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ABSTRACT
Traction between a football shoe and the playing surface influences a players’ ability to perform
football-specific movements. Too little traction means a player might slip. Too much traction is
thought to increase the risk of injury due to foot fixation on the turf. Rotational traction is
linked to increased injury risk in football. Elite football is increasingly played on hybrid rein-
forced natural grass playing surfaces. Our aim is to assess the magnitude of rotational traction
of one new hybrid turf system and compare that to a natural grass (control) surface. Nine differ-
ent Football shoes from three outsole groups (artificial grass, firm ground, soft ground) were
loaded onto a portable shoe-surface traction machine to collect rotational traction data on two
different playing surfaces (1. Natural Rye grass, 2. A hybrid reinforced turf system) at a single
testing session. Peak rotational traction was significantly different across different shoe models
(F¼ 379.8, df¼ 8, p< 0.0001) and shoe outsole groups (F¼ 387.4, df¼ 2, p < .0001). No signifi-
cant difference was found between the natural grass surface and the hybrid reinforced turf sys-
tem after considering the minimal detectable change (MDC) of the traction device. Wide-
ranging differences in peak rotational traction were found across different individual soccer
shoes and outsole groups. The Adidas Nemesis (AG) showed the lowest traction and the Nike
Vision (SG) shoe had the highest traction (MD 28.7N.m; 95% CIs 26.4–30.9; p< 0.0001). The arti-
ficial grass (AG) group showed the lowest traction values while the soft ground (SG) group the
highest. This objective shoe-surface traction data can help with more informed footwear choices
for football played on this type of hybrid playing surface to minimize the risk of lower extrem-
ity injury.
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Introduction

In football, traction (grip) refers to ‘shear’ forces
generated when a player using studded footwear
interacts with a penetrable playing surface. Surfaces
are typically constructed with natural grass, artifi-
cial turf, or a mixture of both known as hybrid
reinforced turf systems (Forrester & Fleming 2019).

Sufficient traction between a football shoe out-
sole and the playing surface largely influences a
players’ ability to accelerate, decelerate, change dir-
ection, and perform other football-specific move-
ments (Pedroza et al., 2010; Dowling et al., 2010;

Schrier et al., 2014; Sterzing et al., 2009). An opti-
mal zone of shoe-surface traction may exist
whereby performance is augmented yet the risk of
injury is moderated (Frederick 1993; Luo &
Stefanyshyn, 2011; Wannop et al., 2013; Thomson
et al., 2015).

Shoe-surface traction is often quantified using a
surrogate mechanical test on two main compo-
nents: Translational traction which is the horizontal
force required to overcome resistance between the
shoe outsole (studs/cleats) and playing surface in a
straight line; and rotational traction which is the
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rotational force required to release the studs
through the playing surface in a rotational manner
(Kent et al., 2021; Wannop & Stefanyshyn, 2016).
Translational traction is important for perform-
ance-related parameters (e.g. time to complete an
agility course or acceleration/deceleration task
(Pedroza et al., 2010). Conversely, higher levels of
rotational traction are linked to increased risk of
lower extremity injury (Lambson et al., 1996; Olsen
et al. 2003; Wannop et al., 2013; Torg &
Quedenfeld, 1971; Torg et al., 1974) attributed to
‘foot fixation’ or the shoe getting trapped on the
surface. Assessing variation in rotational traction of
different playing surfaces and current football shoe
outsole types is therefore important.

