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bstract

The purpose of this work was to investigate the effect of multidirectional soccer-specific fatigue on hamstring muscle strength and
ngle of peak torque. Sixteen male semi-professional soccer players (mean ± S.D.: age: 21.3 ± 2.9 years; height 185.0 ± 8.7 cm; body
ass 81.6 ± 6.7 kg) completed the SAFT90, a multidirectional, intermittent 90-min exercise protocol based on data from English Cham-

ionship soccer matches. Prior to exercise (t0), at half-time (t45) and post-exercise (t105), subjects performed three maximal dominant limb
sokinetic contractions (Biodex, System 3) at 120◦ s−1 through a 90◦ range for concentric and eccentric knee flexors and concentric knee
xtensors. Analysis of variance revealed significant time dependant reductions in gravity corrected eccentric hamstring peak torque, and
onsequently in the functional hamstring:quadriceps ratio (P < 0.01). Eccentric hamstring peak torque decreased significantly during each
alf (t0: 272.0 ± 43.2; t45: 240.4 ± 43.3; t105: 226.3 ± 45.7 N m). The functional hamstring:quadriceps ratio also decreased significantly during
ach half (t0: 116.6 ± 21.2; t45: 107.1 ± 17.6; t105: 98.8 ± 20.3%). There were no significant changes in concentric hamstring or quadriceps
eak torque observed during SAFT90 (P > 0.05). Data analysis also revealed significant differences for Angle of Peak Torque for eccentric

◦
amstrings (P < 0.05) which was significantly higher at the end of each half (t45: 37 ± 15; t105: 38 ± 18 ) than the pre-exercise value (t0:
8 ± 12◦). There was a time dependant decrease in peak eccentric hamstring torque and in the functional strength ratio which may have
mplications for the increased predisposition to hamstring strain injury during the latter stages of match-play.

2008 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Epidemiological research in professional soccer has
eported changes in injury profiles during recent years.
tudies in the 1980s reported a majority of ankle
nd knee ligament injuries1,2 but recent studies have
eported hamstring strains as the most common injury
o soccer players,3–5 causing three competitive matches
issed per injury.5 In order to minimise the incidence

f hamstring strains and associated costs; more effec-
ive injury preventive intervention programmes have been

ecommended.6

A variety of predisposing aetiological factors have been
roposed relating to hamstring strain injury risk includ-
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ng insufficient flexibility,7 inadequate warm-up,8 muscle
eakness,9 previous injury,10 strength imbalance between
amstrings and quadriceps11 and fatigue.6,12 Injury incidence
s most likely to be the result of an interaction between

ultiple risk factors.13 With half of all hamstring injuries
uring matches occurring within the last 15 min of each
alf5 fatigue may be a predisposing factor to hamstring strain
njury. Muscular fatigue is most evident towards the end of
lay with a 5–10% decrease in total distance covered in the
econd half of matches.14 Muscle strength deficiency, due
o fatigue, has been proposed to increase susceptibility to
njury.12,15 Decreased hamstring force as a result of fatigue
educes energy absorption capabilities, increasing the poten-

ial for injury.16 Injury risk may be greatest with muscle
eakness during eccentric contractions, as fatigued muscles

re more susceptible to stretch injury whilst eccentrically
ontracting.17

sevier Ltd. All rights reserved.
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Rahnama et al.12 examined the relationship between mus-
ular imbalances and muscular fatigue associated with soccer
atch-play, reporting significant reductions in knee flexor

nd extensor peak torque, and a reduction in the functional
ccentric hamstrings:concentric quadriceps strength ratio.
his may imply insufficient hamstring strength to decelerate

he leg during the latter part of the swing phase in sprinting,
t which point eccentric overload could cause tearing in the
usculo-tendinous unit.18 These findings were further sup-

orted by Greig15 using a 90 min treadmill protocol more
losely replicating the activity profile of soccer match-play.

