]. Three measurements were taken for
each joint and the best result was accepted for future analysis.
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Isometric maximal voluntary contraction force

Thigh muscle isometric maximal voluntary contraction (IMVC) force
in flexion, extension, abduction and adduction was measured by hand-
held dynamometer (Lafayette Manual Muscle Test System, Lafayette
Instrument Company, USA). Hand-held dynamometer is a reliable and
valid assessment tool for measuring strength of the hip and knee
muscle in older adults [1].

During the IMVC force testing of knee extensor muscle the subject
was in seated position on a therapeutic table with knee flexed to
aproximately 90°. IMVC testing of knee flexor muscle was performed
in prone subject, flexion of the knee between 50° and 70° [12]. The
subjects were required to exert maximum strength, pushing against the
dynamometer for approximately 3 s as hard as possible with rest
period of 1 min. The noninvolved leg was tested first, followed by the
involved leg. The best result from three trials was taken as isometric
maximal voluntary strength. All assessments were performed by the
same physiotherapist.

Gait characteristics

Gait kinematic and kinetic characteristics were recorded using the
ELITE motion analyzer with six infrared cameras with a sampling rate
of 100 Hz and Elite Clinic software (BTS SpA, Italy). Twenty passive
reflecting spherical markers with the diameter of 15 mm were attached
to the selected anatomic points of body according to the Davis
protocol [7]: three markers on the shoulders, three markers on the
pelvis, three markers on each thigh, three markers on each calf and
one marker on each foot. The subjects were requested to walk with at
their comfortable velocity along a 5.3-m walkway. Three to five trials
were recorded and the trial with stable walking cadence (without de-
or accelerations) was taken for analysis.

The following spatiotemporal parameters of gait were recorded:
walking speed, cadence, stride length, stance and swing time, single-
limb and double-limb support time. Kinematic and kinetic charac-
teristics of knee joint flexion and extension — range of motion and
corresponding moment of force of knee joint flexion and extension
were estimated. Gait characteristics were normalized to gait cycle
(cycle duration = 100%).
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Knee joint pain )
Self-estimation of pain and stiffness of knee joint and physical
function during recent 48 hours was performed using Western Ontario
and McMaster Universities Index of Osteoarthritis (WOMAC)
questionnaire [15]. The questionnaire includes 24 questions, five of
which estimate pain, two — stiffness and 17 — functional ability.
Smaller scores characterize greater impairment of function. Pain
subscale (state without pain gives 20 points) and physical activity
subscale (state with better physical activity gives 68 points) are
included in Table 1.

Statistical analysis

Data are means and standard errors of means (+ SE) and range (min-
max). Student’s paired t-test was used to find differences of data
before and after reoperation and unpaired test to compare data of the
involved and uninvolved leg. For WOMAC scores statistical analysis
was performed using non-parametric tests (normality of scores
distribution was tested within each group using the Kolmogorov-
Smirnov test). Comparison of the post- to the preoperative scores was
estimated by Wilcoxon test. A level of p<0.05 was selected to
indicate statistical significance.

RESULTS

In the present study TKA patients with PFPS reported to have less
pain in knee joint and improved physical function (p<0.01) estimated
by WOMAC scores (Table 1). The involved leg's knee flexion
AROM was significantly lower as compared to the uninvolved leg
pre- and post-surgery (Figure 1A). This characteristic of the involved
leg did not change significantly (p>0.05) post-surgery as compared
before it. The patients had greater hip abduction AROM of the
involved leg 6 months after surgery as compared before it (p<0.05)
(Figure 1B). AROM of knee extension and hip adduction of the
involved leg 6 months post-surgery did not differ significantly
(p<0.05) from pre-surgery data (data are not shown here).
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Table 1. Anthropometric characteristics and WOMAC scores ofi TKA
patients with PFPS before and 6 months after surgery (n=8)

Before surgery 6 months after surgery
Characteristics | Mean | SE | min | max | mean | SE | min | max
Age (year) 663 [23]| 58 77 66.4 23] 58 77
Height (cm) 1694 | 46| 1485 | 189.2 | 169.7 | 3.4 | 148.5 | 189.2
Body mass (kg) 863 |38 734 | 979 857 40| 77.2 | 1004
BMI (kg/mz) 302 [ 1.3] 256 | 35.1 299 | 1.0} 26.1 | 347
WOMAC-Pain o
(0-20) 5.4 1.2 5 12 12.0 1.7 7 19
X())MAC_PF 0- 18.0 | 3.2 7 25 36.1**% | 3.4 16 45

TKA - total knee arthroplasty; PFPS — patellofemoral pain syndrome;
BMI - body mass index, WOMAC — Western Ontario and McMaster
Universities Index of Osteoarthritis questionnaire; WOMAC-Pain — pain
subscale and WOMAC-PF — physical function subscale (smaller scores
characterise greater impairment of function; estimation involved recent 48
hours before testing). Data are presented as mean = SE and range (min-
max). **p<0.01 as compared with data before surgery.

Six months after surgery lower IMVC force (p<0.05) of the involved
leg in TKA patients with PFPS was noted as compared to the
uninvolved leg (Figure 1C). The patients also demonstrated lower
IMVC force (p<0.05) of the involved leg’s hip abductor muscle pre-
surgery as compared to the non-involved leg (Figure 1D). No
significant differences were noted in this characteristic 6 months after
surgery between the involved and uninvolved leg.
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Figure 1. Active range of motion (AROM) and isometric maximal
voluntary contraction (IMVC) force of knee joint flexion (A and C,
respectively) and hip abduction (B and D, respectively) in total knee
arthroplasty patients with patellofemoral pain syndrome before and six
months after reoperation (mean and SE, *p<0.05).

Six months after surgery a significant increase of swing time (p<0.01)
and swing time as per cent of stride (p<0.05) and stride length
(p<0.05) of the involved leg were noted in patients as compared to
pre-surgery (Table 2). Postoperatively patients demonstrated a
decrease (p<0.05) of stance time and cadence as well increase
(p<0.05) of stride length as compared to before surgery. Changes in
spatiofemoral characteristics of gait are presented in Figure 2. The
greatest differences of the above mentioned gait characteristics were
noted in the swing time value (21%) (Figure 2).
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Table 2. Spatiotemporal characteristics of gait of TKA patients with
PFPS before and 6 months after surgery (mean and SE, n=8)

6 months after

Leo Before 1surgo:ry surgery p
2 (1-2)

Characteristics Mean SE Mean SE
Stance time (ms) IL | 714.1 | 38.7 761.3 41.0 NS

NIL | 7274 | 44.1 746.9 34.6 NS
Swing time (ms) IL | 376.5* | 28.9 474 .4 26.8 0.008

NIL | 436.8 | 16.0 475.6 23.6 NS
Double support IL 133.5 | 159 135.0 11.2 NS
time (ms) NIL | 1254 | 124 141.3 16.2 NS
Stance time IL 66.6 1.3 61.1 0.9 0.023
(% stride) NIL | 62.0 1.3 61.5 1.3 NS
Swing time IL | 33.4* 1.3 38.9 0.9 0.023
(%o stride) NIL | 38.0 1.5 38.5 1.3 NS
Double support IL 12.3 0.9 10.9 0.5 NS
time (% stride) NIL | 11.6 0.9 11.3 0.8 NS
Stride length IL 106.5 | 4.7 118.1 4.6 0.050
(cm) NIL | 108.1 7.0 113.0 4.2 NS
Stride width 104 | 07 | 102 06 | NS
(cm)
Velocity (m/s) 096 | 0.07 0.97 0.07 NS
Cadence 1085 | 49 | 99.8 41 | 0031
(step/min)

TKA — total knee arthroplasty; PFPS — patellofemoral pain syndrome;
IL — involved leg; NIL — noninvolved leg; *p<0.05 as compared involved
leg with noninvolved leg; NS — not significant difference (p<0.05) as
compared data before and after surgery.
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StTi[%S] Cadence

Gait characteristics

Figure 2. Changes in spatiotemporal characteristics of gait in total knee
arthroplasty patients with patellofemoral pain syndrome six months after
reoperation (p<0.05). Data before reoperation was taken as 100%. SwTi —
swing time in ms (p=0.008), SwTi [%S], swing time as per cent of stride
(p=0.023), SLi — stride length (p=0.050); StTi [%S] — stance time in ms of
involved leg (p=0.023).

No significant differences (p>0.05) in other temporal and distance, as
well as in kinematic and kinetic characteristics of knee joint as
compared pre- and post-surgery were found. The tendency to improve
the moment of force of knee joint flexion and extension was noted in
patients 6 months after surgery (Figure 3).
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Figure 3. Moment of force of knee joint flexion and extension during gait cycle in knee arthroplasty patients with
patellofemoral pain syndrome before (A) and six months after reoperation (B) (mean and SE; p>0.05). KM, — first
maximum flexion moment after initial contact, KM, — first maximum extension moment in early stance, KM; — second
max flexion moment in midstance, KM,-second maximum extension moment in terminal stance.
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DISCUSSION

The present study investigated gait spatiofemoral and knee joint kine-
matic and kinetic characteristics in TKA patients before and 6 months
after reoperation due to PFPS. The main finding of the study was that
6 months after surgery take place: (1) significant improvement in self-
estimated knee joint function; (2) increase of hip abduction AROM
and IMVC force; and (3) improvement of few gait spatiofemoral
characteristics (increase of stride length and decrease of gait cadence).

The high mean BMI was noted in patients with post-TKA PFPS. It
has been reported that knee joint OA is associated with an increase in
body mass and more obese subjects had the greater reduction of the
KE strength [24]. In our study, patients demonstrated significant
improvement of knee joint function by WOMAC scores after
reoperation. In a retrospective study [22] where subjects were TKA
patients aged 62—84 years (the post-surgery period was 67 years), no
statistical significance was noted between men and women concerning
differences in anterior knee pain after surgery.

TKA patients with PFPS demonstrated before and 6 months after
surgery lower AROM (12% and 19%, respectively) and IMVC force
(8% and 20%, respectively) of the involved leg for knee flexion as
compared to the uninvolved leg. The incidence of flexion deformity
following TKA is shown as high as 17% [25], but no differences were
noted in knee extension of stance phase between TKA patients and
healthy controls [10]. Previously it has been found that quadriceps
muscle strength decrease in patients with orthopaedic problems
evokes changes in body balance and gait [16].

In the present study, patients demonstrated significant increase
(31%) of IMVC force of the involved leg’s hip abductors post-
operatively as compared before surgery. The importance of paying
attention to appropriate balancing of the patellofemoral soft tissues
was emphasized in studies of patellofemoral pain after TKA [20] and
of the effect of soft tissues on patellar tracking [21].

Significant improvement of gait spatiofemoral characteristics was
noted in the present study 6 months after surgery — greater increase
(prolongation was found in swing time (21%), this was accompanied
with shortening of stance time distribution in gait cycle (Figure 2). As
a result of improvement of hip abductor strength, the gait stride was
8% longer and cadence was 9% less post-surgery as compared before
it. The study of McClelland et al [14] demonstrated the ability of TKA
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patients to increase walking speed by adjusting spatiotemporal
parameters. From comfortable to fast walking the velocity in the TKA
group was increased similarly to healthy controls — as a result of an
increase in both stride length and cadence. 6 months after surgery no
significant improvement in gait velocity was noted. Patients in the
present study had lower gait velocity (0.96 pre- and 0.97 m/s post-
surgery) and cadence as compared to the data of Besier et al [3] who
found that PFPS subjects walked and ran with similar speed, stride
length, and cadence to the control groups of males and females.

TKA patients with PFPS had no significant improvement in
kinematic and kinetic characteristics of knee joint after surgery as
compared pre-operatively. The tendency to improve the moment of
force of knee joint flexion and extension was noted — in first maxi-
mum extension in early stance (mean increase of 85%) and in second
maximum extension moment in terminal stance (increase of 23%).
The study of Ouelett and Moffet [17] demonstrated that TKA patients
walked with a more flexed hip in stance phase and a less flexed knee
and plantarflexed ankle during early stance and had a significant
decrease in extensor and flexor moments at the hip and knee
throughout the gait cycle. It has been found that at the knee joint,
altered tibiofemoral rotation and an increase of knee adduction during
the stance phase of gait result in lateral patellar tracking and increase
lateral patellofemoral joint compression [19]. It has been found that
compared to healthy controls, the PFPS group had greater co-
contraction of quadriceps and hamstrings during walking, even though
the net knee moment was similar between groups [3].

The limitation of the present study is a small number of patients
who were evaluated.

In conclusion, the study demonstrated that in TKA patients 6
months after reoperation due to PFPS the knee joint function was
significantly improved — hip abduction active range of motion and
isometric force were increased. At the same time the positive changes
in gait with comfortable velocity were found: increase of the stride
length and decrease of cadence as well as normalisation of gait cycle
phases took place.
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MOTIVATION AND INSTRUCTORS’
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ABSTRACT

The aim of this study was to investigate the motives of aerobics parti-
cipants in relation to their perceived and preferred leadership behavior
of aerobic instructors.

Eighty seven aerobics participants (aged between 16-59 vy)
completed the cross-sectional questionnaire survey. Instruments
assessed participants’ exercise motivation, and perceived and
preferred leadership behaviour of their aerobic instructors.

We found that in aerobics participants the appearance- and health-
related dimensions of exercise motivation are higher ranked than
flexibility and social motives. Although aerobics participants show
relatively high levels of competitive and social motives compared
with general population, the highest ranked incentive for them seems
to be physical fitness. Aerobics participants perceive significantly less
instructors’ democratic decision making, instruction, social support
and positive feedback than they prefer, while they perceive signi-
ficantly higher amount of autocratic decision making compared with
their preference.

Key words: motivation for participation in aerobics, leadership be-
havior
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INTRODUCTION

Since more than three decades motivation for fitness activities and
factors which influence exercise participation have been a matter of.
special interest to researchers. Most frequently motives such as
enjoyment, social interaction, positive affective responses and
perceived accomplishment have emerged [5]. The aim of the present
study was to investigate the role of various motivating factors in
participation in aerobics. Aerobics was chosen as it provides an exer-
cise context including personal goals in a group setting, potentially
reflecting both individual and social motivational factors.

Participation motives represent diverse goals for taking part in a
particular domain of behaviour. Often motivation for participation in
both sport and exercise has been explained in terms of: the Self-
Determination Theory (SDT) [8, 9]. According to the SDT, the regu-
lation towards exercise participation can be amotivated, extrinsically
motivated or intrinsically motivated. Research reveals that intrinsic
motivation represents autonomous behavioural regulation which is
associated with greater continuous participation in physical activity
[11, 12, 21]. In general, intrinsic motivation reflects engaging in the
activity for its own sake. An intrinsically motivated person considers
the physical activity inherently enjoyable, interesting, and challenging
[8, 9]. Still, findings are less clear in aerobics setting. Frederick and
Shaw [10] found that appearance-related motives dominate in aerobics
participation. Importantly, Laverie [15] determined 6 distinctive
motives for participation in aerobics: atmosphere of an aerobics class,
physical and psychological benefits, social ties related to aerobics,
social comparisons, obsession with aerobics, and feelings associated
with doing aerobics.

In sport settings, besides motivational characteristics, specific
coaching behaviors also have the potential to influence cognitive and
behavioral processes in athletes [5, 6]. Over the past decades the most
extensively studied framework for explanation of coaches’ leader
behavior is the Multidimensional Model of Leadership (MML) [4].
This model proposes that leader behavior can influence group
performance and member satisfaction. Specifically, it suggests that
three aspects of leader behavior need to be in congruence to achieve
effective group performance and member satisfaction. First, required
behavior (what is needed for a particular situation) is prescribed by
situational and member characteristics such as goals, structure, group
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task, norms etc. Second, preferred behavior (expected by the athletes)
originates from both situational and member characteristics, e.g. goals,
abilities, personality, and attitudes toward authority. Third, perceived
behavior (the coach’s behavior as perceived by the athletes) is
determined by the characteristics ofi the leader (personality, ability,
experience, and decision making style), but also by required and
preferred leader behavior. The leader, as suggested by the MML, may
alter his or her behavior to the requirements of the situation and the
preferences of the members in order to increase congruence between
those three aspects of leadership behavior.

There is evidence that smaller discrepancy between perceived and
preferred leadership behavior has a significant positive effect on
motivation [1]. Particularly, more frequent training and instructional
guidance and infrequent use of autocratic decision style increase the
satisfaction of members. Also, it has been found that most of leader
behavior has a positive impact on member satisfaction if preferred and
perceived leader behavior is concordant [2, 19]. However, a recent
study in Estonia demonstrated that individual athletes perceive less
training and instruction, democratic decision making, social support,
and positive feedback from their coaches than they prefer. In contrast,
they reported higher amount ofi perceived autocratic decision making
compared to what they prefer [20].

Although there is a large body ofi research in exercise motivation,
only a few studies have been conducted to explore (motivational)
features of exercise instructor’s behaviour. It has been found that
intrinsic motivation and supportive leadership have motivating effect
on women’s exercises participation [16]. Similarly, in female exer-
cisers socially enriched leadership is associated with greater exercise
enjoyment [3]. In Estonia, aerobics participants have demonstrated
higher intrinsic motivation compared with gym and indoor rowing
participants [14], while instructional and motivational behavior of
instructor is positively related to intrinsic motivation [17].

In this study we explored exercise motives for participation in
aerobics. First, we assessed exercise motives of aerobics participants
and compared them with exercise motives in a representative Estonian
female sample. Second, in order to find which exercise motives are
more salient than others in aerobics participants, we estimated relative
weight of distinctive exercise motives. Third, we assessed perceptions
and preferences for instructor’s leadership behavior and their relations
to exercise motives in aerobics participants.
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MATERIALS AND METHODS

Participants and procedure

Data were collected from cross-sectional survey in 7 exercise clubs.
Inclusion criterion for volunteers was participation in a formal
aerobics exercise group lead by an instructor. One ofi the authors
distributed the questionnaires personally to each participant and
explained the general purpose of the study. Participants returned the
completed questionnaires within 2 weeks.

Out of 272 delivered questionnaires 94 (34.6%) were returned.
Due to missing values 7 questionnaires were omitted from analysis.
Therefore, data from 87 aerobics participants (aged between 16—
59 years. mean=26.1, SD=9.0) were included in the study.

Measures

To measure characteristics of personal exercise motives and
instructor’s leadership behaviour, following questionnaires were used:

1. Modified Estonian Exercise Motivation Questionnaire-2, (EMQ-
2EM [18]; [original 13]). EMQ-2M consists ofi 37 items. Subscale
scores were computed for 7 different exercise motives: Competition
(e.g. I exercise to compare my abilities with other peoples’), Health
(I exercise because I want to maintain good health), Appearance (/
exercise to improve my appearance), Social Recognition (/ exercise to
have fun being active with other people), Fun and Relaxation (/
exercise because I find exercising satisfying in and of itself), Physical
Fitness (I exercise to build up my strength), and Flexibility (I exercise
to stay/become flexible). The response format was to indicate how
much each statement is true for the participant from not ar all true for
me (0) to very true for me (5).

2. Estonian Leadership Scale for Sport (E-LSS [20]; [original 7]).
LSS is a sport-specific questionnaire designed to assess 5 distinctive
dimensions of leadership behaviour. Specifically, LSS is designed to
assess (a) perceived leadership behaviour and (b) preferred leadership
behaviour.

2.1. The Perceived Leadership Behaviour (PercLB) form requires
participants to estimate the frequency (never, seldom, occasionally,
often, always) of specific behaviours. Forty items represent the 5
subscales: Training and Instruction (My coach instructs every person
individually in the skills of the sport), Democratic Behaviour My
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coach lets the group set its own goals), Autocratic Bahaviour (My
coach speaks in a manner not to be questioned), Social Support (My
coach does personal favors for the exercisers), and Positive Feedback
(My coach compliments a person for her performance in front of
others).

2.2. The Preferred Leadership Behavior (PrefLB) form requires
indicating to what extend the participant prefers to experience those
five behaviors.

Statistical analysis

Statistical analyses were performed using the STATISTICA (version
8.0) software. Results are expressed as mean values (mean), standard
deviations (SD), and sample size (N). The one-sample t-tests and
Student’s t-test were performed to contrast mean values. Pearson’s
correlation coefficients indicate connections between variables. An
alpha level of .05 was used for all statistical tests.

To compare the exercise motives of aerobics participants with the
exercise motives of a representative Estonian female sample, the
subscale scores of the EMI-2EM were standardized by adding up the
raw scores of each subscale, then dividing this sum by the number of
items in that subscale, and multiplying it by five [18].

RESULTS

Descriptive statistics

Table 1 and 2 represent the descriptive statistics of EMI-2EM,
PercLB, and PrefLBH. First, the exercise motives of aerobic parti-
cipants were compared with the respective motives of a representative
Estonian female sample consisting of 931 females between 18 and 55
years [18]. To illustrate the exercise motives of aerobics participants
in relation to Estonian female sample, the T-scores were calculated
(Table 1).
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Table 1. Descriptive statistics of Modified Estonian Exercise Motivation
Questionnaire-2 and the T-score values of aerobics participants in relation
to Estonian female sample (n=87).

Subscale mean SD T-score
Competition 9.36 49 58.2
Health 19.23 4.5 59.8
Appearance 18.19 6.6 83.2
Social Recognition 8.68 6.3 74.4
Fun & Relaxation 18.48 49 62.8
Physical Fitness 20.01 4.5 73.0
Flexibility 15.90 6.8 72.3

T-scores are calculated in relation to the representative Estonian
female sample n=931 by Matsi [18].

Table 2. Descriptive statistics of the Perceived Leadership Behavior
(PercLB) and Preferred Leadership Behavior (PrefL.B) (n=87).

PercLLB PrefLB

Subscale mean SD mean SD
Training and 3.39 0.7 3.62 0.6
Instruction

Democratic 318 0.6 3.33 0.6
Behaviour

Autocratic 2.00 0.6 1.86 0.5
Behaviour

Social Support 2.22 0.5 2.34 0.5
Positive Feedback 3.20 0.9 3.33 0.8

Further, one sample t-tests indicated motivational deviation of: aero-
bics participants from Estonian female sample. We found that aerobics
participants showed significantly higher Competition motive (9.36+
4.9) compared with the Estonian female sample (5.31£5.4), {[1016] =
6.68, p < .00001. The same effect was found for Fun and Relaxation
motive (18.48+4.9), Physical Fitness motive (20.10+4.5) and
Flexibility motive (15.90+6.8) compared with the Estonian female
sample (15.18+5.7), t[1016]=4.53, p<0.0001; 15.00+6.7; [1016]=
6.80, p<0.00001; and (12.46+8.09), t[1016]=5.06, p<0.00001,
respectively.
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Relative saliency of exercise motives

In order to assess the relative saliency of distinctive exercise motives,
t-tests were conducted. Table 3 represents the #-statistics illustrating
differences in mean scores of exercise motives. In general, Compe-
tition and Social Recognition motives showed the lowest mean scores
in aerobics participants (see Table 3).

Table 3. Comparision of the mean scores of exercise motives (EMI-
2EM). Differences between the mean values are represented as f-scores,
t(86) (n=87).

Health | Appea- Social Fun & | Physical | Flexibi-
rance Re- Re- Fitness lity
cognition | laxation

Subscale (19.2) | (18.2) 8.7) (185) | (20.0) | (15.9)
(mean)
Competition | 15.71** | 11.09** 1.01 15.62** | 20.89** | 8.59%*
9.4
Health 1.29 13.72** 1.37 1.49 4.54**
Appearance 10.60** 0.34 224 2.20
Social 14.75%* | 15.16** | 7.66**
Recognition
Fun & 2.60 3.28*
Relaxation
Physical 6.47**
Fitness

Statistically significant t-statistics are printed in bold p<0.05, *p<0.01,
*xp<0.001.

Next, we divided the sample into two subgroups based on the score of
Fun and Relaxation motive. The aim was to search for further
explanations for higher levels of exercise motivation in comparison to
the representative Estonian sample. The rationale behind this was to
differentiate participants based on the exercise motive potentially
highly representative for intrinsic motivation. The cut-off score was
3.5 points. Group differences between low and high Fun and
Relaxation motive groups are presented in Table 4.
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Tabel 4. Comparison of exercise motives between subgroups characte-
rized by low (<3.5) and high (>3.5) Fun and Relaxation motive.

Low F&R | High F&R
Subsecale mean SD mean SD t p
Competition 1.39 0.8 2.13 1.0 | 3.541 | 0.000650
Health 3.43 1.0 4.06 0.8 3.245 | 0.001683
Appearance 3.54 1.2 3.69 1.4 0.504 | 0.615545
Social 1.26 1.2 1.99 1.2 | 2.683 | 0.008761
Recognition |
Physical 3.64 1.1 4.20 0.7 | 2.866 | 0.005242
Fitness
Flexibility 2.81 1.4 3.37 1.3 1.819 | 0.072469

Low F&R — subgroup of participants low in Fun and Relaxation motive,
n=30 (Fun and Relaxation mean=2.55, SD=1.4), High F&R — subgroup of
participants high in Fun and Relaxation motive, n=57 (Fun and Rela-
xation mean=4.30, SD=1.8); t statistics and Alpha values are presented.

Relations between instructor’s leadership behavior and exercise
motives

Correlation analysis estimated relationships between perceived or
performed leadership behavior of aerobics instructors and exercise
motives. Interestingly, Competition motive was negatively related to
both perceived Democratic and Autocratic Behavior (r=-0.22, p<0.05)
while it was positively related to preferred Democratic (r=0.21,
p<0.05) and Autocratic Behavior (r=0.32, p<0.05). In addition, parti-
cipants higher in Physical Fitness motive perceived less Positive Feed-
back from instructors (r—0.22, p<0.05). Further, higher Flexibility
motive was related to lower frequency of perceived Autocratic Be-
havior (r=—0.21, p<0.05) and higher preferred Autocratic Behavior
(r=0.26, p<0.05). Individuals with higher Appearance motive would
prefer to get more Training and Instruction (r0=0.29) and Democratic
Behavior (r0=0.22, p<0.05) from their instructors.

