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Purpose: This work aimed to define the impact of the introduction of power and speed dry-land training in female swimmers aged
15–16 on the rise of time results at a distance of 200 m and on the increase of the strength level of the muscle groups in the elbow joint.
Method: The investigations were conducted on a group of 28 junior female swimmers: group 1 (aged 13–14) with speed and endurance
training based on “water” exercises; group 2 (aged 15–16) with extra power and speed dry-land training. The following parameters were
analyzed: time results, the moments of muscle forces in the elbow joint at the extension and flexion movements in isokinetic conditions
and the ratio of the values of moments of muscle forces of flexors in relation to extensors. Results: Statistically significant differences
between groups were found for the following parameters: the time results from swimming 200 m with ( p < 0.001) and without using
lower limbs ( p = 0.031), the ratio of the moments of muscle forces of flexors to extensors ( p < 0.05). Conclusions: The results of the
correlation analysis show that the higher the moments of muscle forces of flexors and extensors of the elbow joint, the shorter the time
obtained in swimming 200 m in the freestyle stroke.
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1. Introduction

Swimming is one of the best-researched disci-
plines of sport in the scope of sport biomechanics [9].
Numerous studies in this discipline began as early as
in 1905, when the resistance of water during swim-
ming was measured with a dynamometer. Nowadays,
this sport discipline is often analyzed in terms of bio-
mechanics and physiology [9].

Investigations involve the impact of the forms of
workout (water and dry-land training) on the time
results obtained by competitors [24] as well as the
influence of swimming training on the disproportions
in muscular strength between upper limbs [29]. On the
other hand, biomechanical tests of swimmers are often
applied with a view to measuring and analyzing pa-
rameters, which in consequence may influence the

selection of training techniques and effects, and what
follows, the end result of a given swimmer [10]. Re-
searchers have also been interested in prevention and
treatment of injuries resulting from swimming [2], [3]
as well as the dependence between muscle strength
and time results obtained while swimming [30].

A parameter which is crucial to swimming is the
driving or propelling force, which is most influenced
by upper limbs. It was ascertained that well-trained
swimmers achieve the highest values of this force during
the movement of the upper limb over 78% of time of the
whole cycle of movement [4]. The estimation of strength
ability in athletes is most often conducted on the basis of
the measurements of the moments of forces generated
by particular groups of muscles in the joints of upper or
lower limbs [15], [16], [19], [29].

One of the most popular swimming strokes is the
freestyle stroke, in which a particular role is played by
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flexor and extensor muscles of the elbow joint [3].
These muscles take part in the phases called: “the
catch”, “the pull” and “the push”. In the catch and the
pull phases, the key part is played by flexor muscles of
the elbow joint – biceps brachii and brachialis. Consid-
erable values of the propelling force generated by the
action of the elbow joint flexors are obtained in “the
pull” phase during the so-called “catch of the water”.
“The push” phase engages mainly extensor muscles of
the elbow joint – triceps brachii [24]. Researchers have
been looking for the dependence between strength
parameters and the results obtained in the swimming
pool [6], [24], [30]. Research works can be found
which point out to a positive influence of dry-land
power training on the results of sprint in swimming
[7], [13], [25]. Several teams of researchers have sig-
nalled that dry-land power training improves the effi-
ciency of swimming [7], [12], [13], [28]. Scientists
and coaches agree that the training of young swim-
mers should include both dry-land workout and water
training. In accordance with the latest guidelines for
junior training, it is advisable to introduce strength
training from the age of 15, which is to ensure the
increase in the muscle power and as a result enhance
the outcome [14].

This research aimed to determine the impact of the
introduction of power-speed training in swimmers
aged 15–16 on the increase of time results obtained
at a distance of 200 m and the strength level of groups
of muscles in the elbow joint. This work involved
the investigations of the moments of muscle forces
in the elbow joint in isokinetic conditions as well as
time results at a distance 200 m in a group of junior
female swimmers (aged 13–14) without the power
and speed training and a group of junior female
swimmers (aged 15–16) with the introduced power-
-speed training.

We hypothesize that the introduction of power-
speed training in swimmers aged 15–16 may improve
the time results over a distance of 200 m and increases
the level of moments of strength of the extensors and
flexors in the elbow joint.

