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ABSTRACT
Traditionally, near maximal isometric efforts have been used
to elicit the beneficial facilitations and inhibitions associated
with strength and flexibility improvements using proprio-
ceptive neuromuscular facilitation (PNF) and modified PNF
techniques. Although concentric reversal of antagonists has
been used clinically, there is little evidence regarding the
concentric contraction speed and resistance levels necessary
to elicit an augmented neuromuscular response. This study
addresses the question of speed and resistance specificity
and their subsequent PNF effects on strength and power out-
puts. This was accomplished through the use of a double-
acting concentric dynamometer (DACD). Twelve males, aged
18–25 years, participated in this study. Each subject per-
formed a reversal of an antagonist maneuver simulating a
horizontal bench pull and bench press, all using combina-
tions of slow speed of contraction, fast speed of contraction,
and isometric contraction. Within the limitations of this
study, it appears that a low-resistance, fast speed of antag-
onistic contraction significantly increases both peak and av-
erage force during a fast agonistic effort (p , 0.05). Neither
maximal isometric nor slow concentric contraction of the an-
tagonist (against heavy resistance) seemed to augment the
succeeding concentric effort of the agonist under either slow
or fast conditions.
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Introduction

Progressive resistance exercises, whether performed
on sophisticated machines, while using free

weights, or through the assistance of a therapist, are

widely accepted in almost all athletic conditioning
and/or rehabilitation programs. This widespread use
is based on the belief that such programs will enhance
performance, aid in the prevention of injuries, and as-
sist in recovery when injury occurs. One form of pro-
gressive resistance exercise used by physical therapists
is based on proprioceptive neuromuscular facilitation
(PNF) (1).

PNF exercises are designed to promote a neuro-
muscular response through stimulation of propriocep-
tors (5). Most of the principles underlying therapeutic
neuromuscular exercises can be attributed to the work
of Sherrington, who first defined the concepts of neu-
ral facilitation and inhibition (12). Popularization of
PNF is attributed to Herman Kabat (5) and to Knott
and Voss (6). Through the application of PNF tech-
niques, augmentation of the discharge of motor neu-
rons can be elicited, thus resulting in increased vol-
untary strength outputs (3, 4, 9).

The effects and results of these facilitations are well
documented (2, 7, 8); however, the internal operating
mechanisms are not completely understood and tend
to be explained through theoretical models. The most
noted and accepted practice of these facilitation tech-
niques requires that the subject exert perceived maxi-
mal contractions of the musculature involved (agonist
and antagonist). It is assumed that this intensity of
muscular output is necessary in order to yield bene-
ficial facilitations (9).

There is little scientific data regarding the effects
of varied resistance and speed of concentric antago-
nistic effort on concentric agonist responses. Therefore,
it was the purpose of this study (a) to determine the
effect of varied resistance and speed of concentric an-
tagonist effort (pull) on subsequent agonist responses
(push), (b) to compare these procedures with baseline
single-agonist concentric contractions, and (c) to com-
pare these procedures with agonist efforts following a
maximal isometric contraction of the antagonists.
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Figure 1. The double-acting concentric dynamometer
(DACD).

Table 1. Contraction setting and speed.

Condition
Approximate

vernier setting Time (s)

Slow
Fast
Isometric

0.25
1.75
0.00

2.5
0.8
0.0

Methods
Subjects
Twelve male undergraduate college students, aged 18–
25 years, were selected for participation in the study.
All had a minimum of 1 full year of resistance train-
ing, which included both bench press and rowing type
exercises. All subjects were informed of the potential
risks involved in the study, signed an informed con-
sent form, and were free to withdraw from the study
at any time. The study was approved by the Dalhousie
Ethics Committee.

Equipment
The double-acting concentric dynamometer (DACD)
(Dalhousie University, Halifax, Nova Scotia, Canada)
was used to control the speed and resistance during
the successive concentric contractions of 2 antagonistic
groups (Figure 1). For details on the DACD and the
movements employed in this study, see Holt and Pel-
ham (4). In the issue of the NSCA Journal in which their
work appears, a complete description of the DACD
and its applications are presented (4). Briefly, the re-
sistance unit is a double-acting, agonist–antagonist hy-
draulic system, in which a central piston head con-
nected to opposing piston rods pushes on a common
cylinder.