Congruence between perceived and preferred leadership behavior
in aerobic instructors

Finally, we were interested in congruence between perceived and
preferred leadership behavior of aerobics instructors. In order to
estimate potential discrepancies we calculated proportional difference
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between perceived and preferred behavior. Specifically, we calculated
ratios ofi perceived behavior to preferred behavior (Figure 1). Results
indicated that participants perceived more Autocratic Behavior than
preferred (110.6%). In contrast, participants reported less perceived
Training and Instruction (94.3%), Democratic Behavior (97.0%),
Social Support (96.2%), and Positive Feedback (98.7%) in relation to
preferred leadership behaviors. However, t-tests for single sample
suggest that discrepancies were statistically significant only for
Training and Instruction (t[86]—3.77, p<0.001) and Autocratic
Behavior (t[86]=3.39, p<0.01).

Trainingand  Democratic Autocratic  Social Support Positive
Instruction Behavior Behavior Feedback

Leadership Dimensions

Figure 1. Congruence between perceived and preferred leadership beha-
vior of aerobics instructors presented as proportional difference between
perceived and preferred behavior (ratios of perceived behavior over
preferred behavior). Mean values and standard deviations are presented.

DISCUSSION

In this study we first aimed to explore exercise motives of individuals
regularly participating in aerobics classes. Secondly, we estimated
how aerobics participants perceive the behavior of their instructors



62 A. Hannus, M. Laev

and how they would prefer instructors to behave. Thirdly, we were
interested in relations between motives for aerobics participation,
specific leadership behaviors demonstrated by aerobics instructors and
preferences for instructor’s behavior.

Previous studies in samples of aerobics exercisers reveal rather
controversial results [3, 10, 14, 15, 17]. Therefore we decided to
compare a female sample of aerobics exercisers to a relatively large
representative sample of Estonian females and to estimate the saliency
of distinctive motives. Our results suggest that aerobics exercisers
show higher levels of enjoyment related motives as well as motives
related to competing and social evaluation, and increasing one’s
physical fitness, compared to the general female population. However,
individuals regularly participating in aerobics classes rate fitness- and
health-related motives significantly higher than competitive and social
motives. Fun and Relaxation motive, reflecting enjoyment of exercise,
shows the third-highest rank for aerobics participants.

We propose that these results could be interpreted in terms of
enjoyment of exercising. About 2/3 of our participants demonstrated
rather high level of fun and relaxation motive. Previous results in the
general Estonian female population (including sedentary individuals)
suggest that only fun and relaxation motive is systematically related to
actual physical activity [18]. In current study we found most exercise
motives to be elevated in the subgroup of high level fun and relaxation
motive, compared with subgroup of low fun and relaxation moti-
vation. In terms of the SDT we propose that fun and relaxation moti-
ves reflect enjoyment of exercise. Experience of fun and enjoyment
represent intrinsic motivation, which is a strong predictor of regular
physical activity [11, 12, 21]. A rough suggested explanation would
be that strong intrinsic regulation supports also high levels of motives
related to social comparison and social recognition. These motives
could easily align with intrinsic need for relatedness [8, 9]. Physical
fitness motive (also higher in the subgroup of high fun and relaxation
motivation) might derive from the intrinsic need for perceived com-
petence. In contrast, the appearance motive which definitely reflects
extrinsic motivation did not differentiate between the subgroups of
high and low fun and relaxation motivation. Thus, although aerobics
participants show relatively high levels of competitive and social
motives compared with general population, the highest ranked
incentive for them seems to be physical fitness. We suggest that in
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future studies the role of intrinsic motivation should be carefully
investigated in aerobics settings.

Although we found that aerobic exercisers are driven by motive to
compete more frequently than general population, this motive is
relatively low in comparison with most other motives in the sample of
aerobics participants. Most likely, this reflects the nature of aerobics
classes, where no explicit competition occurs. Highly competitive
individuals probably seek to participate in competitive sports. This
explanation is supported by the fact that we found no systematic
relationship between fun and relaxation motive and competition
motive. Notably, the motive of physical fitness was not only higher in
aerobic exercisers than in the rest of the population, but it appeared
also to be the highest ranked exercise motive in aerobic participants.

Our findings also shed light on the perception and preference of
instructors’ leadership behavior. We found a negative relationship
between competitive motive and both perceived autocratic and
democratic behaviour. Thus, individuals higher in competitive motive
report their aerobics instructors to show less democratic and autocratic
decision making during exercise classes. In addition, since competi-
tive motivation was positively related to prefer democratic and auto-
cratic decision making, it seems that more competitive individuals
would prefer their instructors to ask explicitly for participants’ opinion
and/or make more resolute decisions. Furthermore, discrepancies
between the amount of perceived and preferred leadership behaviors
indicate that aerobics exercisers with high competitive motive
perceive less decision making behaviors than they would prefer
experience in their exercise classes.

Generally, we can conclude that high levels of exercise motives
predominantly reflecting intrinsic behavior regulation differentiate
aerobics exercisers from general population. Exercise motives are
systematically related to perceived and preferred leadership behavior
of aerobics instructors. Further empirical research is required to find
causal relationships between exercise motives and leadership
behaviors that support exercise motivation.
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ABSTRACT

The study compared effects of maximal resistance training (MRT)
versus endurance resistance training (ERT) in overweight people at
risk of developing Type 2 Diabetes. Dependent variables included
changes in body fat %, upper leg skeletal muscle area (left + right),
BMI and body weight pre-to post intervention. Eighteen individuals,
33- 69 years of age, were randomly assigned to one of two groups.
Group 1 engaged in MRT three days/week over a four month period
while members of Group 2 acted as controls. Later, Group 2 engaged
in ERT three days/week over a four month period and the members
acted as their own controls. Both interventions consisted of eight
exercises. Pre- to post changes were significant for MRT with a
reduction in BMI (p=0.013) and body weight (p=0.010), while per-
centage of body fat was significantly reduced (p=0.009) and skeletal
muscle area increased (p=0.021) with ERT. The results support both
approaches as interventions in primary prevention of obesity and
consequently in reducing risk of Type 2 Diabetes.

Key words: BMI, resistance training, impaired glucose tolerance,
percentage of body fat, skeletal muscle.
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INTRODUCTION

Impaired glucose tolerance (IGT) and Type 2 Diabetes, as well as
hypertension and overweight, are major challenges for current public
health management [6, 23, 33]. Many adults with diabetes are
overweight and more than half of adults with diabetes are obese [9].
Obesity is associated with cardiovascular risk factors such as
increased blood glucose [1]. A lifestyle involving limited physical
activity seems to be one of the most important reasons for the
development of obesity [8, 23, 27]. Physical inactivity and increased
body weight are expected to increase the prevalence of Type 2
Diabetes in Europe from 3.5% to 4.75% over the next 25 years [34].
At the same time, obesity is a serious health concern among more than
300 million people worldwide, and its prevalence increased by 50 %
in only seven years [32].

Resistance training can lead to changes in body fat, skeletal
muscle, body mass index (BMI) and body weight as it is known to
increase the volume of muscle and hence overall muscle mass.
Maximal resistance training (MRT) [5] aims to build increased muscle
mass under anaerobic exercise conditions. Optimal intensities during
resistance training are 60-80% of IRM. Conventional aerobic
endurance resistance programs include multiple bouts of low work-
load exercises at 45—65% of 1RM training, with intervals of pauses to
slow down the heart-rate and allow muscle cells to be refilled with
oxygen.

Lifestyle interventions appear to be effective in the prevention of
Type 2 Diabetes among people with IGT. Results from a recent study
suggested that screening for Type 2 Diabetes and IGT, with
appropriate intervention for those with IGT, in an above average risk
population aged 45, is cost effective [13]. Several studies have
reported improvements in glucose tolerance with resistance training
[16, 28, 29], whereas others have not [18, 36]. It is still unclear to
what extent this type of intervention has beneficial effects on
metabolism in individuals with normal glucose tolerance (NGT) [25].
Resistance training reduces total body fat mass in men and women,
independent of dietary caloric restriction [7, 24]. Resistance training
may reduce visceral adipose tissue in older men and women. In a
review study, Gordon et al. [14] claimed that supervised resistance
training improves glycaemic control and insulin sensitivity in adults
with Type 2 Diabetes. However, further research is needed to explore
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the mechanism(s) behind glucose tolerance improvements following
resistance training, and to determine the optimal frequency, intensity
and duration of such training. A recent study by Hansen et al. [15]
concluded that maximal, as well as endurance resistance training
(ERT), caused a reduction in insulin resistance in individuals at risk of
developing Type 2 Diabetes. Lifestyle interventions seem to be at
least as effective as drug treatment [12].

The development of obesity is associated with a worsening of
blood glucose and increased risk of other cardiovascular factors [1].
Results from the “Look AHEAD trial” showed that weight loss in
patients with diabetes improved glycolic control, reduced blood
pressure and improved blood lipids [20]. Observational studies also
support a likely link between weight loss and reduced mortality in
people with Diabetes [1].

Active men with normal and overweight BMIs appear to face
fewer health risks than their inactive counterparts. Elevated BMI is a
key driver of diabetes risk, with relatively modest attenuation with
activity. However, BMI and physical inactivity are independent risk
factors in the development of Type 2 Diabetes, although the effects of
the combination of these two factors are unclear [17]. One study
reported a greater risk of Diabetes both for physically active and
inactive overweight and obese participants than in active individuals
with normal weight. Analyses of the combination of level of physical
activity and BMI score state that adiposity, as associated with an
above normal BMI, is a critical determinant of Diabetes [30]. A
prospective study by Siegel et al. [26] reported that normal and
overweight BMIs in men, who were active, were associated with a
reduced risk of Diabetes in comparison with their inactive controls.
There was no significant difference in Diabetes risk (incidence of
Diabetes, hazard ratios (HRs)) between highly active versus highly
inactive men with obesity. This lack of difference suggests that the
increase in BMI may be one important factor in the risk of Diabetes,
even though inactivity alone may not be an important predisposing
factor. Hansen et al. [15] suggest that resistance training improves
both glycemic control and insulin sensitivity. Potential mechanisms
behind this are the physiological changes induced by resistance
training. Other determinants are discrete pathways to provide additive
insulin signaling benefits [3]. Most people with Diabetes and IGT are
overweight or obese. Such conditions may provoke increased
motivation for compliance to prevent the development of Diabetes.
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Interventions conducted by general practitioners seem to be limited,
indicating that intervention strategies should specifically be tailored to
the individual, assisted by training practitioners [22].The aim of the
present study is to compare the effects of maximal resistance training
and endurance resistance training in overweight people at risk of
developing Type 2 Diabetes. Dependent variables included changes in
body fat, upper leg skeletal muscle area (left + right), BMI and body
weight pre-to post intervention.

MATERIAL AND METHODS

Participants

Eighteen perticipants, who were classified as IGT in a large-scale
public health screening study in Norway in 2004 [21], according to
standards set by theWHO [31], volunteered for this study. The sample
consisted of 4 men and 14 women. The participants were randomized
into two groups with 9 individuals in each. To accommodate gender
differences, two men were randomized into each group. (Group 1:
Males=2; mean age=47.5 years, Females=7; mean age=46.5 years.
Group 2: Males=2, mean age=60.5 years, Females=7, mean age=
44 4 years. Overall age range 33—69 years). Both groups fulfilled the
criterion for BMI, and were overweight (Group 1, mean-value
28.55 kg/m®, SD=4.3, Group 2, mean value 27.17 kg/m®, SD=4.1).
During the second intervention, consisting of conventional endurance
ERT (Group 2), there were two drop-outs. Written informed consent
was obtained from each of the study participants in accordance with
the Helsinki Declaration [2]. The study was approved by the Regional
Committee for Ethics in Medical Research (Refi No. 4.2006.2549).

Procedures

Participants in Group 1 were involved in a lifestyle intervention program
for four months. This program focused on MRT (Bernstein inverted
pyramid system [4]), 3 days/week (5 x 34, 60-85% 1 RM) [5]. Members
ofiGroup 2 acted as controls and Group 2 was put on hold until Group 1
had completed the prescribed training program. Group 2 started the life
style intervention program, which was composed of conventional ERT
3 days/week (3 x 12-15, 45-65% 1 RM), following the initial four month
wait [5]. Both groups performed the intervention at a fitness center. The
first three weeks focused on providing instructions on how to properly
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perform assigned exercises. The guided interventions consisted of eight
exercises for the whole body: (1) total abdominal, (2) lower back, (3)
press for thighs, (4) leg press, (5) chest press, (6) arm press, extension for
triceps, (7) pull down for upper back and (8) arm curl for biceps. The
principles behind the heavy muscle strength-promotion training were
maximal intensity with a load that was lifted 4 repetitions to exhaustion.
Then, a reduced load was permitted for every new set of 4 repetitions
without breaks in between, continuing until the muscles were exhausted
[4]. Before and after the resistance exercises, the individual walked for
10 minutes on a treadmill to warm up, and walked 10 minutes after the
resistance training to cool down. ERT included intensity training, with a
load that permitted twelve — fifteen repetitions, in sets of three, with a
break of 1.5-2 minutes between sets. Similar to the procedure for Group
1, participants in Group 2 walked forl0 minutes to warm up on a
treadmill before resistance exercising, and walked an additional
10 minutes to cool down after resistance exercises.

Measures

Clinical measures were taken with the participants wearing under-
garments without shoes; height was rounded off to the nearest 1 cm and
weight to the nearest 0.5 kg, and these measures were used for the BMI
algorithm (kg/mz). The WHO categories for BMI were used [32]: Normal
weight (18.5 — 24), overweight (25 — 29), and obese (>30). Furthermore,
waist circumference was measured horizontally at the height of the
umbilicus to the nearest 1 cm when the participant was standing with
arms hanging relaxed. Four skinfold measures on biceps, triceps,
subscapularis and suprailiac together with measured waist circumference,
combined with age and gender were used in the algorithm to calculate the
total body fat index [10]. Upper leg skeletal muscle mass was estimated
by magnetic resonance imaging (MRI) technology.

Method of choice for scanning

Measurements were performed on a 1.5 T GE Signa HDX MRI scan
with software version 14.0.M5. The measurement protocol was based
on T1 weighted FSE (Fast Spin Ecco) MRI in order to be able to make
an image suitable for measuring the parameters of interest. This was
found sufficient to clearly differentiate between muscle mass, sub-
cutaneous adipose and bone tissue.
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For the upper leg the following technical parameters were used:
Freguency 512; Phase 256; NEX (Number of Excitations) 20; ETL
(Ecco Train Length) 3; FOV (Field of view) 46; slice thickness
8,0 mm, spacing between slices 2,0 mm; TR (Repetition Time)
340 msec; TE (Ecco Time) min-full; BW (Band With) 15.63.

The protocol was designed to produce imaging uptake at the same
location for all participants and at the same location when carrying out
pre- and post- measurements. Estimates were made 24 cm proximal to
the knee joint. This seemed to be the most suitable area as it included
all muscle groups of interest.

The MRI provided a transverse picture through the upper leg.
Based on these images, we used a software toll (from SECTRA RIS)
with a marker of region of interest to delineate the muscle tissue,
subcutaneous adipose tissue and bone. This approach excluded the
greater neurovascular bundles of the lower extremities. The results
were given as square mm (mm’), and subtraction was used to
determine the area of each tissue compartment [19].

Statistical analysis

The SPSS 17.0 statistical package was applied in all statistical
analyses (SPSS Inc, Chicago, 11l, USA). T-tests were carried out to
assess homogeneity between the groups. Potential differences were
investigated between pre- and post- assessments, and between groups
by repeated measures analysis of variance (ANOVA) with one within
(pre—post) and one between (Group 1 vs. Group 2) factors. T-tests for
dependent samples were used to assess changes from pre- to post
intervention in Groups 1 and 2. T-test statistics were assessed to arrive
at a main effect for each exercise intervention. Furthermore, measures
of net mean changes were compared to determine any superiority.

RESULTS

Means and standard deviations are given for each group at baseline
(Table 1). Scores are given for percentage of body fat, upper leg
skeletal muscle area (left + right), BMI and body weight. The study
groups fulfilled the criterion for an overweight BMI (Group 1, mear-
value 28.55 kg/m’, SD=4.3, Group 2, mean-value 27.17 kg/m’,
SD=4.1). T-tests showed homogenity between the groups with no
signifcant differences in mean value of the dependent variables.
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Table 1. Means and standard deviations (+SD), t-scores and p-values for
groups of homogeneous dependent variables (percentage body fat, upper
leg skeletal muscle area (left + right), body mass index (BMI) and body

weight at baseline (n= 18).

Group 1 (n=9) | Group 2 (n=9)

T- p-value

Variables Mean SD Mean SD (2-
score .

tailed)

Percentage body fat 39.7 | 49 | 367 | 55 | 116 | 0.260

(%)
(Sr';fr'g‘a' musclearea | ysoa0 | 3811 | 24473 | 5238 | 0.582 | 0.569
BMI (kg/m?) 2855 | 43 | 2720 | 42 | 069 | 0498
Body weight (kg) 768 | 11.6 | 782 | 169 | -0.21 | 0835

Means and standard deviations in percentage body fat, upper leg
skeletal muscle area, BMI and body weight before and after four
months of MRT for Group 1 are presented in Table 2. T-scores and p-
values are given for pre to post-differences. A significant decrease in
weight was seen from pre to post-intervention (p=0.010). The
decrease was accompanied by a significant increase in BMI from pre
to post-intervention (p=0.013).

Table 2. Means and standard deviations (£SD) of percentage body fat,
upper leg skeletal muscle area (left + right), body mass index (BMI) and
body weight before and after four months of MRT in a group ofi
overweight individuals (n=9) at risk of Type 2 Diabetes. T-scores and p-
values are given for pre- and post-measures.

{Variables Pre SD Post SD T p-
mean mean Score | value

Percentage body fat 397 49 38.6 50 217 s

%) . . . . . S.

Skeletal muscle area
(mm) 25730 | 3812 25800 3408 | -0.42 n.s.

BMI (kg/m?) 2855 | 43 | 2740 | 39 | 320 | 0013
Body weight (kg) 768 | 11.6 | 740 | 119 | 337 | 0.010

n.s.=not significant
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Means and standard deviations in percentage of: body fat, upper leg
skeletal muscle area, BMI and body weight before and after four
months of ERT are presented for Group 2 in Table 3. T-scores and p-
values are given for pre- to post-differences. A significant decrease in
percentage of body fat was seen from pre to post intervention
(p=0.009). The decrease was contrasted with a significant increase in
sceletal muscle area from pre to post intervention (p=0.021). No
significant change was found for BMI and body weight, which might
indicate that body mass shifted from fat to skeletal muscle mass due to
the four months of ERT.

Table 3. Means and standard deviations (SD) of percentage body fat,
upper leg skeletal muscle area (left + right), body mass index (BMI) and
body weight before and after four months of endurance resistance training
in a group ofi overweight individuals (n=7) at risk of Type 2 Diabetes. T-
scores and p-values are given for pre- and post-measures.

Pre Post
Variables p-
Mean SD Mean SD | T-score
value
Presentage body fat (%) | 38.01 6.09 | 3630 | 6.14 3.82 0.009

Skeletal muscle area| 5405 | 5607 | 26290 | 5805 | 312 | 0.021

(mm)
BMI (kg/m?) 28.0 4.1 27.6 4.8 0.95 n.s.
Body weight (kg) 827 | 151 | 836 | 16.1 1.53 n.s.

n.s.=not significant

Results from the two-way repeated ANOVAs stated that F-scores for
overall effects of the time factor were significant for BMI and body
weight due to reductions from pre to post intervention (Table 4). F-
scores for overall differences between groups were not significant.
However, the group-by-time interaction was significant for percentage
of body fat, BMI as well as body weight (p<0.003, 0.011 and 0.01,
respectively) due to relatively marked reductions in all three measures
only in the maximal resistance intervention group (Group 1).
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Table 4. F-scores and p-values for effects of maximal resistance training
upon change in percentage body fat, upper leg skeletal muscle area (left +
right), body mass index (BMI) and body weight from pre- to post-
intervention (Time T, Group, G), compared with pre- and post-values in a
waitinglist control group (n=18).

Time (T) Group (G) TxG
Variables F- p- F- p- F- p-
score | value | score | values | score | values

Presentage body fat 061 | ns. | 039 | ns | 1264 | 0003

(%)

Skeletal musclearea | 07 | [ ¢ | 036 | ns. | 005 | ns.
(mm)

BMI (ke/m?) 770 1 0014 | 017 | ns. | 824 | 0011
Body weight (kg) 807 | 0012 | 018 | ns | 847 | 001

n.s.=not significant

T-test statistics were assessed to arrive at a main effect for each
exercise intervention (Table 5). Measures of net mean changes were
compared to determine any superiority and to compare the mean
change for each dependent variable. The comparison showed that
there were no significant mean changes for the variables, except for
weight (p=0.004), thus indicating that there was only a partial
superiority of one intervention to the other.

Table 5. Compared net Mean differences, t-scores and p-values of
maximal and endurance resistance training for percentage of body fat,
upper leg skeletal muscle area (left + right), body mass index (BMI), and
body weight (n=16, Group 1: 9, Group 2: 7).

Variables Mean ¢ val
difference score p-vafue
Presentage body fat (%) 0.641 0.955 0.356
Skeletal muscle area (mm) -408.05 -1.756 0.101
BMI (kg/m?) -0.757 -1.510 0.153
Body weight (kg) -3.684 -3.431 0.004




FExercise-induced changes in body fat 75

DISCUSSION

The findings indicate that MRT is somewhat superior to ERT in
reducing body weight and BMI. Moreover, ERT appeared to be more
efficient than MRT for reducing body fat and increasing skeletal
muscle. This pattern of changes indicates that overall body mass
shifted from fat to skeletal muscle mass due to the four months of
ERT. One could therefore argue that the results encourage the use of
both types of resistance training despite the significant effect upon
increase in skeletal muscle area only from ERT.

Reduction of BMI and related weight loss are associated with
improved glycolic control, reduced blood pressure, and improved
blood lipids. All these changes reduce the risk of developing Type 2
Diabetes [11]. The present findings add further support to the review
study by Anderson et al. [1] who concluded that weight management
appears to be the most important therapeutic task for people with Type
2 Diabetes. Resistance training appears to significantly induce these
changes. However, in the present study, weight and BMI reductions
following ERT were not significant. The reason for this is probably
that the increase in skeletal muscle area compensated for the loss of
body fat. These findings, together with those reported by Braith and
Stewart [7], show that training reduced total body fat in men and
women, independent of dietary caloric restrictions.

A recent systematic review [35] identified seven studies on the
effects of multi-component lifestyle interventions in people with IGT.
The interventions included exercise, diet and weight loss goals. Only
one study included a structured exercise training intervention. Four
studies used the incidence of Diabetes over the course of the study as
an outcome measure. A reduction in Diabetes risk by approximately
50 % (range 42-63 %) was reported in these four studies despite the
fact that only small changes in physical activity were achieved.
Therefore, the reduced risk of Diabetes was most likely attributable to
factors other than physical activity. In this way, the contribution of
physical activity, independent of dietary changes and weight loss, in
the prevention of Type 2 Diabetes in people with symptoms associated
with pre-diabetes, is still equivocal. In relation to obesity treatment,
the present study furthers our understanding of resistance training as a
tool for health care providers in this field, particularly given that most
people with Diabetes and IGT are overweight or obese. The present
findings encourage recommending MRT as well as ERT for
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overweight individuals as well as individuals perhaps at risk of
developing Type 2 Diabetes.

In conclusion, MRT and ERT are promising approaches in the use
of exercise to prevent obesity and consequently Type 2 Diabetes. BMI
and body weight appeared to respond significantly to MRT, whereas
ERT led to a significant decrease in body fat and increase in skeletal
muscle area. The investigation provides important novel insight for
prevention and treatment. The effects discovered here may depend on
the approach to resistance training in this study and the choice of a
comparative design. Superior prevention may result from a combi-
nation of the two approaches.
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ABSTRACT

Hip muscle weakness is an often-occurring condition after displaced
fractures of the proximal femur in older patients. The aim ofithis study
was to compare hip muscle strength and pain in elderly female
patients after proximal femoral fracture. Nine female patients
(mean+SD of 71.4+3.9 yrs) participated in this study. Knee extensor,
hip abductor and adductor muscle strength was evaluated with hand-
held dynamometer Lafayette (USA) during the first week of post-
operative stay in hospital, and 6 months postfracture with fractured
and nonfractured leg. Pain was assessed using a visual analogue scale.
A week after the operation knee extensor, hip abductor and adductor
muscle isometric muscle strength for the fractured leg was decreased
(p<0.05) by 50.7%, 55.6% and 38.8%, respectively, compared to the
nonfractured limb. At 6-month follow-up, hip muscle strength
increased significantly (p < 0.05) in both the fractured and non-
fractured leg. Hip muscle strength for the fractured leg was signi-
ficantly lower (p<0.05) compared with the nonfractured leg 6 months
after surgery. Pain score was significantly (p<0.05) higher during the
first postoperative week as compared to 6 months follow-up.

[t was concluded that voluntary maximal isometric force-
generating capacity of knee and hip muscles for the fractured leg was
markedly increased 1 week and 6 months postoperatively. Isometric
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force-generating capacity for the fractured leg was significantly
improved by 6 months follow-up.