2. Materials and methods

Participants

The investigations were conducted on a group of
28 junior female swimmers specializing in the free-
style stroke. The tests were done one week after the
end of the main swimming competition the swimmers
had been preparing for. The test participants were

divided according to the duration of their training
period and workout load into two groups with an equal
number of persons. The first group was made up by
14 female swimmers at the age of 13–14. The training
of this group was based on water exercises. The second
group consisted of 14 female swimmers aged 15–16. In
the older group, the dry-land training was introduced
in addition to the swimming-pool training. All tested
swimmers declared their right-hand upper limb to be
the dominant limb.

The characteristics of the studied groups of female
swimmers are presented in Table 1. All study partici-
pants and their parents were informed about the pur-
pose and method of the study and gave their written
consent  to participate in the study before the experi-
ment began.

Table 1. Characteristics of the test group

Group 1 Group 2
Group 1

vs. Group 2
p-value

Number 14 14 n/a
Age [years] 13–14 15–16 <0.00001*
Body height [m] 156 ± 6 166 ± 6 <0.00001*
Body weight [kg] 44 ± 6 58 ± 6 0.00003*
BMI [kg/m2] 18.1 ± 2.2 20.8 ± 1.6 0.227
Average distance covered
in one workout [km] 3.77 ± 0.24 4.47 ± 0.3 <0.00001*

Number of trainings
in the season 197 ± 4 272 ± 5 <0.00001*

* Statistically significant differences.

Training methods

The swimmers in the younger group (Group 1) took
part in an average of 6 workouts per week, each last-
ing 90 minutes. They swam an average of 3.77 kms
per workout. A typical training unit consisted of about
1 km of training in the EN1 energy zone, about 2 km
in different energy zones (depending on the stage of
preparation), and about 1 km of swimming in the REC
zone.

A typical training unit in the older group (Group 2)
in water consists of about 1 km of training in the REC
and EN1 energy zones, about 3 km in different energy
zones (depending on the stage of preparation), and
about 1 km of swimming in the REC zone. In addition
to training in the pool, the older group was also intro-
duced to training on dry land. The female athletes in
this group performed on average 9 workouts a week
in water. Land training included stabilization exer-
cises twice a week, resistance band training in water
and on land once a week, and gym exercises once
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a week. The total training time on land during the
week was 180 minutes. The stabilization training lasted
for 30 minutes and consisted of performing a series
of exercises lasting between 30 to 60 seconds on the
deep muscles called ,,the core”. Resistance band training
in the water consisted of stretching the band in the
water after jumping from a post and swimming at
maximum speed. Four series of 25 meters each were
performed most frequently. The resistance band
training on land consisted of flexion and extension
movements at the elbow joint and flexion and exten-
sion movements at the shoulder joint with the use of
the resistance bands. Three to five exercises of three
sets of 20 repetitions each were performed, with
varying lengths of breaks. Training at the gym con-
sisted of a cardio warm-up lasting 10–15 minutes,
followed by about five strength exercises for the
upper limb muscles, three sets of 10 repetitions each
on isometric machines, and two exercises with dum-
bells for the flexor and extensor muscles of the el-
bow joint (3 sets of 10 repetitions). Gradually, the
weight of the workout equipment used was increased
over the course of the season. Two weeks before the
main competition, in the so-called “tapering” phase,
the swimmers no longer performed strength training
on land, because during this period the loads are
reduced to adequately prepare the body for the com-
petition [23].

Measurements

The measurements of the moments of muscle
forces in the elbow joint in extension and flexion were
conducted in isokinetic conditions at angular velocity
of 60, 180 and 300°/s. The investigations were carried
out at a testing station Biodex System 4 Pro (Biodex
system 3, Biodex Medical Systems, Inc., NY, USA).
The measurement of each participant began with the
adjustment of the chair in order to create comfortable
conditions for the execution of exercises for each female
swimmer. During each measurement, participants alter-
nately made five movements of extension and flexion
with each upper limb at each velocity. Between the
repetitions, swimmers had a 30-second interval for
resting. The results of the moments of muscle forces
of extensors and flexors were compared to the body
mass.

The time was measured for the participants swim-
ming at a distance of 200 m in the freestyle stroke (t1)
and in the freestyle stroke with a pull buoy between
thighs (t2) in order to eliminate the action of legs.
The measurements were conducted in a 25-metre
swimming pool. The start was done from the water,
the turns were open turns without underwater glide.