As the subject pulls the bar to the chest (horizontal
abduction of the shoulder joint, elbow flexion, and
scapula adduction), the agonist muscles contract con-
centrically, and the antagonists are stretched. At the
completion of this action, all functions are reversed,
and a pushing motion returns the bar to the starting
position (bench press motion: horizontal adduction of
the shoulder joint, elbow extension, scapula abduc-
tion). Vernier apertures (control valves) determine the
resistance and velocity of movement by controlling the
speed at which the hydraulic fluid is able to flow
through the system. The selection of the resistance
loads allows for qualitative control over the speed of

contractions. For example, resistance values for con-
dition 3 resulted in a fast pulling in (;0.8 seconds)
and a slow pushing out (;2.5 seconds).

Procedure
During testing, each subject sat on the adjustable chair
with the hip joint flexed to approximately 908, the legs
extended, and the back supported by a padded back-
rest. The pelvis was stabilized with a heavy-duty strap
around the waist. The legs rested on a strap at the
ankles, and the chest was steadied by a second heavy-
duty strap. The purpose of the straps was to prevent
undesired movement in an attempt to isolate the func-
tion of the muscles of the chest, arms, shoulder, and
upper back.

In order to ensure similar movement patterns for
each subject, the crossbar was consistently set at the
midsternal level, and the upper arms were set at a 908
angle with the torso. This was accomplished by ad-
justing the seat height for each subject. In addition,
while the crossbar was in contact with the chest, sub-
jects were instructed to space their hands evenly on
the crossbar in order to produce a 908 angle at the
elbow. Markers were placed at this grip position for
each subject. These marks were used to ensure consis-
tent placement by each subject during subsequent
treatment conditions.

From the starting position, completion of the first
movement involved pulling the bar to the chest. In or-
der to return the apparatus to the starting position,
the subject had to perform a pushing movement. Be-
cause of the design of the hydraulic system, both the
pull and push movements involved concentric con-
tractions of each agonist and elongation of the antag-
onists (4).

Prior to testing, a number of strict practice repeti-
tions were performed to acquaint the subject with the
apparatus. During this familiarization period, learning
curves were evaluated until the necessary asymptote-
shaped curve indicating proper performance was
achieved. Pulling the bar from the starting position
toward and against the chest and then pushing the bar
back to the starting position constituted 1 repetition.
The resistance was adjusted to both the high setting
(slow speed of contraction) and low test setting (fast
speed of contraction). At a high test setting, the vernier
aperture was 0.25; at a low test setting, the vernier
aperture was 1.75 (Table 1). An example of the con-
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Table 2. Condition sequence and vernier aperture set-
ting.

Conditions
Vernier settings

pull
Vernier settings

push

1 baseline slow
2
3
4

0.25
1.75
0.00

0.25
0.25
0.25

5 baseline fast
6
7
8

0.25
1.75
0.00

1.75
1.75
1.75

Table 3. Peak and average force values (mean 6 SD).

Condition Condition Force (N)

Mean values
Baseline slow
Slow/slow
Fast/slow
Isometric/slow

1
2
3
4

1,038 6 178
981 6 88

1,037 6 161
1,035 6 88

Baseline fast
Slow/fast
Fast/fast
Isometric/fast

5
6
7*
8

463 6 105
440 6 98
514 6 87
474 6 85

Peak values
Baseline slow
Slow/slow
Fast/slow
Isometric/slow

1
2
3
4

1,762 6 264
1,721 6 218
1,759 6 236
1,747 6 184

Baseline fast
Slow/fast
Fast/fast
Isometric/fast

5
6
7*
8

1,076 6 169
1,076 6 134
1,140 6 167
1,075 6 92

* Significantly different at p , 0.05.

traction setting and speed would be slow in/fast out,
which means a slow antagonistic contraction (pull)
and a fast agonistic contraction (push). Each subject
performed these practice trials.

Subject testing began 2 days after the end of the
familiarity/learning period. The 8 tests performed are
described in Table 2. Conditions 1 and 5 represent the
initial baseline contractions, with no antagonist con-
traction. During conditions 4 and 8, the concentric con-
ditions were preceded by an isometric contraction.
During conditions 2, 3, 6, and 7, the agonist contrac-
tions were preceded by concentric contractions of the
antagonist. Each subject would initially execute 2 iso-
lated horizontal bench presses at each of the 3 resis-
tance settings. These isolated trials provided a warm-
up and a baseline for comparison with the other con-
ditions. This was followed by the actual dual-action
testing, which was randomly assigned to each subject
(Table 2). For conditions involving prior isometric con-
tractions, the inward resistance setting was 0. Three
repetitions were performed at each setting. All testing
was conducted during a single period.

