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Abstract In many sports vertical jumping is important.
This study compared neuromuscular functioning of the
lower extremity muscles together with some kinetic and
kinematic parameters before and during ground contact
in drop jumps from two heights [0.4 m (DJ40) and 0.8 m
(DJ80)] in 7 highly trained triple-jumpers and 11 phys-
ically active controls. The triple-jumpers jumped 32%
higher in DJ40 and 34% higher in DJ80, had shorter
braking and total contact times, and greater average and
peak vertical ground reaction forces than the controls.
In both drop jumps in the electromyogram pre-activity
of the vastus lateralis and gastrocnemius muscles started
earlier in the jumpers than in the controls. For the
control group the increase in dropping height was as-
sociated with a decrease in the propulsion force, and
resulted in more extended knee and ankle angles at
touch down and more ¯exed angles at the deepest po-
sition than for the jumpers. All angular displacements
for DJ80 were larger than for DJ40 in the control group.
The triple jumpers and control subjects di�ered with
respect to their neuromuscular functioning in the drop
jump exercise and they responded in a di�erent way to
the increase in dropping height.
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Introduction

In many sports, including ball games, track and ®eld and
ski jumping, vertical jumps, especially plyometric drills
have been shown to play an essential role in increasing

the explosive power of the lower extremities (Verho-
shanski 1966). Among plyometric drills, which have also
been known as stretch-shortening cycle drills (Steben
and Steben 1981), drop jumping or depth jumping have
been widely used (Wilt 1978). Executing a drop jump
involves jumping down from a height and, upon landing,
performing a maximal vertical jump. The lower ex-
tremity muscles perform a stretch-shortening cycle
(SSC), during which it has been found the eccentric
stretching phase in¯uences the subsequent concentric
shortening phase (Cavagna et al. 1965). During SSC, use
of elastic energy and re¯ex activation of the neuromus-
cular system have been shown to be important for the
production of power in the propulsive phase of the fol-
lowing jump (Bosco et al. 1982b).

The capability of muscle to store and use elastic en-
ergy has been found to depend on the muscle length and
stretching speed (Cavagna et al. 1965), the force at the
end of the stretching phase and the coupling time be-
tween the eccentric and concentric phases (Bosco et al.
1981). It has been reported that a rapid and short stretch
(Cavagna et al. 1968), a high force at the end of the
stretch and a short coupling time favour the use of
tendomuscular elasticity (Bosco et al. 1982a, 1982c)
Komi and Bosco (1978) have demonstrated that after
the vertical dropping height reaches a certain level, the
rebound jumping height declines. Viitasalo and Bosco
(1982), however, have not reported any signi®cant ef-
fects of dropping height on the following rebound
jumping height among male students. The optimal
dropping height has been found to be 0.66 m (Komi and
Bosco 1978) and 0.4 m (Viitasalo 1982) for volleyball
players, 0.63 m for male physical education students and
0.48 m for female students (Komi and Bosco 1978).
Dropping heights as high as 1.1 m have also been re-
ported (Bobbert 1990; Schmidtbleicher and Gollhofer
1982), being employed to create higher than optimal (in
respect of jumping height) dropping heights and to
produce an overload stimulus.

Myoelectrical activity (EMG) before and during the
eccentric phase of contact has been found to be highly
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correlated with the contact time, contact force and an-
gular parameters in trained athletes (Aura and Viitasalo
1989; Viitasalo and Aura 1987). This has been suggested
to be due to pre-programmed patterns, dispatched from
higher centres in the nervous system (Melvill-Jones and
Watt 1971). It has been found that the human locomotor
system is taught to ®t the muscle status of external de-
mands (Dietz et al. 1979). Pre-activation has been shown
to be important both for the enhancement of the EMG
during the eccentric phase of the take-o� and for the
timing of muscle action with respect to ground contact
(Moritani et al. 1991). The activation of the muscles
regulates muscle sti�ness. Stretching of an active, sti�
muscle during the eccentric phase of take-o� stores
elastic energy in the cross-bridges and tendons. It has
been shown that this elastic energy can be used during
the concentric phase of muscle contraction (Cavagna et
al. 1971). Thus, the e�ects of training on neuronal
control mechanisms and on muscular spring character-
istics are important.

