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Objective: To assess performance changes induced by a 6-
week plyometric jump-training program.

Design and Setting: We used a quasiexperimental design
to compare groups formed on the basis of team membership.
Testing was conducted in an athletic training research labora-
tory, both before and after a 6-week period of preseason bas-
ketball conditioning.

Subjects: Nineteen female collegiate basketball players from
a National Collegiate Athletic Association Division I program (8
subjects) and a National Association of Intercollegiate Athletics
Division II program (11 subjects) who had no history of anterior
cruciate ligament injury and who had no history of any lower
extremity injury during the preceding 6 months.

Measurements: The variables of primary interest were ham-
strings and quadriceps isokinetic peak torque. Of secondary
interest were 5 variables derived from step-down and lunging

maneuvers performed on a computerized forceplate system
and 4 variables derived from tracking the position of the body
core during performance of a T-pattern agility drill with a com-
puterized infrared tracking system.

Results: A significant group x trial interaction was found for
hamstrings peak torque at 608·s21 (F1,17 5 9.16, P 5 .008.), and
the proportion of total variance attributable to the treatment ef-
fect produced by the jump-training program was relatively large
(h2 5 .35, v2 5 .30). None of the other variables demonstrated
statistically significant changes.

Conclusions: Our primary results support plyometric jump
training as a strategy for improving neuromuscular attributes
that are believed to reduce the risk of anterior cruciate ligament
injury in female college basketball players. They also provide
the basis for reasonable isokinetic strength goals.

Key Words: isokinetic testing, muscle coactivation, antago-
nist strength ratio

For more than 2 decades, the hamstrings to quadriceps
isokinetic peak torque ratio (H/Q ratio) has been rec-
ognized as an indicator of the ability to dynamically

stabilize the knee.1–3 The anterior cruciate ligament (ACL)
strain-shielding effect provided by the hamstring muscles has
been well documented.4–8 Because the quadriceps can gener-
ate force that exceeds the ACL failure load,9,10 coactivation
of the hamstrings is believed to be essential for maintenance
of knee stability.5,11,12 The strength relationship between the
hamstrings and quadriceps has been related to hamstrings
coactivation11 and to knee proprioceptive capabilities.13

Hewett et al14 observed that male athletes had a threefold
greater level of hamstrings utilization and demonstrated sig-
nificantly less varus and valgus displacement of the knee than
female athletes during jump landings. They also reported that
a 6-week plyometric jump-training program increased the
H/Q ratio in female athletes to a level comparable with that
of untrained male subjects, a level associated with improved
jump-landing mechanics. In a subsequent study, Hewett et al15

prospectively evaluated the effect of the plyometric jump-
training program on the incidence of knee injury in female

athletes. Those female athletes who did not participate in the
jump-training program had an ACL injury rate 3.6 times great-
er than for trained female athletes and 4.8 times greater than
for untrained male athletes. Heidt et al16 reported that female
soccer players whose preseason conditioning program includ-
ed plyometric training had a lower extremity injury rate of
14.3% (2.4% ACL injury rate), whereas players who had not
been trained with plyometric exercises had a 33.7% lower ex-
tremity injury rate (3.1% ACL injury rate).

The exact mechanisms by which plyometric jump training
may decrease knee injury risk are poorly understood. For ex-
ample, lowered vertical ground reaction forces (VGRFs) on
jump landing are believed to represent a positive jump-training
adaptation that decreases injury risk in female athletes,14,17 but
male athletes demonstrate significantly greater VGRFs, higher
H/Q ratios, and lower incidence of ACL injury.14 Thus, a
jump-training–induced increase in the H/Q ratio might be ex-
pected to be associated with increased tolerance for high
VGRFs under certain conditions, such as a task that demands
a high-impact force for successful performance. A forward
lunge onto a forceplate involves landing and reverse-thrust
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phases during ground contact that collectively represent the
total work performed. Higher levels of performance in this
task are associated with greater VGRFs and a greater force
impulse.18 Conversely, a controlled, forward step-down ma-
neuver onto a forceplate is believed to represent greater pro-
prioceptive motor control when the maximum VGRF is min-
imized by eccentric muscle tension in the lower extremity
contralateral to the one contacting the forceplate.19,20

Although isokinetic performance of the hamstrings and
quadriceps has been shown to relate to closed chain functional-
performance capabilities,21–27 plyometric jump training may
produce neuromuscular adaptations that can only be identified
through assessment of closed chain movement patterns. A T-
pattern agility test requires repetitive changes in movement
direction, which closely replicates some of the functional de-
mands of basketball.28 Plyometric training reduces the time
required for voluntary muscle activation, which may facilitate
faster changes in movement direction and thereby decrease the
amount of time required to complete the test.

