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Background

Eccentric hamstring strength and hamstring/quadriceps strength ratios have been
identified as modifiable risk factors of hamstring strains. Additionally, those strength and
flexibility characteristics are commonly used as clinical tests to monitor progress of
athletes with acute or chronic hamstring strains. Although hamstring strains are common
among basketball athletes, normative values of knee strength and flexibility
characteristics are scarce. Normative values for these athletes would be important in
prevention and management of hamstring strains.

Purpose

To establish quadriceps and hamstring isokinetic strength and flexibility values among
high school basketball athletes and examine the effects of sex and age.

Study Design

Cross-sectional research

Methods

Isokinetic knee muscular strength (concentric quadriceps [QuadC], concentric hamstring
[HamC], eccentric hamstring [HamE], and strength ratios ((HamC/QuadC and HamE/
Quad)), flexibility of hip flexors and quadriceps during a Modified Thomas test, and
flexibility of hip extensors and hamstring during passive straight leg raise (SLR) and
passive knee extension (PKE) tests were measured. Effects of sex and age were analyzed
using t-tests and analysis of variance, respectively with Bonferroni corrected post hoc
tests (p<0.01).

Results

A total of 172 high school basketball athletes (64 males/108 females; mean age (range):
15.7 (14-18) years old) participated in the study. Male athletes were significantly stronger
than female athletes (QuadC: p<0.001; HamC: p<0.001) while no differences were
observed in strength ratio (HamC/QuadC: p=0.759-0.816; HamE/QuadC: p=0.022-0.061).
Among male athletes, a significant effect of age on quadriceps and hamstring strength
was observed: older male athletes were stronger than younger male athletes. Contrarily,
there were no effects of age on strength among female athletes. There were significant
sex differences in quadriceps flexibility, SLR, and PKE (female athletes were more flexible;
p=0.001-0.005) while no sex differences were found in hip flexor flexibility
(p=0.105-0.164). There were no effects of age for any flexibility variables within male and
female athletes (p=0.151-0.984).
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Conclusion

The current results provide normative values for hamstring strength and flexibility in
high school basketball athletes. These normative values may further assist sports
medicine specialists to develop screening tests, interventions, and return-to-sport

criteria in this population.

Level of Evidence
3B

INTRODUCTION

Hamstring strains are significant and frequent muscu-
loskeletal injuries as they typically result in persistent
symptoms and lengthy recovery periods, which limit an ath-
lete’s ability to participate.l~# Hamstring strains also ex-
hibit high rates of re-injury.5-6 Professional and college bas-
ketball athletes are inherently at risk for hamstring strains
as ballistic movements that include jumping and sprinting
are common causes of hamstring strains.”~? Based on the
National Collegiate Athletic Association Injury Surveillance
data, rate of hamstring strains in basketball was the sixth
highest (after field hockey, soccer, outdoor track, lacrosse,
and indoor track) among 13 women’s sports while rate of
hamstring strains in men’s basketball was the third lowest
among 12 men’s sports.” Additionally, rate of hamstring
strains in female basketball athletes was twice as high as
their male counterparts.” Among high school basketball
athletes, percentages of hip/thigh/upper leg injury rates
(including hamstring strains, but, not specified) out of all
basketball injuries were similar between sexes (girls: 8.7%;
boys: 8.2% of all injuries).!0 Interestingly, these hip/thigh/
upper leg injuries occur more frequently during practices
in girls and during games in boys.10 More epidemiological
studies are needed to confirm sex differences in hamstring
strains.

