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Abstract Lower body muscular strength and power output are fundamental requirements for individuals seeking success
in competitive athletics. The optimal resistance training protocol for improving the aforementioned attributes for high school
aged male athletes is a topic of ongoing research. Purpose: This study focused on a sample of high school male athletes and
examined the effects of two resistance training protocols that differed only in that one experimental group used a complex
training protocol. Methods: High school male athletes (n=38; 15-18 years) were separated into two groups (RTG-resistance
training group and CTG-complex training group) via a randomized matched pair design based on initial 1-RM back squat (BS)
ability. Both experimental groups employed linear periodization models with respect to the BS over a 6-week resistance
training intervention period with auxiliary lower body resistance training exercises (leg extensions, hamstring curls, calf
raises, etc.) and volume held equal between the study groups. Additionally, the CTG performed box jumps following the BS.
Dependent variables (i.e., the 1-RM BS and the vertical jump (VJ)) were collected pre and post the study intervention period.
Dependent t-tests were used to compare the BS and VJ scores from pre to post study within experimental groups. Results:
Both the RTG and CTG improved their lower body leg strength as measured by the 1-RM BS (p<0.01). However, only the
CTG improved from pre to post study intervention for the VJ (p<0.01). Discussion: The results of this study are consistent
with previous literature in that lower body strength and power will increase when pairing both the BS and explosive, ballistic
type exercises in a RT protocol known as CT. Conclusion: Within the parameters of this study, CT improves both muscular
strength and power output in male high school athletes.
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for young individuals with aspirations to participate in a
meaningful fashion in recreation or competitive sports.
Exercise modalities such as the squat have been used to
increase strength (and hence power) in the trunk and lower
body known as the power zone [5]. In young individuals,
modality selection is of particular importance and exercise
selection is advised to progress from basic to more
challenging movement patterns [3].

Complex training (CT) is a resistance training routine
that is considered as an approach for improving lower body
power output [6]. CT involves the combination of
performing a resistance exercise (e.g., back squat) followed
soon thereafter by a biomechanically similar explosive
movement (e.g., a ballistic countermovement jump). The
combination of movements is referred to as a complex pair

[3]. . L. [7]. Both of the aforementioned movement patterns could
A base level of muscular strength is the underpinning for "o nqjgered hasic and fit well within Faigenbaum’s et al.

building muscular power, which is of particular significance [3] advice regarding exercise selection for youth
CT is based on the concept of postactivation potentiation

1. Introduction

Resistance training (RT) is recognized to have positive
adaptations in bone health, body composition, motor skill
development, a reduction in sport related injuries, and
potentially improved psychological well-being in youth
[1-4]. Further, there appears to be evidence that sport
performance may be boosted as a result of RT, albeit
limited [1]. The investigators of the aforementioned
research suggest that further exploration is warranted with
respect to RT and youth in the areas of health related
benefits, physiological mechanisms, and the ideal RT
program variables for youth [1-3]. In this regard, youth is
approximately defined to range from children to adolescents
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(PAP). PAP is an acute heightened level of muscle function
subsequent to an intense muscle activity [8]. The suggested
mechanisms leading to the PAP occurrence have been
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elucidated elsewhere [9]. It is postulated that the potentiated
state of neuromuscular activity may acutely increase
performance capabilities of the muscle, which repeated over
time in a training program may produce superior chronic
adaptations compared with other training approaches [10].
CT attempts to exploit the effects of PAP where by an
explosive movement is performed soon after a heavy
loading conditioning activity (i.e. back squat) while the
neuromuscular system is in an “excited” state [7, 10].

The National Strength and Conditioning Association
(NSCA) suggest that PAP as a RT modality be “reserved
for resistance-trained power athletes with high relative
strength” [9] as it does not manifest as an observable
phenomena in recreationally trained individuals [9].
However, we are aware of three previous studies where
training status and/or relative strength was well below the
NSCA’s recommendations and positive results were
evidenced as a result of implementing a PAP warm up
protocol [11-13].

Given the need to determine the ideal RT program
variables for youth [1-3] as well as to provide further
insight into the benefits of CT that relies upon the PAP
phenomena, we decided to conduct a CT study with a
sample of high school aged male athletes. The complex pair
of movements used in the current study were the back squat
(BS) and the box jump (BJ). It was hypothesized that
vertical jump (VJ) height and 1-RM back squat strength
would increase to a greater level in a RT protocol utilizing
CT (CTG) than an identical RT (RTG) protocol without CT.