The pretraining and posttraining isokinetic data reported by
Hewett et al14 were acquired at a faster velocity than that typ-
ically performed in clinical practice (3608·s21). Both clinicians
and researchers have traditionally tested subjects at 2 or 3 dif-
ferent isokinetic velocities. The velocity typically used at the
low end of the spectrum for knee-extension/flexion testing has
been 608·s21,1–3,8,22,29–43 and the H/Q ratio cited in several
recent research reports was calculated from peak-torque values
observed at 608·s21.29,36,38,41 At the high end of the knee
testing velocity spectrum, 3008·s21 has been commonly
used.3,12,22,24,31,32,38,42

Because plyometric jump training has been demonstrated to
both increase the H/Q ratio and decrease the incidence of ACL
injuries in female athletes, our primary purpose was to quan-
tify the magnitude of change in the hamstrings and quadriceps
peak torque that results from the 6-week program used by
Hewett et al.15 A secondary purpose was to identify any im-
provements in performance of selected closed chain functional
tests that might result from plyometric jump training.

METHODS

Nineteen healthy female collegiate basketball players who
had no history of ACL injury and no history of any lower
extremity injury during the preceding 6 months volunteered to
serve as subjects for this study. The Institutional Review
Board of the University of Tennessee at Chattanooga approved
the study, and informed consent was obtained from each sub-
ject before participation. Group assignment was determined by
team membership. The experimental group consisted of 11
members of a National Association of Intercollegiate Athletics
(NAIA) Division II basketball team (age 5 19 6 1.4 years;
height 5 173.2 6 5.5 cm; mass 5 74.9 6 12.4 kg) who
participated in a 6-week preseason conditioning program that
included plyometric jump training, stretching, and isotonic
strengthening. All exercises were closely supervised by 1 of
the investigators, and each was performed according to in-
structions provided by written materials and a videotape pro-
duced by the Cincinnati Sportsmedicine Research and Edu-
cation Foundation.44 This program consists of 3 phases of
progressively increasing jump complexity and intensity, and
its elements correspond to those previously reported.14,15

A reference group consisted of 8 members of a National
Collegiate Athletic Association (NCAA) Division I basketball

team (age 5 19 6 1.1 years; height 5 170.2 6 6.7 cm; mass
5 69.1 6 9.0 kg) who also participated in a preseason con-
ditioning program directed by their coaches, which included
stretching, isotonic strengthening, and periodic performance of
plyometric jumping drills. The plyometric component of this
program was relatively unstructured, having no systematic
method for increasing the complexity or intensity of the jumps.

Pretesting of both groups was performed 1 week before the
start of the plyometric jump-training program. Both teams had
already completed 1 week of general preseason basketball con-
ditioning. Data were collected for isokinetic quadriceps and
hamstrings strength, impact forces produced by forward lung-
ing and unilateral step-down tests, and displacement of the
body core during performance of a T-pattern multidirectional
agility drill. Posttesting was conducted 6 weeks after pretest-
ing. During the intervening period, all subjects regularly at-
tending basketball practices and conditioning sessions, and the
only substantial difference in the nature of the training regi-
mens of the 2 groups was the degree of emphasis on plyome-
tric jump training. Any difference that might have existed
would have favored the reference group, which had a desig-
nated strength coach, a much larger coaching staff, and greater
performance expectations associated with NCAA Division I
competition.

