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Age related differences in functional hamstring/quadriceps ratio following soccer exercise in

female youth players: An injury risk factor

Running header: muscular control and fatigue in female youth soccer



Abstract

Purpose: Fatigue negatively alters dynamic knee control and the functional
hamstring/quadriceps ratio (H/Qrunc) plays an important role in stabalising the joint. The aim
of this study was to investigate the influence of soccer specific exercise on H/Qrunc in U13,
Ul5 and U17 year-old female soccer players. Methods: 36 female players performed
concentric and eccentric actions of the hamstrings at 60, 120 and 180°/s before and after an
age group specific field based soccer protocol. H/Qrunc was determined in the first 30° of
knee flexion. Results: Significant angle x velocity (p = 0.001) and time x angle (p = 0.033)
interaction effects were found indicating a lower H/Qrunc with increased movement velocity
at 0-10° as opposed to greater knee flexion angles. Fatigue related effects were only evident
near full knee extension. Probabilistic inferences indicated that changes in H/Qrunc were
generally unclear in U13s, likely detrimental in U15s and very likely beneficial in U17s.
Conclusions: Altered muscular control following soccer specific exercise is age dependent
with players 1-year post peak height velocity at greatest risk of injury. Injury prevention and
screening need to be age and maturation appropriate, should take into account the effects of

fatigue, and include movements near full extension.
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INTRODUCTION

Injury risk increases throughout adolescence and appears to peak around peak height velocity
(PHV) (30), and is associated with pubertal development (17). It is well recognised that when
rapid, unanticipated movements and landing activities are performed, the medial and lateral
hamstring muscles play a key role in stabilizing the knee joint and successfully counteracting
the extreme load forces generated (29). Previous studies have reported a conventional
hamstrings to quadriceps ratio (H/Q ratio) using only concentric actions, but these studies
should not be viewed as functionally relevant, as co-contraction around the joint involves an
eccentric and concentric muscle action (1). In order for the H/Q ratio to describe normal knee
function and account for the agonist-antagonist relationship, the functional ratio (H/Qrunc)
(eccentric hamstrings / concentric quadriceps torque) should be determined, as it is

functionally relevant (1,6)

The few studies that have examined the H/Qrunc as a descriptor of muscular control of the
knee joint have numerous study design flaws. Firstly, the importance of joint angle has been
highlighted in epidemiological findings, which demonstrate that Anterior Cruciate Ligament
(ACL) injury is most likely to occur near full knee extension (25). However, previous studies
have calculated the H/Qrunc using peak torque (PT) values (2, 8) which occur in the mid
range of joint movement and thus not at the joint angle where injury is most likely to occur.
Additionally the joint angle where PT occurs for eccentric and concentric muscle actions is
almost always different, and therefore using PT should not be used (8). To the authors’
knowledge only one study on pubertal males has calculated the H/Qrunc at various angular
positions, reporting an increase in the H/Qrunc as the knee approaches full extension (16).
Given the high relative risk of ACL injury in adolescent females it is surprising that there are

no comparable data on female youth athletes, and noticably no data using angle specific



values in relation to changes in the H/Qrunc after fatigue. Secondly, most studies appear to
have determined torque in a seated position with the hip flexed (80-90°). However, injury
occurs with the hip extended, usually at about 10° of hip flexion, and thus data obtained in a
flexed position should not be considered functionally relevant. Indeed one previous study has
indicated that changing hip angle significantly alters the H/Qrunc, which is lower in a
prone/supine position compared to a seated position (2). These data clearly indicate that
torque production is influenced by hip position altering the stretch-tension relationship of the

hamstrings and quadriceps muscle groups.

It has been well recognised that injury is most prevalent in the final stages of sports
performance which coincides with the presence of muscular fatigue (3). As muscles
contribute to joint stability, muscular fatigue is often suggested as a risk factor for non-
contact ACL injuries (23, 32). A recent review by Ratel and Martin (24) suggest that there
may be a progressive withdrawal of physiological protection against high intensity exercise
induced fatigue during puberty. However, the authors are cautious as they conclude that the
effects of fatigue on neuromuscular function during adolescence has scarcely been studied,
despite this knowledge being able to contribute to the management of training load and
recovery in maturing children (24). Data on the effects of muscle fatigue on the H/Qrunc in
adults is sparse and no studies appear to have calculated the H/Qrunc using functionally
relevant procedures (4). One study exploring the effects of fatigue on concentric and eccentric
muscle actions suggest that eccentric torque production is more fatigue resistant than
concentric torque production (26), thus the H/Qrunc should increase when fatigue is present.
However, other studies on male (3, 10, 28) 3 soccer players provide a conflicting view,
demonstrating a reduction in the H/Qrunc When fatigue is present, indicating compromised
muscular control of the joint. Further conflicting findings are available with one study on

