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tric force in limiting improvement in muscular strength. J. Appl. 
Physiol. 68(2): 650-658, 1990.-We hypothesized that resist- 
ance training with combined eccentric and concentric actions, 
and concentric action only, should yield similar changes in 
muscular strength. Subjects in a free weight group trained three 
times a week for 12 wk with eccentric and concentric actions 
(FW, n = lE), a second group trained with concentric-only 
contractions using hydraulic resistance (HY; n = 12), and a 
control group did not train (n = 11). Training for FW and HY 
included five sets of supine bench press and upright squat at 
an intensit.y of 1-6 repetition maximum (RM) plus five supple- 
mentary exercises at 5-10 RM for a total of 20 sets per session 
for -50 min. Testing at pre-, mid-, and posttraining included 
1) 1 RM bench press and squat with and 2) without prestretch 
using free weights; 3) isokinetic peak force and power for bench 
press and squat at 5O/s, and isotonic peak velocity and power 
for bench press with 20-kg load and squat with 70-kg load; 4) 
hydraulic peak bench press force and power, and peak knee 
extension torque and power at fast and slow speeds; and 5) 
surface anthropometry (fatfolds and girths to estimate upper 
arm and thigh volume and muscle area). Changes in overall 
fatness, muscularity, and muscle + bone cross-sectional area of 
the limbs did not differ between groups (P > 0.05). Improve- 
ments in free weight bench press and squat were similar (P > 
0.05) in FW (-24%) and HY (-22%, P < 0.05). Changes in 
force, torque, velocity, and power evaluated by the hydraulic 
and isokinetic dynamometers were not different between FW 
and HY (-8% in both groups). Thus changes in muscular 
strength, power, and anthropometry were independent of train- 
ing and testing modes. Although FW included eccentric plus 
concentric contractions during training, specific changes in 
muscular strength probably did not occur because the training 
stimulus in both groups was ultimately limited by the genera- 
tion of concentric forces. 
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specificity; strength training; anthropometry 

ONE TENET OF EXERCISE specificity is that adaptations 
to physical training are specific to the cells and the 
elements of the cells that are overloaded (21). The typical 
procedure to assess the extent of specificity after various 
training interventions is to use specific and nonspecific 
tests relative to the interventions. Significantly greater 
gains in the specific tests would be indicative of training 
specificity. Evidence in support of training specificity 
has been presented for the cardiorespiratory response to 
running and swimming (20) or running and cycling (26). 
Also, resistance training has demonstrated training spec- 
ificity for velocity (13), muscle length and angular limb 

position (19), movement pattern (29), contraction type 
(16, 17), and muscular power (4). 

Although the results of most training studies support 
the concept of specificity, the exceptions are frequently 
overlooked. In the area of resistance training, for exam- 
ple, there is little evidence for specificity of testing and 
contraction modes; subjects who trained isotonically im- 
proved equally on isotonic and isokinetic tests (6). Sim- 
ilarly, subjects who trained isometrically or isokinetically 
failed to show superiority on the specific tests (16), and 
those who trained eccentrically or concentrically revealed 
comparable gains on both test modes (10, 12, 22). Other 
studies have shown that heavy resistance exercise with 
ballistic movements produced similar gains in isometric 
and dynamic strength (e.g., Ref. 8). For cardiorespiratory 
adaptations to cycling and run training, the expected 
specific effects were similar and independent of training 
mode (25). 

The apparent discrepancies among studies that report 
specific (13, 19, 26, 29) vs. general training responses (6, 
8, 10, 12, 16, 22) may have occurred from differences in 
training duration, intensity, frequency, and methods of 
testing (modes, positioning of subjects, reliability of test 
scores). A more likely explanation, however, is that the 
contraction forces that produced the nonspecific gains in 
strength from isokinetic, isotonic, hydraulic, and isomet- 
ric training were all within a narrow range on the force- 
velocity curve. Such forces are lower compared with the 
forces generated during eccentric actions or the maxi- 
mum capacity of the skeletal muscle (10). Thus strength 
training with either concentric or a combination of ec- 
centric plus concentric muscle actions should not pro- 
duce superiority in strength gains. To test this hypothe- 
sis, we compared the effects of free weight (FW) (eccen- 
tric + concentric) and hydraulic (HY) (concentric only) 
resistance training on muscular strength and hypertro- 
phy assessed by specific and nonspecific tests of muscular 
strength. 