Isokinetic Testing

Reciprocal-motion, concentric isokinetic peak-torque data
were obtained for the knee extensors and flexors from 5 max-
imum-effort repetitions at 608·s21 and 15 maximum-effort rep-
etitions at 3008·s21 (System 3 Dynamometer and version 3.27
software; Biodex Medical Systems, Inc, Shirley, NY). Leg
dominance was defined as the leg identified by subjects as the
one that would be used to kick a ball. Testing was performed
in a seated position, with the hip maintained at approximately
908 of flexion. Stabilization straps were used to minimize
movement of the torso and the thigh segment of the tested
extremity. Before testing, dynamometer position, seat position,
and attachment arm length were recorded to ensure posttest
replication of the pretest condition, and a gravity-correction
procedure was performed. Both submaximal and maximal
warm-up repetitions were performed before each testing bout.
Subjects were instructed to maintain a grasp of the chest straps
with both hands, and loud verbal encouragement for maximal
effort was provided during each test bout.

Impact Force Testing

Subjects performed 3 trials of 2 tests on a computerized
forceplate system (Balance Master System 6.0; NeuroCom In-
ternational, Inc, Clackamus, OR). Both tests were performed
in the barefoot condition. The forward step-down test started
with the subject standing with both feet on a platform 20.3 cm
above the forceplate. Subjects were instructed to step down
with the designated leg ‘‘as slowly as possible’’ and to descend
with the contralateral leg after forceplate contact had been
made by the leading extremity. Impact index, expressed as a
percentage of body weight, represents the maximum VGRF
generated by the contact of the leading extremity on the force-
plate. The recorded impact index value was the average of 3
trials. A 0.91 impact index reliability coefficient has been re-
ported, which was calculated by linear regression analysis of
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Figure 1. Pretest and posttest means for the quadriceps (▫ refer-
ence group, n experimental group) and the hamstrings (# refer-
ence group, l experimental group) at 608·s21 peak torque (N·m).

Figure 2. Pretest and posttest means for the quadriceps (▫ refer-
ence group, n experimental group) and the hamstrings (# refer-
ence group, l experimental group) at 3008·s21 peak torque (N·m).

test-retest impact index values acquired on 2 separate days for
176 subjects.45

The forward-lunge test started from a standing position.
Subjects were instructed to lunge forward on the designated
leg as far as possible and to return to the starting position as
fast as possible. Lunge distance, impact index, contact time,
and force impulse (force 3 contact time) were measured, with
reported separate-day test-retest reliability coefficients of 0.93,
0.87, 0.75, and 0.73, respectively.45 Lunge distance, expressed
as a percentage of height, represents the amount of forward
displacement of the body core. The impact index, expressed
as a percentage of body weight, represents the maximum
VGRF generated during landing by the lunging extremity.
Contact time represents the interval between contact of the
lunging foot with the forceplate and removal of the lunging
foot from the forceplate when returning to the starting posi-
tion. Force impulse, expressed as a percentage of body weight
per second, represents the total work performed by the lunging
extremity during both the landing and reverse-thrust phases of
the test. Each recorded value was the average of 3 trials.

Agility Testing

An infrared motion-analysis system (TRAZER; Arena, Inc,
Westlake, OH) was used to track the position of the body core
during performance of a T-pattern agility drill. An infrared
signal transmitter was attached to the subject by means of a
belt that positioned the transmitter near the umbilicus, and the
system’s optical sensing electronics and software provided the
subject with visual feedback of motion in the form of an an-
imated figure that moves within a virtual space displayed on
a large monitor. Changes in the position of the animated figure
within the virtual space correspond with changes in the posi-
tion of the subject’s body core, without any perceived visual
lag. During testing, the subject’s movements were guided by
the appearance of targets within the virtual environment dis-
play that disappeared when the body core had been moved the
proper direction and distance. The minimum distance of body-
core movement for completion of each segment of the T-pat-
tern was 60.94 cm of forward movement from the starting
position to the first central target, 26.80 cm of lateral move-
ment to a lateral target, 53.60 cm of lateral movement in the
opposite direction to another lateral target, 26.80 cm of lateral
movement back to a central target, and 60.94 cm of backward
movement to the starting position. This sequence of T-pattern
movement was repeated 12 times for each test bout, and the
first direction of lateral movement was alternated between
right and left on each successive repetition of the pattern.

