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ABSTRACT

KATIE ALEXIS JACKSON: A Comparison of Training Modalities on Vertical Jump
Performance in Recreationally Trained College Males

(Under the direction of Dr. Jay Gamer)

Vertical jumping ability is a vital component of superior athletic performance.

The purpose of this study was to compare the effects of six weeks of resistance training

(RT), plyometric training (PT), and complex training (CT) on vertical ground reaction

forces in vertical jump measures in college-aged males. Thirty participants were divided

into three training groups: RT (n=l 1), PT (n=9), or CT (n=10). The participants trained

two days a week for six weeks and participated in pre-testing, mid-testing, and post

testing sessions for a total study period of nine weeks. The testing sessions consisted of a

1RM back squat, Romanian Deadlift, standing calf raise, and three countermovement

vertical jumps that were performed on a force plate in order to obtain average peak

ground reaction force. A 3 x 3 (Group by Time Point) ANCOVA with body weight

covariate revealed a significant group difference. A follow-up Bonferroni Post Hoc

group by time point interaction, but a trend towards an applied effect

appeared between complex training and resistance training. Across all three training

protocol groups, there was a significant improvement in post-testing measures compared

to pre-testing measures. Data in this study suggest that complex training was more

effective than resistance training in improving vGRF in the vertical jump in recreationally

trained college-aged males. However, there were no statistical or applied differences

between complex and plyometric training or between plyometric and resistance training.

as

the

Test revealed no
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Chapter I

Introduction

Even though some athletes possess what could be deemed “natural ability,” there

is still a certain level of time and effort that must be invested by anyone hoping to

achieve high levels of performance within certain skills or sports. An abundance of

training regimens exist that are related to the realm of exercise and sports training and

can be employed by athletes to gamer maximal performance improvements within their

specific skill area. However, resistance training is a popular and well-established method

of training used to some extent by nearly all athletes. While resistance training is

commonly interchanged with the term “weight training,” resistance training actually

encompasses a much broader area within the strength and conditioning field. Newton

(1999) broadly defines resistance training as performing exercise under any type of

resistance. It can include modes such as heavy-load power training, plyometrics,

isometric training, or different forms of combination training. Many forms of resistance

training have been used in programs to improve performance measures such as one

repetition maximum scores, agility, rate of force development, and vertical jumps. Two

of the most important training outcomes of interest to athletes are strength and power

development. The goals of the athlete must be taken into consideration to determine

exactly which mode of resistance training should be incorporated into his training

protocol.

For the sake of this study, the term “resistance training” will be used throughout

the remainder of this paper to delineate one specific type of training, while plyometrics
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and forms of combination training will be referred to by those specific terms. Therefore,

the training methods of main focus in this study include resistance training, plyometric

training, and complex training, which is a form of combination training.

Resistance training is a common method of training used in both athletic and

recreational settings. The exercises utilized may be considered isometric or dynamic.

Regardless, specificity of movement and speed are important during exercises for

enhancing the transfer of training effect from training to the actual performance (Harris et

al., 2000; Stone et al., 1998; Stone et al., 2000). Across different training settings, it has

been shown to induce health related changes to the body, prevent and rehabilitate

injuries, and increase strength, hypertrophy, muscular power, and muscular endurance

(Spennewyn, 2008; Wolfe et al., 2004; Stone et al., 2000; Miranda et al., 2007).

Generally, relatively heavy loads are used for strength and power training, moderate

loads are used for hypertrophy, and lighter loads are used for muscular endurance training

(Fleck & Kraemer, 2003; Stone et al., 1982). Manipulation of variables such volume,

intensity, frequency, exercise order, rest period lengths, type of muscle action, and

movement velocity may help achieve training adaptations (Candow & Burke, 2007;

Gonzalez-Badillo et al., 2005; Jackson et al., 2007; Miranda et al., 2007; Ronnestad et al..

2007; Spreuwenberg et al., 2006; Wolfe et al., 2004). The cyclic manipulation of these

variables is called periodization, which is used to divide training macrocycles into

smaller periods of time (Buford et al., 2007; Plisk & Stone, 2003). Resistance training is

only a division of the general field of strength and conditioning, but proper use of

available information can aid in performance improvement.
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Another mechanism of training available to athletes today is plyometric training

which improves power through force and velocity production. Plyometric exercises

allow athletes to utilize gravity to store potential energy within the elastic structures of

muscles and tendons that can be converted to kinetic energy (Chu, 1984). This increases

both the amount of work done and potential force and allows for an explosive-reactive

movement (Chu, 1984). This form of training utilizes the stretch-shortening cycle (SSC),

which occurs when the active muscle switches from  a rapid eccentric muscle action to a

rapid concentric muscle action with a very short amortization phase. In the eccentric

phase, the muscle is stretched and preloaded. The amortization phase is the time from the

end of the eccentric phase to the initiation of the concentric muscle action (Chu, 1984;

Kutz, 2003; Stem & Jacobson, 2007). Its timeframe should be kept to a minimum to

avoid losing the effects of the stretch reflex. In the concentric phase, stored elastic

potential energy in the muscles is converted to kinetic energy. The elastic strength of

muscle-tendon tissue allows for quick and repeated rebounding from a surface with

maximal height or distance (Chu, 1984). Jensen and Ebben (2007) propose that

plyometric intensity could be evaluated through variables such as the rate of force

development, ground reaction force, and joint reaction force.

By combining traditional resistance and plyometric training, athletes can establish

a combination training protocol. One specific type of combination training is complex

training in which biomechanically similar high load weight training exercises and

plyometric exercises, deemed a complex pair, are alternated, set for set, within a single

workout session (Ebben, 2002). Baker (2003) explains that the enhanced neural activity

gained from heavy resistance exercises carries over to subsequent lighter resistance
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exercises and creates a greater power output than would have occurred without the prior

heavy-load set. Neuromuscular factors can be seen as powerful physiological adaptation

mechanisms of complex training because they may increase motor neuron excitability

and reflex potentiation in addition to forcing greater motor unit recruitment (Ebben &

Watts, 1998; Docherty et ah, 2004; Jones & Lees, 2003). The adaptations caused by

complex training can be described by an acute aftereffect phenomenon referred to as

postactivation potentiation (PAP) (Hodgson et al., 2005; Robbins, 2005; Sale, 2002). An

article by Docherty et al. (2004) reports that PAP is based on the assumption that the

explosive capability of muscle is enhanced after it has just been subjected to maximal or

near-maximal contractions. Ebben (2002) suggests that complex training is as equally

effective or superior in comparison to other forms of combination training.

While there are many abilities and characteristics an athlete must obtain to

achieve performance success, vertical jumps are vital to superior performance in a variety

of sports. Baker (1996) writes that jumping ability is critical in sports ranging from

diving to football. Some of the most popular mechanisms of training used to elicit

superior improvements in vertical jumps include the three types previously mentioned—

traditional resistance training, plyometric training, and complex training.

Countermovement vertical jumps are those preceded by a rapid stretch-shortening

cycle (Baker, 1996). Baker (1996) states that a countermovement adds more height to a

vertical jump compared to a squat jump, in which there is no pre-stretch, because of

elastic energy utilization and neural augmentation to the muscles. Countermovement

jumps create greater flight height than squat jumps because the ground reaction force in

the upward phase of the jump is already greater than body weight, which allows the

4



Jackson

jumper to perform more work early in the upward phase of the jump (Linthome, 2001).

The transfer of training effect also applies to vertical jumping; therefore, the training

protocol and exercises chosen should imitate the action of the vertical jump. There have

been many research studies conducted on the effects of different training protocols on

vertical jump improvements.

Vertical jumping is distinguished from other maximal strength measures because

it produces high force in a short time (Baker, 1996). Fatouros et al. (2000) report several

factors used as determinants of vertical jumping performance that include force

developed by the hip, knee, and ankle joints; the rate of force development produced by

these muscles; and the neural coordination of the movement. They also suggest that

strength status affects vertical jumping ability in that low-strength subjects exhibit greater

improvements following training than do strength-trained subjects (Fatouros et al., 2000).

For the purpose of this study, vertical ground reaction forces (vGRF) are used as a

measure of vertical jump improvement because of their correlation with vertical jump

height. Impulse is defined as the product of vGRT and the time of contact with the force

plate (Hanson et al., 2007). Increasing either the vGRF or time variable results in a

greater net impulse which then produces a change in the momentum of the body (Hanson

et al., 2007; Linthome, 2001). Increasing the propulsive force through acceleration or

change in momentum allows jump height to be estimated from the net impulse (Hanson

et al., 2007; Schilling et al., 2008). Increasing net impulse improves jump performance

by increasing take-off velocity, which allows for greater jump heights (Hanson et al.,

2007). Therefore, the largest net impulses reflect the greatest jump heights (Hanson et

al., 2007). Because an increase in the time component decreases power output, as large a
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force as possible should be imposed on the ground to maximize both power and impulse

(Hanson et al., 2007).

When applied practically, the use of different resistance training protocols can

effect the development of skills such as the vertical jump (Baker, 1996). Another study

by Perrine and Edgerton (1978) showed significant increases in vertical jump with

dynamic resistance training. Baker (1996) concluded through his studies that various

forms of resistance training can act together to improve vertical jumping ability through

different physiological mechanisms. In a study comparing high force weight training.

high power weight training, and combination training protocols, vertical jump measures

significantly improved in the high power and combination training groups (Harris et al..

2000).

