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Objective: To compare the differences in the concentric
hamstrings:quadriceps (H:Q) ratio among athletes in different
sports at 3 velocities.

Design and Setting: We measured the H:Q ratio of both
knees using the Biodex Pro Isokinetic Device.

Subjects: Eighty-one male and female collegiate athletes.

Measurements: We performed analyses for sport, velocity,
and side of body for each sex. To compare the means of the
concentric H:Q ratios for mean peak torque and mean total
work, a 2 X 3 X 4 mixed-factorial analysis of variance was

computed for women and a 2 X 2 X 3 mixed-factorial analysis
of variance was computed for men.

Results: We observed no significant interactions for men and
women for the concentric H:Q ratio for mean peak torque. There
was a significant mean difference among velocity conditions and
a significant difference for men with respect to velocity. No sig-
nificant differences were found for side of body or sport.

Conclusions: The H:Q ratio increased as velocity increased.
No differences existed for the H:Q ratio for sport or side of body.
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at several joints in the body; the knee is perhaps the joint
most commonly tested. This assessment typically involves

comparing the involved joint with the uninvolved joint.1 Iso-
kinetic testing can be used to evaluate quadriceps and ham-
strings muscle strength, providing a determination of the mag-
nitude of torque generated, and subsequently, the hamstrings
to quadriceps (H:Q) strength ratio.2

The H:Q ratio has been used to examine the similarity be-
tween hamstrings and quadriceps moment-velocity patterns
and to assess knee functional ability and muscle balance.134
This ratio has conventionally been expressed as concentric
hamstrings to quadriceps strength®6 and recently as eccentric
hamstrings to concentric quadriceps strength.” Researchers
have examined this ratio in both sexes and in different age
groups and rehabilitation settings.1:6:8-21 The H:Q ratio is ve-
locity and position dependent” and may reflect predisposition
to injury.2223 This predisposition may result from decreased
antagonist hamstrings coactivation during extension loads.24

Baratta et al2* examined antagonist musculature assisting in
knee joint stability. Athletes who did not regularly exercise
their hamstrings had a significant decrease in hamstrings ac-
tivation compared with normal healthy subjects and athletes
who regularly exercised the hamstrings during knee flexion-
extension movements. Inhibiting antagonist coactivation activ-
ity allows for increased torque and efficiency during extension.
It has been suggested that a highly developed quadriceps mus-
cle contributes to decreased antagonist hamstrings coactiva-
tion, thereby increasing susceptibility to anterior cruciate lig-
ament (ACL) injury.24

I sokinetic assessment can be used to measure torque values

Although it is difficult to generalize, the normal H:Q ratio
is considered to be 50% to 80% as averaged through the full
range of knee motion, with a higher ratio at faster speeds.2823
As the ratio approaches 100%, the hamstrings have an in-
creased functional capacity for providing stability to the
knee.10 This increased knee stability may reduce the possibil-
ity of an anterolateral subluxation of the tibia.4

To date, investigations have focused on evaluation of the
H:Q ratio in the ACL-deficient knee.102526 Although the H:Q
ratio has been studied in athletes with healthy knees, many
of the populations studied have been professional ath-
letes.519.23.27.28 Few researchers have investigated the col-
legiate athletic population.1® Therefore, our purpose was to
compare the differences in concentric H:Q ratio for mean
peak torque (MPT) and mean total work (M TW) among ath-
letes in different sports and right versus left limbs at 60,
120, and 180°-s 1. The velocities were chosen based on sim-
ilar velocities used in previous investigations.1:3:4.10.16,22,23

METHODS

The subjects tested were 81 (26 men, 55 women) collegiate
athletes with a mean age of 19.3 = 1.32 years; mean height,
172.16 = 1.00 cm; mean weight, 70.79 = 11.34 kg; and mean
body fat percentage, 18.65 = 8.79%. Each subject was cur-
rently active with an intercollegiate varsity athletic team and
volunteered for the study. The sports represented were men's
volleyball (n = 9), women’s volleyball (n = 12), men’s soccer
(n = 17), women’s soccer (n = 10), women’s basketball (n =
10), and women'’s softball (n = 23). A subject was disqualified
for any documented history of knee ligament or meniscal dam-
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age or current injury to the thigh musculature. All procedures
were approved by the Institutional Review Board at the Uni-
versity of Missouri-Columbia, and all subjects gave written
informed consent to participate in athletics and medical screen-
ings.

