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Objective: To assess hamstrings and quadriceps strength of
basketball players ages 11–13 and 15–17 years.

Design and Setting: This cross-sectional study occurred
during the 2000 American Youth Basketball Tour National Tour-
nament. We investigated whether sex- or age-related strength
differences existed among study participants.

Subjects: Forty-one tournament participants (22 girls, 19
boys; 11–13 or 15–17 years old) who reported no history of
knee sprain or surgery were recruited.

Measurements: We used a Cybex II dynamometer to obtain
isokinetic concentric peak torques relative to body mass (Nm/
kg) at 608/s for hamstrings and quadriceps bilaterally. From av-
erage peak torques, we determined ipsilateral hamstrings:quad-
riceps and homologous muscle-group ratios.

Results: Correlations between hamstrings and quadriceps

strength measures ranged from 0.78 to 0.97. Players 15–17
years old had greater relative hamstrings and quadriceps
strength than 11- to 13-year-old athletes. Age and sex inter-
acted significantly for quadriceps strength. The quadriceps
strength of 15- to 17-year-old girls did not differ from that of 11-
to 13-year-old girls, whereas 15- to 17-year-old boys had stron-
ger quadriceps than 11- to 13-year-old boys. Boys 15–17 years
old had greater quadriceps strength than girls 15–17 years old.

Conclusions: This study is unique in providing normative
data for the hamstrings and quadriceps strength of basketball
players 11–13 and 15–17 years old. Age-related strength dif-
ferences did not occur consistently between the sexes, as girls
11–13 and 15–17 years old had similar relative quadriceps
strength.
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Muscle strength is commonly emphasized in preven-
tive and rehabilitative programs for athletes and oth-
er physically active people. It is one control factor

that influences motor behavior1,2 and therefore potentially af-
fects the risk of injury. Given the frequency of knee injuries
in athletes,3–6 many researchers have focused on providing
normative data for the knee periarticular muscles.7–9 Athletic
trainers and other sports medicine professionals often assess
muscle strength at isolated joints with isokinetic testing. Tra-
ditionally, athletic trainers have used ipsilateral hamstrings:
quadriceps (H:Q) ratios, homologous hamstrings and quadri-
ceps ratios, and normative joint-specific peak-torque data to
assess muscular status. Although no consensus exists on age-
and sex-appropriate standards for individual muscle-group
strength, suggested concentric normative values for H:Q ratios
at testing velocities of 608/s are approximately 0.6 for torques
that are not gravity corrected7–10 or about 0.5 when gravity
corrected.8,11 Recommended differences in homologous ham-
strings and quadriceps ratios are less than 0.1.7–9

Despite the extensive body of isokinetic literature, few stud-
ies have been specific to youth12–21—athletes or nonathletes—
and even fewer have afforded muscle-strength comparisons of
girls and boys.12,16,17,20 Comparing existing data is difficult
because study procedures varied in testing speeds, normali-

zation for body mass, and adjustments for the influence of
gravity. It is especially surprising how few hamstrings and
quadriceps strength data specific to basketball athletes have
been published.12,22,23 First, basketball is the most common
team sport in which Americans age 6 years and older partic-
ipate.24 Second, attention to the greater risk of anterior cruciate
ligament (ACL) injury for female basketball players and other
non-collision–sport athletes at high school through the profes-
sional ranks has increased during the past 2 decades.3,4,6,25–30

According to National Collegiate Athletic Association stud-
ies,3,4 the rate of ACL injury is at least 3 times greater for
women basketball players versus men. Many athletic trainers
and sports medicine professionals believe strength, especially
of the hamstrings, and H:Q ratios are important factors in this
difference.14,18,25,26,31–33 To clarify whether strength and mus-
cle ratios are informative about sex differences, it is important
to have access to normative strength data for the hamstrings
and quadriceps that characterize the at-risk population. Such
data refine the athletic trainer’s ability to design and implement
injury-prevention programs and basketball-specific condition-
ing programs.

