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Abstract
Purpose: To measure isokinetic peak torque during elbow, knee and trunk extension and flexion and muscle endurance during elbow and knee extension.

Method: Muscle endurance and peak torque were measured using Cybex methodology in totally 115 boys and 48 girls from 8 to 15 years of age most of them for
five years.

Results: Knee muscle endurance was mainly unchanged while elbow fatigue index was lightly reduced from 11 to 15 years in both sexes with no difference between
sexes. From the youngest ages to adolescence peak absolute (N.m) and normalized (N.m/kg body mass) torque increases in all measures with highest increase in the
trunk and lowest in elbow activities. During elbow activity boys are stronger than girls from age 11. For trunk and knee activity the sex differences start at age 14 years.
Knee, elbow and trunk extension/flexion ratios as well as knee/elbow both extension and flexion ratios are mainly unchanged with increasing age with no differences

between sexes.

Conclusion: Data indicate that elbow isokinetic strength and endurance profile is partly different from corresponding data during knee and trunk activity.

Introduction

Isometric muscle strength in children and adolescents have been
measured since long. Most studies have shown that muscle strength
increases with advanced age and is not different between girls and boys
up to about early adolescence. Thereafter, muscle isometric strength in
boys is higher than in age-equivalent girls. Normalizing data by dividing
torque with body mass does not change these conclusions. Studies using
isokinetic methodology have shown about the same [1-5]. Most of these
studies have been cross-sectional, but there are also longitudinal studies
in which individual torque values during some years from 8 to 15 years
have been measured [5-10]. In these studies, knee and elbow torque is
studied during extension and flexion. Trunk isokinetic torque has been
measured in a few [11-13]. Studies on extension/flexion torque ratio
in limbs and trunk as well as upper and lower body (knee vs elbow)
extension and flexion torque ratios, respectively with increasing age in
both sexes seem to be sparse [14,15].

Isokinetic muscle endurance, an important aspect of physical
performance, is much less studied in children and adolescents.
Relative endurance measured as torque decline during consecutive
extension contractions is depending on the percent fast twitch muscle
fibers and peak muscle torque at the first contraction [15-17]. Several
cross-sectional studies have reported that fatigue index is higher in
young boys and girls compared to adults mainly due to higher initial
peak muscle torque in the latter [18-21]. There seem to be no major
difference in fatigability between sexes in young ages (10 - 12 years)
during isokinetic knee flexion and extension or plantar flexion [22,23].
Furthermore, Kawakami, et al. [24] reported no difference in force
decline between consecutive extension and flexion elbow contractions.

Although the present study was carried out during the beginning
of the 1980-ies, the isokinetic muscle torque in limbs and trunk as well
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as endurance in limbs in children and adolescents of different ages
is still not fully described. Therefore, this study was carried out as a
combination of a longitudinal (five years) and cross-sectional set-up in
order to obtain data on trunk, elbow and knee peak isokinetic torque
values during flexion and extension and also muscle endurance during
50 consecutive elbow and knee extension in boys and girls 8 to 15 years
of age. In this publication we report: age and sex mean peak absolute
(N'm) and normalized (N'm/kg body mass) torque values + SD during
extension and flexion in the trunk, elbow and knee; the extension and
flexion peak torque ratio in these three measures; the knee/elbow ratio
of both flexion and extension; relative muscle endurance during both
elbow and knee extension.

Subjects

Boys and girls in the 2", 5 and 8" grade in one school were invited
to participate in this five-year study. Thus, children in the 2™ grade
participated during five years from age 8 to 12 and children in the 5"
grade from age 11 to 15, while the adolescents in 8" grade participated
only during two years from age 14 to 15. Totally 48 girls and 115 boys were
involved, of which 24 girls (6 from the low grade and 16 from the middle
grade) and 36 boys (11 from the low grade and 25 from middle grade)
participated during all five years, resulting in a total of 201 visits by girls and
362 by boys in the laboratory - for anthropometric data see Table 1.
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Table 1. Antropometric data