Based on the speci®city of training (e.g. Hortobagyi
1982) the functioning of the neuromuscular system and
the biomechanical characteristics of jumping have been
shown to di�er among subjects with di�erent training
backgrounds (Komi and Bosco 1978; KyroÈ laÈ inen and
Komi 1995a, 1995b). The present study compared neu-
romuscular functioning of the lower extremity muscles
together with some kinetic and kinematic parameters
before and during ground contact in drop jumps from
two heights. Comparisons were made between highly
trained triple-jumpers, and physically active controls.
Two dropping heights were used to produce two ec-
centric stretching speeds for the leg extensor muscula-
ture. Preliminary reports have been published (Viitasalo
and Lahtinen 1991; Viitasalo et al. 1996).

Methods

Subjects

A group of 18 subjects were divided into jumpers (7 triple-jumpers
of Finnish national caliber) and controls (11 students with physi-
cally active life styles but no speci®c jumping training). The jumpers
were on average aged 27.6 (SD 3.6) years, were 1.84 (SD 0.05) m
tall and their mean body mass was 75.4 (SD 5.2) kg. The respective
values for the control group were 20.6 (SD 2.6) years,
1.78 (SD 0.05) m and 74.0 (SD 7.4) kg. The average triple-jump-
ing personal record of the jumpers was 16.05 (SD 0.29) m. They
had a 10±15 year background of systematic sports training with
various kinds of explosive strength and jumping drills including
drop jumping. Informed consent was obtained from the subjects.

Protocol

Measurements were carried out during one indoor session. After
warming-up the subjects performed various jumping drills with
bilateral and unilateral foot contacts in a random order. The results
from drop jumps from heights of 0.40 m (DJ40) and 0.80 m (DJ80)
are given. These were selected to represent a generally used drop-
ping height (DJ40) and a height representing an overload condition
(DJ80). The subjects jumped from a stand on to a force platform

(0.6 ´ 0.6 m, Honeycomb, Kistler, Switzerland) and after the bi-
lateral contact rebounded immediately as high as possible while
keeping their hands on their hips. After ®ve to ten trials the subjects
were asked to perform all further jumps with as similar a technique
as possible. The subjects performed three drop jumps from both
heights.

The EMG activity was recorded using bipolar surface electrodes
(Beckman, 65037, Illinois, USA; 4-mm diameter, 10-mm separa-
tion) over the motor point area of the vastus lateralis, rectus fe-
moris, biceps femoris (long head) and gastrocnemius (lateral head)
muscles of the dominant leg. The pre-ampli®ed EMG signals
(60 dB, 10±500 Hz) were telemetrically (Glonner, Biomes 2000,
cut-o� frequency 360 Hz, 3 dB±1) transmitted to a magnetic tape
recorder (Racal, V-store, Southampton, UK; cut-o� frequency
2.5 kHz) simultaneously with three dimensional ground reaction
force signals from the force platform. An electrical goniometer
(58 g) was attached to the lateral side of the right knee joint.

The EMG, goniometer and force signals were o�-line A-D
converted (1 kHz) to a computer for further analysis. One drop
jump per subject from both heights was ®lmed with a Canon
Scoopic 16-mm camera operating at 69 frames á s)1. Due to ®lm
failure it was not possible to analyse one subject in the control
group. The camera was located perpendicular to the sagittal plane
at a distance of 29.2 m. When the subject touched the force plat-
form a marker signal was turned on to synchronise the ®lmed data
with the force and EMG signals. A light ¯ashed in front of the
jumper gave the marker on the ®lm.

The EMG was averaged (aEMG) for two successive 50-ms
periods prior to the ground contact, and for the ®rst and second
halves of the braking and the propulsion phases of contact:

xaEMG�T � � 1

T

ZT
0

jx�t�jdt

where T is the observation time, and x(t) the EMG signal.
The braking and propulsion phases were determined by the

contact time and minimal angle position of the knee as proposed by
Aura and Viitasalo (1989). Both absolute (arbitrary units) and
relative aEMG values were used. The EMG values were normalised
to, e.g. maximal isometric (see Voigt et al. 1991) or concentric (see
Voigt et al. 1995) values. Drop jump EMG has been shown to be
also related to squatting jump EMG activity (Viitasalo and Bosco
1982) and the relationships among maximal isometric, concentric,
squatting jump, countermovement jumps (eccentric and concentric)
and drop jumps (eccentric and concentric) EMG activity to depend
on the muscle (Viitasalo 1984). Thus, there is no standard for
presentation of relative EMG values. We selected the second part
of the propulsion phase as 100% because it has been supposed to
be the one where untrained subjects also had enough time to pro-
duce their voluntary maximal activation level.

