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V V The effect on static and dynamic leg 
strength of a period of eight weeks multiple set 
progressive isotonic resistance (MSPIR) training 
was compared with that of a similar period of 
manual resistance (MR) training in 47 high school 
boys aged 16-17 years. The subjects were 
classified into a control group (n=16), MSPIR 
group (n=16) and MR group (n= 15}. Standard
ized Held tests were used to measure the subjects' 
performance within one week before and after 
training. Bolh in MSPIR and MR training methods, 
barbell and free weights were used and subjects 
used knee extension/flexion. One-way ANOVA. 
paired sample T-test and Tukey test were used to 
evaluate the effects of training. MSPIR and MR 
training meihods showed o significant increase 
in dynamic leg strength (p<0.05) and static leg 
strength (p<0.05) but they did not differ signifi
cantly from each other The control group 
demonstrated no significant change in any of 
the measured vanables. ^ * 

1 Int roduct ion 

The quest to enhance physical perform^infc has 
led to very specific and multifaceted modes of 
training. Through constant search, researchers 
have improved the methods and techniques used 
to enhance fitness levels and athletic prowess 
(ALLEN/BYRÜ/SMIIH 1976), Unfortunately isotonic 
strength deveiopmeni lechniques, unlike those of 
cardiovascular development, have nol shared the 
same scientifically based specificity and are sub
ject to much speculation wilh regard lo specific 
sets, repetitions and rest periods. Although 
strength is a highly valued commodity in sports 
and other activities, virtually no two strength 
programmes employ Identical systems of strengih 
development, due to lack of knowledge regarding 
specific work loads. Intensity, sets, repetitions, 
and rest duration. 

The purpose of this study was lo assess the 
effectiveness of multiple set progressive Isotonic 
resistance training and manual resislance train
ing programmes on leg slrength and anaerobic 
power In male high school students aged 16-17 
years. Another purpose of the sludy was to deter
mine which of the Iraining programmes was more 
effeclive \n terms of dynamic or static strength 
development. 
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2 Methods 

Two kinds of isotonic strength training were 
applied to the subjecls; a) multiple set progres
sive isotonic resistance strength training and b) 
manual resistance slrength Iraining. The level of 
the athletes' strengih was determined one week 
before and after training. 

2.1 Subjects 

A total of 47 untrained healthy boys aged 16-
17 years, who were students at Gazl Anatolian 
High School in Ankara, voluntarily participated in 
this study. The subjects were randomly assigned 
to three groups, which were called a multiple set 
progressive isotonic resistance group (n=I6), a 
manual resistance group {n=15). and a control 
group (n=16). 
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2.2 Experimental protocol 

The multiple set progressive isotonic resistance 
training method (MSPIR) and the manual resis
tance training method (MR) were performed 3 
days a week for 8 weeks. Group I was the multi
ple set progressive isotonic resistance (MSPIR) 
training group, and group 11 ihe manual resis
tance (MR) training group. Group 111 was the con
trol group. In both methods, extensor and flexor 
muscles of both legs were used. 

2.3 Mul t ip le set progressive Isotonic re
sistance training programme (MSPIR) 

The multiple set progressive isotonic resistance 
training programme (BFRQER 1962a, 1962b) was 
used for improving leg strength. 

One repetition maximum (1 RM) was deter
mined for each subject with barbell and free 
weights, following MCAROLE/KATCH/KATCH'S (1981) 
directions. A suitable starting weighl, close lo but 
below the subject's estimated maximum lifting 
capacity, was selected. If one repetition was com
pleted, the experimenter added weight to the 
apparatus, until the subject reached his maxi
mum capacity. Both legs were tested. 

Subjects did warm-up exercises and appropri
ate streiching of Involved muscle groups before 
exercise. Standard lifting procedure was used for 
the squat lifts. Subjects stood erecl with the feet 
about shoulder width apart and placed the bar
bell behind the neck and across the shoulders. 
They kept the head up and the back straight. The 
subjects executed the lift by lowering the body 
until the thighs were parallel wilh the fioor and 
then returning lo the starting position. If neces
sary, as a safely device, a bench was placed behind 
the lifter, to allow him to sit down if balance was 
lost. 