The purpose of our cross-sectional study was to assess the
hamstrings and quadriceps strength characteristics of basket-
ball players ages 11–13 and 15–17 years old (yo) competing
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Table 1. Participants’ Characteristics

Player Groupings
(Sex, y) n Age (y) Height (m) Mass (kg)

Games Played (Range)

On Test Date Before Test Date

Girls, 11–13 11 13.3 6 0.7 1.61 6 .15 57.5 6 9.3 0.9 6 0.8
(0–2)

2.0 6 2.4
(0–5)

Girls, 15–17 11 16.3 6 1.1 1.73 6 .06 65.8 6 7.4 1.2 6 0.4
(1–2)

2.1 6 1.8
(0–5)

Boys, 11–13 10 12.1 6 1 1.60 6 .07 54.4 6 12.1 0.6 6 0.5
(0–1)

1.4 6 2.2
(0–5)

Boys, 15–17 9 16.3 6 1.1 1.86 6 .05 78.0 6 7.4 1.6 6 0.5
(1–2)

2.8 6 2.2
(0–5)

in a national tournament. Besides contributing sport-specific
normative data, we investigated whether developmental dif-
ferences in strength existed that could be associated with sex
or age. Prior researchers have documented increasing strength
from childhood to young adulthood, with greater strength
gains postpuberty for boys than for girls.8,17,21,34 Our hypoth-
eses for hamstrings and quadriceps strength were that (1) play-
ers 15–17 yo would be relatively stronger than 11–13 yo play-
ers and (2) sex differences in relative strength would increase
with age. The literature regarding muscle ratios is less clear.
Although researchers have documented changes in ratios with
training, an important observation for those who consider a
higher ratio to be protective against knee injury, support for
sex and age differences in ratios among similarly active sam-
ples is limited.12,14,20,23,35 Our hypothesis was that the ipsilat-
eral H:Q and homologous muscle ratios of the study partici-
pants would be the same between the sexes and across ages.

METHODS

Preparation

During the 2 months before data collection, we trained re-
search assistants on all aspects of participant recruitment and
data collection. The first author (P.A.B., an ATC, PT, with
more than 20 years’ experience) had primary responsibility for
isokinetic testing instruction. We gave copies of the testing
protocol to the assistants, supervised several practice sessions,
and had assistants work in pairs during actual data collection
to facilitate protocol standardization.

Recruitment and Subjects

We recruited study participants during the 2000 American
Youth Basketball Tour (AYBTour) National Tournament,
which included two 5-day sessions and drew 328 teams (199
boys’ and 129 girls’ teams) from throughout the Midwest. Ses-
sion 1 was for players who had recently completed grades 4
through 8; session 2 involved players in grades 8 through 11.
Registration was held the evening of day 1, pool games oc-
curred all day on days 2 through 4, and tournament play oc-
curred on day 5. Registration for session 2 occurred on day 5
of session 1. Tournament games consisted of two 20-minute
halves played with a running clock. Rules required coaches to
give all team members approximately equal playing time during
every game.

We used the typical ages of peak height velocity (girls 5
11.4–12.2 yo, boys 5 13.4–14.4 yo), a key indicator of the
onset of puberty,34 in combination with the age limits for tour-

nament players in order to establish the study’s age groups (11–
13 yo and 15–17 yo). We excluded players 14 yo in order to
provide a 1-year separation between groups, thereby increasing
the likelihood that the younger players were prepubescent or
peripubescent and the older players were postpubescent.

Recruitment and screening of participants began during ses-
sion registration and continued through days 2 through 4. Re-
searchers and research assistants had prominent tables at the
registration site and the main gymnasium; circulated among
all competition sites; wore distinctive clothing to enhance vis-
ibility; and informed as many players, coaches, and parents as
possible, verbally and with flyers, about the study.

We verbally screened interested and qualified players with
the assistance of their parents or guardians to assess their el-
igibility for the study. Qualified participants had no history of
knee ligament sprain or knee surgery, no other injury or illness
that would affect performance or measurements during the
study, and were able to hop comfortably on each leg. To check
the accuracy of self-reports, we inspected players for surgical
scars about the knees and observed their skin and general be-
havior for indicators of illness or injury. Participants scheduled
testing appointments after they passed screening and provided
written consent. We ensured that players had at least an hour
break between their last games and their testing sessions. For-
ty-one participants (22 girls, 19 boys) completed the study.
Table 1 presents participants’ characteristics, including number
of games played before testing. We conducted the study in
accordance with the policies of the Indiana University Bloo-
mington Campus Committee for the Protection of Human Sub-
jects.