Pre-study
assessment

Participant
Recruitment
(n=38)

Record Age,

. . Height & Mass
Orientation

Collect: 1-RM BS

Gather Informed and V]

Consent/Assent

2. Methods

2.1. Participants

Thirty-eight high school aged (15-18 years old) male
athletes that play different sports (i.e. participated in
organized high school football, wrestling, basketball, soccer,
and track) from Murray High School in Murray, Utah
volunteered for the study. Permission to conduct this study
was obtained through the University Institutional Review
Board, and each participant and their parent or legal guardian
gave written consent prior to engaging in the study. Criteria
for study inclusion was that the participants be injury and
disability free such that they would not be prevented from
full participation in the study training and testing protocols.

2.2. Instruments and Apparatus

Study training and testing sessions were conducted in the
Weight Room at Murray High School in Murray Utah.
Equipment required to collect the 1-RM BSs in this study
included a 20.45 kg barbell and weighted plates (ranging
from 1.14-20.45 kgs) as well as squat racks housed in the
Weight Room. VJ measures were collected with a Vertec
(Sports Imports, Columbus, Ohio) on a basketball court in
the Auxiliary gym located in near proximity to the Weight
Room. The Weight Room also housed the ancillary RT
equipment that was used during the course of the study.

Weeks 1-6: Post-study

assessment

Study groups
engaged in the
training
intervention

Collect: 1-RM BS
and V]

Figure 1. Study time line (BS-back squat; 1-RM-one repetition maximum; VJ-vertical jump)

Figure 2. Weight Room at Murray High School in Murray Utah
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Table 1. Experimental Group Training Protocols for First Training Session of the Week

Back Squat Box Jumps
Week Sets Repetitions % 1-RM Rest Sets Repetitions Box Height
RTG 1 2 10 60-70
2 3 10 60-70
3 4 5 70-80
4 4 5 80-90
* 5 4 10-4 60-90
*x 6 4 8-3 70-95
CTG 1 2 10 60-70 3 minutes 2 15 51.4 cms
2 3 10 60-70 3 minutes 3 10 51.4 cms
3 4 5 70-80 3 minutes 3 15 51.4 cms
4 4 5 80-90 3 minutes 4 10 51.4 cms
* 5 4 10-4 60-90 3 minutes 4 10 51.4 cms
ol 6 4 8-3 70-95 3 minutes 5 8 51.4 cms

*Week 5: 4 progressive sets (repetitions x % 1-RM) set 1: 10x60, set 2: 8x70, set 3: 6x80, set 4: 4x85-90.
**Week 6: 4 progressive sets (repetitions x % 1-RM) set 1: 8x70, set 2: 6x80, set 3: 4x85, set 4: 3x90-95.

2.3. Procedures

Prior to the RT intervention, the participant’s height, mass,
and age were recorded. Participants then had their 1-RM BS
assessed and recorded in the manner prescribed by Baechle
[14]. Participants also had their VJ assessed, with three
countermovement VJ attempts separated by 2-3 minutes
allowed. The highest VJ was recorded as their maximal score.
(Study timeline is illustrated in Figure 1 and Murray high
school Weight Room is pictured in Figure 2).

Following the collection of the 1-RM BS scores,
experimental groups were randomly formed based on
rankings of the 1-RM BS scores. Specifically, the
participants with the two highest ranking in 1-RM BS scores
were randomly assigned to the two experimental groups.
Next, the participants with the next two highest ranking in
1-RM BS scores were randomly assigned to the two
experimental groups. This process continued until the
experimental groups were fully formed, with 19 participants
in each group. This group assignment procedure assured that
the experimental groups were essentially equal with respect
to initial 1-RM BS scores.

The two experimental groups formed were the CTG and
the RTG. Both groups performed the identical resistance
training protocol (2 days/week, Tuesday and Friday) with the
exception being that the CTG group used complex training
where the BS was paired with subsequent sets of box jumps.
The primary movements scheduled (periodized) for the
experimental groups are detailed in Table 1 for the first
exercise session of the week. On the second training day of
the week, both groups performed the same workout that was
scheduled on day 1 of week one. The participants were
required to perform the BS to a depth in which the top of the
quadriceps were parallel with the floor. Box jumps were
performed with countermovement, with both feet pushing
off the ground at the same time and both feet landing on the
top surface of a plyometric box (height of =51.4 cms) at the
same time. All of the sets of the BS were completed prior to
executing the box jumps. The BS and box jumps were

separated by 3 minutes rest. Each work set of BS and box
jumps were separated by 2-3 minutes rest. Auxiliary lower
body exercise not listed in table 1 included: leg extensions,
prone position hamstring curls, and calf extensions all
performed at 3 sets of 10-12 repetitions = @ 75% of 1-RM.