The studies by Rahnama et al.12 and Greig15 are per-
aps the closest attempts at investigating the effect of
occer-specific fatigue on hamstring strength and muscular
mbalance. However, the fatigue protocols employed are not
ruly reflective of the multidirectional nature of the sport.
oth investigations have simulated either the mechanical15

r physiological demands12 of soccer match-play, but not
oth, which makes inferences about the fatigue effect to soc-
er match-play difficult. Furthermore, no previous study has
oncurrently investigated changes in the angle of peak torque
s may have implications for injury potential.

Hence, the aim of this study was to investigate the effect
f a 90 min multidirectional soccer-specific fatigue field test
n eccentric hamstring strength and hamstring:quadriceps
uscular imbalances, as well as the angles of peak torque

egarding implications for hamstring injury risk.

. Methods

Sixteen male semi-professional soccer players
mean ± S.D.; age: 21.3 ± 2.9 years; height 185.0 ± 8.7 cm;
ody mass 81.6 ± 6.7 kg) took part in the investigation. All
layers completed on average two squad training sessions
nd two matches per week. Subjects were included in the
tudy if they were not injured or rehabilitating from an
njury at the time of testing, and did not have a history
f a previous hamstring injury within 3 months prior to

esting. Written, informed consent was obtained prior to
ata collection from the subjects, and approval for the study
btained in accordance with Departmental and University
thical procedures.
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Fig. 1. A diagrammatic representatio
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Subjects completed a 90 min soccer-specific aerobic field
est (SAFT90). The SAFT90 protocol was divided into two
5 min periods interceded by a 15 min passive rest period
half-time). Prior to exercise (t0), at half-time (t45) and post-
xercise (t105), subjects performed three maximal dominant
imb isokinetic contractions for concentric and eccentric knee
exors (conH, eccH) and concentric knee extensors (conQ).

The subjects performed no vigorous exercise 24 h prior
o testing, or had consumed any caffeine or alcohol. The
esting was conducted following preseason training at the
tart of the 2007/2008 English competitive soccer season.
he training load and amount of match-play performed was
s standard to the competitive season, involving two soccer
raining sessions and matches per week.

The SAFT90 was based on contemporary time-motion
nalysis data obtained from 2007 English Championship
evel match-play (Prozone®). The protocol was validated
y Lovell et al.19 to replicate the fatigue response of soc-
er match-play.20 The free running protocol was designed to
nclude multidirectional and utility movements, and frequent
cceleration and deceleration as is inherent to match-play.
he design of the course was based around a shuttle run over
20 m distance, with the incorporation of four positioned

oles for the subjects to navigate using utility movements
Fig. 1).

The course is performed with the subject performing either
ackwards running or sidestepping around the first field pole,
ollowed by forwards running through the course, navigat-
ng the middle three field poles. The movement intensity
nd activity performed by the subjects whilst completing
he SAFT90 course was maintained using verbal signals on
n audio CD. A 15 min activity profile was developed and
epeated randomly and intermittently, six times during the
ull 90 min simulated soccer match. The profile incorporated
269 changes in speed and 1350 changes in direction over the
0 min, although no contact actions such as kicking or tack-
ing were performed. Table 1 shows the distances covered
or each of the activities during the SAFT90 and match-play
ata.
Isokinetic peak torque for the knee flexors and exten-
ors (of the subjects dominant leg; their ‘kicking’ leg) was
easured using a dynamometer (Biodex System 3, Biodex
edical, Shirley, NY). Prior to testing, subjects participated

n of the SAFT90 field course.
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Table 1
Distances covered of each activity during SAFT90 and match-play data.

Activity Distance during
SAFT90 (km)

Distance from
match-play data (km)

Standing (0.0 km h−1) 0 0.02
Walking (5.0 km h−1) 3.36 3.60
Jogging (10.3 km h−1) 5.58 5.81
Striding (15.0 km h−1) 1.50 1.46
Sprinting (≥20.4 km h−1) 0.34 0.27
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between t and t by 5.2% (P < 0.01), and also during the
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otal distance (km) 10.78 11.08

n a standardised warm-up procedure, which included, 5 min
n a cycle ergometer at 60 W, 5 min of static and dynamic
tretches for the major lower limb muscle groups and 5 min
ight jogging and familiarisation with the SAFT90 exercise
rotocol.

