PHYSICAL
EDUCATION
OF STUDENTS

p

ORIGINAL ARTICLE

The effect of strength training with different frequency on untrained
university students

Ali E. Cigerci'B°E Harun Genc?ABCPE

'Kastamonu University, Kastamonu, Turkey
’Bingol University, Bingol, Turkey

Authors’ Contribution: A — Study design; B — Data collection; C — Statistical analysis; D — Manuscript Preparation;
E — Funds Collection

The target of this paper was to examine the effects of strength training with different frequency on physical,

24 subjects (age= 21.47+1.50) were divided into three groups; 8 for strength training group once a week
(ST1), 8 for strength training group three times a week (ST3) and 8 for control group (CG). The training groups
were applied a 6-week ST that lasted approximately 80-90 minutes for each training 3 days a week for ST3
and once a week for ST1. Analysis of intergroup, intragroup and the effect of training were carried out with

There was no difference in body weight and body mass index values in training groups, while a significant
increase was found in CG. In addition, there was a significant decrease in body fat percentage and a
significant increase in skeleton muscle mass without any change in body weight and body mass index in ST3.
No statistical difference was seen in 10-20 m sprint and agility tests in all groups. For vertical jump, balance
test for right and left leg, there was a significant difference between the pre and post-test measurements
of ST1 and ST3. In standing long jump measurements, significance was seen in favor of ST3. In strength
parameter, while a significant difference was detected in bench press, shoulder press and push-up due to the
development of training groups, a statistically significance was found in squat and biceps curl by reason of

As a conclusion, it can be said that 6-week strength training with different frequency applied on untrained

untrained university students, exercise frequency, strength training, performance analysis, physical features

Abstract
Purpose:
performance and strength features on untrained university male students.
Material:
repeated measures ANOVA. Significance was set at 0.05.
Results:
improvement in ST3.
Conclusions:
male students has a positive effect on physical, performance and strength features.
Keywords:
Introduction

Strength training (ST) plays an important role for
athletes in sports that require speed, power, strength
[1] and offers many benefits for the physical fitness of
individuals of all ages [2, 3]. In addition, this physical
feature is also of great importance for performing many
tasks in both sports and daily life [4, 5]. For all individuals
who will participate in ST, the exercise plan should be
arranged according to the goals and needs of the person,
and the development process should be well observed. It
is also important to follow the variables of the exercise
prescription.

Variables such as the type of program used and the
measured prescription of the muscle activities, intensity,
volume, exercise selection and application, rest times
between sets and frequency can affect the magnitude of
the increase in strength performance [6, 7]. The frequency
of training from these variables refers to the number of
sessions performed during a specific time period and
volume, intensity, selected exercises, fitness level and
ability to recover, nutritional intake and exercise goals
have an impact on the prescription of training frequency
[7].

Although there are many studies in literature that
show the effect of training frequency on strength
development on different populations [8-11], these
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studies are distinguished as those where weekly volume
is equalized [8, 10] and not equalized [9, 11-13]. A study
reported that the training applied three days a week was
optimal for strength gains of untrained healthy individuals
without musculoskeletal disorders [14], while a different
study stated that training frequency did not affect muscle
strength gain when the training volume was equal [15].
Besides, it was understood in the studies conducted
on untrained subjects that the increased frequency of
training did not provide additional benefit to the strength
parameter [3, 16, 17]. Thus, while it is understood that
the training frequency is well documented in literature, to
our knowledge, studies on untrained university students
are seen to be very limited. In addition, we hypothesize
that ST, which is performed with different frequency
per week, can have an impact on both body composition
and performance characteristics of university students.
Therefore, the purpose of this study was to investigate the
effect of ST with different frequency on some physical
and biomotoric characteristics of untrained university
students.

Material and Methods

Participants: After the pre-test process, 24 untrained
male subjects were divided into three groups; 8 for strength
training group once a week (ST1), 8 for strength training
group three times a week (ST3) and 8 for control group
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(CG). In order to avoid any difference in physical and
physiological terms, the groups were constituted in the
form of 8§ for ST1 (age=21.71+1.88, height=181.28+4.32,
weight=71.82+6.19), 8 for ST3 (age=22.00+1.51,
height=173.75+7.20,  weight=73.75+5.82) and &
for CG  (age=20.75+0.88,  height=174.62+6.09,
weight=72.12+12.78). Besides, informed consent form
was obtained from each subject to involve in the study.

