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Traditional Molded Studs- This is the traditional shoe and stud design. The
studs are molded to the shoe’s outsole and have a peg shaped stud or bladed/edge
cleats. These peg-shaped non-removable thermoplastic urethane molded studs (either
round or conical) have anywhere from 7 to 12 studs with approximate dimensions of
14.25 mm for the base and 12.7 mm height for the studs (61). The edge cleats, which
are blade like projections, are placed at difference angles to allow for better footing (87).
The two heel blades are 1.6 cm in height, 1.4 cm in length and 0.5 cm in width. The

forefoot blades are 1.3 cm in height, 1.1 cm in length and 0.5 cm width(86).

The bladed design (Figure 5b) produces significantly higher rotational traction
than traditional peg shaped studs (112). On FieldTurf (sand/rubber infill) and AstroPlay
(a 100% rubber infill), bladed cleats produced a peak rotational stiffness of 5.1 and 4.3
Nm/deg, respectively, compared to 3.2 Nm/deg on the poa pratensis (Kentucky
bluegrass) with lolium multiflorum (ryegrass). Peak torque on the FieldTurf for the
bladed design was 131.6 Nm and 118.4 on AstroPlay. These forces are associated
with an ACL injury rate 3.4 times higher than that of all other designs combined (112).
The turf studs produced the smallest amount of rotational stiffness and peak torque with
averages of only 2.6 Nm/deg and 69.9 Nm respectively. Traditional studs produced 40
Nm of torque on synthetic turf compared to only 25.5 Nm of torque on natural turf (57).
Bladed patterns produced 52 Nm of torque on synthetic turf compared to only 31 Nm of
torque on natural turf (57). The researchers also found that athletes wearing bladed
cleats resulted in higher injury rates compared to interchangeable screw-in studs, the

pivot disk, and flat studs (57). The results from this study suggest that the higher injury



24

rates compared to the traditional studs are due to the additional peripheral surface area
covered. The edge/bladed design also produces higher torsional resistance than
traditional, screw in, and pivot disk designs (57). The pivot disk was a forefoot disk with
a single stud that was placed on a rotating disk, acting as a swivel so that when the
athlete planted, it was easy to rotate their foot. However, researchers failed to detect
differences between three studded conditions (six forefoot blades, four forefoot studs,
and eight forefoot studs) when measuring rotational traction, plantarflexion, abduction,

and eversion ankle joint moments with human subjects (86).

Aggressively cleated shoes (majority of sole is covered in studs), such as turf
shoes, were found to produce larger values for translational and rotational traction than
compared to bladed and traditional studs. In the same study, AstroPlay (50 mm
synthetic fibers with 40 mm of rubber infill) and FieldTurf (50 mm synthetic fibers with 40
mm of rubber and sand infill) produced the highest translational and rotational traction
compared to AstroTurf® (10 mm synthetic fibers with 10 mm foam base) and natural turf
(100). There is generally no debate that longer studs increase traction and therefore
the chance of injury, specifically ACL injuries (57). In fact, injuries related to torque
increase with stud length (100). However, data describing the effects of stud number on

injury incidence are limited.

Players wearing shoes with more than 6 to 10 studs have been found to suffer
fewer injuries on natural turf, while players using shoes with 13 to 17 studs had fewer
injuries on synthetic turf (14, 109). The increase in stud number decreased the number

of joint injuries suffered by football players by 50% (100). Interestingly enough,
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traditional molded studs mandated by the NCAA were actually deemed “Probably Not
Safe” yielding release coefficients of 0.44 (110). The safety determinants were
recognized by Torg et al. (1974) and were found by correlating release coefficients with
injury statistics from a Philadelphia High School Study. The release coefficient is equal
to the force divided by the weight, where the force is the coefficient of friction multiplied
by the weight. Release coefficients > 0.49 were classified “Not Safe,” while those
ranging from 0.40 to 0.49 were deemed “Probably Not Safe,” 0.31 to 0.40 were termed

“Probably Safe,” and anything < 0.31 was referred to as “Safe” (110).

Figure 5: a) The traditional peg shaped molded studs (3) and b) the edge
studs/blades (107).

Removable/interchangeable Studs- Interchangeable studs date back to the
early 1950’s. Rudi Dassler, founder of Puma, developed the interchangeable rubber
and plastic screw-in studs for athletic shoes (88). Today there are a multitude of
different stud sizes and shapes that help athletes perform on all different types of terrain
ranging from dry and hard to wet and muddy. Not only does the stud length vary with
removable studs, but also the diameter of the stud and the shape itself. The most
common length and configuration of interchangeable studs are 0.95 cm removable

studs with five studs on the forefoot with two on the rear foot (Figure 6). Other
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removable stud lengths are also available at 1.27 cm (dry field conditions), 1.91 cm (soft
or wet field conditions), and 2.54 cm (frozen fields) (16). Screw-in removable studs
produced more torque (35 Nm) on synthetic turf than on natural turf (24 Nm) (57).
Figure 6 illustrates one shape of stud varying in length (4). The longest stud (far right in
Figure 6) would most likely be worn on soft or frozen surfaces in order to increase

traction. Soft surfaces would be wet turf or turf in which the studs easily penetrate.
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Figure 6: Interchangeable studs with the tool that is used to loosen and tighten
the studs (4).