Age (yr) n Height (cm) | Weight (kg) BMI hozeyrf:‘:'zf%)
Boys
8 24 131,146,37 | 28,6+£5,66 | 16,542,34 | 16,2%5,69
9 25 137,947,95 | 33,1£7.91 | 17,242,79 | 17,246,71
10 28 143,147,78 | 3724930 | 17,943,15 | 18,7+7,13
11 59 149,747,91 = 40,74840 | 18,042,55  19,046,15
12 51 155,948,72 4444932 | 18,142,69  18,5%6,35
13 42 162,349,76 | 50,8£10,77 | 19,142,52 | 17,746,26
14 63 170,548,36 = 57,149.83 | 1924339 | 1577,08
15 60 173,748,92 6134893 | 2034255 | 14,846,54
Girls
8 9 133,143,86 | 2924620 | 1644289 | 1824519
9 10 139,944,41 = 31,74555 | 16,142,30 = 16,0+4,88
10 13 145,046,36 = 3494646 | 16,68242 | 17,8456l
11 35 15124743 | 40,046,52 | 17,542,15  19,3+4,85
12 37 15624697 = 44.8+735 | 1834238 | 19,145,10
13 30 161,746,55 | 5006824 | 19,042,47 | 20,2%+529
14 29 165,2%45,55 | 5494849 | 20,142,72 | 22,0%45,61
15 26 165,8%£5,59 | 56,2%48,69 = 204+2,94 | 22,6*+5,13

*P<0,05 between boys and girls

Procedure and methods

All tests were carried out with the same procedure, methods and
researchers during the month of October from 1980 to 1984.

Body height and weight were measured in light clothes using
standardized methods to the nearest 0,1 cm and 0,1 kg, respectively.
Subscapular and triceps skinfold thickness on both sides were measured
with a skinfold caliper. Body fat percent was calculated according to
Slaughter, et al. [25]. Thereafter the participants performed a warm-
up on a Monark bicycle before muscle measurements. The isokinetic
muscle torque in limbs and trunk was measured using three Cybex
6 000 dynamometers (Cybex-Lumex Ink, Ronkonkoma, New York),
adapted for the type of measurements. During knee extension- and
flexion measurements of the right leg a strap fixed both the thigh and
the chest to the seat to which the Cybex-apparatus was applied. During
elbow extension- and flexion measurements the participant was sitting
on a chair in front of a table. The right elbow was placed on a marking
on the table with the hand holding the handle of the Cybex-apparatuses,
which was applied to the table. A strap fixed the chest to the chair so
that no muscle movements of the upper body or the left arm could be
added to the measurement. During these two measurements the knee
and elbow joint rotation center was in line with the axis of the Cybex-
apparatus. The best result of two attempts of both flexion and extension
during speeds of 15, 60, 120, 180 and 240 degrees/sec, respectively,
was used. The relative endurance in both the elbow and knee muscles
was evaluated as the percent peak torque decline from the first to the
50" consecutive extension contraction at a speed of 180 degrees/sec
according to Thorstensson and Karlsson [26]. A researcher guided the
participant to keep a constant contraction speed.

In order to measure the trunk extension and flexion torque the main
part of the Cybex dynamometer was fixed under a non-moving part of a
specially constructed bench with the moving arm of the dynamometer
under the moving part of the bench (Figure 1). The axis of the Cybex-
dynamometer was placed below the small opening between the two
parts of the bench. The participant was lying on its right side with the
knees fixed with straps over the thigh and lower leg to the non-moving
part of the bench and the chest with a strap to the moving part of the
bench. The subject hip joint was placed above the Cybex axes. The best
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result of two measurements of extension and flexion at one contraction
speed, 15 degrees/sec, was used.

During all parts of the investigation the participants received strong
verbal encouragement through the whole range of motion.

This study was carried out during five years from 1980 to 1984. At
this time Ethical permission was not necessary for this type of study.
However, for publication purpose the local Regional Ethics Committee
in Stockholm approved this study in 2017. At the time informed oral
consent regarding the children’s participation was obtained from
parents or legal guardians.

Statistics

All statistical tests were performed in SPSS, version 24, (SPSS Inc.
Chicago, IL, USA). Data are presented as means and standard deviation
(SD). Independent sample t-tests were used to compare the mean
scores between girls and boys. The significance level was set to p<0.05.

A one-way between-groups analysis of variance was conducted
to explore muscle fatigue differences between age groups over time.
Pearson correlation analysis was used to assess the associations between
the different muscle torque measurements.