In an effort to reduce hamstring strains, there have been
several prospective risk factors identified. Recent meta-
analyses reveal that older age, higher body mass, higher
body mass index, and a prior history of injury are prospec-
tive risk factors for lower extremity musculoskeletal injuries
including hamstring strains.!1-12 Among modifiable neuro-
muscular characteristics, lower quadriceps, hamstring, and
hamstring-to-quadriceps strength ratios have been identi-
fied to increase prospective injury risk of hamstring strains
in Australian football and soccer athletes.13-16 A lack of
flexibility of the hip flexors discerned using the Modified
Thomas test and of the hamstring using the straight-leg
raise (SLR) test was identified prospectively to increase in-
jury risk of hamstring strains among older (>25 years old)
Australian football athletes!? and among male professional
soccer athletes,!® respectively. Contrarily, several studies
did not find these neuromuscular characteristics such as
weaker eccentric hamstring strength!%20 and poor ham-
string flexibility2! as prospective risk factors of hamstring
strains. A systematic review has reported that concentric
and eccentric hamstring muscular strength was not a strong
prospective risk factor.22 Similarly, poor hamstring flexibil-
ity, using active knee extension (AKE), was not a prospec-
tive risk factor among Gaelic football athletes.?!

From a rehabilitation perspective, hamstring eccentric

strength (HamE) and the ratio of HamE divided by quadri-
ceps concentric strength (QuadC) was significantly reduced
in the injured limb compared to the contralateral uninjured
limb in male athletes with hamstring strains.23 The authors
utilized this particular ratio (HamE/QuadC) to screen ath-
letes for risk of hamstring strains, to track rehabilitation
progress, and to determine safe return-to-sport after ham-
string strains.2324 A systematic review also supports the
contention that hamstring strength and flexibility testing
could provide a valuable tool to monitor progress and safe
return-to-sport after hamstring strains.2> This review also
included average recovery time of hamstring strength
(within 20 days) and flexibility (within 50 days) after ham-
string strains.25 Although there are mixed findings on clin-
ical importance of baseline isokinetic hamstring strength
and flexibility testing, it appears beneficial in sports med-
icine / physical therapy clinics where each subject/patient
has dedicated time and repeat testing to monitor progress
objectively.

Although there is a high prevalence of hamstring strains
in basketball (the second highest injury rates after indoor
track and field among all indoor sports) and high clinical
relevance for hamstring strength and flexibility testing, few
studies have provided normative values for isokinetic ham-
string strength and common clinical flexibility tests for
each sex and age among high school basketball athletes.
Generally, older male athletes exhibit stronger muscular
strength26 while female athletes are more flexible and ex-
hibit better stretch pain tolerance.2” Understanding the ef-
fects of sex and age on these strength and flexibility charac-
teristics is clinical relevant and important. Sports medicine
specialists could quantitatively monitor athlete’s progress
and make a better decision on return-to-sport during reha-
bilitation. Therefore, the purpose of this study was to ex-
amine effects of age and sex on hamstring and quadriceps
strength and flexibility in high school basketball athletes.
The hypothesis was that male athletes and older athletes
would exhibit significantly greater strength than female
athletes and younger athletes, respectively. Contrarily, it
was hypothesized that female athletes and younger athletes
would exhibit significantly greater hamstring and hip flex-
ors flexibility than male athletes and older athletes.

METHODS

The study was reviewed and approved by the Mayo Clinic
Institutional Review Board (17-003905). This investigation
was part of a large prospective study to examine the risk
factors of hamstring strains. The current dataset was col-
lected at the beginning of the high school basketball season
in the first year of the project. Basketball athletes were
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recruited from local high schools and tested at the start
of their basketball season. Informed consents and assents
were obtained from each player and his/her parent (for
14-17 years old athletes). Inclusion criteria were ages 14-18
years old with no previous knee injuries or surgeries in the
past year. Strength and flexibility testing each took approx-
imately 15 minutes.

