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ABSTRACT 

This study attempted to determine the effects of unilateral and 

bilateral leg-strength training on various strength and performance 

measurements. Forty subjects, twenty in a bilateral training group and twenty in 

a unilateral training group, trained for six weeks and then switched training 

methods and trained for an additional six weeks. The subjects in both groups 

trained 3 d per wk. They performed 3 sets at 75% of their one repetition 

maximum for 8 repetitions per set. The last set was performed to failure and 

the weight was increased when they could perform 12 repetitions on the last set. 

Strength and performance measurements were performed prior to training and at 

the completion of the sixth and twelfth weeks. Strength measurements included 

one repetition maximum leg-press lifts for each leg individually and both legs 

together. Strength was also measured on the Cybex II at speeds of 0, 1.05, 3.14, 

and 5.24 rad-s~l. Performance measurements included a 36.7 m (40 yd) dash, 

standing long jump, and vertical jump. The vertical jump and standing long jump 

were performed in a restricted and unrestricted manner. The bilateral training 

program resulted in greater improvements for the restricted standing long jump. 

There was a significant order effect for the two-legged press. The greatest 

gains were obtained during the first six weeks under both training programs. The 

greatest gains at 0 rad*s"l occurred during the second training period, a finding 

v i i  



which was the result of the loss of left-leg isometric strength following 

unilateral training. 

There was also a significant training program order effect at 5.24 

rad-s"l for the right and left legs with the greatest gains occurring during the 

second training program. No interaction between order and the type of training 

prograjn was found, which indicates, for this investigation, a low degree of 

specificity. 
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CHAPTER 1 

INTRODUCTION 

Weight training has been shown to increase strength (2,3), speed of 

movement (6,8), and power (6,7). There are several different weight-training-

based, strength-development methods, each with its own advantages and disad

vantages, but common among them all is that most movements are executed 

bilaterally. It is widely believed that strength development is specific to the 

movement patterns of the muscles being strength trained, i.e. the specific 

recruitment of motor units. If this is true, to develop strength that may be 

directly applied during the performance of a specific movement, sport, or 

activity, the pattern of that movement should be simulated as closely as 

possible. In other words, the more specific the strengthening exercise is to the 
i  •  - *  

sport activity, the better the resulting performance. With this concept of 

specificity in mind, the Paramount Company developed a unilateral leg press 

machine which should more nearly approximate the simulation of many move

ment patterns by allowing the individual to train his or her legs on a reciprocal 

basis. 

Statement of the Problem 

Forty students from two weight-training classes at the University of 

Arizona volunteered to participate in this leg-strength training study which 

attempted to determine the effects of unilateral and bilateral leg-strength 

1  
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training on various strength and performance measurements. It was 

hypothesized that improvement in strength would be independent of the training 

device, while improvements in performance would be specific to the training 

device. 

Review of Literature 

There is little disagreement that weight training improves strength 

(2,3). Evidence also indicates that weight training can increase speed of 

movement (6,8) and power (6,7) and can improve basic motor task performances 

(2,5), such as running, jumping, and putting the shot. In addition, it is accepted 

that improvements subsequent to training are specific to the type of training and 

to movement patterns and speed (7). 

Forms of Muscle Contraction 

Basically, there are two major forms of muscle contraction: static, or 

isometric, and dynamic. During a static contraction the muscle develops tension 

but does not change length so there is no visible movement at the joint. 

Dynamic contractions involve a change in the length of the involved muscles. 

Within dynamic movement, are two types of contractions, concentric and 

eccentric. A concentric muscle contraction occurs when the resistance is 

overcome by the tension developed in the muscle so that the muscle is shortened. 

An eccentric muscle contraction occurs when the resistance is greater than the 

muscle tension resulting in muscle lengthening. Three forms of resistance can be 

applied to the muscle system. These are constant, variable, and accommodating 

resistance. In constant resistance training, as in using free weights, the 

resistance varies proportionately with the moment arm. This is usually termed 
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isotonic training. Variable resistance makes use of machines which vary the 

resistance by changing the moment arm of the machine throughout the range of 

motion such that the resistive torque more closely matches the length-torque 

capability of the muscle(s). Accommodating resistance allows maximum con

traction throughout the full range of motion using a special device that controls 

speed. An increase in the applied force will not move the device any faster. 

This is also called isokinetic training. 

Factors Influencing Strength 

Many factors influence an individual's strength, and most of these 

factors can be altered by strength training. It has been demonstrated that 

overload training causes muscular growth by hypertrophy of individual muscle 

fibers with associated increases in total contractile protein (15). Strength 

training also stimulates production of connective tissue and satellite cells that 

surround the muscle fibers which thicken and strengthen the muscle's connective 

tissue (12), and improves the structural and functional integrity of tendons and 

ligaments (37). All of these changes assist the muscle in improving its force-

producing capacity, but there are factors other than anatomical or structural 

factors which aid in increasing strength. 

