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ABSTRACT

Tsang, KKW and DiPasquale, AA. Improving the Q:H strength

ratio in women using plyometric exercises. J Strength Cond

Res 25(10): 2740–2745, 2011—Plyometric training programs

have been implemented in anterior cruciate ligament injury

prevention programs. Plyometric exercises are designed to aid in

the improvement of muscle strength and neuromuscular control.

Our purpose was to examine the effects of plyometric training on

lower leg strength in women. Thirty (age = 20.3 6 1.9 years)

recreationally active women were divided into control and experi-

mental groups. The experimental group performed a plyometric

training program for 6 weeks, 3 d�wk21. All subjects attended

4 testing sessions: before the start of the training program and

after weeks 2, 4, and 6. Concentric quadriceps and hamstring

strength (dominant leg) was assessed using an isokinetic dyna-

mometer at speeds of 60 and 120��s21. Peak torque, average

peak torque, and average power (AvgPower) were measured.

The results revealed a significant (p , 0.05) interaction between

time and group for flexion PkTq and AvgPower at 120��s21. Post

hoc analysis further revealed that PkTq at 120��s21 was greater in

the plyometric group than in the control group at testing session

4 and that AvgPower was greater in the plyometric group than in

the control group in testing sessions 2–4. Our results indicate

that the plyometric training program increased hamstring strength

while maintaining quadriceps strength, thereby improving the

Q:H strength ratio.

KEY WORDS anterior cruciate ligament, injury prevention,

training

INTRODUCTION

P
articipation in physical activity and sports by
women has significantly increased since the
1970s. The sustained growth, attributed to the
implementation of Title IX in 1972, encompasses

participation in activities such as community soccer and
basketball leagues and formal organized athletics at the high
school and collegiate levels. The increase in the number of
participants along with an advancement in the level of com-
petition have brought about an increase in the incidence of
injuries experienced, of particular interest is that of anterior
cruciate ligament (ACL) injuries (4,10,45). The available
research literature not only indicates an increase in the pre-
valence of ACL injures but also that women experience
a higher rate of ACL injuries in comparison to their male
counterparts (4,15,27,33).

In response, extensive efforts have been made in the
scientific community to identify possible predisposing factors
of women to ACL injuries and develop intervention and
prevention strategies. A plethora of literature (7,19,25,26,
34,38,41) is available identifying the multifactorial nature of
the predisposition including hormonal fluctuations, anatom-
ical variances, and neuromuscular anomalies. Efforts to
develop effective intervention and prevention strategies have
focused primarily on the later factor of neuromuscular
anomalies, more specifically the area of motor control.
A predominant theme arising from the literature (6,9,16,21,
22,26,37,39,42) is that of strength imbalances between the
quadriceps and hamstring muscles, the Q:H strength ratio
(Q:H), often attributed to deficiencies or weakness of the
hamstring muscles. Because these muscle groups serve as
the primary functional stabilizers of the knee, an improper
balance or deficient ratio predisposes the ACL to injurious
forces.

In their analysis of the neuromuscular performance charac-
teristics of elite female athletes, Huston and Wojtys (26)
described the female athlete as being quadriceps dominant,
possessing a lower Q:H ratio and male athletes as hamstring
dominant, possessing a higher ratio. Moul (34) observed
female basketball players to have a significantly decreased
Q:H ratio bilaterally when compared to male counterparts.
Soderman et al. (38) related a lower Q:H ratio to a higher risk
of injury in women. The investigators observed a Q:H ratio of
55% or lower in the ACL injured leg in comparison to the
noninvolved leg in female soccer players.

A variety of methods have been used in developing ACL
injury intervention and prevention training programs, in-
cluding informational videos, proprioception training, and
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functional movement training (9,16,22,39). The use of
plyometric exercises or training has been demonstrated to
be effective in improving physical performance. Hewett et al.
(21) observed decreased impact forces at the knee and
increased hamstring strength in female athletes participating
in a plyometric training program. In addition, participation
in the plyometric training program was associated with a
reduced incidence of knee injury when compared to those
who did not participate in the program. Plyometric training is
reported to be a safe and effective method in increasing
strength and power, promoting joint stability, and improving
efficient functional motor patterns (11,40). Additionally,
trochanteric bone mineral content, leg strength, and balance
in adolescent girls have been shown to improve after
a 9-month plyometric training program (44).

