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Abstract

Risberg, MA, Steffen, K, Nilstad, A, Myklebust, G, Kristianslund, E, Moltubakk, MM, and Krosshaug,
T. Normative quadriceps and hamstring muscle strength values for female, healthy, elite handball and
football players. J Strength Cond Res 32(8): 2314–2323, 2018—This study presents normative values
for isokinetic knee extension and flexion muscle strength tests in 350 elite, female, handball (n = 150)
and football (n = 200) players. Isokinetic concentric muscle strength tests at 60°·sec  were recorded
bilaterally using a dynamometer. Peak torque (in Newton meter [N·m]), body mass normalized peak
torque (N·m·kg ), and hamstring to quadriceps ratio (H:Q ratio) for dominant and nondominant legs
were recorded. The female elite players were 20.9 ± 4.0 years, started playing at the elite level at the
age of 18.2 ± 2.7 years, with a mean of 9.7 ± 2.2 hours of weekly in-season training. Handball players
demonstrated greater quadriceps muscle strength compared with football players (11.0%) (p < 0.001),
also when normalized to body mass (4.1%) (p = 0.012), but not for weight-adjusted hamstring muscle
strength. The H:Q ratio was higher on the dominant compared with the nondominant leg for handball
players only (p = 0.012).The H:Q ratio was significantly lower for handball players (0.58) compared
with football players (0.60) (p < 0.02). These normative values for isokinetic knee extension and
flexion torques of healthy, elite, female handball and football players can be used to set rehabilitation
goals for muscle strength after injury and enable comparison with uninjured legs. Significantly greater
quadriceps muscle strength was found for handball players compared with football players, also when
normalized to body mass.
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Introduction

Normative muscle strength data for defined populations of athletes are of importance to sport coaches,
athletic trainer, medicine physicians, physical therapists, and others who are responsible for athletes'
health and specifically for return-to-play criteria (29,42). Establishing reference values for muscle
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strength for athletes in specific sports, by age and gender allow comparison of an individual's values to
his peers. Normative values may also provide a better understanding of normal variation within sport
and gender.

Quadriceps and hamstring muscle strength of an athlete is an important part of the athlete's functional
capacity and contribute significantly to lower limb biomechanics and performance (2,19,32). Regaining
quadriceps and hamstring muscle strength are significant rehabilitation goals after lower extremity
musculoskeletal injuries and commonly used as outcome measures (18,30). Isokinetic muscle strength
tests have been used for decades and are the most commonly used measures to assess quadriceps and
hamstring muscle strength both in the athletic and in the nonathletic populations (8,24). There are
several studies on normative data from nonathletic populations (8,28), but normative muscle strength
data for female athletes within different sports are lacking. Acute lower extremity injuries are most
commonly observed in pivoting sports, with a significantly increased risk of knee injuries in female
athletes compared with male athletes (27,37). It has been consistently reported that young, adult,
female athletes display differences in lower limb neuromuscular control and associated biomechanics,
as well as quadriceps and hamstrings muscle strength compared with their age- and activity-matched
male peers, thus putting them at an increased risk of lower limb musculoskeletal injury (10,37). Hence,
establishing normal values for muscle strength for athletes in specific sports, by age and sex, is
important.

Muscle strength deficits, such as between-leg asymmetries and imbalances between hamstring and
quadriceps muscle strength (H-Q ratio), have shown to be important for determining readiness to return
to sport (2,16,32). The common approach is to use the uninjured leg as a control leg for assessing
quadriceps and hamstring muscle strength, but the contralateral leg has also shown to be affected after
an injury (5,20). Quadriceps and hamstring muscle strength in the contralateral uninjured leg of
anterior cruciate ligament (ACL)-injured subjects have shown to be significantly impaired compared
with healthy subjects with same activity level, gender, and body mass index (BMI) (5). Using the
uninjured leg as control leg for muscle strength after ACL injuries may give false comparison measures
(41). More recent studies have shown that the muscle strength of the contralateral leg is not restored
after ACL reconstruction (5). Some has even stated that the increased risk to the contralateral uninjured
knee after ACL reconstruction may result from deconditioning of the contralateral knee during
recovery (43). Furthermore, athletes commonly have bilateral injuries, precluding the use of the
contralateral leg as a control leg for comparison of muscle strength. Hence, establishing normative
muscle strength values for comparison when making decisions regarding the athletes' muscle strength
and readiness for return to sport are needed. Only 1 large scaled study on normative quadriceps and
hamstring muscle strength in elite female athletes exist (N = 144), but it is 20 years old (26). To our
knowledge, there are no studies on normative data in female football (soccer) players during the past 15
years, except for one including less than 20 subjects (1).