Statistical analysis

Within the framework of this work, a statistical
analysis of the obtained measurement results was per-
formed. Quantitative variables of the parameters ana-
lyzed in this study were described using a mean value,
standard deviation (std), median, maximum and
minimum values. The conducted statistical analyses
adopted the level of significance p < 0.05. The nor-
mality of distribution of the analyzed parameters was
verified using the Shapiro–Wilk test ( p-value ≥ 0.05
indicates normal distribution). In order to compare the
differences in the analyzed quantitative variables be-
tween two groups of female swimmers, the Student’s
t-test and the Mann–Whitney U-test were used for the
parameters of normal distribution and for the variables
without normal distribution, respectively. Statistically
significant differences between the results obtained
for the right and left upper limbs were checked using
the Student’s t-test for dependent samples or the Wil-
coxon test. In order to check the dependence between
the time of swimming 200 m in the freestyle stroke
and 200 m in the freestyle stroke without using the
lower limbs and the values of the moments of muscle
forces in the elbow joint, the Pearson correlation coef-
ficient was determined. The software programme Sta-
tistica 13.1 by the Statsoft company was used for sta-
tistical calculations.

3. Results

In Table 2, the descriptive statistics of the time re-
sults obtained from swimming 200 m in the freestyle
stroke and 200 m in the freestyle stroke without using
lower limbs, the maximum values of the moments of
muscle forces in the elbow joint in relation to the body
mass during the movements of flexion and extension
for various angular velocities and the ratio of maxi-
mum moments of flexors’ forces to extensors’ forces
in the elbow joint are presented.

The mean value of the elbow joint extensor torque
was higher in the group of older swimmers for the
60°/s test (by about 9 Nmkg–1), while for the 180°/s
and 300°/s a higher mean value (by about 15 Nmkg–1)
was recorded in the group of younger swimmers. In
group 2, higher mean values of elbow joint flexor
torque were recorded for almost every test. The great-
est differences in mean values were noted for the
60°/s test (3.8 Nmkg–1 for the right upper limb and
7.96 Nmkg–1 for the left upper limb). For the 180°/s
test, the mean values of the elbow flexor torque for
the right upper limb were similar in both groups of
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Table 2. Distribution of results obtained in groups 1 and 2

Group 1 Group 2
 Mean ± SD (min–max)

p-value from Shapiro–Wilk test
Mean ± SD (min–max)

p-value from Shapiro–Wilk test
t1 [s] 154.6 ± 9.5 (141.5–171.2) 0.647 138.5 ± 5.2 (128.3–147.2) 0.984
t2 [s] 172.8 ± 13.1 (155.3–195.2) 0.645 162.0 ± 10.3 (151.5–188.2) 0.008

R 80.43 ± 12.94 (57.50–98.70) 0.741 73.77 ± 18.64 (35.60–102.90) 0.744Extensors
[N·m·kg–1] L 82.19 ± 18.20 (55.60–116.10) 0.369 70.59 ± 22.48 (22.90–93.70) 0.032

R 34.62 ± 8.02 (22.80–47.50) 0.319 38.42 ± 9.09 (26.10–52.40) 0.374Flexors
[N·m·kg–1] L 33.21 ± 7.70 (22.90–51.10) 0.446 41.17 ± 9.55 (31.20–58.10) 0.019

R 0.43 ± 0.08 (0.32–0.58) 0.809 0.54 ± 0.14 (0.35–0.88) 0.185

60°/s

Flexors/
extensors L 0.41 ± 0.08 (0.26–0.53) 0.463 0.65 ± 0.28 (0.39–1.45) 0.006

R 74.61 ± 16.10 (48.60–104.60) 0.755 59.41 ± 28.96 (15.40–100.30) 0.255Extensors
[N·m·kg–1] L 76.69 ± 18.43 (54.00–123.30) 0.131 61.03 ± 25.66 (20.96–94.80) 0.030

R 35.16 ± 8.59 (21.20–52.90) 0.981 34.78 ± 12.60 (15.80–56.90) 0.777Flexors
[N·m·kg–1] L 33.99 ± 7.31 (24.80–47.00) 0.034 37.88 ± 13.01 (17.40–57.60) 0.653

