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A NUMBER OF SOURCES DE-
scribe conditioning programs for
cross-country running and en-
durance sports. More specifically,
strength training has been recom-
mended for the development of
cross-country runners (10, 16).
Several sources describe plyomet-
ric training and its practical appli-
cation to anaerobic sports (3, 11,
12, 15, 18, 21). Only a limited
number of sources recommend
plyometric or maximum power
training for endurance sports
such as cross-country running
(13, 14, 16). On the other hand
maximum power training and ply-
ometrics are not contraindicated
for training cross-country run-
ners.

Plyometrics have been recom-
mended for cross-country skiing
(13) and endurance athletes (16),
and single and double leg hops
and bounding have been recom-

mended for runners (14). The pur-
pose of this article is to provide a
rationale for, and recommend the
use of, maximum power training
and plyometrics as conditioning
strategies for cross-country run-
ners.

■ Evaluation of Training
Methods

Strength Training 

Fox et al. (7) indicates that track
events of 3–6 miles rely in part
(5–10%) on anaerobic energy
sources. Because cross-country
running occurs on uneven ter-
rain, it is likely that the anaerobic
component is even greater as ath-
letes may use these energy
sources to overcome the terrain.
Strength development may be
particularly important because
VO2 max typically does not
change after 12–18 months of

training. One way to improve per-
formance is through improved
running economy through im-
proved strength and muscular
power and core stability (10).

Johnston et al. (10) conducted
research on the effect of strength
training on running economy. Re-
sults revealed no significant differ-
ences in body mass, body fat, body
circumferences, VO2 max, or blood
lactate accumulation. However,
upper and lower body strength im-
proved by 24 and 34%, respective-
ly, and improved running econo-
my as evidenced by 4% decrease
in steady-state oxygen consump-
tion. Increased running economy
means that runners should be
able to run faster over the same
distance. This evidence suggests
that strength training is important
for the development of cross-coun-
try runners. However, strength
training has some limitations. 
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The principle of specificity
suggests that training is most ef-
fective when the training activity is
similar to the target activity.
Strength training at relatively slow
movement velocities results in
adaptations that are velocity spe-
cific (8, 12, 21). One possible solu-
tion is to perform strength-train-
ing exercises at the highest
possible speed of movement (17).
However, increased velocity of
movement during strength-train-
ing exercises may require that the
resistance be decelerated toward
the end of the range of motion. Ac-
cording to Newton and Kraemer
(12), this deceleration results in a
loss of motor unit activation of the
agonist and most likely is a less
than optimal training stimulus. 

The Olympic-style lifts have a
more optimal velocity profile com-
pared to some strength exercises
such as the squat, making them
an effective training strategy for
sports requiring explosive power
(12). In addition to traditional
strength-training exercises and
Olympic-style lifts, a mixed meth-
ods training strategy incorporating
maximum power training and ply-
ometrics is necessary to optimally
develop cross-country runners. 

Maximum Power Training and
Plyometrics 

Thirty percent of maximum volun-
tary contraction (MVC) is consid-
ered optimal for increasing me-
chanical power (8, 12) and has
been referred to as maximum
power training (20). In addition to
maximum power training, numer-
ous sources recommend plyomet-
rics as a training method for in-
creasing muscular output and
improved performance in explo-
sive activities (3, 5, 8, 12, 15, 18,
20). Maximum power training and
plyometrics offer a high-velocity
training stimulus without the un-
desirable deceleration phase po-

tentially associated with many
strength-training exercises, as the
resistance is projected into free
space such as when the athlete
jumps. 

Compared to strength training
or Olympic-style weightlifting,
maximum power training and ply-
ometrics train different aspects of
the force/velocity curve (Table 1).
Compared to many strength-train-
ing exercises and loads, running is
a relatively high velocity activity.
As such, it is necessary to include
high-velocity training strategies in
addition to force developing strate-
gies such as strength training. The
optimal resistance for training ex-
plosive power requires the integra-
tion of training strategies to devel-
op both the force and velocity
components of power (12). 

The optimal ratio of force or
velocity depends on the demands
of the sport. The best combination
of force and velocity training
strategies depends on the mass of
the object to be moved in a sport.
Sports that require an athlete to
overcome a large external mass
(i.e., effectively blocking a 300-lb
defensive lineman) require train-
ing strategies favoring force devel-
opment. Conversely, cross-coun-
try running requires only that the
athlete overcome his or her own
body mass. Furthermore, suc-
cessful performance in the sport of

cross-country requires relatively
high movement velocity because
success in the sport is largely de-
pendent on speed of movement.
The principle of sport specificity
dictates that training loads and
velocity should attempt to repli-
cate the requirements of the sport.
Functionally specific strength
training, Olympic-style weightlift-
ing, maximum power training,
and plyometrics have varying force
and velocity characteristics. Ar-
guably, maximum power training
and plyometrics include move-
ment velocities that are more sport
specific than weight training.