Procedures

The first author (P.A.B.) calibrated the isokinetic dynamom-
eter before each data-collection day. In order to normalize
torques to body mass and adjust for the differential effects of
gravity, we measured and recorded each player’s height and
mass. We sat players next to a Cybex II dynamometer and
Chart Recorder (Lumex, Inc, Ronkonkoma, NY); secured
them with thigh, pelvic, and chest straps; and had them fold
their arms across their chests for testing. The shin pad was
positioned as distally as possible without limiting ankle dor-
siflexion. After instruction and familiarization trials (3–4 sub-
maximal and 3–4 maximal-effort trials), players performed
6 trials of maximal concentric knee extension and flexion at
608/s with each lower extremity. The side on which testing
began was alternated from 1 player to the next to eliminate
order effect. To maintain consistency among the research as-
sistants involved in data collection, we provided no verbal en-
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Table 2. Correlation Matrix of Relative Strength and Ratio Variables*

DQ DH NDQ NDH DH : Q NHD : Q NDQ : DQ

DH
NDQ
NDH
DH : Q
NDH : Q
NDQ : DQ
NDH : DH

.78†

.97‡

.87‡

.05

.30

.01

.11

.81‡

.91‡

.63‡

.62‡

.22

.29

.89‡

.15

.29

.26

.21

.39†

.67‡

.18

.41‡

.66‡

.42‡

.30
.04
.57‡ .39†

*D indicates dominant; ND, nondominant; Q, quadriceps; H, hamstrings.
†P # .05.
‡P # .01.

couragement during testing.8 For motivation, we relied on the
initial instructions to push and pull as hard and fast as possible.

Data Processing and Analysis

Our basic research design was a 2 3 2 analysis of variance
(ANOVA) with 2 levels each for sex and age. Given this de-
sign, an a of .05, and the expectation of a large effect size
based on a study by Holmes and Alderink,16 we used the
methods of Cohen36 to estimate that a minimum n of 7 per
cell would provide power of 0.80.

We entered peak torques and corresponding angles from the
chart recordings and the data into Excel 2000 (version 9.0,
Microsoft Corp, Redmond, WA) spreadsheets for further pro-
cessing. After converting these torques to newton meters and
correcting for the effects of gravity, we normalized them rel-
ative to body mass (Nm/kg). Although several context-specific
methods for assessing limb dominance37 exist, our focus on
strength led us to select total leg strength7 as the determinant.
The strength-dominant leg for each player was defined as the
leg with the higher sum after adding the peak torques for all
isokinetic trials within a leg (2 muscle groups 3 6 trials 5 12
trials). For each player, we used the average38 of the 6 trials
per muscle group and leg to identify 8 dependent variables:
hamstrings peak torque relative to body mass (PT/BM), quad-
riceps PT/BM, and H:Q ratios for the dominant (D) and non-
dominant (ND) legs; ND hamstrings to D hamstrings ratios
(NDH:DH); and ND quadriceps to D quadriceps ratios (NDQ:
DQ).

We used gravity-corrected and body-mass–normalized peak
torques and ratios in the statistical analysis. Initially, we re-
viewed the Pearson product moment correlation matrix for the
8 dependent variables (Table 2). Because hamstrings and quad-
riceps average PT/BM for the D and ND legs were all highly
correlated,39 we used separate 2 3 2 ANOVA designs with
general linear-model univariate procedures to consider if there
were sex- and age-group (11–13 yo and 15–17 yo) differences
in these 4 measures. We set the familywise a at .05, and a
Bonferroni adjustment was made to .0125 (.05/4 ANOVAs, 1
per dependent variable) to minimize the risk of a type I error.40

Similarly, we adopted this a criterion and Bonferroni adjust-
ment strategy for any post hoc testing of interactions with
independent-samples t tests. The homogeneity of the sample
distributions was confirmed by monitoring the Levene test of
equality of error variance for each ANOVA and t test. Because
4 of the 6 correlations among ratios were moderate,39 we used
a 2 3 2 multivariate ANOVA (general linear model, multi-
variate procedures) to control for inflation of type I error while
assessing for differences in 4 ratio measures (DH:Q, NDH:Q,

NDH:DH, and NDQ:DQ) between sexes and age groups (11–
13 yo and 15–17 yo).40 We designated a at .05 for this mul-
tivariate ANOVA and verified homogeneity with the Box test
of equality of covariance matrices. SPSS for Windows soft-
ware (version 11.0, SPSS Inc, Chicago, IL) was used for all
statistical analyses.