The studded shoe used in this study was the adidas Scorch X Low D with
removable studs. In addition to an ethylene-vinyl acetate insole and midsole, these
studs have a nonslip lining and were injected with thermoplastic polyurethane
detachable studs. The natural turf studs are 1.27 cm in length. The natural turf studs
are the original studs that came with the shoe and are made to be used on normal field
conditions. Synthetic turf studs are 0.95 cm in length and screw into the adidas Scorch

X soles.

Synthetic Turf Shoes- This type of shoe is specifically designed for synthetic
playing surfaces only and was designed shortly after the invention of Astroturf.

AstroTurf® posed a problem for traditional natural grass studs because they could not
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penetrate the surface (98). The differences between the synthetic turf studs and natural
turf studs are very noticeable. The sole of the synthetic turf shoe is almost entirely
covered with rubber studs (Figure 7), which are shorter and smaller than the
elastomeric studs of the traditional cleats (5). The base diameter is 9.5 mm and the
height is 9.5 mm (61). One study by Livesay et al. (2005) found that turf studs produced
significantly higher peak torques on non-infilled synthetic turf (33.2 Nm) than on infilled
synthetic turf and natural turf (22.0 Nm). In addition, turf shoes produced 4.34 Nm/deg
of rotational stiffness on non-infilled synthetic turf, which was nearly double that of any
other shoe-surface combination that was tested, including the traditional molded studs.

These synthetic turf shoes have been associated with lower knee injury rates (109).

Figure 7: Synthetic turf shoe with numerous small rubber studs(5).

Shoe-Surface Interaction and the Risk of Injury

Higher rates of injury have been reported for football when comparing synthetic
and natural turf (92, 93). A study of high school football players found that injury rates
were 1.6 times greater on synthetic turf surfaces than compared to natural turf (96).
The interaction between studded shoes and surfaces is known as shoe-surface

interaction. Unfortunately, there is very fine line between the shoe and surface
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in order to have a comprehensive understanding of shoe-surface interactions. Human
testing is more variable than machine testing due to the extra degrees of freedom in the
human body that machines do not have, but at the same time, the variability in the
movement is much more realistic. Every time an athlete makes a certain cutting
movement, they are not going to load the shoe in the exact same way. Human testing
may be more variable but is a more accurate reflection of the kinematics and kinetics

occurring in the human body. In this study, we will focus on human testing.

Figure 8: PennFoot traction tester (56).

Drakos et al. (2010) combined human testing with machine testing by using
cadaver legs and a custom shear constrained loading assembly that measured strain
and force at the ACL. The cadaver legs were outfitted with two sets of studded shoes

and were then rotated on natural grass, first generation AstroTurf® and third generation
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synthetic turf (33). The two sets of studs that were used were traditional molded studs
and interchangeable screw in studs. The screw in studs on the natural turf produced
the smallest peak strain. Unfortunately, impact forces were not recorded, which play a
role in ACL tears (33). Muller et al. (2010) studied three different movements on
artificial turf with four different cleat conditions. A 45° cut with firm ground thermoplastic
bladed cleats yielded peak vertical GRF of 2.52 BW and vertical force rate of 0.31
BW/ms while a 180° cut yielded peak vertical GRF of 2.33 BW and vertical force rate of
0.17 BW.ms. Peak vertical force and force rate were not affected by different shoe for
the 45° cut. The 180° cut decreased peak vertical and shear force for the soft ground
cleats compared to the hard ground cleats (74). Soft ground cleats were characterized
by 6 mm longer but fewer cleats (only 6 total studs), hard ground cleats had multiple (15
total blades) shorter molded studs and firm ground cleats were bladed.

The major thrust for studies on shoe-surface interaction is athlete safety and
performance. Two-thirds of noncontact soccer injuries may be due to excessive shoe-
surface traction (35). There is a linear association between shoe-surface traction and
effective stud surface area (14). Surfaces with higher frictional resistance, or traction,
are assumed to cause fewer injuries than surfaces with lower frictional resistance (80).

It has been shown that athletes wearing studded shoes run faster on synthetic
turf compared to natural turf (55) but faster speeds can also increase injury incidence
(105). Increasing the speed of the game increases the chance of injury due to fatigue
from greater rates of speed, acceleration and torque, as well as overexertion (70).