After height and weight were measured with a standard
stadiometer and scale (Seca North America, East Hanover,
MD), knee extension (quadriceps concentric muscular
strength) and knee flexion strength (hamstring concentric
muscular strength) at 240°/sec and eccentric knee flexion
strength (hamstring eccentric muscular strength) at 30°/sec
were assessed using the HumacNorm dynamometer (CSMi,
Stoughton, MA). These speeds for concentric and eccentric
muscular strength testing were chosen based on the pre-
vious studies, examining risk factors of hamstring
strains.2324 Subjects were seated on the dynamometer
chair with straps secured around shoulder, waist, and thigh
to isolate movement to the targeted lower extremity during
testing. The testing leg was securely attached to the dy-
namometer around the distal shank 3 ¢cm proximal to the
lateral malleolus with the axis of the dynamometer aligned
with the knee axis of rotation. Then, limb weight was mea-
sured and accounted for each subject. After familiarization
trials, subjects were asked to extend and flex their knee as
hard as possible (and verbally encouraged) for a full-range
of motion for 10 repetitions. Subjects then performed the
hamstring eccentric strength test. Eccentric trials started
with the knee at full flexion. Subjects were then asked to
resist the dynamometer arm by flexing their knee as hard
as possible while the dynamometer arm articulated their
shank towards full extension.23 Peak knee flexion torque
was recorded during three trials. This methodology has pre-
viously reported good reliability.2® The current authors
have also established good test-retest reliability of 20 par-
ticipants using the same testing protocols and found intra-
class correlation coefficient ranges from 0.706 to 0.937. For
statistical analyses, the average of 10 and three trials were
used for concentric and eccentric strength, respectively. The
average peak torque (Nm) normalized to body mass (kg) was
used for analyses (%BM). The concentric hamstring over
concentric quadriceps strength ratio (HamC/QuadC) was
calculated by the peak hamstring concentric strength di-
vided by the peak quadriceps concentric strength multiplied
by 100 in order to express a percentage. A ratio of the peak
hamstring eccentric strength over the peak quadriceps con-
centric strength (HamE/QuadC) was also use for statistical
analyses.

A Modified Thomas test was used to assess flexibility
of the iliopsoas and quadriceps muscles. Subjects laid in a
supine position with the ischial tuberosities on the edge of
treatment table. A clinician elevated both subject’s legs si-
multaneously into hip flexion until a neutral pelvis position
was established. From this position, the clinician held the
contralateral leg stable and slowly lowered the testing leg.
The assistant placed a digital inclinometer (Johnson Level
& Tool, Mequon, WI) on top of the midpoint of the thigh
and shin to measure the iliopsoas and quadriceps flexibility,
respectively. The inclinometer was initially calibrated to 0
degrees on the horizon, and higher values represent greater

iliopsoas and quadriceps flexibility.

Flexibility of the posterior hip (gluteal and hamstring
muscles) and posterior knee (hamstring muscles) was as-
sessed using passive SLR and passive knee extension (PKE),
respectively.2? For the passive SLR, subjects laid supine
while a clinician flexed their hip and kept their leg straight.
Each subject’s pelvis was stabilized with a belt. An incli-
nometer was placed on the top of the shin midpoint. Flex-
ibility was measured from the horizontal position (higher
values represented greater flexibility). PKE was performed
in a supine position with the testing leg positioned at 90 de-
grees hip and knee flexion.30 The examiner stabilized the
testing leg’s thigh vertically and passively moved the lower
leg to the point of muscle tautness. An inclinometer was
placed on the top of the shin midpoint to measure flexibil-
ity (higher values represented greater flexibility). This pro-
cedure was repeated a few times until the examiner found a
consistent end point of muscle tautness, and the last value
was taken for statistical analysis.

Descriptive statistics (means and standard deviations)
were calculated in each sex and age group. Each dependent
variable was screened for normality using Shapiro-Wilk
tests. Given the wide range of ages, sex differences were
examine using independent t-tests or Mann-Whitney tests
for each age group. Effects of age within male and female
athletes were examined using one-way between-subjects
analysis of variance (ANOVA) or Kruskal Wallis tests with
five age-levels (14, 15, 16, 17, and 18 years old). In addition
to normality, homogeneity of variance assumption was
screened using Levene’s tests. If ANOVA/Kruskal Wallis
tests were significant, post-hoc analyses were used to com-
pare between each age group. In order to reduce Type 1 Er-
ror due to multiple comparisons, significance was adjusted
with Bonferroni and set at p<0.01 a priori.