Each subject performed 3 sets of the T-pattern agility drill.
The first set was used to familiarize the subject with the mo-
tion-analysis system and the requirements of the task, which
was followed by 2 test sets. During the familiarization set,
subjects were encouraged to move progressively faster and to
make abrupt changes in movement direction. During a 1-mi-
nute rest period that preceded the first test set, subjects were
instructed to complete the 12 T-pattern movement sequences
as rapidly as possible. One minute of rest preceded the second
test set. Variables measured included test duration(s), average
speed (m/s), average power (W/kg), and average vertical po-
sition of the body core (cm; 6 upright standing position). The
performance values recorded for each subject were an average
of the results for the 2 test sets. Previous testing of 30 college-
aged subjects in our laboratory for assessment of test-retest

reliability on 3 separate days yielded intraclass correlation co-
efficients of 0.74 for test duration (SEM 5 9.33 seconds), 0.74
for average speed (SEM 5 0.10 m/s), 0.75 for average power
(SEM 5 0.57 W/kg), and 0.56 for average vertical position
of the body core (SEM 5 1.96 cm) (M.A. Colston, unpub-
lished data, 2002).

Statistical Analysis

Separate 2 3 2 mixed analyses of variance, with group
membership as the between-subjects factor and trials as the
within-subjects factor, were performed for each of the follow-
ing test variables: (1) quadriceps peak torque at 608·s21; (2)
quadriceps peak torque at 3008·s21; (3) hamstrings peak torque
at 608·s21; (4) hamstrings peak torque at 3008·s21; (5) forward
step-down impact index; (6) forward-lunge distance; (7) for-
ward-lunge impact index; (8) forward-lunge contact time; (9)
forward-lunge force impulse; (10) agility-test duration; (11)
agility-test average speed; (12) agility-test average power; and
(13) agility-test average body-core vertical position. Data de-
rived from the isokinetic and the impact force tests were an-
alyzed for the dominant extremity only. The interaction of
group membership and trials was tested at the P , .05 level
using the Statistical Package for Social Sciences (version 10.0
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Table 1. Isokinetic Peak-Torque Values (Mean 6 SD)

Performance Variable

Pretest

REF EXP

Posttest

EXP REF

608·s-1 Hamstrings peak torque (N·m)*
608·s-1 Quadriceps peak torque (N·m)
3008·s-1 Hamstrings peak torque (N·m)
3008·s-1 Quadriceps peak torque (N·m)

100.07 6 26.24
177.81 6 18.99
64.02 6 17.47
93.97 6 19.58

90.81 6 17.91
169.82 6 26.78
60.21 6 14.87
87.51 6 15.17

98.12 6 20.91
181.64 6 29.10
67.24 6 10.23
99.53 6 21.19

100.81 6 21.85
169.38 6 27.30
70.38 6 21.71
91.17 6 17.94

*Group 3 trial interaction significant at .05 level with Bonferroni correction (a 5 .0125). REF indicates reference group; EXP, experimental group.

Table 2. Isokinetic Peak-Torque Ratios (Mean 6 SD)

Variable

Pretest

REF EXP

Posttest

EXP REF

608·s-1 Quadriceps/body weight
608·s-1 Hamstrings/body weight
608·s-1 Hamstrings/quadriceps
3008·s-1 Quadriceps/body weight
3008·s-1 Hamstrings/body weight
3008·s-1 Hamstrings/quadriceps

86.79 6 7.08
48.14 6 8.84
55.73 6 10.49
45.30 6 4.67
30.75 6 6.02
67.61 6 9.33

76.61 6 9.95
40.70 6 4.84
53.61 6 7.10
39.45 6 5.66
27.05 6 5.68
69.14 6 14.52

88.28 6 9.41
47.51 6 6.79
54.12 6 8.34
48.10 6 6.15
32.73 6 3.16
68.89 6 9.80

76.47 6 10.83
45.10 6 5.64
59.90 6 10.69
41.01 6 6.87
31.25 6 6.87
77.55 6 20.77

Figure 3. Antagonist peak-torque ratio (percent) pretest and post-
test means at 3008·s21 (n reference group, m experimental group)
and 608·s21 (C reference group, ● experimental group).

for Windows; SPSS Inc, Chicago, IL). The 3 categories of
testing were treated as separate experiments, and we used the
Bonferroni correction to adjust the alpha level for multiple
analyses performed for each category (.05/4 5 .0125 for iso-
kinetic testing and agility testing, .05/5 5 .01 for impact force
testing). Follow-up 2 3 2 mixed analyses of variance were
performed to identify any interaction between group member-
ship and trials for H/Q ratios. Because the H/Q ratios were
calculated from the same peak-torque values that were ana-
lyzed separately in the preceding analyses, the Bonferroni cor-
rection was not used to adjust the alpha level (.05) for the
follow-up analyses.

