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Section III — Sports and Physical Activity

The Effect of Unilateral and Bilateral Leg Press Training
on Lower Body Strength and Power and Athletic Performance
in Adolescent Rugby Players

by
Xiang Zhao *, Anthony P. Turner 1, John Sproule !, Shaun M. Phillips !

This study aimed to compare the effects of 5 weeks of unilateral and bilateral leg press training on lower body
strength, linear sprinting and vertical jumping performance in adolescent rugby players. Twenty-six male adolescent
rugby players (age = 15.3 + 0.4 years) were assigned via stratified block randomization to unilateral (n = 9), bilateral (n
=9) and control (n=8) groups. Training consisted of either the unilateral or the bilateral leg press twice weekly over five
weeks, with the control group maintaining habitual training. Lower body unilateral and bilateral strength, vertical jump
and linear sprint performance were assessed before and after training. After 5 weeks of training, both training groups
significantly increased the 5-repetition maximum bilateral leg press (unilateral group = 8.9%, d = 0.53; bilateral group =
10.9%, d=0.55, p <0.01) and the 5-repetition maximum unilateral leg press (unilateral group =20.2%, d=0.81; bilateral
group =12.4%, d = 0.45, p <0.01). There was no significant difference between the size of improvement in unilateral and
bilateral groups in the 5-repetition maximum bilateral leg press, but the 5-repetition maximum unilateral leg press
increased significantly more in the unilateral group (p < 0.05). No significant training effects were found for vertical
jump or linear sprint performance. The results indicated that unilateral leg press training was as effective as bilateral leg
press training in improving bilateral strength and more effective in improving unilateral strength in adolescent rugby
players. However, strength improvement did not transfer to athletic performance improvements in either group

Keywords: single-leg; bilateral deficit; linear sprint; vertical jump

Introduction tackling ability, sprinting performance and injury
prevention. Potential benefits of resistance training
(RT) in youth rugby players include increased
muscle strength, lower rates of sports-related
injury, an increased bone strength index and an
associated decreased risk of fractures (Faigenbaum

rugby is heavily reliant on players possessing etal,, 2009; Myers et al., 2017). Evidence shows that
appropriate levels of strength, power, speed,

agility and endurance. With regard to muscular
strength and power, there is evidence suggesting

Rugby is a sport demanding a high level of
physical fitness, with players performing frequent
bouts of intense activity involving sprinting,
jumping, physical collision and tackles. Success in

regular participation in a RT program in a safe
environment with correct exercise technique and
proper supervision is safe for youth populations
(Faigenbaum et al., 2010).

Traditionally, bilateral (BL) RT is more
frequently implemented than unilateral (UL) RT,
which tends to be used more as assistance training
(McCurdy et al., 2005). Some authors have argued
that BL RT is superior to UL as it allows greater
absolute force production (Bobbert et al., 2006).

that elite rugby union players are generally
stronger and more powerful than sub-elite players
(Quarrie et al, 1995). Baker et al. (2008) also
reported greater muscular strength and power
measurements in elite junior rugby league players
compared with sub-elite players. Well-developed
muscular strength and power contribute to
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However, this argument can be challenged
according to the ‘bilateral deficit’ phenomenon,
where the maximal voluntary strength of both
limbs contracting simultaneously is less than the
sum of the maximal voluntary strength of each
limb contracting independently, resulting in a
higher relative intensity of work to be performed
in UL than BL RT (Costa et al., 2015; Jones et al.,
2012). In addition, many sporting movements are
performed unilaterally or with weight transferred
to one leg at a time, such as running, jumping,
kicking and changing direction. According to the
principle of specificity, training exercises closer to
the specific exercise task are more likely to result in
greater training outcomes. Additionally, in BL RT,
the dominant limb may compensate for the weaker
side, leading to uneven training loads, and the
resulting imbalance may be a precursor to the
potential musculoskeletal injury; by comparison,
UL RT allows direct loads aimed for each limb,
such that the between-limb asymmetries may be
corrected to reduce the corresponding muscle
imbalance.