The purpose of this study was to evaluate the effects of
a plyometric training program on the quadriceps:hamstring
ratio in recreationally active women. We hypothesized that
the plyometric training program would increase quadriceps
and hamstring muscle strength, thereby improving the
quadriceps:hamstring ratio. Improvements in these variables
may contribute to reducing the overall number of ACL and
knee injuries experienced in women and lead to development
and implementation of intervention and prevention training
programs.

METHODS

Experimental Approach to the Problem

To assess the impact of plyometric training on leg strength,
female subjects were randomly assigned to either the
experimental group (plyometric training) or control group
(no training). Quadriceps and hamstring strength (dominant
leg) was assessed using a Biodex System 3 (Biodex Inc.,
Shirley, NY, USA) isokinetic dynamometer. Peak torque
(PkTq), average peak torque (AvgPkTq), and average power
(AvgPwr) generated by the muscle groups were measured
during knee flexion and extension at speeds of 60 and
120��s21. Dependent variables were defined as follows: (a)
PkTq—highest amount of force generated through the range
of motion, (b) AvgPkTq—average torque produced through
the range of motion, and (c) AvgPwr—total amount of work
divided by the total time of the work.

To highlight the addition of plyometric exercises to existing
fitness activities or training programs, subjects were instructed
to maintain their current regimens. All subjects completed
a Paffenbarger Physical Activity Questionnaire before starting
and after completion of their participation in the study. The
questionnaire assesses the type and intensity of activities
performed by the individual and produces a kilocalorie value.

Subjects

Twenty-five women (age: 20.32 6 1.99 years; height: 167.69 6

6.91 cm; and mass: 59.81 6 9.37 kg) completed the study. All
subjects indicated they had no history of a diagnosed knee,
ankle, or foot injury in either limb or coexisting concussion or

head injury. The women were required to be recreationally
active, defined by participating in physical fitness activities at
least 3 d�wk21 but had not been participating in strength
training for the past 2 months. Subjects were instructed
not to participate in additional training or activities and to
maintain a euhydration state for the duration of their par-
ticipation in the study.

Of the 30 women that began the study, 5 subjects (4 from
the experimental group and 1 from the control group)
withdrew from the study because of extenuating circum-
stances not related to their participation in the study. As
a result, the experimental group consisted of 11 subjects and
the control group 14 subjects. Upon agreeing to participate in
the study, each subject completed and signed an informed
consent form approved by the University’s Institutional
Review Board.

Procedures

All subjects attended 4 testing sessions throughout the study:
one before the start of the training program and after weeks
2, 4, and 6 of the training program. Testing sessions were
conducted at the same time of the day for each subject. At each
testing session, subjects participated in a 5-minute warm-up
consisting of jogging and skipping before isokinetic testing.

Isokinetic Testing

Standard setup and application protocol described by the
manufacturer was used for all testing sessions. Gravity correc-
tion was performed by measuring the amount of torque
placed on the dynamometer with the knee in a relaxed state at
45� of flexion. The investigator provided verbal encourage-
ment during each testing session for all subjects. Testing
consisted of 8 total sets, 4 sets of knee extension and 4 sets of
knee flexion. Two sets of 10 repetitions of concentric flexion
and extension at 60 and 120��s21 were performed on the
dominant leg. A 1-minute rest period was given between
each set. Five repetitions were performed as practice before
testing at a new speed.

Plyometric Training Program

The training program consisted of 13 lower extremity
plyometric exercises, varying in difficulty and intensity.
During each training session, subjects completed at least 7
exercises selected from the total pool of 13. Exercises were
performed for a specified time period or a number of repeti-
tions. The duration of each set and the number of repetitions
of each exercise completed during train sessions increased
throughout the duration of the study. A detailed description
of each exercise is provided in Table 1. Training sessions were
led by the investigator and lasted approximately 45–60
minutes. Subjects attended training sessions 3 times per week
(on alternating days), for 6 weeks. All training sessions were
conducted at the same time each day.