Frequently, the mechanism of knee injury involves a foot planted on the playing

surface with excessive internal rotation of the upper body (42). Many studies have
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postulated a link between higher resistance to rotation, rotational traction, and increased
injury rates, with some showing injury rates of 30 to 50% higher on synthetic turf
compared to natural turf (17, 20, 47, 93, 102, 110, 117). It has also been shown that
there is an increased risk of ankle and knee injuries in collegiate athletes on synthetic
surfaces (7, 38). Increased incidence of ACL injuries in football has been associated
with increased friction between the shoe and surface, due to foot fixation (109, 110).
With the increasing adoption rate of synthetic playing surfaces came an
increasing number of injuries. Immediately after the adoption of the first generation
synthetic surfaces, negative player perceptions were reported in relation to traction and
slip resistance (101). The most common football related injuries associated with the
synthetic turf occur to the lower extremity and are abrasions, concussions, contusions,
and ligament strains (59, 76, 102). A study investigating the differences in injury rates
between eight high schools playing on infilled synthetic turf and natural turfgrass over a
five-year period found that rates of injury were similar but there were significant
differences in time loss, injury mechanisms, anatomical locations of injury, and types of
tissue injured on each playing surface (71). Natural turf yielded 0.52 injury rate
(injuries/games) while synthetic turf had and injury rate of 0.76 (17). The type of
synthetic turf was not controlled for except that the field had to be completely covered in
turf for the entire season. Skovran et al. (1990) reported that injuries were 50% more
likely to occur on synthetic turf than on natural turf with injury rates of 9.74 and 6.54 per
1,000 athletic exposures on synthetic and natural turf, respectively (102). In the
National Football League (NFL), applications of synthetic turf between 1980 and 1989

have been associated with an increased risk for ACL and medial collateral ligament
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(MCL) injuries, knee and ankle sprains (93). The same study found that 1081 game-
related knee sprains occurring during NFL games between 1980 and 1989, with only 54
due to playing surface type (93). Similar results were observed for ankle injury rates
where it was reported that of the 972 game related ankle injuries, only 70 could have
been avoided by competing on natural turfgrass in place of synthetic turf (93). One
study of college athletes found significantly increased risk of knee and ankle injuries
when athletes played on synthetic surfaces (7).

The increasing rate of injury may be due to multiple reasons, such as amount of
torque, number of studs, speed of movement, performance tasks or surface conditions.
The amount of torque developed at the shoe-surface interface is dependent on several
factors including shoe type, playing surface, weight bearing and the stance assumed
(14). Traditional studded shoes have been shown to generate larger torsional and
friction resistance on natural turf surfaces compared to other shoes (synthetic turf and
court shoes) (21). Excessive traction between the shoe and the surface results in foot
fixation and therefore a great possibility of injury, while insufficient traction results in
slipping and/or falling which can lead to either decreased performance or injury (36, 59).
The optimal traction coefficient for football shoe-surface combinations for injury
prevention and reduction, was found by robotic/machine testing to be between 0.6 to
1.0 (80, 82, 100, 110, 111). Traction coefficients, as found by Torq et al. (1974) can be
correlated with safe shoe-surface interactions. Valiant (1990) found that a lateral
change of direction required a minimum traction coefficient 0.6 while stopping on infilled
synthetic turf requires a traction coefficient of 0.8. The criteria for landing, takeoff and

cutting are a bit different and require more traction, enhancing the athlete’s control and
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ability to change direction, than these values that were for running and general
performance maneuvers (21, 32). In order to avoid slipping during landing and take-off,
the optimal traction coefficient should be at least 1.3 (82). More traction will result in
foot fixation while less traction will result in slipping which is associated with decreased

performance and higher risk of epidermal abrasions (59, 76, 102).

Kinetics of Landing, Pivoting and Cutting Movements

Ground reaction forces (GRFs) are comprised of a three-component vector
representing forces in the X, Y, Z directions (anterior-posterior, medial-lateral and
vertical). The vertical GRF, or Z component, generally produces the highest magnitude
of the three GRF components from vertical acceleration of the body (34). In sports with
repeated impacts, such as football, it is important to minimize the force that is returned
to the athlete from the surface in order to reduce injury (73). Different movements and
surfaces introduce different GRFs. For instance, GRFs would be different between
natural turf and synthetic turf because of the built in natural shock absorbency of the turf
grass canopy and soil, which is mimicked in synthetic turf with foam pads, sand, and/or
crushed rubber infill (35, 100) . In contrast, Feehery (1986) and Dixon et al. (1999)
found that impact forces do not vary between different surfaces because runners may
be subconsciously changing their gait in order to control the impact forces. One major
differences is that machine testing doesn’t account for the surface, a weight is loaded
onto a load cell or prosthetic foot the same way every time, but humans react to their
environment and therefore may impact various surfaces in different ways so that the

forces felt are relatively similar between surfaces. In 2004, Meyers and Barnhill



35

completed a 5-year prospective study of eight high school examining injuries on
synthetic turf (FieldTurf) and natural turf and found that the two different surfaces had
unique injury patterns with synthetic turf providing more concussions and articular
trauma (70, 71). A major limitation of this study was that the field conditions were not
measured, but the researchers noted that the majority of injuries occurred on dry field
conditions. Therefore, football teams that practice and play on different surfaces
increase the chance for injury (95). Griffin (2000) showed that GRFs were not affected
by shoe conditions or sole materials, while Livesay (2005) found that harder shoes

resulted in increased impact forces.

