Original Research
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and Physiological Changes in Soccer Players
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Abstract

The purpose of this cross-sectional study was to com-
pare specific musculoskeletal and physiological vari-
ables in soccer players differing in age. Subjects from
three teams were studied: Group 1 (# = 8) was a
college team, age = 20.5 = 0.7 years; Group 2

(n = 8) was an amateur team, age = 26.4 = 0.7
years; Group 3 (n = 8) was over-30s team, age =
35.3 + 1.5 years. Each subject completed a series of
tests measuring aerobic capacity, anaerobic power,
body composition, lower-extremity strength, muscu-
loskeletal flexibility, and balance in single-limb
stance. Significant between-group differences were
found for all variables, with the exception of aerobic
capacity. Group 3 was significantly heavier than
Group 2 and Group 1 and had significantly greater
percent body fat than Group 2. Group 3 had signifi-
cantly less knee extension/flexion strength, mean an-
aerobic power, and a longer time out of balance in
single-limb stance than Group 2 and Group 1.
Group 3 also had significantly less lumbar flexion
and hip rotation flexibility than Group 1. Group 2
had significantly less knee extension strength than
Group 1. Continued participation in competitive soc-
cer beyond the age of 30 years was associated with
an aerobic capacity comparable to younger players.
However, marked knee extension and flexion weak-
ness, decreased anaerobic power, lumbar flexion,
and hip rotation tightness and balance deficits were
noted in the older players.
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Introduction

Soccer is the most popular sport in the world with an
estimated 22 million participants [1]. The musculoskel-
etal and physiological profile of the elite soccer player
has been well documented [2—5]. The average age of
the elite soccer player is 25 years [4—6] with most
careers probably ending with the athlete less than 35
years old. However, the majority of adult soccer partici-
pants compete at a recreational nonelite level. The ca-
reers of adult soccer participants are now prolonged
by the organization of leagues specifically for players
over 30 years old. Information on the physiological
profile of the adult nonelite soccer player is lacking.
This population spans a wider age range than the elite
player and therefore may not be represented by a spe-
cific physiological profile but rather one that changes
with advancing years and decreasing time for practice.

The decline in soccer performance with advancing
years is anecdotally attributed to the effects of aging.
The aging process has been associated with decreased
muscle mass [7,8], increased fat mass [9,10], decreased
aerobic capacity [11,12], decreased ability to balance in
single-limb stance [13], and decreased musculoskeletal
flexibility [7,14,15]. Specific physiological differences
between adult soccer players in different age groups
have not previously been identified. The purpose of this
cross-sectional study was to compare specific musculo-
skeletal and physiological parameters of nonelite adult
soccer players differing in age.

Methods and Materials

The study population was sampled from three teams
differing in age. Subjects in Group 1 were National
Coilegiate Athletics Association (NCAA) division 1
(n = 6) and division 2 players (n = 2), with an age
range of 19—24 years. Subjects in group 2 were selected
from first (r = 4) and second team (n = 4) members
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of a club competing in the New York Metropolitan
League, with an age range of 24—29 years. Subjects in
Group 3 were members of the over-30s team (n = 8)
from the same club as Group 2, with an age range of
32-44 years. Goalkeepers were excluded from each
group. In Group 2 and Group 3, eleven members had
previously played NCAA soccer, two had played ama-
teur league division 1 in Europe, two had brief profes-
sional careers in Europe, and one had played college
soccer in Europe. The mean years of competitive soccer
for each group is shown in Table 1. All subjects under-
went the following seven tests.

1. Aerobic capacity was measured on a treadmill
by a metabolic measurement cart (SensorMed-
ics 2900, Anaheim, California). The protocol
involved the speed increasing 1 mph each mi-
nute from 3—6 mph, followed by an increase
in elevation of 2% each minute until exhaus-
tion. Measurements were 20-second averages.
A max test was defined as no increase in Vo,
over a one-minute period after an increase in
work rate. Respiratory compensation thresh-
old was defined as a disproportional increase
in minute ventilation relative to expired CO,.