RESULTS

A total of 64 males (14 years old: n=8; 15 years old: n=17; 16
years old: n=19; 17 years old: n=13; 18 years old: n=7) and
108 females (14 years old: n=27; 15 years old: n=33; 16 years
old: n=15; 17 years old: n=23; 18 years old: n=10) partici-
pated in the study. Demographics for male and female ath-
letes as well as their age stratification are in Table 1.

For strength and strength ratio variables, descriptive sta-
tistics are shown in Table 2a-c and 3a-b, respectively. Over-
all, there were significant sex differences in quadriceps con-
centric and hamstring concentric strength (p<0.001).
Specifically, sex differences in quadriceps and hamstring
concentric strength were observed among the older ages:
16 years old (p<0.005), 17 years old (p=0.003) and 18 years
old (p=0.001). Hamstring eccentric strength (p=0.024) and
strength ratios (p=0.022-0.816) were not statistically differ-
ent between sexes.

There were significant effects of age on all strength vari-
ables within male athletes (p=0.001-0.031). Specifically,
quadriceps and hamstring strength values were lower in 14
and 15 years old male athletes than 16 and 18 years old male
athletes. Contrarily, female athletes did not show any ef-
fects of age on strength variables (p=0.048-0.856).

Flexibility variables are shown in Table 4a-b and 5a-b.
Iliopsoas (hip flexors) and quadriceps flexibility (Modified
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Table 1. Subject Demographics

Height (cm) Sex Diff Weight (kg) Sex Diff
Age Males Females p-value Males Females p-value
14 172.9+6.3 168.4+9.7 0.237 69.6+9.1 63.2+14.8 0.258
15 178.2+7.5 169.9+84 0.001* 66.7+12.4 66.6+14.7 0.814
16 182.6 +9.7 168.5+3.9 <0.001* 73.8+10.6 67.6+8.4 0.137
17 184.4+8.5 173.5+8.2 0.001* 789+124 69.0+16.1 0.031
18 184.0+2.7 170.9+10.0 0.002* 80.9+8.2 66.9+7.9 0.003*
All 180.7 £ 8.6 170.2+8.5 <0.001* 732+11.9 66.4+13.8 <0.001*

ﬁ?\fﬂf 0011 0.250 0015 0553

* represents significant differences between sexes (p<0.01).

Table 2a. Effects of sex and age on quadriceps concentric strength (QuadC)

Left Leg (%BM) Sex Diff Right Leg (%BM) Sex Diff
Age Males Females p-value Males Females p-value
14 125.5+30.4 112.1+£19.6 0.167 125.5+34.8 114.1+£23.2 0.314
15 141.1+33.0 1219+ 16.6 0.071 139.8+25.9 1224+21.1 0.032
16 162.7 £22.9 110.1+22.3 <0.001* 161.6 +£28.2 114.3+19.3 <0.001*
17 141.5+11.3 125.0+21.6 0.003* 151.5+30.4 123.3+21.7 0.003*
18 162.0+ 30.6 128.5+26.6 0.034 161.3+23.5 1204+41.2 0.034
All 147.8+28.4 118.8+21.1 <0.001* 149.2+30.1 119.1+23.8 <0.001*
Age Diff 0.004#;
p-value 14,1517<16 0.048 0.031 0.580

* represents significant differences between sexes (p<0.01). # represents significant differences among ages (p<0.01).