Key words: proximal femoral fracture, hip muscle strength, pain, older
patient

INTRODUCTION

Fractures of the proximal segment ofi the femur occurring most
commonly in elderly patients are a serious medical and socioeconomic
problem. Globally there are already more than 1.3 million hip frac-
tures each year. Residual lifetime risk of proximal femoral fractures
(PFF) for women and men from 60 age is 44% and 25% respectively
[17]. Six months after fracture, 30% of patients die [18], 50% from
survivors need assistance in walking and 90% need assistance to climb
stairs after one year [4, 5]. Mobility limitations after hip fracture are
very common and impaired by deficits of lower-limb muscular
strength [12, 15]. Studies of elderly adults have demonstrated that
muscle strength deficit is extremely large after PFF [15, 17]. The
measurement ofimuscle strength is a widely used tehnique in geriatrics
[1]. The factors related to the impared muscle function may be trauma,
surgical treatment, pain, or disuse of the fractured limb [14]. Hip
muscles are important in generating maximal leg extensor power,
which correlates closely with mobility in elderly subjects. Structured
programmes of high-intensity resistance exercise training can achieve
marked improvements in muscle function [3].

The aim ofithis study was to evaluate hip muscle isometric strength
after PFF in elderly women during 1 week and 6 months follow-up.

MATERIAL AND METHODS

Subjects

Nine female patients with PFF (mean+SD age of 71.4+3.9 yrs, height
1.65+0.1 m, body mass 69.0+13.3 kg and body mass index 25.3+
5.2 kg/m") participated in this study. The subjects were treated by
internal fixation in Tartu University Hospital. The fracture types were
31-A1 (1 case, 11.1%), 31-A2 (2 cases, 22.2%), 31-A3 (I case,
11.1%), 31-B1 (1 case, 11.1%), 31-B2 (4 cases, 44.4%). The type of
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repair devices were: dynamic hip screw — 2 cases, proximal femoral
nail — 2 cases, proximal femoral nail anti-rotation — 2 cases, 3 screw
fixation — 1 case, total hip arthroplasty — 2 cases. 55.6% of the
participants had left hip and 44.4% — right hip fracture. Patients were
excluded if they met any of the following criteria: (1) Folstein Mini-
Mental State Examination score less than 25 points; (2) dementia or
any other neurodegenerative pathology; (3) any impairment of visual,
somatosensory, hearing or vestibular function; (4) inability to walk
before fracture. Participants had 30 min. physiotherapy during the first
week of hospital stay. The training program included specific
exercises for all hip muscle groups to improve mobility, strength,
balance and achieve independence in functioning. All participants
signed the informed written consent prior to their inclusion in the
study. The study carried the approval of the University of Tartu Ethics
Committee.

Experimental design

Isometric strength of leg muscles was measured 1 week and 6 months
postfracture with hand-held dynamometer Lafayette (USA), whereas
the fractured leg was tested first. During the trials the subjects sat on a
chair. For measuring knee extension the tested hip and knee were
flexed at 90 . The dynamometer pad was held by the investigator
on distal part of the lower limb. For measuring hip abduction and
adduction the hip and knee were flexed at 90 . The dynamometer
pad was held at the lateral and medial femoral condyle respectively.
The participants were asked to perform a maximal voluntary isometric
contraction. Three trials were performed and the best trial was used
for further analysis. Postoperative pain in the hip was evaluated at rest
using a visual analogue scale (VAS) at 1 week and 6 months follow-
up. Hip muscle weakness was quantified by comparing maximal
voluntary isometric strength outcome between the fractured and
nonfractured leg.

Statistical analysis

Data are mean and standard deviations (SD). The changes in muscle
strength and pain at 1 week and 6 months follow-up were assessed by
one-way ANOVA. A level of p<0.05 was selected to indicate
statistical significance.
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RESULTS

Knee extensor, hip abductor and hip adductor muscle isometric
strength for the fractured leg compared to the nonfractured leg was
significantly lower in the first postoperative week (Figure 1). Six
months after fracture, hip muscle strength increased significantly in
the fractured and nonfractured limbs compared to the first post-
operative week. Six months after surgery, isometric knee extensor, hip
abductor and adductor muscle strength for the fractured leg was
significantly lower compared with the nonfractured leg. Pain score
decreased significantly (p<0.05) 6 months after surgery (Figure 2).
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Figure 1. Isometric muscle strength of knee extensors (A), hip abductors
(B) and adductors (C) 1 week and 6 months follow-up (mean+SD).
FL=fractured leg, NFL=nonfractured leg (meantSE). *p<0.05; **p<0.01;
*x5<0.001
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Figure 2. Pain score by VAS scale 1 week and 6 months postfracture
(meantSD). **p<0.05.

DISCUSSION

The first conclusion of our study is that after PFF the hip muscle
isometric strength for the fractured leg was significantly decreased
1 week and 6 months postoperatively. In our study muscle weakness
was observed in knee extensors, hip abductor and adductor muscles:
1 week following the surgery the muscle strength for the fractured leg
was decreased (p<0.05) by 50.7%, 55.6% and 38.8% respectively,
compared to the nonfractured leg. This is in agreement with the
results of several previous studies [4, 15], indicating voluntary
maximal isometric hip muscle force-generating capacity after hip
fractures in elderly women. Portegijs et al. [15] have shown that hip
muscle asymmetrical deficit persisted during the first postoperative
week and that at 1 week and 13 weeks after PFF surgery, leg extensor
power increased in the fractured leg and the nonfractured leg by 100%
and 30% respectively, whereas the asymmetrical deficit between the
fractured and nonfractured limbs was 28.5%. The reasons of con-
siderable muscle deficit may include a mechanical/anatomical limit,
reduced muscle mass (atrophy), postoperative hip pain and edema [4,
13]. In elderly obese patients, diabetes and hypertension can be the
reasons of muscle mass loss, which is directly associated with muscle
strength loss [1].

The second conclusion is that significant improvement was noted
in the strength generating capacity in the fractured leg during 6
months follow-up, but the fractured hip muscle strength deficit
compared to the nonfractured leg persisted. Muscle strength
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improvement can be explained by the various strategies to improve
mobility, including gait retraining and exercise programs, which were
used during the hospital stay and often after discharge from hospital.
The aim of the rehabilitation process was to return elderly patients as
quickly as possible to their preoperative functional status [9]. The goal
of physiotherapy is to improve mobility, strength and achieve
independence [11]. In elderly people Host et al. [8] observed a signi-
ficant difference in the knee extensor strength measurements between
the fractured and nonfractured leg 6 months postfracture. Knee
extensors were weaker in the fractured limb than in the nonfractured
leg, and this difference reached statistical significance p<0.5. Our
study demonstrated similar results. It has been shown that six months
after the fracture, physical exercises have the potential to improve
physical outcomes and induce gains in strength so that the fractured
limb is essentially equivalent to the nonfractured limb [20]. Studies of
postfracture hip have shown that regular exercise (resistive and/or
aerobic) can improve physical performance (gait, strength), mobility,
walking speed, and quadriceps strength. In a study of a center-based
intervention initiated 6 months after a hip fracture, benefits in muscle
strength, walking speed, balance, and physical performance were
found [13]. Song et al. [18] have shown that after 6-month post-
operative period, subjects in the t’ai chi program had significantly
greater knee extensor endurance. Despite the effectiveness of the
delivery system and the reported improvements in exercise and
physical activity [13], the fractured leg can remain by 20% weaker
than the nonfractured leg at 3—36 months after hip fracture [15]. One
month after surgery, quadriceps strength decreases to 60% of the
preoperative level [19].

The third conclusion is that at 6 months follow-up the knee
extensor, hip abductor and adductor isometric muscle strength deficit
for the fractured leg was significant (p<0.05): 36.8.%, 29.9% and
19.4% respectively. It was less than 14.1%, 25.7% and 19.4%, respec-
tively during the first postoperative week. Muscle data demonstrated a
slow recovery of muscles. The results of Rasch et al. [16] study show
that 6 months postoperatively, hip muscle deficit was 18% and knee
extensors fully recovered after 2 years. Recent studies in elderly
people show that between 22% and 75% of hip fracture patients do
not recover to their prefracture ambulatory or functional status
between 6 and 12 months after the fracture [2]. Quadriceps weakness
persists even 6 to 13 years after surgery [19].
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The postoperative and earlier recovery period after surgery is
characterized by reduction of muscular loading and has been
associated with atrophy of the thigh muscle fibres [6]. Loss of
function is expected after PFF [17]. Impared hip muscle function may
be an important modifiable contributor. Following PFF there is
reduction in fast-twich muscle fibre size in the quadriceps. These
fibres are important in generating maximal leg extensor power which
correlates closely with mobility in frail elderly subjects after PFF [3].

Pain is one of the factors which may affect functional outcomes
during the first postoperative week. Our study demonstrates that the
pain score was significantly (p<0.05) higher during the first week as
compared to 6 months follow-up. The few studies of patients with hip
fractures have focused on management of perioperative pain
symptoms or the relationship between acute postoperative pain and
functional outcomes [7]. Portegijs et al. [15] demonstrate that at 1
week after surgical repair of the PFF, 12% of the participants
experienced no pain, 40% had occasional or slight pain, 23% had pain
on initiation of activity, 14% had pain with activity, 7% had constant
yet bearable pain, and 5% had constant unbearable pain. At week 13,
31% of the women reported no pain, 57% had occasional or slight
pain, and 12% had pain on initiation of activity.

It has been shown that pain severity with movement during
hospitalization for the hip fracture was a significant predictor of
functional outcomes 2 months after surgery. I was found that pain
during the first 3 postoperative days was associated with longer
hospital stays, more postoperative complications, missed or shortened
physical therapy sessions, delayed ambulation, and lower locomotion
scores at 6 months after fracture repair. These studies suggest that pain
in the immediate postoperative period has a significant effect on short-
and long-term functional outcomes after hip fracture [7].

In conclusion, voluntary maximal isometric force-generating
capacity of knee and hip muscles for the fractured leg was markedly
increased 1 week and 6 months postoperatively. Isometric force-
generating capacity for the fractured leg was significantly improved at
6 months follow-up.
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ABSTRACT

The purpose of this study was to compare postural control and vertical
jumping performance characteristics in adolescent and adult male
basketball players. Forty nine male basketball players participated in
this study. They were distributed into three groups: (1) young
adolescents (YA; with mean age 15.4+0.7 yrs), (2) old adolescents
(OA; 17.9£1.2 yrs), and (3) adults (AD; 25.9+3.7 yrs). Static standing
balance during bi- and unipedal standing and vertical jumping
characteristics were measured on a force platform. AD basketball
players had significantly (p<0.05) higher vertical jumping height and
power development per unit of body mass as compared to YA and OA
group; OA group outperformed YA group as well. Static standing
stability was better in AD group than YA and OA group. There were
no significant differences between YA and OA groups in static
standing balance test. Age and sports participation were significantly
(p<0.05) positively correlated with vertical jumping height and power.
Anthropometrical characteristics and sports participation were all
significantly (p<0.05) negatively correlated with centre of pressure
trace length during bi- and unipedal standing. No significant
correlation was observed between balance and vertical jumping
characteristics. It was concluded that in male basketball players the
improvement in vertical jumping performance and static standing
balance during bipedal stance are influenced by sports participation
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and maturation, whereas static standing balance during unipedal
stance is not affected by aforementioned factors.

Key words: postural control, vertical jumping performance, young
adults, basketball

INTRODUCTION

Popular sports, like basketball have high performance demands on an
athlete. On the other hand, the risk of sustaining sports injuries is high.
Deficits in postural control and muscle power represent two important
intrinsic injury risk factors [3, 8, 16]. Age and sports specific training
can have an influential effect on these characteristics [5]. Higher-level
basketball player is moderately strong, powerful and has a quick,
explosive burst of speed, as well as good endurance to repeat it
throughout the game [5, 6, 12]. Good flexibility, stability and balance
are also required to help reduce the possible incidence of injury [13].
The literature suggests that there is an association between lack of
balance [3, 16], as well as deficits in muscle strength (lower limb
power) and lower extremity injuries [8]. Impaired postural control
manifests itself, for example, in prolonged latencies of lower extre-
mity muscles during the compensation of unexpected perturbations.
Deficits in muscle strength may cause an imbalance in muscular co-
contraction of the ankle or knee joint resulting in reduced joint
stiffness during high-load dynamic activities and increase the risk of
an injury [11, 13, 16].

The ability to control the balance of the body while standing is a
complex and integrative processing from a variety of sensory and
motor inputs [17] and is fundamental for different types of physical
activities. It is a basis for further control and coordination of more
complex movements and therefore has an important role in sports
activities, such as basketball. Although Hobbs [9] concluded that
neither dynamic nor static balance is a factor in basketball playing
ability, other studies [14] found that performing high-level movements
during practice and competition requires both static and dynamic
balance. Scores of postural balance are frequently used to identify
players with chronic ankle instability [4]. Balance is often measured
by having subjects stand on a computerized force-platform. Centre of
pressure (COP) motion is indicative of postural control and is
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measured from the ground reaction forces from a force platform. COP
displacement is generally considered the gold standard measure of
balance. The single-limb stance test on a force-platform is a reliable
method [1, 2] and is commonly used for evaluation of functional
instability and ankle ligament injuries [13, 15, 18]. Cross-sectional
studies have found that athletes generally have superior balance ability
compared with control subjects [11]. This implies that sport parti-
cipation improves balance, although it varies between sports.
Normally, sports training improves bipedal postural control and
decreases the difference between static and dynamic balance. Studies
have shown that basketball players have better balance than non-
athletes, but worse than soccer players, especially in unipedal balance,
because basketball players rarely engage in unilateral stationary
balance, whereas soccer players often perform dynamic unilateral
movements when kicking the ball [11].

Success in many sports depends heavily upon the athlete’s
explosive leg power and muscular strength. An athlete must be able to
use strength as quickly and forcefully as possible. For the purpose of:
athletic performance testing for basketball players, the vertical jump
test has been shown to be the best predictor of playing time [10].
Variations of vertical jump are the most commonly employed measure
for lower body explosive power or speed-strength performance.

The aim of this study was to compare postural control and vertical
jumping performance characteristics between adolescent and adult
male competitive basketball players.

METHODS

Subjects

A total of 49 male basketball players participated in the present study.
The subjects were categorized into the following groups: (1) young
adolescents (YA) represented players who competed in Estonian B
and C league; (2) old adolescents (OA) represented players who
competed in Estonian A league; and (3) adults (AD) represented
players who competed in Estonian first league (Table 1). All subjects
were confirmed to be healthy and allowed to participate in regular
trainings by a medical doctor. Besides, each subject was screened by a
questionnaire to exclude those with recent (up to 6 months) ankle
sprains or other lower extremity or back complaints.
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Table 1. Age and anthropometric characteristics of the subjects
(mean£SD).

Sports
Height | Body mass BMI partici-
Groups n | Age(yrs) (cm) (kg) (kg m?) pation
(yrs)
Young 26 [154+0.7|1862+8.1| 73.9+9.7 | 213+22| 64+2.0
Adolescents
old 16 | 179412 (188.3+4.9(808+104 (227222 89+19
Adolescents
Adults 7 [257+3.7[2007+7.0{97.4+11.3[241£19]153+19

BMI — body mass index

Experimental protocol

The subjects were scheduled for the testing one day after an easy
practice or a recovery day. The purpose of the study and procedures
were explained to the subjects and all questions were answered. Sex,
age, sports participation and lower limb dominance (as determined by
asking “Which foot would you use for take-off?””) were recorded.
After a light warm-up and stretching routine (10 min) the subjects
were measured for body height and weight. The bi- and unipedal static
balance testing was performed during standing barefoot on the force
platform for 30 s. The subjects were familiarized with the positions
before testing.

The vertical jumping tests included 3 sets of squat jumps,
countermovement jumps and drop jumps. The best results were used
for data analysis. The drop jump box was set at 0.40 m for optimal
drop height. To increase the validity of using vertical jump as a
specific measure ofi lower body power, all vertical jump tests were
performed without using the arms (keeping the hands on hips),
excluding the contribution of upper limbs to vertical jump movement.

Statistical analysis

Standard statistical methods were used for the calculation of means,
standard error of the means (+SE) and standard deviation (+SD). A
Student unpaired t-test was used to measure differences between
groups. Pearson’s product-moment correlation was determined
between anthropometrical, postural control and vertical jumping
characteristics. Statistical significance was accepted at p<0.05.
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RESULTS

In all three groups there were significant differences (p<0.05) in age,
body mass and sports participation in years (Table 1). AD group was
significantly different (p<0.05) from YA and OA group in height. YA
group was significantly different (p<0.05) from OA and AD group in
BMI.

AD group had significantly higher vertical jumping height (Figure
1) and power per unit of body mass (Figure 2) as compared to YA and
OA group; OA group outperformed YA group as well (Figures 1 and
2). In balance tests AD group had significantly lower COP trace
length in bipedal stance than YA group and OA (Figure 3). There
were no significant differences (p>0.05) between YA and OA group
in balance tests (Figures 3 and 4).

SJ CcMJ DJ
OYoungAdolescent R Old Adolescent @ Adults

Figure 1. Vertical jumping height in squat jump (SJ), counter movement
jump (CMJ) and drop jump (DJ) in male basketball players (mean+SE). *
p<0.05; ** p<0.01; *** p<0.001.
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Figure 2. Power output per unit of body mass in squat jump (SJ),
counter movement jump (CMJ) and drop jump (DJ) in male basketball
players (mean£SE). ** p<0.01; *** p<0.001
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Figure 3. Center of pressure (COP) trace length (TL) during bipedal
stance during 30 s standing test (mean+SE). * p<0.05.
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Figure 4. Center of pressure (COP) trace length (TL) during unipedal
stance during 30 s standing test (mean+SE).

Age and sports participation had medium to high correlations with
vertical jumping performance characteristics (r=0.48 to 0.81, p<0.05)
in different measured groups. Body mass and BMI were negatively
correlated with vertical jumping height in all groups, having signifi-
cant correlation in OA group (r=0.58 to 0.59, p<0.05). Age, sports
participation and anthropometrical characteristics were all negatively
correlated with bi- and unipedal COP trace length, but only
anthropometrical characteristics had significant correlation (r=—0.46 to
-0.80, p<0.05). No significant correlation was observed between
balance and vertical jumping characteristics.

DISCUSSION

This study compared postural control and vertical jumping perfor-
mance in three groups of male basketball players. Rates of growth and
maturation can vary widely within a group of people of same
chronological age. The difference of maturation in males in young and
teenage groups and difference of anthropometrical characteristics of
different playing positions in adolescent group made the groups less
homogenous. Besides, basketball players have numerous smaller or
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bigger injuries throughout their athletic career, which they often do
not mention. Thus, the interpretation of results, especially in balance
testing, is complicated.

Age, height, body mass, BMI and sports participation correlated
with vertical jumping and balance characteristics. Body mass and BMI
had positive correlations with relative power in young adolescent and
old adolescent groups, whereas these characteristics had negative
correlations with relative power in adult group. This suggests that it is
important to take into consideration body composition — “active and
passive” body mass. Body mass and BMI had clearly negative effect
on vertical jumping height in all groups. Negative correlation existed
between balance and anthropometrical characteristics, as well as age
and sports participation (number of years in basketball practice).
Maturation and basketball specific practice improved jumping perfor-
mance and balance, although no significant correlation existed
between age, sports participation and balance. This implies that
complimentary to basketball practice, a specific balance and coordi-
nation training can be beneficial. Static balance testing alone is
probably not sufficient to state this as a proven conclusion. For future
research, dynamic balance testing and body composition should be
taken into consideration.

Squat jump is a standard test for concentric power production [5].
It is performed from a set squat depth without any countermovement.
Countermovement jump is a standard test for combined concentric
and stretch-shortening cycle (SSC) performance [5]. Drop jump test is
used to assess lower limb reactive (speed-) strength and fast SSC
performance [5]. Vertical jumping performance is affected by factors
that are trainable and can be manipulated by the athlete (muscular
power, coordination of muscles, body weight and composition) and
features that cannot be influenced by the athlete (genetic make-up,
muscle fibre type, central nervous system efficiency). High efficiency
of vertical jump movement allows an athlete to generate the most
amount of power with the least amount of effort. Basically the leaner
the athletes are (low in body fat) and the less unnecessary muscle
mass they have, the higher they are able to jump. Less weight means
there is less power needed to jump the same height. Reactive strength
is more impacted by body weight, including excess muscle mass. The
speed of strength application is often broadly referred to as rate of
force development and is an important attribute for vertical jumping
performance [7].
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In conclusion, the present study indicated that in male basketball

players the improvements in vertical jumping performance and static
standing balance during bipedal stance are influenced by sports
participation and maturation, whereas static standing balance during
unipedal stance is not affected by aforementioned factors.

10.
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ABSTRACT

The aim of' this study was to evaluate the changes in surface electro-
myography (SEMG) parameters during 30-minute cycling exercise
(250 W) at constant intensity in laboratory conditions. Ten male
cyclists with the mean (+SE) age of 23.8+3.7 years participated. The
SEMG power spectrum median frequency (MF) of rectus femoris,
vastus lateralis, biceps femoris and erector spinae muscles, heart rate
and the subjective rate of fatigue by Borg scale were measured in the
beginning, during and at the end of exercise. Maximal voluntary
contraction (MVC) force of the knee extensor muscles was assessed
before and after the end of exercise. A significant decrease (p<0.05) in
SEMG power spectrum MF for erector spinae muscle at the end of
exercise compared to the initial level was found, whereas the knee
extensor and flexor muscles revealed no significant changes in this
parameter. The subjective rate of fatigue increased moderately during
the cycling exercise (p < 0.05). The heart rate was stable during the
exercise, remaining predominantly in the aerobic zone. After the
exercise, MVC force was significantly (p<0.05) decreased compared
to the pre-exercise level.

We concluded that based on sEMG power spectrum MF, 30-
minute cycling exercise at constant intensity caused a marked fatigue
of erector spinae muscle with no significant fatigue-induced changes
in knee extensor and flexor muscles. A marked decrease of voluntary
force capacity of knee extensor muscles was found after exercise. A
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moderate subjectively assessed fatigue was established at the end of
exercise.

Key words: neuromuscular fatigue, cycling exercise

INTRODUCTION

Muscle fatigue can be defined as the failure to maintain a required or
expected power output [3, 9]. This impairment can include peripheral
(e.g. neuromuscular propagation, excitation-contraction coupling,
myofibrillar activity) and central processes [3, 9, 18]. Numerous
studies in this field have focused on measuring neuromuscular fatigue
in exercises lasting from 30 minutes to several hours in the last decade
[8, 14]. The aetiology of muscle fatigue is very complicated, espe-
cially in endurance sports [10, 14]. Many authors describe fatigue,
depending on work intensity and the nature ofi fatigue. There is a firm
standpoint that fatigue is the body’s defensive reaction that regulates
the mobilization of reserves [9, 16, 17, 18]. It is believed that the
muscle contraction type (isometric, concentric, eccentric) and the
training type (endurance, strength, power) of the neuromuscular
system cause neuromuscular functional decrease in performance.
However, there is little information how their relationship affects the
neuromuscular fatigue development. Surface electromyography
(sEMG) analyzes the activity of skeletal muscles by amplitude and
frequency parameters. Muscle fatigue has been often evaluated by
assessment of median frequency (MF) [1].

Several neuromuscular fatigue studies have dealt with mechanical
production of muscular force in sprinting exercises on cycle ergo-
meters [6, 8] and there have also been investigations on training
quality relationship with muscle strength and sEMG activity [16]. It
has been found that the development of neuromuscular fatigue after
prolonged exercise (30 minutes to several hours) is different in
cyclists, runners or skiers [14]. This is explained by the adaptation of:
the neuromuscular system to the muscle contraction that is mainly
used in daily sports activities. However, our knowledge of: the effect
on fatiguing submaximal dynamic exercise to organism functions
among athletes of different sports is insufficient. Thus, there is a need
for further studies at athletes representing different sports before and
after fatiguing exercise.
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The purpose of this study was to evaluate the development of
fatigue during 30-minute cycling exercise in laboratory conditions at
constant intensity. More specifically, we registered the SEMG power
spectral MF of: rectus femoris, vastus lateralis, biceps femoris and
erector spinae muscles, as well as heart rate and the subjective rate of
fatigue on Borg scale ofi the participants during the exercise. Also,
fatigue-induced changes in maximal voluntary isometric contraction
(MVC) force ofithe knee extensor muscles were measured.

METHODS

Subjects

Ten male cyclists participated in this study. The mean (£SE) age, body
height, body mass and body mass index of: the subjects were 23.8+1.2
years, 183.5+2.2 cm, 74.5+2.1 kg and 22.10.5 kg/m’, respectively.
The cyclists were the best road cyclists in Estonia. Two cyclists be-
longed to the Estonian professional cycling team, three cyclists
belonged to a French amateur team and five participants were free-
lancers. The subjects had regularly trained cycling for 11.2+1.3 years
prior to the study. The mean training volume among subjects was
16.7£0.8 training hours per week and they had 6.2+0.1 training days
per week. Their written informed consent was obtained. The study
was carried out at the Laboratory of Kinesiology and Biomechanics of:
the University of Tartu in June 2010.

Experimental design

The subjects performed 30-minute cycling test using their own racing
bicycles, shoes and pedals. Bicycle was fixed to the ergometer Taxc
Cosmos. Each subject carried out a standardized warm-up period
before each testing session, consisting ofi S-minute cycling at constant
100 W intensity. Each subject performed one 30-minute cycling trial
at cadence 90 per minute at constant power output (250 W). The heart
rate during the test was registered by Polar heart rate tester (Finland).
The sSEMG electrodes were placed to subject’s dominant body side on
four muscles: rectus femoris, biceps femoris, vastus lateralis, erector
spinae. In order to prevent shifting, wires between the electrodes and
the computer were secured to the skin with adhesive tape.
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SEMG activity was recorded with surface electrodes T-601. Low
impedance between the electrodes was obtained by light abrasion of
the skin. Electrodes were coated with electrolytic gel and fixed length-
wise over the middle of the muscular belly. SEMG power spectrum
MF of the measured muscles was recorded by electromyograph
ME6000 (Kuspio, Finland) for 60 s periods for 3 times: in the
beginning (0—1 min), in the middle (14—15 min) and at the end (29—
30 min) of exercise.