Neural and psychological factors have been established as important 

contributors to increases in muscular strength. These factors include synchron

ization of motor unit activity and learning which leads to less co-contraction. 

Ikai and Steinhaus (16) measured arm strength on a group of college men and 

women under normal conditions, immediately after a loud noise or while the 

subject screamed, under the influence of alcohol or amphetamines, and under 

hypnosis in which they were told they would be stronger than usual and not to 
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fear injury. Each of these factors increased strength above control values with 

the greatest strength increase occuring while under hypnosis. Spinal cord 

motoneurons command muscle activity. While the muscle response is obligatory, 

its performance depends on such variables as the mechanical characteristics of 

muscle and the resistance, and unexpected perturbations. These parameters 

represent the peripheral component of strength. Variability in motoneuron 

excitability, as demonstrated by Ikai and Steinhaus, is the central correlate. 

Specificity of Strength Training 

The mechanisms underlying specificity are thought to be those neural 

factors that determine effective recruitment and firing of the appropriate motor 

units (36). Thorstensson et al (36) found that eight weeks of leg strength training 

caused marked improvement in selected functional tests of muscular 

performance. His subjects increased their one repetition maximum squat an 

average of 67%, maximum voluntary isometric contraction of the quadriceps 
/ 

femoris increased 13%, and vertical distance achieved on the Sargent jump 

increased 22%. They attributed these improvements to possibly being changes in 

"neural energy" and recruitment patterns of motor units, since there were no or 

only minor effects on the leg extensor muscles in terms of muscle fiber 

composition and area or in selected enzyme activities. Henry and Whitley (18) 

stated that strength in action is controlled by the neuromotor coordination 

centers of the nervous system and should exhibit the same high degree of 

specificity that is found in other types of neuromotor performances. This 

implies that, if strength is gained through exercise with some movement other 

than the one under consideration, full advantage of the greater strength 
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potential of the muscle would require practice with the specific movement so 

that specific neuromotor coordination can take advantage of the greater stength. 

The concept of specificity in weight training has been demonstrated 

relative to motor skill specificity, the joint angle at which the specific muscle 

groups are exercised, and the type of contraction. Motor skill specificity may be 

attributed in part to the force-velocity relationships that govern the functioning 

of skeletal muscle. The amount of force exerted increases in a curvilinear 

manner as the velocity of contraction decreases until the force exerted peaks at 

a negative velocity in an eccentric contraction. Thus, in sport activities, each 

movement or motor skill involves a specific region of the force-velocity curve. 

The concept of motor skill specificity was supported by the research of 

Perrine and Edgerton (28). They trained a group of volleyball players for five 

weeks on fast isokinetic leg thrusts and found a mean increase of 3.8 cm in their 

vertical jump. - This led them to suggest that the explosive performance potential 

of muscle may be responsive to power-specific training. Prins (29) found that 

vertical jumping ability increased when subjects were trained at 2.27 rad-s^ but 

not at 0.61 rad*s"l. This was to be expected due to motor skill specificity since 

2.27 rad»s"l is more specific to the speed of leg extension through which a 

vertical jump is executed. 

Coyle compared force-velocity alterations consequent to slow- and 

fast-velocity power training (9) and found that two-legged maximum peak 

torques at 1.05 rad-s~l increased significantly more than the sum of the 

improvements in maximum peak torques when each leg was tested individually. 

Coyle stated that if the physiological basis for improvement was solely muscle 

hypertrophy, the two-legged and the sum of the one-legged improvements should 
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not differ. Coyle also found that two-legged improvements and the sum of one-

legged improvements were similar at speeds of 3.14 and 5.24 rad-s-1 which led 

him to suggest that the specificity of training concept may not apply when high 

training velocities are used. 

Several studies have indicated that strength increases in static training 

are specific to the position at which a limb is exercised (21,38). Gardner (14) 

trained three groups at either 2.01, 2.36, or 2.71 rad of knee extension three 

times per week. The subjects trained isometrically using 66.6% of their 

maximum tension loads for a single six second contraction. All subjects were 

pre-tested and post-tested at each of the three angles. He found no significant 

improvements in any one group at angles other than the one at which they 

trained. He concluded that strength increases are specific according to the 

position at which a limb is exercised. Thus isometric techniques may not be 

ideal for improving dynamic skill performances where strength is required 

through a large range of motion. 