RESULTS

For the single muscle-group relative-strength measures, r
values ranged from .78 to .97, suggesting that a player who is
strong (or weak) in 1 muscle group is strong (or weak) in all
4 (Table 2). Correlations between ratios ranged from .04 to
.66. Relative hamstrings strength and H:Q ratio correlations
were moderate; those between relative quadriceps strength and
H:Q ratio were low.39

Players in the 15–17 yo age group had significantly stronger
average hamstrings PT/BM than 11–13 yo players (Table 3).
For the D hamstrings, the 15–17 yo players’ group mean was
35.8% higher than the 11–13 yo players’ mean (F1,37 5 7.858,
P 5 .008, h2 5 .175). For the ND hamstrings, the 15–17 yo
players’ group mean was 40.8% greater than that of the 11–
13 yo players (F1,37 5 9.335, P 5 .004, h2 5 .201). Although
boys overall were 12.4% (D) and 13.0% (ND) stronger than
girls, differences between boys and girls in their average ham-
strings PT/BM were not significant (D, F1,37 5 1.302, P 5
.261, h2 5 .034; ND, F1,37 5 1.349, P 5 .253, h2 5 .035).
Girls 15–17 yo were 22.9% (D) and 21.1% (ND) stronger than
girls 11–13 yo; older boys were 51.3% (D) and 65.8% (ND)
stronger than the younger boys. The girls and boys 11–13 yo
had similar hamstrings PT/BM, whereas boys 15–17 yo were
24.1% (D) and 30.2% (ND) stronger than girls of the same
age. However, these sex- and age-related differences in aver-
age hamstrings PT/BM did not significantly interact (D, F1,37
5 1.188, P 5 .283, h2 5 .031; ND, F1,37 5 2.278, P 5 .140,
h2 5 .058).

Similarly, a main effect of age for the average quadriceps
PT/BM was observed (see Table 3). Players 15–17 yo were
stronger than players 11–13 yo by 26.6% for the dominant leg
(F1,37 5 11.144, P 5 .002, h2 5 .231), and by 26.0% for the
nondominant leg (F1,37 5 9.420, P 5 .004, h2 5 .203). Al-
though boys overall were 13.9% (D) and 14.5% (ND) stronger
than girls, we found no main effect of sex for quadriceps
strength (D, F1,37 5 3.473, P 5 .07, h2 5 .086; ND, F1,37 5
3.252, P5 .079, h2 5 .081). We observed a significant sex 3
age interaction for both legs (D, F1,37 5 12.938, P 5 .001, h2

5 .259; ND, F1,37 5 10.719, P 5 .002, h2 5 .225; Figures 1
and 2). Four post hoc independent t tests were used to further
evaluate this interaction (a 5 .0125). The relative quadriceps
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Table 3. Average Hamstrings (H) Peak Torques, Quadriceps (Q) Peak Torques, Hamstrings:Quadriceps (H:Q) Ratios of Dominant (D)
and Nondominant (ND) Legs, and Hamstrings (NDH:DH) and Quadriceps (NDQ:DQ) Ratios (Mean 6 SE)

Player Groupings n
DH

(Nm/kg)
NDH

(Nm/kg)
DQ

(Nm/kg)
NDQ

(Nm/kg) DH:Q NDH:Q NDH:DH NDQ:DQ

Sex

Girls
Boys

22
19

.73 6 .05

.82 6 .08
.69 6 .05
.77 6 .09

1.58 6 .06
1.80 6 .16

1.42 6 .06
1.62 6 .14

.46 6 .03

.45 6 .02
.48 6 .02
.46 6 .02

.84 6 .03

.88 6 .02
.89 6 .02
.90 6 .02

Age (y)