Hence, the objectives of this study were (a) to establish normative quadriceps and hamstring muscle
strength values in female, healthy, elite handball and football players, (b) to compare quadriceps and
hamstring muscle strength between handball and football players, (c) to examine differences in
quadriceps and hamstring muscle strength between dominant (D) and nondominant (ND) legs, and (d)
to compare our normative isokinetic knee extension and flexion values to other previously published
studies on female athletes and nonathletic populations within the same age groups.

Methods

Experimental Approach to the Problem

The study is based on data from a prospective cohort study of elite, healthy, female handball and
football players with the aim of identifying risk factors for ACL injury (22,38).

Subjects

To be included in this present study on normative muscle strength data, players had to be able to fully
participate in team training sessions and match play, and players who had been injured during the past
6 months were excluded (all injuries). Players with previous ACL injury (at any time) were excluded
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(Figure 1). New teams and players advancing to the premier league were invited for preseason
screening. Players who were expected to play in the premier league from the 2007 handball season and
the 2009 football season until 2012 were eligible for participation. In total, 412 players were included
in this study (Figure 1). A comprehensive set of screening tests was conducted at our institution during
preseason for the prospective cohort: February through March for football players and June through
August for handball players. The current study include the isokinetic concentric muscle strength tests,
previously published studies have reported data on vertical jump test (22), balance test (38), and
sidestep cutting technique (21).

Figure 1.

Flow chart of the eligible and included female, healthy, elite, handball and football players.

The study was approved by the Regional Committee for Medical Research Ethics at the Norwegian
School of Sport Sciences. All players signed an approved informed written consent form to confirm
participation in the study. For players under the age of 18 years, written consent was obtained from
their parents to be eligible for participation (n = 35). Subjects under 18 years old also provided written
consent.

A literature search in PubMed was conducted to find other studies on normative data on quadriceps and
hamstring muscle strength performed on similar age group and BMI, female athletic or nonathletic
populations. The following key words were included in the search: isokinetic[Text Word] AND
strength[Text Word] AND knee[Text Word] AND normative[Text Word] AND female[Text Word].
Only studies that reported both isokinetic muscle knee extension and flexion tests at 60°·sec  on
similar age groups to our.

Procedures

Isokinetic concentric knee extension and flexion muscle strength measurements were conducted using
a Technogym REV 9000 dynamometer (Gambettola, Italy). We used a standardized test protocol and
recorded concentric knee extension and flexion torques Newton meter (N·m) and joint angles with a
109-Hz sampling frequency (6,8,9,17). The range of motion (ROM) was set from 90 to 15° of knee
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flexion, and the angular velocity during the testing was 60°·sec . Torque values of the isokinetic curve
between 15 and 0° of knee extension was not included because previous studies have shown that torque
production toward the outer positions of the isokinetic curve must be interpreted with caution (23). All
participants were tested on the same isokinetic muscle strength test machine (Technogym REV 9000
dynamometer). Isokinetic muscle strength testing at 60°·sec  is frequently referred to as a valid
measurement for quadriceps muscle performance in ACL-injured individuals and in healthy individuals
(34). The reliability of isokinetic muscle strength tests for both ACL-injured and for healthy individuals
have proven high with intraclass correlation coefficients, between 0.81 and 0.97 (11, 36). During a 5-
minute warm-up with moderate load on a stationary bike, the players were thoroughly informed about
the test procedures. Before being positioned in the isokinetic strength testing device, the knee joint
centers were defined. Next, the dynamometer's seat and back support were individually adjusted to
each player. Two belts were used for fixation of the pelvis and the upper body. The player was
instructed to sit in an upright position with both arms crossed in front of their chest and with the
contralateral leg in a free and unloaded position. The isokinetic knee extension and flexion protocol
consisted of 3 sets of 3 repetitions. In the first set, the player became familiar with the test procedure.
The suggested effort level was 30–50% of their maximum, followed by a resting period of 20–30
seconds. In the second set, the effort increased up to 80% of their maximum. After 30 seconds of rest, a
final set of 3 repetitions with maximal knee extension and flexion effort was conducted. Standardized
verbal encouragements were provided during testing. The procedure was repeated for the contralateral
leg. We furthermore asked the players for their D leg, defined as the preferred leg for kicking a ball
(8,33).