Coyle (9) states that gains in strength are specific to the training angle 

in that improvements in maximum voluntary contraction become increasingly 

smaller as the joint angle during testing moves successively farther away from 

the training angle. He theorizes that it is possible that the muscle must provide 

familiar proprioceptive feedback to the nervous system to enable it to increase 

recruitment or synchronization at a specific angle of training. The specificity of 

the proprioceptive feedback concept may also explain the observation that a 

muscle is able to exert more force when tested in the specific manner in which it 

was trained. 
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A study by Rasch and Morehouse (31) compared static and dynamic 

strength. The isotonic group performed three sets of five repetition maximum 

arm curls and overhead presses. The isometric group performed three arm curls 

for 15 s each at 66.6% of their maximum strength at a joint angle of 1.75 rad. 

Both groups trained three times per week for six weeks. Strength tests were 

administered in a position dissimilar to that in which the subjects were trained as 

well as in a position which was similar. Subjects demonstrated strength gains in 

tests when muscles were utilized in a manner similar to training. Little or no 

strength gains were seen when dissimilar procedures were employed. This was 

attributed to learning factors such as more efficient control of the neural 

mechanism governing the cocontraction phenomenon and overcoming psychologi

cal barriers. 

Specificity also applies to the type of contraction. Training statically 

increases static strength significantly more than training dynamically and 

training dynamically increases dynamic strength significantly more than training 

statically, as demonstrated by Berger (2) and Noble and McGraw (27). 

Thistle (32) in a pilot study comparing isokinetic, isotonic, and 

isometric techniques after eight weeks of training found that isokinetic training 

resulted in a greater increase in total work ability and peak force ability than 

the other two methods. This was to be expected as post-testing was performed 

on the Cybex dynamometer, an isokinetic testing device. Others have found no 

difference between isotonic and isokinetic methods (10,14,16). Isotonic was 

found to be superior to isokinetic by Stevens (34). 

Though the exact physiological mechanisms responsible for specificity 

are as yet not completely understood, the studies that have dealt with specificity 
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of strength training have provided enough evidence that makes it imperative for 

an athlete to consider principles of specificity when training for a particular 

event or competition. 



CHAPTER 2 

EXPERIMENTAL DESIGN 

Subjects 

Forty students, 28 males and 12 females, from two weight-training 

classes at the University of Arizona volunteered to participate in this study. The 

study design was approved by the University's Human Subjects Committee, and 

informed consent was obtained. Participation in recreational activities, physical 

education classes, or intramurals did not prohibit participation in the study. 

Subjects were not allowed to do any specific leg strength training other than that 

which was a part of the study design. Twelve students eventually dropped out of 

the study due to injury unrelated to the study (n=4), lack of interest (n=3), or 

conflicting commitments (n=5). Subject characteristics are presented in Table 1. 

Methods and Materials 

The training program consisted of two 6 wk periods. One class trained 

with the standard Paramount bilateral leg press machine (Figure 1), while the 

other class trained on the Paramount unilateral leg press machine (Figure 2) 

which functions on a reciprocal basis, i.e. as one leg extends concentrically, the 

other leg simultaneously retracts eccentrically. The movement was from knee 

flexion of 1.57 rad to full extension of 3.14 rad. After six weeks of training, the 

9  
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Figure 1. Paramount bilateral leg press machine 
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Figure 2. Paramount unilateral leg press machine 
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classes switched training devices and the study continued for an additional 6 wk, 

using a simple 2x2 Latin squares design. 

The subjects in both groups trained 3 d/wk. They performed three sets 

at 75% of their one repetition maximum (1-RM) for eight repetitions per set. 

The last set was performed to failure and the weight was increased when they 

could perform twelve repetitions on the last set. Both groups were positioned in 

the machine so that their knees were flexed at 1.57 rad at the initiation of 

movement. 

Performance and strength tests were administered before training and 

at the conclusion of the sixth and twelfth weeks. Twenty students were tested 

twice at the beginning of the study to establish reliability of the tests. The 

coefficients of reliability are presented in Table 2. 