To measure the H:Q ratio, we used the Biodex Pro Isoki-
netic Device (Biodex Medical Systems, Shirley, NY) to per-
form knee concentric flexion and extension movements. We
assessed MPT and MTW among men and women involved in
various sports and between right and left limbs. Measurements
were taken at 60, 120, and 180°s 1.

For the testing session, subjects were seated with the pow-
erhead orientation, powerhead tilt, and seat orientation set at
0°. The seatback tilt was set at 15". Knee axis of rotation was
determined by a line drawn in the sagittal plane through the
femoral condyles. The subject was restrained when seated in
the chair by 2 straps across the torso in a criss-cross fashion
and by a strap placed across the thigh midway between the
anterior superior iliac spine and superior border of the patella.
The standard knee-attachment device was secured to the leg
so that the inferior border of the pad was placed on the su-
perior border of the media malleolus.

Once the subject was secured in the chair, the range-of-
motion limits were determined via goniometry and set. The
starting position was 90° of knee flexion, and the endpoint was
0° of full knee extension. Gravity correction was performed
for each limb before testing in order to reduce the risk of
inaccurate data. Failure to correct for the effects of gravity
when measuring the H:Q ratio may result in an overestimation
of the ratio. This overestimation is due to a perceived increase
in the strength of the hamstrings relative to the quadriceps.2®
Once the subject was seated and secured, he or she performed
5 repetitions at 60°-s-1, 10 repetitions at 120°-s-1, and 15 rep-
etitions at 180°-s 1. Before the isokinetic test, subjects per-
formed 5 repetitions at 60°-s 1 as a warm-up. A 1-minute rest
period was provided between velocities, and at the conclusion
of the 180°-s 1 set, the opposite leg was tested. Before the
testing sessions, subjects were allowed to practice by perform-
ing severa light contractions until they demonstrated proper
technique.27-30

Statistical Analysis

Analyses were performed for sport, velocity, and side of
body for each sex. For women, a2 X 3 X 4 mixed-factoria
analysis of variance (ANOVA) was computed to compare the
means of the concentric H:Q ratios for MPT and MTW. The
3 independent variables included 2 within-subjects factors
(side of body [right or left] and velocity [60, 120, or 180°-s-1])
and a between-subjects factor of sport (volleyball, soccer, soft-
ball, or basketball). For men, a 2 X 2 X 3 mixed-factoria
ANOVA was computed with 2 within-subjects factors, side of
body and velocity, and the between-subjects factor of sport
(volleyball or soccer). We used the generalized least squares
procedure from the Statistical Package for Social Sciences3!
(version 8.0 for Windows, SPSS Inc, Chicago, IL) to calculate
the ANOVAs. For al analyses, the aphalevel wasset at P =
.05.

To test for basic assumptions, the Mauchly test of sphericity
was computed for the within-subjects factors of velocity and
side of body. We used this test to analyze the similarity of the
treatment differences across the 3 velocity conditions for all
subjects.