The plyometric training program used in this study is
adapted from a program previously established by Hewett
et al. (21). At the first training session, the investigator
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explained and demonstrated
each exercise. The investigator
is a certified athletic trainer
with 3 years of clinical experi-
ence working with strength
training techniques including
plyometric exercises. Emphasis
was placed on proper tech-
nique, focusing on overall pos-
ture, and correct take-off and
landing positions. A handout
detailing the program and each
exercise was provided to each
subject. The contents of the
handout described each jump,
length of time or repetitions of
each set, and how to increase
performance intensity.

Subjects assigned to the con-
trol group did not participate in
the plyometric training sessions.

Statistical Analyses

A separate 3-way mixed factor
analysis of variance (ANOVA)
(group 3 velocity 3 time) was
used for each leg movement

TABLE 1. Description of plyometric exercises.

Exercise Time/repetitions/distance Description

Wall jumps 20–30 s Knees slightly bent, arms raised overhead,
bounce up and down off toes

Tuck jumps 20–30 s From standing position, jump and bring both knees
up to chest as high as possible

Squat jumps 10–25 s Standing jump raising both arms overhead, land in
squatting position touching both hands to the floor

Single leg jump distance 5–10 reps One-legged hop for distance, hold landing for 5 s
Scissors jump 30 s Start in stride position, jump and alternate

position in midair
Jump jump jump vertical jump 5–10 reps Three broad jumps followed immediately

with a vertical jump
Jump into bounding 15 m Two-footed broad jump, land on single leg

progress into jump
Hop hop stick 5 reps Single-legged hop, hold landing for 5 s
Cone jumps

(single and double leg)
30 s Jump side to side over cones, repeat in

forward–backward directions
Broad jumps stick landing 5–10 reps Two-footed jump as far as possible holding

landing for 5 s
Bounding in place 20–25 s Jump from 1 leg to the other straight up and down
Bounding for distance 15 m Start bounding in place, slowly increase distance

with each step keeping knees high
180 Jumps 20–25 s Two-footed jump, rotate 180 in midair, hold landing

for 2 s, reverse direction

TABLE 2. Isokinetic (120��s21) strength test results (p , 0.05).*†

Variable

Group

Plyometric (mean 6 SD) Control (mean 6 SD)

Flexion AvgPwr: baseline 30.76 6 7.69 30.69 6 9.41
Week 2‡ 33.76 6 9.97 29.06 6 7.87
Week 4‡ 34.40 6 10.24 27.57 6 7.33
Week 6‡ 35.56 6 7.92§ 28.38 6 9.94

Flexion PkTq: baseline 24.71 6 4.85 26.22 6 5.57
Week 2 24.83 6 5.80 25.34 6 4.10
Week 4 25.51 6 6.41 24.44 6 3.88
Week 6 27.20 6 5.16§ 24.96 6 5.85

Extension AvgPwr: baseline 62.95 6 11.66 61.53 6 17.13
Week 2 68.04 6 16.85 59.44 6 13.97
Week 4 68.28 6 13.68 58.30 6 15.66
Week 6 68.47 6 9.46 58.07 6 12.56

Extension PkTq: baseline 46.43 6 8.06 47.61 6 9.63
Week 2 46.63 6 5.16 46.58 6 8.94
Week 4 48.15 6 6.05 45.39 6 7.91
Week 6 47.95 6 4.58 44.91 6 7.47

*AvgPwr = average power; PkTq = peak torque.
†Values are given as mean 6 SD.
‡Difference between groups.
§Difference from baseline within the group.
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(extension, flexion). In the event of significant interactions,
pairwise comparisons were evaluated with a Tukey post hoc
to determine which means were significantly different. An
alpha level of 0.05 was established a priori for all statistical
tests. Analyses were performed using SPSS version 13.0
(SPSS Inc., Chicago, IL, USA) statistical software package.

RESULTS

A significant group by time interaction was found for knee
flexion AvgPwr at 120��s21 (F3,69 = 3.487, p = 0.02). Post hoc
analysis revealed greater hamstring strength in the plyometric

group compared to that in the
control group in testing sessions
2–4. In addition, within the
plyometric group, hamstring
strength was greater in the last
testing session in comparison to
that in the first testing session
(Table 2).