During testing, subjects were seated on the dynamome-
er in an adjustable chair, with test positions recorded and
epeated for each subject in subsequent trials. Subjects per-
ormed three maximal voluntary concentric quadriceps and
amstrings actions, and three eccentric hamstring muscle
ctions. The order of testing was standardised for subse-
uent testing throughout the experimental trial. All actions
ere performed on the subjects’ dominant leg through
range of 0◦–90◦ knee flexion and extension (with 0◦

eing full knee extension). A one min passive recovery
as allowed between each trial. The muscle actions were

ompleted at an isokinetic angular velocity of 2.09 rad s−1

120◦ s−1). This test speed was selected as it has been
hown to be acceptable as one of the fastest and safest
peeds in which to reliably test eccentric hamstring muscle
ontractions.12

An analysis of variance (ANOVA) for repeated mea-

ures, with the least significant difference (L.S.D.) post-hoc
est, was used to compare means and ±S.D. from muscle
trength variables measured at each of the three time points:

s
a
(

ig. 2. Eccentric hamstring peak torque during SAFT90. *Significant difference b
ifference between t45 and t105.
dicine in Sport 13 (2010) 120–125

rior-to exercise (t0), at half-time (t45) and post-exercise
t105).

Gravity-corrected peak torque (PT) values for concentric
uadriceps, concentric hamstring and eccentric hamstring
nabled calculation of the Traditional concentric ham-
trings:concentric quadriceps (conH:conQ) and Functional
ccentric hamstrings:concentric quadriceps (eccH:conQ)
trength ratio’s. The angles of peak torque (APT) were also
ecorded for the three muscle actions tested. All variables
ere analysed in respect to changes over time throughout

he SAFT90, for differences between values at the three time
oints: prior-to exercise (t0), at half-time (t45) and post-
xercise (t105).

Statistical analysis was processed using SPSS statistical
oftware (version 14.0© Chicago, IL) with significance levels
et at P ≤ 0.05, and effect sizes were determined using the
artial Eta-squared (Eta) method. When applied to ANOVA,
t has been suggested than an effect size of 0.1 represents
small effect size; 0.25 a medium effect; and ≥0.4 a large

ffect.21

. Results

The conQ PT was not significantly different (P > 0.05;
ta = 0.123) between t0 (235.0 ± 20.1 N m) and t45

225.0 ± 22.4 N m) or t105 (228.1 ± 18.5 N m). The conH PT
emonstrated a decrease throughout SAFT90, however this
esult was found to be non-significant (t0 = 140.8 ± 38.0;
45 = 133.9 ± 27.9; t105 = 131.4 ± 20.8 N m, P > 0.05;
ta = 0.052). There was a significant difference in eccentric
amstring PT during SAFT90 (P < 0.01; Eta = 0.672; Fig. 2).
ost-hoc tests revealed significant reductions in eccH PT
0 45
econd half between t45 and t105 by 6.2% (P < 0.03), with
n overall significant decrease of 16.8% over the full 90 min
P < 0.01).

etween t0 and t45; †significant difference between t0 and t105; ‡significant
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ig. 3. Eccentric hamstring:concentric quadriceps strength ratio during SAF
nd t105.

The conH:conQ ratio revealed no significant changes
uring SAFT90 (P > 0.05; Eta = 0.026), however signifi-
ant changes were observed with time in the Functional
ccH:conQ ratio (P < 0.02; Eta = 0.398; Fig. 3). The post-
oc tests revealed a significant decrease between t0 and t45
y 8.9% (P < 0.02), and with a significant decrease of 15.0%
bserved over the 90 min (P < 0.01). Although a decrease was
urther observed in the Functional eccH:conQ ratio between
45 and t105 this finding was statistically non-significant
P > 0.05).