Duration of the pre-contact EMG activity was from the mo-
ment when the recti®ed EMG reached a level of 0.04 mV to touch-
down on the force platform (threshold 5 N). The thresholds were
selected on the bases of maximal amplitude and baseline noise. The
¯ight times of the jumps were used to calculate the height of rise of
the body centre of gravity as has been suggested by Asmussen and
Bonde-Petersen (1974). Average and peak vertical forces as well as
braking and propulsion times were calculated from the force-time
curves (Bosco and Komi 1979). For the EMG and force analyses
the two best jumps (on the basis of the jumping height) from both
dropping heights were selected and averaged.

During the dropping and contact phases hip, knee and ankle
angles as well as vertical location of the body centre of mass (CM)
were analysed from the ®lm using a NAC (MC-OF) analyser
connected to an Ariel performance analysis system. The manually
digitised raw data were smoothed with the quintic spline algorithm
(smoothing factor 0.002 m). Based on Dempster (1955), the me-
chanical model of the jumper was assumed to consist of eight rigid
body segments. The relative segmental masses and locations of
segmental mass centres were used to obtain the location of the
whole body CM. Values were calculated at the touch down and
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take-o� phases as well as at the deepest bending position (between
the braking and the propulsion phases). The angular displacements
and average braking and propulsion angular velocities were also
calculated using the ®lm data. The vertical location of CM was
determined for the last frame of contact to the stand and for the
entire ground contact phase.

Statistics

Calculations were performed with a SPSS/PC+ statistical package
(Norusis 1990) including mean, standard deviation of the mean and
Student's t-test for independent and paired samples.

Results

The jumpers and controls di�ered from each other in all
variables determined for both dropping heights with the
exception of propulsion time (Table 1). The triple-
jumpers jumped 32% higher in DJ40 and 34% higher in
DJ80 than the controls. Also, the jumpers had shorter
braking and total contact times and greater average and
peak vertical ground reaction forces than the controls.
In both drop jumps the EMG pre-activity in the vastus
lateralis and gastrocnemius muscles started earlier for
the jumpers than for the controls. However, in the rectus
femoris and biceps femoris muscles the two groups of
subjects showed fairly similar EMG pre-activity times.

The increase in dropping height from 0.4 to 0.8 m did
not reveal any signi®cant e�ect on the vertical jumping
height or contact times (Table 1). However, the increase

in dropping height caused an increase in the average and
peak braking forces of both the groups and for the
control group it was associated with a decrease in the
propulsion force. However, the duration of the EMG
pre-activity did not di�er signi®cantly between the
dropping heights.

The mean dropping height for the body CM did not
di�er signi®cantly between the groups. The total contact
times were calculated from ®lm (Table 2) and from the
force plate data (Table 1) and were reasonably similar.
When the total contact times were divided into the
braking and propulsion times for the three relevant
joints, the jumper group showed shorter times than the
control group in both jumps, except for hip angle at
DJ40. There were no signi®cant di�erences between the
two groups in timing patterns of the lower extremity
joints at the beginning of the propulsion phase. When
the durations of the braking and propulsion phases were
calculated separately for the three joints, and values
were compared between the two dropping heights, dif-
ferences were found for the knee and ankle angles of the
control group on the braking phase, and the duration
was longer for the DJ80 than for the DJ40.

There were no signi®cant di�erences between the
groups for the joint angles in DJ40 at any of the three
instants measured (Table 3). At the 0.8-m dropping
height, however, three di�erences were found: the mean
knee angle of the control group was more bent at the
deepest position and the ankle angle more extended at

Table 1 Vertical jumping height, contact times and vertical ground
reaction forces calculated from the force platform data, and
duration of electromyogram (EMG) pre-activation for the jumpers
(Ju) and controls (Co), and for the drop jump from 0.4 m (DJ40)

and from 0.8 m (DJ80). Independent student's t-tests were calcu-
lated between jumper and control groups, and paired t-test between
DJ40 and DJ80