A significant group by time
interaction was found for knee
flexion PkTq at 120��s21 (F3,69 =
3.162, p = 0.03). Post hoc
analysis revealed greater ham-
string strength within the plyo-
metric group in the last testing
session compared to in the first
testing session (Table 2).

Analysis of the Paffenbarger
Physical Activity Questionnaire
indicated no differences in ac-
tivity levels between the plyo-
metric group and control group
at the onset and conclusion of
their participation in the study.
This finding provides assurance

that the 2 treatment groups were similar at the onset of the
study and refrained from participating in extracurricular
training throughout the duration of the study.

No significant interactions or main effects were found for
knee extension at 60��s21 (PkTq [p = 0.971, 12b = 0.936];
AvgPkTq [p = 0.822, 12b = 0.486]; AvgPwr [p = 0.912,
12b = 0.919]), knee flexion at 60��s21 (PkTq [p = 0.512,
12b = 0.792]; AvgPkTq [p = 0.527, 12b = 0.798]; AvgPwr
[p = 0.209, 12b = 0.608]), knee extension at 120��s21 (PkTq
[p = 0.251, 12b = 0.645]; AvgPkTq [p = 0.636, 12b = 0.838];
AvgPwr [p = 0.052, 12b = 0.366]), or knee flexion at 120��s21

(AvgPkTq [p = 0.103, 12b = 0.477]) (Table 3).

DISCUSSION

The findings from this study support the hypothesis that
plyometric training is effective in improving hamstring
strength in women. Participants in our plyometric jump
training program experienced an increase in hamstring
strength while maintaining quadriceps strength level, conse-
quently improving the Q:H strength ratio (Table 4).
Facilitated stability of the knee joint during dynamic function
may positively contribute to the prevention and reduction of
ACL and knee injuries in female athletes.

Strength imbalances, specifically the Q:H ratio, have been
indicated significant risk factors for knee injuries in both male
and female athletes (6,9,16,21,22,26,37,38,42). The research
literature (26,34,38) clearly elucidates that female athletes are at
greater risk of developing ACL injuries because of a deficient
Q:H ratio lending to the descriptor of being ‘‘quadriceps

TABLE 3. Isokinetic (60��s21) strength test results (p . 0.05).*†

Variable

Group

Plyometric (mean 6 SD) Control (mean 6 SD)

Flexion AvgPwr: baseline 32.27 6 6.22 27.73 6 7.05
Week 2 29.58 6 5.57 25.56 6 5.87
Week 4 29.52 6 5.83 23.54 6 5.51
Week 6 31.11 6 5.24 24.32 6 6.22

Flexion PkTq: baseline 38.20 6 5.44 36.76 6 6.48
Week 2 36.60 6 7.73 35.42 6 5.85
Week 4 35.81 6 6.76 33.65 6 5.25
Week 6 37.61 6 5.287 33.93 6 5.63

Extension AvgPwr: baseline 86.88 6 16.93 79.53 6 18.12
Week 2 76.30 6 16.61 73.03 6 16.35
Week 4 76.16 6 16.28 69.95 6 14.52
Week 6 77.18 6 12.34 69.98 6 14.83

Extension PkTq: baseline 74.30 6 10.83 72.22 6 10.91
Week 2 66.86 6 11.10 66.16 6 11.35
Week 4 64.57 6 9.23 63.62 6 8.01
Week 6 63.01 6 9.84 62.04 6 10.19

*AvgPwr = average power; PkTq = peak torque.
†Values are given as mean 6 SD.

TABLE 4. Q:H strength ratio (%) based on isokinetic
(120��s21) strength.