A rapid and large force being exerted on the floor characterizes the jump and
drop-land GRF. Most people will land with their toes first, followed by their heels and
then a knee bend to absorb the forces. Depending on the height of the jump and the
landing technique, GRFs can exceed three times body weight (45). The initial peak of
the GRF, or the braking phase, is where the majority of articular cartilage damage, as
well as stress fractures and overuse injuries occur (79). The braking phase is the slope

of the GRF line.

Landing and cutting are very common football maneuvers. Many positions,
including the offensive receivers and defensive backs are often required to jump, pivot,
and cut quickly. The combination of these movements tends to produce a multitude of
ACL injuries due to multiple factors (75). Non-contact ACL injuries typically happen
during changes of direction such as sidestep cutting, jump-landing, or pivoting (6, 13).

There are many studies that examined individual components of this land-cut movement
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pattern, for instance, just the land, pivot or cut, or a combination of two or all three of the
movements Very few studies have investigated the entire movement sequence

including approach, jump, land, and cut on third generation, infilled synthetic turf.

Landing: There are two ways to land from a jump: single-leg landing and double-
leg landing. Single-leg landings produce significantly higher peak resultant GRF, as
well as larger internal extensor moments in the hip and ankle joints, hip extensor and
ankle plantarflexor impulses, knee abduction moments, and knee and ankle adductor
impulses compared to double-leg landings from the same height of 0.6 m (116). Yeow
et al (2011) had subijects step off a 0.6 m platform with their dominant limb and land with
both feet for the double-leg landing, and for the single-leg landing, subjects were asked
to land on their dominant limb. Higher vertical GRF were found in single-leg landings
from heights of 0.3 m and 0.6 m when compared to double-leg landings (115). During
single-leg landings, increased GRFs and decreased knee flexion angles reduce the
ability to absorb the compressive loads placed on the knee, putting it at risk for injury
(30). Recreational athletes during single-leg landings from 0.4 m have shown greater
knee abduction angles, lower hip adduction angles and reduced knee flexion compared
to double-leg landings (85). Higher GRF were associated with significantly less knee
flexion compared to double-leg landings for both men and women (85). The risk of ACL
injury is also elevated with the presence of large knee abduction angles during landings

(48) as well as rapid deceleration and hyperextension of the knee (12).

Energy dissipation for a single-leg landing was mainly carried out by the ankle

and hip in the sagittal plane, and the knee was the sole contributor to energy dissipation



37

in the frontal plane (116). Peak ACL force was 11% greater in a stiff landing, in which
energy dissipation is decreased compared to a normal or soft landing (58). A soft

landing contributed to greater hip flexion at initial contact (41, 58).

Along the same lines, a more erect posture when landing has been deemed a
risk factor for ACL injury (41). A study comparing single-leg and double-leg landings
between men and women found that single-leg landings were associated with
significantly less knee flexion compared to double-leg landings for both men and women
(85). Less hip flexion during a single-leg land-and-cut landing is associated with larger
peak internal rotation torque, which is an important ACL dynamic loading mechanism
(41, 63). The combination of higher GRFs during a single-leg landing and the
decreased knee flexion leads to a decreased capacity to absorb shock which places
large compressive loads on the knee joint (30) resulting in a higher risk of ACL injury
(13, 84, 114). McLean et al. (2009) used a jump landing in addition to a maximal effort
90° cut in order to look at fatigue effects on ACL injury risk and found that fatigue
decreased knee flexion angles and increased knee abduction angles. Prior to fatigue,
subjects averaged -58.7° of knee flexion and -3.8° of knee abduction. Fatigue
decreased knee flexion angles and increased knee abduction angles, which in turn
increased the risk of ACL injury. Hass et al. (2005) had participants drop from a height
that was equal to their highest maximal effort jump, land on their dominant leg, and then
laterally cut with maximal effort. A lateral landing sequence, which required a maximal
effort lateral cut after dropping from a raised platform, indicated significantly higher knee

flexion range of motion (ROM) than during a static landing trial where participants
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stepped off the platform and landed without any lateral or forward motion (43). They
found that stride landing with a lateral cut showed post-pubescent mechanical changes
that may increase injury risk (43). Post-pubescents had vertical GRFs of 2.17
Ne(kg*VLH)-1), knee flexion ROM of 48° and abduction ROM of 4°. Post-pubescent
females showed significantly less knee flexion compared to pre-pubescent females,

resulting in increased incidence of post-pubescent knee injuries.