Test Procedures 

Strength was determined by a 1-RM test on both the bilateral and the 

unilateral Paramount leg press machines, initiating the movement at a 1.57 rad 

knee angle, for both single and double leg movements. Both leg press machines 

are designed to vary the resistance by changing the moment arm throughout the 

range of motion such that the resistive torque more closely matches the length-

torque capability of the muscle(s). In the 1-RM assessment procedure, the 

subject progressed from lighter to heavier weights until he or she was unable to 

complete the lift through the entire range of motion. As much rest as was 

needed was provided between lifts. The heaviest weight successfully lifted was 

used as the 1-RM. 
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Table 1. Subject characteristics 

N = 40 Mean SD 

Age, years 

Height, cm 

Weight, N(kg) 

20.9 

175.1 

7.0 (69.1) 

1.85 

7.93 

0.99 (9.73) 



Table 2. Reliabilities of strength and performance tests 
determined by two pre-tests of twenty subjects 

36.7 m (40 yrd) dash .99 

Standing long jump (unrestricted)3 .94 

Standing long jump (restricted)*3 .95 

Vertical jump (unrestricted)3 .98 

Vertical jump (restricted)^ .96 

Left leg press .97 

Right leg press .94 

Two leg press .94 

Cybex, right leg 

0 rad«s~l .96 

1.05 rad-s-1 .96 

3.14 rad«s-l .96 

5.24 rad«s*l .93 

Cybex, left leg 

0 rad'S-1 .92 

1.05 rad«s~l .96 

3.14 rad-s"1 .98 

5.24 rad-s"1 .93 

aSubjects used preliminary flexion about the knee joint and arm 
movement. 

^Subjects bent their knees to an angle of 1.57 rad and jumped without 
any preliminary arm movement or flexion about the knee joint. 
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Strength, was also assessed on the Cybex II dynamometer at 0, 1.05, 

3.14, and 5.24 rad«s"^. Each subject performed three extensions at each test 

velocity to become familiar with the velocity. Each subject executed three 

knee extensions and flexions as fast and as forcefully as possible at each of the 

speeds. The torque at 0 rad*s~l was determined at an angle of 1.13 rad. The 

highest peak torque value generated from the three repetitions was recorded. 

The Cybex II was calibrated by standard procedures as outlined in Appendix A. 

Performance tests administered included a vertical jump, a standing 

long jump, and a 36.7 m (40 yd) dash. The Vertek was used to measure the 

vertical jump. The Vertek has plastic blades at one-half inch intervals. The 

subjects took one step and tried to touch the highest blade possible 

(unrestricted). A second method was also used which restrained extra body 

movement other than that absolutely necessary to jump vertically (restricted). 

The subjects bent their knees to 1.57 rad and jumped upward without any 

preliminary arm movement or flexion about the knee joint. The highest jump 

was recorded. Similar procedures were also used for the standing long jump, i.e. 

a restricted and unrestricted method was used. Subjects were allowed to swing 

their arms in the unrestricted method. In the restricted method, the subjects 

grasped their hands behind their back and jumped from a position of 1.57 rad of 

knee flexion. The longest jump was recorded for both methods. The restricted 

movements for both the vertical and long jump procedures were implemented in 

an attempt to reduce the element of skill. Each subject also performed three 

trials of the 36.7 m (40 yd) dash. The fastest time was recorded. 



CHAPTER 3 

RESULTS 

The means of the strength and performance measurements were 

determined for the pre-test, the mid-test following the conclusion of the first 

training period at six weeks, and the post-test at the conclusion of the second 

training period at twelve weeks. These means were analyzed to determine if 

statistically significant changes had occurred consequent to either or both 

unilateral and bilateral training. These data are presented in Table 3. Student t-

ratios were computed to determine if the changes exhibited over either of the 

six week training periods were statistically significant. This analysis was based 

on a 2 x 2 Latin squares design (3), allowing for a more comprehensive analysis of 

the effects of the order of the training programs, the efficacy of one program 

over the other, and the interaction between order of testing and training 

program. The F-ratios for the Latin square design analyses are presented in 

Table 4. 

With respect to performance measures, the bilateral training program 

resulted in significantly improved performance in the 36.7 m (40 yd) dash, and in 

the vertical jump (restricted), and standing long jump (restricted and un

restricted) for the first period only. The unilateral training program resulted in 

significantly improved performance only in the vertical jump (restricted and 

unrestricted) in the second period. Between group comparisons indicated that 

the bilateral training program resulted in greater improvements for the 

restricted standing long jump. 

16 



Table 3. Strength and performance alterations consequent to unilateral and bilateral training 

-r . . Bilateral Group Unilateral Group Training ^ tL 

Period Tj T2 Meano SEmd t Ti J2 Meanp SE^D t 

36.7 m (40 yd) dash, s 1 6.2 6.0 -0.2 0.1 -2.27* 6.0 6.0 0.0 0.0 -0.77 
2 5.9 5.8 -0.1 0.1 -2.31* 6.0 5.9 -0.1 0.1 -1.57 

Vertical jump, cm 1 40.4 42.9 2.5 1.3 2.15* 42.4 43.9 1.5 1.0 1.26 
(restricted) 2 43.9 44.7 0.8 0.8 1.30 42.9 45.7 2.8 1.0 2.93* 