2. Body composition was measured by bioelec-
tric impedance (RJL Systems, Detroit, Michi-
gan) using a manufacturer-supplied nongen-
der-specific equation for estimating body
density (1.1429 — 0.07122 [weight X resis-
tance/height?]) and the Siri equation [16] for
estimating body fat. This measurement was
made first on all subjects. Subjects lay for 10
minutes to adjust to room temperature before
the measurement was taken.

3. Hip strength measurements were made with a
handheld dynamometer (Nicholas MMT, La-
fayette Instruments, Lafayette, Indiana). The
MMT has been shown to provide torque mea-
surements well correlated with the Cybex II
isokinetic dynamometer for shoulder abduc-
tion [17]. Additionally, the measurement er-

TABLE1 Descriptive characteristics by age group

ror was less for the MMT. For this study, the
mean of two consistent readings was recorded
in kilograms and converted to Nm based on
the length of the individual lever arm. The
lever arm for hip abduction/abduction was
taken as the distance from the greater trochan-
ter to the lateral malleolus. The lever arm for
hip flexion was taken as the distance from the
greater trochanter to the lateral joint line of
the knee.

Knee strength measurements were made on a
Cybex II isokinetic dynamometer (Cybex,
Ronkonkoma, NY) at 60 degrees per second.
The peak torque of three maximum efforts
for each motion was recorded in Nm. Leg
dominance was defined as the subject’s pre-
ferred kicking leg.

. Musculoskeletal flexibility of the trunk and

lower extremities was assessed according to
11 different tests described previously [18].
The eleven tests were knee-to-chest, adductor,
straight-leg raise, gastroc, toe out, Ober test,
Thomas test, trunk rotation, Lotus test, Ely
test, and toe touch (Figure 1). Each test was
graded on a nominal scale of +1 = tight,

0 = normal and —1 = loose. Scores were
summated to give a total flexibility score.
Two tests had no loose category, and one had
no tight category, allowing a range of —9 to
+10 for total flexibility score.

A single-limb balance test was performed on
an ankle board designed to allow movement
in the frontal plane only. This instrument has
been used previously to evaluate individuals
with functional ankle instability [19]. Each
side of the board was instrumented to detect
contact with the ground. A contact switch
was placed on the opposite foot to detect
when the free leg was used to correct balance.
The subjects attempted single-limb stance on
the board for a total of five minutes for each
leg. Time out of balance, as detected by

Group Age Years Height Weight % Body
(years) Playing (cm) (kg) Fat

1 20.5 = 0.7 9.8 = 1.2 175.8 £ 1.7 73.9 = 1.7 131 £ 0.6

2 264 = 0.7 159 = 1.5 180.0 = 1.7 °* 739 = 1.8 114 £ 1.0

3 35315 209 = 1.9 179.5 = 2.4 79.8 £ 1.9 15.6 = 1.0

F Prob P < 0.0001 p = 0.0002 p = 0.2593 p = 0.0499 p = 0.0087

Source 3x2>1 3ix2>1 NS 3x1,2 3>2

Source p < 0.05; NS = not significant.
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FIGURE 1 Eleven tests for assessment of musculoskeletal flexibility of the lower extremities and trunk.

board contact or opposite foot contact with rate. The anaerobic test was performed last
the floor, was summated on a polygraph for all subjects.
chart recorder (Grass Instruments, Quincy,