Research Design. The training groups that participated
in the study was applied a 6-week ST that lasted
approximately 80-90 minutes for each training 3 days a
week (Monday Wednesday, Friday) for ST3 and one day
a week (Thursday) for ST1. During the training process,
participants were asked to avoid challenging exercises
and not to change their daily eating habits and activity
levels.

Training Plan: Training load was determined as 40-
60% of one repetition maximum (1RM) and the number of
repetitions was 10 [18]. In the first two weeks, the training
load was 40% of 1RM, and then was increased to 50% at
3t and 4% weeks and 60% at 5™ and 6" weeks. Besides, in
the training planned as 3 sets, rest between repetitions was
1 minute and rest between sets was 2 minutes. While ST
groups applied shoulder press, biceps curl, squat, bench
press, sit-up, triceps push down, push-up, back extension
movements in each training respectively, the control
group continued their daily activities [19].

Physical Tests: In this part, the information about
height, body weight (BW), body mass index (BMI),
body fat percentage (BFP), skeleton muscle mass (SMM)
parameters of subjects will be explained.

The height was measured by using Holtain brand
stadiometer (Holtain, UK) with 1 mm accuracy and BW
was determined with a sensitivity of 1 gr in anatomical
position. BMI of subjects was determined by “BMI =BW
(kg) / (height)?” formula. BFP and SMM were measured
by bioimpedance analysis (Tanita MC 780; Tokyo, Japan).

Biomotoric Performance and Field Tests: Vertical
jump (VJ), standing long jump (SLJ), star excursion
balance test (SEBT), 10-20m sprint, T agility test (TAT),
running-based anaerobic sprint test (RAST), dynamic
strength and push-up tests were used to decide the
performance parameters of subjects.

Jump Tests: V] test — the difference between the point
touched by jumping and the starting point was calculated.
The participants is standing erect with the feet flat on the
floor, after the height that the subject could reach was
taken as the starting point. SLJ test — the distance between
the back of the heel at the landing point and the starting
line was measured. The participant jumped from the back
of the starting line to the furthest possible point. Better
of two attempts was recorded as “cm” for both tests [20].

Star Excursion Balance Test (SEBT): The participants
were asked to touch the furthest point where they could
reach eight directions with an angle of 45°. The test was
performed three times for both feet. The balance score
was calculated with the formula “reach distance / leg
length x 100” [21].

Sprint Test: 10-20m sprint tests were started from

the starting line positioned one meter behind the start
photocell (Newtest 2000; Newtest Oy, Oulu, Finland).
Better of two trials was recorded as “seconds”.

T Agility Test: TAT was created from 4 contact points
in the shape of T, 10 m long and 10 m wide. In the test,
the subjects ran to a cone 10 m from the starting point and
went to the second cone 5 m away with a shuffle on the
right. When the subjects touched the cone, they went to
the cone 10 m away with a side shuffle and then returned
to the middle cone with the side shuffle. The test was
completed by pedalling back to the starting point [22].

Running-based Anaerobic Sprint Test (RAST): RAST
included six 35m maximal efforts with passive recovery
intervals of 10 seconds. The time of each 35m effort was
recorded using photocells (Newtest 2000; Newtest Oy,
Oulu, Finland) at the beginning and at end of the 35m run.
After the test, peak power (RPP), average power (RAP),
minimum power (RMP) and fatigue index (FI) of subjects
were calculated as mentioned before [23].

Dynamic Strength Tests: Dynamic strength tests
consisted of bench press, squat, shoulder press and biceps
curl. In the study, IRM (Repetition Maximum) results
of subjects were recorded for each movement in the
evaluation of strength parameter. In order to obtain IRM
results, values were recorded on the estimation of 1RM
rather than directly determining 1RM.