Historically, native soils, such as clay, silt, or
loam were used for natural grass playing surface
construction. However, shear strength declines
markedly with increasing water content on native
soil playing surfaces. Rainfall quickly renders the
surface unplayable due to increased surface deform-
ation and divot formation (Serensits et al., 2011).
Sand is less sensitive to changes in moisture con-
tent than native soil (James 2011). However, while
sand-based rootzones give excellent playing condi-
tions due to superior drainage, sand can be

unstable if not supported by a healthy/strong plant
sward. Conditions that are common in high traffic
or shaded stadiums. To counter potential instability
Hybrid reinforced turf systems utilize synthetic
fibres that entwine with the natural grass to
reinforce it (Figure 1). This allows for greater shear
strength, water drainage, durability, and more con-
sistent playing surfaces for ball-surface and player-
surface interaction (Caple et al., 2012; James 2011;
Smeets et al., 2012; Serensits et al., 2011). The use
of hybrid reinforced turf systems is widespread at
the elite level. All pitches in the English premier
league for example are hybrid reinforced. Yet only
a few studies have investigated mechanical proper-
ties, such as shoe-surface traction, on these surfaces
(James 2011; James 2015; Smeets et al., 2012).

Different mechanical properties of football play-
ing surfaces can influence a players’ muscle recruit-
ment and movement strategies (Hales & Johnson
2019; Dowling et al., 2010; Rennie et al., 2016;
Stiles et al., 2011). This can affect overall injury
rates or increase the risk of injury at certain ana-
tomical regions (e.g. Knee, foot, and ankle) across
the football codes including Australian rules foot-
ball, American football, and rugby union (Orchard
et al., 2005; Orchard et al., 2013; Mack et al., 2019;

Figure 1. Hero knitted hybrid grass system on a sand-based rootzone with natural grass that grows through the open grid-based
system. Figure courtesy of HG Turf group (Victoria, Australia).
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Ranson et al., 2018). Mechanical properties of
hybrid playing surfaces are thought to be different
from native soil natural grass surfaces. Increased
surface hardness compared to natural grass is com-
mon (Caple et al., 2012; Thanheiser et al., 2018)
especially as the season progresses. Moreover, shoe-
surface traction increases with certain football shoe
outsole types (bladed cleats) on some hybrid sys-
tems. Mechanical testing of a common ‘stitched’
hybrid reinforcement method showed higher rota-
tional traction with ‘blades’ style cleats compared
to round moulded studs (Smeets et al., 2012).

Very little is known about how current football
shoe outsole designs interact with a new type of
hybrid reinforcement turf system that is currently
in use across several professional football codes
around the world. Our primary aim is to assess the
magnitude of rotational traction of different stud/
cleat configurations on football shoes from several
different companies on one hybrid reinforced turf
system and compare it to a natural grass (control)
surface. This study is designed to assess the
hypothesis that a hybrid reinforced grass pitch has
higher rotational traction than a natural grass pitch
across different football shoe stud/cleat types. Our
secondary aim is to assess rotational traction at the
shoe-surface interface, across the two surfaces,
when shoes are categorized by their outsole silos or
groups (AG, FG, SG).

Materials and methods

Playing surfaces

Two playing surfaces each 25� 25m were prepared
at Aspire Sports Turf research centre (Aspire zone,
Doha Qatar).

1. Natural Rye grass.
2. Natural grass with hybrid reinforcing system

(Hero Hybrid grass, HG sports Turf,
Victoria, Australia).

The FIFA world cup Qatar 2022 takes place in
December. Accordingly, we aimed to analyze sur-
face properties during similar climatic conditions.

Both surfaces had identical base drainage, soil
constituents (sand-based rootzone) with a cool sea-
son Rye grass species (Lolium perenne ‘Perennial
Rye’) that had been overseeded on a warm-season
grass (Cynodon dactylon ‘Bermuda’ Latitude 36VR )
base. The warm-season grass was dormant due to
the colder temperature in Doha during the winter
months. Ground staff maintained the surface prop-
erties to have similar performance properties for
testing in December (winter) 2020 (Table 1).

A Koro field TopMakerVR (Campey turf care sys-
tems, Cheshire, UK) was used to remove the sur-
face vegetation of the warm-season grass surface
and expose fibres on the hybrid product, followed
by the use of a turf Rake (Terra rake, Wiedenmann
GmbH, Rammingen, Germany) to further expose
and arrange hybrid fibres up vertically before
overseeding.