All training and testing sessions included a dynamic
warm-up using the basketball court in the Auxiliary gym.
The warm-up consisted of the participants going to half court
(12.8 meters or 42 feet) performing the following
movements: lunges forward, lunges going backwards, high
knees, butt kickers, skip extensions, Frankenstein’s, step
twist and turn, karaoke, rolling shoulders out, leaning starts.

Following the 6-week study period the dependent
variables were retested using identical procedures as in the
pre-test. The principal investigator monitored and tracked all
training sessions and conducted the testing sessions.

2.4. Reliability

The dependent variables were collected as prescribed by
Baechle [14]. The VJ has been reported to have a reliability
coefficient of ICC=0.95 [15]. The NSCA recognizes 1-RM
measures as a reliable assessment of muscular strength [14].
Reported reliability coefficients of 1>0.90 and ICC>0.90
suggest that 1-RMs and 3-RMs are highly reliable measures
of muscle strength [16, 17].

2.5. Design and Analysis

VJ height and 1-RM BS scores were compared pre- and
post-intervention RT with a paired t-test. A common gain
score was also calculated for the dependent variables
(post-pre) of VJ and 1-RM BS. Gain scores were compared
between experimental groups (CTG and RTG) for each
dependent variable with an independent t-test. Statistical
significance was set at a<0.05. P-values approaching the
critical value of a=0.05 are reported as there may be practical
program design implications. Statistical calculations and
data management were conducted with Microsoft Excel
2013.
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3. Results

Thirty-eight high school aged male (15-18 years) athletes
participated in this study. Each experimental group had 19
participants. One participant from the CTG was not able
participate in the 1-RM BS post-study assessment due to an
illness and hence the statistical analysis for the CTG 1-RM
BS was based on 18 participants. No participant missed two
or more training sessions (the threshold for dismissal from
the study).

Table 2 presents the mean and standard deviation results
for participant descriptive information. Table 3 shows the
mean and standard deviation results for the participant’s VJ
and 1-RM BS scores.

Both groups were assessed on VJ height and 1-RM BS pre
and post the 6 week training intervention. Both the CTG and
RTG significantly improved 1-RM BS strength as a result of
training (p<0.01).

The 1-RM BS gain scores for each group were near
significantly different (p=0.071) where the mean of the
1-RM BS gain scores for the CTG and RTG were 19.6+12.1
and 13.611.9 kgs respectively.

Table 2. Participant Descriptive Information

Age (years) Height (cms) Body Mass (kgs)
CTG 15.940.7 186.4 8.6 73.1+9.3
RTG 15.740.7 183.6 £5.8 742 £11.0

"participant means and standard deviations for descriptive information.

Regarding VJ, the CTG improved significantly from pre
to post training (p<0.01), while the RTG failed to do so
(p>0.05). The VJ gain for the CTG and RTG were 3.644.2
and 1.946.1 cms respectively.

4. Discussion

The purpose of this study was to determine the effects of a
RT protocol that employed CT in a sample of high school
aged male athletes. In order to do so, two experimental
groups were formed where one group (RTG) engaged in a
linear periodized RT protocol for a period of six weeks. The
second group (CTG) performed the identical linear
periodized RT protocol as the RTG with the exception that
the CTG employed CT (pairing the BS with subsequent sets
of box jumps). It was hypothesized that both groups would
improve 1-RM BS ability but that the CTG would experience
a greater improvement. Likewise, it was hypothesized that
both groups would improve VJ ability but that the CTG

would improve to a greater extent.

The results of the study were mixed with regards to the
research hypothesis. Both the RTG and CTG significantly
improved 1-RM BS ability following the study intervention.
However, the CTG did not experience a significantly greater
increase in 1-RM BS ability than the RTG, albeit it was very
close to significant (p=0.071). The CTG significantly
improved VJ ability following the study intervention (p<0.01)
while the RTG failed to do so (p>0.05).

The initial mean VJ scores for both experimental groups
ranged from 51.8-56.9 cms which are comparable to 40"
VJ scores for 10" grade male North American football
players [18]. The initial mean 1-RM BS scores for both
experimental groups was 107.3 kgs which is comparable to
20" 1.-RM BS scores for 14-15 year old male North
American football players [18]. The 1-RM BS/body mass
ratios for the CTG and RTG were 1.47 and 1.45 respectively.

The effect size (ES) for the 1-RM BS strength gains for the
CTG was 0.60 and for the RTG it was 0.39. The ES in 1-RM
BS strength gains for the CTG and the RTG were reasonably
consistent with three meta-analyses regarding strength gains
as a result of RT in youths [19-21]. However, VJ only
improved in the CTG and not the RTG which is consistent
with and in contrast to the findings of previous research.
Consistent with our findings regarding the RTG, some
previous research regarding RT protocols and youth have
recorded significant gains in strength without improvements
in motor skill performance [22-25]. In contrast to our
findings regarding the RTG, many studies have documented
enhanced motor skill performance in youth as a result of RT
[24, 26-30]. The mixed results of the aforementioned
research efforts are likely due to the specificity of the RT
protocols employed in the studies. Like adults, youth
respond to the specificity of the RT program (velocity of
movement, body mechanics, muscle fiber recruitment, rate
of force development, etc.) [3].