Table 2b. Effects of sex and age on hamstring concentric strength (HamcC)

Left Leg (%BM) Sex Diff Right Leg (%BM) Sex Diff
Age Males Females p-value Males Females p-value
14 61.9+13.8 552+12.0 0.281 56.7+20.4 53.9+14.0 0.676
15 62.3+15.3 56.9+17.4 0.302 65.9+15.9 554+174 0.053
16 77.8+158 53.6+12.8 <0.001* 75.1+17.8 59.3+134 0.009*
17 68.7+15.1 590+124 0.048 64.4+120 60.5+16.1 0.465
18 90.3+15.8 63.0+134 0.002* 91.3+16.2 58.9+12.1 <0.001*
All 712+175 57.0+13.9 <0.001* 70.0+18.5 57.1+152 <0.001*
Age Diff 0.001#; 0.001#;
p-value 14,15<18 0276 14,15,17<18 0.480

* represents significant differences between sexes (p<0.01). # represents significant differences among ages (p<0.01).

Thomas test) were not significantly different between sexes
(p=0.015-0.164) except the quadriceps flexibility of the left
limb (males: 81.1 degrees, females: 84.0 degrees, p=0.005).
For SLR and PKE tests, female athletes exhibited signif-
icantly greater hamstring flexibility (p<0.001). Among all
flexibility variables, there were no significant effects of age
(p=0.151-0.984).

DISCUSSION

The current study examined sex and age differences in ham-
string and quadriceps muscular strength and flexibility. For
strength variables, the hypothesis was partially supported
as sex differences in both hamstring and quadriceps
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Table 2c. Effects of sex and age on hamstring eccentric strength (Hamk)

Left Leg (%BW) Sex Diff Right Leg (%BW) Sex Diff
Age Males Females p-value Males Females p-value
14 145.7 £ 39.0 1627 +47.1 0.390 162.6 +44.9 167.1+51.2 0.834
15 166.8+42.1 178.4+457 0.409 156.4+36.4 177.2+48.0 0.196
16 219.3+£65.1 156.4+48.8 0.005* 214.3+£50.8 160.3 +50.3 0.005*
17 2044+ 61.1 175.2+50.9 0.138 204.1+77.7 176.3+49.3 0.302
18 229.1+56.0 171.9+41.0 0.033 218.5+41.4 167.9+51.0 0.051
All 194.2 + 60.4 169.5+47.1 0.024 190.5+57.7 170.9+49.1 0.024
Age Diff 0.0054; 14<16 0.579 0.006#; 15<16,18 0.856
p-value
* represents significant differences between sexes (p<0.01). # represents significant differences among ages (p<0.01).
Table 3a. Effects of sex and age on concentric hamstring / quadriceps strength ratios (HamC/QuadC)

Left Leg (%) Sex Diff Right Leg (%) Sex Diff

Age Males Females p-value Males Females p-value

14 51.4+140 50.0+10.2 0.762 48.8+20.3 48.7+14.4 0.995

15 448+104 474+153 0.540 47.3+9.0 464+15.3 0.804

16 48.3+9.6 51.1+17.8 0.573 47.7+13.9 52.9+13.0 0.289

17 48.6 +9.9 48.2+120 0.933 434+8.1 496+13.1 0.131

18 56.3+8.2 50.5+12.7 0.311 575+13.0 44587 0.038

All 48.7+£10.6 49.1+134 0.816 47.9+12.6 48.6 £13.7 0.759

Age Diff 0.148 0874 0213 0.572
p-value

Table 3b. Effects of sex and age on eccentric hamstring / concentric quadriceps strength ratios (HamE/QuadC)

Left Leg (%) Sex Diff Right Leg (%) Sex Diff
Age Males Females p-value Males Females p-value
14 118.2+27.1 145.7 £35.5 0.069 136.1+40.3 147.0+36.0 0.496
15 119.7+25.3 148.0+41.0 0.009* 1143+31.1 146.4 £ 38.0 0.008*
16 134.6 +34.3 147.2+52.8 0.425 134.7 £32.2 140.5 +£40.7 0.882
17 143.7+37.6 141.7 £38.6 0.878 132.7+30.8 1448 +40.6 0.361
18 141.6 +23.3 141.7£57.5 0.998 1354+17.0 136.0+£42.9 0.972
All 131.3+£31.6 1452+42.1 0.061 128.8+31.6 144.4+38.2 0.022

e 0.169 0.881 0.290 0.880

* represents significant differences between sexes (p<0.01).