As stated in literature, IRM predictions reflect actual
1RM results [24, 25] and also do not harm the health
of subjects and prevent injury [26]. In order to estimate
1RM, subjects were asked to apply movements until they
were tired. If the subject did not perform the movement
optimally or gave up voluntarily, the last proper
performance was recorded and 1RM was found according
to Brzycki formula [27], which has been considered to be
quite reliable [28].

Push-up Test: This test was applied to the participants
for 30 seconds and only optimal applications were
recorded as push-up score.

Statistical Analysis. The data obtained from the pre and
post-training measurements of participants were analysed
in SPSS 22 statistical program. Descriptive statistics are
categorized according to all subjects and groups. The
pre- and post-test distributions of the variables were
examined according to groups. The normality of the
distributions and the homogeneity of the variance were
determined by the Shapiro Wilk test and the Mauchly’s
Sphericity test. Analysis of intergroup, intragroup, and
the effect of training were carried out with Repeated
Measures ANOVA. Bonferroni test was used for Post Hoc
comparisons; the significance level was accepted as 0, 05.

Results

In Table 1, it is understood that there is no significant
difference for all descriptive variables among groups
before the training period (p > 0.05).

In Table 2, no statistically significance was found
in the height of the subjects. There was no difference
in the BW and BMI values in training groups, while a
significant increase was seen in these values in CG. In
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Table 1. Descriptive statistics of participants.

Variables n  Group Average+S.D Min. Max.
8  Age(year) 21.71+1.88 19 25
ST1 8  Height (cm) 181.28+4.32 172.00 184.00
8  BW (kg) 71.8246.19 63.00 82.00
BMI(kg/m?) 21.66+1.60 19.66 24.22
8  Age (year) 22.00+1.51 19 24
ST3 8  Height (cm) 173.75+7.20 163.00 183.00
8 BW (kg) 73.75+5.82 62.00 82.00
BMI(kg/m?) 24.49+2.25 20.48 27.51
8  Age(year) 20.75+0.88 19 22
CG 8  Height (cm) 174.62+6.09 166.00 185.00
8  BW (kg) 72.12+12.78 56.00 97.00
BMI(kg/m?) 23.68+5.25 17.87 35.20
Chi-Square (X?) p
Age ( year) 21.47+1.50 19 25 4.352 0.114
Total 24 Height (cm) 176.26+6.62 163.00 185.00 5.098 0.078
BW (kg) 72.34+8.63 56.00 97.00 1.966 0.374
BMI(kg/m?) 23.35+3.54 17.87 35.20 5.422 0.066
NOTE: *p > 0.05; BW: Body Weight, BMI: Body Mass Index.
Table 2. Comparison of physical features among groups
Pre-Test Post-Test In-group Test*Group
Variables Grou
P xass XSS Change(%) F
ST1 181.00+4.32 181.14+4.45 0.14 (% 0.07)
Height (cm) ST3 173.75+7.20 173.87+7.39 0.12 (% 0.06) 0.006 0.994
CG 174.62+6.09 174.75+5.99 0.13 (% 0.07)
ST1 71.00+6.19 71.85+5.95 0.85(% 1.19)
BW (kg) ST3 74.9346.66 75.62+6.75 0.69 (% 0.92) 15.639 0.001*
CG 72.12+12.78 73.25+12.60 1.13 (% 1.56)*
ST1 21.66+1.60 21.74+1.69 0.08 ( % 0.36)
BMI (kg/m?) ST3 24.49+2.57 24.71+2.06 0.22 (% 0.89) 13.574 0.001*
CG 23.68+5.25 24.16+5.20 0.48 (% 2.02)*
ST1 10.71+6.75 11.57+7.39 0.86( % 8.02)
BFP (%) ST3 14.50+5.04 13.43+4.40 -1.07 (% -7.37)* 5.131 0.016*
CG 14.37+7.11 14.62+6.96 0.25(% 1.73)
ST1 57.62+5.95 58.12+5.54 1.38 (% 2.39)
SMM (kg) ST3 59.62+4.59 62.50+4.40 2.88 (% 4.83)* 6.134 0.007*
CG 59.85+2.79 60.28+3.14 0.72 (% 1.20)

NOTE: *p < 0.05; BW: Body Weight, BMI: Body Mass Index, BFP: Body Fat Percentage, SMM: Skeleton Muscle Mass.
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addition, there was a significant decrease in BFP and a
significant increase in SMM without any change in BW
and BMI values in ST3.