METHODS 

Subjects 

Sample size estimation procedures (3) required 18 
subjects (n = 9 per experimental group) to detect signif- 
icant differences with a minimum effect size of 20%, 
power of 0.80, and CY = 0.05. Subjects in the FW (n = 16) 
and HY (n = 12) groups had 0.5-3.0 yr of prior experience 
with some type of resistance exercise. The sample size 
for a nonexercising control group (CO) was 11. To equal- 
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ize the groups initially for muscular strength, subjects 
were assigned to FW or HY based on pretraining free 
weight bench press and squat strength. 

The average age for the three groups was 20.9 t 0.39 
(FW), 23.4 t 1.26 (HY), and 21.6 t 1.15 (SE) yr (CO). 
Stature averaged 1.77 t 0.20 (FW), 1.79 t 0.17 (HY), 
and 1.73 t 0.26 (CO). Pretraining body mass for the 
three groups was 72.1 t 2.32 (FW), 74.9 t 2.03 (HY), 
and 70.3 t 2.25 kg (CO). 

Testing 

Subjects were tested for anthropometry and upper and 
lower body strength pre (uleeh 0), mid (Loeeh 7), and post 
(week 13) of the 12-wk training period. Test order was 
balanced for free weight, hydraulic, and isokinetic 
strength tests. Familiarization with the testing and train- 
ing devices, and pretraining testing for strength and 
anthropometry, occurred during uleeh 0. Testing at mid 
replaced one training session and was completed over 3 
days. 

Muscular Strength 

Free weights. Subjects in FW and HY were tested on 
two separate days with free weights using a conventional 
and modified one repetition maximum (1 RM) supine 
bench press and standing squat. With the conventional 
method, subjects lowered and raised the weights during 
bench press and squat using eccentric and concentric 
phases of the movements. The supine bench press started 
with the subject holding the weights with arms straight, 
followed by elbow flexion (eccentric phase) and a smooth 
transition to elbow extension (concentric phase). No 
bouncing of the weights was allowed at the chest. For 
the standing squat, the subject began by lifting the 
weights from the power rack to an erect and balanced 
standing position. Knee flexion (eccentric phase) to -6O- 
TO" was followed by knee extension (concentric phase). 

The 1 RM was modified compared with conventional 
lifts by eliminating the eccentric phase. For supine bench 
press, the experimenters lowered the barbell to the sub- 
ject’s chest. Arm extension was performed after a l- to 
2-s pause. For the standing squat, movement was initi- 
ated at a knee angle of 60-70” by adjusting the height of 
the exercise bar with racks. 

For both methods of free weight testing, there were 8- 
12 trials to attain the 1 RM, including the preliminary 
lifts. The trials were performed at successively higher 
percentages of the estimated 1 RM. The starting poun- 
dages and reps progressed from three reps at 70% of the 
estimated 1 RM, two reps at 80% 1 RM, and one rep at 
90% 1 RM. No more than two trials were allowed at the 
1 RM loads, and the rest pause was 2 min between the 
maximal lifts. Test-retest reliability for 1 RM was r = 
0.92 (bench press) and r = 0.89 (squat) assessed on two 
separate days with nine males. There were no significant 
mean differences between test and retest (P > 0.05). 

Hydraulic. Subjects were tested with the Omnitron 
hydraulic dynamometer (Hydra-Fitness Industries, Bel- 
ton, TX). This computer-interfaced apparatus provides 
concentric resistance with hydraulic cylinders. Unlike 

isokinetic dynamometry, the Omnitron does not control 
the speed of movement or the resistive load. Instead, the 
resistance to movement is designated by selecting 1 of 
12 valve diameter openings through which hydraulic fluid 
is acted on by a class III lever arm system. The force 
output is “effort dependent,” i.e., a greater rate and 
amount of force application to the lever arm results in 
greater force output and faster movement. Pressure 
transducers and potentiometers at the lever arms gen- 
erate linear measures of force and velocity (bench press) 
and torque and velocity for angular knee extension. 

Before testing, preliminary exercise included six con- 
secutive trials of submaximal and progressively more 
intensive efforts at slower and faster movement speeds. 
There was a I-min rest interval between the preliminary 
exercise and start of testing. Testing included bench 
press and knee extension exercises at two speeds. Sub- 
jects performed two sets of five reciprocal repetitions in 
the seated, semirecumbent position for bench press and 
knee extension at resistance settings 10 (slow movement) 
and 3 (fast movement). The slow and fast exercise move- 
ments corresponded to a mean velocity of -39 and -126 
cm/s (bench press) and -108”/s (1.88 rad/s) and -309”/ 
s (5.4 rad/s; knee extension). The criterion scores for 
bench press were peak force and peak power, and peak 
torque and peak power for knee extension. 