strength were observed except for eccentric strength. All
isokinetic strength values in the current study were similar
in magnitude to the previous studies in high school ath-
letes.26:31.32 1t is interesting to note that sex differences be-
come more apparent in later ages as male athletes become
stronger while female athletes exhibit similar strength lev-
els across ages in high school. The current findings align
with the previous study that identifies stronger quadriceps

and hamstring strength in males and an absence of strength
changes in female athletes in middle/high school.26

The current results provide normative values for ham-
string strength and flexibility in high school basketball ath-
letes. Since there are few normative values available in the
literature, these results are clinically important for physical
therapists, athletic trainers, or other clinicians who regu-
larly utilize an isokinetic dynamometer. When combined
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Table 4a. Effects of sex and age on hip flexors flexibility during Modified Thomas test

Left Leg (degrees) Sex Diff Right Leg (degrees) Sex Diff
Age Males Females p-value Males Females p-value
14 45+24 47+3.9 0.923 50+18 5.1+42 0.576
15 40+3.9 42+5.1 0.829 42+54 49+55 0.459
16 28+3.9 6.7+£3.0 0.003* 45+6.2 7.9+£50 0.091
17 59+12.7 50+34 0.721 65+9.7 60157 0.603
18 44+42 37+23 0.653 51+44 58+6.2 0.813
All 42+6.5 48+4.0 0.105 49+6.3 57+52 0.164
Age Diff 0.394 0.151 0.956 0.393
p-value
* represents significant differences between sexes (p<0.01).
Table 4b. Effects of sex and age on quadriceps flexibility during Modified Thomas test
Left Leg (degrees) Sex Diff Right Leg (degrees) Sex Diff
Age Males Females p-value Males Females p-value
14 83.9+£4.2 84.6+5.8 0.576 814+44 82.6+5.8 0.363
15 82.3+4.6 84.6+4.4 0.063 78.9+8.4 82.3+5.6 0.093
16 81.6+6.8 82.6+58 0.636 80.6+8.3 799+7.4 0.789
17 787+9.8 84.6+5.3 0.043 732+21.2 83.8+4.8 0.006*
18 78.6+9.5 81.5+8.1 0.417 81.3+6.1 80.0+7.2 0.707
All 81.1+7.1 84.0+5.5 0.005* 788+11.7 82.2+6.0 0.015
Age Diff 0.392 0.539 0.651 0.372
p-value

* represents significant differences between sexes (p<0.01).

Table 5a. Effects of sex and age on posterior thigh and hip flexibility during passive straight leg raise (SLR) test

SLR (degrees) Left Sex Diff SLR (degrees) Right Sex Diff
Age Males Females p-value Males Females p-value
14 614+6.1 74.9+8.2 <0.001* 64.3+6.1 75.5+8.6 0.002*
15 66.9£8.5 75.2+10.7 0.007* 68.1+£8.2 74990 0.013
16 66.0+7.6 747 £9.0 0.004* 67.9+9.8 747 +7.0 0.029
17 61.9+10.5 75.9+10.2 <0.001* 62.6+10.1 76.6+10.2 <0.001*
18 65.0+5.6 79.1+6.2 <0.001* 64.6+6.3 782+7.1 0.001*
All 64.7 £8.2 75.6£9.3 <0.001* 66.1+8.8 75.7£8.7 <0.001*

Apifa?ljf 0.349 0.776 0.372 0.817

* represents significant differences between sexes (p<0.01).

with the previous findings (recovery time of hamstring
strength within 20 days & flexibility within 50 days after
hamstring strains)25, clinicians can utilize isokinetic ham-
string strength and flexibility tests to objectively monitor
rehabilitation progress and to determine the timing of re-
turn-to-sport.