Massachusetts.) Leg testing order was alter-

nated for each subject, with a five-minute rest Statistics
period between tests. A history of previous All data are reported as mean and standard error of the
ankle injuries was obtained. mean (SEM). A one-way analysis of variance (ANOVA)
7. Anaerobic power was measured on a Fitron was used to test differences between the groups for
isokinetic ergometer (Cybex, Ronkonkoma, each variable. The least significant difference multiple
New York). Starting from rest, subjects ped- comparison test was used to indicate specific group
alled with maximum effort at 150 rpm for 35 differences. Between-group differences in individual
seconds. Work rate was recorded every five flexibility tests were assessed by chi square. Fisher’s
seconds. Before testing, subjects warmed up exact test was used to indicate specific group differences
for five minutes at 90 rpm at a low work in individual flexibility tests.
TABLE 2 Aerobic capacity by age group
Group Peak Vo, Vo, at RCT Max HR Max Test
(mL/kg/min) (mL/kg/min) (bpm) (yes/no)
1 53.8 = 2.1 447 £ 1.8 190 = 1 3/5
544 £ 34 445 + 2.6 191 + 2 0/8
3 48.5 = 1.5 40.1 £ 1.2 ' 189 = 3 4/4
Chi Square
F Prob 0.1771 0.1747 0.1096 p = 0.1077
Source NS NS NS NS

Source p < 0.05; NS = not significant; RCT = respiratory compensation threshold; HR = heart rate.




264

MEDICINE, EXERCISE, NUTRITION, AND HEALTH

TABLE3 Lower extremity strength by age group

Group Knee Extension Knee Flexion Hip Flexion Hip Abduction Hip Adduction
(Nm/kg) (Nm/kg) {Nm/kg) (Nm/kg) {Nm/kg)

1 D=29=*0.1 D=19=01 D=21=x01 D=23=x01 D=23=x01
N =3.0=x01 N=19+01 N =19 =01 N=19=*0.1 N=22%x02

2 D=27=x01 D=18 0.1 D=23=%x02 D=25+02 D=24=x02
N=26=01 N=17=%=01 N=22=01 N=25%03 N=25+02

3 D=21=+0.1 D=15=01 D=19=*01 D=20=01 D=21=x01
N=21=%x01 N=15=%01 N=18=0.1 N =2.0=+0.1 N=23=01

F Prob Dp = 0.0002 Dp = 0.0033 Dp = 0.0544 Dp = 0.0875 Dp = 0.3029
N p = 0.0002 Np = 0.0387 Np = 0.0417 Np = 0.0842 N p = 0.6839

Source D1,2>3 D12>3 D NS D NS D NS
N1>2>3 N1>3 N2>1 N NS N NS

Source p < 0.05; NS = not significant; D = dominant; N = nondominant,

TABLE 4 Musculoskeletal flexibility by age group

Group 1 Group 2 Group 3 Chi Square Source

Knee to Chest

0/+1 4/4 8/0 2/6 p = 0.008 2<1,3

Adductor

-1/0/+1 0/8/0 2/4/2 1/3/4 p = 0.066 NS

Straight-Leg

Raise —1/0/+1 1/6/1 1/6/1 1/5/2 p = 0.961 NS

Gastroc

-1/0/+1 0/5/3 1/6/1 0/5/3 p = 0514 NS

Toe Out

-1/0 5/3 2/6 0/8 p = 0.022 1<3

Ober

-1/0/+1 0/5/3 2/2/4 0/3/5 p = 0.207 NS

Thomas

—1/0/+1 0/5/3 0/4/4 0/3/5 p = 0.607 NS

Trunk

-1/0/+1 1/6/1 0/5/3 0/5/3 p = 0514 NS

Lotus

—-1/0/+1 0/2/6 0/2/6 0/0/8 p = 0301 NS

Ely

0/+1 2/6 5/3 3/5 p = 0.301 NS

Toe Touch

-1/0/+1 1/7/0 3/3/2 1/2/5 p = 0.032 1<3

Total ¥ (anova)

Flexibility 23 +0.9 1.9 £ 1.3 5409 p = 0.057 NS

—1 = loose, 0 = normal, +1 = tight (see Figure 1). Source p < 0.05. NS = not significant. The knee-to-chest and Ely tests had no loose
category. The toe-out test had no tight category.




Results
Descriptive Characteristics (Table 1)

Subjects in Group 3 were significantly heavier than
subjects in Group 2 and Group 1 (p < 0.05) and had
a significantly greater percent body fat than subjects
in Group 2 (p < 0.05). Differences in years playing
organized soccer reflected the age differences between
the groups, with a significantly greater number of years
playing in Group 3 versus groups 2 and 1 {(p < 0.05
and in Group 2 versus Group 1 (p < 0.05).