The subjective rate of fatigue on Borg scale of the participants was
registered before the test and for two times during the 30-minute
cycling test: at 15 min and at 30 min. Fatigue non-existed at number 6
and fatigue was maximal at number 20 [4]. Every odd number was
marked by words. The scale deficiency is its subjectivity and depen-
dence on the subject’s self-realization level, therefore it is suitable for
experienced athletes.

MVC force of the knee extensor muscles was measured using a
custom-made dynamometric chair. During the test, the subjects were
instructed to react to the light signal (ignition of the signal lamp,
placed 1.5 m from the subject) as quickly and as strongly as possible
by extending the right leg against a cuff fixed to a strain gauge system,
to maintain the maximal effort as long as the signal was on (2 s) and
to relax the muscles after the disappearance of the signal. The subjects
were motivated by visual feedback and verbal encouragement. Three
maximal attempts were recorded and the best result of MVC force was
taken for further analysis. The MVC force was measured before and
immediately after 30-minute cycling exercise.

Statistical analysis

Data are expressed by means and standard error of mean (+SE). The
significance of the changes for the group of subjects in the beginning,
in the middle and at the end of exercise was analyzed by the student t-
test. A level of p<0.05 was selected to indicate statistical significance.

RESULTS

SEMG power spectrum MF was significantly decreased (p<0.05) at
the end of exercise compared to initial level only for erector spinae
muscle. For other measured muscles, the changes in MF were not
significant (p>0.05; Figure 1). The subjective rate of fatigue increased
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during cycling exercise, whereas this parameter was higher (p<0.05)
in the middle and at the end of exercise compared to the beginning of
the test (Figure 2). The heart rate was stable during the exercise,
remaining predominantly in the aerobic zone (Figure 3). MVC force
of the knee extensors in cyclists was significantly decreased (p<0.001)
after the end of 30-minute cycling test at constant intensity compared
to the pre-exercise level (Figure 4).
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Figure 1. Median frequency (MF) of the electromyography power
spectrum recorded from rectus femoris, vastus lateralis, biceps femoris
and erector spinae muscles during 30-minute cycling exercise (mean+SE).
Values are presented in percent from the initial level in the beginning of
the test, taken as 100%. **Significantly (p<0.01) different from the initial
level.
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Figure 2. Subjective rate of fatigue evaluated by BORG scale during 30-
minute cycling exercise (mean + SE). *p<0.05; **p<0.01.
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Figure 3. Average heart rate (HRT) of subjects during cycling test
(mean+£SE).
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Figure 4. Isometric maximal voluntary contraction (MVC) force of the
knee extensor muscles before and after exercise (mean+SE). ***p<0.001.

DISCUSSION

The main results of this study were that 30-minute cycling exercise at
constant intensity caused: (a) a significant fatigue of erector spinae
muscle during cycling exercise evaluated by decrease of SEMG power
spectrum MF and (b) a marked reduction of maximal isometric
voluntary force generation capacity of the knee extensor muscles
immediately after the end of exercise.
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sEMG analysis during the cycling exercise showed that MF of
erector spinae muscle was decreased by 16.9% at the end of exercise
compared to the beginning of exercise, whereas MF decrease for other
measured knee extensor and flexor muscles was smaller (from 2 to
5%). In general, it has been reported that SEMG power spectrum MF
decreases as muscle fatigue increases. During sustained fatiguing
submaximal contraction, decrease in s EMG power spectrum MF with
advancing contraction time has been demonstrated in numerous
previous studies [7, 12]. This temporal pattern in the SEMG signal was
also observed in the present study. The factors that may contribute to
decrease of MF (spectral compression) are decreased muscle fibre
conduction velocity [19] and synchronization of the motor units firing
[2]. A tendency towards synchronization of motor units reflects a
common presynaptic input to motoneuron pool. In the opinion of
many authors, motoneuron shifts are caused by a decrease in the
membrane conduction velocity occurring during the fatiguing process
due to local metabolic changes and ion shifts in the muscles [5].

In this study, the subjective rate of fatigue assessed by Borg scale
increased from 12 in the beginning to 14 points at the end of cycling
test (16.7%). The cyclists subjectively evaluated this cycling test as an
easy exercise. During the test, with increasing load, the rate of
subjective fatigue (6.6%) increased to the hard zone. This meant that
cyclists felt fatigue, but were able to continue with the given load. At
the end of exercise cyclists still evaluated the subjective rate as
“hard”, being by 14.8% higher compared to the pre-fatigue level. The
Rating Scale of Perceived Exertion from 6 to 20 [4] is the most
frequently used identification technique of perceived exertion. Pérez-
Landaluce et al. [15] found that the Borg scale is a practical measure
to prescribe exercise-training intensities in professional, amateur and
young cyclists. Fatigue during endurance exercise at constant intensity
depends on the conformity of heart rate at given load nature and
duration.

In the present study the subjects’ heart rate was monitored to
assure physiological constancy at the load. There were no significant
changes in cyclists’, heart rate during the 30-minute cycling exercise
at constant intensity. The subjects’ average heart rate was between
139-170 bpm. They began the cycling test with the heart rate of 90
bpm and finished the test with the heart rate at 162 bpm. Average
heart rate of all subjects during the test was 153+2.7 bpm.
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Over the past years, several studies have measured knee extensor
muscle strength loss after prolonged exercise. The results of the
present study also showed the significant reduction in isometric MVC
force of the knee extensor muscles after the cycling exercise. MVC
force of knee extensor muscles before the test was 647.7+27.7 N.
After cycling exercise, MVC force decreased significantly (9.9%,
p<0.001) compared to the initial level. MVC loss is consistent with
the previous studies conducted with similar cycling intensity and
duration [1, 14]. This decrease in maximal isometric voluntary
contraction force after exercise may involve processes associated with
the central command of contraction [3], as well as peripheral pro-
cesses of intramuscular electrical and mechanical failure [5]. The
failure to maintain the required force can also be related to neural
factors (muscle activation) associated with excitation, recruitment and
firing rate of motor units. It was noted that corticomotor excitability
increases during a sustained submaximal voluntary contraction [11].
This decrease in MVC force generation capacity after fatiguing
exercise may similarly involve processes associated with the central
command of contraction [2, 13], as well as peripheral processes of:
intramuscular electrical and mechanical failure [5].

We concluded that based on electromyography power spectrum
median frequency, 30-minute cycling exercise at constant intensity
caused a marked fatigue of: erector spinae muscle with no significant
fatigue-induced changes in knee extensor and flexor muscles.
Subjectively assessed fatigue was increased at the end of exercise and
there was noted a marked decrease in voluntary force generation
capacity ofithe knee extensor muscles after the end of: exercise.
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ABSTRACT

The prevalence of attention-deficit hyperactivity disorder (ADHD) in
the school-age population is 8-10%, with boys having higher pre-
valence than girls. Children with ADHD have reduced physical fitness
characteristics and exercise capacity compared to healthy children.
There are conflicting results regarding the effect of treatment on
exercise performance in children with ADHD. We determined fitness
characteristic in children with ADHD receiving methylphenidate
treatment (17.5+0.6 years; n=16) compared to age-adjusted ADHD
children not receiving treatment (17.2+0.7 years; n=16). There were
no significant differences in anthropometric measures between the
treated and non-treated participants. There were no significant diffe-
rences in the 60 seconds sit ups number, number of pull-ups, 4X10m
shuttle run times and 2000m running times between the treated and
non-treated participants. Standing long-jump results were significantly
better among the non-treated ADHD participants (p<0.02). The results
suggest that methylphenidate treatment might be disadvantageous for
maximal speed and explosive-type activities in ADHD patient. Further
studies are needed to clarify if other sports activities which require
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attention, accuracy, concentration and organization may benefit from
such treatment.

Key words: ADHD, methylphenidate, exercise, children

INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is a neurobehavioral
disorder defined by symptoms of inattention, hyperactivity, and
impulsivity. The estimated prevalence rate in the school-age po-
pulation is 8-10%, with boys having two to three times higher
prevalence than girls. Symptoms of ADHD persist into adolescence in
60-80% of the patients, and many continue to have symptoms in
adulthood. A leading pathophysiologic hypothesis ofi ADHD is based
on the notion of a catecholamine (CA) dysfunction [6, 7]. This
hypothesis suggests that the catecholamine response to environmental
stimuli is attenuated in ADHD and is derived primarily from obser-
vations that drugs such as methylphenidate (considered to be CA
agonists) are effective in treating ADHD symptoms [7].

Previous studies reported that children without ADHD perform
significantly better and achieved higher scores in specific skills such
as dribbling, kicking, throwing and catching, compared to children
with ADHD [3]. Similar results were found when children were asked
to performed physical tasks that involve speed and accuracy [2]. The
ability of children with ADHD to perform physical tasks that involve
high level of coordination was also examined. Hickey et al. [4] have
found that children with ADHD had more difficulties in controlling
sports oriented objects such as balls compared to non ADHD children.
Similarly, ADHD children were found to have more difficulties in
hitting the ball in a baseball game than non ADHD children [5]. In
another study, ten years observation revealed that 6-8 years old
children with ADHD improved significantly less than children without
ADHD when coached for basic physical skills such as hops, jumps,
side walk and backwards walk [2]. The investigators concluded that
physical limitations in children with ADHA sustain throughout life
even when practiced continually during maturation. It was speculated
that a major reason for the performance inferiority off ADHD children
is that they do not put as much effort in training as other children do.
and this leads to low self-esteem and lower training impact [5].
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The effect of medical treatment on physical performance of:
children with ADHD is not clear. While it was shown that the use of
methylphenidate improves focus, attention, preplanning and ability to
complete missions [1, 4, 5], and as a consequence performance in
sport-types that require these characteristics, it does not necessarily
improves other specific physical skills. Harvey et al. [3] failed to find
any improvement in basic motor skills off ADHD children after
methylphenidate therapy. Moreover, the use of methylphenidate was
associated with a reduction in sport performances that involve speed
and power. In addition, the use of methylphenidate was found to
increase resting and sub-maximal heart rate, and as a result to impair
aerobic performance [2].

The aim of:the present study was to examine the effect of treatment
with methylphenidate on the physical performance of: children with
ADHD. We hypothesized that the use of: methylphenidate will im-
prove activities that required attention and balance, but impair aerobic
and anaerobic capabilities.

METHODS

Participants

Participants included 32 high school boys (16—18 years old) that were
diagnosed as ADHD according to accepted criteria. Sixteen ADHD
participants were treated with Methylphenidate, while the other
16 ADHD participants were not treated with any medications.

Testing procedure

Each group performed a set of: physical test in the following order:
4 X 10 m shuttle run, standing long jump, sit ups, pull ups and 2000 m
run.

4 X 10m Shuttle Run — Agility Test

The agility test involved a 4 X 10m shuttle run. The participant began
at the base line and ran at maximal speed to a marked line that was
located 10m ahead of him. He then turned and ran back to the base-
line, turned again and performed the same back and forth run. This
procedure was performed twice and the fastest time of the two trials
was recorded. The participant rested for 5 min between the two runs.
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Standing long Jump — Legs Power Test

Horizontal jump length was measured by a maximum jump using the
counter-movement technique. Participants began in an erect standing
position, moved into a semi-squat position and leaned forward, before
jumping horizontally as far as possible. Three trials were completed
with the participant using a vigorous double-arm swing as he jumped
off the ground. The longest jump achieved was recorded. All jumps
were performed in a long jump pit filled with soft sand. Jumping
length was measured manually using a standard measuring tape.

6Usec Sit ups — Abdominal Power Test

The participant laid down on the ground with is legs bended and foot
attached to the ground by a fellow assister. The participant had to
elevate his upper body to 30° offi the ground before getting back to
starting position. The participant had to keep his hands behind is head
at all times. The participant was asked to perform as many elevations
as possible during a period ofi60sec.

Pull ups — Arms Strength Test

Pull ups were performed on a hanging bar located over the participant
head. The participant had to hold the bar with both hands and straight
arms. He then had to pull his body up and reach the bar with his chin.
No movement of the body to the sides or back and forth was allowed
while elevating the body up and down. The participant had to repeat
and elevate his body as many times as possible with no time limit.

2000m Run — Endurance Test

The endurance test consisted ofia 2000m run. The run was performed
on a 400m lap track. The participants ran the 2000m as a group while
each used his own tactics to produce the best possible result. Split
times were reported to the participants upon completion of: each lap.
Final times for the run were rounded to full second units.

The participants were familiar with all the testing procedures as
they routinely performed them in previous years. Both groups,
untreated and treated with methylphenidate, performed the tests during
the early morning hours when the effect ofi the medication is most
powerful. The order of testing was similar in both groups. Before
starting the first test the participants performed a standard warm-up
procedure that included 8 min of jogging followed by 10 minutes
stretching exercise and two 20m sprint runs. A 20-25 minutes time
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period separated between tests while participants were rested and
prepared for the next performance. All tests were performed in the
same general location and in standard and comfortable environmental
conditions.

RESULTS

Anthropometric and fitness characteristics ofithe study participants are
summarized in Table 1. There were no significant differences in
anthropometric measures between the treated and non-treated ADHD
participants. There were no significant differences in the 60sec sit ups
number, number ofi pull ups, 4X10m shuttle run times and the 2000m
running times between the treated and non-treated ADHD participants.
Standing long-jump results were significantly better among the non-
treated ADHD participants (p<0.02).

Table 1. Anthropometric and fitness characteristics of the study partici-

pants.
Non-treated ADHD | Treated ADHD P value
(n=16) (n=16)
Age (years) 17.5£0.6 17.240.7 0.15
Height (cm) 177.9+4.2 176.8+2.2 0.47
Weight (kg) 69.5+4.1 70.9+£5.9 0.40
Abdomen (#/min) 71.6+£10.2 70.6+19.8 0.86
Pull-ups (#) 9.6+5.6 10.1£7.2 0.85
Long-jump (m) 2.25£0.22 2.06+0.24 0.02
4X10m (sec) 9.98+0.56 10.35+0.82 0.15
2000m (min) 10.67+1.60 10.79+2.18 0.86
DISCUSSION

There is a general agreement in the scientific literature that children
with ADHD have reduced physical fitness characteristics and exercise
capacity compared to healthy children. Decreased performance ofi
ADHD children was found mainly in movement skills (e.g. running,
jumping, skipping, hopping), sports-object oriented activities (e.g.
dribbling, kicking, throwing, catching) and activities that mandate
precision and accuracy [2, 3, 4, 5]. It was suggested that one of the
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mechanisms responsible for the reduced performance is the inability
of children with ADHD to sustain the training process.

The concept that treatment of children with ADHD will improve
exercise performance is not obvious. On the one hand, improvement
in attention and concentration [1, 4, 5] may improve activities that
may benefit from improved precision and accuracy (such as fencing,
target or arrow shooting and even basketball throwing), or sports
activities that need pre-planning strategy or tactics (like playmaker in
a basketball game or even long distance runner that needs to pace
running speed), and in situations that the athlete needs to ignore its
surrounding (such as noisy and hostile crowd). On the other hand, in
sports types characterized by explosive activities (jumping sports),
aggressiveness (judo, wrestling, taeckwondo) or in situations that
hypermobility may give competitive advantage (aggressive defense in
ball sports), treatment may reduce exercise performance [2, 3]. Thus,
studies regarding the effectiveness of treatment for exercise perfor-
mance in ADHD children have yielded conflicting results. All
together, it is suggested that activities which need attention, concent-
ration, precision and organization may benefit from methylphenidate
treatment. In contrast, in aerobic activities, or maximal speed and
explosive activities, treatment may be disadvantageous. In most cases,
the therapeutic effect on exercise performance results from the drug’s
effect per se. However, the detrimental effect of methylphenidate on
aerobic activities [2] results from one ofiits more common side effects,
tachycardia, which occurs during resting conditions and during sub-
maximal exercise, and therefore, lowers sub-maximal and maximal
oxygen consumption.

In the present study, anthropometric measures were similar
between the treated and non-treated ADHD children, thus any
difference in performance cannot be attributed to the participant's
physique or body size difference. In addition, all exercise tests were
performed in the morning hours to guarantee the effectiveness of
methylphenidate treatment. Consistent with our hypothesis, standing
long-jump performance of the non-treated ADHD children was
significantly better than treated children. In contrast, there were no
statistically significant differences in the abdominal power test, arm
strength test, 4X10m agility test and the 2000m endurance test
between the treated and non-treated children. It is possible that these
tests are not sensitive enough, and that more complex activities are
needed, to find difference between treated and non-treated ADHD
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children. It is also possible that a larger sample size is needed to find
exercise performance statistically significant differences between
treated and non-treated children.

In conclusion, it is very important to recognize the exercise
performance differences between treated and non-treated ADHD
children. Understanding of these differences can assist physical
education (PE) teachers during PE classes to find the best way to
encourage participation, improve performance and optimize
socialization of ADHD children. Acknowledgment of physical fitness
characteristic of ADHD children, and the treatment-induced perfor-
mance changes will help PE teachers to find the best training
modalities to strengthen weaknesses and improve performance. This is
particularly relevant to athletes with ADHD in order to optimize their
training programs and even to direct them to participate in sports types
that they may better develop and express themselves. Moreover, since
the majority of practices and competitions take place in the afternoon
and evening hours when the effect of methylphenidate treatment
ceases, it is important that treatment will cover the hours of practice
and competitions in ADHD athletes in sports-types that mandate
attention, concentration accuracy and organization.
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ABSTRACT

The O, uptake of firefighters working in hot and polluted environment
is not known. The portable Metamax 1l might measure the O, uptake
of firefighters using a breathing apparatus. However, the Metamax
requires an inspiration signal between two expirations to work
properly. When a firefighter inspires from bottles with pressurised air,
the inspired air cannot readily be passed through a metabolic analyser.
Expired air is on the other hand released to the surroundings and may
be sampled for further analyses. In addition, the Metamax Il does not
tolerate heat, and gases at the scene of fire may damage its delicate
sensors. We have modified the Metamax Il, producing an artificial
inspiration signal after every expiration. We have also protected the
instrument from heat at the scene of fire. Expired air was sampled
from exercising subjects using a breathing apparatus. The Metamax 11
instrument was run in the normal and modified modes while the
instrument’s reported O, uptake was recorded. Control experiments
showed that without an inspiration signal, the instrument did not work
reliably. In a typical experiment the reported O, uptake was only 50%
of the true value. In further experiments an artificial inspiration signal
was sent to the main unit after every expiration. Then the instrument
worked properly although only expired air passed through the
Metamax’ breathing valve. With proper modifications of the Metamax
11, the instrument worked well even if only expired air passed through
the breathing valve. The valve may thus be mounted on the outlet of a
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firefighter’s breathing mask. The instrument can readily be protected
from heat at the scene of fire and thus be used to measure the O,
uptake of smoke divers during realistic exercises in hot and polluted
environments.

Key words: Metamax 11; modification; metabolic analyzer; oxygen
consumption, oxygen uptake; fire-fighting; smoke diving.

INTRODUCTION

Physically demanding fire-fighting is often carried out in hot and
polluted environments. For scientific examination of the physical
demand, direct measurements of the O» uptake are needed. This can in
principle be done using modern, electronic equipment. However, such
instruments do not tolerate high temperatures, and polluted air may
affect the delicate sensors, which make direct measurements difficult
[5, 10]. Since the instrument needs protection beyond that of the
standard housing when used in such extreme conditions, no studies
have to our knowledge measured the O, uptake of firefighters using a
breathing apparatus, working in hot and polluted environments.

A fire-fighter is usually dressed up as a smoke diver, using protec-
tive clothing including a face mask with dedicated valves, inspiring
from bottles with pressurized air, while expired air is released to the
surroundings through the mask’s outlet valve. Thus, inspired air is not
readily available for analyses, while the expired air may be sampled
for further analyses. We have in this study examined the Metamax Il
metabolic analyzer for use with a breathing apparatus and a face mask
in hot conditions. While the Metamax calculates the O, uptake from
measurements on expired air only, the instrument may need an inspi-
ration signal between two expirations to work properly according to
information from the manufacturer. Since only expired air is available
for analyses on smoke divers, we had to modity the instrument, pro-
ducing an artificial inspiration signal after every expiration. We have
in addition improved the thermal and mechanical protection since the
standard housing may not protect against the high temperatures and
possibly hard physical contact met when working in the heat or with
heavy tools during fire-fighting. We here describe these modifications
and show that the instrument worked properly.
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METHODS

The Metamax II instrument

Basic design and principles of operation

The Metamax Il instrument (Cortex Biophysic, Leipzig, Germany;
serial number of our instrument: MII 63 229901) consists of a main
unit housing sensors analyzing fractions of O, and CO, in sampled air,
a built-in barometer, a display and control buttons, electronics and
software for analysing the raw data, and connections for other parts
(the Triple V breathing valve, power supply) as well as for com-
munication (telemetry, PC through a common RS 232 port). Respired
air is measured by the Triple V mounted on a mouth piece or a face
mask. The Triple V is a turbine-type flow sensor. More specifically,
when air flows through the turbine with twisted stators, air drives a
lightweight rotor (20mg) that rotates in close proportion to the amount
of air passed through. The rotor’s movements are recorded by two sets
of infrared photodetectors organized so that both the volume and
direction of the flow are determined, and the signals are fed to the
main unit. In addition a small amount of expired air is sampled from
the turbine housing during every expiration and sucked to the main
unit for analyses of O, and CO; through a dedicated line. There is no
air sampling during inspirations. During field studies this unit is often
carried in a harness serving as a small back-pack. The whole instru-
ment carried including accessories for field experiments weighed
1.9 kg in our study. The instrument has been examined elsewhere and
found to work properly during normal use [8, 9].

Technical details of the flow recordings
The cable connecting the Triple V to the main unit contains eight
wires, of which only five are being used according directions provided
by the manufacturer (“Anschluss Triple-V am Metalyzer und Meta-
max II”). Wire 3 (called flow 1 by the manufacturer), and wire 4
(called flow 2) are of particular interest here. Wire 1 is ground, and
wire 6 provides voltage supply that appeared to be only =2.7 V; this
was too low to give a reliable power supply to the electronics we used
(see below for further details). Wire 8 of #3.1 V is according to the
manufacturer connected to ground thru a 9.1 kQ resistor, apparently to
detect a proper connection.

The optical sensors have two infrared photodiodes, each with a
corresponding photocell. During inspiration the signal from flow
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1 leads that of flow 2 by 25% of a full square wave cycle (compatible
with 45° displacement around the arc), while during expiration the
sequence is reversed. This allows the software to distinguish between
expirations and inspirations.

We purchased an extension cable to the Triple V (Extension cable
DVT/Triple V for volume transducer 130-01-022). The extension cable
was cut in two, and each wire was freed and soldered to a small circuit
board. The voltage of each wire and the signals between the Triple V
and the main unit were read off on an ordinary oscilloscope (Mixed
signal oscilloscope 54645D, Hewlett Packard). These recordings
verified that that during inspiration the signal of “flow 17 (wire 3) is
ahead of that of “flow 2” (wire 4), and that the sequence is reversed
during expiration as described above. When the light beam was cut, a
high voltage of ~4.8 V was recorded, while when light hit the photocell,
a low voltage of 0.2 V was recorded. This suggests that the instrument
uses standard TTL (transistor-transistor logic) electronics using a
voltage divisor in the main unit and further that the photocell works as a
phototransistor pulling down the voltage to a low level when being
illuminated. Moreover, our recordings also showed that during use each
wire conducts a square wave signal to the main instrument.

Making a false inspiration signal

A Pic 16F 628/20 microprocessor (Microchip Technology, Chandler,
AZ, USA) was mounted on the circuit board. The Pic 16F micropro-
cessor has altogether 18 pins named A0—-A7, B0—B7 and in addition
the two used for voltage supply and ground connection. The processor
was programmed in MBasic Professional (B0024, Basic Micro IDE,
Farmington Hills, MI, USA) as outlined below.

Since during normal use voltage is supplied to the two flow wires
from the main unit and since this supply was broken when the cut
extension cable was used, we provided a 5 V supply through =10 kQ
resistors to wires 3 and 4 (flow 1 and 2) on the Triple V-side of the
circuit board from the voltage supply described below. The signals on
flow 1 and flow 2 from the Triple V were connected to pins A2 and A3
of the processor. Pins B1 and B2, respectively, were connected to the
corresponding wires on the Metamax side of the board. During
expiration the signals on A2 and A3 were read continuously, and the
signal of pins B1 and B2 were programmed to match those of A2 and
A3, respectively. Thus, during expiration the microprocessor let the
signal pass thru. Separate examinations showed that the microprocessor
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reproduced the square-wave signals even during maximal expirations. If
no change on pin A3 was recorded during a period of 0.3 s, an end-of-
expiration-flag was set, and the microprocessor then generated a
simulated inspiration signal with the following pattern: B1 (flow 1) was
set high, and after a pause of 3 ms B2 (flow 2) was set high. After a
4 ms pause B1 was set low, and after a new pause of 3 ms B2 was set
low. After 4 ms Bl was again set high. This sequence was repeated
25 times, taking altogether 0.37 s (including some initial commands).

The program included controls of a valid expiration and of whether
an inspiration had been generated recently. The circuit board and
wiring also included two standard LED connected to pins B3 and B4
of the processor thru resistors of 300 2. These diodes were lit during
expiration (green, B3) and when the inspiration signal was generated
(red, B4). That allowed us to follow the operation of the program both
during development and use.