RESULTS

The group x trial interaction for the hamstrings peak torque
at 608·s21 was found to be significant (F1,17 5 9.16, P 5 .008;
Tables 1 and 2). Graphic display of the data clearly demon-
strates the treatment effect that was produced by the jump-
training program (Figure 1). An increase in hamstrings peak
torque on the posttest was observed for every subject in the
experimental group, whereas only 3 of the 8 subjects in the
reference group demonstrated an increase. Although the power
to reject the null hypothesis of no treatment effect was some-
what limited by the small sample size (1 2 b 5 .814), the
proportion of total variance attributable to the group 3 trial
interaction was relatively large (h2 5 .35, v2 5 .30). Effect
size (ES), calculated as the difference between experimental
group posttest and pretest means divided by the pretest stan-
dard deviation, and corrected for the small number of subjects
was 0.50.

The 3008·s21 hamstrings peak-torque data did not demon-
strate a significant group x trial interaction (F1,17 5 1.56, P
5 .228) (Figure 2). Despite failure to reject the null hypothesis
of no group x trial interaction, the power to reject the false
null hypothesis was low (12 b 5 .219), and increased ham-
strings peak torque on the posttest was observed in 9 of the
11 experimental-group subjects. Effect size was 0.62. In-
creased hamstrings peak torque in the experimental group was
apparent at both velocities, but greater overall variance in re-

lation to the size of the cell means at the faster test velocity
explained the lack of statistical significance.

No significant group x trial interaction was evident for quad-
riceps peak torque at either the 608·s21 or 3008·s21 isokinetic
test velocities, and none of the separate analyses for the 9
closed-chain test variables of secondary interest demonstrated
statistically significant improvement in the experimental
group. Only 2 of the 9 closed-chain tests demonstrated the
expected pattern of pretest to posttest improvement for the
experimental group and minimal or no improvement in the
reference group; agility-test average power (ES 5 0.30) and
agility-test average body-core position (ES 5 0.28). The re-
sults of follow-up analyses of H/Q ratios were consistent with
the results of the analyses of hamstrings and quadriceps peak
torque (Figure 3). Significant group x trial interaction was ev-
ident for the H/Q ratio at 608·s21 (F1,17 5 5.24, P 5 .035) but
was not evident at 3008·s21 (F1,17 5 1.40, P 5 .253).
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DISCUSSION

Fundamental concerns of those responsible for the welfare
of female athletes include the identification of any modifiable
knee-injury risk factors in individual athletes and the proper
administration of any interventions that have been shown to
be effective in reducing knee injury risk. Clinical utilization
of isokinetic knee testing has markedly decreased over the past
decade, because of widespread acceptance of the notion that
isokinetic data are unrelated to closed chain function, concern
about deleterious ACL graft strain induced by resisted open
chain knee extension, decreased third-party reimbursement for
muscle performance testing, and the failure of clinics to main-
tain or upgrade isokinetic equipment. Studies of the relation-
ship between isokinetic data and performance on closed chain
functional tests have produced conflicting results. The findings
of those that have not demonstrated a strong correlation be-
tween isokinetic performance and closed chain test perfor-
mance30,46,47 have been interpreted by many clinicians as ev-
idence that closed chain tests are superior to isokinetic testing
for assessment of an individual’s functional status. However,
closed chain tests involving vertical jumping, horizontal jump-
ing, unilateral hopping, or timed agility runs cannot identify
isolated muscle-performance deficiencies that may relate to
knee injury risk.48 Our results support the findings of Hewett
et al14,15 concerning the value of jump training for improve-
ment of hamstrings performance capability in female athletes.