When strength ratios were examined, no significant sex

differences were observed, which is contrary to previous lit-
erature.3® Therefore, the hypothesis that males would have
higher strength ratios than females was rejected. A concept
of hamstring eccentric strength over quadriceps concentric
strength ratio was developed two decades ago3* and has
been utilized to screen athletes.23:24 Compared to the re-
ported ratio (50%-60%), the current HamC/QuadC values
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Table 5b. Effects of sex and age on posterior thigh and hip flexibility during passive knee extension (PKE) test

Left Leg (degrees) Sex Diff Right Leg (degrees) Sex Diff
Age Males Females p-value Males Females p-value
14 52.1+104 58.7+10.1 0.116 534+10.2 62.3+9.1 0.023
15 50.0+9.1 57.1+£10.7 0.023 53.0+8.1 61.6+8.8 0.001*
16 522+93 57575 0.080 53775 61.7+£6.9 0.003*
17 49.7+10.8 60.0+9.2 0.005* 51.3+8.1 63.0+9.3 0.001*
18 48.9+8.0 58.3+9.7 0.051 51.3+45 62.1+10.6 0.013
All 50.7+94 58.3+9.6 <0.001* 52777 62.1+8.8 <0.001*

Ap%\?a%f 0.890 0.864 0912 0.984

* represents significant differences between sexes (p<0.01).

were similar (43%-56%); however, the HamE/QuadC ratio in
the current study (114%-148%) was higher than the previ-
ous study (75%-90%).23 Likely, differences in demographics
such as age (25 years old vs. 14-18 years old in the current
study) and testing procedures and methodologies poten-
tially contribute to the current results.

Higher HamE/QuadC ratio was observed in female ath-
letes. There are two potential reasons. First, female athletes
exhibited a larger sex difference in quadriceps strength (fe-
males being 20-26% weaker) than a sex difference in the
hamstring eccentric strength (females being 10-13%
weaker), which naturally inflated the strength ratio. Second,
most athletes exhibited greater variability during eccentric
strength testing than during concentric strength testing.
The overall coefficient of variation (a measurement of rel-
ative variability defined as the ratio of the standard devi-
ation divided by the mean3%) during hamstring eccentric
strength testing was 30-31% and 27-28% in males and fe-
males, respectively. As a comparison, the coefficient of vari-
ation during quadriceps and hamstring concentric strength
were 20% and 25-26% in male athletes and 18-20% and
24-27% in female athletes, respectively. Most likely, this
protocol was the first time that these athletes had engaged
in eccentric strength testing. Although test-retest reliability
was good to excellent, high coefficient of variation suggests
that peak torque values can fluctuate among three trials.
Additional familiarization and practice trials during eccen-
tric hamstring muscular strength testing might have pro-
duced more consistent values.

Muscular strength weakness and lower hamstring/
quadriceps strength ratio have been identified as prospec-
tive risk factors in Australian-rule football and soccer ath-
letes.24:36 Although the current subjects were younger than
the subjects in those studies,243¢ lower strength ratio may
play an important role in screening of individuals for a
prospective risk factor of hamstring strains. In fact, a pre-
liminary analysis of three female athletes who later suffered
hamstring strains (within a few months after the baseline
testing) demonstrated that they exhibited weaker ham-
string eccentric strength (mean for injured athletes:
137.2%BM vs. mean for non-injured athletes: 170.2%BM)
and lower HamE/QuadC ratio (mean for injured athletes:
112.3% vs. mean for non-injured 145.5%) when compared

to the baseline values of female athletes who did not go on
to injury. More injured subjects would be needed to run sta-
tistical analyses to explore this preliminary observation.