The Pic microprocessor was supplied by power by a standard
commercial 9 V block battery (called 6AM6, 6LR61, or 6LF22 by
different manufacturers and classifications) through a 7805 (T092)
5V regulator. A battery lasted at least 3 d during continuous use
before the voltage dropped to 5 V and the battery had to be replaced.
The circuit board is outlined in Figure 1.
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Figure 1. Outline of the circuit board. Upper left, power supply (Batl) and the voltage regulator (Ul). Left, input from the
Triple V (Flow 1 and Flow 2). Central, the Pic 16F 628 microprocessor with inputs (As) to the left and outputs (B,s) to the
right, driven by a 20 MHz resonator (X1). Right, output to the main unit of the Metamax Il (Flow 1 and Flow 2). Lower
right, output to two photodiodes (D1 and D2). The Ri-s and C1 are resistors and a capacitor, respectively.



Technical modification of the Metamax Il portable metabolic analyser 123

A more robust expiration signal

During the development we learned that one single pulse of the type
“flow 2-flow 1” (an expiration-sequence) from the Triple V to the
Metamax’ main unit was enough to start the pump for sampling of gas
to the main unit and thus to record an "expiration" in the Metamax
built-in software. Since such pulses occasionally appeared (passive
rotation of the rotor, for example because the subject moved the head,
or even by a heart beat at rest), we realized that the system was
hypersensitive. To reduce that problem we rewrote the program,
requiring four such “flow 2-flow 1”-sequences before an expiration
signal was let thru. Since this restriction removed four (half) rotations
of the turbine fan and thus reduced the instrument’s recorded expired
volume correspondingly, four extra pulses were added to the pulse
sequence to the main unit once expiration had started.

Connecting the Triple V to the Interspiro face mask

The outlet of the Interspiro face mask is covered by a hollow, open
cylinder =35 mm high and with an outer diameter of ~78 mm that
houses the outlet’s valve system. This cylinder thus serves as a cap
(here called cap A). The wall at the open end of the cylinder has
threads that allow the housing with the valves to be screwed onto the
face mask. There is a slit 5.6 mm wide around the cylinder wall that
allows air to be released, and this outlet is protected by a removable
ring =3 mm thick and ~14 mm wide. To sample expired air the
protective ring was removed, and a hollow, open cylindrical cap
(called cap B) being 41 mm high and with an outer diameter of
90 mm, was mounted around cap A. Gaps between the two caps were
closed by commercial silicon glue. Cylinder B had a hole with a
diameter of ~30 mm in the side wall. A pipe 24 mm long was mounted
in that hole to serve as a spout. At its open end this spout had an inner
diameter of ~31.3 mm, narrowing in by 3° to match the conically
shaped spout on the inlet of the Triple V, thus allowing a tight fit. This
modification of the outlet of the Interspiro face mask allowed us to
sample and analyse expired air by the Metamax (Figure 2). All parts
described above were made of PVC plastic.
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Cap B with spout

Figure 2. Photos of connections between the Interspiro face mask and the
Metamax 1I. Left, inside of cap A of the outlet of the Interspiro face mask.
Holes in the side wall allow air to escape. Cap B with spout around cap A
collects released air, leading air through the spout to the Triple V of the
Metamax. Right, a subject walking on the treadmill while testing the
equipment. The subject is carrying bottles with pressurized air in a
harness on his back. Air is led from the bottles to the Interspiro face mask
thru a high-pressure hose. The connections shown in detail on the left are
mounted on the outlet of the face mask. The white column on cap B
contains drierite (CaSO,4) that absorbs water vapour from air led to the
main unit of the Metamax I for analyses of fractions of O, and CO,.

Heat protection of the Metamax

To protect the equipments against heat and mechanical impacts, the
main unit was placed in a box of five-layered plywood filled with an
isolating material (Mineral fiber, Protecta, Tensberg, Norway). The
lines connecting the main unit and the Triple V sensor were likewise
isolated by a wool stocking tube covered by the same cotton as being
used in the firefighters’ protective clothings and using fiber tape as
outer cover. Measurements showed that even after 8 min in a heat
chamber (7 > 140 °C), the temperature in the box never exceeded
25 °C, and the temperature inside the stocking tube was <40 °C. The
box of plywood with additional insulation and straps weighed 3.7 kg.
Thus, the box with insulation and the Metamax II with accessories
weighed altogether 5.6 kg.
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Experiments
Two informed volunteers (staff members) who knew their rights,
served as subjects. In one study the subject ran on the treadmill at
constant speed and inclination while the O, uptake was alternately
measured by the Metamax II in the normal mode or when connecting
the Triple V to the outlet of a three-way breathing valve. In the latter
case only expired air passed through the turbine.

In further experiments the subject cycled twice on separate days on
a Krogh-type cycle ergometer [6] at constant power that was increased
stepwise at 5 min intervals. Respiratory parameters including the O,
uptake were measured by the Metamax II. One day the instrument was
run in the normal mode. The other day the subjects wore an Interspiro
face mask, inspiring from bottles with high-pressurized air. After each
expiration the microprocessor generated an artificial inspiration signal
that was fed to the main unit of the Metamax II (see above for further
details).

RESULTS

The subject ran on the treadmill at constant speed while the O, uptake
was measured by the Metamax II. When the instrument was run in the
normal mode, the reported O, uptake varied by 2% between 10 s
intervals once a steady state level was reached (open symbols in
Figure 3). When only expired air passed thru the Triple V breathing
valve, the reported O, uptake fell by around 50%, and the reported
value varied considerably (filled symbols in Figure. 3).

In further experiments the conditions mimicked that of smoke
diving. When the subject inspired from a breathing apparatus, an
artificial inspiration signal was generated after every expiration as
explained in further detail in the method section. The reported O,
uptake did not differ systematically from that when the Metamax II
instrument was used the normal way (Figure 4). The mean absolute
deviation was 24+10 umol/s (1%). The lung ventilation that in
separate control experiments was at least 30% too low when the
instrument received no inspiration signal did not differ systematically
between the two experimental conditions. The mean absolute
deviation was 2.0 £ 0.8 L/min (<5%).
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Figure 3. A well-trained middle-aged man ran on the treadmill at
333 m/s (12 km/h) at 5% inclination. The O, uptake was measured
continuously by the Metamax II and reported in 10 s intervals. When the
instrument was run in its normal mode where both inspired and expired
air passed thru the Triple V breathing valve (O, open symbols), the
reported O, uptake averaged 40.4 pmol/kg/s with a standard deviation
between 10 s intervals of 0.8 pmol/kg/s (2%). When the subject breathed
through a three-way valve where the Triple V was connected to the outlet
and thus only expired air passed thru the valve (@, filled symbols), the
reported O, uptake fell considerably.
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Figure 4. Top panel, O, uptake measured by the Metamax II versus
power during cycling at stepwise increasing power. Lower panel, lung
ventilation versus power during the same exercises. The data are from a
subject who cycled for 5 min at each power. During one series the subject
inspired from bottles with pressurised air, and the Metamax II was
modified to produce an artificial inspiration signal after every expirations
when only expired air was passed through the breathing valve (@, filled
symbols). In control experiments the subjects cycled while using the
Metamax II in its normal mode. This means that both inspired and expired
air passed through the breathing valve (O, open symbols).
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DISCUSSION

The Metamax II metabolic system requires an inspiration signal
between two consecutive expirations to work properly. In our study
the reported O, uptake fell by around 50% when the instrument did
not receive inspiration signals. By producing an artificial inspiration
signal between two consecutive expirations, the instrument worked
properly when the subject only expired through the instrument’s
breathing valve.

This study is not the first to sample expired air from subjects
breathing from a self-contained breathing apparatus (SCBA), but
former studies did not measure the O, uptake at hot and polluted
conditions. Eves and co-workers [4] mounted a cone of Plexiglas
providing an airtight seal around the outlet of the SCBA regulator
used, and expired air was led to their metabolic analyser. Several other
studies have measured the O, uptake on exercising subjects using a
breathing apparatus [1-3, 7, 11-13], apparently by simply collecting
expired air from the outlet of the breathing apparatus used. In our case
we had to produce an artificial inspiration signal to make the
Metamax II metabolic system work properly. We have in addition
provided heat protection by insulating the instrument, and further
protecting it from mechanical impacts. The latter remedies allow us to
measure the O, uptake while firefighters work in hot and polluted
environments. This has to our knowledge not been done earlier, pro-
bably because heat may damage metabolic analyzers [5,10]. We also
filtered out minor rotations of the fan, rotations that may occur for
reasons other than respiration. Such small movements may readily
appear both at rest and during exercise, particularly during exercise of
moderate intensity with moderate, regular breathing with some inter-
val between the end of expiration and the start of a new inspiration.
The filtering introduced may be important since that made the instru-
ment’s software more robust against noise. Our software required
0.67 s between the end of one expiration and the start of a new one.
That should be problem for firefighters using a breathing apparatus
since the apparatus does not allow extremely high ventilations. How-
ever, top athletes may breathe as much as 200 L/min with a breathing
frequency above 1 Hz. In that case our modification of the Meta-
max will fail.

We conclude that with proper modifications of the Metamax 11, the
instrument allows measurements of the O, uptake when only expired
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air passes through the breathing valve. The heat protections introduced
may allow measurements of the O, uptake during exercise in hot and
polluted environments.

This study is part of a larger study approved by the Ethics Committee
of Health Region 4 in Norway.
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ABSTRACT

Estonian sprint runners have not achieved great success in inter-
national title competitions. This study was conducted to analyze their
performance in 100m race. The aim of this study was to perform a
comparative analysis of 100m sprint horizontal velocity dynamics in
Estonian top level and world top-level male sprinters. We analyzed: 1)
athletes’ relative running velocity during different phases of the
distance; 2) the loss of Estonian sprinters to the world best sprinters
during different phases of the distance.

The study compared Estonian Athletics Championships (2006)
men’s 100m sprint final results with Berlin World Athletics
Championships (2009) men’s 100m final results. In both competitions,
interval times were measured for the following sections of the race: 0—
30m, 30-60m, 60-80m and 80-100m. We found out that Estonian
sprinters’ acceleration ability is relatively better than the other
physical abilities necessary for achieving good results in 100m.
Estonian sprinters loose most to the world best sprinters during the
last part of the distance, 80—100m. However, the difference in running
velocity of Estonian sprinters compared to the world best runners is
approximately the same in all three last sections of the distance (30—
60m, 60-80 and 80-100m).

Key words: sprint running, 100m, running velocity, Estonian sprinters
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INTRODUCTION

The 100m can rightly be considered the most remarkable event of
athletics at major championships. The sheer speed of the 100m allows
the winner to claim that he is the fastest runner in the country or in the
world. The world best sprinters run 100m faster than 10 seconds, which
makes the average velocity over the distance more than 10m per
seconds. The world-class athletes make in average 45 steps in a world
championship finals [4, 14]. However, during this short time and small
number of steps the sprinter experiences four different phases of speed.
First, the reaction speed phase in the start; second, the acceleration
phase; third, the maximal speed phase; fourth, the speed maintenance
phase [8, 13, 14, 15]. Reaction time is a contributor to the overall sprint
time, however since it has not been found to be related to sprint
performance [9], it was not focused upon in this study.

Different speed abilities have different importance in different
sprint distances (100—400m). In 100m sprint running at maximal
velocity is often taken as the most important part of the race [1, 2, 5].
According to Ralph Mann the most obvious general performance
descriptor in the sprint is horizontal velocity. Ignoring the importance
of the start, the athlete that can produce the greatest amount of
horizontal velocity will be the most successful [9].

The aim of this study was to perform a comparative analysis of
100m sprint horizontal velocity dynamics in Estonian top level and
world top level male sprinters. We analyzed: 1) athletes’ relative
running velocity during different phases of the distance; 2) the loss of
Estonian sprinters to the world best sprinters during different phases
of the distance.

MATERIALS AND METHODS

The subjects of the study were 7 Estonian top male sprinters who took
part in the final race of 100m in Estonian national championships in
lallinn (21.07.2006). The measurements of running velocity during
different phases of 100m distance were done in the following sections:
0-30m, 30-60m, 60-80m and 80-100m. The timing system “Ivar”
(accuracy 1/1000 s) designed and built by Ivar Krause was used to
measure these split times. The final time of the race was taken from
the official competition protocol of results. The timing system of the
championships was produced by “Omega” (Switzerland).
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Statistical analysis

The relative running velocities (%) of Estonian and world best
sprinters in different sections of 100m race (0-30m, 30-60m, 60-80m
and 80-100m) were calculated taking the average velocity of the
whole distance as 100%. Another calculation was made to find the
ratio of Estonian runners’ average velocities to world top sprinters
average velocities in different sections of the 100m distance. 100%
corresponded to the average velocities of different sections of the race
in 2009 Berlin World Championship final.

The comparative data about the performance of the world best
sprinters was taken from the analysis of 2009 Berlin World Athletics
Championships 100m final race [6].

The both finals were run in similar good weather conditions with a
tail wind: +0.6 m/s in Estonian Championships and +0.9 m/s in World
Championships. Though the difference of 0.3 m/s of wind speed can
slightly influence the results in 100m sprint according to J. Mureika
calculations [11] we did not considered this small difference relevant
enough to make any corrections in our calculations.

RESULTS

The Estonian sprinters showed results in 100m final race from 10.51s
up to 11.21s. These results can be considered quite average during this
decade. Table 1 presents the split times and the final results of 2006
Estonian Athletics Championships men’s 100m final.

Table 1. The split times of men’s 100m final in 2006 Estonian Athletics
Championships

Time
Athlete 30m 60m 80m 100m
1 4.02 6.77 8.61 10.51
2 4.05 7.00 8.89 10.84
3 4.03 6.91 8.85 10.93
4. 4.06 7.07 9.00 11.00
5. 4.08 7.17 9.10 11.12
6 4.06 7.12 9.11 11.15
7. 4.09 7.20 9.17 11.21
Mean + SD 4.06+0.02 | 7.03+0.14 | 8.96+0.18 | 10.97+0.22
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Figure 1 presents the Estonian and the world best male 100m sprinters
relative velocities in different sections of the distance. The base for the
comparison was the average running velocity over the whole 100m
distance. The value of the distance average velocity was taken to be
equal to 100%. The values over 100% showed higher velocity and
values lower than 100% lower velocity than average in different
phases of the distance.

140%
120%

100%

0-30m 30-60m 60-80m 80-100m

O Estonian Championship 06 m World Championship. Berlin 09

Figure 1. The relative running velocities of Estonian and world best male
sprinters in different sections of 100m race: 0-30m, 30-60m, 60-80m and
80-100m. 100% corresponds to the average velocity of the whole
distance.

Figure 2 shows how much Estonian sprinters are slower than to the
world best sprinters in different phases of 100m sprint. Again, similar
to previous analysis the followed distance sections were 0-30m, 30—
60m, 60—80m and 80—100m.
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96% 94,9%

87.8% 87,8% 87.5%

0-30m 30-60m 60-80m 80-100m

Figure 2. The ratio of Estonian top sprinters’ average velocities to the
world top sprinters’ average velocities in different sections of 100m race.
100% corresponds to the average velocities of different sections of the
100m race in 2009 Berlin World Championships final.

DISCUSSION

This study analyzed horizontal running velocity dynamics of Estonian
and world best 100m male sprinters according to the data obtained
from 2006 Estonian Championships (abbreviated as EC) and 2009
World Athletics Championships (abbreviated as WC).

Athletes’ relative running velocity during different phases of the
distance

The relative running velocities of Estonian and the world best athletes
is presented in Figure 1. The baseline for the comparison is the
average velocity over the 100m distance. The figures show that only
in the first section, during acceleration phase, the running velocity is
lower than the average velocity of the whole distance. Estonians
achieve 81.1% of their average velocity over the first 30m running
distance, while the world best sprinters gain 77.3% of their average
velocity in this phase of race. It does not mean that the Estonian
runners are better accelerators as the mean time in this section was
better in the world top sprinters (3.85s vs. 4.06s). But this probably
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shows that sprinters of lower maximal running velocity level need less
time to achieve their maximal velocity.

The next section of the distance, 30—60m, was run with a signifi-
cantly higher velocity. The world best sprinters achieve their maximal
running velocity usually during this part of the distance [7, 10, 12].
Estonian sprinters were able to raise their running velocity by 29.0%
in this phase of the race, while the world top sprinters added 36.4% to
their running velocity. The explanation of this different capability to
add running velocity in this middle section of the distance is probably
also related to differences in the levels of maximal running velocity.
Estonian sprinters lower maximal velocity enables them to reach their
maximal velocity earlier, but does not enable them to raise running
velocity as much as the world top sprinters do in the middle section of
the race.

Estonian and world top sprinters showed similar running velocity
dynamics in the next section of the distance between 60—-80m. The
velocity in both groups remained rather constant with a small raise in
average by 3.4%.

The running velocity decreased similarly in both groups of sprin-
ters in the last section of the distance, between 80 and 100m. Estonian
sprinters” running velocity decreased by 4.4% and the velocity of the
world top sprinters by 4.1%.

Whilst Estonian sprinters maximal running velocity is considerably
lower than world best ones, then to enhance their performance, the key
part for Estonian sprinters should be the last parts of the distance.
Estonian sprinters might pay more attention to the developing of speed
endurance in their training, as there are more opportunities to develop
speed endurance than maximal speed. Estonian sprinters should be
able to maintain their lower maximal or close to maximal velocity for
a longer time. For example in 1987 Rome World Athletics Champion-
ships all the male sprinters showed in the 100m final that they were
able to achieve maximal running velocity over 11 m/s (Johnson and
Lewis even 11.76 m/s). There were also sprinters in the first rounds of
the competition who achieved the same maximal velocity (11 m/s),
but did not run faster than 10.50 m/s. Good level maximal running
velocity does not guarantee a good result in 100m race, but is a good
precondition for it. Hence, attention should be paid to the development
speed endurance [10].
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The loss of Estonian sprinters to the world best runners in
running velocity during the different phases of the race

For this analysis the same data from EC 2006 and WC 2009 men’s
100m final was used. The results show a clear tendency that Estonian
sprinters loose to the world best sprinters less in the first section of the
distance (0-30m), only 5.1%. The loss to the world top runners is
higher and approximately at the same amount (between 12.2%—
12.5%) for the other sections of the distance (30—60m, 60—80 and 80—
100m), (Figure 2). Estonian sprinters have relatively better accele-
ration ability compared to the rest of the physical abilities necessary to
run 100m at high level. Estonian sprinters loose to world best sprinters
most in the last section of the race (80-100m) where the loss rises to
12.5%. Breizer and Zukov [3] compared world best sprinters with
Russian top sprinters and found the same tendency. The Russian
sprinters loose most in the last part of the distance between 80 and
100m where athlete should be able to maintain the running velocity
close to the maximal.
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ABSTRACT

The aim ofi this study was to compare neuromuscular fatigue and
discomfort following workday in groups of sales workers, who were
working predominantly in standing or sitting position. Ten female
sales workers (aged 21-66 yrs), who worked predominantly in
standing position (ST) and 9 female sales workers (aged 20-54 yrs),
who worked predominantly in sitting position (S1) participated in this
study. Neuromuscular fatigue and discomfort after the workday
immediately was subjectively evaluated by 10-point visual analogue
scale (VAS) in neck, shoulder, low-back and leg regions. Visual-
motor coordination was assessed by Grooved Pegboard test and hand
grip strength for both arms was tested by hand dynamometer before
and after the workday. The results indicated that after the workday,
subjectively evaluated neuromuscular fatigue and discomfort in ST
group was higher (p<0.05) in posterior calf region compared with SI
group. SI group felt subjectively significantly higher (p<0.05) neuro-
muscular fatigue and discomfort in shoulder region after the workday
as compared to ST group. Before the workday, the Grooved Pegboard
test time was shorter (p<0.05) in Sl group, whereas hand grip strength
for right arm was higher (p<0.05) in ST group. No significant work-
related changes were found in Grooved Pegboard test time and hand
grip strength in the measured groups. It was concluded that following
the workday, subjectively evaluated neuromuscular fatigue and dis-
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comfort was more pronounced in ST group in posterior calf region
and in SI group in shoulder muscles. No significant fatigue-induced
changes in visual-motor coordination and in voluntary isometric force-
generation capacity of hand muscles were established in female sales
workers following the workday.

Key words: neuromuscular fatigue, visual-motor coordination, muscle
force, sales workers

INTRODUCTION

Musculoskeletal disorders (MSD) are a major cause of work-related
disability [9]. It has been suggested that working long time in standing
or sitting position causes MSD [10]. Sales workers, who have to stand
or sit throughout the workday, are affected by diseases like varicose
veins, poor feet blood supply, swelling, heart and circulation prob-
lems. Salespersons working predominantly in sitting position (SI) are
in forced position and therefore their neck and back muscles are over-
loaded. Muscles blood supply and oxygen accessibility causes fatigue
and pain in muscles. According to Lehman et al [8], sales workers
health problems were associated with the low back (32%), wrist
(28%), neck (21%) and shoulder (21%). Long-time standing is often
associated with musculoskeletal problems, in including discomfort,
fatigue and pain affecting the lower limbs, and low back, often in the
whole body. People who have to stand up for a long time can suffer
more serious health problems such as lower limb swelling and blood
flow restriction [3]. Working in sitting position consumes less muscle
force, but this body posture causes low back pain, muscle tension, and
muscle pain. People who work in sitting position have to consider that
their health can deteriorate when they do not exercise or are not other-
wise physically active. Lack ofi movement can cause hypokinesia.
Reduced blood flow to muscles can cause fatigue, therefore emplo-
yees working in sitting position, who do not do physically hard work,
feel highly fatigued at the end of workday. Constant sitting affects
mostly the neck and lower back region [2].

The aim of this study was to assess neuromuscular fatigue and
discomfort in sales workers working in standing or sitting position
betore and after the workday. The measurements were carried out at
the workplace.
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METHODS
Subjects

Ten female sales workers, who were working predominantly in stan-
ding position (aged 21-66 yrs) (ST) and nine female sales workers,
who were working predominantly in sitting position (aged 2054 yrs)
(S1) participated in this study. The anthropometric parameters of the
subjects are presented in Table 1. The ST group worked in clothes
shop, selling merchandise over the counter, the SI group worked as
cashiers in grocery store.

Table 1. Anthropometric parameters of the subject groups (mean +
SE)

Variable ST group SI group
n=10 n=9

Age (yrs) 36.3+4.3 37.6+4.4
Height (cm) 167.9+2.3 169.3+2.7
Body mass (kg) 62.242 9*** 78.1+8.6
Body mass index (kg m?) 222413 26.94+2 4
Length of employment (yrs) 6.6+1.4 1.8+0,5
General length of 16.9+4.3 18.2+4.5
employment (yrs)
Working time per week 40.0+0.8 41.1£0.7
(hours)

ST — sales workers, who were working predominantly in standing posi-
tion, SI — sales workers, who were working predominantly in sitting posi-
tion. *** p<0.001. Significantly different compared with sales workers,
who were working predominantly in sitting position.

Data collection

The measurements were carried out immediately at the end of the
workday. The height and body mass of the subjects were measured
with metal anthropometer, and electronic scales, respectively and the
body mass index (kg/m?) of the subjects was calculated. In the course
of the research, the subjects completed a questionnaire. Neuro-
muscular fatigue and discomfort were subjectively evaluated in neck,
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shoulder, and leg regions by visual analogue scale (VAS; Figure 1) [5,
6]. VAS included numbers from 0 to 10. Perceived exertion was
estimated in the following way: 0 — not fatigued, 10 — completely
fatigued. To evaluate visual-motor coordination was used the Grooved
Pegboard test (Model 32025). The Grooved Pegboard test is a mani-
pulative dexterity test consisting of 25 holes with randomly positioned
slots. Pegs with a key along one side must be rotated to match the hole
before they can be inserted. The duration of the test was recorded. The
test was performed in sitting position by using the dominant hand.
Hand grip strength was measured with hand dynamometer (Lafayette
Dynamometer Model 78011, USA). The handle of the dynamometer
was adapted at 1.5 cm distance. The subject pressed dynamometer in
standing position, keeping the hands away from the body. Hand grip
strength of both extremities was measured, whereas 3 ftrials were
conducted and the best result was taken for further analyses. The
results were presented in Newtons (N).

Il
—

o

|

Figure 1. Schematic presentation of subjective evaluation of neuro-
muscular fatigue and discomfort by visual analogue scale (VAS) from
different body regions. 1 — neck, 2 — shoulder, 3 — low-back, 4 — posterior
part 9f thigh, 5— anterior part of thigh, 6 — posterior part of calf, 7 —
anterior part of calf.
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Statistical analysis

Means and standard errors (£SE) of mean were calculated. The
differences of the means ofi the groups, as well as the significance of:
the changes for the groups of subjects at the beginning of the workday
and after it, were evaluated on the basis of the Mann—Whitney U-test.
Comparisons were performed two-tailed and differences were
considered significant at p<0.05.