Cutting: Football players usually make a quick cutting movement after landing
in order to avoid oncoming players. In order for cutting in a laboratory setting to mimic
that of a game situation, participants needed to pass through the photocells, separated
by 1.5 m, at a speed between 5.5 and 7.0 m/s (66). Other studies have found that
approach speeds should be 4.5 to 5.0 m/s for an unanticipated 45° side cut (83), as well

as 4.5 to 5.5 m/s for a sidestep with simulated defense (65).

O’Connor et al. (2009) used a maneuver similar to the jump, land and cut
maneuver where participants leaped from the non-dominant leg to the dominant leg and
then cut 45°. The knee was significantly more adducted at contact for the stride-land
and cut when compared to the close-land and cut and far-land and cut (83). A factor
analysis revealed a high correlation between the three constrained tasks (stride-land
and cut landing on level ground, far-land and cut jumping from a box set at maximum
countermovement jump height to a distance three times the box height away, and a
close-land and cut with the same box height but a jump of equivalent box height length)
and a low correlation to the unanticipated cutting maneuver. They also found that that

there was a poor relationship between the unanticipated cutting task with a 4.5t0 5.0
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m/s approach speed followed by a 45° side cut and ACL injury risk. McLean et al.
(2005) found a high degree of correlation between a jump-land task and a planned side

cut in terms of the peak abduction angle of the knee.

Chaudhari et al. (2005) used a run with a 90° cut in order to determine variations
in arm position on single-limb knee abduction loading (23). Cortes et al. (2010)
completed two comparable studies. The first used a drop-jump task and 45 and 180°
cut at an approach speed of 3.9 + 0.5 m/s and found the 180° cut to have increased
knee abduction angles and decrease knee flexion compared to the 45° cut. The second
study by Cortes et al. (2011) used two similar movements (sidestep cut at 45° and a
180° cut) at an approach speed of 3.5 m/s or faster. The 45° cut with a rearfoot landing
increased knee abduction angles whereas the 180° cut had increased knee abduction
angles with a forefoot landing. Between the two forefoot movements, GRF and knee
flexion values were greater and abduction angles were smaller for the 45° cut compared
to the 180° cut (27). Both studies showed increased knee abduction angles for the 180°
cut compared to the 45° cut and that a combination of posture, loading, and joint angles
held the potential to increase strain on the ACL for the 180° cut. Overall, these studies
determined that increased knee abduction angle, large peak vertical GRFs and/or
decreased knee flexion angles at initial contact could potentially increase ACL injury
incidence (27, 28). Other studies have also found decreased knee flexion angles and
increased knee abduction angles during cutting (13, 48, 62, 65, 84). Gehring et al.
(2007) used human subjects to examine knee joint loads based on two different soccer

shoe cleat constructions (traditional studs and blades) by analyzing kinematics, kinetics
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and electromyography (EMG). Subjects completed a 180° cut on sand and rubber
infilled synthetic turf after accelerating for three to four meters. The peak vertical GRF
occurred during initial weight acceptance and did not significantly differ between the two
cleated conditions even though the bladed cleats showed greater values (+12.5%) (39).
Overall, the bladed design did not prove to have a higher risk of non-contact ACL injury
than the traditional studded design. Another study used three movement tasks: drop-
jump from 30 cm, sidestep cutting at 45° and a 180° at an approach speed of 3.9 £ 0.5
m/s (28)(29)(29)(29, 30). This study found that ACL injuries could be caused by
increased knee abduction angle, large peak vertical ground reaction force and
decreased knee flexion angles at initial contact (28). Other studies have also found
decreased knee flexion angles and increased knee abduction angles during cutting to

be associated with increased risk of ACL injury (48, 65, 84).

The land-cut movement, which consists of a 3-step approach, followed by a
single-leg take off, landing on the dominant leg, and cutting laterally at 90° was chosen
for this study. The cut angle of 90° was chosen as it is a common football maneuver of
recreational and competitive players. Common football passing plays incorporating a
90° cut are the out route (receiver runs 7 to 10 yards downfield and makes a 90° turn
towards the sideline) and In/Drag route (receiver runs 7 to 10 yards downfield and

makes a 90° turn towards the center of the field).

Overall, studies have found that ACL injuries could be caused by increased knee
abduction angle, large peak vertical ground reaction force and decreased knee flexion

angles at initial contact (27, 28). Multiple studies have also found decreased knee
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flexion angles and increased knee abduction angles during cutting to be associated with
increased risk of ACL injury (13, 48, 62, 65, 84). The need exists to study the
relationship between jumping, landing, and cutting in order to closely mimic that of an

actual ACL injury.