■ Biomechanic and Velocity
Specificity

The movement speed and biome-
chanics of many plyometrics more
closely approximate running com-
pared to strength training exercis-
es. According to Wathen (18), ply-
ometrics are intended to increase
the force that can be exerted at a
high velocity of movement. In ad-
dition to the improved velocity
specificity associated with maxi-
mum power training and plyomet-
rics, these types of exercises are
more biomechanically specific
than strength-training exercises.
Wathen (18) recommends that a
portion of training time is spent
performing movements mechani-
cally similar to those movements

Table 1
Relative Force/Velocity

Characteristics of Training Methods

Capacity for Capacity for
Force Velocity

Training method Development Development

Strength training High Relatively low
Olympic lifts Moderate Moderate
Maximum power training Relatively low Relatively high
Plyometrics Low High
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encountered in the sport for which
the athlete is training. For exam-
ple, the back squat occurs primar-
ily in the vertical plane of motion.
In contrast, multiple single leg
hops are more mechanically simi-
lar to running since they have a
greater horizontal component.

Role in Preventing Injury 

Some sources have suggested that
plyometrics pose a significant risk
of injury and should not be includ-
ed for training athletes (1, 2, 9,
19). Undoubtedly, poorly designed
plyometric training programs in-
crease the risk of athlete injury.
However, the same is true for any
type of training program. Con-
versely, opponents of plyometrics
overlook the obvious fact that bal-
listic activities such as running
and jumping are the fundamental
movements of most sports. It
seems illogical to conclude that
these types of activities are com-
pletely safe in competition but un-
safe in a supervised controlled
conditioning session. Further-
more, the hypothesis that impul-
sive loading is detrimental is not
consistent with evidence that sug-
gests that biomaterials such as
muscle connective tissue and
bone adapt to reasonable training
stimulus (4, 20). 

Potential benefits of impulsive
loading include the development
of eccentric strength, connective
tissue strength, and bone remod-
eling (4, 20). Cornu et al. (4) inves-
tigated the influence of 7 weeks of
plyometric training on the ankle
joint. Research results suggest
that musculoarticular structure
adaptation occurred and resulted
in decreased viscosity and passive
stiffness. Witzke and Snow (20) re-
port that plyometric jump training
of sufficient duration may serve as
an effective training stimulus to
increase bone mass. Maximum
power training and plyometrics

exercises may be necessary to pre-
pare the athlete for the impact
forces associated with running
and foot strike on uneven terrain
as they offer the athlete a con-
trolled ballistic/dynamic training
stimulus that is more consistent
with the biomechanics and veloci-
ty of cross-country running.

■ Practical Application of
Maximum Power Training 
and Plyometrics

Prerequisite Strength

Ebben and Watts (5 ) described
functional strength prerequisites
necessary for performing plyomet-

ric exercises. These recommen-
dations include performing a
strength-training cycle prior to the
incorporation of maximum power
training and plyometrics and the
ability to meet strength require-
ments.

Periodization

Maximum power training and ply-
ometrics should follow a peri-
odized model with exercise vol-
ume, and intensity gradually
progressed and regularly cycled.
For example, Chu (3) describes a
progression of intensity and vol-
ume of plyometrics. Because
cross-country running is a high-
volume activity, it may be neces-
sary to be judicious about the vol-
ume (foot contacts) of plyometrics
used in the program.

Biomechanic Specificity

The maximum power training and
plyometric exercises used should
be biomechanically specific to
cross-country running. Examples
include exercises with a horizontal
component such as bounding,
multiple cone, box and hurdle
hops, and long jumps. Nonethe-
less, maximum power training
and plyometric exercises that are
performed primarily in the vertical
plane are more velocity specific
than strength-training exercises
such as the squat, which are also
performed in the vertical plane.
Examples of vertical plane maxi-
mum power-training exercises in-
clude dumbbell split squat jumps
and dumbbell box jumps. Exam-
ples of vertical plane plyometrics
include box jumps, timed box
jumps, cone hops, and a variety of
single leg hops. 

Unilateral Training

Single leg plyometric exercises
such as the single leg hop, single
leg box jump, single leg push-off,
and alternating leg push-off
should be included because run-
ning foot strike is a unilateral
event. However, these exercises
should be gradually implemented
because only 1 foot/leg must ac-
commodate the body’s entire mass
potentially resulting in greater im-
pact forces. 

Training Facility

Ultimately, facility type and avail-
ability may dictate the type of
maximum power training and ply-
ometric exercises that can be in-
cluded in a program. For example,
inclement weather may negate the
use of outdoor facilities. Indoor fa-
cilities may be unavailable, limited
in size, or have an inappropriate
floor for plyometrics. Facilities of
adequate size will allow horizontal
component plyometrics. 

Some coaches may not have

Potential benefits of
impulsive loading

include the development
of eccentric strength,

connective tissue
strength, and bone
remodeling (4, 20).
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facilities other than the weight
room or may need to incorporate
maximum power training and
plyometrics as part of the
strength-training program. Small
or congested weight rooms may
constrain the athletes to perform
primarily vertical component ply-
ometrics. 

■ Summary

Surprisingly, some strength and
conditioning and sport coaches
still follow old, anecdotal prohibi-
tions against the incorporation of
plyometric training. Others may
believe maximum power training
and plyometrics are only appropri-
ate for anaerobic sports. Improved
running economy is a benefit of
resistance training. Velocity and
biomechanic specificity suggest
maximum power training and
plyometrics are an essential com-
ponent of a conditioning program
for cross-country running. Fur-
thermore, these modes of condi-
tioning may reduce the likelihood
of injury providing that the condi-
tioning program is periodized and
supervised. Strength and condi-
tioning coaches are encouraged to
incorporate a maximum power
training and plyometrics for train-
ing their cross-country runners. ▲▲
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