RESULTS

According to VAS, SI group felt subjectively significantly higher
(p<0.05) neuromuscular fatigue and discomfort in shoulder region
after the workday as compared to ST group (Figure 2A). After the
workday, subjectively evaluated neuromuscular fatigue and dis-
comfort in ST group was higher (p<0.05) in posterior calf region
compared with ST group (Figure 2B). No significant differences
(p>0.05) in subjectively evaluated neuromuscular fatigue and
discomfort were found in neck, low back, thigh and anterior region of
calf in the measured groups of female sales workers. After the
workday, the Grooved Pegboard test time in ST group was shorter
(p<0.05) as compared to the pre-workday level (Figure 3). No
significant differences (p>0.05) between the measured groups in this
parameter were found before and after the workday. Before the
workday, hand grip strength for the right arm was higher (p<0.05) in
ST group compared to SI group (Figure 4), whereas no significant
between-group differences were established after the workday. No
significant work-related changes following the workday were found in
the Grooved Pegboard test time and hand grip strength in the mea-
sured groups.
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Figure 2. Subjectively evaluated neuromuscular fatigue and discomfort
by visual analogue scale (VAS) from different body regions in sales
workers, who were working predominantly in standing (ST) or sitting (SI)
position (mean+SE). *p<0.05.
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Figure 3. Visual-motor coordination time measured by Grooved Peg-
board test in sales workers, who were working predominantly in standing
(ST) or sitting (SI) position (mean+SE). **p<0.01.
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Figure 4. Hand grip strength in sales workers, who were working pre-
dominantly in standing (ST) or sitting (SI) position (mean+SE). *p<0.05.

DISCUSSION

Significant discomfort and fatigue of shoulder region (p<0.05) in SI
group compared to ST group was observed in this study. In ST group
of the subjectively evaluated neuromuscular fatigue and discomfort by
VAS in shoulder region was on an average by 47% lower than in SI
group. This is agreement with the results of several previous studies
[7, 8, 11], indicating a significant reduction of: discomfort in the
muscles of upper extremities in sales workers, who had to stand
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throughout the workday. Significant discomfort and fatigue was
established in calf posterior muscles in ST group compared to SI
group. In the present study subjectively evaluated neuromuscular
fatigue and discomfort by VAS in calf region ofi ST group were by
50% higher than in SI group. In standing position the lower
extremities are more loaded than in sitting position, where the most
loaded body regions are in shoulders and neck. Physical work
requirements and individual factors determine muscle force and length
characteristics as a function ofitime, which in turn determines muscle
energy requirements. Muscle energy requirements can lead to fatigue,
which can further lead to muscle disorders [8]. This may explain why
employees who have to sit throughout the workday (e.g. office
workers, cashiers) often experience MSD symptoms in shoulder
region and neck [4, 8, 12]. At the end ofi the workday, no significant
differences between ST and SI group were observed in neuromuscular
fatigue and discomfort evaluated by VAS in neck, low back, anterior
and posterior thigh, and anterior calfi in this study. These results are
directly related with working position and hypokinesia, which impairs
motor ability [1].

In the present study visual-motor coordination time in ST and SI
groups was measured. It was found that the visual-motor coordination
time was significantly shorter after the workday was as compared to
before workday in ST group. Thus, visual-motor coordination was
improved following the workday in both groups. At the end of the
workday the subjects performed better the visual-motor coordination
test, because the test was made for the second time and participants
were familiar with its content.

Before the workday, hand grip strength for the right arm was
higher on an average by 29% (p<0.05) in ST group compared to SI
group, whereas no significant between-group differences were
established after the workday. The hand grip strength was stabilized in
female sales workers, and arms were not fatigued.

Working in standing position increases neuromuscular fatigue and
discomfort in calf muscles. It has been suggested that long-term
standing on a hard floor causes fatigue and discomfort compared to a
softer floor [3]. Regular resting in sitting position reduces fatigue in
calf muscles. Relaxing and stretching exercises reduce static tension
and discomfort in shoulder region and neck.

Weakness of the present study was a relatively sample size. More
research is needed to objectively evaluate fatigue and discomfort
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which relates to standing and sitting work position, using myoto-
nometry and electromyography.

It was concluded that following the workday, subjectively eva-
luated neuromuscular fatigue and discomfort was more pronounced in
ST group in posterior calf region and in SI group in shoulder muscles.
In ST group visual-motor coordination was improved following the
workday. No significant fatigue-induced changes in voluntary
isometric force-generation capacity of hand muscles were established
in female sales workers following the workday.
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ABSTRACT

Physiotherapy as an independent curriculum has existed only one
decade in Estonia. During this period the curriculum has changed and
developed remarkably due to the Bologna Process. Specific feedback
about the curriculum from the students who have graduated has not
been received. Thus, the aim of the study was to estimate how the
physiotherapy students who have graduated from University of Tartu
assess the physiotherapy curriculum (theoretical knowledge, practical
skills and generic competences). Altogether twenty-nine former
students (females=25; males=4) participated in this study. All the
participants filled in an anonymous questionnaire. Most of them
graduated from the University of Tartu in 2010. 82.2% of the
participants had gained Bachelor’s and 17.8% Master’s Degrees.
Approximately 80% of the participants work as physical therapists,
mostly in hospitals (37.9%). According to the participants the
strengths of the curriculum are: highly qualified professionals are
included in the study process; lecturers are also professional physical
therapists; strong theoretical basis and versatile practical trainings in
school and in clinical environment; modern practical training
placements all over Estonia. Weaknesses of the curriculum are as
follows: basic subjects are sometimes superficial and there is a lack of
specialization (due to lack of time in the three-year study program);
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lack of external lecturers; connection between theory and practice is
not always sufficient. In spite of this fact that the curriculum offers
basic knowledge, practical skills and generic competences (commu-
nication skills, team work, sense of duty), the study period is still too
short to provide in-depth theoretical knowledge and diverse profes-
sional skills. Therefore, there is a need to study more independently
during the study process and after graduation (in-service training). It
was revealed that some suggestions made by graduates have already
been implemented in the course of the recent three years. It means the
developments of the curriculum have been adequate and have
supported the focus groups’ expectations. In conclusion, 180 ECTS
are not enough to offer in-depth specialized knowledge and practical
skills. According to this result, there is a great need to study further on
Master level and/or continue training — lifelong learning.

Key words: physiotherapy curriculum, higher education

INTRODUCTION

Physiotherapy is taught in two different schools is Estonia —
University of Tartu and Tartu Health Care College. Physiotherapy as
an independent curriculum has existed only one decade in Estonia. At
first (1990—1999) physiotherapy was taught as movement therapy in
the University of Tartu, the Faculty of Exercise and Sport Sciences. In
1999, the exercise therapy curriculum was changed to curriculum of
physiotherapy and since 2006 it is possible to study physiotherapy
also on Master's level. In Tartu Health Care College physiotherapy
has been taught since 2001. During this period the curriculum has
changed and developed remarkably due to the Process of Bologna.
According to the Process of Bologna in the University of Tartu
four-year physiotherapy study (240 ECP) was changed to three-year
study (180 ECP). Now the curriculum is assessed by external super-
visors and national and international accreditation commissioners.
Curricula in both schools have been fully accredited. After graduation
(180 ECP) it is possible to find employment as a physiotherapist or
continue the studies on Master's level (120 ECP) at the University.
Unfortunately, these studies are not made available for all applicants
by the government (only 16 state-funded study places). In Europe
generally it is not possible to work as a physiotherapist only after a
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three-year study. For example, in Norway it is compulsory to be
placed in a practical training base one year after the three-year study
period before getting the physiotherapy licence (N. Bugge Rigault,
Oslo University College, personal contact, 2011).

Since 2005, 222 students have graduated from the physical therapy
curricula in the University of Tartu and 150 from Tartu Health Care
College (Table 1). Until now, there has been no specific feedback
concerning the curriculum. Obtaining feedback is vital for further
curriculum development. Thus, the aim of the study was to estimate
how the physiotherapy students who have graduated from the
University of Tartu assess the physiotherapy curriculum (theoretical
knowledge, practical skills and generic competences) and how the
curriculum has affected their professional preparation.

Table 1. The number of physiotherapy curriculum graduates in Estonia

Tartu Heath Care
University of Tartu College
Year of | Bachelor’s Degree I Master’s Degree | Bachelor’s Degree
graduation Number of graduates
2004 14
2005 23 13
2006 28 13
2007 30 16
2008 56 12 14
2009 24 15 25
2010 35 18 23
2011 26 10 32
Total 222 55 150

MATERIAL AND METHODS

Twenty-nine former students (females=25; males=4) participated in
this study. The questionnaire was compiled based on the need to find
out whether development is in accordance with the target group's
needs and what should be the directions chosen in further develop-
ment. The questionnaire consisted of closed questions (multiple
choice questions) to collect general information and open questions
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which required the respondent to reflect upon their opinion more
thoroughly. All the participants filled in the anonymous questionnaire

using the E-formular software.

RESULTS

Most of the respondents graduated from the University of Tartu in
2010. 82.2% of the participants had obtained the Bachelor’s and
17.8% the Master’s Degree. Approximately 80% of the participants
work as physical therapists, mostly in hospitals (37.9%). Working
places of the physiotherapists are presented in Table 2.

Table 2. Employments for physiotherapists.

Place to work n %
Hospital 11 37.9
Rehabilitation center 5 17.2
Private practice 3 10.3
Sports club 2 6.9
Special needs children school 1 3.4
Policlinic 1 3.4
Do not work as physiotherapists 2 6.9
Unemployed 4 13.8

According to the participants the strengths of the curriculum are:

e highly qualified professionals are included in the study
process — all the teachers have at least a scientific Master’s
degree, most of them are well-known in-service training
instructors;

e lecturers are also professional physical therapists — practical
experience gives besides theoretical knowledge also practical
knowledge and guarantees better quality of teaching;

e strong theoretical basis and versatile practical trainings in
school and in clinical environment;

e modern practical training placements all over Estonia.
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Weaknesses of the curriculum are:

e basic subjects are sometimes superficial and there is a lack of
specialization — there is no time to study important subjects
within the three-year study program;

e lack of external lecturers — lack of financial resources;

e connection between theory and practice is not always
sufficient. Superficial theoretical knowledge may not always
enable the students to perform their practical training
successfully, and teaching methodology of a number of
lecturers does not support outcome-based learning — the
student-centred learning and teaching.

The curriculum offers basic knowledge, practical skills and generic
competences (communication skills, teamwork, sense of duty) but
there is a need to study more independently in study process and after
graduation (in-service training). According to the participants’
answers the last three-year developments of the curriculum are
justified. Generally the curriculum is highly appreciated but there is a
need for more international cooperation (external lecturers). In
conclusion, 180 ECP are not enough to offer in-depth specialized
knowledge and practical skills. According to this, there is a great need
for studying further on Master level and/or special courses — lifelong
learning.

There is a plan to organize similar questionnaires to develop the
physiotherapy curriculum every spring with more students at the
University in Tartu and also Tartu Health Care College and to use the
standardized questionnaire “Development of professional attitudes
among physiotherapy students during Bachelor degree programmes”
[1, 2]. The questionnaire focuses on:

1. satisfaction with the physiotherapy degree programme (BA) and
opinions on the curriculum of the programme;

2. perception of the physiotherapist’s profession;

3. opinions concerning undertaking employment as a physiotherapist
as well as career plans;

4. personal data.
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ABSTRACT

The role of peers (siblings and friends) in the recruitment and
development of cross country skiers was investigated using quanti-
tative methodology. A questionnaire, constructed according to a Likert
format, was employed to collect data on the 350 highest ranked cross
country skiers on the International Ski Federation (FIS) point list
(gender not a factor) representing the Norwegian Ski Association
(NSF), and the United States Ski and Snowboard Association (USSA).
Approximately half the athletes were from each country. For the
purpose of data analysis respondents were classified into three
performance levels based on the best self-reported results from very
high level ski competitions. The broad consequences of the findings of
the study direct attention to the necessity of viewing sport not only in
its individual talent/physiology/biomechanics/psychology dimensions
but also in its societal contexts. More specifically, athletic per-
formances may be viewed as significantly mirroring total growing-up
conditions and life situations, particularly with reference to the
intimate primary group relations of family and friends, and as such
can be a measuring rod for the efficacy of a society’s social facili-
tation and policies.

Key words: talent, skiing, peers, recruitment, development.
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INTRODUCTION

A great deal of mythology has been spun about talent in sport.
Generally the understanding of “talent” has been linked with genetic
sources, much related to the idea of identifying talent already in
childhood. Even today it is still argued that talents have been
identified among children, as a forecast of future elite performers in
sport. Despite the fact that some do succeed, the foundation for
predicting this is thin. Neither personality nor identity are strongly
anchored in the child as the basis for motivation and commitment, and
neither is anything known of future resources for development in the
interaction between personality and external access to resources. If the
concept of talent is to be of use in serious dialogue and commu-
nication, then it is paramount that those involved have some com-
monality in their understanding of the term. In an attempt to clarify
the issue, the following definition of talent is offered; a definition that
guides the present work:

An athletic talent is characterized by the sporting achievements the
individual has demonstrated as possessing the potential to reach,
dependent on sufficient associated motivation, effort, and resources of
varying type, size, and quality on an open-ended scale.

This means that there will always be discussion about the degree of
talent. An unknown part of the talent’s potential lies in the genes,
whereof in many sports a number of concrete physiological
parameters are known.

A highly talented performance level is, however, not only a result
of inborn characteristics, but to the greatest degree a product of
voluminous goal-directed training [8]. An optimization of this training
is conditional on good motivation, great effort, and large resources of
many kinds. The closely associated question then is how such
motivation, effort, and resource-base emerge? While motivation and
will to apply effort lie within the athlete, the resources needed are both
of internal character in the athlete’s personality, and of external
character such as economy, knowledge, infrastructure, access to
transport, equipment and materials of various types, etc. All these
interact in dynamic fashion.

The absolutely fundamental condition for development of talent in
sport is that the athlete—to-be is recruited to the athletic setting. This
takes place in a social context composed of the family, and possibly a
coach, in addition to the child [15]. The family’s importance for the
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achievement of high performance-capacity has been in the spotlight in
several studies including in a recent inquiry [13] where the parental
role in the athlete socialization was investigated. The influence of
siblings in the dynamics of the family is, however, a field that to a
great extent has been overlooked in the study of sport. Although the
same cannot be said of friends, even here there is a continued lack of a
clear unraveling of their role.

From this point of departure, the following problem is addressed in
the present investigation:

What role and consequence have siblings and friends in the
recruitment and development of talents in the sport of cross country
skiing?

The impetus for this query was the juxtaposition of several decades
of intense experience by the authors with cross country skiing in
Scandinavia and North America. How Scandinavia, in spite of its
modest population, has historically dominated this sport, was a
question that needed resolution. That there has not been a lack, in
North America, of science-based knowledge of human performance
variables, or a deficiency in technological competence or resources,
was clear. Au contraire, reflection led to the socio-cultural arena in the
search for answers, and in particular to the siblings within the family
context, and beyond it to those significant others of children and
youth, their friends. In Norway, success on the ski-trail has commonly
been heavily viewed as an expression of socio-cultural forces,
including politics and nation-building [4].

REVIEW OF THE LITERATURE

Role-models in the Socialization to and within Sport

If siblings and friends are felt as providing compelling demonstrations
of inspiring behaviour, then children are drawn to identify with them.
Through observation and acting like them, the children journey
through a process of socialization towards a more anchored identity as
an individual. Siblings and friends can through encouraging and
rewarding behaviour in their settings together with other children and
youth, contribute to constructive identity development. The study of
such relationship dynamics formed the basis of the social-cognitive
perspectives of Bandura [3]. The sum of habits, expectations, and
interpretations of social contexts informed Bourdieu and Wacquant
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toward the concept of “habitus” (1992). The implication of this is that
all that contributes to form the daily life of a family, such as social
inheritance, social environment, relatives, and friends, will in sum
connect the child to a culture or subculture. This is expressed through
a familiar lifestyle of some form, and carries consequences for the
relatively malleable children. It is therefore close at hand to expect a
relationship between the athletic activities of siblings and friends in
the recruitment of children to sport. It is suggested that this is an
important element in forming the foundation for the further develop-
ment of athletic talent.

Coté [7] proposed the existence of three defined stages in sport-
participation; the “sampling years” (6—13), the “specializing years”
(14-15), and the “investment years” (over 15). An important condition
for taking care of recruited children and preventing their dropping out
from sport during their first development phase has been the feeling of
joy and fun in sport, and the experience of growing skill-mastery
through minimizing competition-stress [7, 10]. In the “investment
years”, however, the child would connect to only one sport. Training
loads then grow to be extreme and disciplined, with performance at
the elite level as the objective.

The Role and Significance of Siblings

In an in-depth study of the most internationally successful Norwegian
athletes (6), two out of three in the top performance group indicated
that their siblings had great or some importance for their personal
athletic career. As many as three of four, moreover, had siblings who
had large or moderate involvement in sport. In the control group
which had not progressed as far along the career path, only barely one
of three placed large or moderate significance on siblings for their
career. All subjects in both groups had one or more siblings. A large
majority in both groupings was the youngest or next-to-youngest
among the siblings in the family.

The large-scale investigation by Eriksson [9] of Swedish national
team members did not inquire about the importance of siblings, but
nevertheless found that 94% had one or more siblings. However, it did
not appear to matter where in the sequence of siblings the subjects
were located. The distribution among oldest, in the middle, or
youngest, was fairly even. In one of the larger, multidisciplinary,
sports it appeared that a little brother/little sister role could to some
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degree be advantageous since a clear majority of respondents was the
youngest sibling (in families of multiple siblings).

In Coté’s [7] study it was concluded that sibling influence changed
in concert with that of the parents in the progression through the three
phases in athlete development. Throughout the “sampling years”, all
children in the family received the same support from the parents.
However, during the “specialization years”, parental attention and
resource allocation gradually shifted more towards the athlete(s) in the
family. This process received such distinct reinforcement in the
“investment years” that it in some instances resulted in jealousies and
bitterness among younger siblings where present. Nevertheless, in
some families, older siblings were found to have a positive influence
on the young athlete’s decision to specialize in a given sport. This
confirms that the role of the family must perforce be complex due to
the manifold possible familial configurations.

Stevenson [16], in yet another study, concluded that siblings
became important for the athlete in the later phases of development.
They acted so as to take over the parents’ influence as role-models.

The Role and Significance of Friends

The role of friends in children’s socialization to sport is better known.
Less understood is their influence on the development of an athlete’s
capacity for high performance.

The number of friends and their role appears to alter through the
stages of development of an athlete towards the elite level. Abernethy,
Wood, and Parks [1] found in a study of members of 15 Australian
elite teams that all had had a group of friends involved in sport, early
in their career. However, the meaning of having friends outside, as
well as inside, sport became at least equally important during the
“investment years”. Through friends in sport, a great and important
common link was established, while friends outside sport provided
acknowledgement and appreciation for the athletic effort, while they
simultaneously contributed to meeting the athlete’s need to talk about
things outside sport. It could appear that friends outside sport contri-
buted to covering more complex social needs.

Breivik and Gilberg [6] found that fewer of their elite athlete
subjects had friends who were active in the same sport as themselves,
compared with the control group. However, it was not always so for
these very top level athletes. In the beginning, many of these also had



160 N.-F. Ronbeck, N. O. Vikander

friends in sport. But advancing from 10 to 20 years of age, they
progressively had fewer friends in sport, while a stable proportion of
the control group retained theirs. The number of elite athletes who had
friends active in their sport, sank from 75% to 50% over these years,
while in the control group the figure stayed quite stable at ca. 70%. Of
the elite athletes, as many as two of three demonstrated considerable
independence by indicating that they would continue with their sport
regardless of whether their friends did or not. Still, concerning the
importance their friends had for them, 61.1% of the elite placed large
or some significance on their friends for their own personal continued
effort in sport. Impressive as this effect of friends appears to be, it
pales in comparison with the control group where fully 88.2%
indicated their friends had large or some importance for their personal
ongoing involvement in sport.

The research by Stevenson [16] showed that friends, like siblings,
grew in influence in the later phases of athlete development, super-
seding the importance of parents.

In the Eriksson [9] study of the Swedish national team members,
both parents and friends were main reasons why sport at all came into
their life picture. However, here as well, it was the parents who were
of consequence in the early period, while the friends relatively soon
thereafter took over as the dominating causal social factor.

MATERIALS AND METHODS
Quantitative Method

A quantitative method through the use of questionnaire was employed
due to the large number of subjects and their dispersed, international
locations.

Selection of Respondents

The 350 highest ranked cross country skiers (gender not a factor)
representing the Norwegian Ski Association (NSF), as well as of the
United States Ski and Snowboard Association (USSA), were selected
for the study, ca. half from each country. The selection criterion was
placement on the International Ski Federation’s (FIS) point list.



The role of peers 161

Access to Respondents

Personal relationship with the administrative head of the NSF was
instrumental in gaining access to contact information for the
Norwegian athletes. In the United States, the contact information for
the skiers was gained through the National Team coach (personally
known from Norway).

Questionnaire Construction

The questionnaire was constructed according to a Likert format [2,
11]. The content had its foundation in the more than 40 years of
experience in cross country skiing of each of the authors of the study.
The elements of this background were personal competition expe-
rience as well as extensive work in the coaching role and in providing
technical expertise from the local to the international level, as well as
tertiary degrees in sport science with substantial focus on skiing.
Personal research background contributing to the study’s question-
naire construction included the development of the Behavior
Inventories for Cross Country Skiers [14].

The response alternatives were scored on a scale of: zero to five,
depending on the degree of agreement, with 1 indicating complete
disagreement and 5, complete agreement.

It was decided to include a neutral response alternative (nr. 3)
despite a possible “pole-effect” [12] whereby some respondents may
have a disposition to choose the first or last alternative in Likert-type
questionnaires. A neutral alternative can enhance study validity in that
some subjects may, in fact, not be able to respond any other way. In
addition, the inclusion of a neutral alternative makes it possible to
score questionnaires where respondents leave some items unanswered.
In such cases, these items are scored according to the neutral response
alternative.

Original questionnaire language was Norwegian, and translation
into American English was carried out according to established
research practice.

Pilot Study

The questionnaire was administered to cross country ski coaches and
elite athletes, as well as researchers familiar with the sport, in
Northwestern USA, Canada, and Norway. As a consequence of
constructive feedback, changes were made in question formulations.
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The revised questionnaire was sent out again to the coaches and
researchers for comment. These were then taken into account, and the
final version was successfully tested on a university cross country ski
team. Final layout modifications were suggested, and implemented.

Collection of Data

The questionnaire was distributed to 185 skiers in the USA and 165
skiers in Norway. Follow-up letters were sent two weeks later to those
not yet responding.

Response Rate

The response rate in the USA was 57.8% (107 out of: 185), and 65.5%
in Norway (108 out ofi 165). Included among the respondents was
100% of the National Team in both countries.

Statistical analysis

The respondents were classified into three performance levels based
on the best self-reported results from ski races at very high levels.
Group 1 was composed ofi present and former National Team
members with international high level performances. Group 2 skiers
were below this performance level, while Group 3 was the lowest
performing group.

This classification system resulted in the following athlete
distribution among the three performance groups in the two countries:

Group 1 Group 2 Group 3
USA 20 68 19
Norway 37 46 25

In the analysis of the data it was found to be appropriate for the
purpose of clarity of result presentation and discussion to combine the
response categories “Yes, | agree” with “Yes, I agree completely”, as
well as “No, I disagree” with “No, 1 disagree completely”.
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Quality Evaluation of the Study

Reliability and validity were enhanced by the careful process of
instrument construction based on the authors’ long-term experience
and with the assistance of expert advice from practitioner and scien-
tific personnel. The multi-phase pilot testing of the questionnaire
ensured thorough assessment on an empirical basis. For a more ex-
haustive examination concerning the quality of the materials and
methods of the investigation, the reader is directed to the authors’
recent cognate publication (13) which, like the present inquiry, was
part of a larger-scale project.

RESULTS

The results of the study are presented under headings replicating item
formulations in the questionnaire. In addition to the presentation of
separate data in table form for each country, there is associated textual
description. The question numbers refer to the numeration in the
omnibus questionnaire for the broader investigation.

1) My siblings were involved in sport or cross country skiing in
my childhood.

In Norway as many as 77.8% of the skier respondents “agreed” or

“completely agreed” with this statement. The figure for the United

States was somewhat lower, at 68.2%.

Table la: Norway “In my childhood my siblings were engaged in cross
country skiing” (question 3)

. Neither
Likert scale Cofnpletely Dis- ag:;e nor | Agree Completely
points disagree | agree disagree ) agree Total
) @ 3) 5
Number of skiers 14 3 7 2 62 108
% of total number
of skiers 13.0 2.8 6.5 20.4 574 100.0

Note: Percentage “agree” and “completely agree” in bold script are
combined in the text.
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Table Ib: USA “In my childhood my siblings were engaged in cross
country skiing” (question 3)

Likert . Neither
scale Cognpletely Dis- agree nor | Agree Completely
points disagree | agree disagree “) agree Total
1 2 5
T IR T s ®)
Number of
skiers 25 1 8 26 47 107
% of total
number of 23.4 0.9 7.4 243 439 100.0
skiers

Note: Percentage “agree” and “completely agree” in bold script are
combined in the text.

2) My siblings had great significance for my development as a
cross country skier.

It should be noted that for this item, closely similar responses were
given by the two countries on the “agreed/completely agreed” alter-
native; 34.2% in Norway, and 31.8% in the United States. However,
the greatest density of responses was found among those reporting to
“disagree” or to “completely disagree”; 47.2% in Norway and a
substantially lower 38.4% in the United States. Those unsure (“neither
agree nor disagree”) were, in contrast, more numerous in the U.S.,
with 29.9%, compared to 18.5% in Norway.