R 0.49 ± 0.16 (0.28–0.95) 0.005 0.70 ± 0.31 (0.33–1.27) 0.119

180°/s

Flexors/
extensors L 0.46 ± 0.14 (0.30–0.85) 0.019 0.73 ± 0.46 (0.38–2.21)  <0.0001

R 76.61 ± 16.56 (51.80–103.10) 0.493 62.62 ± 29.46 (18.80–117.20) 0.243Extensors
[N·m·kg–1] L 76.66 ± 14.04 (52.80–101.60) 0.964 60.95 ± 27.51 (21.35–94.40) 0.012

R 34.76 ± 8.27 (21.10–51.80) 0.641 36.57 ± 13.28 (13.90–62.30) 0.753Flexors
[N·m·kg–1] L 35.88 ± 9.07 (25.70–54.70) 0.104 36.38 ± 11.60 (20.70–56.80) 0.380

R 0.47 ± 0.13 (0.30–0.81) 0.136 0.68 ± 0.31 (0.33–1.40) 0.196

300°/s

Flexors/
extensors L 0.48 ± 0.13 (0.32–0.69) 0.162 0.69 ± 0.26 (0.39–1.25) 0.277

R – right upper limb, L – left upper limb, the p-value for normal distribution has been bolded.

Table 3. Results of the analysis of statistically significant differences in the examined parameters
between groups 1 and 2 of female swimmers between the right and left upper limb

Differences in the examined
parameters between groups 1

and 2; p-value (Student’s t
or Mann–Whitney U-test)

Differences in the examined
parameters between the right

and left upper limb in group 1;
p-value (Student’s t
or Wilcoxon test)

Differences in the examined
parameters between the right

and left upper limb in group 2;
p-value (Student’s t
or Wilcoxon test)

t1 [s] <0.001 n/a n/a
t2 [s] 0.031 n/a n/a

R 0.282
Extensors

L 0.395
0.492 0.594

R 0.252
Flexors

L 0.014*
0.443 0.178

R 0.018*

60°/s

Flexors /
Extensors L 0.002*

0.373 0.031*

R 0.098
Extensors

L 0.301
0.41 0.706

R 0.926
Flexors

L 0.395
0.73 0.33

R 0.051

180°/s

Flexors /
Extensors L 0.007*

0.397 0.975

R 0.133
Extensors

L 0.241
0.986 0.638

R 0.669
Flexors

L 0.900
0.695 0.951

R 0.026*

300°/s

Flexors /
Extensors L 0.011*

0.794 0.875

R – right upper limb, L – left upper limb, * statistically significant differences.
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swimmers, while for the left limb the difference was
less than 4 Nmkg–1. For the 300°/s test, the differ-
ences between the mean values in both groups did not
exceed 2 Nmkg–1. In group 2, a higher ratio of maxi-
mum moments of flexors’ forces to extensors’ forces
in the elbow joint was recorded for all tests.

In Table 3, the results of the Student’s t-test and
the Mann–Whitney U-test revealing the differences in
the analyzed quantitative variables between two groups
of female swimmers are shown.

Statistically significant differences were observed
between group 1 and group 2 of the swimmers for the
swimming time at a distance of 200 m in the freestyle
stroke ( p < 0.001) and 200 m in the freestyle stroke
without using lower limbs ( p = 0.031).

Statistically significant differences in the values of
moments of muscle forces between group 1 and group
2 were noticed only for left flexors ( p = 0.014) at an
angular velocity of 60°/s. For other angular velocities,
no differences were observed between the groups in
respect of maximum values of the moments of the forces
of extensors and flexors of the elbow joint, however,
statistically significant differences were noted between

groups 1 and 2 in the value of the ratio of maximum
moments of the flexors’ forces to the extensors’ forces
in the elbow joint for almost all conditions of the
measurements (Table 3). Neither group showed any
statistically significant differences in the maximum
values of the moments of muscle forces in the elbow
joint between the right and left upper limb.

The results of the Pearson correlation coefficient
between the time of swimming 200 m in the freestyle
stroke and 200 m in the freestyle stroke without using
the lower limbs and the values of the moments of
muscle forces in the elbow joint in groups 1 and 2 are
presented in Table 4.