Variables DJ40 DJ80 Ju vs Co DJ40 vs DJ80

Jumpers Controls Jumpers Controls DJ40 DJ80 Jumpers Controls

mean SD mean SD mean SD mean SD

Jumping height (m) 0.47 0.07 0.35 0.04 0.47 0.07 0.35 0.05 ** ** ns ns

Contact time (ms)
braking phase 67.1 25.8 128.5 44.7 68.1 34.6 139.1 51.2 ** ** ns ns
propulsion phase 98.7 27.9 97.5 18.8 99.7 29.0 102.0 22.9 ns ns ns ns
total 165.8 12.8 226.0 60.3 167.9 21.2 241.1 73.0 * * ns ns

Average vertical force
(0.001 ´ N)
braking phase 3.49 0.36 2.29 0.77 4.32 0.70 2.67 0.86 *** *** *** **
propulsion phase 1.74 0.28 1.17 0.30 1.70 0.36 1.06 0.27 *** ** ns *

Peak vertical force
(0.001 ´ N)
braking phase 6.30 1.30 4.29 1.68 8.54 1.08 6.21 1.19 * *** *** ***
propulsion phase 3.49 0.23 2.46 0.72 3.61 0.55 2.24 0.69 *** *** ns *

Duration of EMG
pre-activation (ms)
vastus lateralis muscle 78.1 9.9 45.1 9.4 87.7 6.9 49.6 10.5 *** *** ns ns
rectus femoris muscle 43.2 6.9 46.7 12.7 47.2 11.7 50.4 17.5 ns ns ns ns
gastrocnemius muscle 145.7 6.8 92.1 9.2 139.7 8.1 92.3 7.7 *** *** ns ns
biceps femoris muscle 31.3 3.7 27.4 11.6 25.8 15.7 26.2 12.9 ns ns ns ns

*P < 0.05, **P < 0.01, ***P < 0.001, ns non-signi®cant

434



touch down and take-o�. The angular displacements of
all three joints did not di�er signi®cantly at the 0.4-m
height either in the braking or propulsion phase. How-
ever, the control group showed greater angular dis-
placements in both contact phases at DJ80 for all
measured joints except for the hip joint in the propulsion
phase. The greatest di�erence between the mean dis-
placements of the groups was 16° for the knee angle both
in the braking and propulsion phases. The average an-
gular velocities did not di�er signi®cantly between the
groups.

For the jumpers the knees were more ¯exed for DJ80
than for DJ40 at touch down (Table 3), but there were
no signi®cant di�erences between angular displace-
ments. For the control group the increase in the drop-
ping height resulted in more extended knee and ankle
angles at touch down and more ¯exed angles at the
deepest position and all angular displacements at DJ80
were larger than at DJ40. The greatest di�erence of the
mean displacements was 14° for the knee angle at the
braking phase. Among jumpers angular velocities be-
tween the two dropping heights did not di�er signi®-
cantly. But in the control group an increase in the
dropping height caused an increase in the mean braking
angular velocity. Also the hip angular velocity at the
propulsion phase increased with the dropping height.

The mean dropping heights for the control group
were on average 0.06 m (DJ40) and 0.08 m (DJ80) lower
than those for the jumpers due to variation in the

standing positions both at the moment of last contact
with the stand and at the ground touch down. These
statistically non-signi®cant di�erences corresponded on
an average of 6.7% (DJ40) and 5.4% (DJ80) di�erences
in the vertical velocity of the body CM at touch down
between the groups.

The jumper group revealed greater myoelectrical ac-
tivity during the precontact and braking phases (Figs.
1, 2). The absolute and relative data showed similar re-
sults in respect of di�erences between the groups. The
EMG of the vastus lateralis muscle was greater for the
jumpers before ground contact and during the ®rst half
of the braking phase in DJ80 and DJ40 than for the
controls. Di�erences were found between the groups in
the EMG of the rectus femoris muscle in the ®rst part of
the DJ40 braking phase and in the second part of the
DJ40 DJ80 braking phase. In the activity of the gas-
trocnemius muscle the two groups di�ered at the brak-
ing phases of the DJ80. The biceps femoris muscle of the
jumpers was also more active during the precontact and
braking phases than that of the controls.