The multiple set progressive isotonic resistance 
(MSPIR) training group performed three sets of 
six repetitions with the barbell. Each of the sub
ject's workload of 80-85% of 1 repetition maxi
mum was calculated prior to the Initial training 
session. In order to perform thc multiple set pro
gressive isotonic resislance (MSPIR) training 
technique correctly, each subject had to be able to 
execute a minimum of two sets of the required 
six repetitions. It was suggested that the subject 
reached concentric muscle failure on the fourth, 
fifth or sixth repetition. If the subject did not fall 
within the specified number of repetitions on the 
third set, then he increased his training load. All 
subjects executed all three sets of the prescribed 
exercise with a 90sec rest interval between sels. 
The subjects' 1 RM and adjusted perceniage load 
were calculated every two weeks as progressive 
strength gains demanded. 

2.4 Manual resistance training programme 
(MR) 

The manual resistance training technique was 
taken from RIL£V(1978, 1982), 

1 RM was determined for each subject accord
ing lo MCARDLE/KATCH/KATCH'S (1981) directions. 
The difference from the multiple set progressive 
Isotonic resislance (MSPIR) method was that a 
partner was now used to supply added force lo 
the weight by pushing down on the barbell dur
ing the eccentric phase of the exercise. This added 
(partner) resistance had to be adequately applied 
so that the subject was broughl down in the 
eccentric phase within 3-4sec, During the 3-4sec 
of the eccentric phase the subjecl had to exert 
maximum effori. Subsequently the partner re
leased the existing weight so that the subjecl 
moved the weight Independently during the con
centric phase. As the exercise neared completion, 
the partner had to assist the subject through the 
last 3-4 concentric contractions, to assure the 
desired eccentric failure. An important criterion 
of the manual resistance (MR) technique was 
that concentric muscle failure had to occur 
between the subject's sixth and eighth repetition, 
and eccentric muscle failure between his eighth 
and twelfth repetition. 

The subjects performed warm-up exercises and 
appropriate stretching of the involved muscle 
group before exercise. Standard lifting procedure 
was used for knee extension and flexion. The 
subjects performed only one set of the exercise. 
Each subject used a 60-65% weight load, based 
on his Individual 1 RM, and adjusted his percent
age load every two weeks as progressive strength 
gains demanded, in order to adhere to a newiy 
eslablished 1 RM, As the subjects progressively 
Increased their maximum strength loads, the 
training loads also increased to maintain their 
60-65% training load during all workout ses
sions. All assisted eccentric phases of the lift were 
performed at a constant rate of 3-4sec with the 
subjecl's calculated percent of load. 

2.5 Test administration 

The control group was not permitted to partic
ipate in any training programmes. However all 
three groups participated In pre and post test of 
dynamic and static strength tests. All measure
ments were taken one week before and after 
Iraining al the same time of day. 

2.6 Dynamie strength test 

A barbell and free weights were used to mea
sure dynamic strength, A suitable starting weighl, 
close to. but below the subject's estimated maxi
mum lifting capacity was selected. If one repetl-
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tion was completed, the experimenter added 
weicjiit to tfie barbell until the subject readied 
his maximum capacity, Botli legs were tested. The 
weight Increments were usLially 5, 2 and 1kg dur
ing the period of measurement (MCAROLE/KATCH/ 
KATCH 1981). 

2.7 Static strength test 

A Takel leg and back dynamometer was used to 
measure the static leg slrength. The subjects 
stood on the dynamometer platform and crouched 
to the desired leg bend position, while strapped 
around the waist to the dynamüinctcr. At a pre
scribed time they exerted a maximum force 
siraighi upward by extending their legs. They 
kept Ihelr backs straight, head erecl and chest 
high, 3 trials were allowed to the subjects and 
the best score was taken, Subjecls had a rest 
between Ihe trials (JENSEw/FiSHtR). 