Miller et al. (2006) report that research has shown that plyometrics combined with

a periodized strength-training protocol can help improve vertical jump performance.

Research performed by Rimmer & Sleivert (2000), Stemm & Jacobson (2007), and

Vissing et al. (2008) shows that effectively utilizing the SSC through plyometrics may

improve performance in power-based events such as vertical jumps and bounds.

Luebbers et al. (2003) report that a rapid prestretch and maximal effort during the

concentric phase of the plyometric exercise has been effective at increasing muscle power

output and vertical jump performance (Luebbers et al., 2003). Recent research

conclusions support the enhancement of acceleration, power, muscular strength, vertical

jump, and speed through plyometric training (Stemm & Jacobson, 2007). In a study by

Vissing et al. (2008) that compared conventional resistance training and plyometric

training, the plyometric protocol increased maximal countermovement jump height and
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power and maximal power in the ballistic leg press. Another plyometric study by Gehri

et al. (1998) compared a countermovement jump protocol and depth jump protocol to a

control group and found significant improvement in vertical jumping ability in both

training groups. Other studies by Burgess et al. (2007), Gehri et al. (1998), Luebbers et

al. (2003), and Potteiger et al. (1999) have shown the ability of plyometric training to

increase vertical jump height, vertical jump power output, anaerobic power, and rate of

force development.

Some research suggests the equal effectiveness or superiority of complex training

compared to other combination training modalities shown through increased medicine

ball throwing power, superior acute jumping performance, and improved vertical jump

performance in response to a chronic complex training stimulus (Ebben and Watts, 1998).

Mihalik et al. (2008) compared the effects of short-term complex training and compound

training, another form of combination training, programs on vertical jump heights and

power production and reported significant improvements in vertical jump height and

power output in both training groups during the study. In another related study by Adams

et al. (1992) the researchers concluded that a combined squat-plyometric training

program increases power production in vertical jump measures significantly more than

either a squat or plyometric program alone. Lyttle et al. (1996) compared a maximal

power training program and a combined weight and plyometric program and found that

the training groups improved significantly over the control group in vertical jump

measures. Similarly, Fatouros et al. (2000) found that a combined plyometric and weight

training protocol group performed significantly better than a weight training-only group

and plyometric training-only group in vertical jump height, jumping mechanical power,
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and flight time. Additional studies from Jones and Lees (2003) and Jensen and Ebben

(2003) indicate that complex training does not cause disadvantageous effects and may

exhibit advantages in training measures.

Purpose

The purpose of this research was to perform a six week study comparing the

effects of resistance training, plyometric training, and complex training on vertical

ground reaction forces in vertical jump measures in college-aged males.

Hypotheses

Hoj: There will be no change in vertical ground reaction forces in vertical jumps as a

result of resistance training, plyometric training, or complex training.

Hai'. There will be an increase in vertical ground reaction forces in vertical jumps as a

result of resistance training, plyometric training, or complex training.

Studies by Linthome (2001), Hanson et al. (2007), Schilling et al. (2008), and

Cormie et al. (2009) all provide information based on the impulse-momentum theory that

supports the relationship that exists between vertical ground reaction forces and

improvements in vertical jump heights. Increased force results in a change in

acceleration and momentum via a change in net impulse, which can then be used to

determine changes in vertical displacement, or height, of vertical jumps. Studies by

Mihalik et al. (2008), Adams et al. (1992), Fatouros et al. (2000), and

Lyttle et al. (1996) all showed improvements in vertical jump measures as a result of

participation in different training protocols.

Ho2‘- There will be no difference in vertical ground reaction forces in vertical jumps

between the resistance training, plyometric training, and complex training protocols.
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Ha2'- There will be a greater increase in vertical ground reaction forces in vertical jumps

as a result of complex training compared to either resistance training or plyometric

training.

Research that indicates improvements in vertical jumps often report jump height

which can be correlated with ground reaction forces to gauge changes in performance. A

study from Mihalik et al. (2008) reported significant improvements in vertical jump

height and power output as a result of a complex training protocol. Studies by Adams et

al. (1992) and Lyttle et al. (1996) both concluded that a combined weight and plyometric

training program significantly increased vertical jump performance measures. Similarly,

Fatouros et al. (2000) concluded that a combined resistance and plyometrics protocol

group performed significantly better the resistance-only and plyometrics-only protocol

groups in vertical jump height, jumping mechanical power, and flight time. Jensen and

Ebben (2003) also concluded that complex training has no disadvantageous effect on

ground reaction forces in plyometric jumps performed one to four minutes after heavy

load resistance training. Baker (1996) stated that combined methods of training seem to

offer the greatest training stimulus for improving vertical jumping ability.

Limitations

1. Participants were recruited Ifom the University of Mississippi and surrounding

Oxford, Mississippi community.

2. Thirty-four (34) recreationally trained, apparently healthy, college-aged males

between the ages of 18 - 30 were used in the study.

3. The participants’ responses to questionnaires were accepted as true.

4. There was a lack of complete control over participants’ diets.
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5. There was a lack of complete control over participants’ levels of physical activity

independent of the training protocols performed in the study.

Delimitations

Any participants classified as sedentary, as having a history of cardiovascular or1.

respiratory disease, or as having had a traumatic injury or surgery to the lower

extremities within two years prior to the study were excluded.

Reliable and valid equipment was used for all testing measurements obtained.2.

All participants had at least six months of recreational resistance training3.

expenence.

All pre-, mid-, and post-testing measures were obtained by the same researcher.4.

Only male participants were included in the study to allow for easier analysis of5.

data and eliminate confounding effects of gender on the results.

Intention to treat analysis was used to account for any statistical change in the6.

number of participants in order to keep the power the same.
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Chapter II

Literature Review

The purpose of this section is to review and examine existing literature pertaining

to three different training methods including resistance training, plyometric training, and

complex training. As indicated by their abundance in literature, different protocols

involving these training modes have been utilized by athletes to develop and improve

performance measures across a wide spectrum of skills. While these three disciplines are

not exhaustive training measures for performance enhancement, they will be the main

focus within this review.

Within a season of training, athletes undergo multiple stages that each possesses

different training goals aimed at eliciting a maximal performance outcome from the

athlete. In order to meet the different goals within each phase, various methods of

training can be undertaken. One of the most popular and traditional methods of training

is resistance training. Because it has been established over the years as an effective

training method, resistance training has become a regular mode of training for both

athletes and the recreationally trained. Another type of training program commonly

utilized in addition to resistance training is plyometric training. Plyometric training is a

novel way to challenge the body because it employs different physiological mechanisms

than resistance training that allow for an increase in force and power production and in

performance measures like vertical jumping (Luebbers et al., 2003; Rimmer & Sleivert,

2000).
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The variable of interest within this study is vertical ground reaction forces in a

vertical jump. There are different ways to gauge improvements in vertical jumps. Most

often in literature, vertical jump improvement is measured according to changes in

vertical displacement, or height. However, for the purpose of this study, vertical ground

reaction forces (vGRF) are used as a measure of vertical jump improvement because of

their correlation with vertical jump height. The determination of either the net impulse or

the vertical displacement of a jump allows for the calculation of the other value.

Both resistance and plyometric training have been established individually as

successful and beneficial methods of training in the realm of athletic strength and

conditioning. Therefore, combining the two individual methods into a single training

protocol could possibly elicit even greater training effects than either method performed

alone. The joining of both resistance training and plyometric training into one single

training protocol is known as combination training. There are different forms of

combination training, but the type under review in this study is known as complex

training. In complex training, biomechanically similar high load weight training

exercises and plyometric exercises are alternated, set for set, within a single workout

session (Docherty et al., 2004; Duthie et al., 2002; Ebben, 2002; Ebben & Watts, 1998;

Ebben & Blackard, 1997; Jensen & Ebben, 2003; Jones & Lees, 2003; Mihalik et al..

2008). Complex training is examined in this review because of its increasing prevalence

in existing literature and growing popularity in athletic training settings.

Resistance Training

Resistance training is a common training mechanism used in most practical

settings. It is often prescribed as a method to improve health and fitness, aid weight loss,
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improve athletic conditioning, and prevent and rehabilitate injuries (Spennewyn, 2008;

Wolfe et ah, 2004). It may also induce health-related changes such as improved

endocrine and serum lipid adaptations, insulin sensitivity, increased lean body mass.

decreased fat mass, increased tissue tensile strength, and decreased physiological stress

(Stone et al., 2000). In terms of performance variables, resistance training can bring

about increases in strength, hypertrophy, muscular power, and muscular endurance

(Miranda et al., 2007). Changes that occur in these variables are related to improvements

in athletic performance activities such as 1-repetition maximum strength measures,

vertical jumps, sprint times, distance-running times, and agility (Buford et al., 2007;

Candow & Burke, 2007; Humburg et al., 2007; Stone et al., 2000).