The current study was not aimed to establish the associ-
ation between baseline strength and prospective hamstring
strains. Instead, it aimed to establish normative values for
hamstring strength and flexibility characteristics among
high school basketball athletes. Regardless of athletes’
background and competition levels, hamstring exercises
could reduce hamstring strains by 50% on average.37~39
Sports medicine specialists and coaches should incorporate
hamstring exercises gradually for high school basketball
athletes for their athletic performance development as well
as hamstring strain injury prevention purposes with proper
progressions.0 Eccentric exercises have been commonly
used during rehabilitation of tendinopathies, muscle
strains, and anterior cruciate ligament post-operation.4!
Future studies can focus on eccentric exercise dose-re-
sponse relationship and establish return-to-sport criteria
for athletes with acute or chronic hamstring strains.

For flexibility variables, female athletes exhibited greater
flexibility in both SLR and PKE tests. However, there were
no effect of sex and age on hip flexors and quadriceps flex-
ibility during the Modified Thomas test. From a clinical
perspective, the SLR is used to target/stretch the proximal
hamstring and hip extensors while PKE is used to target/
stretch the extensibility of the distal hamstring with less
constraint of the more proximal hip extensors.2 Based on
the current findings, both flexibility tests for hamstring
were sensitive enough to detect sex differences in high
school basketball athletes. The current findings agree with
previous studies.2742

The current data also indicated that there were no signif-
icant effects of age on flexibility. That is also in accordance
with a previous study.#? Interestingly, hamstring flexibil-
ity does not seem to change much throughout the lifespan
from 20-29 years old group to 70-79 years old group.42 For
younger populations, sex differences in general tissue lax-
ity, commonly assessed with the Beighton Joint Mobility
Test, %3 may occur at the onset of puberty (ages: 11-12 years
on both sexes).43 Therefore, the youngest group (14 years
old) in the current study had likely entered the pubertal
stage of their maturation. Nonetheless, the current findings
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with high school basketball athletes with ages 14-18 years
adds to the existing literature and confirms that there are
no age-related changes in hamstring flexibility among high
school basketball athletes.

Decreased hamstring flexibility has identified as a risk
factor for hamstring strains among male Australian-rule
footballers and male professional soccer athletes.l?18:44
Since stretching exercises are already a part of most warm-
up and cool-down exercises, few clinical studies have been
conducted to actually evaluate the effects of stretching on
hamstring strains.4#> Based on the current findings and
available literature, male athletes may benefit from a
stretching program to a larger extent than female athletes
who already have greater flexibility.

The authors recognize limitations in this study. First, as a
limitation of the research design (cross-sectional study and
age-/sex-group comparisons), the current results cannot be
interpreted as an absence of strength changes. In a longi-
tudinal study over three years (from 11 years to 14 years
old), knee extension strength increased in girls.#¢ There-
fore, the current findings should be interpreted cautiously
and used to reflect sex- and age-group differences in their
strength and flexibility. Second, because the current study
used age as one of the inclusion criteria, the stages of bi-
ological maturation were not evaluated. Stratification by
maturation scales such as Pubertal Maturation Observa-
tional Scale (PMOS)4748 or Tanner Stage*? might be helpful
with the youth population. Therefore, the current results
only represent the age effect in high school basketball ath-
letes. The authors are aware that the current research de-
sign is a cross-sectional study; therefore, the association
between strength/flexibility and injury risk of hamstring
strains cannot be established.

CONCLUSIONS

The results of this study indicate that male high school bas-
ketball athletes were stronger and less flexible than female
athletes while younger male athletes were weaker than
older males. The same trend was not found in female ath-
letes. Future studies should explore if any of these differ-
ences might be associated with athletes with hamstring
strains. The current results expand the available evidence
on hamstring strength and flexibility characteristics in high
school basketball athletes. These normative values may fur-
ther assist sports medicine specialists to develop screening
tests, interventions, and return-to-sport criteria in this
population.
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