Previous studies have demonstrated that BL
and UL RT tends to improve muscle strength and
power to a similar extent in healthy adults and
adult rugby players (McCurdy et al., 2005; Speirs et
al,, 2016). However, these studies focused on
comparing the effects of UL and BL resistance
exercise using the back squat in an adult
population (McCurdy et al., 2005; Speirs et al.,
2016). It is widely considered that free weight RT
promotes superior transfer to sports specific and
motor performance compared to machine-based
exercise and this has also been reported for the leg
press (LP) (Wirth et al., 2016). In contrast to the
back squat, the leg press is a closed kinetic-chain
machine exercise widely used in athletic training
and rehabilitation to enhance performance and
promote functional movement patterns. One
argument for the use of the LP in such settings is
that compared with free weight lower body RT, the
LP performed on a fixed trajectory with safety pins
employed to limit the range of motion may be
safer, particularly for UL activities. The LP
overloads the gluteus maximus, hamstrings and
vastus medial obliquus muscles and, moreover,
has  biomechanical and neuromuscular
resemblance to many movements that are required
during rugby, like running, sprinting and jumping.
Previous studies have shown improved muscle
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strength, balance, vertical jump height, horizontal
jump distance and sprinting ability in young and
old adults (Correa et al., 2012; Pamukoff et al., 2014;
Wawrzyniak et al., 1996) following LP training.
Furthermore, the LP has been reported to improve
1- repetition maximum (RM) box squat strength by
50.4% after 15 weeks of training in adolescent
rugby union players (Smart et al., 2013).

UL and BL squats can improve lower body
strength and athletic performance to a similar
extent in adults (Jones et al., 2012; Speirs et al., 2016;
McCurdy et al., 2005). However, a comparison of
UL and BL lower body strength training has not
been carried out in youth athletes. Considering the
benefit of the LP as a safe and effective exercise for
improving muscular strength and athletic
performance in adolescents, the purpose of this
study was to compare the effectiveness of BL LP
and UL LP training in lower body muscle strength,
linear sprinting and vertical jumping performance
in adolescent rugby players. We hypothesized that
the UL LP and the BL LP would be equally effective
in improving young adolescent rugby players’
lower body muscle strength, linear sprinting and
vertical jumping performance, compared to a
control group not undertaking LP training

Methods

Participants

Sample size estimation for the study was
calculated from the equation recommended by
Hopkins (2004). In this equation, CV refers to the
coefficient of variation, and SWC refers to the
smallest worthwhile change. The SWC was
calculated as a factor of 0.2 of the between-subject
standard deviation. According to the data collected
from an initial pilot study and the published data
(Dobbin et al., 2018), the calculated sample size was
initially eight participants per group.

Sample size = 8 * (CV2/SWC2)

Twenty-six adolescent male school rugby
union players (age = 15.3 + 0.4 years, body height =
179.5 + 6.5 cm, body mass =74.5 + 6.4 kg, maturity
offset: +1.9 + 0.4 years) participated in this study.
Participants’ characteristics of all groups are
presented in Table 1. A Fitquest Junior Children’s
Physical  Activity Readiness Questionnaire
evaluated suitability to participate in the study.

Inclusion criteria were healthy, no

http://www .johk.pl
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contraindications to RT, free of musculoskeletal
injury and able to complete at least 10 repetitions
of 36 kg (the minimum resistance of the LP
machine) using the non-dominant leg. All
participants regularly took part in school-based
rugby training (2 x 60 min/week), a rugby match (1
x 60 min/week), RT (including traditional strength
training and power training, 1 x 60 min/week) and
physical education classes (2 x 50 min/week).
Participants were requested not to partake in any
additional lower body RT and the control group
did upper body RT during the period of the study.
All participants and their parents/guardians
provided voluntary written informed consent after
reading the information sheets. The study was
approved by the Institutional Research Ethics
Committee and conducted according to the
Declaration of Helsinki.

Design and Procedures

This study employed a stratified block
randomized parallel pre-post measures design.
Participants were randomly allocated to one of the
training groups (UL and BL) or a control group
(CON), with the blocking factor being maturity
offset, expressed as age at peak height velocity
(Mirwald et al., 2002). All groups maintained their
habitual rugby training with the training groups
receiving either UL or BL LP training twice weekly
for five weeks with the same relative loads, while
the CON did no additional training. Five-RM UL
and BL LP, countermovement jump (CMJ), and 30-
m linear sprint tests were conducted the week
before and after training.