When the performance parameters of groups are
examined, there is no statistical difference in the 10 m
and 20 m sprint and TAT in all groups (Table 3). In VJ
and SEBTR measurements of the subjects. It is seen that
there is test*group interaction and test*group interaction
in these parameters caused by a significant increase in the
results of ST1 and ST3. When the SLJ measurements of
the subjects are analysed, test*group interaction is caused
by a significant improvement in ST3. When the SEBTL
measurements of the subjects are analysed, there is a

Table 3. Comparison of performance tests among groups

significant difference in this parameter between the pre
and post-test measurements of ST1 and ST3, however, this
development does not affect the test*group interaction.
When the dynamic strength tests of groups are
analysed, it is seen that there is test*group interaction in
all parameters (Table 4). In BP, SP and PU measurements
of the subjects, test*group interaction in these parameters
is caused by a significant increase in the results of ST1 and
ST3. In SQ and BC measurements, test*group interaction
in these parameters is due to the development of ST3.
When the RAST measurements of the subjects are
investigated, it is understood that there is no significant
difference for all variables among groups except RAP

Variabls 0 Group PO PotTest ngow o Test'Group
8 ST1 35.28+9.19 37.85+7.21 2.57 (% 7.28)*

VJ (cm) 8 ST3 34.75+4.09 39.75+5.28 5.00 ( % 14.38)* 3.594 0.046*
8 CG 33.62+3.96 34.25+4.33 0.63 (% 1.87)
8 ST1 223.71+19.48  224.14+19.48 0.43(%0.19)

SLJ (cm) 8 ST3 217.00+17.45 223.12+17.55 6.12 (% 2.82)* 15.624 0.000*
8 CG 205.75+19.71  206.00+19.91 0.25(% 0.12)
8 ST1 601.57+62.38 667.85+67.39 66.28 ( % 11.01)*

SEBTR 8 ST3 625.50+453.22  722.50+73.73 97.00 (% 15.50)* 6.766 0.006*
8 CG 677.12+85.86  674.37+66.61 2.75 (% 0.40)
8 ST1 616.71+33.59  662.71+41.13 46.00 ( % 7.45)*

SEBTL 8 ST3 598.62+68.37 664.62+54.81 66.00 ( % 11.02)* 1.232 0.313
8 CG 664.37+491.81  690.12+73.46 25.75 (% 3.87)
8 ST1 2.07+0.07 2.05+0.07 0.02 (% 0.96)

10 m sprint (sec) 8 ST3 2.01+0.05 1.97+0.02 0.04 (% 1.99) 0.542 0.590
8 CG 2.06+0.09 2.04+0.07 0.02 (% 0.97)
8 ST1 4.34+0.06 4.31+0.07 0.03 (% 0.69)

20 m sprint (sec) 8 ST3 4.41+0.04 4.37+0.07 0.04 ( % 0.90) 1.054 0.367
8 CG 4.38+0.06 4.37+0.06 0.01 (% 0.22)
8 ST1 10.48+0.66 10.36+0.71 0.12 (% 1.14)

TAT (sec) 8 ST3 10.44+0.66 10.30+0.70 0.14 (% 1.34) 0.210 0.812
8 CG 10.82+0.48 10.76+0.50 0.06 (% 0.55)

NOTE: *p < 0.05; VJ: Vertical Jump, SLJ: Standing Long Jump, SEBTR: Star Excursion Balance Test Right, SEBTL: Star
Excursion Balance Test Left, TAT: T Agility Test, RAST: Running-based Anaerobic Sprint Test
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Table 4. Comparison of pre and post-test changes of dynamic strength tests among groups

. In-group Test*Group
- + +

Variables n Group Pre-Test X 1SS Post Test XSS Change (%) F
8 ST1 54.28+12.39 61.42+16.25 7.14 (% 13.15)*