young boys showing that eccentric and concentric elbow flexor torque production decreases



at a similar rate when fatigued (15) implying that the H/Qrunc may remain similar pre and
post fatigue in children. There is currently no comparable data available on female youth, or
soccer players, covering the pubertal years. Exploring the influence of fatigue on injury risk
throughout puberty is important as a recent study by van der Sluis et al. (30) indicated that
injuries are aligned to peak height velocity (PHV), at least in pubertal male soccer players.
Whether this increased risk for injury is evident in female youth players during this period
remains to be identified. To date no studies have examined the interaction between age and
fatigue on H/Qrunc in female youth soccer players. As injury incidence increases throughout
adolescence in female soccer players (27), the aim of this study was to explore the age related

effects of soccer specific fatigue on H/Qrunc in female youth soccer players.

METHODS

Forty five females aged 12-17 years from an English FA Women’s Super League Centre of
Excellence were approached to participate in this study. The final sample tested was 36
(U13’s [n = 14], U15’s [n =9] and U17’s [n = 13]) as 9 participants were either injured or
unavailable at the time of testing. Verbal consent was obtained from the club, followed by
parental consent and player assent. Ethical approval was obtained from the institution’s
Research Ethics Committee. All participants completed a health questionnaire prior to
testing. Participants were instructed to avoid their regular training regimens throughout the
experimental period and not to take part in any vigorous physical activity 48h preceding each
testing day. Age from PHV was predicted using the equation of Mirwald et al. (18).
Participants visited the laboratory on two separate occasions; once for a habituation session
and then for the pre/post fatigue testing. On the day of testing, participants initially performed
the isokinetic tests in a non-fatigued state followed by a soccer-specific fatiguing task and

then immediately re-tested.



Torque (Nm) was determined using a Biodex isokinetic dynamometer on the dominant leg.
The tested range of motion was from 0° to 90° of knee flexion (0° = maximal voluntary
extension). Participants were secured in a prone position on the dynamometer with the hip
passively flexed at 10-20°. The axis of rotation of the lateral epicondyle was aligned with the
axis of rotation of the dynamometer. The lever arm length was adjusted so that it rested on
the tibia approximately 3cm above the medial malleolus. Gravity correction for limb mass

was performed in accordance with the manufacturer’s instructions.

Testing occurred at three angular velocities (60°/s, 120°/s and 180°/s) with concentric cycles
and extension movements undertaken first, with increasing angular velocity. During the
concentric measurement participants were instructed to push the lever arm up, and pull it
down as hard and fast as possible, for 3 repetitions at each velocity with a 30s rest period
between velocities. During the eccentric measurement participants were instructed to resist
the lever arm as hard and as fast as possible. Three single maximal efforts were performed at
each velocity with a 10s rest between each repetition of the same velocity and a 30s rest
between movement velocities. Torque values were recorded every 10ms and the H/Qrunc
calculated by expressing average eccentric hamstrings torque to average concentric

quadriceps at three angles (0-10°, 11-20° and 21-30°).

The Soccer-Specific Aerobic Field Test (SAFT®®) was used to replicate the fatigue response
of soccer match-play (28). The movement intensity and activity performed were maintained
using verbal signals on an audio CD. The task lasted for the duration of a game the
participant usually competed in, including passive rest intervals (U13 = 3 x 25min with 2min
rest between periods; U15 = 2 x 40min with 10min rest between periods; U17 = 2 X 45min
with 15min rest between periods). All participants were videoed during the SAFT® to

determine group mean values for total distance covered.



The distributions of raw data sets were checked using the Kolomogorov-Smirnov test and all
data had a normal distribution (p > 0.05). Descriptive statistics including means and standard
deviations were calculated for each measure. A 3 x 3 x 3 x 2 (group x angle x velocity x time)
repeated measures analysis of variance was used to explore interaction and main effects for
H/Qrunc. Significant interaction or main effects were further examined using Bonferroni-
corrected post hoc tests. Main effects were calculated irrespective of time, angle and velocity.
The level of significance for all statistical testing was set at P < 0.05. Sample-size estimation
based on the traditional method of statistical significance is not appropriate for a study
designed to make an inference about real-world significance, which requires interpretation of
magnitude of an outcome (13). Thus a sample of n=9 is required for within subject cross
over designs based on acceptable uncertainty defined as the width of the confidence interval
(13). Inferential statistics were used to examine the qualitative meaning of the observed
changes in H/Qrunc from pre-to-post the soccer exercise, with data presented as the mean of
the individual change and 90% confidence interval. The smallest worthwhile effect was used
to determine whether the observed changes were considered negative, trivial or positive. The
smallest worthwhile effect was calculated as a change in score standardised to 0.2 of the
between-subject standard deviation from the pre-test condition. Probabilistic inference of
each observed change being greater than the smallest worthwhile effect using the thresholds
25-75% as possibly, 75-95% as likely, 95-99.5% as very likely and >99.5% as most likely
were used (13). The outcome was deemed unclear where the 90% confidence interval of the
mean change overlapped both positive and negative outcomes, otherwise the outcome was
clear and inference reported as the category (negative, trivial or positive) where the greatest