Vertical jump, cm 1 53.1 54.1 1.0 0.8 1.04 57.2 57.7 0.5 1.0 0.62 
(unrestricted) 2 57.6 58.2 0.6 0.8 0.85 54.1 56.4 2.3 1.0 2.77* 

Standing long jump, cm 1 166.1 171.7 5.6 2.3 2.33* 165.3 165.9 0.6 2.0 0.84 
(restricted) 2 165.9 170.7 4.8 3.3 1.38 171.7 172.2 0.5 2.3 0.13 

Standing long jump, cm 1 195.8 204.5 8.7 3.0 2.84* 199.6 206.5 6.9 3.6 1.97 
(unrestricted) 2 206.5 207.0 0.5 4.6 0.11 204.5 206.0 1.5 3.6 0.42 

Two leg press, N 1 17.6 21.8 4.2 0.6 7.09* 16.7 20.4 3.7 0.5 7.48* 
2 20.4 22.8 2.4 0.6 3.93* 21.8 23.2 1.4, 0.6 2.35* 

Left leg press, N 1 6.8 7.9 1.1 0.4 3.13* 16.7 8.6 1.9 0.2 7.83* 
2 8.6 9.1 0.5 0.4 1.41 7.9 8.7 0.8 0.3 2.48* 

Right leg press, N 1 7.1 8.0 0.9 0.4 2.10* 6.8 8.5 1.7 0.3 6.21* 
2 8.5 9.2 0.7 0.4 1.76 8.0 8.6 0.6 0.3 2.05* 



Table 3, cont. 

Training 
Period Tj 

Bilateral Group 

Tz MeanDSEMD Tl 

Unilateral Group 

T2 Meano SEMD 

Cybex, right leg, N*m 
0 rad-s~l 1 210.9 217.6 6.7 4.8 1.39 206.9 207.4 0.5 4.3 0.10 

2 207.4 205.7 -1.7 5.7 -0.29 217.6 216.1 -1.5 4.9 0.32 

1.05 rad's"-'- 1 157.8 164.2 6.4 6.1 1.09 153.0 154.2 1.2 2.9 0.42 
2 154.2 167.1 12.9 3.0 4.27* 164.2 172.9 8.7 4.0 2.16* 

3.14 rad«s"l 1 86.4 94.2 7.8 3.2 2.42* 86.9 90.0 3.1 2.8 1.14 
2 90.0 101.7 11.7 3.0 3.84* 94.2 107.9 13.7 3.4 4.03* 

5.24 rad*s"l 1 52.1 53.9 1.8 2.2 0.80 50.6 54.8 4.2 1.6 2.58* 
2 54.8 66.3 11.5 1.7 6.62* 53.9 66.2 12.3 2.3 5.24* 

Cybex, left leg, N*m 
0 rad's"! 1 206.4 201.6 -4.8 4.6 -1.03 200.9 188.6 -12.3 6.1 -2.02* 

2 188.6 191.0 2.4 8.1 0.29 201.6 197.4 -4.2 4.8 -0.90 

1.05 rad-s"l 1 158.1 160.5 3.4 2.4 0.73 150.7 149.0 -1.7 3.2 -0.54 
2 149.0 158.9 9.9 4.7 2.13* 160.5 164.8 4.3 3.5 1.23 

3.14 rad*s"l 1 90.1 99.4 9.3 4.7 1.98* 84.3 86.4 2.1 2.3 0.95 
2 86.4 99.1 12.7 2.4 5.41* 99.4 103.7 4.3 5.6 0.76 

5.24 rad*s"l 1 54.4 55.6 1.2 1.5 0.81 51.3 54.6 3.3 1.6 2.07* 
2 54.6 66.4 11.8 2.2 5.39* 55.6 67.9 12.3 1.4 8.77* 

*A t-value of 1.77 is necessary for significance 

Tj_—pre-test for a training period 
T2—post-test for a training period 
Training period 1—first 6 weeks 

the 0.05 level. 

Meanp—mean difference between Ti and T2 
SEfviD—standard error of the mean difference 
Training period 2—second 6 weeks 



Table 4. F-ratio relative to the order of the training, difference between training programs, and the 
interaction between order and training program. 