Each repetition was followed by a minimum of 20
seconds of rest, and the rest interval between test con-
ditions was also 20 seconds. All subjects were instruct-
ed to execute both the pull-in and push-out action
maximally, moving the bar as quickly as possible. They
were also instructed to perform the pushing action im-
mediately after the pull-in action, when the padded
portion of the bar touched their chests.

Data Collection
Set-up for data collections was similar to that de-
scribed by Holt and Pelham (4). The DACD hydraulic
system and the maximum pressure transducer (Ame-
tek Controls Division) were hardwire connected in se-
ries with a transducer multiplexer (Seimac, Inc.) and
A/D converter (Hewlett-Packard). This connection
permitted the pressure readings from the push or pull
movements of the subject to be translated into electri-
cal signals by the transducer multiplexer. Analog to
digital conversion of the electrical signals (sampling

rate of 200 Hz) was then performed by a Maclab sys-
tem (Analog Digital Instrumental Ltd., San Diego,
CA).

Statistical Analysis
The highest peak value of the 3 repetitions and the
average force value from the curve with the highest
peak value were used for statistical comparisons. The
average force output was obtained by selecting all
points from the initiation to the completion of the sin-
gle repetition curve with the highest peak value. The
means of the maximum peak and force output were
compared using unpaired one-way t-tests. A p value
of , 0.05 was considered significant.

Results
Compared to baseline measures, agonist contractions
(push) preceded by a slow speed of antagonistic con-
traction resulted in a slightly decreased force of output
in all cases, whereas those preceded by a fast speed of
antagonist contraction showed either no change or an
increase in force of output. Neither condition involving
isometric contractions prior to the agonist contraction
showed any notable change (Table 3). The only con-
dition showing a significant increase at the 0.05 level
was the fast/fast sequence, where the pulling and
pushing resistance was low, thus allowing for a fast
speed of both concentric contractions. When t-tests
were used to evaluate the specific differences among
all conditions for either slow or fast agonist move-
ments, once again, the differences between fast base-
line (condition 5) and fast antagonist/fast agonist
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Table 4. Condition vs. condition (slow agonist and fast
agonist) mean values.

Condition comparisons
(mean values) t-value

Slow agonist
Condition 1 vs. condition 2
Condition 1 vs. condition 3
Condition 1 vs. condition 4
Condition 2 vs. condition 3
Condition 2 vs. condition 4
Condition 3 vs. condition 4

1.41
0.04
0.06
1.65
1.51
0.03

Fast agonist
Condition 5 vs. condition 6
Condition 5 vs. condition 7
Condition 5 vs. condition 8
Condition 6 vs. condition 7
Condition 6 vs. condition 8
Condition 7 vs. condition 8

0.84
2.92*
0.25
3.52*
0.84
1.08

* Significantly different at p , 0.05.

Table 5. Condition vs. condition (slow agonist and fast
agonist) peak values.

Condition comparison
(peak values) t-value

Slow agonist
Condition 1 vs. condition 2
Condition 1 vs. condition 3
Condition 1 vs. condition 4
Condition 2 vs. condition 3
Condition 2 vs. condition 4
Condition 3 vs. condition 4

0.51
0.05
0.24
1.49
0.53
0.21

Fast agonist
Condition 5 vs. condition 6
Condition 5 vs. condition 7
Condition 5 vs. condition 8
Condition 6 vs. condition 7
Condition 6 vs. condition 8
Condition 7 vs. condition 8

0.00
2.04*
0.02
3.26*
0.02
1.28

* Significantly different at p , 0.05.

(condition 7) remained the only significant difference.
This difference was evident and significant (p , 0.05)
for both peak and average force measurements (Tables
4 and 5). When compared with baseline measures,
there was an increase in average force output of 11.0%
and an increase in peak force output of 5.9% (mean
percentage across all subjects).

Discussion
These preliminary findings would suggest that a fast
speed of antagonistic contraction will have no appre-

ciable effect on a slow agonist effort but will increase
both peak and average agonist contractions performed
at a rapid pace. All other permutations had little effect.