Table 1. H:Q Ratio of Right and Left Legs for Mean Peak Torque
by Sport and Velocity (°-s~*) in Women

Velocity
(°-s™) n Right Side Left Side

Soccer athletes 10

60 52.53 + 8.41 47.16 * 6.18

120 62.20 + 29.22 53.54 + 9.14

180 58.31 + 13.12 57.96 + 10.11
Softball athletes 23

60 46.60 + 6.15 46.59 + 6.62

120 51.22 + 7.02 52.29 + 8.70

180 59.23 + 10.55 61.00 = 12.10
Volleyball athletes 12

60 50.84 + 5.53 52.36 + 9.73

120 53.46 = 7.28 54.00 + 10.32

180 56.93 + 9.94 53.52 + 7.37
Basketball athletes 10

60 55.03 + 9.65 51.20 = 4.73

120 66.26 = 36.37 55.88 + 4.37

180 63.85 = 10.58 60.27 + 4.65
Total 55

60 50.14 + 7.74 48.79 + 7.32

120 56.44 + 20.76 53.54 + 8.45

180 59.40 + 10.86 58.68 + 10.37
Results

The descriptive statistics for side of body across the 3 ve-
locities and sport are presented in Tables 1 through 4 for wom-
en and men. For the Mauchly test of sphericity, the concentric
H:Q ratios for MPT for women for velocity and velocity X
side of body conditions were significantly different (P < .05)
(Mauchly Wgyeeq = 831; Mauchly Wgpeegysize = -571). For
men, the concentric H:Q ratios for MPT and MTW were sig-
nificantly different for velocity (MPT, Mauchly Wgpeeq = .717;
MTW, Mauchly Wg,eeq = 16.014). We used the Greenhouse-
Geiser statistic to adjust for the degrees of freedom.

For men and women, no significant interactions were found
for concentric H:Q ratio for MPT. The analysis of the main
effects revealed only a significant mean difference among ve-
locity conditions (women: Fy 76720 = 20.962, P = .000;
men: Fi563743 = 15.314, P = .000). Pairwise comparisons
for both groups indicated that 180°-s-1 was associated with
significantly higher MPT values than 120 and 60°-s1, and
120°-s1 was associated with significantly higher MPT values
than 60°-s1 (Figures 1 and 2). No significant differences were
found for side of body or sport. Additionally, we noted no
significant interactions or main effects for concentric H:Q ratio
for MTW for women. However, a significant difference was
found for men with respect to velocity (Fyss37.43 = 15.314,
P = .000). Analysis of the pairwise comparisons indicated that
120°-s~1 was associated with significantly higher MTW values
than 180°-s~1 (Figure 3).

DISCUSSION

Isokinetic testing of the H:Q ratio provides a quantitative
measurement of torque from agonist and antagonist muscle
contraction surrounding the knee joint.1> This ratio has also
been examined as a possible screening tool for predisposition
to injury.2®> When the knee is injured, the H:Q ratio is often
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Table 2. H:Q Ratio of Right and Left Legs for Mean Total Work by
Sport and Velocity (°s~%) in Women

Table 4. H:Q Ratio of Right and Left Legs for Mean Total Work by
Sport and Velocity (°s—*) for Men