Methodological considerations

The same three Cybex apparatus were used during the five years
for all children. Thus, no modifications related to body size were made
[27]. Furthermore, we have not considered any possible differences in
torque between dominant and non-dominant arm or leg [1].

In this publication values, from only one contraction speed, 60
degrees/sec during limb actions, are presented since conclusions drawn
from other contraction speeds are similar to those drawn from the
speed chosen. Pilot trunk tests showed that, compared to faster speeds,
the low contraction speed of 15 degrees/sec chosen was most reliable
and had the lowest error of the method. For elbow and knee endurance
the speed of 180 degrees/sec was used according to Thorstensson
and Karlsson [26], since a slower speed may cause premature fatigue,
which could stop activity before the 50% contraction. All children and
adolescents performed all 50 contractions in both the knee and elbow
endurance test during the five years.

Results

Anthropometrics

Body height and weight, calculated BMI (weight in kg/ height in
m?) and percent body fat are listed in Table 1. From age 13 years there
is a significant difference in body fat percent between boys and girls.

Muscle strength

There is a consistently greater extension than flexion absolute and
normalized peak torque (p<0,05) during elbow, knee and trunk activity
in both sexes.

Differences between boys and girls during elbow extension and
flexion absolute peak torque (N.m) starts at age 10, while for the knee
corresponding peak torque differences start at age 14. For the trunk, a
sex difference is only seen at age 15 for extension and at age 14 and 15
for flexion.

Peak elbow extension and flexion torque values normalized for body
mass (N.m/kg body mass) are higher in boys than girls from age 10 and
11 and older, respectively (Table 2). Peak torque normalized values are
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Table 2. Trunk, elbow and knee flexion and extension peak isometric muscle torque (N'm) and N-m/kg body mass times 100 in different ages in boys and girls. *P<0,05 between boys and girls

Age (yrs) ‘ n Trunk ‘ Elbow Knee
a. N'm

Boys Flexion Extension Flexion Extension Flexion Extension
8 24 62,7422,1 68,9+26,9 10,442,3 13,1+4,1 37,5£27,8 53,3£17,0
9 25 70,2425,6 87,0+£31,9 11,3£3,6 14,9441 31,3£14,9 50,4+9,9
10 28 75,0£30,4 111,3£37,3 13,143,1 18,444,6 39,0+£21,5 66,3£17,2
11 59 91,8427,41 116,3+44,1 16,7+4,4 22,14+4,5 43,8421,9 77,3£13,2
12 51 100,9+29,6 129,4+42.9 19,5+5,2 24,7453 51,9+£24,7 92,1+15,5
13 42 114,6+39,1 174,1£50,9 23,747,1 30,0+8,2 63,3£31,7 112,3+17,4
14 63 165,7+49,1 199,9+56,6 32,548,3 37,6+8,3 73,9429,7 123,7+16,9
15 60 185,8+54,5 236,4+63,5 35,648,2 40,9+10,2 86,8+34,1 145,5+20,9

Girls Flexion Extension Flexion Extension Flexion Extension
8 9 54,3+12,6 71,8+29,1 8,6£2,3 11,6+1,5 32,1£13,9 49,0+12,8
9 10 65,0+£9,35 82,2421,8 9,5+2,6 13,0+£2,6 29,2+13,2 54,4+6,6
10 13 68,6£22.,6 92,7+£21,7 11,1£3,2 14,9%£3.2 34,8+13,4 66,3+7,7
11 35 84,4+27.3 111,6+39,9 14,5%£3.9 19,7*£3,9 39,5422,3 76,7+10,6
12 37 109,2+30,4 135,6+42,3 15,8%£5,4 21,7*%£5.4 49,5+18,2 86,6+14,0
13 30 106,1426,8 177,1+44,5 19,3*£6,6 25,8%+6,7 57,3+18,1 102,9+14,4
14 29 144,3%+36,2 173,7+44,6 21,9*+4,9 28,3*+4,9 61,9%£16,9 110,0%+12,8
15 26 149,4*425.4 199,9*+41,9 21,5%£5,3 26,2%+5,3 66,4*%£17,9 116,7*%£12,2

b. N'm /kg x 100

Boys Flexion Extension Flexion Extension Flexion Extension
8 24 219+61 237466 3749 46+9 128446 144+46
9 25 215464 263+70 34+8 4548 94+18 124423
10 28 200+57 299+62 36+10 50+11 105434 142441
11 59 227+56 28377 4149 55+11 107424 151427
12 51 202+78 259£100 44+8 56+12 116+27 16727
13 42 226+62 343+70 47£10 59+11 125423 184+25
14 63 290+71 349+80 57+14 65+11 129422 182+30
15 60 299+70 381+82 58+11 66+13 14124 204+27