There are different approaches to resistance training that include static and

dynamic training. Static, or isometric, training occurs when there is no change in muscle

length because the contractile force is equal to the force of resistance. In dynamic

training, there is an active lengthening or shortening of the muscle as seen in isotonic

training, which includes concentric and eccentric muscle actions. Stone et al. (2000)

report that isometric training can increase the rate of peak force development and velocity

of movement but had only a minor effect on dynamic explosive-force production. In a

study by Ball et al. (1963) isometric training was shown to have no effect on vertical

jump performance, while another study by Perrine and Edgerton (1978) showed

significant increases in vertical jump with dynamic training. Baker et al. (1994)

contribute the differences between isometric and dynamic vertical jump training to

variations in the structural, neural, and mechanical characteristics of each. Another form

of training found in literature is the use of isokinetic devices which maintain a constant
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velocity, and thus allow a maximum effort to be exerted with each repetition (Kelly et al.,

2007; Stone et al., 2000). Morrissey et al. (1994) report that comparisons between weight

training and isokinetic exercise revealed the superior effects of weight training on lifting

performance, no difference in training effects between the two types of training, the

superiority of weight training on isokinetic strength, and the superiority of isokinetic

training on isokinetic strength. Therefore, most literature suggests that much more

research be done on the subject (Kelly et al., 2007; Morrissey et al., 1994; Stone et al..

2000).

A resistance training program consists of multiple variables that must be

manipulated to elicit optimal training adaptations. These variables include volume,

intensity, frequency, exercise order, rest period lengths, type of muscle action, and

movement velocity (Candow & Burke, 2007; Gonzalez-Badillo et al., 2005; Jackson et

al., 2007; Miranda et al., 2007; Ronnestad et al., 2007; Spreuwenberg et al., 2006; Wolfe

et al., 2004). Performance gains may be garnered through the careful planning of

changes in training volume, intensity, and exercise selection (Stone et al., 1998). The

actual training regimen can be performed using either free weights or resistance

machines. Stone et al. (2000) describe a free weight exercise as one in which a freely

moving body, such as a barbell, dumbbell, or body mass, applies resistance and

challenges the lifter to focus on the control, direction, and stability of the movement. In

exercises performed with machines, resistance application is guided or restricted,

allowing fewer challenges with movement direction, control, and stability (Stone et al..

2000). The development of an optimally designed resistance training program has the

potential to benefit health and enhance performance.
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Resistance training protocols can be manipulated in order to achieve different

goals such as strength, power, hypertrophy, muscular endurance. These goals are

characterized by the percentage of a one repetition maximum and the numbers of

repetitions performed. Generally, an athlete should use relatively heavy loads for

strength and power training, moderate loads for hypertrophy, and lighter loads for

muscular endurance training (Fleck & Kraemer, 2003; Stone et al., 1982). As the training

load increases, the goal number of repetitions typically decreases. A literature review by

Fleck and Kraemer (2003) and Tan (1999) concluded that either 2-5 sets or 3-6 sets

caused the greatest strength gains. To maximize power training, exercise volume is

reduced through fewer goal repetitions and lighter loads with a recommendation of 3-5

sets of power exercises (Garhammer, 2007; Herrick  & Stone, 1996; Kraemer and Koziris,

1992; Stone & O’Bryant, 1987; Stone et al., 1982). Higher training volumes can be used

to induce muscular hypertrophy through programs included moderate to high repetitions,

3-6 sets per exercise, and three or more exercises per muscle group (Fleck & Kraemer,

1987; Hedrick, 1995; Herrick & Stone, 1996; Ostrowski et al., 1997; Tesch, 1992).

Training programs of 2-3 sets of twelve or more repetitions emphasize muscular

endurance (Fleck & Kraemer, 2003; Kraemer & Koziris, 1992; Stone et al., 1982). When

applied practically, the use of different protocols can effect the development of skills

such as the vertical jump, which is a necessary and vital skill in sports performance

(Baker, 1996). Baker (1996) concluded through his studies that various forms of

resistance training can act together to improve vertical jumping ability through different

physiological mechanisms.
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Strength can be defined as the capacity of a muscle to exert maximal force at a

certain velocity (Knuttgen and Kraemer, 1987). Power, however, is the mathematical

product of force and velocity at any speed. Stone et al. (1998) report that high-power

weight training increases the rate of force production, velocity, and power of movement,

while traditional heavy-weight training increases maximal strength. The training goals of

strength and power overlap in terms of loads and repetitions. Schmidtbleicher (1992)

proposes that maximum strength effects power in an ordered manner with diminishing

influence as the external load decreases to a point at which force development takes

precedence. It was also found that the relationship between maximum strength and

power increased as additional resistance was added to a movement (Stone et al., 2003).

In a study by Harris et al. (2000), low speed/high force weight training resulted in

maximum strength gains and equal or superior gains in power and speed compared to

light weights, while high speed/high power training resulted in superior gains in power

output. They also suggested that a combination of those two methods may produce

superior strength and power performance measures (Harris et al., 2000).

Power training is often employed by athletes because of its similarity to sports-

related movements. Maximal power output gains are produced with the lifting of

moderate loads at intermediate velocities (Knuttgen & Kraemer, 1987; Newton et al.,

1996). For performance enhancement, characteristics such as peak force, rate of force

development, and power development must transfer to the skill (Harris et al., 2000).

Specificity of movement pattern and the speed of movement are also important for

enhancing the transfer of training effect from a training exercise to the actual

performance (Harris et al., 2000; Stone et al., 1998; Stone et al., 2000). Peak power
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output has been shown to occur at 30-40% of peak isometric force and 40-80% of 1-RM

(Garhammer, 1993; Harris et al., 2000; Kraemer & Koziris, 1992; Newton et al., 1994;

Stone et al., 1998; Stone et al., 2003). Training within this range provides gains in

dynamic movements and influences neural and contractile mechanisms (Harris et al..

2000).

Another important training concept associated with resistance training is the idea

of periodization. Periodization is used to elicit maximal training adaptations through the

deliberate, cyclic manipulation of training variables, such as those previously mentioned

(Buford et al., 2007; Plisk & Stone, 2003). It also manages fatigue and prevents

stagnation and overtraining (Plisk & Stone, 2003). A periodization model divides a

training program into specific time periods including a macrocycle, or the largest division

signifying a training year; two or more mesocycles, each lasting weeks to months, within

the macrocyle; and two or more microcycles, each lasting several weeks, within each

mesocycle (Cargina et al., 1986; Cargina et al., 1987; Fleck & Kraemer, 2004; Fleck &

Kraemer, 1988; Stone & O’Bryant, 1987; Stone et al., 1982). The two primary models of

periodization found in most literature include a classic, or linear, model and an

undulating model (Buford et al., 2007). The classic model was first proposed by Leo

Matveyev and later modified by Stone, O’Bryant, and Garhammer to include the four

distinct periods of preparatory, first transition, competition, and second transition

(Matveyev, 1977; Matveyev, 1972; Stone & O’Bryant, 1987; Stone et al., 1981). In this

linear model, exercise intensity and volume are varied across several mesocycles (Buford

et al., 2007; Stone & O’Bryant, 1987). Because of naturally existing monthly biocycles,

Matveyev (1972) suggests training cycles that last approximately one month in duration
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with 3-6 subcycles lasting about one week each in order to gamer cumulative training

effects. The undulating model, proposed by Charles Poliquin, consists of frequent

variations in exercise volume and intensity on a daily, weekly, or biweekly basis, in

contrast to the linear model’s mesocyle-based alterations (Poliquin, 1988). Studies by

Baker et al. (1994) and Rhea et al. (2002) found that the undulating model showed

greater increases in strength in a 1-RM squat, 1-RM bench press, and vertical jump than

the linear model and nonperiodized model. Plisk and Stone (2003) assert that the use of

terms like “linear” or “nonlinear” is misleading because periodization, by definition.

involves nonlinear variation in training parameters.

Another aspect of resistance training that should be considered is the comparison

of single-set versus multiple-set programs. Wolfe et al. (2004) report that multiple set

programs show greater gains in strength, power, hypertrophy, athletic performance, and

muscular endurance in both trained and untrained individuals than single-set programs.

Stone et al. (1998) state that a single set performed to failure does not provide an optimal

training stimulus and thus does not increase muscle hypertrophy like a multiple-set

program. Training to muscular failure is the inability to complete a muscle action

because of temporary fatigue (Stone et al., 1998). Stone et al. (1998) provide the

rationale that a single set fatigues motor units and allows additional motor units to be

trained for greater gains in hypertrophy and strength, but they also express the practical

inefficiency of this method for eliciting those gains. Fleck and Kraemer (1987) suggest

that performing one set to failure enables the neuromuscular system to adapt to the

strength stimulus so that a multiple-set program then provides a superior stimulus after

the initial adaptation. Stone et al. (1998) report that muscle fatigue increases the risk of
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injury and reduces maximum force, peak rate of force production, power, and speed.

Some research suggests that multiple sets of large-muscle mass exercises will produce

greater changes in body composition compared to single sets (Kraemer et al, 1995;

Marx, 1998). Stone et al. (1998) also report that multiple sets have shown superior

strength gains to single sets. It has been concluded that multiple sets, optimally 3-5,

produces superior results compared to a single-set program (Stone et al., 1998).

Through the proper manipulation of associated variables, resistance training

protocols can be used to elicit superior gains and achieve the specific training goals of an

athlete. In addition, resistance training has been shown as an effective mechanism for

providing health benefits, improving physiological variables, and increasing athletic

performance (Buford et al., 2007; Candow & Burke, 2007; Humburg et al., 2007;

Miranda et al., 2007; Stone et al., 2000). The three basic principles of resistance training

include overload of a stimulus; variation of intensity, velocity, volume, and exercise

selection; and specificity of training for greater transfer (Stone et al., 2000). By utilizing

all available information regarding the various aspects of resistance training, programs

can be specially developed and personalized to an individual for superior benefits.