Acrobic Capacity (Table 2)

No significant between-group differences were found
for peak Vo,, Vo, at RCT or max heart rate (HR).

Lower-Extremity Strength (Table 3)

Dominant and nondominant knee extension and
flexion strength were significantly different between
groups. Nondominant hip flexion strength was signifi-
cantly greater in Group 2 compared with Group 1
(p < 0.05). Hip abduction and adduction strength was
similar between the groups.

Musculoskeletal Flexibility ( Table 4)

Significant between-group differences were found for
knee to chest (p < 0.01), toe out (p < 0.05), and toe
touch (p < 0.05). Total flexibility was not significantly
different between groups (p = 0.057).

120 L Il Dominant
[ ] Non-dominant

110
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50
40
30
20
10

Time Out of Balance (s)

GROUP 1 GROUP 2 GROUP 3

FIGURE 2 Balance in single-limb stance by age group. Domi-
nant single-limb stance time out of balance F probability =
0.0591. Nondominant time out of balance F probability =
0.0227. *Group 3 significantly different from Group 1 and
Group 2.
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Balance in Single-Limb Stance (Figure 2)

The times out of balance for each successive minute
during the five-minute test were not significantly differ-
ent from each other. Total time out of balance over
the five minutes of the test was used for analysis, Time
out of balance on the nondominant limb was signifi-
cantly different between groups (p < 0.05): 73 = 13
s in Group 1, 80 = 11 s in Group 2, and 116 = 9 5
in Group 3. A similar difference was observed on the
dominant side but did not reach statistical significance
(p = 0.0591). Dominant side time out of balance was
63 = 11 sin Group 1,79 + 15 s in Group 2, and 109
* 13 s in Group 3.

Anaerobic Power (Figure 3)

Peak and mean anaerobic power per kilogram body
weight were significantly different between groups
(p < 0.05). Peak anaerobic power was 9.6 + 0.6 watts/
kg in Group 1, 8.4 * 0.8 watts/kg in Group 2, and
6.8 = 0.7 watts/kg in Group 3. Mean anaerobic power
was 6.7 * 0.3 watts’kg in Group 1, 5.1 * 0.7 watts/
kg in Group 2, and 4.7 + 0.4 watts/kg in Group 3.
Percent power decrement was similar between groups
(Group 1 = §7 + 3%, Group 2 = 54 =+ 4%, Group
3 =355 %6%;p>0.05).

Ankle Pathology (Table 5)

All but one subject reported previous ankle injuries
resulting in lost playing time. The prevalence of ankle

11 - Bl Peak Power
] Mean Power

WATTS /kg

GROUP 2 GROUP 3

GROUP 1

FIGURE 3 Anaerobic power by age group. Peak anaerobic
power F probability = 0.0367. Mean anaerobic power F
probability = 0.0197. *Group 3 significantly different from
Group 1. **Group 3 significantly different from Group 1
and Group 2.
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TABLE 5 Ankle injuries by age group

Group  Ankle Bilateral  Unilateral  Recurrent
Sprains  Sprains Sprains Sprains

1 8 3 3 4

2 7 3 4 4

3 8 5 3 3

Total 23 13 10 10

%o 96% 54% 42% 42%

injury was similar between groups with regard to num-
bers of unilateral, bilateral, and recurrent sprains.
Discussion