The study procedure is shown in Figure 1. A
10-min standardized warm-up was performed at
the beginning of all sessions consisting of five min
jogging at approximately 10 km/hour, followed by
a series of dynamic stretches with the emphasis on
specific lower body movements, joint mobility and
injury reduction. Dynamic stretches consisted of
five movements (hand walk, lunge walk, high knee
skip, heel ups, high knee run). Participants
performed each dynamic stretch for a distance of
13 m, rested for 10 s at the end, then repeated the
stretch for further 13 m. Verbal instructions and
physical demonstrations were used to help
participants maintain proper technique during all
dynamic stretching exercises.

Familiarization

In the first familiarization session,

anthropometric data (body mass, body height,

sitting height) were collected. The dominant leg,
defined as the preferred leg for kicking a ball, was
selected and used for UL LP exercises, tests and
analysis. The UL and BL LP exercise techniques
were explained verbally and demonstrated by the
researcher. Each participant was guided to practice
three sets of 10 repetitions of the UL and BL LP
with 36 kg starting resistance and three min of rest
intervals between each set. All participants were
deemed able to perform the exercise with proper
technique by the researcher and their coach.
Following the practice, the predicted 1-RM UL and
BL LP were measured. With assistance from the
coach, participants were asked to choose a load
that they believed they could lift five times. They
were then asked to complete as many repetitions
as possible at that load until they could not
continue with the correct technique or the full
range of motion. If the number of repetitions
exceeded 10, another test was required after
participants had fully recovered. The adjusted
weight was based on how comfortably the
participant performed the exercise during the last
set. The purpose of measuring the predicted 1-RM
strength test was to standardize the loads for
familiarization and 5-RM strength measurement.
All predicted 1-RM measures were determined
within two trials. Predicted 1-RM was calculated
using the following formula (Epley, 1985):

Predicted 1-RM = (1+0.033xrepetitions) x repetition
weight

Two additional familiarization sessions
were carried out, each separated by 48 hours. In
familiarization =~ session  two,  participants
performed three sets of 10 repetitions at a sub-
maximum (50% predicted 1-RM) load for the UL
LP and the BL LP interspersed with three min
recovery. Familiarization session three was similar
to the second one with the load increased to 85%
predicted 1-RM for five repetitions.

Measures
Test Session 1
30-m Linear Sprint

The 30-m linear sprint was evaluated two
days after the last familiarization session in an
indoor basketball hall with wooden floor by
application of a high-speed smartphone camera
and the MySprint app. The app measured time of
the 40-m sprint showed perfect correlation with the

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
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photocell measurement (r = 0.989-0.999, standard
error of estimate = 0.007-0.015 s) (Romero-Franco
etal., 2017). With the frame by frame playback, this
method allows for precise determination of the
time when the participant crosses the marker.
Using the recommended protocol detailed in
Romero-Franco et al. (2017), the smartphone was
set perpendicular to the track at the 15 m marker
and at 10 m from the track and was mounted to a
tripod at a height of 80 cm for smooth recording. A
crash pad was placed 5 m from the end of the track
to ensure participant’s safety. Three min following
the  standardized  warm-up,  participants
performed three sprints separated by at least two
min of passive recovery. Participants were
instructed to use a crouching start position
(staggered-stance) with their right hand on the
start line of the track. They were asked to exert
maximal effort and not to slow down until they
reached a cone placed 2 m beyond the 30-m line.
The best performance achieved in the three trials
was taken as the representative value of this test.
5-RM UL LP Test

Five min after the 30-m linear sprint test, the
5-RM UL LP test took place. During all 5-RM tests,
each participant was supervised by the same
researcher who monitored the technique and the
range of motion. The 5-RM test used the protocol
adapted from Haff et al. (2015). Tape was placed 10
cm from the top of the LP machine footplate to
standardize the participant’s foot placement. A set
of timing gates (Brower Timing Systems, Utah,
USA) were used to ensure participants reached the
designated depth in order to standardize the
movements. In UL and BL LP exercises, timing
gates were set at the height of 50 cm. By moving
the timing gates horizontally, participants could
reach the designated 90° knee joint angle,
determined by a right-angled object with the beam
from the timing gates as shown in Figure 2.