11–13
15–17

21
20

.65 6 .05*

.89 6 .07
.61 6 .05*
.85 6 .07

1.49 6 .09*
1.89 6 .13

1.34 6 .09*
1.69 6 .11

.44 6 .03

.47 6 .03
.45 6 .02
.50 6 .02

.83 6 .03

.89 6 .02
.89 6 .02
.90 6 .02

Sex 3 age

Girls, 11–13
Girls, 15–17
Boys, 11–13

11
11
10

.65 6 .06

.80 6 .07

.66 6 .09

.62 6 .06

.75 6 .06

.59 6 .08

1.60 6 .09†
1.57 6 .07
1.37 6 .15

1.43 6 .11†
1.40 6 .07
1.24 6 .14

.41 6 .04

.51 6 .04

.47 6 .03

.43 6 .03

.53 6 .03

.46 6 .03

.79 6 .05

.89 6 .02

.87 6 .02

.88 6 .03

.90 6 .02

.90 6 .03
Boys, 15–17 9 .99 6 .13 .98 6 .14 2.28 6 .20 2.04 6 .18 .43 6 .03 .47 6 .03 .88 6 .03 .90 6 .02

*Significant effect of age: DH, P 5 .008; NDH and NDQ, P 5 .004; DQ, P 5 .002.
†Significant sex 3 age interaction: DQ, P 5 .001; NDQ, P 5 .002.

Figure 1. Sex 3 age interaction for average quadriceps torques
(Nm/kg) of dominant-leg strength 6 SE. Sex 3 age, P 5 .001; age,
P 5 .002. Boys 15–17 years old . boys 11–13 years old, P 5 .002.
Boys 15–17 years old . girls 15–17 years old, P 5 .008.

Figure 2. Sex 3 age interaction for average quadriceps torques
(Nm/kg) of nondominant-leg strength 6 SE. Sex 3 age, P 5 .002;
age, P 5 .004. Boys 15–17 years old . boys 11–13 years old, P 5
.003. Boys 15–17 years old . girls 15–17 years old, P 5 .002.

strength of girls did not differ with age (D, t20 5 .286, P 5
.778; ND, t20 5 .200, P 5 .843), whereas boys 15–17 yo were
66.3% (D, t17 5 23.677, P 5 .002) and 63.9% (ND, t17 5
23.521, P 5 .003) stronger than boys 11–13 yo. Although
girls 11–13 yo were somewhat stronger than boys 11–13 yo,
these differences were not significant (D, 16.6%, t19 5 1.334,
P 5 .198; ND, 14.9%, t19 5 1.063, P 5 .301). Boys 15–17
yo had higher average quadriceps PT/BM than girls 15–17 yo
(D, 45.7%, t10.134 5 23.306, P 5 .008; ND, 45.3%, t18 5
23.514, P 5 .002).

Overall results of the multivariate ANOVA were not sig-
nificant (sex, omnibus F3,37 5 0.681, P 5 .610, h2 5 .074;
age, omnibus F3,37 5 0.851, P 5 .503, h2 5 .091; sex 3 age,
omnibus F3,37 5 1.357, P 5 .269, h2 5 .138). For both legs,
participants had similar H:Q, NDH:DH, and NDQ:DQ ratios
between the sexes and ages.

DISCUSSION

This study is one of two we know that present normative
strength data for both boys and girls active in competitive

basketball. This study is further distinguished by the inclusion
of players 11–13 yo along with high school–aged players. Our
results provide support for the hypothesis that players 15–17
yo have stronger hamstrings and quadriceps relative to body
mass than players 11–13 yo. The finding of a sex 3 age in-
teraction for the quadriceps supports our proposal that sex dif-
ferences in relative strength increase with age; however, this
was not the case for the hamstrings. The absence of differences
in the H:Q and homologous muscle ratios of our players also
suggests the hypotheses of no sex- or age-related differences
or interactions for these measures are valid.