An important practical consideration for interpretation of
isokinetic test performance is the establishment of a threshold
value for the H/Q ratio that can be used to discriminate those
individuals who have a relatively greater risk of knee injury
from those whose risk is lower. Factors that greatly affect the
isokinetic H/Q ratio include test velocity, test posture, and
gravity correction.3,31–33,35,42,43,49,50 Hewett et al14 cited Dun-
nam et al1 in identifying .60 as the minimum H/Q ratio for
avoidance of high knee injury risk, but they failed to note the
discrepancy between the isokinetic test velocity of 3608·s21

used in their study and the 608·s21 velocity that corresponded
with the .60 H/Q ratio standard that they cited. Dunnam et al1

cited Nosse51 as the source of the standard for decreased knee
injury risk, but Nosse actually criticized what he perceived as
widespread acceptance of the .60 H/Q ratio standard for as-
sessment of isokinetic performance. He documented that the
widely accepted standard had been derived from isometric ca-
ble-tensiometer testing of collegiate football players and sug-
gested that its application to isokinetic testing was inappro-
priate. Our results suggest that .60 is a reasonable goal for the
isokinetic H/Q ratio at 608·s21 in female college athletes.

Mean gravity-corrected 608·s21 H/Q ratios of .54 and .56
were observed for the dominant extremity of the experimental
and reference groups on the pretest, and a value of .54 was
observed for the dominant extremity of the reference group
on the posttest. These values are comparable with gravity-cor-
rected 608·s21 H/Q ratios calculated from hamstrings and
quadriceps torque to body-weight ratios reported by Huston
and Wojtys36 for both female collegiate athletes and female
nonathletes (.53), those reported by Anderson et al29 for fe-
male high school basketball players (.56), and the finding of
Neder et al38 for 20- to 80-year-old nonathletic female subjects
(.53). The dominant extremity mean H/Q ratio of .60 that was
observed for the experimental group on the posttest is com-
parable with that calculated from data reported by Huston and
Wojtys36 for male college athletes (.59) and that reported by

Anderson et al29 for male high school basketball players (.61).
This finding is consistent with the observation of Hewett et
al14 that a 6-week jump-training program increased the
3608·s21 H/Q ratio of female high school athletes to a value
equivalent to that for male athletes.

Moore and Wade3 presented recommended isokinetic
strength goals (peak torque to body-weight ratios for the quad-
riceps and hamstrings) and H/Q ratios at 608·s21 and 3008·s21

for female basketball players that were not gravity corrected.
Lack of gravity correction results in an overestimation of ham-
strings torque and underestimation of quadriceps torque, and
the effect of gravity increases with faster isokinetic test veloc-
ity.31,50 Figoni et al49 reported H/Q ratios that were both cor-
rected and uncorrected for gravity effect at 158·s21 and 908·s21.
At both of these slow test velocities, there was a 16% differ-
ence. Analysis of similar corrected and uncorrected H/Q data
reported by Appen and Duncan31 yields a 16% difference at
608·s21 and a 29% difference at 3008·s21. Application of cor-
responding corrections to the H/Q ratio goals recommended
by Moore and Wade3 for female basketball players yields val-
ues of .59 for 608·s21 (.70 uncorrected) and .70 for 3008·s21

(1.0 uncorrected). The pretest mean H/Q value we observed
at 3008·s21 for the experimental group was .69, and it was .78
for the dominant extremity on the posttest. Our findings sug-
gest that H/Q ratios of .60 or greater at 608·s21, and .80 or
greater at 3008·s21 are reasonable and attainable goals for fe-
male college athletes.

An extremely important point to consider in the interpreta-
tion of isokinetic test results is the possibility that a favorable
H/Q ratio may exist in the presence of relative weakness in
both the hamstrings and quadriceps.3,40 Although quadriceps
force transmitted through the patellar tendon can produce an-
terior tibial translation in the absence of hamstrings coactiva-
tion, quadriceps strength is important for optimal functional
performance,22,24,46,47 dampening of high VGRF,52,53 and con-
trol of varus and valgus displacement of the knee.54 Anderson
et al29 recently reported observations that support the hypoth-
esis that the size of the ACL in females is proportionate to
isokinetic quadriceps strength measured at 608·s21. Differences
in quadriceps strength between male and female athletes may
relate to the greater tolerance for high VGRFs and the lower
ACL injury rate observed in male athletes.