Velocity Velocity
°-s™h) n Right Side Left Side (°-s™) n Right Side Left Side
Soccer athletes 10 Soccer athletes 17
60 54.02 = 19.69 53.75 = 7.52 60 57.88 = 15.68 59.26 = 17.34
120 57.99 + 15.22 57.60 = 11.69 120 59.32 + 15.08 59.51 + 14.89
180 54.10 = 15.15 56.37 = 11.54 180 52.41 + 16.69 56.45 = 13.63
Softball athletes 23 Volleyball athletes 9
60 56.31 = 9.67 54.85 = 10.41 60 53.81 = 18.77 53.55 = 12.14
120 54.23 + 11.95 58.23 = 22.69 120 50.33 = 15.00 56.85 = 9.85
180 53.53 = 13.04 54.07 = 13.54 180 47.50 = 14.16 48.41 + 11.22
Volleyball athletes 12 Total 26
60 58.53 = 7.14 60.83 = 10.52 60 56.47 = 16.55 57.28 = 15.72
120 55.87 = 5.65 59.31 = 9.66 120 56.20 = 15.38 58.59 = 13.21
180 56.04 = 6.63 54.48 = 7.33 180 50.71 = 15.75 53.67 = 13.21
Basketball athletes 10
60 64.64 = 12.01  61.61 = 7.23 o e
120 62.63 + 10.42 62.72 = 8.03 0 62
180 60.10 = 1022 60.76 * 9.26 i ' -
0.6
Total 55 o 58
60 57.89 + 12.23  57.19 = 9.79 o 0'56
120 56.80 + 11.44 59.17 + 16.29 5 T )
180 55.37 + 11.82 55.80 + 11.33 o 00
T 0.52
=}
8 0.5
Table 3. H:Q Ratio of Right and Left Legs for Mean Peak Torque ® 0.48
by Sport and Velocity (°-s~*) in Men o.46
Velocity 0.44
(°-s™) n Right Side Left Side
Velocity (O’sec’l)
Soccer athletes 17
60 50.82 = 11.04 50.18 = 13.29
120 56.87 + 13.42 56.34 + 15.39 Figure 1. Women’s mean peak torque H:Q ratios. Values were sig-
180 60.77 + 14.55 58.31 + 13.13 nificantly higher at 180°-s-* than at 120 and 60°-s~* and significantly
higher at 120°-s-* than at 60°-s*.
Volleyball athletes 9
60 50.94 = 12.29 47.09 + 6.98
120 50.02 = 7.99 51.30 = 6.68 }
180 57.71 + 12.93  57.56 = 8.65 e.7
Total 26 0.6 }
60 50.86 = 11.24  49.11 + 11.44 !
120 5450 = 12.12 54.60 = 13.11 ‘
180 59.71 = 13.82 58.05 = 11.60

used as a rehabilitative goal due to the importance of the flex-
or-extensor strength balance in overall knee stabilization.16 Re-
duced function of the antagonist hamstrings due to activities
that emphasize loads on the knee extensors may result in mus-
cular imbalances between the hamstrings and quadriceps,
thereby possibly predisposing athletes to injury. This predis-
position may be due to the surrounding ligamentous structures
supporting most of the imposed load and decreased antagonist
hamstrings coactivation during extension loads.24:32

Severa investigators have examined the H:Q ratio after
ACL injury, using different test velocities and examining the
consequences of proprioception relative to the H:Q ratio after
ACL injury.46102533 |n g comparision of injured versus non-
injured knees at 2 test velocities, Lund-Hanssen et al® reported
a higher H:Q ratio in injured knees at the higher velocity
(240°-s 1) compared with uninjured knees. However, at the
lower velocity (60°-s1), no difference was noted between

Mean H:Q Ratio

*
0.5
0.4
0.3
0.2
0.1
0 T
60 120 180

1

)

Velocity (“'sec”

Figure 2. Men’s mean peak torque H:Q Ratios. Values were signif-
icantly higher at 180°-s-* than at 120 and 60°s-* and significantly
higher at 120°-s~* than at 60°-s~*.

groups. This difference at the higher test velocity was attri-
buted to a decrease in quadriceps muscle strength in the in-
jured group due to rehabilitation; fast-twitch muscle fiber at-
rophy may have been caused due to alterations in exercise
patterns during rehabilitation.6 Kannus?® also reported a higher
H:Q ratio in injured knees at higher speeds (180°-s1). This
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Figure 3. Men’s mean total work H:Q ratios. Values were signifi-
cantly higher at 120°-s—* than at 180°-s~1.

led to the conclusions that, in injured knees, the H:Q ratio
increases at higher speeds, in part due to quadriceps femoris
muscle weakness, and H:Q ratios of the opposite limb should
be used as rehabilitative goals. However, the opposite limb
ratio should only be used if that limb is not injured. An injured
opposite limb may result in misleading H:Q ratios.2
Corrigan et al33 examined proprioception in the ACL-defi-
cient knee, including correlating the position sense of the knee
with the H:Q ratio. No correlations were found between po-
sition sense and H:Q ratios for the control (non-ACL-deficient)
group. However, in the study group, the ACL-deficient knee
did significantly correlate with the H:Q ratio for both threshold
of perception of movement (joint angle is slowly altered less
than 0.5°-s~1) and position sense (ability to reproduce the angle
in which the joint had been placed before being moved). No

such correlations were found for the non-ACL-deficient knee
in the study group.33