Variable

Group

Plyometric Control

Average power baseline 48.86 49.74
Week 2 49.62 48.88
Week 4 50.38 47.28
Week 6 51.93 48.87

Peak torque baseline 53.21 55.07
Week 2 53.24 54.40
Week 4 52.98 53.84
Week 6 56.72 55.57
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dominant.’’ Huston and Wojtys (26) observed in response to
an anterior tibial translation perturbation that female athletes
activate their quadriceps first in contrast to the hamstring
muscles by male athletes. In a kinematic analysis of functional
movements, Malinzak et al. (31) described female athletes to
use an erect posture with extended knees and hips while
landing from a jump. The concomitant presentation of these
variables in the dynamic knee increases stress on the ACL
thereby increasing the incidence of injuries in women. The
plyometric training program used in this study effectively
increased hamstring strength while quadriceps strength was
maintained. Although not a part of the original study design,
the increase in hamstring strength without a correlative
increase in quadriceps strength may demonstrate a more
effective means to improve the Q:H strength ratio and is
worthy of further investigation.

Strength gains from plyometric training stems from the
physiological concept that stretching a muscle before con-
traction leads to greater force production (5,11,21,44). The
actions of the quadriceps muscle while performing jumping
activities illustrate this concept as the quadriceps muscle is
stretched during the preparatory phase of jumping (knee and
hip flexion) before contraction during the execution of the
jump (knee and hip extension). In contrast, subjects in our
plyometric training group did not experience an increase in
quadriceps strength. We believe that this is a result of the
focus of our training protocol because the subjects in the
plyometric training group were not encouraged to jump
higher or farther, thus accounting for the sustained level of
quadriceps strength seen in this study.

The emphasis during training sessions in this study was on
proper technique, overall posture, and correct take-off and
landing positions. This focus may have contributed to the
strength increases of the hamstrings as the exercises place the
hamstring muscles on stretch during the preparatory and
landing mechanics involved with the exercises. When con-
sidering the actions of the hamstrings during jumping and
landing, it is apparent that the hamstring muscles contribute
via an eccentric manner. More specifically, the hamstrings
create tension eccentrically to stabilize the tibia from the
actions of the quadriceps muscle thereby providing knee
joint stability.

Eccentric muscle actions can develop greater maximum
forces than concentric or isometric muscle actions can (14)
and therefore have been thought to be able to be more
successful at increasing overall strength (20). In this study, the
plyometric jumps had a positive effect on the concentric
strength of the hamstring muscles, even though the jumps
repeatedly used the eccentric actions of the hamstring
muscle. Our results support existing literature that eccentric
training has been shown to improve concentric strength
through increased neural activation (23,29) and muscle
hypertrophy (23), specifically type 2 fibers (24).

Results from this study indicate the plyometric exercises
had a velocity specific training effect on muscle strength as

statistical significance was observed at 120��s21 and not at
60��s21. The relationship of velocity-specific training adap-
tations and subsequent transfer to movement velocities has
been examined in the research literature but is not clearly
understood. Some investigators have indicated positive
effects with training at or close to performance velocities
(8,12,28), others have reported improvements with training
velocities at or below those required of performance (1,32),
and still others indicating an intermediate training velocity
can enhance performance over a large range of contraction
velocities (17,35,36).

To optimize adaptations from training, it is suggested that
exercises should not only include slow and fast movements
but also simulate the movement velocity of the targeted
activity, for example, sprinting, jumping (18,30,36). Although
the exact velocity of execution during the plyometric exer-
cises in this study was not monitored, it is reasonable to
estimate that the motions of jumping and landing occurred at
speeds closer to 120��s21 rather than 60��s21. The velocity-
specific effect demonstrated in our results support the use of
training velocities that simulate the movement velocity of
a specific activity, and this effect should be considered when
incorporating plyometric activities in the clinical setting.

Another related topic worth mentioning but beyond the
scope of this study is the use of testing protocols that are
isokinetic rather than isoinertial based. Although isokinetic
testing is very common in the research literature, numerous
investigators suggest that isoinertial protocols are more
specific to training and competitive environments and more
closely relate to the coordination dynamics of movement
(2,13,43). It is therefore important to consider testing
protocols and research designs when attempting to assimilate
testing results into exercise training programs.

PRACTICAL APPLICATIONS

The use of plyometric exercises to improve strength and
power is well documented in the research literature. The
results of this study indicate plyometric jump training can be
effectively used in a group setting, for example, athletic team,
and attain positive results by improving hamstring muscle
strength. In addition, the gains attained by plyometric jump
training were standalone because our subjects did not
participate in other training activities, thereby highlighting
the time effectiveness of plyometric training.
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