BP (kg) 8 sT3 65.00+15.11  79.37+15.45 14.37 (% 22.10)* 8-617 0.002*
8 CG 46.87+9.61 48.12+9.97 1.25 (% 2.66)
8 ST1 75.0045.77 81.42+11.07 6.42 (% 8.56)

SQ (kg) 8 ST3 86.25+22.79 105.62+24.11 19.37 (% 22.45)* 3.774 0.041*
8 CG 71.87+10.32 77.50+12.53 5.63 (% 7.83)
8 ST1 42.85+9.51 55.00+14.71 12.15 ( % 28.35)*

SP (kg) 8 ST3 48.75+11.57 68.62+23.08 19.87 ( % 40.75)* 6.395 0.007*
8 (G 35.62+4.95 38.43+5.49 2.81 (% 7.88)
8 ST1 34.28+6.07 37.85+6.36 3.57 (% 10.41)

BC (kg) 8 ST3 36.25+6.94 47.87+5.89 11.62 (% 32.05)* 14.785 0.000*
8 (G 31.87+3.72 33.75+5.17 1.88 (% 5.89)
8 ST1 18.14+3.67 24.14+3.18 6.00 ( % 33.07)*

PU (rep) 8 ST3 21.8745.81 29.50+6.54 7.63 ( % 34.88)* 27.674 0.000*
8 CG 22.87+4.42 22.37+4.47 -0.50 (% -2.18)

NOTE: * p< 0.05; BP: Bench Press, SQ: Squat, SP: Shoulder Press, BC: Biceps Curl, PU: Push-up.
Table 5. Comparison of pre and post-test changes of RAST among groups
. In-group Test*Group
- + +

Variables n Group Pre-Test X £SS Post Test XSS Change (%) F
8 ST1 497.37+99.95 524.00+99.05 26.63 (% 5.35)

RPP(Watt) g gr3 609.00+175.75 648.00+161.38  39.00 ( % 6.40) 0.068 0.934
8 CG 641.00+105.59 657.25+142.26 16.25 (% 2.53)
8 ST1 495.37+53.20 527.25+63.47 31.88 (% 6.43)

RAP (Watt) 8 ST3 440.00+60.98 511.57+66.65 71.57 (% 16.26)* 2.191 0.138
8 CG 364.62+65.08 383.25+72.61 24.88 (% 6.82)
8 ST1 266.75+58.56 297.00+66.59 30.25 (% 11.34)

RMP (Watt) 8 ST3 328.57+55.44 366.42+64.05 37.85 (% 11.51) 2.695 0.092
8 CG 376.25+46.11 401.62+71.11 25.37 (% 6.74)
8 ST1 7.71+3.45 8.00+2.70 0.29 (% 3.76)

Fi (%) 8 ST3 7.75+3.19 8.12+3.64 0.37 (% 4.77) 0.018 0.982
8 CG 6.25+2.54 6.50+1.92 0.25 (% 4.00)

NOTE: * P< 0.05; RPP: RAST Peak Power, RAP: RAST Average Power, RMP: RAST Minimum Power, Fl: Fatigue Index.

parameter (Table 5). This significance results from the
development of the ST3 in the post-test measurements.

Discussion

The purpose of current study was to examine to
the effects of ST with different frequency on physical,
performance and strength features on untrained university
male students.

In physical features, it was understood that although
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there is no statistical difference in the height of the
subjects, there is a significant difference in BW and BMI
of CG. When BFP and SMM measurements of the subjects
are analysed, the test*group interaction is caused by a
significant improvement in the results of ST3. BW, BMI,
BFP change may vary depending on the type, duration,
intensity and frequency of the training. BW and BMI
generally increase in maximal strength studies performed
to create muscle hypertrophy [29, 30]. Crewther et al.
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investigated the effects of 6-week resistance training
on strength and body composition, and at the end of the
program, they detected a 1% decrease in body fat and
1.3% increase in lean body weight. According to this
information, as a result of training performed 3 days a
week, it was understood that BW remained constant while
the body composition changed, meaning that there was an
increase in muscle mass and a decrease in body fat. Thus,
it is thought that the training sessions play an important
role in the anabolic process due to hormonal changes
and have a positive effect on the increase of muscle mass
while the fat percentage decreases.