2.8 Statistical analysis of data 

One Way ANOVA test was used lo compare the 
differences among the means of groups. After 
this, the Tukey lest was used to discover any sig
nificant differences among Ihe measurements of 
the groups. 

A paired t test was computed, to determine 
whether significant Increases occurred within 
each group from the pre-test to post-test. Thc 
0.05 level of significance was accepted in all 
Instances. Percent difference was computed as 
follows: pre-test - post-test / pre-test X 100. The 

statistical analysis was accomplished by using 
statistical package for the social sciences (S.P.S.S). 

3 Results 

Descriptive statistics for physical and perfor
mance characterislics of the subjects are present
ed in Table 1. Table 2 shows the physical and per
formance measurements in the post-lest. 

One-way ANOVA was used to test for any sig
nificant differences among the three groups 
scores. In these calculations, the mean difference 
between pre-test and post-lest results were com
puted for each group. Thus, the gained scores 
were obtained for each variable of the groups. 
One way ANOVA revealed that there were no sig
nificant differences in weight among the three 
groups. However, there were significant differ
ences In dynamic and static slrength at the 0.05 
significance level. In order to determine where 
the significant difference occurred, the groups 
were compared wilh each other, using the Tukey 
test. 

Table 3 shows the means and standard devia
tions of gained scores for the three groups. 

Following the 8 weeks training period, a signif
icant increase was observed in the dynamic leg 
slrength of the MSPIR group (X=11.93, 19.2%, 
t=51.52, p<0,05) and the MR group (X=11.53, 
19.1%, 1=28.78, p<0,05) over the control group 
(X=l.oa, 1.5%, t=2.45, p>ü.05). But there were 
no significant differences In the dynamic leg 

Table 1: The physical and perfonnance measurements in pre-test 

Variables MSPIR group {n=16) 

X SD Range 

Age [year] 16.81 ±0.40 16-17 
Height [cm] 171.93 ±5.19 160-185 
Weight [kg] 63,59 ±9.17 53-87 
Dynamic strength [kg] 62.00 ±6.38 51-75 
Static strength [kg] 185,21 ±21.09 154-230 

MSPIR group: Multiple set progressive isotonic resistance 
MR group: Manual resistance 

MR group (n 

X SD 

16.80 ±0,41 
175.53 ±5,98 
64,90 ±7,87 
60,26 ±9.29 

185,13 ±33.07 

=15) 

Range 

16-17 
160-184 
52-78 
46-77 

135-235 

Control group(n=16) 

X SD Range 

16,75 ±0,44 
174,93 ±4.32 
64.09 ±9.11 
65-00 ±6,73 

166.43 ±29,24 

16-17 
168-182 
50-85 
52-74 

124-206 

Table 2: The physical and performance measurements In post-test 

Variables 

Age [year] 
Height [cm] 
Weight [kg] 
Dynamic strength [kg] 
Static strength [kg] 

MSPIR group 

X SD 

16,81 ±0,40 
171,93 ±5,19 
63,90 ±8.87 
73,93 ±6,56 

215,75 ±23,50 

(n=16) 

Range 

16-17 
160-185 
53-86 
64-90 

166-272 

MR 

X 

16,80 
175,53 
64.76 
71.80 

212.03 

group (n=15) 

SD Range 

±0,41 16-17 
±5,98 160-184 
±7,45 53-77 
±8.76 60-86 

±37.86 152-277 

Control group (n=16) | 

X 

16,75 
174,93 
64.25 
66.00 

158,50 

SD Range 

±0,44 16-17 
±4.32 168-182 
±9.00 52-85 
±7.00 50-76 

±29.35 126-213 

Table 3: The means and standard deviations 

Variables MSPIR group (n=l 6) 
X SD % change 

Weight [kg] 0,31 +0,81 0,4 
Dynamic strength [kg] 11.93 ±0,92 19.2 
Static strength [kg] 30.53 ±17.93 16.4 

of gained scores of three 

MRgroup(n=15) 

X SD % change 

-0,13 ±0,97 0.2 
11,53 ±1,55 19.1 
26.90 ±11,75 14.5 

groups 

Control group (n=16) 

X SD % change 

0.15 
1,00 
2,06 

±0.43 0,2 
±1-63 1,5 
±3.70 1,2 
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strength between the MSPIR group and MR 
group. 