Variable Order of Difference Between 
Training Program Programs 

df SS/MSa F SS/MSa F SS/MS3 F 

36.7 m (40 yd) dash 1 0.01 0.02 0.05 0.10 -0.42 -0.86 
Vertical jump 
(restricted) 1 0.44 0.15 0.44 0.15 -0.64 0.21 

Vertical jump 1 1.80 1.04 1.46 0.84 -0.02 -0.01 
(unrestricted) 

Standing long jump 1 -3.89 -0.23 73.79 4.38b 13.25 0.79 
(restricted) 

Standing long jump 1 35.77 1.39 27.78 1.08 32.76 0.12 
(unrestricted) 

Two leg press 1 19128.98 8.99b 1330.00 0.63 1.00 0.00 

Right leg press 1 1161.16 0.98 904.02 0.76 -0.33 0.00 

Left leg press 1 986.16 3.25 2646.88 1.21 -0.01 0.00 

Cybex, right leg 
0 rad*s"l 1 163.93 0.34 100.46 0.29 276.22 0.58 
1.05 rad*s~l 1 429.04 1.38 522.18 1.73 316.28 0.00 
3.14 rad*s"l 1 728.64 3.91 31.50 0.17 0.00 0.00 
5.24 rad-s"l 1 1080.65 13.58b 37.79 0.47 -0.02 0.00 

Cybex, left leg 
5.20b 0 rad's"! 1 1716.08 5.20b 1207.14 3.66 0.00 0.00 

1.05 rad's"-*- 1 440.16 2.28 440.16 2.28 -0.01 0.00 
3.14 rad*s"l 1 637.88 2.07 . 204.45 0.64 -51.82 0.17 
5.24 rad's"! 1 1321.15 23.46b 25.79 0.44 0.17 0.00 

aWith df=l, SS=MS. 
^An F-value of 4.24 is necessary for significance at the 0.05 level. 
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Both training programs resulted in significant increases in the two 

legged press as well as in the right and left legged presses. There were no 

significant differences between training programs, but there was a significant 

training order effect for the two-legged press, i.e. the greatest gains were 

obtained during the first six weeks under both training programs. 

With respect to changes in right and left leg strength as measured with 

the Cybex isokinetic testing device, the bilateral training program resulted in 

significant increases in right and left leg strength at 1.05 (first period), 3.14 

(both periods), and 5.24 (first period) rad#s"l. with no change in isometric 

strength, i.e. 0 rad«s~l. With unilateral training, significant gains were observed 

in both the right and left leg at only 5.24 rad*s*l, with only the right leg 

demonstrating improvements at 1.05 and 3.14 rad»s -1 (second period). At 0 rad-s 

*1, there was actually a decrease in strength of the left leg following unilateral 

training. The greatest gains occurred during the second training program, a 

finding which was the result of the loss of left leg isometric strength following 

unilateral training. There was also a significant training program order effect 

for the 5.24 rad»s-l test, with the greatest gains coming during the second six 

week training period for both training programs. A training order effect was 

also demonstrated for the isometric contraction of the left leg, with the least 

decrease occurring during the final six week training period. 



CHAPTER 4 

DISCUSSION 

This study was conducted to assess the specific effects of unilateral and 

bilateral strength training on various performance and strength measurements. 

Performance measurements were a 36.7 m dash, restricted and unrestricted 

standing long jump, and a restricted and unrestricted vertical jump. Strength 

was assessed by one repetition maximum lifts by each leg individually and both 

legs together. Strength was also determined on the Cybex II at speeds of 0, 1.05 

(first period), 3.14 (both periods), and 5.24 (first period) rad*s~l. 

Performance Measurements 

There were significant mean increases in the unrestricted vertical jump 

for the second unilateral group and in the restricted vertical jump for the first 

bilateral group and the second unilateral group. The superiority of either 

bilateral or unilateral training was not demonstrated and no significant order of 

training effects or interactions between order and training program were 

identified. 

Other studies have found both improvement (5,7,36) and no difference 

(25) in vertical-jump height after isotonic leg-strength training. McKethan (25), 

who demonstrated no difference in vertical jump height with training, used a 

knee extension movement which was not similar to the movement used in the 

vertical jump. Chui (7), who found a mean increase in vertical jump height of 
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7.2 cm, had his subjects train with the squat and squat jump which are very 

similar to the movement pattern exhibited in the vertical jump. Capen (5), who 

also trained his subjects with the squat jump, reported an increase in vertical 

jump height by an average of 13.1%. 

The only significant mean increases in the restricted and unrestricted 

standing long jump were found in the first bilateral group for both methods. The 

bilateral training method was found to be superior to the unilateral method for 

the restricted standing long jump, but there were no significant order or 

interaction between order and training program effects. Improvements (5,7,36) 

and decreases (32) have been found in the standing long jump by other 

investigators. Capen (5), whose subjects trained with squat jumps, found a mean 

increase of 6%. Chui (7) observed an average increase of 10.1 cm in those who 

gained distance after a three month weight training program which included 

squats and squat jumps. Schultz (32), however, observed a decrease in standing 

long jump distance after a weight training program which included squats and 

heel raises. 