Plyometric Training

Plyometric training is a type of training mechanism employed by athletes to

improve power through force and velocity production. Plyometric exercise trains

muscles to do more work in a shorter amount of time, thereby improving power output

and increasing explosiveness (Luebbers et al., 2003). Rimmer and Sleivert (2000)

describe plyometrics as a type of training that develops the ability of muscles to produce

force at high speeds and thus produce power in dynamic movements. This training
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method allows athletes to utilize gravity to store potential energy v^thin the elastic

structures of muscles and tendons that can be converted to kinetic energy (Chu, 1984).

Miller et al. (2006) report that research has shown that plyometrics combined with a

periodized strength-training protocol can help improve vertical jump performance,

acceleration, leg strength, muscular power, increased joint awareness, and overall

proprioception.

Plyometric exercise can also be defined as a quick, powerful movement using a

prestretch, or countermovement, that involves the stretch-shortening cycle (SSC) (Wilk et

al., 1993). This cycle occurs when the active muscle switches from a rapid eccentric

muscle action to a rapid concentric muscle action with a very short amortization phase.

The eccentric movement creates a stretch reflex in the muscle that is capable of

producing a more forceful concentric muscle action than could be generated from rest

because of the conversion of stored elastic potential energy to kinetic energy within the

muscle action (Luebbers et al., 2003).

The SSC involves three distinct phases. As previously mentioned, the first phase

is the eccentric phase where the muscle is stretched and preloaded which causes

stimulation of the muscle spindles and series and parallel elastic components of the

muscle (Kutz, 2003; Stemm & Jacobson, 2007). McNeely (2007) states that muscle

spindles sense changes in the amount of stretch within a muscle and elicit the stretch

reflex to contract the muscle that was stretched. The amortization phase is the time from

the end of the eccentric phase to the initiation of the concentric muscle action (Chu, 1984;

Kutz, 2003; Stem & Jacobson, 2007). Chu (1984) explains that the shorter the amount of

time spent in contact with the landing surface before rebounding, the greater the
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neuromuscular reaction to the ground contact stimulus. McNeely (2007) writes that if the

amortization phase is too long, the stretch reflex, as well as the plyometric effect, will be

lost because of a resetting of the muscle length by the spindles. The stored energy may

then dissipate as heat (Cavagna, 1977). The third and final phase is the concentric phase.

The stored elastic potential energy in the muscles is converted to kinetic energy which

leads to an increase in the amount of work done and an increase in potential force.

allowing for an explosive-reactive movement (Chu, 1984). The utilization of the

mechanical energy being stored as elastic potential energy is the key to increasing force

output following a muscle stretch (Blakey & Southard, 1987). Effective utilization of the

SSC through plyometrics has the potential to improve performance in power-based

events such as vertical jumps and bounds (Rimmer  & Sleivert, 2000; Stemm & Jacobson,

2007; Vissing et al., 2008).

In addition to utilizing the SSC, plyometric exercise can be an effective

mechanism to improve skill components and evaluate performance variables. Chu (1984)

describes elastic strength as those properties of muscle-tendon tissue that allow it to be

stretched rapidly and therefore increase internal tension and lead to a rapid forceful

shortening of the muscle. It allows quick and repeated rebounding from a surface with

maximal height or distance (Chu, 1984). Factors that may affect elastic energy storage

and increase the contractile force of muscle include minimized time between muscle

stretch and contraction, smaller movement amplitude, and increased muscle stiffness

(Blakey & Southard, 1987; Burgess et al., 2007; Cavagna, 1977). A more forceful stretch

prior to a vertical jump may occur through a decrease in distance (amplitude) to reduce

vertical velocity to zero or through a decrease in time that prevents stored energy from
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dissipating as heat (Blakey & Southard, 1987). Force developed is the product of tendon

stiffness and the length that it is stretched. Therefore, an increase in tendon stiffness

improves the rate of force development and causes  a more rapid force transmission from

muscle to bone (Burgess et al., 2007). Luebbers et al. (2003) point out that true

plyometric training requires a rapid prestretch and maximal effort during the concentric

phase. They also report that this type of training has been effective at increasing muscle

power output and vertical jump performance (Luebbers et al., 2003). Jensen and Ebben

(2007) propose that plyometric intensity could be evaluated through variables such as the

rate of force development, ground reaction force, and joint reaction force. Recent

research conclusions support plyometric training’s enhancement of variables including

acceleration, power, muscular strength, vertical jump, and speed (Stemm & Jacobson,

2007).

In a study by Vissing et al. (2008), conventional resistance training (CRT) and

plyometric training (PT) were used to compare changes in muscle strength, power, and

morphology. Fifteen untrained, healthy male participants, divided into CRT and PT

groups, performed tests before and after the 12-week study including IRM incline leg

press, 3 RM knee extension, 1 RM knee flexion, countermovement vertical jump (CMJ),

ballistic incline leg press, MRI, and muscle biopsy (Vissing et al., 2008). The CRT

exercises were performed at a controlled, self-selected pace. The PT program emphasized

performing the ground-contact phase as quickly as possible. The results showed that

muscle strength increased through CRT, while PT increased maximal CMJ height and

power and maximal power in ballistic leg press. Gross muscle size increased with both

PT and CRT, but only CRT increased muscle fiber cross sectional area. Gains in
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maximal muscle strength were similar between the two groups, but muscle power

increased almost exclusively with PT (Vissing et al., 2008).

In another plyometric-based study, Gehri et al. (1998) examined the effects of

different training techniques on vertical jump performance and energy production.

Twenty-eight college students (14 males, 14 females) who were engaged in regular

aerobic exercise without any jumping activities were assigned one of three groups:

control, countermovement jump (CMJ), or depth jump (DJ). Subjects were tested before

and after the 12-week training study by performing 3 maximal vertical jumps under CMJ,

DJ, and SJ (squat jump) conditions. They were instructed to flex their knees 30-60° and

rebound upward in a maximal vertical jump for both the CMJ and DJ and to execute a

maximal vertical jump from 60° of flexion with no prior downward movement for the SJ

(Gehri et al., 1998). Training twice per week, the subjects performed 2 sets of 8

repetitions the first two weeks and progressed to  4 sets of 8 repetitions the remaining 10

weeks with 5 seconds between each repetition and  1 minute between each set. The

results showed significant improvement in vertical jumping ability in both training

groups, but there were no significant differences in jumping height between them. DJ

training significantly improved positive energy production in all three conditions and was

found to be superior to CMJ training. There were no significant differences in utilization

of elastic energy (Gehri et al., 1998).

Through its utilization of stored elastic energy, plyometric training has the

potential to increase power through force and velocity production and thus improve

athletic performance. The stretch-shortening cycles allows the muscle to move from a

rapid eccentric muscle action, through a short amortization phase, to a forceful concentric
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muscle action (Chu, 1984; Kutz, 2003; Luebbers et al, 2003). Studies have shown the

ability of plyometric training to increase vertical jump height, vertical jump power

output, anaerobic power, and rate of force development (Burgess et al., 2007; Gehri et al.

1998; Luebbers et al., 2003; Potteiger et al., 1999). It can thus be seen as a beneficial

training mechanism with practical applications.

Complex Training

Complex training is an increasingly popular training mechanism in which

biomechanically similar high load weight training exercises and plyometric exercises are

alternated, set for set, within a single workout session (Docherty et al., 2004; Duthie et

al., 2002; Ebben, 2002; Ebben & Watts, 1998; Ebben & Blackard, 1997; Jensen & Ebben,

2003; Jones & Lees, 2003; Mihalik et al., 2008). Two biomechanically similar exercises

performed together, such as a set of squats (resistance exercise) followed by a set of squat

jumps (plyometric exercise), have been termed a “complex pair” (Docherty et al., 2004;

Ebben, 2002; Ebben & Blackard, 1997). Chu (1996) describes complex training as a

combination of strength work and speed work designed for an optimal training effect.

Masamoto et al. (2003) report that positive effects may occur if high-load strength

training exercises are performed prior to plyometric exercises. Ebben and Watts (1998)

also account for research that suggests the equal effectiveness, or superiority, of complex

training compared to other combination training modalities shown through increased

medicine ball throwing power, superior acute jumping performance, and improved

vertical jump performance in response to a chronic complex training stimulus.

The purpose of complex training is to improve performance by maximizing power

development and output through muscular and neurological adaptations (Adams et al,
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1992; Docherty et al., 2004; Ebben, 2002; Ebben & Blackard, 1997; Ebben & Watts,

1998; Lyttle et al., 1996; Mihalik et al., 2008). Mihalik (2008) reports that complex

training is believed to be more effective at improving power production than other

training program designs because of an enhanced neuromuscular environment. Baker

(2003) explains that the enhanced neural activity gained from heavy resistance exercises

carries over to subsequent lighter resistance exercises and creates a greater power output

than would have occurred without the prior heavy-load set. Adams et al. (1992) states

that bridging the gap between strength and speed can optimize power production in

athletes. Because it trains both force and velocity components that are necessary for

achieving maximum power, complex training may be considered a practical, and possibly

optimal, training strategy to produce maximal results in sports performance (Ebben &

Blackard, 1997; Ebben & Watts, 1998).