Girls Flexion Extension Flexion Extension Flexion Extension
8 9 187427 244+76 30+9 4147 113+49 139463
9 10 209+38 260+54 30+8 41+4 93421 145+18
10 13 199456 272459 32+10 43*+9 102423 151428
11 35 209+55 276+83 36%+8 49%+8 99+21 142+£29
12 37 239*+57 304*+74 35%+9 48*+9 111£26 157425
13 30 223451 349491 39*+7 51*+8 115£23 167*+25
14 29 266+56 330+86 41*£9 52*+9 113*+19 167431
15 26 261*+70 345+112 38*+7 47*£8 120*+24 171%422

Figure 1. Measurement of trunk movement
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higher in boys than girls at age 13 and 15 in knee extension, and at
age 14 and 15 in knee flexion. For trunk extension and flexion higher
peak torque normalized values are found in boys compared to girls
only at three points with regard to age groups; at age the 12 and 15
year age groups for flexion and in the 12" year age group for extension.
The increase in average absolute (N.m) values from the 8" to the 15"
year age group is highest in the trunk, lowest in the elbow with the
increase in knee activity in between these two measures. Normalizing
data (N.m/body mass) reduces the rate of increase in all measurements
in both sexes but does not change the rank order.

Relation between extension and flexion

Regarding the elbow extension/flexion ratio there is a significant
decline from the 10% year to the 15 year age group in both boys and
girls with no difference between sexes. Knee joint extension/flexion
ratio increases from 8 to 10 years in both boys and girls. Thereafter no
changes are seen with increasing age the from 10® to the 15" year age
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group with no difference between sexes. For trunk there are no changes
in the extension/flexion ratio with increasing age with no significant
differences between boys and girls.

Upper vs lower limb muscle torque

There is no change with increasing age in both sexes in the ratio
between knee and elbow values of extension and flexion, respectively,
which confirms the isometric data reported by Parker, et al. [15]. Boys
have lower knee/elbow extension ratio than girls in all except the 8-year
age group depending on the relatively higher elbow extension torque in
boys compared to girls. There are no differences in knee/elbow flexion
ratio in any age group between boys and girls.

Muscle endurance

For the knee the fatigue index is higher in the 8 to 10 year age
groups compared to older ages in both sexes but from age 10 years and
older there is no change in fatigue index with increasing age in neither
boys or girls (Figure 2). In all ages except in the youngest two (8 and 9
years) boys are more fatique resistent than girls. For the elbow there is
no change in fatique index between 8 to 11 years of age, but from age 11
to 15 there is a decline (P<0,05) in fatigue index in both boys and girls
with no difference between sexes (Figure 2).

Discussion

The use of isokinetics for studying muscle torque in children and
adolescents is fully accepted and reliable [1,21,26-32]. The overall
conclusion from different peak torque values obtained during elbow and
knee joint extension and flexion activities in this study are in line with
most previous studies [4,5,7-9,11]. However, this study also presents a
complete set of different ratios during limb and trunk activities in both
sexes and all age groups from 8 to 15 years.

The novel data in the study is related to the muscle endurance. The
isokinetic method used in this study for measuring muscle endurance
is reported to be reliable [21]. For the knee joint we have no data
to compare the higher fatigability index in children compared to
corresponding in adults as reported in previous studies [17-20]. but our
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data show no trend of decreased fatigability during knee extension up
to age 15 years in both sexes. There are significant differences, except in
the 8-year age group, in knee muscle endurance between boys and girls
in all age groups, boys being more fatigue resistant (Figure 2). This is
somewhat surprising since knee peak torque is higher in boys in the 14%
and 15% year age groups and, still, boys have a higher fatigue index than
girls. A reduced fatigue index as seem in adults compared to children
has been explained by higher percent of fast twitch muscle fibers and
initial peak torque values in the latter [15,17-20,25]. However, we could
not find any such relation between knee peak extension torque and
fatigue index in any sex or age group.

