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Abstract
The study objectives were to examine the
dynamic strength of the quadriceps
muscle in athletes, and investigate its
association with participation in sport.
The study comprised 168 active competi-
tive non-pregnant athletes, aged 14–24
years. The dynamic strength of their
quadriceps muscle was measured, and
they answered a questionnaire about
sports activity and occupation. The dy-
namic strength of the quadriceps muscle
was significantly higher in men than in
women, and was positively associated
with body weight, years of jogging, years
of soccer, and weekly hours of basketball.
In conclusion, the dynamic strength of the
quadriceps muscle seems to be associated
with sports activity. The results suggest
sport specific adaptation, which may
reflect high levels of running and jumping
activity.
(Br J Sports Med 1999;33:117–120)

Keywords: soccer; jogging; basketball; quadriceps
muscle

The dynamic strength of the quadriceps
muscle is important for the stability and move-
ment of the human body and thus for sports
activity. Reduced dynamic strength of the
quadriceps muscle has been associated with
knee injury in athletes,1 2 and strengthening
exercise of the quadriceps muscle seems to be
important for the prevention and rehabilitation
of knee injury.3–6

Several studies have investigated the dy-
namic strength of the quadriceps muscle in
athletes,6–13 but few studies have compared the
results for athletes participating in diVerent
types of sport.10–13 Furthermore, published
studies are generally small and include only
elite athletes or other selective groups, which
only give limited information on quadriceps
strength and sports activity in general. Epide-
miological studies of the dynamic strength of
the quadriceps muscle and its potential associ-
ation with diVerent types of sports activity are

thus needed. These investigations may be
important for the development of eVective
strategies for preventing knee injury and for the
continuing development of sports training pro-
grammes.

The aim of this study was to examine the
dynamic strength of the quadriceps muscle in
athletes and to investigate potential associa-
tions with participation in sport.

Methods
The study comprised active competitive non-
pregnant athletes, aged 14–24 years, who were
members of one of two sports clubs in Aarhus
County, Denmark. One sports club was subur-
ban, near the city of Aarhus (204 000 inhabit-
ants), and the other was situated in a rural area
(Ebeltoft; 13 338 inhabitants).14 During April
to December 1992, the dynamic strength of the
quadriceps muscle, body weight, and body
height of 168 consecutive athletes were
measured. The athletes also answered a
questionnaire about sports activity and occu-
pation within the preceding 12 months.

Table 1 Dynamic strength (expressed as one repetition
maximum (kg)) of the quadriceps muscle by age and sex in
168 athletes, Aarhus, Denmark, 1992

Age (years)

Women Men

No kg SD No kg SD

14–15 22 12.8 4.48 24 16.4 3.99
16–17 25 12.5 3.52 24 17.6 3.40
18–20 11 14.3 4.38 26 19.1 4.72
21–24 11 13.0 3.94 25 20.3 4.45
Total 69 13.0 4.01 99 18.4 4.38

Table 2 Dynamic strength (expressed as one repetition
maximum (1RM)) of the quadriceps muscle by type of
sport played within the preceding 12 months in 168 athletes,
Aarhus, Denmark, 1992

Type of sport

Athletes 1RM (kg)

No (%) Mean B SE (B)

Soccer 64 (38) 17.0 −0.79 0.43
European team handball 12 (7) 15.4 −0.52 0.50
Basketball 80 (48) 16.2 0.19 0.49
Badminton 42 (25) 15.3 −0.51 0.55
Tennis 27 (16) 17.4 0.37 0.67
Competitive gymnastics 14 (8) 13.1 −1.34 0.89
Swimming 16 (10) 14.7 1.35* 0.58
Jogging 46 (27) 17.0 −0.20 0.48

As the athletes participate in more than one type of sport the
numbers add up to more than 168. Sex and age corrected linear
regression estimates (B, slope of the regression line and standard
error, SE) of specific types of sport v others are given. *p<0.05.

Table 3 Dynamic strength (expressed as one repetition
maximum (1RM)) of the quadriceps muscle by the mean
number of hours of sport per week within the preceding 12
months in 168 athletes, Aarhus, Denmark, 1992

Type of sport

Hours of sport per
week 1RM (kg)

Mean Range B SE (B)

Soccer 3.63 0–8 0.13 0.12
European team handball 2.09 1–4 0.16 0.16
Basketball 5.55 1–12 0.26* 0.12
Badminton 2.56 0–4 −0.60 0.30
Tennis 2.00 0–8 0.47 0.40
Competitive gymnastics 4.38 1–10 −0.10 0.33
Swimming 1.67 0–5 −0.10 0.09
Jogging 1.51 0–5 0.25 0.37

Sex and age corrected linear regression estimates (B, slope of the
regression line and standard error, SE) per hour of sport per
week are given. *p<0.05.
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A simple method of measuring the dynamic
strength of the quadriceps muscle has been
developed by De Lorme.15 The method shows
both high reproducibility6 and high correlation
with other kinds of strength assessments.12 Its
simplicity makes it suitable for population
based studies. It consists of determining the
maximal load a person can lift once (one
repetition maximum (1RM)).5 6 The load is
placed on a special weight shoe on the athlete’s
foot. While sitting on a bench, the athlete
extends the knee from 90° to 0°, and the maxi-
mal load (kg) is registered.