In a forceful horizontal bar pull, the musculature
involved in a bench press movement (e.g., serratus an-
terior, pectoralis major, etc.) is lengthened under ten-
sion (i.e., countermovement). The eccentric activation
of this musculature is important in the control of the
movement. In the sequential activity of horizontal bar
pull followed by bench press, the lengthened muscu-
lature undergoes an eccentric contraction at the end
range of the movement, which is immediately followed
by a concentric contraction. This is similar to the load-
ing phase that occurs during the wind-up for throw-
ing a baseball at high velocities and is considered a
stretch-shortening cycle (SSC). Indeed, most human
movements are the result of a movement sequence that
involves a SSC. Throwing, hitting, and most resistance
exercises are common examples of SSC movements. In
these cases, specific muscles are stretched under ten-
sion prior to being shortened.

Strength and conditioning scientists have present-
ed 2 explanations for the increased force production
associated with SSC: stretch reflex and stored elastic
energy. Supporting the notion of the stretch reflex are
several electromyogram (EMG) studies, which have
suggested that SSC movements augment strength by
additional neural input through the stretch reflex (10,
11). These studies propose that through the stretch re-
flex there is an increase in neural input that potentiates
the recruitment of muscle fibers and, therefore, more
force production. However, other researchers suggest
that SSC movements create greater force production as
a result of improved utilization of stored elastic energy
(13, 14).

In this study, most changes occurred in the fast/
fast condition. It might be hypothesized that elastic
storage within the larger components of the agonist
group (pectoralis major, serratus anterior, etc.) is pro-
viding the additional force. It would seem acceptable
to explain these results using the theory of elastic en-
ergy storage.

Wilson et al. (14) used experienced male weight
lifters performing near-maximal bench presses to
demonstrate that the mechanical variables of muscu-
lotendinous stiffness and eccentric load accounted for
the vast majority of the augmentation of performance
that is derived from prior stretch. In contrast, the weak
correlations between muscle activity (as measured by
EMG) and the augmentation in performance suggest-
ed that the neural contribution was substantially
smaller. In another study, Wilson et al. (13) found a
negative relationship between the period of pause be-
tween the eccentric and concentric phases of the bench
press and the augmentation to performance derived
from prior stretch. Wilson et al. (13) suggested that the
contributing mechanical factors to performance en-
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hancement derived from prior stretch may be the
stored elastic strain energy in the cross-bridge link-
ages and the musculotendinous system, which may
dissipate as heat during a pause between eccentric and
concentric phases of an activity. Data from the se-
quences involving slow antagonistic contractions prior
to the agonist would add support to the hypothesis of
Wilson and his colleagues (that the enhanced perfor-
mance on SSC movements is due primarily to the uti-
lization of elastic strain energy and not to neuromus-
cular facilitations). In these conditions, although pro-
prioceptive feedback was high, a decrease in force pro-
duction occurred. Of interest, however, is the condition
involving a fast antagonistic contraction followed by a
slow agonistic contraction. It appears that the elastic
storage must be expressed quickly in order to contrib-
ute to force production, because no augmentation was
noted in the fast-in/slow-out condition.

Practical Applications

It would seem that the results of this study would have
implications for the development of strength and pow-
er in athletes training for competition. Not only should
the training stimulus necessary to improve perfor-
mance be directed toward the active musculature in-
volved, but the contractions should be at the speed
encountered during the competitive event. However,
traditionally low-speed, high-resistance exercise re-
gimes have been used in sports involving rapid move-
ments of the lower or upper extremities, such as base-
ball (throwing, sprinting, batting), football (throwing,
sprinting, kicking), basketball, and ice hockey. For ath-
letes involved in these sports, it might be appropriate
that exercises designed to improve force production be
performed at faster speeds with less or little resistance.
However, full ballistic training with more resistance
than that encountered in the actual event can lead to
injuries and is not recommended.

The limited number of conditions and subjects in
this study provided some interesting results. However,
a larger design would be necessary to isolate the op-
timal balance between speed of contraction, force pro-
duction, and facilitation. Further studies involving an
increased number of resistance conditions and timing
of contraction velocities would better address this
trade-off. As well, several muscle groups (prime mov-
ers and stabilizers) should be monitored simultaneous-
ly using EMG analysis. Collecting data on the amount

of agonistic and antagonistic muscular excitation dur-
ing these behaviors would be helpful in identifying the
role of these muscle groups during exercise. Isolation
of the specific intensity required coupled with time-
delay data could provide valuable insight into the un-
derstanding of this phenomenon.
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