There were significant differences in the conQ APT during
AFT90 (P < 0.03; Eta = 0.214; Fig. 4). Significant differ-
nces were observed between t0 and t45 of 5.5% (P < 0.01)
nd between t0 and t105 of 5.0% (P > 0.05). The conH

PT also revealed significant changes over time (P > 0.01;
ta = 0.297; Fig. 4). Post-hoc tests showed significant differ-
nces between t0 and t45 of 20.0% (P < 0.03) and between
0 and t105 of 25.4%. Significant changes in eccH APT were

fl
a
m
s

ig. 4. Angle of peak torque for concentric quadriceps, concentric hamstring and e
etween pre-exercise and post-exercise; †significant difference between pre-exercis
ignificant difference between t0 and t45; †significant difference between t0

lso observed during SAFT90 (P < 0.04; Eta = 0.227; Fig. 4).
ost-hoc tests identified significant differences between t0
nd t45 of 23.2% (t0 = 28.2 ± 11.7 vs t45 = 36.7 ± 14.5◦,
< 0.02) and between t0 and t105 of 26.2% (t0 = 28.2 ± 11.7

s t105 = 38.2 ± 18.2; P < 0.02). No significant differences in
PT were observed between t45 and t105 for any of the muscle

ctions tested (P > 0.05).

. Discussion

The SAFT90 exercise protocol designed to replicate the
hysiological and mechanical demands of soccer match-play
as shown to induce a diminished capacity of the knee

exor muscles to generate eccentric force. The SAFT90

lso impaired the functional eccH:conQ strength ratio and
uscular balance. The 16.8% reduction in eccentric ham-

tring peak torque during our 90 min protocol, is identical

ccentric hamstring muscle actions during SAFT90. *Significant difference
e and half-time.
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o the decrement reported by Rahnama et al.12 Also, our
tudy found a 15.0% reduction in the functional eccH:conQ
trength ratio, similar to the 13.0% reported by Rahnama et
l.12 following a 90 min treadmill protocol.

Rahnama et al.12 observed significant reductions in both
oncentric hamstrings and quadriceps peak torque during
he treadmill protocol. This contradicts our findings which
bserved maintained concentric muscle strength. This may
otentially be explained by differences in the exercise pro-
ocols. The protocol employed by Rahnama et al.12 was
erformed on a programmable treadmill, without utility
ovements, and comprising only 92 discrete bouts of activ-

ty during the 90 min. The greater amount of time spent in
he high intensity cruising and sprinting in particular, may
ave created the greater physiological cost, and the additional
uscular requirement to match the extra load imposed by

he multidirectional and more frequently intermittent SAFT90

rotocol. Therefore, we would speculate that the results from
he current study are more representative of the response asso-
iated with actual soccer match-play. However, no kicking
ctions were performed during the SAFT90 protocol as may
ave increased the load to the quadriceps reflective of match-
lay, the inclusion of which may be a future progression for
rotocol.

Greig15 reported no effect of the simulated match-play
rotocol on either concentric hamstring or quadriceps peak
orque which supports our results. Greig15 also reported sig-
ificant reductions in eccentric hamstring peak torque and the
unctional eccH:conQ strength ratio between pre- and post-
xercise values similar to findings from the current study.
owever, comparisons of these results to findings from the
resent investigation should be treated with caution due to
he differing isokinetic angular velocities selected by Greig.15

urthermore, the more frequent contractions administered by
reig15 may have increased the fatigue effect sustained dur-

ng the exercise protocol contributing to the results observed.
lthough the isokinetic protocol may have also contributed

o the drop in eccentric hamstring strength observed in the
resent investigation, as a substantially shorter and less fre-
uent protocol was employed, the findings may be more
ikely to be the result of the multidirectional utility move-

ents in the SAFT90 at inducing the eccentric demands of
atch-play.
The observed decline in eccentric hamstring strength with

atigue is commonly associated with hamstring strain injury
isk, since during powerful eccentric contractions the mus-
les are most susceptible to injury.10,16 Sprinting is the
ost common mechanism for hamstring strains amongst