probability was observed.



RESULTS

Participant characteristics can be seen in table 1, which indicates a significant difference

between groups for all outcome variables.

Table 1: Participant characteristics by age group

Under 13 Under 15 Under 17
Age (y) 12.1+0.5* 13.9+0.6 15.8+0.5
Stature (m) 1.46 £+ 0.06* 1.59 +0.08 1.66 + 0.06
Body mass (kg) 40.8 £6.7* 51.9+8.8 61.9+8.2
Leg length (cm) 68.6 + 3.4* 73438 79.8+3.8
Offset from PHV (y) -0.28 + 0.55* 1.11+0.55 2.93+0.58

* Significant difference between all groups

Mean (SD) data for H/Qrunc by angle, velocity and age group, pre and post fatigue can be

found in table 2.

Table 2: H/QFUNC ratio pre and post fatigue by age group, movement velocity and joint angle

Velocity Pre Fatigue Post Fatigue

/Angle

0-10° u13 u15 u17 uU13 u15 u17

60°/s 140+£1.13 1.79+1.01 142+£0.70* | 159+161 095+1.18 1.31%0.68%

120°/s 201+109 143+092 1494079 |171+138 127+132 104+£102

180°/s 162+115 0.75+0.75 1.08+057 |145+092 0.89+049 110+1.10

10-20°

60°/s 150+0.63 1.75+0.86 1.30+ 169+145 134+124 217+1.08%

120°/s 0.57* 1.71+£135 143+0.62 158+1.04

180°/s 1.63+£059 1.93+0.88 1.90+£0.75 |1.76+0.88 160+042 199+1.39
176 £0.65 2.09+1.23 1.70 £ 0.57

20-30°

60°/s 1.27+040 135+054 1.18+0.26* | 1.78+1.40 1.03+0.50 2.30+1.04%

120°/s 1.38+045 1.46+0.48 146+034 |136+1.05 1.23+037 1.88+0.93

180°/s 154+040 1.52+0.69 149+030 |150+ 093 133+030 2.07+1.13

* Significant angle x velocity interaction effect
T Significant time x angle interaction effect

Significant interaction effects for angle x velocity (p = 0.001) and time x angle (p = 0.033)

were found for the H/Qrunc. The time x angle interaction demonstrated that the ratio




decreased from pre to post fatigue at 0-10° (1.56 + 0.94 vs 1.29 + 1.07 [absolute change -
0.27]), remained similar at 10-20° (1.76 £ 0.74 vs 1.82 + 1.12 [absolute change +0.06]) and
increased at 20-30° (1.45 + 0.42 vs 1.68 + 1.02 [absolute change +0.23]). The difference in
the absolute change in the H/Qrunc from pre to post fatigue between 0-10° and 20-30° was
0.50. The angle x velocity interaction demonstrated a reduction in the H/Qrunc with
increasing velocity at 0-10° of flexion compared with an increase in the H/Qrunc with
increasing velocity at 10-20° and 20-30° of flexion. No other significant interaction effects
were observed. A significant main effect for angle (p = 0.019) was found with the ratio
significantly higher between 10-20° than 0-10° and 20-30°. Importantly there were no main
effects for time (pre fatigue 1.59 + 0.70 vs post fatigue 1.60 £ 1.07). Although the time x
group interaction effect did not reach statistical significance (p = 0.07) there were age related
differences in the response to the soccer specific task. Relative changes and qualitative
outcomes resulting from the within group analysis are presented in figure 1. The fatigue
effects on the H/Qrunc were generally unclear for U13s, likely detrimental in the U15s and
very likely beneficial in the U17s, across the majority of movement velocities and joint
angles. The exception was for the U17s at 0-10° of knee flexion across all velocities where

the findings are unclear, and the U13s at 60°/s where findings are likely beneficial.
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Figure 1: Mean individual change (90%CI) in U13s (left panel), U15s (middle panel) and U17s (right panel) by
movement velocity and joint angle. The grey shaded area represents trivial change (smallest worthwhile effect).
Inferences; Po = possibly. L = likely, VL =very likely, ML = most likely, together with N =negative, P = Positive,
where no annotation is provided the inference isunclear
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DISCUSSION