A statistically strong or moderately significant lin-
ear dependence was found between the time results
obtained from swimming 200 m in the freestyle stroke
and the time from swimming 200 m in the freestyle
stroke without using lower limbs and almost all values
of the moments of muscle forces in the elbow joint in
group 2 of the female swimmers. In Figure 1, the de-
pendence (scatter diagram) between the time obtained
from swimming 200 m in the freestyle stroke and the
values of the moments of muscle forces in the elbow

Table 4. Pearson’s linear correlation coefficients between the time obtained from swimming 200 m in the freestyle stroke and 200 m.
in the freestyle stroke without using lower limbs and the values of the moments of muscle forces in the elbow joint

Group 1 Group 2

Time for 200 m
freestyle (t1)

Time for 200 m freestyle
without using lower limbs (t2)

Time for 200 m..
freestyle (t1)

Time for 200 m freestyle
without using lower limbs (t2)

R r = –0.481
p = 0.081

r = –0.082
p = 0.810

r = –0.609
p = 0.016*

r = –0.646
p = 0.009*

Extensors
L r = –0.588

p = 0.027*
r = 0.098
p =0.773

r = –0.491
p =0.051*

r = –0.648
p =0.009*

R r = –0.381
p = 0.179

r = –0.168
p = 0.620

r = –0.680
p = 0.006*

r = –0.624
p = 0.013*

60 °/s

Flexors
L r = –0.5631

p = 0.036*
r = 0.278
p = 0.407

r = –0.540
p = 0.038*

r = –0.459
p = 0.085

R r = –0.218
p = 0.454

r = –0.010
p = 0.975

r = –0.574
p = 0.025*

r = –0.562
p = 0.036*

Extensors
L r = –0.496

p = 0.071
r = –0.177
p = 0.601

r = –0.514
p = 0.049*

r = –0.573
p = 0.026*

R r = –0.576
p = 0.031*

r = –0.372
p = 0.259

r = –0.610
p = 0.016*

r = –0.593
p = 0.020*

180 °/s

Flexors
L r = –0.785

p = 0.001*
r = –0.204
p = 0.546

r = –0.619
p = 0.014*

r = –0.568
p = 0.027*

R r = –0.219
p = 0.450

r = –0.001
p = 0.996

r = –0.582
p = 0.023*

r = –0.599
p = 0.018*

Extensors
L r = –0.508

p = 0.063
r = –0.126
p = 0.711

r = –0.545
p = 0.036*

r = –0.604
p = 0.017*

R r = –0.568
p = 0.034*

r = –0.437
p = 0.179

r = –0.543
p = 0.036*

r = –0.562
p = 0.029*

300 °/s

Flexors
L r = –0.467

p = 0.092
r = 0.070
p = 0.836

r = –0.602
p = 0.017*

r = –0.552
p = 0.033*

R – right upper limb, L – left upper limb, * the correlation value is statistically significant.
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joint in isokinetic conditions at an angular velocity of
60°/s is shown.

In group 1, no statistically significant correlations
were observed between time t2 and the values of the
moments of muscle forces. As far as time t1 is con-
cerned, moderate correlations were noted solely for
a part of the analyzed values of the moments of muscle
forces in the elbow joint.

4. Discussion

This work aimed to determine the impact of power
and speed training on female swimmers aged 15–16,
which was introduced  in order to increase their time
results at a distance of 200 m and the level of strength
of the groups of muscles of the elbow joint. The
evaluation of the influence of the implemented power
and speed training was carried out comparing the fol-
lowing results: time results obtained at a distance of
200 m in the freestyle stroke, measurements of muscle
forces moments in the elbow joint in extension and
flexion in isokinetic conditions at angular velocities
60°/s, 180°/s and 300°/s and the ratio of the values of
the moments of muscle forces of flexors to extensors
for two groups of female swimmers. Group 1 consisted

of swimmers who were assigned according to power
and speed training based on exercises done in the wa-
ter, whereas group 2 included swimmers who, in ad-
dition to swimming-pool training, had to do power
and speed dry-land training. The additional training
involved stabilization exercises, training with resis-
tance bands in the water and on land as well as work-
out in the gym.