In the ACL-deficient knee, hamstrings dominance can aid
in stabilization by acting as a synergist to the normal ACL.
This stability is of particular importance during high-speed
activity because, it has been suggested, instability at slow
speeds is well compensated for, while compensation decreases
as speeds increase. Posterior stabilization about the knee
through proper hamstrings conditioning may assist in the re-
duction of anterolateral translation and, thereby, reduce the
incidence of ACL injury or reinjury.3® However, rehabilitative
goas should focus on obtaining an optimal H:Q ratio, not
deemphasizing quadriceps strength in knee function.

In our investigation using healthy knees, as velocity in-
creased, the H:Q ratio increased. The increased H:Q ratio with
increased velocity is consistent with the findings of Kannus2®
in injured knees and with those of Croce et al,22 who reported
increases in the H:Q ratio from 61.0 = 14.3% at 60°s 1 to
62.0 = 14.7% at 90°-s 1 in nondisabled, sedentary controls.
Comparatively, our subjects had H:Q ratios of 49.8% at
60°-s1, 53.6% at 120°-s~1, and 58.6% at 180°-s~1 for men and
50.3% at 60°s 1, 56.1% at 120°-s 1, and 58.9% at 180°s?!
for women. These ratios are lower than those reported by Ben-
nell et a3 at 60°s 1 and 180°s1, yet similar to those of
Aagaard et al® at 120°-s 1. Table 5 presents selected normative
values for the H:Q ratio at similar velocities.2®

We found no differences in the H:Q ratio between athletes
in different sports. Zakas et al28 reported no significant differ-
ences in H:Q ratio among different divisions of basketball and
soccer players at 60°-s-1 and 180°-s 1. However, Read and
Bellamy?® noted differences in the H:Q ratios among tennis,
squash, and track athletes. In each case, the authors attributed

Table 5. Selected Normative Values for the H:Q Ratio at Velocities of 60° 120° and 180°.s-*

Dominant Nondominant
Flexion-Extension Flexion-Extension
Study and Population Sex Age (y) Ratio Ratio
60°-st
Berg et al (1985)t
College basketball players F 20 .63 .67
Fillyaw et al (1986)+ F 19 .67
University soccer players 54
120°s7*
Berg et al (1985)t
College basketball players F 20 .67 71
(dominant = right-side values,
nondominant = left-side values)
180°-s*
Berg et al (1985)t
College basketball players F 20 72 .74
(dominant = right-side values,
nondominant = left-side values)
Oberg et al (1986)8
Soccer players|| M 24-26 .75
Nonsoccer players|| M 21 .62

*Adapted with permission from David H. Perrin, 1993, Isokinetic Exercise and Assessment (Champaign, IL, Human Kinetics), 153-158.3t
tBerg K, Blanke D, Miller M. Muscular fitness profile of female college basketball players. J Orthop Sport Phys Ther. 1985;7:59-64.
tFillyaw M, Bevins T, Fernandez L. Importance of correcting isokinetic peak torque for the effect of gravity when calculating knee flexor to extensor

muscle ratios. Phys Ther. 1986;66:23—-31.

80Oberg B, Moller M, Gillquist J, Ekstrand J. Isokinetic torque levels for knee extensors and knee flexors in soccer players. Int J Sports Med. 1986;

7:50-53.
||Gravity corrected.
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the findings to training adaptations acquired by the subjects
for their respective sports. The finding of no differencesin the
H:Q ratios among athletes in different sportsin our study may
be associated with training adaptations and level of competi-
tion.