Test-retest reliability for force and torque measured 
on the Omnitron ranged from r = 0.89 to r = 0.95 for n 
= 16. The validity of the peak force and torque data was 
determined by comparing the observed forces at different 
speeds and resistances with the corresponding forces 
measured by independent strain-gauges. The errors of 
measurement ranged from 10.5 Nm to 13.7 Nm (validity 
r = 0.97-0.99). 

lsokinetic and isotonic tests. Upright squat and supine 
bench press exercise was performed on a hydraulic, mul- 
tifunction exerciser (Ariel Dynamics, Trabuco Canyon, 
CA). With this device, fluid is forced through an adjust- 
able valve opening in response to the movement of the 
exercise bar. Valve size is controlled with a fast-response 
stepper motor. The dynamometer includes a potentiom- 
eter and force transducer with an analog-to-digital inter- 
face to a microcomputer for on-line data acquisition at a 
sampling rate of 16,000 Hz. There are two choices for 
exercise mode; the isokinetic mode requires selecting a 
preset angular velocity with force as the criterion output. 
The isotonic mode is set by using a constant resistance 
(load), and the maximum movement velocity is the cri- 
terion score attained at the preset load. 

Standardized instructions were provided, and prelim- 
inary exercise before testing included 10 full squats (no 
resistance) and 10 push-ups; this was followed by five 
squatting and bench press movements, also without re- 
sistance. Exercise range of motion was set for each 
subject before testing. Subjects were tested using a bal- 
anced-order protocol for three sets of three reps of iso- 
kinetic squat, three sets of two reps of isokinetic bench 
press, and three sets of four reps of isotonic squat and 
bench press. These particular loads, number of reps, and 
movement speeds were chosen after considerable trial 
and error in pilot studies using trained and untrained 
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subjects. There was a 2- to 3-s pause between trials, and 
a l-min rest between sets and exercises. For isokinetic 
exercise, testing speed was 5”/s (-12 cm/s). The low- 
velocity resistance to movement was selected to maxi- 
mize force output. For isotonic bench press, a preset 
resistance equivalent to 196.2-N (20-kg) external load 
had to be overcome at maximal speed. During the iso- 
tonic squat, the external load was 686.7 N (70 kg). The 
data for the squat were acquired over a range of motion 
from 60 to 160” of knee extension. For bench press, the 
movement started with the elbow almost fully flexed and 
was completed when the elbow was at ~160’. The highest 
score was used as the criterion for force and velocity. 

Test-retest reliability was assessed on two separate 
days in a pilot study with 24 males. The day-to-day 
reliabilities for squat were r = 0.91 (force) and r = 0.90 
(velocity) and for bench press were r = 0.96 (force) and 
r = 0.93 (velocity). The testing apparatus was calibrated 
before each test session by hanging 40- to loo-kg weights 
on the handles of the exercise bar. 

Anthropometry 

Measurements. Body mass was measured to an accu- 
racy of t25 g on a beam balance, and stature was meas- 
ured on a portable stadiometer to kO.1 cm. Nineteen 
anthropometric measurements were taken by one inves- 
tigator; these included 6 fatfolds, 11 circumferences, and 
2 segment lengths. Four of the girths were used to com- 
pute arm and leg volume, and two additional sites were 
used to estimate muscle plus bone cross-sectional area 
(CSA). The remaining girths represented trunk and limb 
sites deemed most likely to change with training. Biceps, 
triceps, and thigh fatfolds were used in the CSA calcu- 
lations, and the sum of fatfolds was used as an overall 
measure of fatness. 

The six fatfolds (scapula, suprailiac, abdomen, biceps, 
triceps, and thigh) were measured in duplicate on the 
right side of the body with a Lange caliper following 
standard procedures (30). Girths and lengths were meas- 
ured with a Lufkin woven tape that was calibrated daily. 
Girths were measured with the subject standing erect 
and feet shoulder width apart following procedures de- 
scribed previously (30). The sites included shoulders, 
chest, waist (abdomen l), umbilicus (abdomen 2), hips, 
deltoid, elbow, biceps flexed, thigh, knee, and calf. 

Segment lengths were measured with the subject 
standing; these included the upper arm and thigh. Arm 
length was the distance between the acromion process 
and the midpoint of the elbow joint. Thigh length was 
measured from the greater trochanter to the midpoint of 
the knee joint. 