Statistical Analyses

Torque and angle signals were postprocessed in MatLab (The MathWorks, Natick, MA, USA). Signals
were filtered using second-order Butterworth filters with a cutoff frequency of 10 Hz. We extracted the
torques for the repetition with the greatest peak torque (could be different for the flexion and extension
repetition) and calculated the group average and standard deviation for each 5 degree between 90 and
15° of knee flexion. The H:Q ratio was calculated as (hamstring strength [N·m]/quadriceps strength
[N·m]) × 100.

Statistical analyses were performed on SPSS version 18 (SPSS, Inc., Chicago, IL, USA). Descriptive
results are presented as mean values, SDs, and confidence intervals. Student's paired t-test was used to
analyze differences between D and ND legs, and Student's independent t-test was used to analyze
differences between sports.

The Number Cruncher Statistical System, version 10.0.3 (NCSS 10 Statistical Software 2015, NCSS,
LLC, Kaysville, UT, USA), was used to calculate differences between our knee torque data and data
from previously published studies. Two sample t-test was used based on mean, SD, and sample size of
our study compared with previously published studies. Significance level was set to p < 0.05 for all
analyses.

Results

Of the 412 eligible players in this study, 62 players were excluded because of the following reasons: (a)
previous ACL injury (n = 19) or other previous lower extremity acute injuries (including fractures)
during the past 6 months (n = 18) and (b) pain during screening tests because of lower extremity injury
(n = 25). Three-hundred fifty, female, elite handball (n = 150) and football (n = 200) players were
included (Figure 1) with a mean age of 20.9 ± 4.0 years, BMI of 23.1 ± 2.3, and reported training on
average 9.7 ± 2.2 hours per week inseason (Table 1). We had complete data for all 350 handball and
football players, except for 11 players with missing information on D leg (n = 7 for handball players
and n = 4 for football players).
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Table 1.

Mean and SD for female elite handball and football players and mean difference between sports
with 95% confidence interval (CI).*

There were no significant differences between handball and football players with regard to age, BMI,
or years of elite play, but handball players were significantly taller, had higher body mass, and were
older when they started elite play compared with football players (Table 1). Handball players reported
significantly more inseason training hours but less offseason training hours compared with football
players (Table 1).

Isokinetic peak torques (N·m) and peak torques normalized to body mass (N·m·kg ) for handball and
football players are given in Table 2. Figures 2–5 demonstrate normative knee extension and flexion
torques from 90 to 15° of knee flexion. Handball players demonstrated greater quadriceps muscle
strength compared with football players (p < 0.0001) when normalized to body mass (p = 0.017) (Table
2). But no significant between-sport differences were found for hamstrings muscle strength when
normalized to body mass (Table 2). Hence, handball players revealed lower H:Q ratio compared with
the football players (Table 2; p = 0.022). Figures 2 and 3 visualize the differences in knee extension
and flexion torques between handball and football players through the whole ROM from 90 to 15° of
knee flexion. In contrast, when normalized to body mass (N·m·kg ), these differences were not as
noticeable (Figures 4 and 5). The H:Q ratio was lower for D leg for handball players (57.8) compared
with that of D leg for football players (59.6) (p = 0.02) (Table 2).
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Table 2.

Mean and SD for peak knee extension and flexion torques (in Newton meter [N·m]), normalized
peak extension and flexion torques (N·m·kg ), and H:Q ratio* for female, elite, handball and
football players, presented as mean differences (95% confidence interval, CI) between dominant
(D) and nondominant (ND) legs, and between sports.
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Open in a separate window
Figure 2.

Mean and standard deviation for extension torque at 600/sec (Nm) from 15 to 90 degrees of knee flexion
for handball (red) (n=143) and football players (green) (n=196), dominant and non-dominant legs. A
symbol (*) is given at peak torque for significant differences between sports (see Table 2 for peak torque
values).
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Open in a separate window
Figure 3.

Mean and standard deviations for flexion torque at 600/sec (Nm) from 15 to 90 degrees of knee flexion for
handball (red) (n=143) and football players (green) (n=196), dominant and non-dominant legs. A symbol
(*) is given at peak torque for significant differences between sports (see Table 2 for peak torque values).
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Open in a separate window
Figure 4.

Mean and standard deviation for extension torque at 600/sec normalized to body weight (Nm/kg) from 15
to 90 degrees of knee flexion for handball (red) (n=143) and football players (green) (n=196), dominant
and non-dominant legs. A symbol (*) is given at peak torque for significant differences between sports
(see Table 2 for peak torque values).
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Open in a separate window
Figure 5.