The success of many sports depends on the expression and power production

capacity of the body’s musculature (Lyttle et al., 1996). Muscle contractions performed

with heavy resistances may lead to adaptations in tension-dependent neural mechanisms

that inhibit motor neuron excitation in voluntary maximal contractions (Ebben & Watts,

1998; Fleck & Kontor, 1986). Mihalik et al. (2008) concluded that the combination of

resistance and plyometric training can maximize power output by increasing muscle fiber

hypertrophy and neuromuscular adaptations. Ebben  & Watts (1998) point to

neuromuscular factors as possibly being the most powerful physiological adaptation

mechanisms of complex training. These factors can be seen through the effect of high-

load resistance training on subsequent plyometric exercise. It may increase motor neuron
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excitability and reflex potentiation in addition to forcing greater motor unit recruitment

(Ebben & Watts, 1998; Docherty et al., 2004; Jones & Lees, 2003).

Much research has been done in an attempt to explain the rationale behind the

physiological adaptations of complex training. The basis of the adaptations caused by

complex training, which can be described as alternating stretch-shortening cycle (SSC)

tasks with heavy resistance exercises within the same session, is an acute aftereffect

phenomenon referred to as postactivation potentiation (PAP) (Hodgson et al., 2005;

Robbins, 2005; Sale, 2002). An article by Docherty et al. (2004) reports that PAP is

based on the assumption that the explosive capability of muscle is enhanced after it has

just been subjected to maximal or near-maximal contractions. It also proposes two

theories. One theory that has been proposed to explain PAP is that prestimulation

enhances motor neuron pool excitability through greater motor unit (MU) recruitment,

better MU synchronization, a decrease in presynaptic inhibition, or greater central input

to the motor neuron. A second theory involves the phosphorylation of the myosin light

chain (MLC). Muscle stimulation increases sarcoplasmic calcium which activates MLC

kinase (MLCK), which in turn makes more ATP available to increase the rate of actin-

myosin cross-bridge cycling (Docherty et al., 2004). Similarly, Duthie et al. (2002)

report that there is a twitch-tension increase following high-intensity voluntary

contractions and that maximal voluntary contractions produce short-term increases in

explosive force attributable to neuronal post-tetanic potentiation effects. Moving from

the physiological rationale of PAP to its integration into training protocols has been

affected by the consideration of factors including magnitude and mode of preload
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activity, the length of the rest period between preload and outcome measures, and the

training status of the participants (Docherty et al., 2004).

In a study from the University of North Carolina, Mihalik et al. (2008) compared

short-term complex and compound training programs. They investigated the differences

in gains in vertical jump heights and power production and the rate at which those gains

occurred between the two programs. Thirty-one college-aged volleyball players (20

women and 11 men) were divided into either a complex or compound training group and

trained 2 days per week for 4 weeks. Prior to the study, they participated in practice

twice a week and jumping activities for 3 months. The resistance exercises performed

included squats, single leg lunges, and deadlifts. The plyometric exercises included

depth jumps, split squat jumps, and double leg bounds. The complex group (10 women

and 5 men) performed plyometric and resistance exercises on both training days each

week, while the compound group (10 women and 6 men) performed resistance exercises

on the first training day and plyometric exercises on the second. Mihalik et al. (2008)

reported significant improvements in vertical jump height and power output in both

training groups during the study, no significant difference in gains between the two

programs, and no significant difference in the rate at which gains were achieved within

the two groups (Mihalik et al., 2008).

A related study from Oregon State University investigated the effect of a squat

program, a plyometric program, and a squat-plyometric program on power production

improvement in the hip and thigh during vertical jump measures (Adams et al., 1992). In

this study, 48 male subjects, who had a minimum of one year of recreational lifting

experience with little or no power training or plyometrics exposure, were divided into
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four groups—squat, plyometric, squat-plyometric, or control—and trained twice per

week for six weeks. The squat training group began with 4 sets of 8 repetitions at 70% of

their parallel-squat measured IRM in the first week and advanced to 2 sets of 2

repetitions at 100% of their 1RM in the sixth week. The plyometric training group

performed depth jumps, double-leg hops, and split squats during their sessions for a

prescribed number of sets and repetitions with one to two minutes of rest between sets

(Adams et al, 1992). The squat-plyometric group performed squats first on the first

training day and plyometrics first on the second training day at the same intensity as the

other groups but at a reduced work volume. Adams et al. (1992) concluded that a

combined squat-plyometric training program increases power production in vertical jump

measures significantly more than either the squat or plyometric program alone.

Another study by Fatouros et al. (2000) compared the effects of plyometric

training, weight training, and a combined protocol of plyometrics and weights on vertical

jump height, mechanical power, flight time, and maximal leg strength. Measurements

were taken in 41 untrained male participants before and after 12 weeks of training

designed to overload the muscles used in vertical jumping. The men were divided into a

plyometric training group, a weight training group, a plyometric plus weight training

group, or a control group. The weight training protocol consisted of barbell squats, leg

presses, leg curls, and standing calf raises during the first 8 weeks and barbell jump

squats, cleans, snatches, and push presses in the last 4 weeks. Front and side lunges, step

ups, sitting calf raises, and dead lifts were used during all 12 weeks. The plyometric

training protocol consisted of squat jumps, jumps over cones and benches, repeat triple

jumps, single- or double-leg hops, alternate leg bounds, depth jumps, and box jumps.
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The plyometric intensity began with 80 foot contacts in the first 2 weeks, and for the last

10 weeks, the intensity was 220 foot contacts on the first training day of the week, 150-

170 foot contacts on the second, and 120 foot contacts on the last. The combined

program included weight training exercises performed 180 minutes after plyometric

exercises. Fatouros et al. (2000) concluded that the combined protocol group performed

significantly better than the other two training groups in vertical jump height, jumping

mechanical power, and flight time. It also had significantly higher improvement in leg

strength compared to the plyometric group but not the weight training group.

In a study by Blakey and Southard (1987), a combination of plyometric depth

drops and weight training was investigated for its effects on dynamic leg power and

strength. This 8-week study enrolled 31 college-age males currently taking beginner-

level university weight training classes three days a week where they attempted 3 sets of

8 repetitions of upper body exercises and leg presses. Depth jump training

performed prior to resistance training on the first and third training day (Blakey &

Southard, 1987). They were divided into three groups according to depth jump heights of

1.1m, 0.4 m, and no height. Both resistance and depth jump training intensity increased

throughout the study. Blakey and Southard (1987) concluded that an 8-week combined

program of resistance and plyometric exercise will increase leg strength and power.

Related research from Southern Cross University in Australia compared the

effectiveness of two training protocols on enhancing dynamic performance measures

(Lyttle et al., 1996). Thirty-three male participants, who had played various regional

sports but had not performed resistance training, were randomly assigned to either a

maximal power training program, a combined weight and plyometric program, or a

was
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nontraining control group. Participants underwent performance testing before and after

the 8-week training program that included sprints, a seated shot put throw, a seated

medicine ball throw, 1 RM bench press and squat, vertical jumps, explosive push-ups,

and a 6-sec cycling test. The two training groups trained twice a week with sets and

repetitions equated for both groups (Lyttle et al., 1996). The power training group

performed weighted squat jumps and bench-press throws. The combined training group

performed squats and bench presses along with rebound depth jumps and drop medicine

ball tlirows. Lyttle et al. (1996) found that in all performance measures, both training

groups showed significantly greater improvement over the control group with no

significant difference between the two training groups.

Through its growth as a popular training mechanism, complex training has been

compared in research and experimental studies to other protocols and has been found to

have implications on multiple variables of athletic performance. In complex training,

plyometric and resistance exercises that are biomechanically similar are alternately

performed set for set within the same workout session (Docherty et al., 2004; Duthie et

al., 2002; Ebben, 2002; Ebben and Watts, 1998; Ebben & Blackard, 1997; Jensen &

Ebben, 2003; Jones & Lees, 2003; Mihalik et al., 2008). Complex training has been

shown to be a beneficial training mechanism for variables such as vertical jump height,

strength, power production, and other performance variables (Adams et al., 1992; Blakey

& Southard, 1987; Fatouros et al., 2000; Jones & Lees, 2003; Lyttle et al., 1996; Mihalik

et al., 2008). However, there are research studies in which improvements were seen but

were not always significant (Duthie et al., 2002; Jones & Lees, 2003; Lyttle et al., 1996;

Mihalik et al., 2008). Even if a result is not considered significant in clinical terms, it can
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still indicate performance improvement in a practical setting and show the beneficial

impact that this mechanism of training can have on athletes.
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Chapter III

Methods

In this section, the methods used to perform this research study will be given

through a description of the participants involved and their respective roles in the study,

the instrumentation used, the general procedures used, and the statistical analysis of the

study. The main purpose of this study was to compare the effectiveness of a complex

training protocol to a resistance-only training protocol and a plyometric-only training

protocol. A group of college-aged, recreationally trained male participants completed a

9-week training period. Within this time frame, there was one week of pre-testing and

procedure familiarization (Wl) and two additional weeks of testing during the study that

included mid-testing (W5) and post-testing (W9).

The participants were randomly assigned to one of the three following training

groups: resistance-only training group (RT), plyometric-only training group (PT), and a

complex training group (CT). Because the CT protocol was a combination of both the

RT and PT protocols, comparisons could be made against each of the individual training

modes. Therefore, there was no control group used in this study.
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Participants

The participants recruited for this study were college-aged males ranging in age

from 18 to 30 years. All participants were recreationally trained with a resistance

training background of at least six months in length. Ebben and Watts (1998) deem

functional strength a prerequisite to plyometrics and suggest that an athlete use weight

training to prepare for a plyometric program in order to prevent injury, build a strength

base, and prepare the body for high-impact forces. Therefore, any individuals classified

as sedentary prior to the study were not included. In addition, participants presenting

with a history of either cardiac or respiratory disease or with the occurrence of a

traumatic event or surgery to the lower extremities within the past two years were

excluded from the study.