In performance parameter, it was detected that
while there is no significance in sprint and agility tests,
a statistically significance was found in VJ and balance
tests between the pre and post-test measurements of ST1
and ST3. Significance was also seen in SLJ because of
the improvement of ST3. Styles et al. applied ST on 17-
18 aged male elite footballers for 6 weeks. As a result of
ST, they detected a statistically significant difference in
squat and sprint performances. The results of this study
differ from our study. As is known, speed is a genetic
ability. However, it is known that speed can be improved
by 10-15% with special and systematic exercises [33].
Therefore, it is considered that the speed and agility
features of the subjects did not develop because of the
fact that no special exercises were applied to improve
speed or agility in ST program implemented in this
study, they were not elite athletes and may have had low
percentage of fast twitch fibril type. According to the
information in literature, the explosive force is a feature
that can be improved by training [34]. Dello Iacono et al.
looked at the effect of force exercises on the lower limbs
on footballers. They stated that strength exercises are
beneficial for the development of lower limb strength and
jumping force when added to training of football players
[35]. Hung et al., in their study, reached the conclusion
that strength exercises performed on 21 male athletes for
8 weeks improved the balance results of the participants
[36]. These studies support our results. As a result of
ST, it can be said that especially squat exercise in our
program causes an increase in leg muscle strength and
this situation positively increases VJ, SLJ and dynamic
balance features.

In strength parameter, it was determined that while
statistical significance in BP, SP and PU was caused by the
development of training groups, the significant difference
in SQ and BC was due to the improvement of ST3.
According to the researches, there are many factors that
affect the force; it may change depending on the strength
development, the size of the muscles contracting, the
duration and scope of the contraction, the quality of the
training, the number, the methods applied, the working
order, the working ankle of the joints, external factors
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such as nutrition and seasonal conditions [18]. Hermassi
etal. applied ST 3 days a week for 8 weeks to 34 elite male
handball players, whose ages varied between 16 and 19.
They found a statistically significant difference between 1
maximum bench press pre-test and post-test results [37].
As a result of a study the development of the group who
worked out 4 times a week was higher than those who
worked out 2 and 3 times after eight months of training
[38]. In another study, McKenzie examined strength
gains on untrained males who performed bench press lifts
once, twice, three, four or five times a week for 8 weeks
[39]. The result suggested that the group who worked out
5 times a week had greater strength improvements than
the other groups [39]. The results of current study are
similar to the results revealed in these researches applied
on untrained subjects. Accordingly, it is thought that the
number of strength training applied per week affects the
amount of muscle hypertrophy and strength gain.

In anaerobic power measurements of the subjects,
there is a significant difference in RAP between the pre
and post-test measurements of ST3. Although it is known
that strength training increases anaerobic power, there
is no statistically significant difference in RPP, RMP, FI
results. It is thought that the reason for this is that the
subjects are untrained individuals, they have not actively
involved in any sports branch before and they generally
lead a sedentary lifestyle. When other tests giving an idea
about anaerobic power are examined, it was seen that ST1
and ST3 made progress in VJ and ST3 improved in SLJ
significantly. Although the RAST results do not support
the jump results, it is figured out that the reason why the
subjects have a significant difference in the jump results
is that they are familiar with the jump style movements
rather than pedalling. Besides, the increase of RAP value
of ST3 shows that the strength resistance feature of
subjects has improved in terms of intensity and volume.

Conclusion

According to the results in current study and the
information in literature, it is seen that factors such as
the type, intensity, duration and frequency of the exercise
selected in the application of ST, as well as the physical
fitness level of the participants are important. In particular,
it is observed that body composition, performance
characteristics and strength gain are more effective in
untrained individuals who apply ST three times a week
than the ones who participate in ST once or twice a week.
In conclusion, it can be said that 6-week strength training
applied on untrained male students has a positive effect
on physical, performance and strength features. Also,
frequency of training plays a key role.
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