Hero Hybrid grass (HG sports Turf, Victoria,
Australia) consists of a knitted horizontal open
grid-based structure with vertical polytex polyethyl-
ene monofilament fibres that extend from the junc-
tion of each grid and natural grass which grows up
through the open grid structure (Figure 1). Each
square is 16.9� 16.9mm with �27,912 monofila-
ment fibres per square metre, with fibres having a
length of 65mm and a width of 1.4mm. Natural
grass grows up through the open grid structure and
was cut at a height of 23mm. The hybrid rein-
forced turf system fibres have the same length
exposed above the ground (23mm) with the rest of
the length of the fibres below the soil attached to
the grid at the base. The anchoring grid sits
�42mm below the soil meaning outsole studs or
cleats should not come into contact or interact
with it.

This hybrid reinforced turf system is used at
professional football clubs and international stadia

Table 1. Surface characteristics at time of testing.
Surface hardness (g) Soil moisture (%) Soil rootzone Grass height (mm) Temperature (�C) Humidity (%)

Natural Rye grass 79 ± 6 21 ± 5 Sand-based 23 25 44
Hybrid reinforced

turf system
81± 4 20 ± 4 Sand-based with hybrid

synthetic system
(Hero hybridTM)

23 25 44

Surface hardness measured in gravities (g) mean ± standard deviation for 36 surface measurements.
Soil moisture measured as percentage of soil moisture content (%) mean ± standard deviation for 36 surface measurements.

FOOTWEAR SCIENCE 3



in Australia, Singapore, Europe, and the UK
(Supplementary Figure 1). Both surfaces were con-
structed >12months before testing.

Equipment

Surface hardness was assessed using a 2.25 kg Clegg
hammed dropped from 450mm (SD instrumenta-
tion, England). Soil moisture (Delta-t ML2X/ML3
thetaprobe, England) and temperature/humidity
(Kestrel 4400 heat stress tracker, USA) were also
recorded (Table 1).

Traction between the shoe and surface was
measured using a commercially available portable
traction testing device (S2T2, Exeter Research USA)
(Figure 2). The device consists of a prosthetic foot-
form (size 10US), on which shoes are fitted and
positioned at 20� of plantar flexion to ensure only
the forefoot studs are in contact with the surface in
a ‘toe stance’ position (Serensits & McNitt, 2014;
Wannop & Stefanyshyn, 2012; Thomson
et al., 2019).

The floating foot-mass ensures the vertical nor-
mal load (added barbell weight plates) is applied
through the shoe to the playing surface and not the
supporting frame. Wheels allow for movement
across multiple testing locations on the play-
ing surface.

For rotational traction, a vertical load of 580N
(59.1 kg) was applied and the test foot rotated

through 90� at a speed of �90�/s via a torque
wrench (ETW-PR-100, Checkline, NY, USA)
located at the top of the machine that was manu-
ally driven by a single operator (AT). Two opera-
tors who had a combined mass of 163 kg stood on
each end of the frame to stabilize during the test
(AT and DP). Peak rotational traction was recorded
in newton metres (N.m) for both internal rotation
and external rotation directions by a digital torque
wrench sampling at 500Hz (ETW-PR-100,
Checkline, NY, USA) with an accuracy of ±1% of
indicated measurement in a range of 10–100N.m.
The normal load of 580N (59.1 kg) allows compari-
son to previous studies using a similar method-
ology (Thomson et al., 2019; Wannop &
Stefanyshyn, 2012; Wannop et al., 2013). Ground
staff deems this load acceptable to allow testing
without causing severe damage to the playing sur-
face. Our pilot testing showed a linear relationship
between normal load and rotational traction similar
to previous findings (Thomson et al., 2019;
Wannop & Stefanyshyn, 2012).