Based on a comprehensive review of the literature, it was estimated the training

protocol would elicit a large effect size (0.50). Coupled with a power (1 - (3) = 0.80 and

an alpha (a) level = 0.05, it was determined that 30 participants, allowing for 10

participants in each group, are needed to detect  a 1.5 standard deviation (Hinkle,
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Wiersma, & Jurs, 2003). Therefore, the goal of this study was to include 39 participants,

allowing for 13 participants in each training group. An intention to treat analysis was

also used to adjust for any extensive dropout from the study and still keep the same

power. This number of participants was also used in similar research. Adams et al.

(1992), Mihalik et al. (2008), and Blakey and Southard (1987) used 48 participants in 4

groups, 31 participants in 2 groups, and 31 volunteers assigned into 3 groups.

respectively.

This study was approved by the University of Mississippi Institutional Review

Board (IRB), and all participants included in the study gave informed consent to

participate prior to the beginning of the study.

Instrumentation

Instrumentation used for this study included various resistance training

equipment, testing devices, and participation forms. To obtain the body weight of the

participants, an SEGA digital scale (Lafayette Instrument Co., Lafayette, Indiana)

used.

was

Various weight-training and plyometric equipment was used for the resistance

training protocols in the study. A Jones Machine (The Jones Max Rack 3D, Body Craft,

Sunbury, Ohio) was used for the back squat and straight leg calf raise (Calf Raise, Power

Systems, Knoxville, Tennessee) exercises to allow for proper technique and to reduce any

learning effects of the exercises. The Romanian Deadlift was performed with a 20-kg

Power Lifting bar (Power Systems, Power Systems, Knoxville, Tennessee) that utilized

additional plate-loading to increase the resistance. Hampton weighted plates (Venture,

California) were used to increase the resistance for exercises performed on both the Jones
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Machine and with the free-weight bar. Assorted plyometric exercises used in the training

protocol were performed on plyometric boxes (Power Systems, Knoxville, Tennessee) of

the following heights: 15.24 cm (6 in), 30.48 cm (12 in), and 45.72 cm (18 in). In

addition, some exercises employed the use of 15.24 cm (6 in) and 30.48 cm (12 in)

hurdles (Gorilla Speed Hurdles, Ann Arbor, Michigan). For the warm-up protocol, a

Monark 828 E Pendulum Ergometer (Monark Sports & Medical, Varberg, Sweden) was

used. All vertical jump testing measures in the procedure were performed on an AMTI

(Advanced Mechanical Technology, Inc. - Watertown, MA) OR6-7.

Participation forms were incorporated into the procedural aspect of the study to

ensure both consent and readiness prior to beginning. Included in these forms were the

following: a health, fitness, and demographic questionnaire; a health and lifestyle

questionnaire; and an exercise questionnaire to gauge participants’ ability to perform

required testing and training activities for the duration of the study. A University of

Mississippi-approved consent form was given to all participants that contained all

information regarding their rights and responsibilities during the study and all possible

outcomes of the study in reference to their participation. All forms used were approved

by the University of Mississippi Institutional Review Board (IRB).

Grouping

The participants were randomly assigned to one of the three following training

groups: resistance-only training group (RT), plyometric-only training group (PT), and a

complex training group (CT).
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Testing

Participants were asked to engage in no strenuous aerobic or anaerobic activity for

24 hours prior to the pre-training session in order to prevent residual fatigue from any

physical activity that could affect the outcome of testing measurements. Participants

were also asked not to consume any caffeine for 4 hours prior to the pre-training session

(Lament, 2006). Because caffeine acts as a stimulant to the central nervous system, a

heightened state of excitation in the body could negatively affect the results of this study

by providing an alternative method of cause for the results obtained.

The test measures performed included the following: 1 repetition maximum

(1RM) assessment of the back squat exercise, Romanian Deadlift (RDL), and the

standing calf raise (SCR). The IRM and SCR were performed in the Jones Machine, and

all three were recorded in kilograms. National Strength and Conditioning Association

(NSCA) guidelines were followed as the protocol for the lifts (Baechle & Earle, 2000).

Participants were allowed to attempt a 1 RM at a particular weight two times. If unable to

lift the weight, the participant was allowed to attempt a lighter weight or to use the

previous weight lifted as their IRM. The IRM measures were not always measured

exactly as 1 RM scores because multiple-RM measures were allowed if the weight values

were too heavy to be safely attempted. The multiple RM values were then used in the

following prediction equation from Brzyeki (1993):

Weight Lifted
Predicted 1 RM =

1.0278-.0278Jr

Weight Lifted = total weight lifted for the multiple repetition maximum

1.0278 = scaling coefficient

.0278 = scaling coefficient of the number of repetitions performed
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X = number of repetitions performed

All of these tests were repeated during the mid-testing (W5) and post-testing (W9)

sessions. In addition to these tests, vertical jump testing measures were performed during

the pre-testing, mid-testing, and post-testing sessions. Each participant performed three

countermovement vertical jump trials on the force plate. The average peak ground

reaction force from the three trials during each testing session was calculated and

recorded.

Training

The tliree training groups participated in six weeks of a specified training protocol

and three non-training weeks in which pre-testing (Wl), mid-testing (W5), and post

testing occurred (W9). The total timeframe for the study was nine weeks. The training

protocol consisted of two 3-week microcycles that combined to form one 6-week

macrocyle. The pre-testing session was held the week prior to the start of training (Wl).

The mid-testing session was held after third week of training (W5). The post-training

session was held after the sixth and final week of training (W9).

Ebben and Blackard (1997) report the importance of a recovery period when

performing a complex training protocol in order to reduce fatigue and allow consistent

focus on work performance. The participants followed a protocol requiring two days of

training in the lab per week for all six weeks of the study. Ebben and Blackard (1997)

recommend at least 48 hours of recovery between sessions. Therefore, participants in all

three training groups had rest periods of at least two days between subsequent sessions in

order to normalize timing between the groups. Rest intervals between sets within a single

complex training session are also important because of the timeframe needed to replenish
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anaerobic energy stores (Ebben and Blackard, 1997). Because of the recommended rest

period of 2 to 5 minutes between sets in complex training, the CT, RT, and PT groups

were allowed 3 minutes of recovery between sets in order to normalize recovery across

the groups (Ebben and Blackard, 1997). Ebben and Blackard (1997) also suggest

minimal rest of up to 30 seconds between exercises within a complex pair. However,

some research suggests a rest period 3 to 4 minutes in length between exercises in a

complex pair in order to allow for partial recovery but still utilize increased stimulation in

the muscles introduced by heavy-load resistance training (Comyns et al., 2006; Ebben,

2002). Therefore, the rest period between complex pair exercises for the CT group was

30 seconds during the first microcycle (W2-W4) and 180 seconds during the second

microcycle (W6-W8). Also, participants in the RT and PT groups were allowed 4

minutes of recovery between different exercises, while the CT group rested 4 minutes

between different complex pairs.

Table 1. Timing for Training Protocols

Timing for All Training Protocols Between Sessions, Exercises, Sets, Repetitions, and

Complex Pairs (where applicable)

Timing For Training Protocols

  Timing Between:

Training Protocol Sessions Exercises Sets Repetitions

N/A

Complex Pair

N/A4 minutes 3 minutes> 48 hoursRT

3 minutes> 48 hours 4 minutes N/A N/APT

4 minutes 3 minutes up to 30 seconds or 3 minutesCT >48 hours N/A

The twice-per-week, six-week training period was chosen based on research from

Adams et al. (1992). They suggest that four to six weeks of power training provides

optimal stress without excessive fatigue on the central nervous system (Adams et al.,

38



Jackson

1992). It has been reported that the neuromuscular adaptations that contribute to

explosive power may occur within the first two to four weeks of a power cycle (Adams et

al., 1992). Also, power athletes generally follow  a standard format of performing squats

and plyometrics twice a week to allow for adequate recovery (Adams et al., 1992). One

week of testing was held after the completion of each microcycle. Following research by

Buford et al. (2007), this allowed for a reevaluation of the IRM prior to the second

microcycle in order to optimize the opportunity for improvements in performance

measures.

In the initial improvement in untrained individuals after short-term training can

generally be attributed to neural adaptations. However, in this study, a combination of

six-weeks of training and recreationally-trained participants of at least six months was

used. With previously trained participants, the study aims to bypass the contribution of

neural gains to the explanation of the data. Also, the length of the study provides that the

participants are able to overcome any short-term hormonal adaptations that may

contribute to physiological changes other than those being sought specifically by the

training protocols.

A specific warm-up protocol utilizing a Monark Ergometer was followed by all

the participants in each of the three training groups prior to each testing and training

session. They pedaled at 50-60 revolutions per minute with .5 kilopound of resistance for

5 minutes. After this warm-up, members of the RT and PT groups also performed six

repetitions of a back squat with resistances of both their body weight and 50% IRM.

The training protocols for the CT, RT, and PT training groups were not equal in

volume and intensity. However, the protocols for both RT and PT were equated as much
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as possible with regards to volume and intensity. Because the CT protocol is a

combination of the RT protocol and the PT protocol, it is greater in total volume than

either RT or PT individually. The total volume of  a protocol is determined by

multiplying the load, number of sets, and number of repetitions (load x sets x repetitions).

This combination of protocols can be seen in research by Fatouros et al. (2000).