Collectively, the players 15–17 yo had significantly greater
relative hamstrings and quadriceps strength than the athletes
11–13 yo. Although boys and girls did not differ when pooled
across ages, we observed an interaction effect for relative
quadriceps strength. This interaction was predominantly driven
by the more than 60% higher relative quadriceps strength of
the boys 15–17 yo versus the boys 11–13 yo, whereas, sur-
prisingly, the girls’ age groups did not differ. This was not the
case for relative hamstrings strength, which was about 20%
higher for girls 15–17 yo and more than 50% higher for boys
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15–17 yo compared with the players 11–13 yo. Such sex- and
age-related changes in relative strength occur concurrently
with changes in mass. In our cross-sectional examination of
these changes, boys 15–17 yo were 43.4% heavier than boys
11–13 yo; the girls’ age groups only differed by 14.4%. Al-
though normalization of strength to body mass facilitates com-
parisons across groups, it does not eliminate the observation
of notably different patterns of change in relative strength for
hamstrings versus quadriceps in the girls compared with the
boys.

We found support for the hypotheses of no differences in
ratios. The slightly higher H:Q ratios in girls 15–17 yo versus
girls 11–13 yo likely reflect the higher relative hamstrings
strength in the former group coupled with no difference in
relative quadriceps strength. Relative strengths of the ham-
strings and quadriceps were more discriminating measures
than ratios in identifying sex- and age-related differences
among our participants. Players with similar H:Q ratios could
have differed considerably in relative strength. For example,
a girl and boy 11 yo had similar dominant H:Q ratios of 0.55
and 0.51 but very different relative strengths of 0.61:1.11 for
the girl and 1.10:2.17 for the boy. The correlations between
measures support our view that relative strength is more in-
formative than ratios about athletes’ strength profiles. Corre-
lations of relative strength between muscle groups were con-
sistently high, whereas those between ratios or ratio and
muscle group varied and were moderate at best.

We are not the first to report sex differences in quadriceps
strength for either athletes or the general population. In 3 stud-
ies, Wojtys et al41–43 found men to have significantly greater
relative quadriceps strength (tested at 608/s) than women. In
one study, they also identified differences in relative ham-
strings strength.41 Their groups of young adults ranged from
sedentary to elite in activity levels. Closer comparisons of our
findings with other studies are limited due to the few studies
of youth and female athletes12–16,18–22 and differences in iso-
kinetic testing methods.

We know of 3 groups of researchers who tested the ham-
strings and quadriceps of athletic boys and girls at 608/s. An-
derson et al12 studied 100 high school varsity basketball girls
and boys and identified greater relative strength of the ham-
strings and quadriceps in boys. With a sample of 16 boys and
31 girls who were 15–18 yo and active in a variety of sports,
Holmes and Alderink16 also reported boys had greater relative
strength in both hamstrings and quadriceps. Tabin et al20 tested
60 athletic children 10–15 yo and confirmed their puberty sta-
tus with the use of the Tanner scale. The prepubescent boys
and girls had similar peak hamstrings and quadriceps torques
normalized to lean body weight. Postpubescent boys and girls
were similar in hamstrings strength, but boys were notably
stronger in the quadriceps. Anderson et al12 found significant
sex differences in H:Q ratios, whereas none occurred in the
other 2 studies.16,20

Kanehisa et al17 did not investigate athletes but provided a
different perspective on isokinetic quadriceps strength at
608/s by normalizing to cross-sectional area of the quadriceps
relative to thigh length. With a much wider age separation than
our study, adults 18–25 yo versus boys and girls 6–9 yo, they
reported main effects of age, no sex difference for the group
6–9 yo, but greater strength in the men. Collectively, these
studies suggest that the presence of relative quadriceps weak-
ness in girls versus boys after puberty is a robust phenomenon

and not specific to the sample of basketball players we tested
in this study.