In this study, specific physiological measurements were
made on nonelite soccer players from three different
age levels of competition. The older players had marked
knee extension and flexion weakness, lumbar flexion
and hip rotation tightness, balance deficits and de-
creased anaerobic power relative to the younger play-
ers. As a cross-sectional study, it was impossible to
specifically attribute the observed differences to the ef-
fects of aging alone. Further, the training load of the
specific team was out of our control. The similarity of
aerobic capacity between groups suggests that contin-
ued participation in soccer beyond the age of 30 years
can maintain an aerobic capacity similar to younger
players. However, it is possible that other recreational
activities may have affected the aerobic capacity of
these subjects. The peak Vo, value for the total sample
was 52.2 = 1.4 mL/kg/min, which is below reported
values of approximately 60 mL/kg/min for professional
players [4—6] but slightly higher than values of 45-50
mL/kg/min reported for recreational soccer players [2].
The lack of significant between-group differences in
maximum heart rate may explain why peak Vo, was
not significantly different between groups. A decline in
maximum heart rate is associated with the aging pro-
cess and is thought to be the major factor contributing
to the decline in aerobic capacity that occurs after the
age of 30 to 35 years [11]. Maintenance of maximum
heart rate through endurance training in older subjects
has been shown as a mechanism by which aerobic ca-
pacity may be maintained [12].

Loss of strength with age is well documented
[7,8]; however, this may be overlooked in the compet-
itive soccer player at the relatively young age of 35
years. Although soccer places a significant demand
on the lower-extremity musculature, a marked reduc-
tion in knee extension and knee flexion strength was
demonstrated in the older groups in this study. Of the
hip musculature, only hip flexion showed significant
differences between groups. The basic skill of kicking

a soccer ball is an integrated action of hip, knee,
and ankle musculature [20]. Maximum ball velocity
for the soccer kick has been related to hip flexion
and knee extension strength measurements [21]. The
lower strength in Group 3 represents a significant
potential for impaired performance. It is unclear why
continued participation in competitive soccer does
not maintain knee extension and flexion strength in
players over 30 years old.

Given that soccer requires sudden bursts of energy
[2], a decreased anaerobic capacity represents a signifi-
cant limitation on performance. This decreased anaero-
bic power may in part be a reflection of knee extension
and flexion strength since the test was performed on a
cycle ergometer. The correlations between knee exten-
sion and flexion strength and anaerobic power were
petformed post hoc. Knee extension (combined domi-
nant and nondominant) correlated significantly with
peak anaerobic power (r = 0.38, p < 0.01). Knee
flexion (combined dominant and nondominant) also
correlated significantly with peak anaerobic (r = 0.69,
p < 0.01). An anaerobic test performed on a treadmill
may be a more functionally relevant test for soccer
players.

Relative musculoskeletal inflexibility has been
demonstrated in soccer players [2,22]. The mean flexi-
bility score for this study sample was 3.2 = 0.7, while
it was 1.1 %= 0.1 in our normal population of 62 males
[18]. The higher total flexibility score observed in
Group 3 (Table 4) appeared to be a function of limited
motion in lumbar flexion (knee-to-chest and toe touch)
and external rotation of the hip (toe out). The toe touch
and toe out tests best differentiated the groups by age.
Increased musculoskeletal tightness in trunk flexion
and hip rotation may affect the transmission of forces
generated distally by kicking or tackling and possibly
increase the risk of injury. In terms of performance,
normal external rotation of the hip is essential for strik-
ing the ball with the inside of the foot to perform the
basic “push pass.”

Decreased ability to balance in single-limb stance
has been associated with the aging process [13] and
with ankle pathology [23]. A significantly decreased
ability to balance was demonstrated in the older sub-
jects in this study (Figure 2). Ability to balance in single-
limb stance has previously been investigated in soccer
players [24—26]. Impaired balance ability has been as-
sociated with increased risk of subsequent ankle injury
playing soccer [26]. Proprioceptive deficits in soccer
players with significant ankle pathology have been at-
tributed to impairment of central mechanisms [24]. Ad-
ditionally, proprioceptive training on a balance board
has been shown to decrease the incidence of ankle in-
jury in soccer [25]. All three groups in this study re-
ported significant ankle pathology (Table 5). Although