Calculations. Muscle + bone CSA for the upper arm 
(CSA-UA) was calculated using the anthropometric 
method of deKoning et al. (18) 

CSA-UA = r[r - (BiFF + TrFF)/4]’ (1) 

where r is the radius of the upper arm calculated from 
biceps girth, BiFF is biceps fatfold, and TrFF is triceps 
fatfold. DeKoning et al. (18) reported 9% lower values 
for this method when compared with computerized to- 

mography. The values we report for CSA-UA are the 
uncorrected values. 

Muscle plus bone CSA for the thigh (CSA-Th) was 
computed as 

CSA-Th = x [r - (ThFF)/212 (2) 

where r is radius of the thigh and ThFF is thigh fatfold. 
The volume of the upper arm and thigh was estimated 

as 

volume = rh/3*(R2/2r -I- r2/2r + Rr) (3) 

where h is the length of the upper arm or thigh in 
centimeters, R is upper arm or thigh girth, and r is elbow 
or knee girth. Equation 3 considers the segment as a 
truncated cone (27). The validity correlation between the 
anthropometric determination of segmental limb vol- 
umes estimated by anthropometry and water-displace- 
ment was r = 0.95 [SE = t50 ml; (15)]. 

Training. Circuit training using free weights (FW 
group) and hydraulic resistance devices (HY group) was 
conducted Monday, Wednesday, and Friday for 12 wk. 
Both FW and HY performed seven exercises that are 
described in Table 1. In both groups, the training em- 
phasized the bench press and squat movements. Subjects 
performed five sets of bench press, five sets of squat, and 
two sets of the supplementary exercises. Total number 
of sets was 20 per session in both groups with an average 
time of -50 min per session. The work to rest ratio per 
set was -30:120 s. 

The resistance used by FW during one session varied 
between 60% 1 RM (-6 reps) to 95% 1 RM (-1-2 reps) 
for bench press and squat. During the first set of the 
supplementary exercises, resistance corresponded to 8- 
10 RMs, and 5 RM for the second set. The weights were 
adjusted for each subject based on the number of reps 
they could do at 95% 1 RM, and the weekly increments 
in weight ranged from 5 to 15%. 

For HY, the gradation of exercise intensity was 
achieved by selecting one of six valve diameter openings 
on each of the devices. This varied between setting 4 
(-60% 1 RM, 6 reps) to setting 6 (100% 1 RM, l-2 reps). 
Subjects were asked to perform at maximum intensity at 
each resistance setting using the same number of reps as 
FW. The estimated movement velocity at setting 6 
ranged from -10 to 20 cm/s for bench press and from 
~20’ to 3O”/s at the knee for squat. In HY, exercise was 
performed in pairs. While one subject exercised, the other 
recorded and verbally reported to his partner the peak 
force (in kg) from an analog gauge mounted on the 
hydraulic cylinder of each machine. These scores were 
used in subsequent analysis to project the relative inten- 
sity of the hydraulic workouts. 

Statistics 

Statistical computations included a two-factor analysis 
of variance with repeated measures. The factors were 
time (pre, mid, and post) and groups (FW, HY, and CO). 
In the present study, the crucial statistical comparison 
was the group x time interaction. When the group x 

time was significant (P < 0.05), the mean differences 
were examined by Tukey-Kramer a posteriori nonorth- 
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TABLE 1. Description of exercise stations 

Exercise Station Group Resistance* Prime Movers 

Supine bench press 

Upright squat 

Seated pull down 
and press 

Knee extension 
and flexion 

Upright row 

Arm curls 

Sit-ups 

FW 
HY 

FW 
HY 
FW 

HY 

FW 

HY 
FW 
HY 
FW 
HY 
FW 
HY 

Bidirectional 
Bidirectional 

Bidirectional 
Unidirectional 
Unidirectional 

Bidirectional 

Unidirectional 

Bidirectional 
Unidirectional 
Bidirectional 
Unidirectional 
Bidirectional 
Bidirectional 
Bidirectional 

Shoulder and elbow E/F 
Shoulder and elbow E/F, 

latissimus dorsi 
Hip E/F, knee E/F 
Hip E, knee E 
Rhomboideus, pectoralis major 

Rhomboideus, pectoralis major, 
trapezius 

Knee extensors 

Knee extensors, hamstrings 
Deltoideus, trapezius, arm F 
Deltoideus, trapezius, arm F/E 
Arm F 
Arm E/F 
Abdominal muscle group 
Abdominal muscle group 

* Direction of movement where main effect of exercise occurs. E, extensor muscle group; F, flexor muscle group. 

ogonal contrasts. The probability level accepted for sta- press performance, whereas CO did not change (0.2% for 
tistical significance was set at P C 0.05. squat and 0.3% for bench press). 