Training volume fluctuated between the two training days during each week. The

purpose of this fluctuation can be attributed to overloading and the idea of mixed

methods training. By having one “light” day and one “heavy” day each week, the

protocol can effectively bring about physiological stress to the participants’ bodies.

Altering the load between days causes a progressive overload that requires the body to

adapt quickly. In addition, the load fluctuation also allows for the training of different

goals during the same time period. Power training includes both a force, or strength,

component and a time component. Lifting heavier loads on the first training days

emphasizes the strength component, while the lighter-load second training day allows for

a greater lifting velocity and emphasizes the rate at which that force is produced.

Therefore, both power and strength can be targeted during the same week.

The RT group performed the following exercises: Jones Machine back squat,

RDL, and SCR. The participants in both the CT and RT groups performed these

exercises over the course of both microcycles, which lasted six weeks. Following a linear

progression periodization model, there was a steady increase in percentage of the

participants’ one repetition maximum score (Buford et al., 2007; Stone et al., 1981). The

prescribed loads and repetitions lifted per set fluctuated between both training days each

week. As stated previously, there was a 3-minute rest period between sets and a 4-minute
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rest period between exercises. The participants were instructed to move each load with

maximum movement intent.

Table 2. Resistance Training Protocol

Resistance Training Protocol for Both Training Days over Both Microcycles

Resistance Training Protocol

Training Day 1 Training Day 2

Repetitions Repetitions% IRM %1RM

Week 1 Pre-Test

Week 2 75% 3x6 60% 3x61

Week 3 80% 65%2 3x5 3x5

Week 4 3 3x5 67% 3x582%

Week 5 Post-Test

Week 6 1 85% 3x4 55% 3x4

Week 7 2 88% 3x3 50% 3x3*

Week 8 3 90% 3x3 45% 3x3*

Week 9 Post-Test

* Speed squats

The PT group performed the following exercises: lateral jumps (LJ), depth jumps

(DJ), and box jumps (BXJ). Lateral jumps help develop the ability to move and change

direction laterally (Chu, 1984). To perform the LJ, or lateral double leg hops, the

participant hopped laterally over a distance of 35 cm while attempting to minimize

ground contact time. The DJ utilize gravity and body weight to exert force against the

ground and develop elastic strength (Chu, 1984). Based on work by Chu (1984), the DJ

began as a double leg stance on a 30.48 cm box. With one foot leading, participants

stepped off the box and landed with both feet making ground contact simultaneously.

41



Jackson

With an active-reactive’' movement, the participants immediately explode off the ground

and jump as high as possible vertically (Chu, 1984). Repetitions were performed in 5-

second intervals from foot contact upon landing. Participants performed the BXJ by

standing on both legs atop a box 30.48 cm in height, dropping off the back of the box,

rebounding as quickly as possible off both legs, returning to the top of the box, and

repeating the jump. Ground contact time was minimized.

The previous exercises mentioned were performed during the first microcycle of

training. Dunng the second microcycle, the participants progressed to more advanced

exercises in order to provide opportunity for maximal improvements in testing measures.

The LJ progressed to lateral jumps spanning 35 cm in distance with a 30.48 cm barrier

(LJB). The performance of the exercise remained unchanged with the exception of

adding a barrier to be cleared. The DJ box height increased to 45.72 cm. The BXJ

advanced to a single leg jump exercise with an increased box height of 15.24 cm.

As previously stated, there was a 3-minute rest period between sets and a 4-

minute rest period between exercises. Participants were instructed to move with

maximum movement intent. Similar to a study by Fatouros et al. (2000), training volume

fluctuated between the two training days each week. The rest period length and volume

fluctuations served to aid in recovery both during and between training sessions.
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Table 3. Plyometric Training Protocol

Plyometric Training Protocol for Both Training Days over Both Microcycles

Plyometric Training Protocol

Training Day 1 Training Day 2

Repetitions Repetitions

Week 1 Pre-Test

Week 2 1 3x7 3x6

Week 3 2 3x6 3x5

Week 4 3x43 3x5

Week 5 Post-Test

Week 6 3x5 3x41

Week? 2 3x4 3x3

Week 8 3 3x3 3x3

Week 9 Post-Test

The CT group performed a protocol that combined exercises from both the RT

and the PT protocols in specific time intervals. The following complex pairs were

performed as a set: the back squat and LJ, the RDL and DJ, and the SCR and BXJ. These

exercises were paired based on their biomechanical similarities. As stated previously, the

total volume performed by the CT group was not equated to the volume performed by

either the RT group or the PT group.
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Table 4. Complex Training Protocol

Complex Training Protocol for Both Training Days over Both Microcycles

Complex Training Protocol

Training Day 1 Training Day 2

Resistance Exercises Plyo Exercises Resistance Exercises Plyo Exercises

Repetitions Repetitions Repetitions% IRM Repetitions %1RM

Week 1 Pre-Test

60% 3x6Week 2 1 75% 3x6 3x7 3x6

Week 3 3x6 65% 3x5 3x52 80% 3x5

Week 4 3x43 82% 3x5 3x5 67% 3x5

Week 5 Post-Test

3x5 55% 3x4 3x4Week 6 1 85% 3x4

3x3*Week 7 2 88% 3x3 3x4 50% 3x3

Week 8 3 90% 3x3 3x3 45% 3x3* 3x3

Week 9 Post-Test

*Speed Squats

As in the previous two groups, participants in the CT group had a 3-minute rest

period between sets with a 4-minute rest period between sets, or complex pairs. The

participants were instructed to perform movements with maximum intent during

resistance exercises and to minimize ground contact time during plyometric exercises.

The numbers of repetitions and sets used in the CT protocol was based on research by

Fatouros et al. (2000).

After both microcycles of training were completed (W2-W4, W6-W8), all

participants performed a post-training session (W9). The participants had also perfonned

a mid-testing session between microcycles (W5). These testing sessions allowed for the
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analysis of the training effects on each participant after the first microcycle, the second

microcycle, and the entire six-week microcycle. The measures taken were the IRM in

the back squat, RDL, SCR, and body weight. Also, participants performed vertical jumps

on the force plate to obtain ground reaction forces. As in the pre-testing session.

participants were instructed to engage in no strenuous aerobic or anaerobic activity within

twenty-four hours of the post-testing session. They were also asked to consume no

caffeine within four hours of testing (Lamont, 2006).

Analysis

A 3 (Group - Resistance, Plyometric, Complex) x 3 (Time Point - Pre, Mid, Post)

ANCOVA with body weight as the covariate was run to assess main effect for group

effect. Group by time-point interactions were assessed utilizing a follow up Bonferroni

correction for multiple comparisons. A Bonferroni Post Hoc Test was utilized to

highlight the nature of any within and between group differences. A comparison-wise

error rate (a) of 0.05 was set a priori. All analyses were run with SPSS 16.0.
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Chapter IV

Results

The purpose of this study was to compare the effects of resistance training,

plyometric training, and complex training on vertical ground reaction forces in vertical

jump measures in college-aged males during the course of a six-week study. Results for

this study will include the following: participant characteristics, general descriptive

statistics, and group comparison statistics. All data is expressed as mean group values ±

standard deviation (SD).

Participant Characteristics

Thirty-nine (39) participants met all initial qualifications for the study. Thus,

thirteen (13) participants were placed in each of the following groups: resistance training

(RT), plyometric training (PT), and complex training (CT). Prior to beginning the study,

all participants completed and signed the following forms: an IRB-approved informed

consent, health, fitness, and demographic questionnaire; a health and lifestyle

questionnaire; and a pre-participation exercise readiness questionnaire. Based on

information provided on the forms, participants that met the criteria of the study began

the testing protocol. Nine (9) subjects dropped out of the study for personal reasons.

Therefore thirty (30) participants completed the nine-week study consisting of testing and

training protocols. There were eleven (11) participants in the RT group, nine (9)

participants in the PT group, and ten (10) participants in the CT group.

46



Jackson

General Descriptive Statistics

The mean value of peak vertical ground reaction forces (vGRF) was calculated

from the three vertical jump trials performed by each participant during each testing

session. These scores were then used to calculate the mean value of peak vGRF for each

group (RT, PT, and CT) during the pre-testing session, mid-testing session, and post¬

testing session and are illustrated in Table 5.

Table 5. Group Descriptive Statistics

Mean Peak vGRF Values of Each Training Group for Each Testing Session

Vertical Ground Reaction Forces (N)

Group N Pre-testing Mid-testing Post-testing

2003.95 +414.18 2057.49 + 404.36 2083.80 + 393.67RT 11

PT 9 2111.26 + 371.66 2188.75 + 326.75 2186.88 + 346.96

CT 10 2274.97 + 406.70 2351.66 + 382.21 2375.44 + 318.57

Group Comparison Statistics

A 3 (Group - Resistance, Plyometric, Complex) x 3 (Time Point - Pre, Mid, Post)

ANCOVA with body weight as the covariate revealed  a significant group difference (p=

0.047). A follow-up Bonferroni Post Hoc Test revealed no group*time interaction, but a

trend towards an applied effect appeared between complex training and resistance

training (p=0.069).
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Chapter V

Discussion

As stated previously, the purpose of this six-week study was to compare the

effects of traditional resistance training and plyometrics training to complex training on

vertical ground reaction forces in vertical jumping in recreationally-trained college-aged

males.