The vertical jump and the standing long jump were performed in a 

restricted manner to simulate the movement of the leg extending motion on the 

two training devices to an even greater extent than an unrestricted vertical jump 

and standing long jump. Since the movement of the arms does not have any 

influence on the leg extending motion when performing a leg press, the subjects 

did not use their arms or provide momentum by any means other than the 

extension of the legs when performing the restricted tests. This provided a 

greater degree of specificity and reduced the element of skill. No significant 

improvements were found for the restricted vertical jump or the unrestricted 
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vertical jump and the standing long jump. However, the bilateral method was 

found to be superior to the unilateral method for improving distance achieved in 

the restricted standing long jump. 

All groups except the first unilateral group had decreases in 36.7 m 

dash times, the largest decrease being 0.2 s in the first bilateral group (p< 0.05). 

Schultz (33) and Dintiman (11) found no significant changes in 55.0 and 45.9 m 

dash times respectively after isotonic leg strength training. Chui (7), however, 

found a significant mean decrease of 0.33 s after a training program of squats 

and squat jumps. 

There is disagreement in the research literature as to the effects of 

isotonic strength training on leg power output. Several researchers have 

proposed the idea that increasing absolute strength will not aid in. increasing 

power performance potential. Larson (20), after finding a correlation of 0.31 

between leg strength and vertical jump height, suggested that strength is not the 

major factor in power performance. Most important is the ability of the 

individual to utilize strength more effectively in a force-time relationship. 

Harris (17) conducted a multiple factor analysis between velocity, body weight, 

and strength with various athletic events. She found much greater correlations 

between velocity and the Sargent jump, 36.7 m (40 yd) dash, and standing long 

jump than with strength and the same activities. Rarick (30) also found little 

correlation between strength and sprinting speed, and the Sargent jump. 

Strength Measurements 

Increases in strength resulting from isotonic training have been well 

documented (3,5,6). In the present study, both groups following both training 
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periods had significant mean increases in the two-legged press. Also, both 

unilateral groups and the first bilateral group had significant mean increases in 

the left and right leg press. There was an order effect evident for the two-

legged press. Significantly greater gains were achieved by both training groups 

in the first training period than in the second. 

One of the corollaries of specificity of training is that greater increases 

in strength will result when a muscle is tested in a manner similar to that in 

which it was trained. Thus, significant increases in static strength should not be 

as great as the increases in dynamic strength following isotonic training. That is 

what was found in this study. Neither group in either period had significant 

increases in peak torque on the Cybex at 0 rad«s*l. However, the analysis of 

variance revealed that significantly greater gains were achieved in the second 

training period over the first at 0 rad's"^- for the left leg. This was probably the 

result of the significant mean decrease in the first unilateral group following 

unilateral training. 

Studies that have compared isokinetic training to isotonic training have 

used Cybex testing after isotonic training. Thistle (35) found an increase of 

28.6% in peak force ability on the Cybex after isotonic training. Moffroid (26) 

observed only a 3% increase in isokinetic quadriceps femoris strength after 

isotonic training. The present study also employed isokinetic testing after 

isotonic training but in a comparison of two methods of isotonic training. The 

percentage increases in the first training period for both groups were similar to 

those found by Moffroid. The greater increases in strength at 1.05, 3.14, and 

5.24 rad's-1 were found in the second training period, but these were not as large 

as those found by Thistle. Analysis of variance revealed that for both the left 
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and right legs at 5.24 rad*s*l, increases in strength were significantly greater in 

the second training period than in the first, a result which could be due to the 

subject's being more familiar with the testing paradigm the second time. 

Specificity of Training 

The concept of specificity of training as applied to strength training, 

involves at least two major components. First, the strength-training movement 

should be performed at a speed which approximates the speed of the movement 

performed during the sport or event. Secondly, the strength-training movement 

should approximate as closely as possible the specific movement pattern of the 

sport activity. 

The 36.7 m dash, vertical jump, and the standing long jump have been 

used as measurements of power. Power is the product of force and velocity. It 

is impossible to train isotonically at those speeds employed for most sport 

movements. To more nearly approximate these high speeds, the resistance has 

to be reduced accordingly. McLario (22) has reported that the ideal resistance 

for increasing power when training isotonically is found at approximately 50% of 

the 1-RM. The evidence is' conflicting as to the effects of isotonic leg-strength 

training on sprinting speed, vertical-jump height, and standing long-jump 

distance. Isokinetic leg-strength training has been found to increase vertical 

jump height (29), but other leg power output performances have not been 

measured following isokinetic leg strength training. 