occer players,5 whereby the hamstrings have a primary
unction to eccentrically decelerate the forward motion of
he thigh and leg in the late swing phase of the cycle
n preparation for foot-contact.22 Therefore, reduced peak

ccentric hamstring torque with fatigue, as observed during
he SAFT90, may help explain the reported increased predis-
osition to hamstring strain injury during the latter stages of
atch-play.5

s
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The reduction in the functional eccH:conQ strength ratio
lso observed in this study may indicate that the hamstrings
ave insufficient strength to decelerate the forward moving
ip and knee from the acceleration caused by the quadriceps
t the latter part of the swing phase of sprinting. Small et al.23

bserved an increase in lower limb segmental velocity during
he late swing phase of sprint running with fatigue associ-
ted with soccer match-play. This finding combined with our
esults may indicate impaired ability of the hamstrings to
ccentrically decelerate the high segmental velocity of the
ower limb to avoid hamstring injury. This would appear to
orroborate findings of increased susceptibility to hamstring
njury during the last third of the first and second halves of
occer match-play.5

To our knowledge, this is the first study to report changes
n the knee flexor and extensor angles of peak torque associ-
ted with soccer match-play. The concentric quadriceps and
amstrings muscle actions tested revealed a shift in the opti-
um length for peak muscle tension in the direction of longer
uscle lengths with fatigue during the SAFT90. A number

f theories have been proposed to help explain this finding,
ith perhaps the most widely accepted being the “popping

arcomere hypothesis”.24

A potential consequence of this could cause a signifi-
antly greater loss of relative force to occur at shorter muscle
ength compared to optimal or long muscle lengths, as asso-
iated with muscle damage from eccentric contractions.25

urthermore, it has been suggested that at this point there
ay be increased susceptibility to damage, and therefore

isk of injury.26 Alternatively, LaStayo et al.27 argued that
n increase in stiffness and peak torque at longer muscle
engths may actually increase force production before failure
nd therefore help prevent active muscle strain injuries by
mproved stability, whilst possibly enhancing athletic perfor-

ance. The disparity surrounding this subject area suggests
hat further research is warranted.

The change in APT was also significantly altered with time
uring the SAFT90 in relation to the eccentric hamstring peak
orque muscle action. However, contrary to the other muscle
ctions tested, the eccentric hamstrings APT revealed a shift
owards a shorter muscle length with fatigue. This innovative
nding within the research area may have important implica-

ions for injury risk, as it is believed that athletes who produce
eak torque at shorter muscle lengths are at a greater risk of
njury.26,29

It has been proposed that peak torque generation at a
horter optimum muscle length would mean that more of
he muscles operating range would be on the descending
imb of the length–tension curve.28 Thereby as muscles are

ore likely to become injured when operating in a more
engthened position,18 this may help explain the increased
redisposition of hamstring strain injuries during the latter

tages of match-play when the APT has been observed as
t a shorter muscle length, and especially with the concur-
ent deterioration in eccentric hamstring peak torque also
eported.
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. Conclusion

The SAFT90 produced a time dependant decrease in
ccentric knee flexor strength, and subsequently in the func-
ional eccH:conQ strength ratio, and changes in knee flexor
nd extensor angles of peak torque. A shift in the angle of
eak torque towards longer muscle lengths during concentric
nee extensor and knee flexor actions with time was observed,
hereas for the eccentric knee flexor action there was a shift

owards shorter muscle length.
These findings may have implications for the increased

redisposition to hamstring strain injury during the latter
tages of soccer match-play. Strategies that can reduce the
egative effects of fatigue during match-play may help lower
he risk of hamstring injury during the latter stages of soccer

atch-play.

ractical implications

Reduced eccentric hamstring strength, and functional
eccH:conQ ratio, and increased angle of peak torque for
eccentric hamstring muscle action observed during latter
stages of simulated soccer match-play.
Higher risk of hamstring injury indicated at this time sup-
ports epidemiological match-play observations.
Future injury prevention strategies may need to consider
reducing negative effects of fatigue.
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