The present study shows that there are some differences between
elbow and knee muscle extension endurance. For the elbow opposite
to the knee joint there is a small lowering of the elbow fatigue index
from age 11 in boys and 12 in girls with no difference between boys
and girls. This observation is in line with data from 10 to 12-year age
groups in previous reports [13,17,22] but is surprising since the peak
elbow extension torque values are higher in boys from the 11* to the
15" year age group (Table 2). In line with the knee joint endurance there
is no relation between elbow peak extension torque and fatigue index in
any age group. It should also be mentioned that there is no correlation
between elbow and knee joint fatigue indexes in neither boys nor girls
in any age group. Evidently, there is an obvious need for studying
fatigability in both limbs in children and adolescents of both sexes.

Of special interest is that there is no significant difference in any
age group between the mean values including those boys and girls, who
participated during all five years and corresponding age mean cross-
sectional values, in which the longitudinal data are excluded. This
means that age average values are fairly reliable compared to individual
longitudinal data in this study. However, cross-sectional data cannot
discover the individual developments. As seen in Figure 3 outlier values
remain in about the same position in relation to the age group mean
values from their 11" up to the 15" year even if there is larger spread in
older ages. There is a strong correlation between the individual values
at 11 and 15 years of age (strongest correlation found for knee extension
r = 0,834 for boys, p<0,01). Thus, a strong or weak boy at 11 years of
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Figure 2. Knee extension fatigue index (A) and elbow extension fatique index (B) in boys (solid lines) and girls (dotted lines). * P<0,05 between boys and girls

Clin Med Invest, 2019 doi: 10.15761/CM1.1000197

Volume 4: 4-6



Godhe M (2019) Isokinetic muscle torque and endurance in limbs and trunk in children and adolescents: A longitudinal study

el LR T
== Caitieer 1
= Cier 2
v Ctiesr 3
= = Cuiier 4

LEaw primmee W)
.

i, dged fpEn|

it malaig et ]

Ay Tpeasa)

b,

[T T

d, A freasi]

LES TR TR o

Boget e aerny

Figure 3. High and low values of peak torque during knee extension (a) and flexion (b) and elbow extension (c) and flexion (d) in boys at 11 years of age and during the following years up

to 15 years of age (“outliers”). Full line age mean values

age is relative to age mean still a strong or weak boy at 15 years. The
same corresponding correlation is found in girls. From an educational
and health point of view a conclusion could be that the educational
professionals should focus on weak boys and girls in young ages to
prevent a low physical muscle performance and health in post-puberty
ages.

This study indicates that there are some differences in peak torque
and endurance between elbow on one hand and knee and trunk
activity on the other. The difference between boys and girls in absolute
and normalized data for elbow activity starts already at age 10 years
compared to about 14 years for the trunk and knee activities. There is a
lowering of elbow extension/flexion ratio with increasing age from age
10 years in both sexes, while there is no corresponding ratio change in
knee or trunk. There is a decline in elbow fatigue index from the 11"
to the 15" year in both boys and girls but there is no such decline in
knee fatigue index in neither sex. There are no differences between boys
and girls in fatigability during elbow activity but significant differences
between sexes during knee endurance, boys being more fatigue
resistant in all except one age group. There is a no relation between
elbow and knee fatigability index. There are no reasons to believe that
these differences between the three types of measurements could be of
a systematic methodological origin.

The data in this study was collected during five consecutive years,
from 1980 to 1984. As shown by Tremblay, et al. [31] there has been a
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meaningful decrease in fitness level of Canadian children from 1981 to
2007-2009 (with a significant lower result in hand grip strength in all
age groups 2007-2009 compared to 1981). A similar decline in Swedish
children fitness level is also likely. The results in this study is therefore of
interest for future comparisons and, furthermore, for follow-up studies
of adult health in these participants.

Conclusion

Data indicate that elbow isokinetic strength and endurance profile
is partly different from corresponding data during knee and trunk
activity.
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