RESULTS 

Muscular Strength 

Free weight testing. There was no significant group X 

time interaction for the conventional free weight tests 
(Table 2). The significant average gains in strength for 
bench press and squat were 22.5% (FW) and 19.8% (HY). 
There was a significant group X time interaction between 
FW, HY, and CO from pre- to posttraining for squat and 
bench press using the modified free weight test. FW and 
HY made significant and equal gains in squat. The gains 
were 37.2 kg (FW) and 44.1 kg (HY). For bench press, 
FW improved 12.6 kg and HY increased 7.4 kg (P < 
0.05). As was the case for squat, there were no significant 
differences in the improvements between FW and HY. 
FW and HY improved in parallel in squat and bench 

TABLE 2. Changes in free weight strength 

Pre Mid Post %A* F Ratio? 

Concentric test 

Squat, kg 
Free weight 105.3k6.10 130.5k7.10 142.5S3.51 35.3 22.3$ 
Hydraulic 114.2t8.24 145.4t9.70 158.3k10.44 38.6 
Control§ 124.2k5.68 124.4k5.59 0.2 

Bench press, kg 
Free weight 83.724.95 91.7k4.76 96.3t4.46 15.1 12.61 
Hydraulic 83.9k6.35 90.3t6.92 91.3k6.43 8.8 
Control 75.0t4.06 75.2t4.10 0.3 

Concentric + eccentric test 

Squat, kg 
Free weight 118.0t5.99 153.4t6.95 30.0 0.9 
Hydraulic 128.21k8.65 165.4k9.98 29.0 

Bench press, kg 
Free weight 87.1k4.80 lOO.lk4.22 14.9 0.2 
Hydraulic 86.Ok6.40 95.1t6.72 10.6 

Values are means * SE. * Percent change pre to post. t Group x 
time interaction. $ P < 0.05 pre to mid, pre to post for FW and HY, 
and FW and HY > CO at mid and post. Q Control was tested pre- and 
posttraining and only for concentric free weight test. 

Hydraulic testing. Figure 1 depicts the changes in 
muscular strength and power for hydraulic bench press 
in FW, HY, and CO. For fast bench press force, the 
group x time interaction was significant. The improve- 
ments for FW and HY were more than for CO. 

Slow bench press power, shown at the bottom of Fig. 
1, increased significantly from pre- to posttraining 
equally by -9% for FW and HY, while CO did not 
change. On the other hand, a significant group x time 
interaction for fast bench press power demonstrated that 
both FW and HY achieved significantly greater power at 
pre-, mid-, and posttraining compared with CO. Also, 
FW improved more from pre- to posttest than either HY 
or CO (P < 0.05). 

There were small improvements in slow knee exten- 
sion torque and power for FW and HY (P > 0.05). The 
pre-to-post changes averaged 4% (FW) and 0.5% (HY). 
Likewise, there was no significant interaction for fast 
knee extension torque and power. 

In addition to pre-, mid-, and posttraining testing on 
the hydraulic dynamometer, peak forces were also re- 
corded throughout training. Bench press force produc- 
tion during the first training week averaged 93.8 kg (+ 
7.81); this increased significantly to 106.6 kg (A5.36, 
mid), and to 110.6 kg (k6.32, post; 17.9% pre to post). 
The squat forces were 318.4 kg (k28.68, pre), 392.5 kg 
(215.54, mid; P < 0.05), and 417.5 kg (k22.35, post; P C 

0.05). The significant increase from pre to post averaged 
31.3%. 

Isokinetic and isotonic testing. Figures 2 and 3 show 
the changes in bench press and squat isokinetic force 
and peak power, and isotonic velocity and peak power. 
There was a significant group X time interaction for 
isokinetic squat force (P C 0.05, Fig. 2). FW and HY 
differed in squat force and were significantly greater than 
CO at mid- and posttraining; furthermore, the 12% in- 
crease for HY was significantly greater than the 7% pre- 
to posttraining change for FW. There also were no sig- 
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nificant changes for isokinetic bench press force (FW 
and HY improved 6 and 5%, respectively). 

None of the groups improved significantly in peak 
squat velocity. The changes were only 1% for the two 
experimental groups. For peak bench press velocity, the 
improvements averaged only 5%. 