Reliability and validity of the S2T2 shoe-surface
traction testing machine are excellent with an
Intra-class correlation coefficient (ICC ¼ 0.94) for
both internal and external rotational traction,
standard error of measurement (SEM) of 1.8N.m,
and minimal detectable change (MDC) of 5N.m
(Thomson et al., 2019).

Figure 2. Portable shoe-surface traction tester machine (S2T2, Exeter research, USA).
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Football shoe models
Nine different football boots were tested on both
the natural and hybrid reinforced playing surfaces
from four different football boot manufacturing
companies: Adidas AG (Herzogenaurach,
Germany), Nike (Beverton, OR, USA), Mizuno
Corporation (Osaka, Japan), and Puma
(Herzogenaurach, Germany).

These boots represent nine of the most used
football shoes in elite football according to a world-
wide database (https://www.footballbootsdb.com).

These consisted of three artificial grass (AG)
outsoles (Adidas Nemeziz 19.1 AG, Mizuno
Monacrida Neo select AG, Nike tiempo legend elite
VII AG-Pro), four firm ground (FG) outsoles
(Adidas Copa 19.1, Adidas Nemeziz 19.1 FG, Nike
phantom VNM elite FG, Nike Mercurial vapour
XII elite FG, Puma Future 4.1 netfit FG), and one
soft ground (SG) outsole (Nike Phantom VSN elite
SG-PRO AC) (Figure 3).

Outsole types
The shoe were grouped according to their outsole
type for further analysis. Shoes are sold in these
‘silos’ with players expected to choose an outsole
type that best suits the surface and climatic condi-
tions. Briefly, Artificial grass (AG) shoes have sev-
eral small, short, round moulded studs that are

generally used on very firm pitches or artificial
turf. Firm ground (FG) shoes have moulded cleats,
blades, or round studs (not screw-in metal studs)
that are used on firm dry surfaces. Soft ground
(SG) shoes have fewer, longer, conical (or tapered)
metal ‘screw-in’ detachable studs for wet, muddy,
or low traction conditions. The length of these
detachable studs can be changed to suit conditions
(longer studs to gain more traction) (Figure 4). The
SG model tested had studs 11mm long at the fore-
foot and 13mm long at the heel area. This is the
standard length of studs across many SG models
from different footwear brands. Therefore we
choose to test only one SG brand and model here.

Testing protocol

Shoe testing order was block randomized a priori
using online software (www.randomiser.org). All
shoe-surface and surface hardness/moisture tests
were carried out in six different pitch locations and
repeated six times in each location (moving to
unaffected grass for each test). This comprises 36
tests per 25� 25m pitch for each of the nine shoes
(324 total shoe-surface rotational traction measure-
ments per playing surface or 648 total tests). The
single operator (AT) was blinded to shoe condition.

Figure 3. Football shoe models tested and outsole grouping. AG: artificial grass; FG: firm ground; SG: soft ground.
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Statistical analysis

The dependent variable was rotational traction
(N.m). A two-way analysis of variance was con-
ducted using two factors: playing surface (two lev-
els: Hybrid vs. Rye grass) and shoe model (nine
levels). Bonferoni post-hoc tests were performed
when indicated. This analysis was repeated to
further examine the effect of the playing surface
(two levels) and outsole pattern (three levels:
FG, AG, SG). All statistical tests were
undertaken using SPSS (Version 25, IBM,
Chicago, IL, USA) with significance set at p <

.01 in all analyses.

Results

Peak rotational traction was significantly different
across shoe models (F¼ 379.8, df¼ 8, p< 0.0001)
(Figure 5). The Adidas Nemesis (AG) had the low-
est rotational traction across both surfaces [Hybrid
27.3N.m (SD 1.9); Rye 30.6N.m (SD 1.3)]. The
Nike Vision (SG) consistently recorded the highest
rotational traction, with values of Rye 56.5N.m (SD
1.1) and Hybrid 58.7N.m (SD 2.3). Post-hoc testing
with Bonferroni adjustment found significant dif-
ferences between The Adidas Nemesis (AG) and all
other models, with the largest difference occurring
when comparisons were made to the Nike Vision

Figure 4. Examples of outsole types. AG: artificial grass; FG: firm ground; SG: soft ground.