Among the jumpers the increase in the dropping
height resulted in a tendency to increase the EMG of the
vastus lateralis, rectus femoris and gastrocnemius mus-
cles during the pre-contact and braking phases (Fig. 3).
The only statistically signi®cant di�erences, however,
were found for the pre-activity phases of the vastus
lateralis muscle. Among the control subjects EMG did
not change with dropping height. Figure 4 shows raw

Table 2 Actual dropping height, ground contact time and duration
of the braking and propulsion phases, and timing of extension for
the three leg joints from the ®lm data for the jumpers (Ju) and
controls (Co), and for the drop jump from 0.4 m (DJ40) and from

0.8 m (DJ80). Independent student's t-tests were calculated be-
tween jumpers and control groups and paired t-test between DJ40
and DJ80. CM centre of mass

Variables DJ40 DJ80 Ju vs Co DJ40 vs DJ80

Jumpers Controls Jumpers Controls DJ40 DJ80 Jumpers Controls

mean SD mean SD mean SD mean SD

Actual dropping height
of CM (m)

0.45 0.05 0.39 0.07 0.77 0.06 0.69 0.09 ns ns

Contact time (s) 0.17 0.02 0.23 0.06 0.17 0.02 0.26 0.08 * ** ns ns

Duration of the braking
phase (s)
hip 0.03 0.03 0.07 0.05 0.04 0.03 0.10 0.04 ns ** ns ns
knee 0.07 0.01 0.10 0.03 0.06 0.01 0.11 0.04 * ** ns *
ankle 0.07 0.01 0.10 0.03 0.07 0.01 0.12 0.03 * ** ns *

Duration of the
propulsion phase (s)
hip 0.14 0.03 0.16 0.05 0.13 0.01 0.16 0.04 ns * ns ns
knee 0.11 0.01 0.13 0.03 0.11 0.01 0.14 0.04 * * ns ns
ankle 0.10 0.01 0.13 0.04 0.10 0.01 0.14 0.05 * * ns ns

Time di�erences between
the joints in the start of
extension (s)
ankle ± knee 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.02 ns ns ns ns
knee ± hip 0.03 0.02 0.03 0.04 0.02 0.01 0.01 0.01 ns ns ns ns
ankle ± hip 0.04 0.02 0.03 0.04 0.03 0.02 0.01 0.02 ns ns ns ns

*P < 0.05, **P < 0.01, ***P < 0.001, ns non-signi®cant

435



EMG and vertical force signals measured in DJ40 for
one jumper and one control subject.

Discussion

Pre-activation

The triple-jumpers were found to start their EMG ac-
tivity earlier before touch down, and their EMG pre-
activities in the vastus lateralis and biceps femoris
muscles were greater than those of the control subjects.
The di�erences between the groups may have been af-
fected by di�erences in their training backgrounds.
KyroÈ laÈ inen et al. (1991) have demonstrated that 16-week
SSC training improved mechanical e�ciency and that
the subjects pre-activated their leg extensor muscles
earlier before the impact. KyroÈ laÈ inen and Komi (1995b)
have also shown that the rate of EMG development was
faster during the pre-activity for power-trained athletes.

The increase in the dropping height was followed by a
tendency to increased aEMG pre-activity in the vastus
lateralis muscle among the jumpers, while no e�ect on
the duration of the EMG pre-activity was found. This
tendency is in line with the results of Dietz et al. (1981)
who have suggested that learning may modulate the
preparatory activity of the neuromuscular system under
varying jumping conditions.

Braking and propulsion phases

Stretching a contracting muscle generates a large force
increment, of which approximately half is due to the
stretch re¯ex, which has been shown to increase the
muscle sti�ness more than would be predicted from the
intrinsic sti�ness (Sinkjaer et al. 1988). High muscle
activity during the braking phase of contact favours
storage of elastic energy, which in turn during the pro-
pulsion phase of contact can be used for high power

Table 3 Hip, knee and ankle angles, angular displacements and angular velocities at the various phases of contact calculated from the ®lm
data. Independent student's t-tests were calculated between jumper and control groups and paired t-test between drop jump from 0.4 m
(DJ40) and from 0.8 m (DJ80)

Variables Jumpers Controls Ju vs Co DJ40 vs DJ80

DJ40 DJ80 DJ40 DJ80 DJ40 DJ80 Jumpers Controls

mean SD mean SD mean SD mean SD

Hip angle (°)
touch down 134 8 142 5 142 17 146 12 ns ns ns ns
deepest position 132 7 137 10 134 20 127 21 ns ns ns ns
takeo� 179 4 182 5 181 7 183 11 ns ns ns ns