Peak power output was also evaluated during isoki- 
netic and isotonic squat and bench press exercise (Fig. 
3). There was no significant group x time interaction for 
any of the power variables (P > 0.05). The pre-to-post 
changes in isokinetic squat and bench press power ranged 
from -11% (CO) to 29% (HY; Fig. 3, top). There were 
no significant changes in peak power during isotonic 
squat and bench press (P > 0.05, Fig. 3, bottom). 

Anthropometry 

Body mass, fatfolds, and girths. There was no signifi- 
cant group x time interaction for body mass, six individ- 
ual or sum of six fatfolds, or seven individual or sum of 
seven girths (P > 0.05). The changes for FW and HY 
averaged +0.6 kg for body mass, -1.5 cm for sum of 6 
fatfolds, and +3.6 cm for sum of six girths. 

Volume and CSA. Table 3 summarizes the changes in 
segmental dimensions. There was a significant group x 

time interaction for thigh volume; FW gained 0.183 liter 
(P c 0.05), but the changes were not significant for HY 
(0.009 liter) and CO (0.074 liter). There were significant 
group x time interactions for upper arm and thigh CSA 
(P c 0.05). For upper arm CSA, FW increased signifi- 
cantly pre to post by 4.5 cm2, but no significant changes 
occurred for HY (2.9 cm2) and CO (-1.2 cm2). At pre- 
training, FW had 17.1 cm2 larger thigh CSA than HY, 
and FW increased thigh CSA significantly more (13.9 
cm2) than HY (4.6 cm2) or CO (3.4 cm2). 

DISCUSSION 

Specificity of Muscular Strength 

The present results do not confirm the principle of 
specificity of exercise for training and testing with var- 

FIG. 1. Changes in slow 
press peak force (top) and 
(bottom) in the 3 groups. 

and fast hydraulic bench 
slow and fast peak power 

Post 

ious resistance modes. The specificity doctrine would 
predict that subjects who trained with free weights 
should have improved more in strength when tested with 
free weights than with other contraction modes. Con- 
versely, subjects who trained with hydraulic resistance 
devices were expected to gain more in strength when 
tested with hydraulic resistance than with the other 
testing modalities. The current findings do not corrobo- 
rate such predictions because FW and HY improved 
equally (P > 0.05) on free weight tests for bench press 
(12.6 kg for FW and 7.4 kg for HY) and squat (37.2 vs. 
44.1 kg) and for eight measures of force, torque, and 
velocity evaluated by the two dynamometers. For the 
latter, the overall changes averaged 6.6% for FW and 
5.8% for HY, and the average improvements were also 
similar for the eight measures of power (9.2% for FW 
and 9.6% for HY). 

The current results are congruent with prior studies 
that reported similar changes in muscular strength when 
subjects trained concentrically but were tested eccentri- 
cally and vice versa (10,12,22,23), when subjects trained 
isotonically were tested isotonically and isokinetically 
(24), or during diverse resistance training programs 
(heavy loads vs. explosive jumps) when subjects were 
tested isometrically (e.g., Ref. 8). Many of these studies 
(e.g., Refs. 10, 12) used just a simple knee extension 
exercise, and it is unclear whether similar findings would 
be obtained for multijoint exercises. We employed total 
body exercises and used a new exercise mode, i.e., hy- 
draulic resistance. Although the scope of the specificity 
principle in resistance training may encompass angular 
or length specificity (19), velocity specificity (l3), and 
task or movement pattern specificity (29), the principle 
may not be fully valid for contraction type or test mode 
specificity (8, 10, 22, 23). 

In addition to specific and nonspecific strength tests, 
isokinetic bench press and squat tests were administered 
as an “independent” testing modality. Because the iso- 
kinetic contraction mode was not used during training 
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FIG. 2. Changes in isokinetic peak force for upright 
squat and supine bench press exercise. 

Isokinetic bench press 

& HY’5% 
1 FW’6% 
3 C0,4% 

by FW or HY, the assumption was that improvements 
in isokinetic strength would be least in both groups. 
However, the improvements in bench press strength were 
remarkably similar between groups (P > 0.05) and across 
all three test modes; the gains were -10 kg for free 
weights and -7 kg for isokinetic and hydraulic tests. The 
similar movement patterns used to perform the exercises 
may have offset the expected inherent differences that 
would have caused more specific adaptations between 
the various contraction modes. This would have the 
effect of making the resultant strength gains comparable 
among the training groups. This reasoning is supported 

by prior studies that report nonspecific changes in mus- 
cular strength contrary to that predicted by muscle 
length specificity (19), test mode specificity (lo), or 
contraction-type specificity (12, 22, 23). 