Figure 5. Rotational traction (N.m) for each individual football boot on the hybrid reinforced and natural rye grass (control) play-
ing surfaces. Shoes in the legend in ascending order for magnitude of rotational traction. �Significant difference between playing
surfaces after considering MDC of shoe-surface machine.
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(SG) shoe (Mean Difference 28.7N.m; 95% CIs
26.4–30.9; p< 0.0001).

Rotational traction was affected by surface type
(F¼ 50.1, df¼ 1, p< 0.0001), with lower average val-
ues recorded on the hybrid surface. We found a sig-
nificant interaction between the two factors (playing
surface�shoe type) (F¼ 6.0, df¼ 8, p< 0.0001). As
shown in Graph 1 in three shoe models (Mizuno
Monacrida; Nike Tiempo AG; Adidas Nemesis FG),
rotational traction remained consistent across the
two surfaces. In one shoe, the Nike Vision, higher
traction values were recorded on the hybrid surface
vs. the rye grass (Mean Difference 2.2N.m 95% Cis

�4.5–0.2; p ¼ .08). In the remaining five shoes,
rotational traction was significantly higher when
tested on rye grass, with the largest change recorded
in the Adidas Copa shoe (Mean Difference 5N.m
95% CIs). However, it is important to note that
5N.m was the MDC calculated for the measure-
ments on the S2T2 shoe-surface traction tester in a
previous study (Thomson et al., 2019). Only the
Adidas Copa FG was at this value for mean
between-surface difference in this study.

Table 2 summarizes the mean rotational traction
in newton metres (N.m) for individual shoe models
when tested on each playing surface.

Graph 1. Mean change in Traction (þ95% CIs) between playing surfaces (n ¼ 9 shoes).

Table 2. Mean rotational traction in Newton metres (N.m) for individual shoe models at each playing surface.
Playing surface

Shoe Outsole Hybrid Rye Mean difference (95% CI)

Adidas Nemesis AG 27.3 30.6 3.3 (1.2–5.4)a

Mizuno Monacrida AG 32.1 32.3 0.2 (�1.8–2.1)
Nike Tiempo AG 33.7 34.4 0.7 (�1.8–3.1)
Nike Phantom Venom FG 38.9 43.6 4.7 (3–6.3)a

Nike Mercurial FG 42.2 45.3 3.1 (1.1–5.1)a

Adidas Copa FG 44.8 49.8 5.0 (2.4–7.5)a

Puma Future FG 46.8 50.9 4.1 (2.1–5.9)a

Adidas Nemesis FG 48.2 50.0 1.8 (�0.3–3.9)
Nike Phantom Vision SG 58.7 56.5 �2.2 (�4.5–0.2)

Mean 41.4 43.6
SD 9.3 8.9

Significance p < .01.
Rotational traction measured in N.m.
aSignificant difference (Hybrid vs. Rye grass).
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Findings were similar when analyses were
repeated using outsole group classification (rather
than shoe model). Again, we found significant
main effects for outsole (F¼ 387.4, df¼ 2, p <

.0001), and significant interaction effects (outsole�-
grass type) (F¼ 4.9, df¼ 2, p < .009). The largest
differences in rotational traction were recorded
between the SG and AG outsoles; this was consist-
ent when testing occurred on the hybrid (Mean
Difference 27.7N.m; 95% CIs 24.6–30.8; p < .0001)
and grass surfaces (Mean Difference 24.1N.m 95%
CIs 22.2–26.0; p < .0001) (Figure 6).