the rates of reported recurrent ankle sprains were simi-
lar between groups, it is possible that continued partici-
pation in soccer on a previously injured ankle futher
disrupts the proprioceptive function. The loss of bal-
ance ability associated with aging has been identified
at ages greater than 70 years [13]. The subjects tested
in this study spanned a relatively narrow age range (19
to 44 years). However, a demanding balance test such
as that used here has not previously been used to look at
aging effects on balance. It is possible that the increased
time out of balance is in part a function of aging-
impaired afferent proprioceptive feedback. Another
possible explanation for the loss of balance ability in
the older soccer players is an impairment of vestibular
function due to the cumulative effects of heading a
soccer ball over 20 years of competitive play. It has
been suggested that repeated mild traumas to the head
associated with heading a soccer ball may cause some
permanent neuronal brain damage [27]. A degree of
permanent organic brain damage has been shown in
former soccer players [28]. An atraumatic decrease in
vestibular function is also a possibility.

The ankle has been identified as the most common
site of injury in soccer [22,29-31]. Of the 24 subjects
in this study, 23 reported previous ankle sprains. Ankle
pathology appears to have affected the balance ability
of this sample of soccer players as a whole. Mean time
out of balance for the total population was 84 * 8 s
on the dominant limb and 89 *+ 7 s on the nondominant
limb. A control group of males (# = 11) without previ-
ous ankle pathology and with a mean age of 28.6 =
2.5 years had previously been tested in our laboratory
(unpublished data). For this group, mean time out of
balance was 56 = 14 s on the right limb and 56 = 15
on the left limb. These normal values are lower than
the values of each of the three groups of soccer players,
suggesting that soccer participation or ankle pathology
associated with soccer affects balance in single-limb
stance.

Conclusion

Based on this cross-sectional study of nonelite soccer
players, we conclude that older players have decreased
lower-extremity strength, increased trunk and hip tight-
ness, and impaired ability to balance and anaerobic
power. Acrobic capacity appears to be maintained by
continuation of competitive soccer. Longitudinal stud-
ies are necessary to confirm these findings.

Acknowledgments

We would like to acknowledge the technical assistance
of Patricia O’Connor, P.T., Amy L. Spitz, P.T., and
Nina Stachenfeld, M.A.

AGING IN SOCCER PLAYERS 267

References

1. Xethalis JL, Boiardo RA. Soccer injuries. In: Nicholas JA, Hersh-
man EB, eds. The Lower Extremity and Spine in Sports Medicine.
Princeton NJ: CV Mosby, 1986;1580-1667

2. Ekblom B. Applied physiology of soccer. Sports Med
1986;3:50-60

3. Mangine RE, Noyes FR, Mullen MP, Barber SD. A physiological
profile of the elite soccer athlete. ] Ortho Sports Phys Ther
1990;12:147-152

4, Rhodes EC, Mosher RE, McKenzie DC, Franks IM, Potts JE.
Physiological profiles of the Canadian olympic soccer team. Can
J Appl Spt Sci 1986;11:31-36

5. Withers RT, Roberts RGD, Davies GJ. The maximum aerobic
power and body composition of South Australian male represen-
tatives in athletics, basketball, field hockey and soccer. ] Sports
Med 1977;17:391-400

6. Raven PB, Gettman LR, Pollock ML, Cooper KH. A physiologi-
cal evaluation of professional soccer players. Brit ] Sports Med
1976;10:209-216

7. Green HJ. Characteristics of aging human skeletal muscle. In:
Sutton JR, Brock RM, eds. Sports Medicine for the Mature
Athlete. Indianapolis, In: Benchmark Press, 1986:17-26

8. Grimby G, Saltin B. The ageing muscle. Clin Physiol 1983;3:
209-218

9. Fukagawa NK, Bandini LG, Young JB. Effect of age on body
composition and resting metabolic rate. Am ] Physiol 1990;259
(Endocrinol. Metab. 22): E233-E238

10. Poehlman ET, McAuliffe TL, Van Houten DR, Danforth E. Jr.
Influence of age and endurance training on metabolic rate and
hormones in healthy men. Am ] Physiol 1990;259 (Endocrinol
Metab. 22):E66-72