Participants sat on the linear LP machine
(Hammer strength 45° Plate-Loaded linear Leg
Press; Illinois, United States) with their lower back,
hips, and buttocks pressed against the pad, their
foot placed at the center of the footplate marked
with the tape and their hands holding the handles
on the side of the machine. Participants attempted
five repetitions starting from 50% of the estimated
1-RM measured during the familiarization session.
All participants were requested to exert maximal
effort during the tests. A successful lift was

Journal of Human Kinetics, volume 86/2023

performed when the beam of the timing gate was
broken at the end of the eccentric phase. At this
point, participants were required to start the
concentric contraction immediately rather than
going beyond the required depth. If participants
achieved five repetitions, the load was increased
by 10-20% after three min of passive recovery until
a successful 5-RM set could not be completed with
a full range of motion; then, the load was reduced
by 5-10% until five repetitions were completed. If
participants deviated in any way from the required
technique, the attempt was voided. All tests were
completed within five attempts, thereby
minimizing the potential confounder of
cumulative fatigue. Two pieces of cardboard were
used to shield the load on the LP machine from the
vision of the participant. For this test, our
unpublished data showed a high level of test-retest
reliability in a similar participants’ group
(adolescent school rugby players) with an intra-
class correlation (ICC) = 0.97, coefficient of
variation (CV) = 4.6% and smallest worthwhile
change (SWC) =5.8 kg.
Test Session 2
Countermovement Jump Test

Two days after the first testing session, test
session two took place. Following completion of
the  standardized  warm-up,  participants
performed the CM] test with hands placed on the
hips to eliminate arm assistance while the feet were
shoulder-width apart. Participants were instructed
to stand still on the force plate (Kistler K2875A,
Kistler, Winterhur Switzerland) for 5 s, then
rapidly squat down to a self-selected depth and
immediately perform an explosive CM] upright
with legs extended. Following the jump,
participants were instructed to land back on the
force plate and stand still until the completion of
data collection. Three jumps were performed with
a one-min rest interval between each attempt. The
highest CM] was recorded for further analysis.
5-RM BL LP Test

Five min after the CM]J test, the 5-RM BL LP
test was completed, similar to the UL LP test.
Participants sat on the LP machine, feet were
placed at the marked place on the footplate, and a
successful press was performed when the knees
reached 90° of flexion (end of the eccentric phase)
before extension to the straight leg. For this test,
our unpublished data showed a high level of test-
retest reliability in a similar participants’ group

http://www .johk.pl
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(adolescent school rugby players) with an ICC =
0.98, CV =7.6% and SWC =10.4 kg.
Training Intervention

Training was conducted twice weekly on
two non-consecutive days in the morning for 5
weeks. The training period was selected in
accordance  with  previous research that
demonstrated positive adaptations in strength and
athletic performance following short-term RT in
adolescents  (Gonzalez-Garcia et al, 2017;
Gorostiaga et al., 1999) and to allow for two weeks
of pre and post intervention tests within an
education term. One-RM UL and BL LP loads were
estimated based on individual 5-RM tests results.
To be included in the final analyses, participants
were required to complete at least 80% of the
training sessions. Each training session consisted
of the UL or BL LP with 7 repetitions at 70% 1RM,
4 repetitions at 80% 1RM, 3 repetitions at 85% 1RM,
and 2 repetitions at 90% 1RM with two min rest
intervals between each set (Chelly et al., 2009). The
aim of this RT program was to increase muscle
strength as detailed by Blimkie et al. (1998).
Participants were required to perform the exercise
with a 2:0:1 tempo whereby the concentric and
eccentric phases were completed in 1 and 2 s,
respectively, with no pause between phases. A
metronome was used to facilitate the completion of
the exercises at an appropriate tempo. The
intensity was standardized across groups using the
same relative intensity at a percentage of 1-RM in
each exercise and the UL group trained both legs
individually. Three min of rest were allocated
between sets. Verbal encouragement was given
when participants struggled to move the weight. In
the third week, individual estimated 1 RM (UL or
BL LP) was reassessed using the same 5-RM
strength test protocol and absolute training loads
were adjusted accordingly to maintain
progression. Training groups performed the UL or
BL LP as the only lower body exercise, with no
additional lower body strength training performed
outside the intervention. Participants trained the
UL LP on both legs, with the dominant leg used for
UL strength statistical analysis.
Statistical Analyses

All data are expressed as mean + standard
deviation (SD). Statistical analyses were performed
using the Statistical Package for Social Sciences
(SPSS) 22.0. Before using parametric tests, the
assumption of normality was verified by the

Shapiro-Wilk test. A two-factor mixed analysis of
variance (ANOVA) (three conditions x two time
points) was conducted, followed by paired t-tests
as post hoc tests to compare the effects of training
within each group. The Mauchly’s test was used to
evaluate the homogeneity of variances. Effect sizes
(ES) were also calculated using Cohen’s d, where
appropriate, to provide the magnitude of
treatment effects with 0.2, 0.5 and 0.8 considered to
represent small, medium and large effects. A one-
way ANOVA was also applied to compare group
differences of anthropometric characteristics and
group pre-to-post-test change scores in the event of
a significant interaction effect of time x group with
the Tukey’s post-hoc test used when appropriate.
The criterion level for significance was set at p <
0.05.