In the performance group analysis, only 25.0% of Group 1 in the
United States “agreed” or “completely agreed” with the statement,
while over the double incidence (52.6%) of Group 3 skiers in that
country responded in the same way. For Norway, the tendency is in
the opposite direction, with 37.8% in Group 1, as contrasted to 28.0%
of Group 3, reporting giving their siblings great significance. Unsure
(“neither agree nor disagree”) Group 1 athletes in the United States
were as many as 35.0%, whereas in Norway, only 16.2% of Group 1
responded in this manner.
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Table 2a: Norway “My siblings had great significance for my
development as a cross country skier” (question 4)

Likert scale Disag | Neither

points Cg::gl::zly ree | agree nor Agree | Completely

disagree agree Total
(1) o | Te | @ 5)

Groups of skiers

Group 1

(highest per-

formance

level):

e number of
skiers

¢ % within
group

Group 2 (lower

level per-

formers):

¢ number of 14 8 8 10 6 46
skiers 30.4 17.4 17.4 21.7 13.0 100.0

¢ % within
group

Group 3

(lowest per-

formance

level):

e number of
skiers

e % within
group

Total number of

skiers

% of total

number of 29.6 17.6 18.5 18.5 15.7 100.0

skiers

Note: Percentage “agree/disagree” or “neither agree nor disagree” in bold

script are combined for each group in the text.

12 5 6 6 8 37
324 13.5 16.2 16.2 21.6 100.0

24.0 24.0 240 16.0 12.0 100.0

32 19 20 20 17 108
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Table 2b: USA “My siblings had great significance for my development
as a cross country skier” (question 4)

Likert scale . Neither
points Completely | Dis- Completely

disagree | agree agree nor | Agree agree
disagree “4)

m | | © |

Groups of skiers
Group 1
(highest per-
formance
level):
® number of 3 5 7 2 3 20
skiers 15.0 25.0 35.0 10.0 15.0 100.0
* % within
group
Group 2 (lower
level per-
formers):

* number of 16 13 20 7 12 68
skiers

. 19.1 294 10.3 17.6 100.0
o % within 235

group
Group 3
(lowest per-
formance
level):
* number of 3 1 5 7 3 19
skiers 15.8 5.3 26.3 36.8 15.8 100.0
* % within
group
Total number 2 19 32 16 18 107
of skiers
% of total
number of 20.6 17.8 29.9 15.0 16.8 100.0
skiers
Note: Percentage “agree/disagree” or “neither agree nor disagree” in bold

script are combined for each group in the text.

3) Several of my friends were engaged in cross country skiing in
my childhood.

The proportion of those agreeing or completely agreeing with this

statement is 64.9% in Norway, while in the United States it is lower,

at 57.0%.
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For Norway, the differences among the performance groups are
minimal, while in the U.S., Group | stands out with its low score of
45.0% agreeing or completely agreeing. In contrast, in Norway, Group
1 ranks highest with a figure of 67.5% who “agree” or “completely
agree”.

Table 3a: Norway “Several of my friends were engaged in cross country
skiing in my childhood” (question 5)

t;l;:::scale Completely | Dis- Neither Agree | Completely

disagree | agree agree nor agree
disagree
(M @ |

Total
@ ®

Groups of skiers
Group 1
(highest per-
formance
level):
e number of 4 2 6 10 15 37
skiers 10.8 5.4 16.2 27.0 40.5 100.0
e % within
group
Group 2 (lower
level per-
formers):
¢ number of
skiers
¢ % within
group
Group 3
(lowest per-
formance
level):
¢ number of 5 1 4 8 7 25
skiers 20.0 4.0 16.0 320 28.0 100.0
e % within
group
Total number of
skiers
% of total
number of 13.0 6.5 15.7 343 30.6 100.0
skiers
Note: Percentage “agree/disagree” or “neither agree nor disagree” in bold
script are combined for each group in the text.

10.9 8.7 15.2 413 239 100.0

14 7 17 37 33 108
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Table 3b: USA Several of my friends were engaged in cross country
skiing in my childhood™ (question 5)

Likert scale _ . Neither
points Completely | Dis- Completely

disagree | agree | 28r€¢ or Agree agr
g g disagree ) gree

m | | e ® |

Groups of skiers

Group 1

(highest per-

formance level):

» number of
skiers

® % within
group

Group 2 (lower |

level

performers):

s number of
skiers

o % within
group

[ Group 3 (lowest

performance

level): P

® number of

! skiers

o % within
group

Iotal number of 14 17 15 35 2 107

skiers

% of total

number of skiers

Note: Percentage “agree/disagree” or “neither agree nor disagree” in bold

script are combined for each group in the text.

5.0 25.0 25.0 40.0 5.0 100.0

10 10 8 20 20 68
14.7 14.7 11.8 29.4 29.4 100.0

3 2 2 7 5 19
15.8 10.5 10.5 36.8 26.3 100

13.1 159 14.0 32.7 243 100.0

4) My friends have always given me recognition for my efforts in
cross country skiing.

Almost as many in the United States (70.1%) as in Norway (67.6%)
were in agreement or complete agreement on this statement. These
figures represent more than the extent of ski-friends, especially in the
USA, and suggest also friends outside sport. Separate performance
group figures are not shown due to the great homogeneity of results
both within and between the countries.



The role of peers

169

Table 4a: Norway “My friends have always given me recognition for my
efforts in cross country skiing” (question 9)

Likert Completel Neither C

scale dis:gree y Disagree | agree nor | Agree ompletely

points a) (2) disagree “@) ag;ee Total
:‘k‘;gr‘:e‘ of 1 7 27 2 31 108
% of total

number of 09 6.5 25.0 38.9 28.7 100.0
skiers

Note: Percentage “agree” and “completely agree” in bold script are
combined in the text.

Table 4b: USA “My friends have always given me recognition for my
efforts in cross country skiing” (question 9)

Likert . Completely . Neither Completely
scale points di Disagree | agree nor | Agree aoree

isagree 2) disagree @) g Total

1) 3 )
3)

Number of 0 5 27 46 29 107
skiers
% of total
number of 0.0 4.7 252 43.0 27.1 100.0
skiers

Note: Percentage “agree” and “completely agree” in bold script are
combined in the text.

DISCUSSION
The Role and Significance of Siblings

When well over 3 out of 4 of the Norwegian skiers (77.8%) had
siblings engaged in sport generally, and that among the U.S. skiers
more than 2 of 3 (68.2%) grew up with siblings who were active
specifically in cross country skiing, then it would be near at hand to
interpret this as a factor leading to success. However, this does not
coincide with the perception of the skiers. Only approximately 1 of 3
maintains that their sibling(s) had great significance for their
development as cross country skiers (34.2% in Norway and 31.8% in
the U.S.). Many more appear to have developed very well without
significant sibling influence (47.2% in Norway, and 38.4% in the
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U.S.A.). Although the 38.4% figure for the U.S indicates considerable
independence, it pales in comparison with the 47.2% for Norway. It
may well be that the difference in these figures finds its roots in
cultural history whereby the development of skiers in the United
States is more dependent on a sport-specific role-modelling of siblings
in the micro-structure of the family, than in Norway, where the
broader cultural anchoring of skiing carries an overarching signifi-
cance. Notable, however, is that in Norway, the top performance
group reports greater sibling impact (37.8%) than the other perfor-
mance levels, whereas in the United States the converse is true, with
the top group, at 25.0%, being the lowest. This finding supports the
view that at the very highest performance level, siblings do play a
positive role. Why such is not the case in the U.S. is a matter for
further investigation.

The relatively low influence of siblings found here is not in
agreement with the Breivik and Gilberg [6] study of Norwegian world
elite athletes, where 2 of 3 allocated great significance (o their
siblings for their athletic career. Their control group, however,
showed a pattern similar to the skiers in the present study. Of addi-
tional interest, broadly speaking, is that precisely the same proportion
(77.8%) of the Breivik and Gilberg [6] elite had athletically active
siblings, as was found among the Norwegian skiers in the inquiry at
hand.

Intuitively there appears to be a contradiction between the athleti-
cism of siblings and the perception of its importance by the skiers in
the study. This finding calls for more detailed research on this
question.

The Role and Significance of Friends

When well over half (57.0%) of the best cross country skiers in the
United States, and close to two out of three (64.9%) in Norway, had
friends in cross country skiing, then this points itself out as an
important socialization factor. The friendship group may be viewed as
a bearer of the culture of cross country skiing. In view of the
Norwegian data on the separate performance groups it was
conspicuous that in the U.S. Group 1 only 45.0% had childhood skiing
friends, while the Group 2 figure was 58.8%, and for Group 3 it was
63.1%. For Norway, not only were the group differences smaller; they
were in the opposite direction (Groupl: 67.5%, Group 2: 65.2%, and
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Group 3: 60.0%). That the Norwegian figures, in general, were higher
was expected in view of the greater degree of participation in cross
country skiing in Norway. However, to explain the contrary group
patterns in the two countries more detailed inquiries are required. It
remains to be noted, however, that the highest figure recorded was for
the highest performance skiers in the study, Norwegian Group 1, and
that this lends credence to the suggestion that this ski-social setting in
childhood was not without its constructive impact.

Concerning friends’ recognition of the efforts in the sport by the skiers
in the study, the figures from the two countries do not vary a great
deal. In the overall data, 67.6% of the Norwegian skiers confirm such
recognition, while 70.1% of the U.S. skiers do so as well. It may be
assumed that such recognition has had a positive effect for further
efforts, and in this regard the figures reported may be favorably
compared with those of Breivik and Gilberg [6] in their study of world
elite Norwegian athletes. They found that 61.1% of their subjects
assigned significant impact to their friends for their continued efforts
in their sport. The athletes in that study could, performance-wise, best
be compared with the top groups in the present study, and particularly
with the Norwegian Group 1. In this group, as many as 72.9% (for the
U.S., 70.0%) reported the appreciation of their friends. The feed-back
of friends may thus be seen as a notable factor in the athletic life-
context of high-level cross country skiers.

CONCLUSIONS

The results of the parents’ status, role, and engagement [6] were
shown to have in decisive terms contributed to the creation of what
has been termed “athlete families”. The confirmation of this is found
not only in the high level skiers in the study, but also in the general
sport- and ski-specific involvement of siblings. Almost 2 of 3 of the
best skiers in the U.S. and Norway, respectively, have siblings who
were involved in sport generally or cross country skiing specifically.
When, nevertheless, only 1 of 3 in each country assign importance to
siblings in their own development as skiers. then questions arise. It is
possible that some important psycho/social influences had not been
consciously registered; -however in-depth interviews would be
required for this to be examined. The Breivik and Gilberg [6]
interview study of the very best Norwegian athletes did indicate that
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far more (2 of 3) indicated that their siblings had had considerable
influence. In any case, other investigations concerning the role of
siblings in sport show such divergent findings that, as Coté [7] points
out, it is incumbent upon the field to pursue further clarification of
family dynamics in the athletic arena.

Friends are outside the family, but may still have such an important
daily presence that their influence can be expected to have signi-
ficance. Approximately 6 of 10 respondents in the two countries had
friends in childhood who were involved in cross country skiing. In
vicinity of two thirds had friends who always acknowledged their
efforts in cross country skiing. Of these, about one third of friends in
both countries were from outside the sport. This was an unexpected
finding, indicating that further research is called for to unravel the
implications for skiers of these different friendship groups.

The attention paid to friends in sport has been considerably more
extensive in earlier studies than that devoted to the role of siblings,
notwithstanding that both groupings represent age-mates, or close to
it, in the athlete’s intimate circle. In the present sphere of investi-
gation, however, the perspectives and findings remain so diverse that
is difficult to extract a clear picture. Future work is necessary to shed
light on this sector of the athlete’s social context. The present study
finds only partial confirmation in the relatively comparable Breivik
and Gilberg (6) Norwegian world elite investigation, in the way of a
reasonable correspondence vis-a-vis the acknowledgement of friends
and its importance for the athletic career.

The broad consequences of the recognitions of the present study
direct attention to the necessity of viewing sport in its societal
contexts. More specifically, athletic performances may largely be seen
as mirroring the total growing-up condition and life situation, and as
such can be a measuring rod for a society’s social policies. With a
well-organized and child/youth-friendly political and economic
system, a society will facilitate both broad athletic participation as
well as performances at the very highest levels. As evident as this is, it
nevertheless must also be recognized that for peak achievements to be
reached, sport-specific facilitics and organizations, as well as highly
educated and experienced coaches are needed.

Although the inquiry at hand supports the findings of other studies
referred to and thus strengthens the understanding of the role of the
sociological primary group™ in sport, future investigations in this
realm could with advantage focus on other sports with a variety of
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different demands in order to delineate possible sport-specific ele-
ments of value in the socialization process of aspiring youngsters. An
additional and complementary approach would be to broaden the
international comparative perspective to uncover further socio-cultural
underpinnings that may be of importance in the developmental voyage
of ambitious young athletes.
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ABSTRACT

The aim of this study was to investigate knee pain and postural stability in
women with knee osteoarthritis (OA), who used postoperative home
exercise program (HEP) with balance exercises. 14 women with knee OA
in stage I1I-IV (aged 4870 years) participated in this study before and 6
months after unilateral total knee arthroplasty (TKA). All patients
performed HEP during 6 months after unilateral TKA. Data of patients
was compared with healthy age-matched women (controls, n=10).
Postural stability characteristics (centre of pressure (COP) displacement
in the anterior-posterior (AP) and mediolateral (ML) direction, COP sway
equivalent radius and area) during 30 s bipedal standing (eyes open) were
recorded on two dynamographic force plates. Pain in knee joint was
estimated with visual-analogue scale. COP displacement in AP direction
of the operated and non-operated leg was greater (p<0.05) in women with
knee OA before and 6 months after TKA compared to the controls. Knee
joint pain in the operated leg reduced 70% after TKA. TKA together with
HEP has an important role in preserving postural stability and reducing
knee joint pain in women with [II-1V stage gonarthrosis.

Key words: knee osteoarthritis, static balance, postural sway, rehabi-
litation.
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INTRODUCTION

Osteoarthritis (OA) is the most common joint disease worldwide [18]
that appears to originate in the cartilage and affects the underlying
bone, soft tissues, and synovial fluid and is mostly affecting the hand
and large weight-bearing joints such as the knee [5]. It is particularly
disabling when the knees are affected, because it limits the ability to
walk, to rise from a chair, and to use stairs [8].

One of the main indications of knee joint OA is pain that is
incompatible with normal daily living and that does not respond to
conservative treatment [10]. Patients with greater preoperative pain
have more postoperative pain [2]. Hassan et al. [11] observed that
knee joint pain and quadriceps strength were significant predictors of
increased postural sway. Women who reported widespread pain had a
60% greater risk of falling compared to women with no or mild pain
[17].

Balance is an integral component of many activities of daily living
[12]. It has been found that compared with healthy subjects, patients
with knee joint OA have poor postural stability, which is associated
with a decrease in functional performance [14]. Pain and muscle
strength may particularly influence postural sway [11]. Impairments in
knee joint proprioception have been mentioned by multiple authors
[11, 14, 21]. These deficits, in combination with the ageing process,
may culminate in greater impairments of balance in this patient
population, compared with their age-matched and healthy counterparts
[12].

Total knee arthroplasty (TKA) is the most common treatment for
stage III-1V gonarthrosis [16]. Patients with TKA also have impaired
balance and movement control [19]. Osteoarthritis pathology and TKA
appear to alter the proprioceptive function of the knee [6] as well as
soft-tissue release during total knee replacement [1]. Changes in the
proprioceptive function of the knee joint may contribute to altered
balance control during standing and walking [6].

Study of Piva et al. [19] was to determine the feasibility of balance
exercise program in patients with TKA. They found that improvement
was higher for gait speed, single-leg stance time, and knee joint
stiffness. Research of home exercise programs with prevalence of
balance exercises to improve postural stability in women with
gonarthrosis has not been enough elucidated in literature. The aim of
the present study was to (1) investigate postural stability and knee
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joint pain in women with gonarthrosis who used postoperative home
exercise program (HEP) with balance exercises before and 6 months
after unilateral TKA and to (2) analyze the relationship between these
parameters and (3) compare the results with healthy age-matched
controls.

MATERIALS AND METHODS

Subjects

14 women (mean age 60.2, SE£2.0 years; mean body mass 88.6,
SE+3.6 kg; mean height 160.0, SE£1.5 cm; mean BMI 34.7, SE+1.4)
with knee OA in stage III-IV by Kellgren and Lawrence [16] and 10
healthy women (controls, mean age 59.5, SE+2.1; mean body mass
66.9, SE+3.8 kg; mean height 160.0, SE£2.0 cm; mean BMI 26.7,
SE+£1.6) participated in this study. The patients were operated at Tartu
University Hospital. A condylar prosthesis GEMINI (W. Link Gmbh
and Co., Germany) was used and seven out of 14 subjects underwent
right knee TKA. Average duration of knee jjoint pain was 6.5 years.
Each patient received a home exercise program (HEP) which con-
tained knee range of motion exercises, strengthening and stretching
exercises [4], movement control exercises, balance exercises and
coordination exercises [13]. Additionally walking, bicycling and
swimming were recommended. Each subject filled out an exercise
diary.

Control group included 10 healthy age-matched women, who were
not diagnosed with gonarthrosis and were moderately physically
active.

Criteria for excluding subjects from both groups were: other
musculoskeletal diseases, neurological diseases and diseases effecting
balance and coordination. All of the subjects signed a written consent
to participate in the study voluntarily. Ethics Committee of the
University of Tartu approved the study. The research was conducted at
the Laboratory of Kinesiology and Biomechanics of University of
Tartu from September 2009 to March 2011. Patients participated in
the study twice (1 day before surgery and 6 months after surgery),
controls once.
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Measures

For postural stability assessment subject was asked to stand on two
dynamographic force plates Kistler 9286A (Szwitserland) during 30
seconds with right and left leg on different platform (distance between
feet was 20 cm) and eyes open. Following body sway characteristics
were recorded by movement analysis system Elite Clinic and SWAY "
software (BTS S.p.A.): (1) COP sway displacement in the anterior-
posterior (AP) (mm) and mediolateral (ML) (mm) direction; (2) COP
equivalent radius (mm) and COP equivalent area (mm?). All of the
characteristics were normalized to the subject’s height (m) and foot
length (mm) [3].

Knee joint pain was assessed by visual-analogue scale (VAS) in
both legs, where 0 — pain is absent and 10 — maximal pain.

Statistical analysis

Data is presented by means and standard errors (SE). Student paired ¢-
test ofi MS Excel software was used to analyze the differences between
pre- and postoperative results and unpaired r-test for differences
between patients and controls and patients’ operated and non-operated
leg. Relationship between knee joint pain and postural stability was
found by Spearman’s rank correlation. P values < 0.05 were regarded
as statistically significant.

RESULTS
Knee joint pain

Knee joint pain (Figure 1) in the operated leg ofi women with
gonarthrosis was significantly higher compared to the non-operated
leg as well to controls before TKA (p<0.001) and after TKA (p<0.05).
Pain in the operated leg was significantly lower after TKA (p<0.001)
compared to the preoperative state.
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Before TKA
After TKA

J

Before TKA After TKA Control

Figure 1. Knee pain in women with gonarthrosis before and 6 months
after TKA compared to healthy controls (average of both legs)
(mean+SE). ***p<0.001; *p<0.05.

COP displacement

COP displacement characteristics in AP direction (COP AP) (Figure
2A) on the operated leg in women with gonarthrosis were greater
compared to the non-operated leg before TKA, but the difference was
not statistically important. The results in the operated leg were
significantly greater compared to controls (p<0.01). A tendency of
improvement (decrease) in COP AP results in patients’ operated leg
compared to preoperative status was noted 6 months after TKA. This
characteristic of the operated leg after TKA was significantly greater
compared to controls (p<0.01).
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Operated leg
Non-operated leg

Control’s nght leg
Control’s left leg

After TKA Control

Figure 2. COP sway displacement in anterior-posterior (AP) (A) and
mediolateral (ML) direction (B) in women with gonarthrosis before and
6 months after TKA compared to healthy controls (mean+SE). Data
normalized to subjects height (m) and foot length (mm). ** p>0.01;
* p>0.05

COP displacement in AP direction of patients’ non-operated leg were
significantly greater (p<0.05) compared to controls preoperatively and
postoperatively.
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Increase of COP displacement in ML direction (COP ML) (Figure
2B) of the operated leg in patients group was preoperatively noted
compared to the non-operated leg and controls, but the difference was
not statistically significant. A tendency of improvement (decrease) in
this characteristic of the operated leg was found 6 months after TKA
compared to the preoperative results.

COP sway equivalent area and radius

COP equivalent area (Figure 3A) and radius (Figure 3B) of the
operated leg in women with gonarthrosis was preoperatively greater
compared to the non-operated leg and controls, but the difference was
not statistically significant.

Operated leg
727727  Non-operated leg
Ezzzz4 Control's ight leg

<+l Control's left leg
0

28 —

mimmt

@ 0,080 4

Figure 3. COP sway area (A) and radius (B) in women with gonarthrosis
before and 6 months after TKA compared to healthy controls (mean+SE).
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A tendency of improvement (decrease) in COP equivalent area and
radius characteristics of the operated leg was found 6 months after
unilateral TKA compared to the preoperative results. COP sway area
and radius of the operated leg were greater compared to the controls,
but the difference was not statistically significant.

Correlation

A medium negative correlation (p>0.05) was found between knee pain
and postural stability characteristics (Table 1).

Table 1. Correlations between knee joint pain and operated leg’s postural
stability characteristics in women with gonarthrosis before and six months
after unilateral total knee arthroplasty.

Characteristics Pain p
COP AP before TKA 0.17 NS
COP ML before TKA -0.31 NS
COP AP after TKA -0.47 NS
COP NL after TKA -0.46 NS

COP — centre of pressure, AP — anterior-posterior, MI. — mediolateral,
TKA — total knee arthroplasty, NS — not significant.

DISCUSSION

Main results of the present study were: (1) postural stability (COP
displacement in AP direction) of the operated and non-operated leg in
women with knee OA is impaired before and 6 months after TKA
compared to the controls, (2) negative moderate correlation (p>0.05)
was noted between knee joint pain and postural stability characters,
(3) six months after TKA it is possible to assume that TKA together
with home exercise program may conduce to postural stability pre-
servation and knee joint pain reduction in women with gonarthrosis.

OA is the leading chronic condition in the elderly; it affects almost
half the population over 65 years old. Joint replacement is the most
effective healthcare measure in improving patient quality-of-life out-
comes. The need for joint replacements will increase as the population
ages [10].
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Compared with age and sex matched controls, subjects with
symptomatic knee OA have quadriceps weakness, reduced knee pro-
prioreception, and increased postural sway (increased lateral sway
with eyes open and increased lateral and anterior-posterior sway with
eyes closed) [11]. The present study demonstrated that postural
stability characteristics in AP direction were significantly greater in
women with gonarthrosis compared to healthy controls. No difference
was found between operated and non-operated leg data of COP
equivalent area and radius in women with gonarthrosis.

Significantly greater sway in the OA group on a firm surface in
ML direction has been previously found (eyes open) [12, 13]. In the
present study ML sway decreased 13.4% after TKA compared to the
preoperative result. AP sway of the operated leg decreased 14.8%
after TKA compared to the preoperative result yet was greater com-
pared to the controls (preoperatively 33.9%, postoperatively 22%).

In the present study it was found that COP area of the operated leg
decreased 25.6% after TKA but was greater compared to the controls
(preoperatively 32.6%, postoperatively 9.5%). COP radius of the
operated leg decreased 12.4% after TKA but was greater compared to
the controls (preoperatively 15%, postoperatively 3%). So it is pos-
sible to say that COP area and radius of the patients’ operated leg
restored to the level close to control group. Tarigan with colleagues
[21] found an increase in length of postural sway, postural sway
velocity and area of postural sway in patients with knee OA compared
with healthy subjects. Swanik et al. [20] found that TKA results in
improvements in proprioreception and balance and that postural sta-
bility improved 6 months after TKA compared to the preoperative
results.

Knee pain is one of the main complications after TKA [7]. In the
present study we found that postoperative knee joint pain was reduced
by 70% compared to the preoperative knee joint pain. Brander et al.
[2] found that 18.4% of patients suffer from pain 6 months after TKA.
In the present study a significant association between knee pain and
postural stability characteristics was not found, but several studies
have also suggested an association between knee pain and standing
postural instability [9, 11]. Based on the present study it is possible to
speculate that greater knee joint pain in patients with OA who also
have flexion contracture may lead to greater postural sway. Also some
other characteristics may influence postural stability, such as muscle
strength [11].
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Deficits in components of the balance system and decreased
postural control have been identified in OA patients after TKA [20].
Therefore, exercises which aim to improve impaired movement
control and balance should be considered in OA patients after TKA
[19]. It is possible to conclude that TKA along with HEP may
conduce to postural stability preservation and knee joint pain re-
duction in women with gonarthrosis. The effectiveness of home
exercise program has also been found by Jordan et al. [15]. Further
studies are necessary to recognize whether postural stability impair-
ments are permanent in women with gonarthrosis or will improve few
years after TKA.
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ABSTRACT

The aim of the study was to assess the effect of home exercise
programme (HEP) on thigh muscle strength in patients with knee
osteoarthritis (OA) before unilateral total knee arthroplasty (TKA).

Five femaleOA patients with mean age 67.8+5.9 years participated
in the study. Isometric maximal voluntary contraction (MVC) force of
the quadriceps femoris (QF) and hamstring (HM) muscles was
measured by hand-held dynamometry. Knee active range of motion
(aROM) in flexion was measured by goniometer. Knee pain score was
evaluated by knee pain scale before and after HEP.

A significant reduction (p<0.05) in MVC force of the QF and HM
muscles and aROM in flexion were noted before HEP, comparing the
involved and uninvolved leg. After HEP, MVC force of the QF
muscle increased significantly (p<0.05) for the involved and un-
involved leg, whereas no significant differences (p>0.05) were
observed between the limbs. MVC force of the HM muscle and
aROM in flexion remained significantly lower (p<0.05) for the
involved leg as compared with the uninvolved leg after HEP. Knee
pain score was significantly (p<0.05) higher for the involved leg
before and after HEP as compared with the uninvolved leg.
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Two months before the operation, HEP was an effective thera-
peutic procedure for increasing QF muscle strength in patients who
underwent TKA.