11. Astrand PO. Exercise physiology of the mature athlete. In: Sut-
ton JR, Brock RM, eds. Sports medicine for the mature athlete.
Indianapolis, IN: Benchmark Press, 1986:3-13

12. Rogers MA, Hagberg JM, Martin WH, Ehansi AA, Holloszy
JO. Decline in VO, max with aging in master athletes and seden-
tary men. ] Appl Physiol 1990;68:2195-2199

13. Bohannon RW, Larkin PA, Cook AC, Gear ], Singer J. Decrease
in timed balance test scores with aging. Phys Ther 1984;64:
1067-1070

14. Alnaqeeb MA, Al Zaid NS, Goldspink G. Connective tissue
changes and physical properties of developing and ageing skele-
tal muscle, ] Anat 1984;139:677-689

15. Walker JM, Sue D, Miles-Elkousy N, Ford G, Trevelyan H.
Active mobility of the extremities in older subjects. Phys Ther
1984;64:919-922

16. Siri WE. Body composition from fluid spaces and density: analy-
sis of methods. In Brozek ], Henschel A, eds. Techniques for
Measuring Body Composition. Washington, DC: Natl Res
Counc, Natl Acad Sci 1961;223:244

17. Magnusson SP, Gleim GW, Nicholas JA. Subject variability of
shoulder abduction strength testing. Am J Sports Med 1990;18:
349-353

18. Gleim GW, Stachenfeld NS, Nicholas JA. The influence of flexi-
bility on the economy of walking and jogging. ] Ortho Res
1990;8:814-823

19. Magnusson P, McMahon M, Gleim G, Hershman E, Nicholas
J- Strength and balance in functional ankle instability. Med Sci
Sports Exerc 1991;23:585

20. De Proft E, Clarys JP, Bollens E, Cabri ], Dufour W. Muscle
activity in the soccer kick. In: Reilly T, Lees A, Davids K, Murphy
W] eds. Science and football. New York, NY: E & F N
Spon, 1988:181-185

21. Narici MV, Sirtori MD, Mononi P. Maximal ball velocity and
peak torques of hip flexor and knee extensor muscles. In: Reilly
T, Lees A, Davids K, Murphy W], eds. Science and Football.
New York, NY: E & F N Spon, 1988;181-185

22. Ekstrand ], Gillquist J. The frequency of muscle tightness and
injuries in soccer players. Am J Sports Med 1982;10:75-78

23. Frieden T, Zatterstrom R, Linstrand A, Mortiz U. A stabilome-
tric technique for evaluation of lower limb instabilities. Am J
Sports Med 1989;17:18-122



208

24.

25.

26.

27

MEDICINE, EXERCISE, NUTRITION, AND HEALTH

Gauffin H, Tropp H, Odenrick P. Effect of ankle disk training
on postural control in patients with functional instability of the
ankle joint. Int J Sports Med 1988;9:141-144

Tropp H, Askling C, Gillquist J. Prevention of ankle sprains.
Am ] Sports Med 1985;13:259-262

Tropp H, Ekstrand J, Gillquist J. Stabilometry in functional
instability of the ankle and its value in predicting injury. Med
Sci Sports Exerc 1984;16:64—66

Tysvaer AT, Storli OV. Soccer injuries to the brain: a neurologic
and electroencephalographic study of active football players.
Am ] Sports Med 1989;17:573-578

28.

29.

30.

31

Tsyvaer AT, Lochen EA. Soccer injuries to the brain: a neuropsy-
chological study of former soccer players. Am ] Sports Med
1991;19:56—-60

Rackous DD, Friedl KE, Smith NJ, Parr TJ, Caprine WD. Soccer
injuries and their relation to physical maturity. Am ] Dis Child
1988;142:839-842

McMaster WC, Walter M. Injuries in soccer. Am ] Sports
Med 1978;6:354-357

Pardon ET. Lower extremities are site of most soccer injuries.
Phys Sportsmed 1977;5:43-48