Results

Of the 26 participants, 19 (seven for UL,
seven for BL and five for CON) were included in
the final data analysis as four participants were
removed due to injury from rugby training and
three participants failed to attend over 80% of the
training sessions. No significant differences were
found for body height (F223 = 0.078, p = 0.925), body
mass (F223 = 0.06, p = 0.942), age (F223 = 0.342, p =
0.714) and maturity offset (F223 = 0.004, p = 0.996)
between groups. Other results are summarized in
Table 2 and Figure 3.

There was a significant main effect of time
for the 5-RM BL LP (F1, 16 = 100.32, p < 0.01, n? =

0.86), and a significant interaction effect (F, 16
23.38, p < 0.01, r]zz7 = (0.75). After five weeks of

training, both the UL (ts=-8.556, p <0.01, ES=0.53)
and BL (ts = -8.773, p < 0.01, ES = 0.55) groups
experienced significant improvements in the 5-RM
BL LP, while no improvement was seen in the CON
(t« = =0.09, p = 0933, ES = 0.01). There was a
significant difference in the 5-RM BL LP pre-to-
post training change score between groups (F2, 16 =
23.379, p<0.01), with UL and BL groups presenting
increases in strength greater than the CON (p <
0.01), but no significant difference between the UL
and BL LP (p=0.22).

The 5-RM UL LP also showed a significant
main effect of time (F1,16=115.6, p <0.001, r]zza =0.88)

and a significant interaction effect (F2, 16 = 39.62, p <
0.001, n2 =0.83). Following training, BL (ts =~10.74,
p < 0.01, ES = 0.45) and UL (ts = -9.27, p < 0.01,
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ES=0.81)  groups  experienced  significant
improvements in the 5-RM UL LP, while no
improvement was seen in the CON (ts =1.570, p =
0.19, ES =0.01). There was a significant main effect
between groups (F2 16 = 50.38, p < 0.01) for the pre-
to-post training change score. Both UL and BL
groups had greater strength increases than the
CON (p < 0.01) and the UL group had significantly
greater strength increases than the BL group (p =

There was no significant effect of time for the
30-m linear sprint (F2 13 =0.002, p = 0.968, r]zz7 <0.01),
CM]J height (F2 13 = 4.606, p = 0.051, 7 = 0.262) or
CMJ PP (Fu13 = 0.959, p = 0.345, n2 = 0.069), nor was

there a significant interaction effect of time and
group for the 30-m linear sprint (F2 13 =1.251, p =
0.319, Ylf, = 0.161), CM] height (F2, 13 = 0.336, p =
0.720, rllf7 =0.049) or CM]J PP (F2,13=0.385, p = 0.385,

0.02).

nZ =0.136).

Table 1. Descriptive statistics for anthropometrics per group (Mean + SD).

Group  Number Age (year) Body height Body mass (kg) Maturity offset (year)
(cm)
CON 8 153 £0.4 179.4+5.2 752+5.7 19+04
UL 9 15.3£0.3 178.9+8.2 743+7.7 19+0.5
BL 9 152+05 180 £4.5 742+6.5 19+04

BL = bilateral training group; UL = unilateral training group; CON = control group

Table 2. Mean and SD of strength, CMJ and sprint tests pre and post training by group.

Test Group Pretest Posttest Difference (%) ES
CON 349+58 35.8+6.0 2.5 0.15

CM]J height (cm) UL 37.7+3.0 38.6+45 2.3 0.24
BL 37.8+5.6 38.3+£5.7 1.3 0.09

CON 3227 + 635 3327 +736 3.1 0.15

CMJ PP (W) UL 3554 +210 3665 + 303 3.1 0.43
BL 3459 + 527 3516 + 562 1.6 0.10

CON 4.75+0.40 4.78 +0.37 0.6 0.08

30-m linear sprint (s) UL 4.66+0.24 471+0.28 1.1 0.19
BL 4.70 +0.34 4.67 +0.31 -0.6 0.09