When adjusted for the effect of gravity determined from the
work of Appen and Duncan31 and Nelson and Duncan,50 the
goal recommended by Moore and Wade3 for the quadriceps
peak torque-to-body weight ratio (QPT/BW) at 608·s21 for fe-
male basketball players is reduced 4.5% from 1.20 to 1.15.
The fact that none of the college basketball players in our
study demonstrated a QPT/BW ratio greater than 1.00 suggests
that 1.15 may not be a realistic goal for many individuals.
Gravity adjustment for the 3008·s21 QPT/BW goals recom-
mended by Moore and Wade3 for female basketball players
(centers and forwards) yields a value of approximately .50,
which seems to be a reasonably attainable goal.

Despite having greater height and weight, the NAIA Divi-
sion II players comprising our experimental group demonstrat-
ed quadriceps strength values at 608·s21 on the pretest that
were 13% lower than those for the NCAA Division I players
who comprised the reference group. Average 608·s21 QPT/BW
values for the dominant extremity were .77 and .87, respec-
tively. On the basis of our observations, a 608·s21 QPT/BW
goal of 1.00 seems reasonable, which would correspond with
a hamstrings peak torque-to-body weight ratio goal of at least
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Table 3. Recommended Strength Goals for Female Collegiate
Basketball Players*

Velocity
Hamstrings/
Quadriceps

Quadriceps/
Body Weight

Hamstrings/
Body Weight

608/s
3008/s

0.60
0.80

1.00
0.50

0.60
0.40

*Gravity-corrected isokinetic peak-torque ratios.

.60 for maintenance of the H/Q ratio at .60 or greater. The
NAIA Division II players had 15% lower QPT/BW values
than the NCAA Division I players at the 3008·s21 test velocity
on the pretest, with average values of .39 and .46 respectively.
A 3008·s21 QPT/BW goal of .50 would require a hamstrings
peak torque-to-body weight value of at least .40 for the H/Q
to be .80 or greater. Table 3 presents a summary of recom-
mended strength goals for female collegiate basketball players.

Plyometric jumps require high levels of concentric quadri-
ceps and hamstrings force development for propulsion and
high levels of eccentric force for control of knee and hip mo-
tion during landing. Our isokinetic test results clearly indicate
that the jump-training program increased the performance ca-
pability of the hamstrings, but no change was evident in quad-
riceps performance. The lack of significant changes or trends
in the impact-force values for the forward-lunge and step-
down tests may have been due to relatively greater use of the
quadriceps than the hamstrings during performance of the
tests. These tests may identify differences between ACL-de-
ficient and uninjured extremities in individual subjects,21 but
they apparently lack sufficient sensitivity to detect neuromus-
cular adaptations from 6 weeks of jump training in the ex-
tremities of healthy athletes. Measurable performance changes
on the closed chain tests used in this study might be detected
with a longer training period.

Acknowledged limitations of this study include the relative-
ly small sample, a relatively short training period, a lack of
randomized subject selection and group assignment, and the
difference in the competitive levels of the 2 basketball teams.
Despite these factors, and the fact that the reference group
participated in a rigorous conditioning program between the
pretest and posttest, a strong treatment effect was evident in
the improved hamstrings performance of the experimental
group and the corresponding increase in the H/Q ratio. The
findings of this quasiexperimental study clearly support those
of Hewett et al14,15 concerning the value of plyometric jump
training for enhancement of dynamic knee stability in female
athletes, and we believe that they also support the value of
isokinetic testing for identification of functionally relevant
muscle-performance deficiencies.

CONCLUSIONS

Although a direct correlation between lower extremity
strength and subsequent ACL injury has not been established,
considerable research evidence supports the hypothesis that
ACL injury risk can be reduced by exercises designed to en-
hance muscle-performance capabilities. Our results demon-
strate that open chain isokinetic performance values for the
hamstrings are responsive to changes induced by a plyometric
jump-training program, but none of the closed chain tests em-
ployed in this study identified a meaningful change in perfor-
mance capabilities. Our findings suggest that H/Q ratios of .60
or greater at 608·s21 and .80 or greater at 3008·s21 are reason-

able goals for female collegiate basketball players who possess
an adequate level of quadriceps strength. Furthermore, athletes
who demonstrate H/Q ratios that are lower than these goal
values are likely to derive significant benefit from the 6-week
plyometric jump-training program evaluated by this study.
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