For upright squat that includes more degrees of free- 
dom in terms of number of joints and/or muscle size 
compared with supine bench press, the improvements 
were expected to be larger and less specific. Indeed, the 
absolute gains in strength were not different between 
groups (P > 0.05) and averaged -41 kg or 37% for the 
free weight test, 22 kg or 9% for isokinetic testing, but 
only 2 Nm or 1% for the hydraulic knee extension test. 
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FIG. 3. Changes in peak power measured for isokinetic 
squat and bench press (top) and peak power measured for 
isotonic squat and bench press (bottom) in the 3 groups. 
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TABLE 3. Changes in segmental dimensions 

Pre Mid Post %A” F Ratiob 

Upper arm volume, ml 
Free weight 
Hydraulic 
Control 

Thigh volume, ml 
Free weight 
Hydraulic 
Control 

Upper arm CSA, cm2 
Free weight 
Hydraulic 
Control 

Thigh CSA, cm2 
Free weight 
Hydraulic 
Control 

1,942.9+88.62 
1,955&106.78 
1,718.0+83.26 

6,865.1f216.19 
7,390.2+272.42 
6,737.8&244.36 

79.8t3.19 
81.7k2.89 
77.8zk3.34 

201.4A6.54 
218.5k8.62 
211.0t8.65 

1,928.2+80.11 
1,965.8+101.71 
1,709.5&84.62 

6,983.2+214.37 
7,457.9&27X04 
6,730.8+249.36 

82.6t3.11 
81.9t2.85 
75.3t3.38 

211.4t5.69 
222.0t8.33 
211.7k8.42 

1,933.5f77.75 
1,984.6&88.39 
1,693.8+84.13 

7,047.6+222.36 2.7 3.6” 
7,399.8+255.58 0.1 
6,725.6+250.97 -0.2 

84.3k2.99 5.6 3.0d 
84.6k2.90 3.5 
76.6k3.29 -1.5 

215.1t5.82 6.8 2.7” 
223.1k7.71 2.1 
214.4k8.88 1.6 

-0.5 0.5 
1.5 

-1.4 

Values are means t SE. a Percent change pre to post. b Group X time interaction. ’ FW < HY > CO for comparisons are pre, mid, and post 
(P < 0.05). d HY > CO at pre and mid, and FW pre to post (P c 0.05). e HY > FW at pre and FW pre to post (P c 0.05). 

The negligible improvement in hydraulic knee extension 
strength could be related to the training program per se 
that emphasized squat but not knee extension. Although 
the knee extensors are recruited during a squat move- 
ment, the correlation of r = 0.40 (n = 39, P < 0.05) 
suggests low commonality between knee extension 
torque and performance in standing squat (r2 x 100 = 
16%). Thus improvements in squat performance may be 
largely due to improvements in the strength of back and 
hip musculatures (28). Consequently, specificity of move- 
ment pattern (16, 29) during strength training and test- 
ing may be more important for improving strength than 
the specificity of contraction type (10, 23). 

-20 wk duration are “general” and learning-related. This 
is in sharp contrast to the specific adaptations observed 
in short-term (-20 wk) cardiovascular experiments that 
compared running and swimming or running and cycling 
(e.g., Ref. 20). Perhaps the time course of neural adap- 
tation may take place in a reversed order: initially (~20 
wk) it is nonspecific with resistance training but becomes 
specific with cardiovascular training, and later (>20 wk), 
the adaptation is specific with resistance training and 
general with cardiovascular training (2). 

A second and more likely possibility could be that 
exercise with free weights and hydraulic devices was not 
distinct enough in terms of muscular contraction to elicit 
specific adaptations. Unlike isokinetic and hydraulic rou- One can raise the question of what factor(s) would be 

responsible for the nonspecific training response after tines, however, free weight exercises include both eccen- 
the concentric and combination of concentric and eccen- tric and concentric actions. During an exercise that 
tric muscle actions. One possibility could be that training incorporates both eccentric and concentric muscle ac- 
of short duration does not allow enough time for the tions, the limiting factor in overcoming resistance is the 
appearance of the specific effects. Sale (28) has suggested concentric and not the eccentric muscle force. Thus, 
that initial adaptations to resistance training of up to despite differences between the contraction modes used 
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for free weight and hydraulic exercise, FW and HY 
subjects may have still used the same training stimulus 
as the concentric load. It is therefore compelling to 
conclude that any form of concentric or combined con- 
centric plus eccentric resistance training should result in 
comparable gains in muscle strength as long as similar 
movement patterns and velocities are employed for train- 
ing and testing. 