Mean and standard deviation for flexion torque at 600/sec normalized to body weight (Nm/kg) from 15 to
90 degrees of knee flexion for handball (red) (n=143) and football players (green)(n=196), dominant and
non-dominant legs.

Handball players demonstrated no significant differences between D and ND legs for quadriceps
muscle strength but stronger hamstring muscles on D compared with ND legs (p = 0.001) (Table 2).
Hence, the H:Q ratio was higher for D compared with ND legs for handball players (p = 0.012) (Table 
2).

Football players demonstrated no significant differences in quadriceps muscle strength between D and
ND legs (Table 2), but greater hamstring muscle strength values were recorded for D compared with
ND legs (p < 0.0001) (Table 2). Table 2 shows data for mean difference between sports for D leg only,
but similar values were revealed between sports for ND leg. Football players demonstrated no
significant H:Q ratio differences between D and ND legs (Table 2).

Our literature search in PubMed on normative data for female, isokinetic knee extension, and flexion
peak torques for similar age groups disclosed 15 studies. Twelve studies were excluded because of the
following reasons: children (n = 3), other muscle groups (n = 3), other health conditions or injuries (n =
4), and no data in N·m for isokinetic knee extension and flexion (n = 2). Furthermore, 5 studies were
included from reference lists from studies. A total of 8 studies were included for comparison to our
data (Table 3 and Figure 6).
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Table 3.

Mean and SD for peak isokinetic muscle strength at 60°·sec  in Newton meter (N·m),
normalized peak torque (N·m·kg ), H:Q ratio for dominant (D) and nondominant (ND) legs
from our and other studies of athletic and nonathletic female populations of similar age.*

Figure 6.

Mean and standard deviation for isokinetic peak torque values (Nm) for knee extension and flexion for
dominant leg from our study and for previously published studies for athletic and non-athletic populations.
Normative data for handball players (red), football players (green), basketball players (pink), and for non-
athletes or recreational active (black without fill).

Lund-Hanssen et al. (26) found higher knee extension peak torque for handball players, also when
normalize to body mass (p = 0.001), but similar knee flexion peak torque, hence, lower H:Q ratio,
compared with our data. Andrade et al. (1) disclosed similar data for handball players as our data
(Table 3). The other studies on football players disclosed higher (1) or lower (16) quadriceps strength
compared with our data (Table 3). All the studies on the nonathletic populations (9,18,28,36) showed
lower quadriceps and hamstring muscle strength compared with the athletic populations (p < 0.05),
except for the younger population of basketball players (5) (Table 3 and Figure 6).

Discussion
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Normative values for quadriceps and hamstrings muscle strength were reported for 350 female, healthy,
elite handball and football players (Table 2). Although the BMI in handball and football players were
similar, handball players were significantly taller and heavier, with significantly stronger quadriceps
muscle, also when normalized to body mass (N·m·kg ).

The standard error of measurement (SEM) for isokinetic knee extension and flexion tests have reported
to be between 5 and 10% (36). In a more recent study (9), SEMs of 3.6–4.9% for isokinetic knee
extension and flexion, respectively, were reported. Minimal detectable change for isokinetic knee
extension and flexion has reported to be between 9.9 and 13.5%, respectively (9). Hence, these
thresholds are required to detect individual changes in isokinetic quadriceps and hamstring muscle
strength over time.

Chung et al. (5) reported significantly weaker quadriceps and hamstring muscle strength in the
contralateral uninjured leg for previously ACL-injured athletes compared with healthy controls (5),
with approximately 5% lower values for quadriceps and hamstring muscles strength in the contralateral
knee compared with the control subjects. Weakened contralateral muscle strength may give false
comparison parameters when the results of the operated ACL limb are assessed (5). When these ACL
reconstructed subjects return to sport, they might have quadriceps and hamstring muscle strength
deficits in both involved and uninvolved legs (35). Therefore, the use of symmetry index would have
significant limitations; hence, normative muscle strength values matched for age, sport, and gender
should be preferred. The risk of contralateral ACL injury has also shown to be greater than the first-
time ACL injury for subjects participating in the same activity (39).

We found less than 3% differences between D and ND legs for peak torque values, which is the same
as the accuracy of the force measuring system of isokinetic torques of 3% (14). Hence, we could not
conclude that there is a real difference between D and ND legs for handball and football players. Both
handball and football players demonstrated significantly greater hamstring strength on their D leg
compared with ND leg. As expected, smaller SEMs have been reported for right and left legs
differences (or D and ND legs) for knee extension and flexion (5% and 2%) (9).