Zakas et al28 suggested that the strength and flexibility as-
sociated with game demands in sport, specificaly basketball
and soccer, may result in specific training adaptations that pro-
duce similar H:Q ratios among these 2 sports. Bennell et al,23
in their study of Australian rules footballers, suggested that
differences in H:Q ratios may be due to level of competition.
The sports represented in our study (volleyball, soccer, bas-
ketball, and softball) all require similar movements (running,
jumping, cutting, deceleration, and acceleration) to adequately
perform the chosen activity. In addition, each subject partici-
pated in a collegiate setting, with each sport in the same di-
vision. These factors of training adaptations and level of com-
petition may be responsible for the lack of differences in the
H:Q ratios among the sports examined. However, coaches,
strength and conditioning professionals, and athletic trainers
should exercise caution when incorporating training and con-
ditioning programs for similar sports at any level. Attention
must be given to proper muscle balance between agonist and
antagonist muscle groups due to a possible increased risk of
injury as a result of muscular imbalance.24

Muscular imbalance has been shown to affect injury pat-
terns in female athletes. Before training, female athletes ex-
hibit imbalances between hamstrings and quadriceps muscle
strength. When comparing the incidence of knee injury in
male athletes, untrained female athletes were 4.8 to 5.8 times
more likely and trained female athletes were 1.3 to 2.4 times
more likely to suffer a knee injury than male athletes.32
Through neuromuscular training, a reduction in knee ligament
injuries may be possible because of biomechanical effects (de-
creased landing forces and adduction-abduction moments) and
physiologic effects (decreased estrogen levels and increased
H:Q strength ratios).32

Female athletes tend to be quadriceps dominant, contracting
the quadriceps muscles in response to anterior tibial transla-
tion, versus nonathletes, who tend to contract the hamstrings.
If the hamstrings are ignored during training, quadriceps dom-
inance in the trained female athlete influences the H:Q ratio
when compared with the nonathlete. To reduce the incidence
of knee injury in female athletes, conditioning should include
measures to increase the H:Q ratio and decrease abduction-
adduction moments.32

Side-to-side differences in muscle strength typically are ex-
pressed as differences between dominant and nondominant
sides,1:27:34 particularly in uninjured subjects. We found no
differences between right and left or dominant and nondomi-
nant limbs. These findings are in agreement with those of
Holmes and Alderink,! Gur et a,2” and Calmels et a.3* Leg
dominance has been defined as the preferred versus nonpre-
ferred leg3* or the leg preferred for kicking.2227:35 |t is pos-
sible that specific loads placed on the lower extremities in
these athletes involved in different sports were sufficient to
maintain similar strength on both sides.

The H:Q ratio can be used to examine similarities between
quadriceps and hamstrings moment-velocity patterns with iso-
kinetic testing. This ratio, however, is velocity dependent, as
evidenced by the increase in the H:Q ratio as velocity increas-
es. When using this ratio as an evaluative tool, the velocity-
dependent changes in the H:Q ratio must not be ignored as

this may lead to inaccurate evaluations of leg strength. As a
rehabilitative goal, the H:Q ratio for the injured limb should
be compared with that of the uninjured limb. Differences in
the H:Q ratios between athletes in different sports may depend
on the chosen sport, the level of competition, or both, while
sports with similar lower limb demands and similar competi-
tive levels may yield no differences. Differencesin limb dom-
inance with the conventional H:Q ratio may not occur because
specific loads imposed with training and competition may be
similar for both limbs.

If the H:Q ratio is to be used as a possible screening tool
for susceptibility to injury,2 future investigations of the H:Q
ratio should focus on the conventional H:Q ratio and that pro-
posed by Aagaard et a” relating to the incidence of injury and
recovery from injury. Preseason assessments should include a
baseline evaluation of the H:Q ratio with the subsequent track-
ing of injuries to the lower extremities.
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