CM] = countermovement jump; BL = bilateral training group; UL = unilateral training group;
CON = control group; ES = effect size; PP = peak power

Week 1 Familiarization
Pretest
Week 2 30-m linear sprint and CMJ and 5-RM BL LP
5-RM UL LP test test
v v v
Week 3—7| 3 weeks of UL 5 weeks of BL CON
LP training LP training

Posttest

Week 8 30-m linear sprint and CMJ and 5-RM BL LP
5-RM UL LP test test

Figure 1. Study procedures.
UL LP = unilateral leg press; BL LP = bilateral leg press; CON = control; CM] = countermovement jump;
RM = repetition maximum

Journal of Human Kinetics, volume 86/2023
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Figure 2. Individual recorded distance where the knee angle reaches 90°.
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Figure 3. The 5-RM BL LP and UL LP test mean and individual change between pre and post training.
*Significant within group difference #Significant between group difference
UL LP = unilateral leg press; BL LP = bilateral leg press; CON = control
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Discussion

This study is the first to compare the effects
of UL and BL LP training on lower body muscle
strength, linear sprinting and vertical jumping
performance in adolescent rugby players. The
results indicate that UL LP training is as effective
as BL LP training in improving BL strength and is
more effective in improving UL strength.
However, there was no significant effect of either
training modality on vertical jumping or linear
sprinting performance.

Both the UL and BL groups demonstrated
significant improvements in the 5-RM BL LP while
the CON did not. Although the increase in the 5-
RM BL LP for the BL group (10.9%; ES = 0.55) was
larger than in the UL group (8.9%; ES = 0.53), there
was no significant difference between the two
training groups. The increase in strength in the BL
group was consistent with other studies (Glowacki
et al., 2004; Rossi et al., 2018; Wirth et al., 2016) in
which significant increases were found after LP
training. Glowacki et al. (2004) reported that 12
weeks of resistance exercise including the LP, leg
curl and standing calf raise, resulted in a 19.9%
improvement in the 1-RM LP test in untrained
male adults. Even greater improvement was seen
by Rossi et al. (2018) who found that after 10 weeks
of LP training, the 1-RM LP strength improved by
35.2% in a male university student population.
Wirth et al. (2016) showed significantly improved
1-RM LP strength (27.6%) after eight weeks of LP
training in university students. It is not surprising
that the current study demonstrated less
improvement because the abovementioned studies
used longer periods of training and employed
untrained participants.

Our study is the first to report on the effect
of UL LP training on BL strength in adolescent
rugby players. A similar improvement in the 5-RM
BL LP between BL and UL groups indicates that
UL training can be as effective as BL training in
terms of improving BL strength. It has been
suggested that  there is comparable
electromyography (EMG) in the UL and BL LP
when relative intensities are matched, as the
movements were performed in a fixed trajectory
and with a similar movement pattern (MacDonald
et al,, 2014). Therefore, the similar 5-RM BL LP
strength adaptation could be attributed to
comparable neuromuscular activations with the
same load performed unilaterally and bilaterally.

Journal of Human Kinetics, volume 86/2023

Both training groups showed significant
improvements in 5-RM UL LP strength, with the
improvement significantly larger in the UL group
(20.2%; d = 0.81) than in the BL group (12.4%; d =
0.45). No other studies have examined the
effectiveness of the BL and UL LP in UL strength
measurements. However, some studies that have
compared UL and BL squat exercise on UL and BL
strength measurements reported no difference
between UL and BL training in healthy adults and
rugby players (Jones et al., 2012; Speirs et al., 2016).
It seems that in our population with the use of the
BL/UL LP exercise, UL training could be more
effective than BL training in improving UL
strength. A possible explanation for this might be
that UL training offered more training specificity
to the UL tests (Morton et al., 2019). Additionally,
because of the existence of the bilateral deficit
phenomenon (total amount of force produced
during BL contraction is less than the sum of two
UL contractions), the UL group received greater
training loads compared with the BL group and
this could be another mechanism for the greater UL
strength improvement in the UL training group
(Costa et al., 2015; Jones et al., 2012).