Changes in Anthropometry 

The changes in overall fatness and muscularity were 
small consequent to strength training with free weights 
and hydraulic resistance devices. There appeared to be 
some preferentially larger gains for FW compared with 
HY in thigh volume and thigh and upper arm CSA, but 
the posttraining between-group differences failed to ex- 
ceed statistical significance and are considered to be of 
little physiological importance. The current findings are 
in concert with prior studies that also failed to detect 
substantial alterations in adiposity and muscularity fol- 
lowing various modes of strength training (14). From the 
-30 experiments reviewed, the consensus is that the 
resistance modes (isokinetic, isotonic, and hydraulic), 
the frequency and intensity of exercise, and/or training 
durations of 7-24 wk, are simply inadequate stimuli to 
induce muscle hypertrophy. In contrast, the study by 
Ikai and Fukunaga (9) showed that after 100 training 
days, there was a 91.7% increase in arm flexion strength 
and a 23.0% enlargement in CSA for the biceps brachii. 
However, contrary to the suggestions of others (e.g., Ref. 
3l), it does not seem plausible to expect a corresponding 
1:l change in muscle strength and muscle size. Such a 
prediction would ignore the plasticity of the nervous 
system to adapt skeletal muscle to strength training in 
terms of enhanced motoneuron excitability, synchrony, 
recruitment, discharge frequency, or their combination 
(11). These latter factors may have been chiefly respon- 
sible for the strength improvements in the present study 
along with the minimal alterations in muscle size. 

Some investigators contend that the lack of muscle 
hypertrophy after isokinetic and hydraulic resistance 
exercise may result from the exclusion of eccentric mus- 
cle actions from such, exercise routines (5). It is known 
that eccentric muscle forces are -1.3 times greater than 
concentric forces, and training with higher tension 
should result in greater muscle enlargement (1). In con- 
trast, two recent reports in addition to the present study 
argue against this contention. The data of Hakkinen (7) 
revealed that changes in muscle fiber size were small 
(from 3.5 pretraining to 4.5 posttraining, arbitrary units) 
and were similar (P > 0.05) after predominantly concen- 
tric or eccentric strength training. Petersen et al. (23) 
also reported similar improvements in concentric 
(-12%) and eccentric torques after strength training 
(-19%, P < 0.05). There was only a 3.2% increase in 
quadriceps femoris CSA measured by computed tomog- 
raphy. Such results would imply that eccentric force 
production may increase without large changes in CSA. 
Thus it would appear that eccentric forces may not 
necessarily lead to greater muscle hypertrophy than do 
either concentric or combined concentric and eccentric 

training. The resistance training in the present study 
included both concentric-eccentric muscle actions (FW) 
and concentric-only contractions (HY), yet there were 
no significant differences between the two modes in 
developing muscularity. These results for anthropometry 
are new and suggest that resistance training with an 
eccentric component may not be superior for increasing 
muscularity and decreasing adiposity, compared to train- 
ing modalities that exclude this component. 

The salient finding of the present experiment concern- 
ing changes in muscular strength suggests that the train- 
ing effects were more general than specific. This conclu- 
sion could be considered somewhat tentative, however, 
because there was no eccentric testing. Had such testing 
been done, eccentric strength may have increased for 
FW (eccentric + concentric training) but not for HY 
(concentric training). If this occurred, it would have 
diluted the hypothesis that concentric force delimits 
improvements in muscular strength with concentric and 
combined concentric and eccentric training. In any case, 
a preferential increase in eccentric force alone would still 
be of little physiological or practical significance. 

In summary, we believe that eccentric force imple- 
mented in a stretch-shorten cycle will ultimately be 
limited by the force of the ensuing shortening phase. 
Although some investigators did observe the expected 
specificity of eccentric force enhancement (e.g., Ref. 17), 
many others did not and reported equal gains for both 
concentric and eccentric strength (10, 12, 22, 23). From 
a practical standpoint, singular improvement in concen- 
tric or eccentric strength reported previously may have 
little bearing on the net force output in a stretch-shorten 
exercise. Performance in conventional bench press and 
squat (eccentric + concentric) was only 8% greater com- 
pared with the performance measured with concentric 
only actions (calculated from data in Table 2). Thus the 
benefit from singularly improved eccentric forces may be 
inconsequential for combined eccentric + concentric 
force output. Further research is needed to elucidate the 
mechanism that mediates this incongruous tenet of the 
specificity concept, i.e., generality of training and testing 
for muscular strength. 
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