In the analysis of the present study, the results revealed a significant group

difference. Measurements obtained during post-testing were found to be sigmficantly

greater than those obtained in pre-testing in all three groups. However, when body

weight was taken into account in the data analysis, there were no significant differences

found between the groups. Even though there were no statistical or applied differences

seen between complex and plyometric training or between plyometric and resistance

training, an applied trend was found between complex training and resistance training.

This trend indicates that complex training was more effective than resistance training in

improving vGRF in the vertical jump in the participants of the present study. Mean

differences among groups are presented in Table 5.

Support for the superiority of complex training over resistance training can be

found across multiple studies in recent literature. Fatouros et al. (2000) reports that while

plyometric, resistance, and combination training methods have been shown to improve

vertical jump performance, the combination training protocol elicited significantly greater

performance than either single protocol (Fatouros et al., 2000). While it was not a true

“complex” protocol, the methods of combination training can still be seen as comparable.
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The combination protocol included exercises from both individual protocols with

resistance exercises occurring three hours after plyometrics (Fatouros et al., 2000). In

that study, plyometric training led to a slightly greater improvement, though statistically

insignificant, in jump performance than resistance training. Therefore, dynamic power-

based exercises, which have a plyometric-like velocity factor, may be added to a

resistance protocol to improve vertical jumps (Fatouros et al., 2000). The combination

training reduced the amortization phase because of a better utilization of stored elastic

energy (Fatouros et al., 2000). Plyometrics were incorporated into both the combination

protocol (Fatouros et al., 2000) and complex protocol from the present study, whereas the

heavy-load resistance protocols did not contain any stretch-shortening cycle, or

plyometric, movements.

While jump performance is often measured in terms of jump height, the present

study focused on the evaluation of vertical ground reaction forces (vGRF) which

correlates with jump height through the net impulse of the vertical jump. A study by

Jones and Lees (2003) found a trend, though not significant, for peak GRF to increase in

CMJ following heavy-resistance exercise and thus concluded there was no disadvantage

in performancing complex protocols.

The present study only involved six weeks of training, but Fatouros et al. (2000)

suggest a 12-week training period is adequate for improving vertical jump performance.

With a longer training period in the present study, more significant differences may have

been seen within and between the different training protocols. Mihalik et al. (2008)

found improvements in vertical jump performance after a 3-week period of complex and

compound training, yet they considered those gains neural in nature and suggest future
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studies span a longer period of time. Buford et al. (2007) suggest nine weeks as an

appropriate length of time to elicit strength gains through heavy resistance training only.

There are multiple research studies that support the use of complex or compound training

programs from six weeks up to 16 weeks to elicit improvements in vertical jump

performance (Clutch et al., 1983; Ford et al., 1983; Harris et al., 2000; Lyttle et al., 1996;

Polhemus et al., 1980; Santos & Janeira, 2008; Verkhoshansky & Tatyan, 1973).

More evidence for the superiority of complex training can be found in an 8-week

study by Lyttle et al. (1996) that led to the conclusion that combined training protocols

lead to superior performances in stretch-shortening cycle movements because the

dynamic nature of plyometric movements may enhance the ability to perform SSC

actions. Through the examination of different protocols. Baker (1996) concluded that

combined methods of strength training offer the best stimulus by training contractile and

neural/elastic components. Adams et al. (1992) also found that a 6-week combined squat

and plyometric program significantly increased vertical jump ability more than either

single protocol alone. They suggest that resistance training increases strength in jumping

muscles while plyometrics develop explosiveness, allowing for optimal power production

and the ability to jump higher (Adams et al., 1992). Duthie et al. (2002) designed a study

to compare contrast and complex methods of training. The contrast protocol was

comparable to the present study’s complex protocol with heavy and light exercises

alternated set for set, while in the complex protocol, all sets of resistance exercises were

followed by all sets of lighter exercises (Duthie et al., 2002). They found a trend, though

not statistically significant, for the contrast training method to elicit superior effects in
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jump height, peak power output, and maximal force achieved in a jump squat (Duthie et

al., 2002).

The main difference between the complex and resistance protocols within the

present study was the lack of plyometric movements within the resistance training

protocol. The plyometric effect occurs when stored potential energy is converted to

kinetic energy and leads to explosive-reactive movements. This lack of plyometric

activity within the resistance protocol may have led to a deficiency in training specificity

with regard to the vertical jump. There was no applied effect found between complex

training and plyometric-only training in the present study; this can probably be

contributed to the similarity of SSC movements and training specificity within each

protocol.

The basis of complex training is often contributed to neuromuscular adaptations

and postactivation potentiation (PAP), which allows the performance of additional work

at high intensities (Docherty et al., 2004; Ebben  & Watts, 1998; Hanson et al., 2007). In

the present study, resistance intensities in the complex protocol were not consistently

held at 80% of IRM or higher, which Hanson et al. (2007) recommends as the optimal

level to achieve PAP and offer benefit to subsequent high-velocity movements. Similar

to Fatouros et al. (2000), Hanson et al. (2007) also suggests the addition ofjump squats to

stimulate greater PAP by increasing power and impulse. This would add a plyometric

effect to resistance training, similar to what occurs in complex training, and allow for

greater jump performance. A 9-week study by Harris et al. (2000) compared a high-force

protocol (80-85% 1RM), a high-power protocol (30% peak isometric force), and a

combination training protocol. Only the high power and combined protocols improved
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significantly in the vertical jump (Harris et al, 2000). Though the design of the study

was different from the present study, it provides that a light-load protocol and a combined

light and heavy-load protocol increases vertical jumps more than heavy-load resistance

training alone.

Another topic that has been addressed in several studies and may have affected

this study includes rest intervals and recovery periods. In the present study, the following

protocol was followed: 30-second intracomplex rest interval (W2-W4), 180-second

intracomplex rest interval (W6-W8), 3 minutes between sets, and 4 minutes between

different complex pairs. Hanson et al. (2007) suggests a recovery period of 3-5 minutes

or longer after heavy-load exercises. Longer rest periods for loads of 60% IRM or less

may result in dissipation of PAP before subsequent exercise performance (Hanson et al..

2007). In a study by Comyns et al. (2006), a reduction in GRF was seen with a 30-

second intracomplex rest interval. Intracomplex rest intervals of up to 4 minutes were

shown to be optimal in several studies (Ebben, 2002; Evans et al, 2000; Jensen and

Ebben, 2003; Radcliffe and Radcliffe, 1996; Young et al., 1999). Therefore, extending

the rest intervals from 30 seconds (W2-W4) and 180 seconds (W6-W8) as seen in the

present study may prove to be beneficial as well. Comyns et al. (2006) and Duthie et al.

(2002) both suggest the importance of individualizing time periods in complex training

because high interindividual differences can exist. For optimal effectiveness, Giillich and

Schmidtbleicher (1996) express the necessity of determining the most advantageous

interval for each individual.
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Hypothesis Results

Haj: There will be an increase in vertical ground reaction forces in vertical jumps as a

result of resistance training, plyometric training, or complex training.

Result: Based on the results of this study, the alternative hypothesis is accepted and the

null hypothesis is rejected. The results showed a significant group difference in vGRF

after training (p=0.047). The data showed a significant improvement in post-testing

measures compared to pre-testing measures.

Ha2- There will be a greater increase in vertical ground reaction forces in vertical jumps

as a result of complex training compared to either resistance training or plyometric

training.

Result: Based on the results of this study, the data could not fail to reject this hypothesis.

Therefore, this alternative hypothesis is rejected. The results showed no significant

group*time interaction. However, the data did reveal an applied trend that complex

training was more effective than resistance training in increasing vGRF in vertical jumps.

Conclusion

Although there was no significant difference in increase in vertical ground

reaction forces in the vertical jump between training protocols, there was an overall

significant improvement as a result of training. The results do suggest the effectiveness

of complex training versus resistance-only or plyometric-only training in improving

vertical jump performance. The applied trend found in the data suggests a possible

superiority of complex training. Through adjustments to the training protocol or other

aspects of the study, more significant results may be revealed. Because of this trend,

complex training can be seen as a practical training modality worthy of incorporation into
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athletic strength and conditioning programs. Complex training offers more variety than

either single-method protocol because of its multiple exercise inclusions. This may

provide an improved training stimulus and allow for more efficient use of time within

training sessions. In addition to strength and conditioning programs for athletes, complex

training may also be beneficial for practical use in recreational settings.

Future Research Considerations

Because of the discrepancy in literature regarding complex training, more

research may be necessary to determine the precise workload including numbers of sets

and repetitions and intensity to be used within a complex training protocol to elicit

optimal improvement. Adjustments to the recovery periods used within the present study

may also lead to changes in the results because of the optimization of PAP and reduction

of fatigue. Another modification to the present study for future consideration is the

extension of the overall training period from 6 weeks to an 8-12 week study in order to

possibly elicit more significant improvements and results in regard to testing measures.

Because this group allowed each protocol group to serve as its own control, a true control

group could also be added to future studies.

Another consideration may be the addition of upper-body heavy-load resistance,

light-load resistance (in place of plyometrics), and complex training protocols to the

present study to compare results between the upper-body and lower-body. The training

level of subjects is a point of interest in most complex training literature. Because this

study utilized recreationally trained college-aged males, it could be reproduced to

compare the three training protocols (resistance, plyometric, and complex) in highly

trained athletes or in gender-based studies with women as the subjects. Also more care
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could be taken in future studies to control possible confounding variables during the

course of the study such as dietary intake or physical activity performed in addition to the

training sessions. Controlling or assessing these variables could provide more insight

into the data revealed in the study.
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