Why the relative strength of girls 15–17 yo compared with
girls 11–13 yo was greater in the hamstrings but not in the
quadriceps is unclear. Physiologic changes associated with pu-
berty, including those mediated by increasing levels of testos-
terone that are typically greater for boys than girls, would
seemingly have similar effects on the mass and strength of
both hamstrings and quadriceps and contribute to age-related
strength differences.17,34 One proposition that may clarify the
difference in relative hamstrings strength versus relative quad-
riceps strength is that after puberty, girls use different coor-
dination strategies than boys, which place alternative strength
demands on the musculature. Hewett44 suggested that prepu-
bescent athletic girls use different jumping-landing coordina-
tion patterns than postpubescent athletic girls, and other au-
thors41 noted sex differences in patterns of neuromuscular
response to perturbation, which may result in different de-
mands on these muscle groups. A second possibility that may
affect girls’ potential use of different coordination strategies is
that athletic girls may have less cumulative exposure and ex-
perience playing basketball than age-matched boys. Without
separating athletes by sex, Hahn et al45 correlated years of
sport experience with absolute quadriceps strength. Correla-
tions were significant for soccer and jogging but not for bas-
ketball. Simply playing basketball (or other sports) may not
sufficiently strengthen the quadriceps. A third possibility is
that athletic girls may be less involved with strength training
than athletic boys due to sociocultural mores that discourage
or delay strength training among girls. Also, if anecdotal re-
ports from AYBTour coaches during this study are accurate,
girls face less competition to make a team than boys and so
may have less incentive to strength train. Girls may not be
engaging in other performance-enhancing activities to the
same degree as boys. Details about the onset of regular
strength training and the types of training for athletic girls and
boys need to be clarified. Demands on the antigravity muscles
during basketball and other acceleration-deceleration sports to
control body mass safely and effectively imply the need for
adequate strength of the hip, knee, and ankle extensors and
flexors. These proposals are speculative and illustrate the need
for further study to better explain sex differences in strength
and risk of injury.

Besides contributing to the movements needed for sport-
related tasks, muscular contraction contributes to joint stiff-
ness, which may protect against injury. Voluntary intrinsic
torque production at the ankle directly relates to ankle stiff-
ness,46 and decreased anterior tibial translation and increased
knee-joint stiffness occur during active cocontraction of the
musculature surrounding the knee.43,47 Joint compression
combined with quadriceps force also stiffens the knee and lim-
its anterior tibial translation.48 Wojtys et al43 found notable
increased knee stiffness in response to cocontraction for men
and women, although men achieved higher stiffness levels
than women. Men also had greater relative quadriceps strength
than women. Interestingly, sex—not relative hamstrings and
quadriceps strength—predicted stiffness. Stronger musculature
about the knee, along with other, unspecified sex-related fac-
tors, may increase stiffness and reduce the chance of ligamen-
tous injury.

The importance of strength is a prominent feature of recent
studies concerning ACL injury. Anderson et al12 identified a
significant but low positive correlation between quadriceps to-
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tal work tested at 608/s and ACL cross-sectional area for high
school basketball girls and boys. A similar correlation oc-
curred between quadriceps strength and ACL cross-sectional
area but only for girls. Their suggested association between
greater quadriceps strength and larger, potentially stronger
ACLs is consistent with adaptation to strain on the ACL from
quadriceps-induced, nonpathologic anterior tibial translation.
Lund-Hanssen et al18 compared the quadriceps and hamstrings
strength of the healthy, uninvolved legs of women handball
players with unilateral ACL injuries to a control group of
handballers. Although strength measures were similar at 608/s,
the quadriceps torque at 2408/s for the healthy legs of the
injured group was significantly less than that of the control
group, which contributed to higher H:Q ratios for the healthy
legs of the injured players. Based on isokinetic testing at 3608/s,
Hewett et al14 reported increased absolute hamstrings strength
and H:Q ratios but no changes in quadriceps strength among
a group of teenage female volleyball athletes following a pre-
season conditioning program that emphasized plyometric jump
training, weight training, and stretching. The apparent lack of
improvement in quadriceps strength supports the notion that
this muscle group needs targeted overload training to develop
sufficient strength among girls. Hewett et al35 subsequently
conducted a 1-year prospective study of knee injuries among
female and male high school athletes following similar pro-
grams. The results suggested a beneficial effect of the training
program in reducing knee injuries among athletic girls. How-
ever, the authors offered no data regarding the effects of their
program on the strength of these athletes.