The purpose of this investigation was to look at the kinematic and kinetic
differences in different shoe conditions (removable natural and synthetic turf studs and
a neutral running shoe) during two common football movements (a 180° lateral cut and
a land-cut movement) on an infilled third generation synthetic turf. While it is well
known that shoes with studs provide more traction on synthetic surfaces compared to
other athletic shoes (109), the results of the current study may be valuable for both the
competitive athlete as well as the recreational athlete that plays on synthetic turf with
and without studs. This study will attempt to understand the vertical GRFs of different
shoe conditions on synthetic turf and the differences in knee joint kinematics between
the two studded conditions and neutral shoe. In addition, a better understanding of free
moments in relation to stud differences during the 180° cut and the land-cut movement

would help to evaluate the injury potential for landing and cutting movements.



42

Chapter 3

Methods

Participants

Fourteen active, healthy recreational male football players (defined as having at
least 3 years of football experience) with a catching emphasis (preferably playing wide
receiver, running back, defensive back or safety) between the ages of 18 to 25 years
who were participating in recreational sport activity at least three times a week
voluntarily participated in the study. More details on subject demographics can be
found in Appendix D. Participants were excluded from this study if they had any
previous history of serious lower extremity injury (such as ligament rupture, meniscus
repair, and bone fractures). Participants were also injury free at the time of testing and
were excluded from this study if they answered ‘yes’ to any single question of the
Physical Activity Readiness Questionnaire (PAR-Q). Each participant attended a single
testing session that lasted about 90 minutes. Participants provided written informed
consent approved by the University of Tennessee Institutional Review Board, prior to
the testing session. Participants were recruited by the use of flyers and word of mouth.

The number of subjects was determined through a power analysis using IBM SPSS
Sample Power, 3.0. The variables that were used to determine the needed power were
peak vertical GRF (27, 74) and peak joint angles for the knee and ankle (27, 28, 65,
116). Arange of 10 to 12 participants was needed in order for statistical significance of

0.05 to be found. A 3 x 2 (Cleat x Movement) repeated analysis of variance (ANOVA)
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was used to examine effects of the three shoe conditions and the two movement
conditions on the selected variables. Post hoc comparisons using a pair-wise t-test
were performed when a significant interaction of shoe and movement or a shoe and

movement main effect was found. An alpha level was set at 0.05 and a power of 0.8.

Equipment
Shoe: Participants wore a pair of neutral lab running shoes (shoe, Noveto,
adidas) and a pair of football shoes with the provided injected thermoplastic
polyurethane natural turf studs (natural turf studs) that are 1.27 cm in length as well as
synthetic turf studs (synthetic turf studs) which are 0.95 cm in length (Scorch X Low D,
adidas). The synthetic turf studs are shorter which make it easier for them to penetrate

the infilled surface. Figure 9 below shoes the differences in shoe types.

Figure 9: From left to right: adidas Noveto, neutral shoe, adidas Scorch X with
removable natural turf studs and, adidas Scorch X with removable synthetic turf
studs.
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Turf: A monofilament synthetic turf surface (AstroTurf® Gameday 3D 60,
AstroTurf, Dalton, GA) was mounted to the lab surface with double-sided tape and
screws. The small piece that was atop the force platform was mounted by adhering a
thin rubberized liner to the backing to anchor the turf on the force platform. A pattern of
double sided tape was used in order to provide stability in all directions (three squares
decreasing in size with an X in the middle). Lastly, turf on the force platform was
fastened with four flat head screws and then top-dressed with sand and rubber infill.
These three techniques, in addition to the weight of the infill, helped to keep the turf
from moving during the cutting movements. All the remaining turf was fastened with
double-sided tape (Figure 11). The turf around the force platform was cut out so that it
was easy to determine whether or not the participants struck the middle of the force
platform. This was also done to allow the calibration wand to sit down in the gaps
between the force platform and the floor. After the turf was installed directly over the
force platform, the force platform piece and part of two of the runways were infilled with
a sand and rubber mixture (1.0 : 2.5 Ibs sand to rubber). The sand was put down first,
and then then rubber was added on top. A stiff brush was used to evenly distribute the
materials as well as densely pack the sand and rubber into the matted synthetic turf.
Figure 13 below demonstrates where the sand and rubber infill was placed (the light are
covering the force platform and portions of each runway). The infill was placed so that
subjects had a minimum of two to three steps on the infilled turf before landing on the
force platform so that they were comfortable with the feeling before stepping on the

force platform.
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Biomechanical Equipment: A nine-camera infrared motion capture system (120
Hz, Vicon Motion Analysis, Inc., Oxford, UK) was used to collect 3-dimensional (3-D)
data. Anatomical reflective markers were placed bilaterally on the acromion process,
iliac crest, greater trochanter, medial and lateral femoral epicondyles, medial and lateral
malleoli, 1st and 5th metatarsal heads, and toe (most anterior aspect of the shoe).
Anatomical landmarks were found by palpation for the bony landmarks. Tracking
reflective markers were also placed on a semi-rigid thermoplastic shell with four tracking
markers on the trunk, pelvis, thigh, and shank. Three tracking markers were attached to
the posterior and lateral heel of the shoe (Figure 10). After the anatomical and tracking
markers were correctly placed, a single static trial was taken for the running shoe and
football shoe conditions. Once the static trial was successfully labeled, the anatomical
markers were removed before dynamic movement trials begun. A single force platform
(1200 Hz, Advanced Mechanical Technology, Inc., Watertown, MA 02472, USA) was
used in order to measure the GRFs and moments of forces during movement. The 3-D
kinematic and force platform data were collected simultaneously through the Vicon
system. Two pairs of photocells (Lafayette Instrument Co., Model 63501 1R) placed 1.5
meters apart and connected to an electronic timer (Model 54035A, Lafayette

Instrument) were used to measure the approaching speed during the 180° cut.
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Figure 10: Marker Locations.