Key words: osteoarthritis, home exercise programme, isometric
maximal voluntary contraction force, aROM

INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic degenerative
joint disorders and the prevalence increases with age throughout the
elderly years [5]. Patients with OA have the pain that typically
worsens with weight bearing and activity and improves with rest, as
well as morning stiffness and swelling of the involved joint after
periods of inactivity. On physical examination, they often have
tenderness on palpation, bony enlargement, crepitus on motion, and/or
limitation of joint motion [15]. Stefanic et al. [22] have demonstrated
that the prevalence of lateral and medial patellofemoral joint cartilage
damage and bone marrow lesions was higher in weaker compared to
stronger knees. Ikeda et al. [7] suggest the possibility that age-related
quadriceps-dominant muscle atrophy can play a role in the patho-
genesis of knee OA. Segal et al. [19] concluded that in women but not
in men, quadriceps muscle weakness appears to increase the risk of
joint space narrowing over 30 months in the Multicenter Osteoarthritis
study. Bade et al. [1] measured changes in muscle strength, range of
motion, and function from 2 weeks before to 6 months after total knee
arthroplasty (TKA) and compared them with data from healthy older
adult control group. They found that patients performed significantly
worse at all times for all measures as compared to healthy older adults.
Mizner et al. [12] hypothesized in their study that preoperative
quadriceps muscle strength is the best predictor of postoperative
functional ability, compared to preoperative pain or knee range of
motion (ROM). They concluded that preoperative quadriceps muscle
strength plays a dominant role in predicting one-year Stair Climbing
Test (SCT) and Timed Up and Go Test (TUG) functional measures,
but it is not a good predictor of the score on self-report questionnaires.
Preoperative body pain and knee flexion ROM are poor predictors of
all functional outcome measures. Pertella [14] asked in her review
article whether exercise is an effective treatment for osteoarthritis of
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the knee, and found that exercises had short-term effects in the
treatment of patients with OA. Rodgers et al. [17] compared pre-
operative physiotherapy group with controls. The assessment in-
cluded: Hospital for Special Surgery knee rating scale, knee range of
motion, thigh circumference, walking speed, isokinetic knee flexion
and extension testing, and computed tomography scanning for cross-
sectional muscle area. They found that this study failed to support the
routine use of preoperative physical therapy in knee replacement
surgery. Jaggers et al. [9] investigated 4-week pre-rehabilitation in two
women who underwent TKA. The functional outcome included a
6-minute walk test, the number of times of getting up from a chair in
30 s, proprioception, and self-reported function and pain estimation
using the Western Ontario and McMaster University Osteoarthritis
Index. They concluded that 4-week pre-rehabilitation had a positive
effect on functional task performance and knee proprioception before
surgery.

The aim of the current study was to assess the effect of home
exercise programme in patients with knee OA on thigh muscle
strength before unilateral total knee arthroplasty.

It was hypothezised that isometric maximal voluntary contraction
(MVC) force of the QF and HM muscles, and aROM in flexion can be
improved in patients with knee OA after 2-month preoperative
therapeutic exercise programme, conducted at home.

METHODS

Subjects

Five female patients with OA aged 59 to 74 years undergoing TKA
for I1I-1V stage knee OA participated in this study. The mean+SE age
of the patients was 67.8+2.7 years, height 159.4+2.5 cm, body mass
74.7+5.8 kg, and BMI 29.4+1.9 kg/m®. The subjects were recruited by
orthopedic surgeons in the Department of Orthopaedics and
Traumatology of Tartu University Hospital, between February and
June 2011. The exclusion criteria included inflammatory arthritis,
obesity (BMI>30 kg/m?), implantated pacemakers, progressive
neurological disease, diabetes, head injuries, cardiological diseases
NYHA III-1V, osteoporosis, deep vein thrombosis, COPD. The study
carried the approval of the Tartu University Ethics Committee.
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Home exercise programme (HEP)

The preoperative therapeutic HEP was mainly oriented to muscle
strengthening exercises with elastic band (Thera-Band, System of
Progressive Exercise, US), and stretching, balance, and walking
exercises. At the first meeting the physiotherapist taught the exercise
programme to the patients, gave them the elastic band set, the printed
exercise programme with pictures and explanations, and diary. The
patients recorded every day several data in their diary — for how many
times they did each exercise, the training time, perception of pain
before and after HEP, time spent in outdoor walking, and the number
of stairs walked during the day. Once a week the physiotherapist
called the patients on the phone, and asked them about HEP and
problems with the knee. The patients performed the exercises for 64
days on the average, whereas one patient did the exercises twice a day.

Isometric maximal voluntary contraction force

Isometric MVC force of the QF and HM muscles was measured by
hand-held dynamometer (Lafayette Manual Muscle Test System).
During QF muscle isometric strength testing the subject was in the
seated position on an investigation bed with knee and hip flexed to 90
deg. Hand-held dynamometer was placed proximal to the ankle on
anterior surface of leg. During HM muscle isometric strength testing,
the subject was in the prone position. Hand-held dynamometer was
placed proximal to the ankle on posterior surface of leg [2, 10]. The
positions were supervised by the investigator and the subjects were
encouraged to act in the desired way. The subjects were required to
exert isometric MVC force pushing against the dynamometer for
approximately 3 s before each contraction, and instructed to “push as
hard as possible”. The best results from 3 attempts were taken as iso-
metric MVC force. A rest period of 1 min was allowed between
attempts.

Stark et al. [21] wrote a systematic review on hand-held dynamo-
metry correlation with gold standard isokinetic dynamometry and
found that the research results demonstrated minimal differences
between hand-held dynamometry and isokinetic testing.

Knee flexion range of motion measurement

Knee flexion aROM was collected in prone position using the
standard long arm goniometer. The axis of the goniometer was placed
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over the lateral femoral epicondyle. The proximal end of the gonio-
meter was aligned with the great trochanter of the femur and the distal
arm was aligned with the lateral malleous. During knee flexion aROM
measurement, the subjects were instructed to maximally flex the knee
and draw the heel toward the buttocks. The average peak knee flexion
was recorded from three trials. Goniometric knee flexion measure-
ments are highly reliable in persons with knee OA [4].

Pain assessment

Self-assessment of knee pain in everyday activities was provided by
reports on 10-point visual analogue scale (VAS) with endpoints of “no
pain” (0) and “worst possible pain” (10) [16]. The mean point score in
five different activities was calculated for pain in both legs perceived
during resting, walking, walking upstairs and downstairs, and during
the effort.

Statistical analysis

Data are mean and standard error (+SE). One-way analysis of variance
(ANOVA) followed by Turkey post hoc comparisons was used to
evaluate differences between the involved and uninvolved leg. A
paired t-test was used to evaluate differences between pre- and post-
HEP session. A level of p<0.05 was selected to indicate statistical
significance.

RESULTS

Before HEP, patients with knee OA showed a significant reduction
(p<0.05) in the MVC force of the QF and HM muscles for the
involved leg as compared with the uninvolved leg (Figure 1). After
HEP, MVC force of the QF muscle increased (p<0.05) as compared
with the pre-exercising level for the involved and uninvolved leg
(Figurela). MVC force of the QF muscle in patients with knee OA did
not differ significantly (p>0.05) as compared with the uninvolved leg,
whereas the HM muscle MVC force remained significantly lower
(p<0.05) after HEP as compared with the uninvolved leg (Figure 1b).
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Figure 1. Mean (+SE) quadriceps femoris (QF) (A) and hamstring (HM)
muscle groups (B) isometric maximal voluntary contraction (MVC) force
in patients with knee OA before and two months after home exercise
programme (HEP) (n=5), *p<0.05, **p<0.001.

Before HEP, patients with knee OA showed a significant reduction
(p<0.05) in the aROM in flexion for the involved leg as compared
with the uninvolved leg. (Figure 2). After HEP, aROM in flexion
increased for the uninvolved leg (p<0.05) as compared with the pre-
exercising level (Figure 2a.), whereas the involved leg aROM in
flexion remained significantly lower (p<0.05) after HEP as compared
with the uninvolved leg.
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Figure 2. Mean (+SE) knee active range of motion (aROM) in flexion
(A) and pain assessed by 10-point visual analogue scale (B) in patients
with knee OA before and two months after home exercise programme
(HEP) (n=5), *p<0.05, **p<0.01, ***p<0.001.

Knee pain score points for the involved leg were significantly
(p<0.05) higher before HEP as compared with the uninvolved leg, and
remained higher also after HEP (Figure 2b).
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DISCUSSION

This study evaluated the effect ofi 2-month HEP on thigh muscle
strength and aROM in patients with knee OA before TKA. The main
finding of the study was the increase of MVC force in the QF muscle
after 2-month HEP. Our results indicated that before HEP the MVC
force ofithe QF and HM muscles for the involved leg was 32 and 25%
lower respectively, as compared with the uninvolved leg. After
2-month HEP, MVC force ofithe QF and HM muscle for the involved
leg increased 32 and 34% respectively as compared to the pre-HEP
level, whereas there were no significant differences in QF muscle
MVC force between the limbs. MVC force oft HM muscles for the
involved leg remained significantly lower two months after HEP as
compared to the uninvolved leg. Patient Nol had 60 HEP sessions,
and patient No 2 had 48 sessions — however, she performed exercises
twice in the day, patient No 3 had 67 exercise sessions, patient No 4
had 67 sessions and patient No 5 had 88 sessions. One session lasted
for 2040 minutes. Swank et al. [24] compared patients with severe
OA who underwent TKA. One group had usual care, the other group
usual care and exercises that included resistance training using bands,
flexibility, and step training at least three times per week for 4-
8 weeks before TKA. They found that in the exercise group increased
the leg strength (isokinetic peak torque for knee extensors and
flexors), and the ability to perform functional tasks. They concluded
that short-term (4-8 weeks) prerehabilitation was effective, easily
transferred to a home environment, and they proposed that clinicians
consider prerehabilitation before TKA. Brown et al. {3] in their case
study measured isokinetic knee extension (QF) and flexion
(hamstrings) with Biodex Isokinetic Dynamometer. A patient had
prerehabilitation 4 weeks before TKA. After prerehabilitation, the
patient demonstrated a 54% strength gain in her extension and a 34%
gain of flexion strength of her involved leg. The prerehabilitation
intervention emphasized three components: resistance training,
flexibility, and step training; three session’s treatment per week for
four weeks. Rooks et al. [18] investigated the effect of a short pre-
operative exercise intervention on the functional status, pain and
muscle strength ofi patients before and after total knee joint
arthroplasty. They used the 1-repetition maximum leg press test to
determine lower-extremity strength. The patients’ baseline leg
strength was 97+37 kg, and the preoperative level was 116+37 kg. The
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patients performed water and land-based exercises three times weekly
over a 6-week period prior to surgery. The result of the studies
showed that after prerehabilitation in clinics, the involved leg muscles
strength was increased. In our study, patients were instructed to
perform the home exercise programme on the first meeting and after
that they performed the exercises at home. Physiotherapist called on
the phone to the patients every week and asked about the training
results. Home exercise programme is a cheapest way to improve
patients’ condition before TKA. However, two patients canceled the
surgery. The improvement ofi QF muscle isometric force-generation
capacity after 2-month HEP can be explained by neural adaptation
mechanisms. Tt has been suggested that exercise training for less than
2-3 months does not induce a significant hypertrophy in skeletal
muscles [13]. Speed and Campbell [20] found that significant gains in
strength in individuals with rheumatoid arthritis could occur due to
neural adaptation without gains in muscle mass during the
strengthening programme.

In our study, knee aROM in flexion before HEP for the involved
leg was 21% lower as compared with the uninvolved leg. After HEP,
the knee aROM in flexion for the involved leg increased 11%. Ipach et
al. [8] reported that in patients before total knee arthroplasty mean
knee aROM in flexion was 94 deg. Li et al. [11] found that pre-
operative knee aROM in flexion was 95 deg. Stratford et al. [23]
showed in their study that pROM in flexion was 109 deg. These data
are similar to the results obtained in our study. The significant knee
aROM increase before TKA is difficult expect in this group of
patients, because OA induced changes in the knee joint and
surrounding tissues. All tissues of the joint are involved, including
bone, synovium, muscles, nerves and ligaments [6]. One limitation
factor of this study was a small sample size (5 patients).

The pain measured by knee pain score before HEP was reduced
17% after HEP. Before HEP the uninvolved leg of the patients was
pain free, whereas after HEP one patient reported pain in both legs.
Knee pain was worse during stair walking, especially going down-
stairs, and in the activities when patients carried extra weight in their
hands (shopping). Rooks et al. [18] and Walls et al. [25] reported in
their studies that the involved knee pain had a tendency to decrease.

In conclusion, this study demonstrated that 2-month HEP was
effective for increasing QF muscle isometric strength in patients with
OA. Isometric strength of HM muscles and knee aROM in flexion had
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a tendency to increase and knee pain for the involved leg had a
tendency to decrease after HEP. It can be recommended to use _home
exercises (including mobility, strength and aerobic exercises) in the
last stage of knee OA before TKA.
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ABSTRACT

The aim of the present longitudinal study was to follow the develop-
ment of self-perceptions during early adolescence. The final samples
for this study were 203 adolescents (105 girls, and 98 boys; mean
age=15.2, SD=0.57). Adolescents completed Children’s Physical Self-
Perception Profile the four subdomain scales (sport competence,
physical conditioning, strength, and body attractiveness), the general
domain scale of physical self-worth, a global scale of self-worth.
Longitudinal research indicates that the boys’ perceptions of con-
dition, sport, body, strength, physical self-worth and global self-worth
were higher and they participated more in moderate to vigorous
physical activity compared to girls. Sport and physical self-worth do-
mains were the strongest predictors of moderate to vigorous physical
activity for boys. Body and condition domains emerged as important
predictors for girls. Our results demonstrate that physical self-
perceptions are significant subdomains to physical activity and very
stable at a moderate level during early adolescence.

Key words: gender differences, sport competence, physical condi-
tioning, strength, body attractiveness, physical and global self-worth.
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INTRODUCTION

Physical activity has been shown to assist children’s psychological
well-being and may assist their adherence to regular physical activity
participation into adulthood [18]. There has been an increased interest
in determining the influence of specific physical self-perceptions on
health-related behavior in children and adolescents [7, 4, 14].
Whitehead [21] found that physical self-perceptions of: body, sport
competence, physical conditioning and general physical self-worth
were all related to several field indicators of  anaerobic, aerobic and
muscular strength in seventh- and eighth-grade students. In general, a
belief in one’s ability greatest expectation of success, which in turn
directs choice and persistence in behavior. Given the opportunity,
those behaviors are sought that provide a sense of competence, and
those avoided that carry a high probability of failure.

Studies among adolescents [17] have demonstrated an association
between perceived athletic competence and involvement in sports.
Research has shown that self-perceptions are most negative in early
adolescence, girls have been shown to have lower self-esteem and a
more dramatic decline through this period compared to boys [23].
Trzesniewski et al. [20], for example, found that interventions should
target early adolescence because self-esteem stability at that develop-
mental period is relatively low. In addition, Harter [11] indicated that
physical self-perception was found to be the single most important
predictor of general self-esteem across ages, especially in females.
Great psychological and physiological changes take place in early
adolescence, which probably affect the level of self-perceptions. Hagger
et al. [8] investigated cross-cultural and sex differences in predicting
moderate physical activity from self-perception. They found that several
subdomains of physical self-perceptions (physical conditioning, sport
competence, physical strength) were able to distinguish between high-
active and low-active Russian and British children.

Reviewed several longitudinal studies the data showed self-esteem
to increase in self-esteem with age [2]. Other longitudinal studies
evaluating the stability of physical self-perceptions [1, 4, 15].
Raudsepp et al. [15] results indicated relatively high stability of: the
subdomains of physical self-perceptions at a group level, although
instability of these self-perceptions at an individual level was
observed. Therefore, the present longitudinal study adds a unique
point of view to research on adolescents in Estonia.
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T_he aim of this study was to examine the relationship between
physwal self-perceptions and moderate-to-vigorous physical activity
in adolescents in the longitudinal study.

METHODS
Participants and procedures

The final sample for this study were 203 adolescents (105 girls, mean
age=15.3, SD=0.61; and 98 boys, mean age=15.1, SD=0.53) from
three schools from a town of 100,000 inhabitants located in southeast
of Estonia. The present study included two data collections over the
course of 12 months. The first time participants were in grade eighth.
Two hundred and sixty-eight students took part in the first data
collection (Time 1). An attrition rate of 24.3% at Time 2 was pri-
marily due to students being absent from the schools on the day of the
data collection. Using dummy-coding (stay vs. dropout) to test for
possible differences among those students who took part in the second
data collection (Time 2) and those who did not, the independent
samples -test was conducted on the mean scores of each study
variable. No significant differences emerged on the variables, sug-
gesting that attrition did not affect the results reported in this study.

Measures

All original inventories were translated into Estonian. After making
some revisions in the translated versions, the items were then back
translated into English by a bilingual expert. The factorial validity of
the Children’s Physical Self-Perception Profile (CY-PSPP) was tested
with Confirmatory Factor Analysis using LISREL 8 [12]. The 36-item
measurement model (i.e., six indicators per factor) provides an
satisfactory fit to the translated CY-PSPP data (}*(579)=2416.18,
p=0.001, RMSEA=0.042; NNF1=0.92; CFI=0.94; 1F1=0.93). CY-
PSPP internal reliability using Cronbach’s alpha coefficients for
subdomains are presented in Table 1-2.

Perceived Competence
Perceived competence was assessed using the CY-PSPP [21]. The

CY-PSPP consists of four subdomains that assess perceptions of
sports competence (SPORT), physical condition (CONDITION), body
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attractiveness (BODY), and strength (STRENGTH). Three of the four
subdomains (CONDITION, BODY, and STRENGTH) were based on
modifications of Fox’s original Physical Self-Perception Profile
(PSPP) scales [6]. Harter’s sport/athletic competence scale [9] was
used for the SPORT scale since it was conceptually similar to Fox’s
original sport scale [6] and had been previously validated with
children. A fifth subscale assessing global physical self-worth scale
(PSW) [22] and sixth subscale general self-worth scale (GSW) [9]
were included in the profile. Each scale contained six items in a
structured alternative format [21]. The subjects first determined which
of two options was most characteristic of him or her and then decided
whether it was really true or only somewhat true of him or her. This
format has been shown to reduce the tendency toward socially
desirable responses [10]. The values ranged from 1 to 4, with the
midpoint of the scale occurring at 2.5.

Physical activity

The physical activity assessment was accomplished using self-report
of activity level on a series of 19 activity items [16], with three spaces
for “other” activities. The scale was created to obtain an aggregate
measure of the physical activity engaged in a weekly basis. Each level
of the scale was assigned a weight as follows: 'z for “1-3 times a
month,” 2 for “1-2 times a week,” 4 for “3-5 times a week,” 6 for
“Almost every day,” and 7 for “Every day.” Participants reported the
level at witch they participated in each activity on a scale ranging
from 1 “Never” to 7 “Every Day.” Students were instructed to circle
the number on the scale that corresponded to how often they
participated in each activity for a least 20 min nonstop. For example,
if a student never played volleyball they would circle “1” representing
“Never” and if they played basketball twice a week they would circle
“4” representing “1-2 times a week.“ These were used to estimate the
number of times the subject engaged in each activity each week.
These weights were then summed across the 19 (or more) activities to
reach a total activity score. Evidence for the validity of the measure
was found in the Stanford Adolescents Heart Health Program
(SAHHP) [13] where self-reported regular exercisers were found to
have resting heart rates lower than those of non-regular exercisers.
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Statistical Analysis

The data analysis involves descriptive statistics, test-retest reliability,
Coefficient o and multivariate analysis of relationships with MVPA.
Dependent ¢ test was performed to reveal differences in self-
perception and MVPA measures. A longitudinal regression analysis

was used to predict the variance in MVPA. Statistical significance was
set at p<0.05.

RESULTS
Descriptive Statistics and Scale Reliabilities

Descriptive statistics, Coefficient o and Test-retest reliability for all
variables are show in Tables 1 and 2. Physical activities were
determined for MVPA scores across genders and CY-PSPP variables
at the first measurement and at the second measurement with the some
subjects were compared to assess changes that may have occurred.

Differences between first and at the second measurement

Dependent ¢ test comparisons were conducted separately for boys and
girls on the independent variables to assess changes that may have
occurred. Results showed (Table 1) that for boys, statistically signi-
ficant difference was significantly higher level of SPORT t(1, 101)=
7.45, p<0.001. Girls (Table 2) reported no differences between first
and second measurement.

Table 1. Means, Standard Deviations, test-retest reliability and Coeffi-
cient o for the CY-PSPP items and physical activity for boys.

Boys (n=98)
Age Alpha 14 15 test-retest
mean SD mean SD
MVPA (points) 11.28 3.1 11.43 4.7 0.93
SPORT 0.758 2.71 0.68 3.06* 0.65 0.81
CONDITION 0.783 2.99 0.73 3.04 0.74 0.79
STRENGHT 0.818 2.69 0.62 2.72 0.67 0.87
BODY 0.723 2.74 0.76 2.84 0.78 0.92
PSW 0.713 2.79 0.74 291 0.62 0.85
GSW 0.765 2.93 0.65 3.07 0.65 0.93

MVPA — moderate to vigorous physical activity; PSW — physical self-
worth; GSW — general self-worth. *p<0.05
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Table 2. Means, Standard Deviations, test-retest reliability and Coeffi-
cient o. for the CY-PSPP items and physical activity for girls.

Girls (n=105)
Age Alpha 14 15 test-retest
| mean SD mean SD
MVPA (points) 10.35 8.1 10.56 6.7 0.87
SPORT 0.884 2.68 0.76 2.76 0.70 0.85
CONDITION 0.703 2.72 0.74 2.82 0.69 0.78
STRENGHT 0.722 2.46 0.69 2.54 0.60 0.87
BODY 0.663 2.58 0.73 2.51 0.66 0.92
PSW 0.673 2.91 0.75 2.97 0.64 0.95
GSW 0.725 2.89 0.63 2.93 0.75 0.86

MVPA — moderate to vigorous physical activity; PSW — physical self-
worth; GSW — general self-worth.

Longitudinal regression model — Boys

Longitudinal regression analyses were conducted in order to deter-
mine the extent to which adolescent’s exercise could be predicted
from CY-PSPP subdomains gathered at the second measurement.
Level of physical activity at the first measurement was statistically
controlled by forcing it into each model first. Two variables entered
the equation. SPORT emerged as a determinant of: physical activity,
F(2, 99)=6.72, p<0.001, accounted for 20% of the variance. PSW
accounted for 12% of- the variance, F(2, 99)=5.85, p<0.001. Together
these variables accounted for 32% of the variance in the criterion.

Longitudinal regression model — Girls

Two variables entered the equation. BODY accounted for 16% of: the
variance, F(2, 95)=3.85, p<0.05. CONDITION accounted for 14% of'
the variance, F(2, 95)=3.73, p<0.05. Together these variables ac-
counted for 30% of the variance in the criterion.

DISCUSSION

The aim of the longitudinal study was to examine the relationship
between physical self-perceptions and MVPA in grades eighth to
ninth. This analysis was conducted to provide a better understanding
of children’s perceptions of motor competence.
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Our results showed that boys reported statistically higher levels of
SPORT. Being physically competent is clearly socially desirable for
boys; therefore, they may have had a strong tendency to overrate
themselves. Girls reported no differences between first and the second
measurement. Girls are not rewarded for overstating perceptions:
boasting is unfeminine. On the basis of the previous research in both
academic and physical domains [1, 5, 9, 15, 20], it was hypothesized
that accuracy in competence judgments would increase with the
progression of the early adolescence.

An interesting finding was that the changes were minor among the
boys and the girls. The reason for the stability and small changes in
the mean levels of self-perceptions observed during adolescence may
lie partly in the defense of the conscious self-concept against
threatening or inconsistent information by means of various
mechanisms [1, 4]. The results indicated, however, that SPORT and
CONDITION domains were the strongest predictors of adolescent
males and females MVPA involvement. SPORT is likely to be
influential in adolescents’ MVPA because of widespread involvement
in organized sport both of schools and outside sport club organi-
zations. Many of these most frequent physical activities also require a
significant aerobic fitness of conditioning component. SPORT domain
is likely to be influential in children’s exercise participation because
of widespread involvement in organized sport in both elementary
school system and outside sport club organizations [3]. Using
structural equation modeling techniques, physical self-perception
models were able to predict 20-29% of the variance of the physical
activity scores in both boys and girls. The variance explained by these
models represents acceptable effect sizes when compared with values
reported for psychosocial correlates of activity [19]. Furthermore,
there was no evidence that sex moderated the relationship between
physical self-perceptions and physical activity.

In this study, these adolescents had positive self-esteem during the
follow-up period. The longitudinal analyses suggested that for boys’
physical activity at the earlier age was strongly correlated with
physical activity level during the eighth- and ninth-grade years
(r=0.31). Important predictors of later physical activity for boys were
CONDITION and PSW. For girls, previous level of physical activity
was not correlated with physical activity at the second measurement
(r=0.15). Other variable to enter the regression equation were BODY
and CONDITION. Previous longitudinal research (mainly regarding
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self-esteem) has shown the correlations between two time-points to be
high, thus indicating high stability during adolescence (1, 15] and also
have concluded that self-esteem is likely to become more fixed or
more consolidated with increasing age.

In summary, the major findings of this longitudinal study were that
(a) CY-PSPP subdomains are important determinants of physical
activity among early adolescents (b) boys® perceptions of
CONDITION, SPORT, BODY, STRENGTH, PSW and GSW were
higher and they participated more in MVPA compared to girls (c)
longitudinal component of this study illustrates that the relative
importance of determinants were very stable.
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