A previous study has reported that male football players were more likely to injure their D leg while
kicking the ball, whereas female football players injured their ACL more often while standing on their
ND leg (3). Handball players would often state that their D leg is their jumping leg (most often left
leg), but would answer the right leg if they were asked which leg they kicked a ball with. Football
players would most often state that their D leg is the leg they kick with and that would be their
strongest leg (24).

Hamstring to quadriceps ratios have been reported in many studies (Table 3), but have shown large
variations (50–80%) (6,13,35). Comettti et al. (6) showed that football players at the elite level had a
higher H:Q ratio than subelite level and amateur players and that this ratio increased with increased
angular velocities. Another study found no differences in H:Q ratio between football players and
recreationally active male subjects (13). A recent study found significant H:Q ratio differences across
different field positions for football players (35). We found significantly lower H:Q ratio for handball
players (57–58%) compared with football players (59–60%) but within the same range as reported for
football players by Ruas et al. (35) (55–64%). One study found lower ratios for female elite handball
(56%) and football players (54%) (1), but most studies seem to agree that the H:Q ratio is influenced by
sports-specific demands (1,35) and that one should aim to increase the H:Q ratio to reduce injury risk
in pivoting sports (31). However, other studies have found no effect of changing the H:Q ratio on injury
risk (38), hence, what these H:Q ratios really mean are still debated. Others have also highlighted the
use of hamstring eccentric to quadriceps concentric ratio that may better reflect the injury mechanisms,
in particular for hamstring injuries (7).

Our normative data for handball and football players are in line with a few other studies on female
handball and football players but with smaller sample sizes (Table 3). No differences were disclosed
between our knee extension peak torque data and those reported by Andrade et al. (1) for handball or
football players. Lund-Hanssen et al. (26) reported greater quadriceps muscle strength for handball
players (p = 0.001) compared with our data, but similar hamstring strength data, also when normalized
to body mass (Table 3). Finally, isokinetic peak torque data for the nonathletic populations disclosed

−1
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significantly lower knee extension and flexion peak torques compared with our handball and football
players (Table 3 and Figure 6) (8,17). Our study on normative isokinetic muscle strength data for knee
extension and flexion adds to the body of knowledge with a large group of healthy handball and
football players compared with previously published studies (Table 3). Lund-Hanssen et al. (26) from
1996 is the only study with a large sample size (n = 144), but they reported only data on handball
players.

Reporting only isokinetic peak torque value has limitations. Previous studies have highlighted the
importance of reporting quadriceps muscle performance during the whole ROM, identifying possible
irregularities or asymmetries of muscle performance (12). Studies have identified the largest strength
deficits in ACL-injured individuals between 40° of knee flexion toward full extension and not at peak
torque (approximately 60° of knee flexion) (12,40). The use of isokinetic angle–specific torque values
thus provide more information on quadriceps and hamstrings muscle performance than reporting a
single peak torque value in ACL-, meniscus-, and articular cartilage–injured individuals (12). Hence,
normative angle–specific curves shown in this study could be used clinically to compare isokinetic
curves in knee-injured athletes. The whole isokinetic knee extension and flexion torque curves in
healthy athletes can thus be used as reference curves in comparison to those with knee injury (Figures 2
–5).

The major strength of this study is the large population of female elite athletes within 2 sports with a
high risk of lower limb injuries. Furthermore, we have reported knee extension and flexion torque
curves, not only peak torque values. These torque curves for knee extension and flexion could be used
as reference curves when isokinetic knee extension and flexion testing are used for testing knee-injured
individuals. A limitation of this study is the lack of other functional performance tests, such as single-
leg hop tests, that would be of great interest to enable comparison of muscle strength to functional
performance among female elite handball and football players. However, the scope of this article was
to serve as normative data on muscle strength; hence, we did not include normative data for any
functional performance tests. Several studies have also recommended using functional H:Q ratio where
eccentric strength is included (2,13). We do not have any eccentric data on these individuals and only
assessed the conventional H:Q ratio including concentric strength tests, which was also used and
reported by many authors (1,35). One should also be cautious of interpreting injury risk from these H:Q
ratios because we have no information about their future risk of injury.

Practical Applications

These normative isokinetic knee extension and flexion muscle strength values during knee ROM of
healthy, elite, female handball and football players can be used to set rehabilitation goals for muscle
strength after injury and enable comparison with uninjured legs. This study included a large number of
subjects and showed that there are sport-specific differences in quadriceps and hamstring muscle
strength for healthy individuals.
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