The distance achieved in the restricted standing long jump was signifi

cantly increased following bilateral training. The restricted standing long jump 
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and bilateral training are very similar muscular movements. However, this did 

not prove true for the vertical jump. 

According to Lohman (personal communication), if specificity of 

training was operating in this investigation, there would be a significant 

interaction between the order and the type of training program. No such 

interaction was found, which indicates, for this investigation, a low degree of 

specificity. 

Conclusion 

The purpose of this study was to determine the differences in strength 

and performance measurements of the leg extensor muscles consequent to 

unilateral and bilateral leg strength training on variable resistance devices. As 

hypothesized, improvements in strength and power were found to be independent 

of the training device. Although it was originally hypothesized that performance 

improvements would be specific to the training device, this was not found. 



CHAPTER 5 

SUMMARY 

Forty students from two weight training classes at the University of 

Arizona volunteered to participate in this leg-strength training study which 

attempted to determine the effects of unilateral and bilateral leg-strength 

training on various strength and performance measurements. One class trained 

bilaterally for six weeks while the other class trained unilaterally. After six 

weeks, the groups switched training methods and trained for an additional six 

weeks. Strength and performance measurements were conducted prior to 

training and after the completion of the sixth and twelfth weeks of training. 

Strength tests included a one repetition maximum lift for each leg individually 

on the unilateral leg press machine and for both legs together on the bilateral leg 

press machine. Strength was also determined for knee extension on the Cybex II 

at speeds of 0, 1.05, 3.14, and 5.24 rad-s~l. Performance tests included a 36.7 m 

dash, vertical jump, and a standing long jump. The vertical jump and standing 

long jump were also performed in a restricted manner which reduces the element 

of skill. In the restricted manner, the students could not provide momentum by 

any means other than by the extension of the legs from a 1.57 rad angle. 

It was hypothesized that similar degrees of improvement in strength 

and power would be demonstrated independent of the training device, while 

improvement in performance would be more specific to the training paradigm. 
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Student t-ratios were computed to determine if the changes exhibited 

over either of the 6-wk training periods were statistically significant. A 2 x 2 

Latin square design analysis was also performed for a more comprehensive 

analysis of the effects of the order of the training programs, the efficacy of one 

program over the other, and the interaction between order of testing and 

training program. 

The bilateral training program resulted in significantly improved per

formance in the 36.7 m dash, and in the vertical jump (restricted), and the 

standing long jump (restricted and unrestricted) for the first peirod only. The 

unilateral training program produced significantly improved performance only in 

the vertical jump (restricted and unrestricted) in the second period. Between 

group comparisons indicated that the bilateral training program resulted in 

greater improvement for the restricted standing long jump. 

Both training programs produced significant increases in the two-legged 

press as well as in the right- and left-legged presses. There was a significant 

training order effect for the two-legged press, i.e. the greatest gains were 

obtained during the first six weeks under both training programs. 

The results of the strength testing on the Cybex II revealed that the 

bilateral training program resulted in significant increases in right and left leg 

strength at 1.05 (first period), 3.14 (both periods), and 5.24 (first period) rad»s~l, 

with no change at 0 rad«s~l. With unilateral training, significant gains were 

observed in both the right and left leg at 5.24 rad*s~l, with only the right leg 

demonstrating improvements at 1.05 and 3.14 rad«s~l (second period). At 0 

rad»s"l, there was a decrease in strength of the left leg following unilateral 

training. The greatest gains occurred during the second training period, a finding 
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which was the result of the loss of left leg isometric strength following 

unilateral training. There was also a significant order effect for the 5.24 rad-s~l 

test, with the greatest gains coming during the second 6-wk training period for 

both training programs. A training order effect was also demonstrated for the 

isometric contraction of the left leg, with the greatest changes occurring during 

the final 6-wk training period. 

If specificity of training was operating in this investigation, there would 

be significant interaction between order and the type of training program. No 

such interation was found, which indicates, for this investigation, a low degree of 

specificity. 
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APPENDIX A 

CYBEX CALIBRATION PROCEDURES 

t 

1. Ft-Lbs Range Scale set to 180. 

2. #3 position selected on Damping Control. 

3. Place stylus on baseline of chart paper using the zero adjust. 

4. Check to see that baseline does not shift when Range Scale is changed. 

5. Calibrate angle position by placing lever arm at 1.57 rad and seeing that 

stylus is set at 1.57 rad on chart paper. 

6. Calibrate torque by adding a known weight to the lever arm, lift lever arm 

to 1.57 rad, adjust the potentiometer until the stylus deflection corresponds 

to the number of N*m on the lever arm. Switch Ft-Lbs Range Scale to 360 

and see if the stylus deflection is exactly one-half of the value seen while 

using the 180 scale. 
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