The major finding from this study is that altered dynamic muscular contol of the knee
(H/Qrunc ratio) following soccer specific fatigue is age dependent in female youth soccer
players. This age related difference is reinforced by the qualitative probability data indicating
that fatigue related effects in H/Qrunc were generally ‘unclear’ in the U13s, ‘likely’
detrminetal in the U15s and ‘very likely’ beneficial in the U17s. This difference in the fatigue
related response to dynamic muscular control clearly has practical significance and may have
reached statistical significance with a larger sample size. It is difficult to relate these findings
to previous research, as this is the first study to have explored the influence of soccer related

fatigue on the H/Qrunc ratio in female youth soccer players using angle specific data.

The findings from the U17s in the current study show a beneficial increase in the H/Qrunc
ratio when fatigue is present, a trend that is supported by previous adult data (31). Conflicting
data are available showing a reduction in the H/Qrunc When fatigue is present in male adults
(3), and this difference may be due to the limitations of the methods used to determine the
H/Qrunc in previous studies. However, there are no comparable data in females and none in
female youth soccer players. The qualitative probability data indicates that for older players
there is a ‘very likely’ improvement in the H/Qrunc ratio, suggesting that post puberty
muscular control is increased after soccer specific fatigue. It would appear that eccentric
torque production is more resistant to fatigue than concentric torque production in post
pubertal girls. The mechanisms responsible for the age related effects found in the current
study might be attributed to a protective effect that is developed through maturation related
changes and/or soccer training. This enhanced muscular control in the older girls may
indicate that they have become quadriceps dominant and thus quadriceps torque decreased
more with fatigue than hamstring torque. Previous work has demonstrated that traditional

soccer training produces quadriceps dominant male youth soccer players (14). However, this
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‘training’ hypothesis would require verification by exploring fatigue related effects in non-
trained young girls. The age related differences might also be partly explained by maturation-
related changes in muscle activation capacities. It is possible that the more mature girls have
better motor unit synchronization, greater rate coding of higher threshold motor units
(especially with regards to eccentric actions), and overall enhanced volitional muscle
activation (7). Thus, more mature children may have a greater capacity to call upon a
combination of these mechanisms, when in a fatigued state, and this may result in more
effective muscular control. Age related differences in the change in the length-tension
relationship, might also be partly responsible for the age related differences with more
immature girls generating peak torque at relatively longer muscle lengths. It might also be
that during the SAFT® younger players are eccentrically working closer to their peak torque
and more mature players further away from their true peak (they are generating more
submaximal eccentric forces at a longer muscle length). Our findings tentatively suggest that
there may be development of fatigue resistance with maturational and training status that help
to protect the joint. This is important, as recent research has demonstrated diminished
neuromuscular control (electromechanical delay) in post pubertal girls when fatigue is

present (5).

In the current study we found ‘likely’ detrimental effects of fatigue on the H/Qrunc ratio in
the U15 age group and these findings are comparable to adult findings (21, 23, 28), but the
mechanisms associated with the decrease in H/Qrunc at this age are difficult to ascribe. The
decrease in eccentric hamstring torque following fatigue would suggest that muscular control
of the joint is compromised in female soccer players around 1-year post PHV and during the
advanced period of puberty. An explanation for the detrimental effects observed in the U15s
may be related to the rapid change in body weight (peak weight velocity [PWV]) as

disproportional increases in body fat as a percentage of body weight may mean that there is
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increased ground contact loading in this age group without the concomitant increases in
muscle strength from muscle growth. This hypothesis is supported by Myer et al. (19) who
reported that the increased demand of pubertal changes in stature and body mass are not
matched by changes in strength and neuromuscular adaptations, and may be the cause for the
increase in knee abduction loads during puberty. Lower body mass and subsequent loading
may also reinforce why we observed no fatigue related changes in the U13s. Additionally,
there may be a protective/inhibitory mechanism in the U15 age group that does not allow
them to develop large eccentric force in fatigued conditions. In very young children an
inhibitory feedback control in the muscle during eccentric actions is seen as a protective
mechanism during muscle lengthening (22). However, in this case the inhibitory effect is

unwanted and may potentially increase injury risk.