The static leg strength Increased significantly 
for the MSPIR group (X=30.53, 16.4%. t=6,79, 
p<0,05) and the MR group (X=26.90, 14,5<Vo. 
t=8,87, p<0.05) whereas there was no significant 
increase in the control group (X=2,06, 1.2%, 
t=2.23, p>0.05l. 

4 Discussion 

The results of the present study agreed with 
the results of some other studies. PIPES/WILMORE, 
STEVENS (1980) and SMirn/Muiow (1981) found sig
nificant Increases In the dynamic leg strength wilh 
variable resistance Isotonic training. 

In the present study, the applied procedures of 
MR were as effective as those of MSPIR for 
improving dynamic leg strength. The results of 
the present study also agree with those found by 
JACOBSON (1986) who studied two progressive 
weight training technigues on leg strength. Re
sults indicated a significant gain (p<0.05) in the 
dynamic leg strength by the MSPIR group (21,2%) 
and the one set of MR group (19.3%) over that 
of the control group. Muscular strength Is devel
oped by using heavy weights requiring maximum 
or near maximum development of tension with 
few repetitions or by using low weights with a 
greater number of repetitions. To some extent, 
muscular strength Is developed wi th either 
method, but each system favours a more specific 
type of development (ALLtN/BvBD/SMiTH 1976). 

Some researchers like SEWALL/MICHEII and 
RAMSEY et.al. found significant increases in static 
strength with Isotonic training. These findings are 
also supported by the study of SMITH/MEITON 
(1981). They found that variable resislance 
(Nautilus), isokinetic low speed (5-10-15 rpm) 
and isokinetic high speed (3-40-50 rpm) groups 
showed good gains in strength, when tested iso
metrically, Isotonically and Isokinetically. 

The present study demonstrated that there was 
a significant increase in the bolh static and 
dynamic leg strength following the 8 week train
ing period, in bolh the MSPIR and the MR 
groups. The results of the present sludy agreed 
with the results of some other sludies (HUNTER/ 
CULPEPPER, SMIIH/MELTÜN 1981, SlEVENS 1980), whlch 

found that variable resistance isotonic training 
was effective in the development of static and 
dynamic leg strength, 

5 Practical applications 

Many types of Iraining programmes can be 
utilized to develop slrength. Any method of 
training has some advantages. Regardless of the 

training method selected, the overload principle 
must be utilized to obtain strength gains and the 
resistance must be progressively Increased as the 
muscles increase in strength. 

• Strength can be improved by differeni resis
tance Iraining methods such as isometric, iso
tonic and isokinetic. The common lype uf 
training programme uses Isotonic contractions. 
The major advantage of this system is that i l 
brings about slrength gains through a full 
range of movement. As a muscle goes through 
its range of movement, it must receive ade
quate resistance at all of the joint angles to 
stimulate strengih Increases (ALLSEN 1986), This 
study Involved two forms of progressive iso
tonic resistance training techniques to improve 
leg strength and anaerobic power. One com
monly employed and proven method Incorpo
rated three sets of six lo eight repetitions, with 
loads at 85% of 1 Repetition Maximum (1 RM) 
according to BERGER (1962a, 1962b). The other 
method called manual resistance (MR), in
volved complete failure In both the concentric 
and eccentric phase of the exercise (RILEY 1978, 
1982). 

• Thus, this study attempted to discover which 
training programme was more effective to 
improve leg strength. If it could be demon
strated that the method of manual resistance 
(MR) training is as affective as that of multiple 
set progressive Isotonic resistance (MSPIR) 
training, i l would provide beneficial informa
tion to coaches. Also, if shown to increase leg 
strength significantly, the latter of these two 
methods, which requires only one set and less 
than half time of the first system, would be 
extremely advantageous to lime-conscious 
coaches or athletes. 
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