No statistically significant difference was
found for the CM] in the UL, BL or CON groups.
However, there was a small to medium effect size
in the CM] test variables (Table 1). These results are
in line with authors who reported no statistically
significant change for the CMJ in the LP group,
after eight weeks of training, in a young adult
population (Toumi et al., 2004). Interestingly, in
that study, with the same protocol, a squat group
showed significantly improved (12.0%) CM]J
performance. A similar result was seen by Toumi
et al. (2004) with no significant difference in CM]J
performance compared with the pre-test value
after six weeks of LP training. Blanchard et al.
(2015) also found no meaningful improvement in
the vertical jump after 8 weeks of LP training in an
adolescent population. It is believed that free
weight exercise is superior to machine-based
exercise for promoting transfer to sport-specific
and functional skills (Stone et al., 2002). This is
probably because of mechanical specificity, as free
weight exercises are closer to the movement
pattern, force application and velocity of the
movements when performing functional tasks
(Stone et al., 2002). Furthermore, free weight squat
exercises induce more muscle activation in the
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lower limbs than Smith the machine squat
(Schwanbeck et al., 2009). In addition, free weight
exercise results in a greater acute hormonal
response than machine weight exercise (Shaner et
al., 2014). These results differ from Rossi et al.
(2018) who indicated a significantly improved CM]
(3.3%) after 10 weeks of LP training, which is
greater than the change in our study. However, it
is worth noting that other additional lower
extremity RT or endurance training may have been
confounding factors that impact the reliability of
the study. Wirth et al. (2016) noted that it was
preferable to use the squat rather than the LP to
improve jump performance, and as a machine-
based exercise, the LP itself was questioned
regarding the limited transfer effect compared
with the free weight exercise like the squat.

Unlike BL LP exercise, there is not yet any
published research focused on the effect of the UL
LP on the CMJ. Wawrzyniak et al. (1996) found that
after six weeks (three sessions per week) of UL LP
training in a group of untrained young adults,
there was no statistically significant difference in
single-leg hop distance compared with the CON,
which is in line with our findings.

No significant pre-post difference in the
30-m linear sprint test was also found for all three
groups. This finding is also consistent with
Blanchard et al. (2015), who did not find significant
changes in the 40-yard (36.6 m) sprint in adolescent
boys after eight weeks of LP training. No study
thus far has investigated the effect of the UL LP on
sprint performance. Because CM] power is
strongly correlated with sprint performance (r = -
0.68) in team sport athletes, it is not surprising that
sprint performance did not show significant
improvement either (Sleivert et al., 2004). The lack
of a main effect for 30-m linear sprinting tests in
this study may be attributed to the short duration
of the training period. Five weeks of training may
be too short for adolescent players to transfer
strength gain to an improvement in the 30-m linear
sprint as well as the CM]. Another explanation for
the lack of improvement in vertical jumping and
sprinting performance could be the lag-time effect.
The term ‘lag time’ refers to the delay between

increased muscle strength and the ability to
actualize increased strength into the improved
performance like sprinting and jumping
(Nimphius, 2010). The length of lag time may vary
for different exercises used for training and it could
last for as long as one month (Stone, 1987).
Furthermore, the higher level of sprint acceleration
performance is more related to the horizontally-
oriented ground reaction force vector (Bezodis et
al., 2017). It is therefore not surprising to find no
significant effects on the 30-m linear sprint as the
LP is performed in a vertical direction relative to
the body position.

The major limitation of our study was the
relatively small sample size, partially limiting the
generalizability and interpretation of our findings.
Our study was also limited by the short period of
training and only one resistance exercise
performed in each group. Combined these may not
be sufficient to elicit training effects, at least for
athletic performance outcomes such as vertical
jumping and linear sprinting.

In conclusion, 5 weeks of UL or BL LP
training significantly improved BL lower body
strength of adolescent rugby players to a similar
extent, and UL LP training was more effective for
improving UL lower body strength. Neither UL
nor BL LP training significantly improved vertical
jumping or linear sprinting performance. The
results of this study indicate that 5 weeks of UL or
BL LP training performed twice per week using
five sets and relative intensities ranging from 70 to
90% can significantly improve BL strength to a
similar extent in adolescent rugby players.
However, UL LP training may be preferable to the
BL LP in improving UL strength. If practitioners
aim to improve BL lower body strength of
adolescent rugby players, they may consider
incorporating the UL and/or the BL LP twice per
week using five sets and relative intensities
ranging from 70 to 90% for at least 5 weeks. If the
aim is to improve UL strength, the UL LP should
be used with the same training variables as above.
When the target is to improve vertical jumping and
linear sprinting, practitioners should probably try
to extend the training period or use alternative
approaches
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