Discussion

The surface type had no overall significant effect
on shoe-surface traction. Only one shoe (Adidas
Copa FG) had significantly different rotational trac-
tion (lower on the hybrid reinforced turf system).
In eight of the nine individual football boots tested
the hybrid surface showed lower rotational traction
than the rye grass control surface. With five of
these shoes reaching statical significance. However,
although many statistically significant differences
were found when comparing the same shoe across
the two surfaces, most were less than the MDC for
the portable traction testing machine and therefore

can perhaps not be differentiated from measure-
ment error.

Thus, no support was found for our primary
hypothesis that the hybrid reinforced turf system
would have higher rotational traction across the
different shoes. In fact, a trend towards
the opposite finding is evident in this study
(Table 1).

Large variations in the magnitude of shoe-sur-
face rotational traction are evident across different
individual shoe models (Figure 5) and outsole
groups (Figure 6) for each surface tested here.
Individual shoe type and outsole group significantly
affected rotational traction which has been linked
to increased lower extremity injury (Lambson et al.,
1996; Olsen et al., 2003; Mack et al., 2019; Wannop
et al., 2013). Higher shoe-surface traction increases
joint loading in the frontal and transverse planes at
the knee and ankle (Wannop & Stefanyshyn, 2016).
Furthermore, anterior cruciate ligament loading
parameters increase when shoe-surface traction is
high (Sinclair & Stainton, 2017). These factors may
contribute to an increased risk of non-contact
lower limb injury.

This study shows footwear selection can signifi-
cantly influence (increase or decrease) rotational
traction for the two surfaces tested: under the

Figure 6. Rotational traction (N.m) for outsole group type. AG: artificial grass; FG: firm ground; SG: soft ground.
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climatic conditions and mechanical surface proper-
ties at the time of testing. Players can adjust their
footwear selection to suit the surface conditions at
times where lower rotational traction is desirable.
For example, returning to on-field rehabilitation
following ACL injury or ankle syndesmosis injury
where it may be prudent to minimize the chance of
the shoe getting ‘stuck’ on the surface
(foot fixation).

Hybrid reinforced playing surface

At the time of testing both playing surfaces had
identical base drainage, soil constituents (sand-
based rootzone), and a cool season grass species
(Lolium perenne ‘Perennial Rye’) that had been
overseeded on a warm-season grass (Cynodon dac-
tylon ‘Bermuda’ Latitude 36VR ) base. Overseeding is
required to maintain 100% coverage on the turf
surface when warm-season grass becomes dormant
due to cooler temperatures during the winter
months in Doha, Qatar. Warm season grass species
develop more lateral root growth that may affect
the stabilization of shear forces from the hybrid
turf system (Sherratt et al., 2005). To counter this
our grounds staff and turf consultants used verti-
cutting programs, removal of the surface vegetation
layer with a Koro field Top MakerVR , turf raking,
and other methods. However, it should be taken
into consideration when interpreting the results
here. The hybrid surface generally showed lower
rotational traction than the Rye grass surface.
However, the mean difference measured across all
shoes was not significant after considering the
MDC of the traction testing machine (Table 2,
Figure 5).

One previous study examined injury incidence
between a different hybrid reinforced system
(stitched), artificial turf, and natural grass in one
elite rugby union team over two seasons of match
play (Cousins et al., 2022). Overall match injury
incidence doubled on hybrid or synthetic surfaces
compared to natural grass. Knee injuries were 3
times higher on the hybrid playing surface com-
pared to natural grass. The authors suggest further
studies across multiple clubs and seasons in a larger
cohort to investigate these initial findings. Our
study did not find any significant difference
between the hybrid reinforced turf system or

natural grass for rotational traction for the football
shoes tested here. However, the hybrid reinforce-
ment systems are different with one a ‘stitched’ sys-
tem in which large machines sew the artificial
fibres �200mm into the sand rootzone (Cousins
et al., 2022), while the Hero Hybrid grass is a grid-
based structure with vertical tufts of artificial fibres
(no stitching).