Knee angle (°)
touch down 140 2 145 4 140 11 145 7 ns ns ** *
deepest position 122 6 124 9 116 12 108 14 ns * ns 0.001
takeo� 170 6 171 2 171 4 170 5 ns ns ns ns

Ankle angle (°)
touch down 111 6 111 4 114 8 120 7 ns * ns *
deepest position 88 4 87 5 88 5 84 5 ns ns ns **
takeo� 133 6 132 5 137 5 139 4 ns ** ns ns

Angular displ. in
braking (°)
hip )3 3 )5 6 )9 10 )19 15 ns * ns *
knee )17 8 )21 9 )23 9 )37 12 ns ** ns ***
ankle )23 5 )24 5 )26 10 )36 9 ns ** ns *

Angular displ. in
propulsion (°)
hip 47 7 45 7 47 17 56 18 ns ns ns *
knee 47 4 47 9 54 14 63 15 ns * ns *
ankle 45 6 45 4 50 7 55 7 ns ** ns *

Braking angular
velocity (° á s)1)
hip )86 57 )109 80 )115 74 )172 69 ns ns ns *
knee )264 97 )315 115 )264 69 )327 40 ns ns ns *
ankle )327 69 )344 69 )281 69 )350 69 ns ns ns **

Propulsion angular
velocity (° á s)1)
hip 350 69 361 63 298 52 361 63 ns ns ns **
knee 464 57 458 63 424 52 458 63 ns ns ns ns
ankle 464 52 487 57 424 74 418 86 ns ns ns ns

*P < 0.05, **P < 0.01, ***P < 0.001, ns non-signi®cant
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production. The di�erences found between the groups in
the shapes of aEMG activity curves may indicate that the
neuromuscular system of the jumpers, compared with
that of the controls, was better prepared to withstand
and use strong eccentric stretching which was seen in
greater force production in the propulsion phase, and in
the higher jumping height. Moritani and deVries (1979)
have shown an increase in integrated EMG after weight
training. HaÈ kkinen and Komi (1985) have reported that
24 weeks of explosive type strength training increased
EMG of the knee extensor musculature during the ec-
centric and concentric phases of drop jump contacts.

It has been suggested that the stretch re¯ex is velocity
dependent (Gottlieb and Agarwall 1979), in sledge
jumps its magnitude increasing progressively with higher
stretching velocity (KyroÈ laÈ inen and Komi 1995b). It has
been found that in drop jumps performed from a height
of 1.1 m an untrained person responded with a period of

inhibition during the eccentric action phase after landing
while a trained jumper responded with a period of
facilitation (Schmidtbleicher and Gollhofer 1982), the
facilitation in the trained jumper being an adaptation of
certain re¯ex responses speci®c to certain stretch loads
(Schmidtbleicher et al. 1987). The increase in the drop-
ping height in the present study e�ected an increase in
the braking forces both among the triple jumpers and
the controls. Among the jumpers the increase in drop-
ping height had minor e�ects on the jumping height,
propulsion force or angular parameters. However, the
controls were not able to keep their angular parameters
constant when the dropping height was increased and
they had to decelerate and accelerate their body mass
with larger angular displacements, that is with larger
muscle lengths. This would indicate that the neuro-
muscular system of the jumpers was better able to resist
the high stretching speeds and ground reaction forces.

Fig. 1 Recti®ed and averaged electromyogram (aEMG) (a.u.) for the
vastus lateralis, rectus femoris, gastrocnemius and biceps femoris
muscles of the jumpers (solid line) and controls (dotted line) before and
during the contact of drop jumps from 0.4 m (DJ40,-left) and 0.8 m
(DJ80 right). Signi®cance between groups: *P < 0.05 **P < 0.01
***P < 0.001. Pre Pre contact phase, Br braking phase, Prop
Propulsion phase

Fig. 2 Relative (the second phase of propulsion � 100%) aEMG
for the vastus lateralis, rectus femoris, gastrocnemius and biceps
femoris muscles of the jumpers (solid line) and controls (dotted line)
before and during contact ofDJ40 (left) andDJ80 (right). Signi®cance
between groups: *P < 0.05 **P < 0.01 ***P < 0.001. For de®ni-
tions see Fig. 1
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Another explanation could be that the control group
changed their drop jump technique when the dropping
height increased.