The conducted statistical analysis revealed statisti-
cally significant differences between the time results
obtained at a distance of 200 m in the freestyle stroke
by female swimmers from both groups. The majority
of swimmers in group 1 took a longer time to cover this
distance than swimmers from group 2. It was ascer-
tained that the introduction of additional power and
speed dry-land training considerably improved the
results obtained from swimming in the freestyle
stroke. It was observed that the higher the values of
the moments of muscle forces of elbow joint flexors
and extensors, the shorter the time obtained in swim-
ming at a distance of 200m in the freestyle stroke.
This fact was confirmed by the results of the analysis
of the correlation between time and the values of the
forces moments (Table 4). This dependence can be
clearly seen for the results obtained for swimmer
group 2, which is presented in the scatter diagram in
Fig. 1. In the younger group, the correlation between

Fig. 1. Dependence between time obtained from swimming 200 m in the freestyle stroke and the values of moments
of muscle forces in the elbow joint in isokinetic conditions at an angular velocity of 60°/s
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time and muscle forces moments with reference to the
body mass occurs only for the time of swimming 200 m
in the freestyle stroke in several cases (Table 4). The
discrepancy in the results from the correlation analysis
between time and the values of the moments of body
forces between the younger group and the older group
of female swimmers can be explained by the theory of
“competitor’s long-term development” [14], which is
often applied by qualified coaches. This theory claims
that developmental stages of a competitor should be
linked to certain sports results. Therefore the com-
petitor should be subjected to various stimuli in par-
ticular phases of their development. For that reason,
the rule of “training for the sake of training” is applied
to sports contestants aged 13–14. This includes nu-
merous training methods focusing on the improve-
ment of technique and stamina of the swimmer. The
subsequent stage introduces power workout in the
age group 15–16. Coaches readily introduce exercises
of swimming using only upper limbs by immobilizing
lower limbs with a pull buoy. The above-mentioned
workout aims to force the competitor to swim with even
better technique of the upper limbs than normal. This
fact may account for the lack of correlation between
the time of swimming 200 m in the freestyle stroke
with a pull buoy between thighs and the values of the
moments of muscle forces for the group of younger
swimmers – during swimming using only upper limbs
the technique of movements was of even greater im-
portance.

On the basis of the obtained results it can be de-
duced that the inclusion of the power and speed dry-
land training may have a positive effect on the im-
provement of  time results in swimming at a distance
of 200 m in the freestyle stroke. Some works which
are concerned with the impact of applied training
methods on the swimmers’ results can be found in the
research literature [7], [13], [24], [25], [27]. Costill [7]
as well as Stewart and Hopkins [26] wrote in their
works that the improvement of swimming results de-
pends on the specificity of training methods. Costill
[7] proved a positive influence of power dry-land
training of upper limbs on the efficiency in sprint
swimming. In their research, Smith et al. [25] showed
a strong relationship between the endurance of the
upper part of the body and the results in sprint swim-
ming at a distance of 25 m and 50 m. The impact of
various training stimuli on the time and values of the
moments of muscle forces was studied by Girold et al.
[13]. These authors combined methods of water train-
ing with resistance training on dry-land and training in
the water with resistance swimming. After 12 weeks
of diverse training, the swimmers showed a consider-

able increase in the moments of forces in the elbow
joint, measured in isometric and concentric conditions,
as well as the shortening of the time needed to cover
a distance of 50 m in the freestyle stroke. The above-
-mentioned studies confirm a positive influence of both
dry-land and water resistance training” on the values
of force parameters and the times obtained by female
swimmers in sprint swimming [13]. However, based
on the results obtained for a group of young male
swimmers by Sadowski et al. [24], it cannot be ex-
plicitly stated that power dry-land training performed
on an ergometer improved the swimming results. There
is also research which challenges a positive effect of
the resistance training [27]. In their work, Tanaka and
Swensen [27] suggest that traditional dry-land resis-
tance training does not improve swimming results,
whereas water resistance training increases the speed of
swimming. The majority of analyzed literature titles,
similarly to the present work, showed a positive influ-
ence exerted by resistance training in swimmers.

When selecting a method of training, a factor which
should be taken into consideration is the distance which
swimmers specialize in. The distance length may also
influence the values of force parameters. According to
Lawsirirat et al. [21], competitors specializing in short
distances achieve higher values of force moments in
the upper limb joints than middle-distance and long-
distance competitors.