A final explanation for why we found a negative fatigue related effect in the U15s compared
with a positive effect in the Ul7s may be attributed to the greater relative workload
completed by the U15 group compared to the U17 group (10,525m vs 10,590m) despite the
fact that the U15s performed for 10min less (80 vs 90mins). Due to the focus on ecological
validity it was not the purpose of this study to control for total workload but the differences in
workload performed cannot be disregarded as a potential reason for the group related
differences. However, in real match play situations all invididuals complete different
workloads, even when duration of matchplay is the same. It would appear that reduced
muscular control, when fatigue is present, places the pubertal female soccer players at the
greatest risk of knee injury. Our findings may start to explain the mechanisms behind the
greater risk of injury in the pubertal child (27, 30). Rumpf and Cronin (27) and van der Sluis
et al (30) reported that the age related increase in injury incidence is aligned with the year of

PHYV and that the adolescent growth spurt may lead to abnormal movement mechanics.
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The “unclear’ finding in the U13 age group demonstrates that the confidence interval spans
all three levels of the magnitude based inference (harmful, trivial, beneficial) and thus there is
variability in this age group in relation to the response to the fatigue task. Hopkins (13)
suggests that where inferences are ‘unclear’ that further research is required with a larger
sample to resolve the uncertainty. In such instances caution should be taken in speculating on
the cause of the varability in the response to the fatigue task. We might expect a wide range
of maturational status in such an age group, with players experiencing different onset,
magnitude, and rates of development. This in part could explain the variability in the fatigue
related response, however as these were girls on an elite player pathway selection processes
appears to have reduced the vaiability in maturation. However, this does not mean that within
the U13 age group that a range of neuromuscular responses to fatigue may not be evident.
Previous studies have shown that the neuromuscular response to fatigue related tasks in
younger age groups is more detrimental and more variable than in older age groups (5). This
suggests greater variability in muscle-tendon ability to generate and transmit force due to
differences such as lower muscle activation and lower muscle fiber conduction velocity (5).
There may also be greater variability in leg stiffness and less ability to recruit and utilize type
Il muscle fibers during maximal voluntary muscle actions. Longitidunal data that spans the
maturational period may help to elucidate some of nuanced and subtle changes in fatigue
related responses, especially in elite selected groups of youth athletes.

It seems that manifestations of functional change occurring with fatigue are multiple, age,
joint angle, angular velocity, and action type dependent (9). We also found a significant time
X joint angle interaction effect indicating that irrespective of age the H/Qrunc ratio at the
most extended joint position (0-10°) was lower post-fatigue compared to pre-fatigue. As the
knee moves into a more flexed position the influence of fatigue disappears and by 20-30° of

knee flexion the H/Qrunc ratio increased post fatigue. These data are supported by the
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qualitative probability findings indicating that despite a ‘very likely’ positive effect of fatigue
on the H/Qrunc ratio in the U17s for most movement velocities and joint angles, that at all
velocities the fatigue effects at 0-10° were ‘unclear’. Also where most findings were ‘unclear’
for the U13 age group at 0-10° some ‘possible negative’ changes were observed. These
findings are important as at near full knee extension, static stability is reduced and functional
stability relies mainly on muscular control to protect the knee structures (11). The data also
reinforces the inappropriate use of using peak torque to calculate the H/Qrunc ratio. By
observing the change in the angle-specific H/Qrunc ratio following soccer specific fatigue,
we have shown that in youth female soccer players the eccentric hamstring muscle action is
less effective in extended knee positions where injury is most likely to occur. These findings
have particular implications for soccer as common movement patterns within the game place
the knee in extended positions and females tend to land with the knee in more extended
positions (12). Our data proposes that landing from a jump in the later stages of a soccer
match may be a cause for increased relative risk of injury in youth female footballers due to
fatigue-related alterations in muscular control. The current study is the first to demonstrate
that muscular control is compromised when fatigue is present in late pubertal girls and as the
joint nears full knee extension. Injury prevention programmes need to be developmentally
appropriate, develop fatigue resistance and condition at the extremes of the ROM. As
muscular control of the knee joint when fatigue is present is compromised around peak height
velocity, when injury incidence is at it’s greatest during childhood (27), then this
maturational stage should be considered an ‘at risk’ period, and targeted accordingly in terms
of prevention. Well structured, strength and conditioning work should be viewed as a season-
long commitment to offset the negative effects of accumulated fatigue. Rather than an
additional entitiy to warm ups, injury prevention strategies should be embedded within

training programmes for all youth athletes (20) to enhance compliance to prevention
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programmes. Early intervention is critical in developing correct foundational motor control

patterns and accompanying levels of muscular strength to offset the potentially harmful

effects of disproportionate growth changes during puberty.
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