Drop jump techniques

Bobbert et al. (1987) have reported two techniques in the
performance of a drop jump: a countermovement drop
jump (CDJ), which involves a large amplitude move-
ment after landing from the drop, and bounce drop
jump (BDJ), in which a small amplitude movement is
typical. According to Bobbert (1990) subjects are likely
to make a larger downward movement upon landing if
the drop jump distance is increased and the jumping
technique is not controlled. In these cases, the neuro-
muscular functioning during the braking phase may be
more like that of landing than hopping (See Dyhre-
Poulsen et al. 1991). Our subjects were not provided with
any verbal or visual feedback during the measurements,
but their jumping technique was evaluated before the
measurements and corrections and feedback was given
to ensure comparable techniques between the groups.
The examples in Fig. 4 suggest a decrease (an inhibi-
tion?) in the muscle activities of the control subject at the
end and after the eccentric stretch (gastrocnemius mus-
cle) supporting the idea of Dyhre-Poulsen et al. (1991) of
a landing-like braking phase of contact. The small dif-
ferences between the groups in the angular parameters in
DJ40 show that the di�erences between the groups in
jumping techniques for this dropping height may not
have been great. May be the control subjects were not
able to maintain their jumping technique when the drop
jump height was increased due to their neuromuscular

Fig. 3 aEMG for the four muscles and various contact phases
measured for DJ40 (dotted line) and DJ80 (solid line). Signi®cance
between groups: *P < 0.05 **P < 0.01. For de®nitions see Fig. 1

Fig. 4 Raw electromyogram
and vertical force signals of
drop jump at 0.4 m in one
jumper and one control subject.
The thin Vertical lines represent
the beginning and the end of the
braking and propulsion phases
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systems being less well-trained, and as a result their
technique changed from being BDJ-like to CDJ-like.

Training background

The di�erence between the two groups in the neuro-
muscular functioning may be based on di�erences in
their training backgrounds and/or in their inherited
abilities. Hortobagyi (1982) has found that in untrained
male subjects drop-jumping preparation had greater
in¯uence on jumping tests than weight training.
Schmidtbleicher et al. (1987) have reported that 4-week
drop-jump training induced a more pronounced im-
provement in SSC contraction than in purely concentric
contraction. Sale (1992) has suggested that when par-
ticular movement is repeated over a period of weeks or
months (or years, as was the case in our adult triple-
jumpers), modi®cation takes place in the complex in-
teractions among muscles, which results in improved
performance.

Muscle ®bre distribution, recruitment pattern
and connective tissue

It has been suggested that muscle ®bre type distribution
is determined markedly by heredity (MacDougall 1992)
and, for example, sprint training has no e�ects on ®bre
distribution but increases ®bre areas and enzyme activ-
ities (Thorstensson et al. 1975). Fast twitch muscle vol-
ume has been shown to be increased (Goldspink 1992)
and the potential to use the fast twitch population is
improved. Thus di�erences in the muscle ®bre distribu-
tion and/or volume may explain part of the intergroup
di�erences.

The motor unit recruitment model is also of impor-
tance in explosive type force production. Mellah et al.
(1990) have shown that when a monkey was trained to
perform a rapid forearm ¯exion movement, the ®ring of
low-threshold motor units was suppressed when higher
threshold motor units were recruited.

The high activation of muscles before and during the
braking phase, great forces and short braking phases
transmit great forces to the connective tissues (e.g. ten-
dons). It has been reported that tendons are able to store
and release high amounts of elastic energy if exposed to
very high stretching forces in a sequence of SSC con-
traction (Huijing 1992). It has been shown that among
animals, special training modi®es the metabolism of
connective tissues (Suominen et al. 1980), and a�ects
hypertrophy and improves its mechanical properties
(Woo et al. 1981). Thus, in addition to possible di�er-
ences in the structure and functioning of the neuro-
muscular contractile apparatus di�erences in their
connective tissue may have contributed to the superi-
ority of the triple-jumpers in the drop jump.

Triple jumpers and control subjects who had no
jumping training history were found to di�er in respect

to their neuromuscular functioning in drop jump exer-
cises and to respond in a di�erent way to an increase in
dropping height.
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