The statistical analyses conducted within the frame-
work of this work also showed that, almost in every
case, there were no statistically significant differences
between the values of the moments of muscle forces
of extensors and flexors of the elbow joint between
groups 1 and 2. Statistically significant differences
were observed only for left flexors ( p = 0.014) at an
angular velocity of 60°/s (Table 3). The values of the
moments of muscle forces for left flexors at an angular
velocity of 60°/s were considerably higher in group 2. In
relation to the mean values obtained by younger female
swimmers, the difference equalled 7.96 [N·m·kg–1]. On
the basis of the values of the moments of muscle
forces in the elbow joint obtained for groups 1 and 2,
it cannot be deduced that the introduced power and
speed training has an effect on the increase of the
muscle force level of extensors and flexors of the el-
bow joint.

However, the scope of this analysis also involved
the ratio of the moments of muscle forces of flexors to
extensors in the elbow joint. It was shown that this ratio
was significantly different between groups of female
swimmers almost in all conditions of the measurements
of the moments of muscle forces in the elbow joint
(Table 3). In group 2, the above-mentioned ratio was
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higher by 25% in the right-hand elbow joint and by
59% in the left-hand elbow joint for the test conducted
at an angular velocity of 60°/s. Moreover, mean val-
ues of this dependence obtained for group 2 were
higher by over 40% in relation to the results of group 1
in the case of tests carried out at other angular veloci-
ties. The above-mentioned results may suggest that
the power and speed training introduced in group 2
may be of importance in balancing the disproportion
of muscle forces of extensors and flexors of the elbow
joint. The ratio obtained in the group of older female
swimmers (group 2) at an angular velocity of 60°/s
falls within the boundaries of the standard isokinetic
data for women at the age of 15–30 years [17].

It should also be emphasized that no statistically
significant differences were observed between the
values of the moments of muscle forces in the elbow
joint between the right and left upper limbs in both
groups of female swimmers. The investigations car-
ried out by Wiążewicz et al. [29] did not reveal differ-
ences between the values of the moments of muscle
forces in the shoulder joint between the right and left
upper limb. The above-mentioned results may signify
that a correct swimming technique enables loading of
the right and left side of the body in an even way.

The subject literature includes some scientific arti-
cles which are concerned with the determination of
the moments of muscle forces in isometric and isoki-
netic conditions in the upper limb joints in male
swimmers [1]–[3], [6], [13], [21], [22], [29]. Although
many authors focus on the values of moments in the
humeral joint [2], [3], [6], [29] there were also inves-
tigations connected with the determination of the
moments of muscle forces in the elbow joint in male
swimmers [1], [13], [21], [22]. Mean values of the
moments of extensors’ forces in the elbow joint, meas-
ured in isokinetic conditions at velocities of 180°/s
and 300°/s obtained for the female swimmers from
group 1 tested within this research, were significantly
higher in comparison with the results of female
swimmers in the same age group tested by Lewis et al.
[22]. What was comparable was the mean values of
the moments of flexors’ forces of the elbow joint meas-
ured in isokinetic conditions at velocities of 180°/s and
300°/s [22].

Our results show that in the older swimmers the
results are better, which indicates that the introduction
of dry-land training improves the results. Dry-land
training included stabilization exercises twice a week,
resistance band training in water and on land once
a week, and gym exercises once a week. This better
results obtained for the group of older swimmers may
also be caused by changes in anthropometric and mo-

tor characteristics resulting from the natural process of
adolescence and growing up.

Authors of this research are fully aware of the limi-
tations of this work. There is no doubt that the research
will be continued and measurements will be conducted
on a bigger number of young female swimmers. It is
advisable that such investigations include female
swimmers in the same age group in order to eliminate
differences resulting from the body build, therefore,
only one group should be assigned according the
power and speed dry-land training. The research is
going to be expanded by inclusion of the resistance
training in the water assigned to the subsequent group
of female swimmers in order to reveal which type of
training is the most effective. It would be advisable to
conduct similar investigations in relation to junior male
swimmers. In the future, similar studies may be car-
ried out on swimmers specializing in short-distance
swimming (25 m, 50 m).

5. Conclusions

On the basis of the investigations conducted and
results obtained in this work, it was proven that the
introduction of power and speed dry-land training in
a group of junior female swimmers aged 15–16 may
have a positive impact on the time results obtained
while swimming at a distance of 200 m in the free-
style stroke. It was also shown that the introduced
power and speed workout may be of importance while
balancing the disproportion between muscle forces of
extensors and flexors of the elbow joint. This points to
the fact that besides swimming technique and effi-
ciency, the strength parameters play an important role
in competitive swimming.
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