The importance of our findings should be evaluated in light
of the fact that players were tested during a tournament. Al-
though participation durations were restricted by equal-play
rules and the use of a running clock, fatigue may have inhib-
ited some participants from providing maximal effort during
testing. Alternatively, these conditions may more accurately
reflect the strength characteristics of players during practice
and competition. A second consideration is that we did not
assess pubertal status directly but used typical ages of peak
height velocity to separate participants into age groups. Al-
though definitely identifying the pubertal status of participants
is one approach to categorizing players, youth sports such as
basketball typically form teams based on players’ ages or
grade levels. From that perspective, our use of age grouping
may be a better match to the general practice of organizing
teams for basketball players 11–17 yo. Third, the results of
this study are specific to strength assessed at 608/s. We selected
this velocity to enhance reliability, as testing people naive to
isokinetics at higher velocities makes ensuring maximal effort
more challenging. Finally, the absence of main effects for sex
and no sex 3 age interactions for the hamstrings may have
been due to type II error. However, the power analysis sug-
gested this risk was reasonably low. Additionally, the partial
h2 values for effects of age for both hamstrings and quadriceps
and the significant sex 3 age interactions for quadriceps
ranged from 0.175 to 0.259 and corresponded to F values of
approximately 0.46 to 0.58, suggesting large effect sizes.36

CONCLUSIONS

The results of this cross-sectional study of girls and boys
playing competitive basketball include age effects for both the
hamstrings and quadriceps and a sex 3 age interaction for the
quadriceps. Although players 15–17 yo had stronger ham-

strings and quadriceps relative to body mass than players 11–
13 yo, overall, girls did not differ from boys. However, girls
15–17 yo had notably weaker quadriceps strength relative to
body mass than their male counterparts. This may place girls
at a disadvantage for safely managing the external forces in-
herent in their sport. We found no differences in H:Q ratios
or homologous quadriceps and hamstrings ratios among these
basketball players, which suggests such ratios do not suffi-
ciently characterize muscular function. We recommend that
strength assessments emphasize torques relative to body-mass
measures, with ratios providing secondary information.

Our findings, although providing data on the hamstrings and
quadriceps strength of youth basketball players, lead to ques-
tions about the role of relative hamstrings and quadriceps
strength in ACL injury prevention. Researchers need to con-
tinue efforts to define adequate sport-specific strength levels
that are sex and age appropriate. Because athletes at a mini-
mum must control their own body mass during the acceleration
and deceleration tasks common in basketball and other sports,
we concur with Perrin8,9 that isokinetic torques should be re-
ported relative to body mass (Nm/kg) following appropriate
gravity correction. We also call for researchers to better un-
derstand the apparently widespread weakness specific to the
relative quadriceps strength of women and girls after puberty
compared with men and postpubescent boys. Another question
is if increasing the relative quadriceps strength of girls and
women, while not neglecting the strength of other muscles
affecting the knee, would improve their ability to stiffen the
knee. Additionally, prospective, longitudinal studies are need-
ed to assess whether relative quadriceps strength, relative ham-
strings strength, or H:Q ratios of athletic girls and women
affect their incidence of ACL injuries. Normative data for
groups are informative but insufficient to establish relation-
ships with risk of injury. By having more information about
athletes’ strength profiles before injury, athletic trainers can
better clarify these relationships.

Although no gold standard yet exists for the magnitude of
quadriceps or hamstrings torques, we suggest that athletic
trainers use available sport- and age-specific male normative
data to guide the training of female athletes of the same age
active in similar sports. Granted, most girls and boys differ
notably in body composition and testosterone levels after pu-
berty, with most boys being stronger than most girls within
age and sport groupings. Yet it is alarming that girls 15–17
yo did not differ from girls 11–13 yo in relative quadriceps
strength, whereas the relative quadriceps strength of boys 15–
17 yo was more than 60% higher than boys 11–13 yo. We
encourage athletic trainers and other sports medicine profes-
sionals to assist more athletic girls to strengthen their quadri-
ceps and other lower extremity muscles in keeping with their
changing mass and the demands of their sports. Well-designed
and appropriately supervised strength-training programs need
to be widely available to the large number of athletic girls as
they enter and pass through puberty and not await the smaller
population of collegiate women athletes.
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