Hybrid reinforced playing surfaces on sand-
based rootzones are reported to be harder than
natural grass surfaces especially later in the play-
ing season or later in their usage life because of
compaction from traffic, etc. (Caple et al., 2012;
Thanheiser et al., 2018). The high expense asso-
ciated with the installation of hybrid systems
means they are often used for many seasons in a
row with grounds staff renovating the surface
each season. This can increase shear stability and
possible rotational traction due to the compac-
tion of sand particles if maintenance practices
are not able to manage compaction. Our playing
surfaces had very similar hardness and percent-
age of soil moisture (Table 1) at the time of test-
ing which may be one reason why we found no
significant large difference for rotational traction
between the surfaces.

Outsole groups

Football boot selection is one of the few immedi-
ately modifiable factors that a player can influence
just before kick-off when the surface properties or
climate are largely pre-defined. Differences across
outsole groups are much larger than differences
across playing surfaces (Figure 6). This extends pre-
vious findings to suggest (Serensits & McNitt,
2014) footwear selection has a larger effect on rota-
tional traction than playing surface properties.
However, recent studies using playing surfaces and
footwear designed for American football suggest
playing surface affects torque more than (stud/
cleat) design which contrasts our findings (Kent
et al., 2021). Future studies should investigate sev-
eral of the commonly used hybrid reinforcement
methods and record further biomechanical and
injury data to provide more meaningful insights
than mechanical testing alone.
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Limitations

This study examined rotational traction only.
During pilot testing the translational testing, we
planned to carry out caused extensive damage to
both playing surface plots. Therefore, it was agreed
with the maintenance staff to continue only with
rotational traction testing as the plots were required
for other ongoing agronomy-related tests. While
rotational traction is the component of traction
more commonly linked to the possible effect on
non-contact lower extremity injury, translational
traction measurements are required to better
understand how performance may be affected.
Translational traction is important to both joint
loading and overall performance (Pedroza et al.,
2010; Wannop et al., 2013; Wannop & Stefanyshyn,
2016). Reducing rotational traction to reduce injury
risk should ideally not come with a loss of per-
formance due to a player slipping on the surface.
Our previous study on shoe-surface traction found
no significant difference between individual shoes
or outsole groups for translational traction
(Thomson et al., 2019). However, only boots from
a single football boot brand were tested making it
impossible to extrapolate these findings to other
brands. We tested only one SG boot in this study.
While SG outsoles are generally similar across
brands future studies should test other SG outsoles.

Future work should measure both components
of traction. Furthermore, it is unlikely that mechan-
ical traction testing replicates the way players move
in a multi-directional invasion game like football.
Having players subjectively rate the traction they
feel for different shoe and surface combinations
after running a standardized traction course will
add important insight to these findings (Sterzing
et al., 2009).

Natural grass playing surfaces and hybrid rein-
forced playing surfaces have within-field variations
in mechanical properties (Caple et al., 2012; Straw
et al., 2018). This makes it difficult to extrapolate
the findings here to an exact area on the football
pitch as there will be variation throughout. Our
dataset had measurements from multiple playing
surface locations and repeated multiple times
always on a new (undisturbed) surface area for
each test. Tests were conducted at a turf farm with
full sun where the turf was prepared to be in

immaculate condition. Results would likely vary on
stressed turf surfaces that have had high traffic or
shaded areas that are common in inter-
national stadia.

Conclusions

We found no major difference for rotational trac-
tion (torque) at the shoe-surface interface for the
hybrid reinforced turf system or the natural rye
grass playing surface when averaged across all nine
of the football boot outsoles. Most football boots
(8/9) had lower rotational traction on the hybrid
surface yet only one individual football boot
(Adidas Copa FG) reached significance after con-
sidering the MDC of the portable traction tester.
The large variation is evident across different shoe
outsole types with the AG models showing the low-
est magnitude of rotational traction and the SG
model the highest. We suggest using the findings
to help select football boots with lower rotational
traction which may be useful for specific scenarios
(e.g. during on-field rehabilitation after lower
extremity injury).
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