The focus of this study was on the effects of a CT protocol
on high school male aged athletes where we choose to pair
sets of the BS with subsequent sets of box jumps. A prior
study from our research team suggested that “future studies
should integrate plyometric and/or power oriented exercises
such as the Olympic lifts into RT protocols with the intent of
facilitating the transfer of newly acquired strength to the
attributes of speed and muscular power” [31]. Hence, we
were optimistic that the CT protocol we employed in the
current study would validate our previous assertion, which
was the case.

Table 3. Participant Descriptive Information

VJ (cms) 1-RM Back Squat (kgs)
Pre Post Gain ES Pre Post Gain ES
CTG 56.9 4.8 60.447.1* 3.644.2 0.75 107.2432.7 126.8434.2* 19.6+12.1 0.60
RTG 51.8+10.2 53.810.5 19#6.1  0.19 107.4434.8 121.1433.7* 13.6+11.9 0.39

*Participant means and standard deviations for dependent variables. * Significant improvement pre to post RT intervention p<0.01.
2ES-Cohen’s pair wise effect size (d) = (variable mean Post- variable mean Pre)/ SD Pre. SD-standard deviation.
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Several researcher endeavours have found evidence that
CT has a positive impact on motor skill performance in youth
(e.g. sprinting, VJ, throwing) [10, 32, 33]. What is unique to
each of these studies including our current work is the
“complex pair” [7] and loading patterns implemented in the
CT program. For example, Roden et al. [10] used a pairing of
the BS immediately followed by counter movement VJ, were
the sequence was repeated three times within the training
session. In the current study, the BS was paired with box
jumps; however, all of the box jumps occurred after all BS
sets were concluded. The intensity and volume of the BS sets
used in the Roden et al. study also differed from the current
study. Hence, the optimal program variables to employ in a
CT protocol appear varied and are far from understood.

With that said, a CT protocol for youth should consider
pairing with stretch-shortening cycle modalities initially
with low intensity exercises (e.g. bi-lateral leg hops) and
progress to more complexed and intense exercises (e.g.
iso-lateral leg hops) [1, 34]. We chose the box jump for the
current study as the explosive pairing movement for this
reason. Jumping on to the box is a bi-lateral non-complex
movement that upon landing has a very low ground reaction
force compared to jumping activities that conclude by
landing on a non-elevated or de-elevated surface. Hence, the
individual has the training benefit of performing the lift-off
phase of the jump without the negative effects of the
musculoskeletal “pounding” upon impacting the ground.

There were two limitations that we were concerned with in
our study. The volume of the BS sets was essentially
controlled between the two experimental groups. The initial
1-RM BS scores were used for the purpose of creating two
stratified and random experimental groups, noting that the
initial mean 1-RM BS scores were 107.2 and 107.4 kgs for
the CTG and RTG respectively. The subsequent training sets
for the BS were held constant for both groups with the
intensity of the BS training sets established as a percentage
of the 1-RM BS, hence essentially equalizing training
volume between experimental groups. Given the design of
our study we cannot definitively state whether the additional
volume of the box jumps and/or the pairing of the box jumps
subsequent to the BS sets was responsible for the increase in
VJ experienced by the CTG. The second limitation is the
duration of the study. Should an attempt be made to replicate
the current study, lengthening the intervention period from 6
to 8-12 weeks (or using a cross-over design) may provide
further insight on the benefits of CT in this population.

The results of the current study may prove beneficial to
coaches looking to implement a CT program for their high
school athletes. Specifically, one option is to complete the
explosive activity subsequent to the completion of the BS
sets; noting, that in our opinion, all high school athletes
should be performing the BS as a corner stone of any RT
program. Should a coach endeavour to develop a CT
program for their high school athletes they should consider
reading the works by Macaluso [35] and Carter and
Greenwood [36]. Macaluso explains a detailed model of a
periodized CT program for high school athletes. Carter and

Greenwood provide a comprehensive review of CT with
recommendations regarding the implementation of a CT
protocol.

5. Conclusions

This study demonstrated that the two types of linear
periodized RT protocols were well tolerated and can be used
to improve 1-RM BS strength in high school aged male
athletes. However, if the training priority is to improve lower
body power output, one should employ a CT protocol.
Finally, performing box jumps subsequent to the completion
of BSs is a viable CT program design for enhancing VJ
ability.
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