In this study, 1RM data were approximately
normally distributed. Test results showed no
significant diVerence between the left and right
quadriceps muscle. The mean of the two body

sides was used for statistical analyses, which
included Pearson’s ÷2 test, Student’s t test, and
multiple linear regression, performed by a
combination of forward selection and back-
ward elimination.16 Outliers (1.8% of the 1RM
data) were removed to improve estimates of
means. Multiple linear regressions included
age, sex, body weight, body height, sports club,
sport (type and number of types; years and
mean numbers of weekly hours of participation
within the preceding 12 months), and occupa-
tion (years; mean numbers of weekly and daily
hours of standing, walking, and sitting occupa-
tional work within the preceding 12 months). p
= 0.05 was used as a general level of
significance.

The project was approved by the Regional
Committee of Ethics of Medical Science,
Aarhus, Denmark, and by the National Regis-
try Inspectorate.

Results
SPORTS PARTICIPATION AND OCCUPATION

The mean (SD) duration of sports participa-
tion was 10 (3.7) years and the mean weekly
amount of sports participation was eight hours
(median seven hours, range 0–32 hours). The
mean duration of occupational work was two
years (median one year, range 0–13 years) and
the mean weekly amount of occupational work
was 13 hours (median six hours, range 0–60
hours).

DYNAMIC STRENGTH OF THE QUADRICEPS

MUSCLE, BODY HEIGHT, AND BODY WEIGHT

The mean 1RM was 16.2 kg, with no
significant diVerence between the left and right
quadriceps muscle. The value was higher in
men than in women (mean diVerence 5.4 kg,
p<0.001)(table 1). Mean female body height
was 168 cm (range 156–190 cm), and mean
male body height was 179 cm (range 162–193
cm). Mean body weight was 60 kg (range
45–88 kg) and 71 kg (range 45–102 kg) in
women and men respectively (p<0.001).

DYNAMIC STRENGTH OF THE QUADRICEPS

MUSCLE AND SPORTS ACTIVITY

In bivariate analyses, 1RM was found to be
positively associated with age, body weight,
participation in swimming within the preced-
ing 12 months, years of jogging, and weekly
hours of basketball played within the preceding
12 months, but negatively associated with years
of badminton played (tables 2–4).

In multiple linear regressions, 1RM was
positively associated with body weight and
years of jogging, years of soccer, and weekly
hours of basketball within the preceding 12
months (table 5, figs 1 and 2).

Discussion
The dynamic strength of the quadriceps
muscle was positively associated with years of
jogging, years of soccer, and weekly hours of
basketball. As expected, we also found the
dynamic strength of the quadriceps muscle to
be higher in men than in women and positively
associated with body weight. Mean 1RM was
16.2 kg, which is lower than found in

Table 4 Dynamic strength (expressed as one repetition
maximum (1RM)) of the quadriceps muscle by years in
sport in 168 athletes, Aarhus, Denmark, 1992

Type of sport

Years in sport 1RM (kg)

Mean Range B SE (B)

Soccer 6.72 1–16 0.08 0.07
European team handball 3.26 0–13 0.06 0.08
Basketball 5.37 0–15 0.15 0.11
Badminton 4.62 1–16 −0.24* 0.11
Tennis 2.67 1–10 0.23 0.23
Competitive gymnastics 4.46 1–15 0.00 0.13
Swimming 3.35 0–14 0.00 0.10
Jogging 3.69 1–15 0.46* 0.18

Sex and age corrected linear regression estimates (B, slope of the
regression line and standard error, SE) per year of sport are
given. *p<0.01.

Table 5 Significant multiple regression estimates (B, slope
of the regression line, and standard error, SE) predicting the
dynamic strength (expressed as one repetition maximum
(1RM)) of the quadriceps muscle in 168 athletes, Aarhus,
Denmark, 1992

Predictor

1RM* (kg)

B SE (B)

Female gender −2.96c 0.75
Body weight (kg) 0.18c 0.03
Years of jogging 0.44b 0.17
Years of soccer 0.15a 0.07
Hours of basketball per week† 0.31b 0.12

*Overall F = 27.25, df 5,145, p<0.001; adjusted r2 = 0.47.
†Mean within the preceding 12 months. ap<0.05. bp<0.01.
cp<0.001.