Protocol

The testing session took approximately 90 minutes. The test session began with
the subject filling out the informed consent form, an information sheet, and the physical
activity readiness questionnaire. The information sheet asked questions (Appendix C)
about age, number of years of football experience, both recreational and competitive,
preferred position, and preferred football shoe style (stud, edge, molded, removable...).
In addition, the participants were asked to complete a self-directed five-minute warm up,
consisting of 3 to 4 minutes of jogging on a treadmill at 5 to 6 mph and stretching of the
guadriceps, hamstrings, gastrocnemius, hip flexors, and trunk, in the running shoes.

Participants were asked to wear dark colored spandex shorts and a tight fitting shirt.

Participants first performed three maximum single-leg jump trials with three-step
approach using a Vertec system to determine their jump height. Participants jumped

from their dominant leg, which was determined by asking which foot they would kick a
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ball with. The maximum height was used to determine the controlled jump height for the
land-cut maneuver. The information from the maximum single-leg jump height was
used to place the motorized overhead bar at 90% of maximum jump height. Subjects
jumped high enough to touch the bar with their opposite hand. Participants were
instructed on the two movements before reflective markers were applied. For the land-
cut maneuver, subjects were told to use the bar as a height reference and make sure
their fingers either touched the bar or came to the height of the bar. Landing as straight
forward as possible was emphasized. For the 180° cut, participants were instructed to
cut from the same foot as they landed on for the land-cut maneuver. Participants were
also informed about their speed and whether or not they needed to approach the force
platform faster or slower. The participants were required to perform a minimum of three
practice trials for each movement, but were allowed to practice more if they still felt
uncomfortable with the movements. Before the movement trials, the reflective markers
were applied to the trunk, pelvis and the both lower limbs. The participant performed
five successful trials in each of the six testing conditions: 180° cut at a an approach
speed between 3.5 to 4.5 and single-leg land-cut at 90° from a single-leg jump at 90%
of their maximum jump height wearing the shoe, natural turf studs and synthetic turf
studs. During the 180° cut (Figure 12 and 13), participants started approximately 7.62
to 8.23 m marked by a cone from the center of the force platform, ran forward at
maximum speed, performed a 180° cut on the force platform and accelerated back

through the cone before decelerating.



Table 1. Free moment and ground reaction force variables:

mean = SD.
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Land-Cut 180° Cut
Natural turf Synthetic turf Natural turf Synthetic turf
Shoe stud stud Shoe stud stud

Peak Free Moment (Nm/kg) " 0.448+0.13 0.485+0.099 0.460+0.154 0.309+0.177 0.221+0.094 0.244+0.094
Time _Peak Free Moment (s) 0.126+0.025 0.130+0.034 0.131+0.030 0.088+0.051 0.100£0.037 0.097+0.037
Impact vertical GRF (BW) " 4.8+0.9 5.0+0.7 5.0+0.7 1.940.2 1.6+0.2 1.8+0.3
Time_Impact vertical GRF(s) " 0.048+0.009 ° 0.047+0.013 ° 0.050+0.013 ® 0.066+0.020 0.081+0.032 * 0.063+0.028
Loading rate_Impact vertical GRF (BW/s) M 103.1+38.4 108.7+£38.4 103.0+44.2 30.5£13.0 25.3+12.6 27.8£13.2
Peak Medial GRF (BW) ©* 1.3+0.2 1.3+0.3 1.4+0.3 1.40.2 ** 1.1+0.1 % 1.3+0.1

C: Significant Cleat main effect (p<.05)

M: Significant Movement main effect (p<.05)

&: Cleat x Movement Interaction

*: Significant difference between Shoe and Natural turf stud

#: Significant difference between Shoe and Synthetic turf stud
%: Significant difference between Natural turf stud and Synthetic turf stud
$: Significant difference between movement of same stud condition



Table 2: Ankle kinematic variables: mean = SD.