Figure 1 Observed and estimated mean dynamic strength
of the quadriceps muscle by hours of basketball played a
week in 168 athletes in Aarhus, Denmark, 1992. The
dynamic strength is estimated by linear regression and
expressed as one repetition maximum (1RM) in kg. Model:
1RM = 15.92 + (0.18 × hours of basketball per week);
p>0.20.
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previously published studies (23.6–27 kg).5 6

The latter studies, however, looked at only
male soccer players with a mean age of 25
years, in contrast with the variety of sports
played by the younger athletes in the present
paper. In bivariate analyses, the dynamic
strength of the quadriceps muscle was posi-
tively associated with age. However, after mul-
tivariate analysis, this association disappeared,
which reflects confounding from the associa-
tions found with years of sports participation.
Surprisingly, there was no significant difference
between the dynamic strength of the left and
right quadriceps muscle. This, however, agrees
with previous studies17 18 and may reflect inad-
equate sensitivity of the test to discriminate
between minor diVerences in dynamic quadri-
ceps strength.

As none of the types of sport considered here
are so called “maximal strength sports”,19—for
example, weightlifting, wrestling and rowing,
we did not expect to find any association with
the type of sport as such. However, considering
the adaptive changes that occur in muscles of
exercising athletes, we expected to find an
association with number of years and weekly
hours of sports participation at large. These
expectations were partly confirmed by the
positive association with weekly hours of
basketball (table 5 and fig 1). The result is in
accordance with the fact that basketball
includes a lot of running and jumping, which

involve large sustained amounts of quadriceps
muscle activity. Basketball players are, in
general, taller than other athletes, and the
results may reflect an association between body
height and the dynamic strength of the quadri-
ceps muscle. However, the association between
dynamic strength of the quadriceps muscle and
weekly hours of basketball was corrected for
body height. Moreover, the basketball players
in this study were not significantly taller than
the other athletes.

The study may have been biased by “healthy
athlete selection”—that is, athletes with knee
problems caused by reduced strength of the
quadriceps muscle may have changed to other
types of sport or may have stopped participat-
ing in sport as such. However, there was no
association between prior cessation of a sport
because of knee symptoms and the present type
of sport played. The present results may also
have been biased by positive selection resulting
from the athletes’ initial choice of sport—that
is, athletes may chose to participate in a power
sport because they have high dynamic strength
of the quadriceps muscle. As jogging and soc-
cer mainly represent endurance types of sport,
the positive associations between dynamic
strength of the quadriceps muscle and years of
jogging or soccer seem to reflect exercise
induced adaptation rather than selection bias.
Moreover, the fact that soccer includes a lot of
running20 supports the notion of a running
induced adaptation of the dynamic strength of
the quadriceps muscle. The present results
furthermore suggest that jogging may be used
to increase the dynamic strength of the quadri-
ceps muscle, especially as a supplement to bas-
ketball and soccer training, for which the
dynamic strength of the quadriceps muscle
seems to be of particular importance. These
associations between dynamic strength of the
quadriceps muscle and diVerent types of sports
activity have not been documented previously,
and should be further investigated.

In conclusion, the dynamic strength of the
quadriceps muscle seems to be associated with
sports activity. The results suggest a sport spe-
cific adaptation of the muscle, which may
reflect running and jumping activity.

This study was supported by The Prevention Council of Aarhus
County, Aarhus, Denmark, and The Ministry of Health Foun-
dation for Health Research and Development, Copenhagen,
Denmark (grant No 289-1993).
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Take home message
The results suggest sport specific adaptation of the quadriceps muscle, which may reflect high
levels of running and jumping activity.

What is a stitch?
Everyone is familiar with the concept of
“stitch”, probably best described as the
“pain nibbling at his right side suddenly
took a pit bull-sized chomp”. Obviously,
such pain is not life threatening, but can be
event threatening. The gradual but inexora-
ble increase in pain can only be relieved by
ceasing whatever exercise is being under-
taken at the time.

As yet, no scientific appraisal has ever
been made of this problem and an “elec-
tronic” search only produced one non-peer
reviewed paper on the subject.1

The main problem with a “stitch” is its
highly variable and random manner of
onset, although it does seem to be less
frequently observed in more highly trained
athletes. This produces the hypothesis that
the symptoms of “stitch” are primarily due
to localised muscle ischaemia with a shift of
blood from the gastrointestinal tract to the
exercising muscles—“starved muscle the-
ory”. However, there is no consensus as to
whether the intercostal muscles or the
diaphragm is being “starved”.

Although there is no specific pattern of
lateralisation of “stitch” pain, there is an

attractive theory that combines the reduc-
tion in blood flow to a muscle group with a
lactic acid overload in these muscles. This
may support the theory of improved muscle
blood flow with increased training and
therefore a reduction in the frequency of
“stitch”. To date, there is no scientific
evidence of any link with food intake before
exercise, and, similarly, many athletes are
aware that avoidance of dehydration may
prevent a “stitch”. However, some runners
contest that a water-logged stomach from
excess hydration can be a factor in “stitch”.
To date, most runners have a moderate fluid
intake before a run, and then drink little and
often during it.

Unfortunately, there can be no summary
of “stitch” because there is very little infor-
mation available. However, adequate fluid
intake during running may well be the only
solution to this event threatening problem.

GERRY HAGGERTY

1 Sharp D. Side stitch sidestep (avoiding side pains while
exercising). Health 1990;4:84.
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