Land-Cut 180° Cut
Shoe Natural turf stud  Synthetic turf stud Shoe Natural turf stud  Synthetic turf stud

Peak dorsiflexion angle (°) 20.6%+6.0 18.8+8.1 18.9+8.3 20.5%£10.5 19.9+10.0 19.3£12.2
Dorsiflexion ROM (°) oM# 42.5+8.9 45.7+10.7 46.4+12.0 27.5£11.0 30.1+10.3 32.2+10.5
Peak dorsiflexion velocity (deg/s) “™*  833.0+207.8 860.0+190.3 932.4+174.0 501.2+219.1 406.0+108.8 474.1+152.3
Peak eversion angle (°) -7.3£11.0 -2.6+6.8 -2.9+7.0 - - -
Eversion ROM (°) -2.0+6.1 0.745.0 -1.3+6.4 - - -
Peak eversion velocity(deg/s) ¢ * -160.5+43.1 -234.8+102.7 -210.3+58.8 - - -

Peak inversion angle (°) - - - 19.1+7.8 22.848.1 22.947.0
Inversion ROM (°) - - - 19.9+6.6 21.5+6.8 22.6+6.7
Peak inversion velocity(deg/s) - - - 401.4+179.1 413.6£145.2 412.4+67.2

C: Significant Cleat main effect (p<.05)

M: Significant Movement main effect (p<.05)

* Significant difference between Shoe and Natural turf stud

#: Significant difference between Shoe and Synthetic turf stud

%: Significant difference between Natural turf cleat and Synthetic turf stud

-: Not applicable for the given movement



Table 3: Knee kinematic variables: mean * SD.
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Land-Cut

Synthetic turf

180° Cut

Synthetic turf

Shoe Natural turf stud stud Shoe Natural turf stud stud
Peak flexion angle (°) -67.1+6.4 -68.2+9.7 -65.3+9.2 -69.8+8.8 -70.4+10.2 -68.8+12.2
Flexion ROM(°) M -51.3+6.0 -50.5+7.8 -48.9+7.8 -37.9+£10.2 -35.6+13.5 -37.9+11.5
Peak flexion velocity(deg/s) M -629.0+90.2 -621.6+109.0 -589.0+104.0 -439.3+96.2 -401.6+100.7 -423.5+103.1
Peak abduction angle (°) -9.3+4.6 -9.1+3.7 -8.8+4.3 - - -
Abduction ROM (°) -3.446.7 -4.745.1 -4.445.6 - - -
Peak adduction angle (°) - - - -0.5£7.9 0.1+6.9 -0.3+6.6
Adduction ROM(°) - - - 5.445.3 3.746.4 5.545.1
Peak abduction velocity (deg/s) -118.0+£70.8 -119.5473.0 -120.1450.8 -139.842+88.737 -131.945+64.414 -130.895+55.998

C: Significant Cleat main effect (p<.05)

M: Significant Movement main effect (p<.05)

*: Significant difference between Shoe and Natural turf stud
#: Significant difference between Shoe and Synthetic turf stud

%: Significant difference between Natural turf stud and Synthetic turf stud

-: Not applicable for the given movement
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Figure 16: Testing shoes used in the study: running shoe (A, Shoe), football shoe with
removable natural turf studs (B, Natural turf cleat) and, football shoe with removable
synthetic turf studs (C, Synthetic turf cleat)

244m

180 ° cut

Land-pivot-cut
. Photo Cells1.5 m apart

Infilled turf

Figure 17: 180° Cut Movement Pattern. The turf was infilled (represented by the light
grey area) so that participants had a minimum of two steps on the infilled turf before
landing or cutting on the force platform.
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INFORMED CONSENT FORM
Biomechanical differences of two common football movement tasks in studded and non-studded shoe
conditions on an artificial turf.

Investigator: Elizabeth Brock Faculty Advisor: Songning Zhang, Ph.D.

Address: Biomechanics/Sports Medicine laboratory Kinesiology, Recreation, and Sport Studies
Kinesiology, Recreation, and Sport Studies The University of Tennessee
1914 Andy Holt Avenue 1914 Andy Holt Avenue
Knoxville, TN 37996 341 HPER

Phone: (865) 974-2091 Knoxville, TN 37996

Introduction

You are invited to participate in a research study entitled, “Biomechanical differences of two common
football movement tasks in studded and non-studded shoe conditions on artificial turf” because you are
currently a recreational football player with a focus on catching and aged between 18 and 25 years old.
You have a minimum of three years of football experience. You also participate in recreational activities
at least three times a week, are healthy, and are not currently injured. The purpose of this research
project is to examine differences in lower limb kinematics and kinetics between a studded and non-
studded shoe condition. This consent form may contain words that you do not understand. Please ask
the study staff to explain any words or information that you do not clearly understand. Before agreeing to
be in this study, it is important that you read and understand the following explanation of the procedures,
risks, and benefits.

Testing Protocol and Duration

You will be asked to attend one testing session that will take approximately 1.5 hours. At the beginning of
the test session, you will be asked to read and sign this informed consent form, and fill out an information
sheet and a physical activity readiness questionnaire. If your responses to the questionnaire indicate you
are ready for activity, the study will proceed. We will ask you to complete a warm up jog in the neutral
running shoe on a treadmill and do some stretching for 5 minutes in order to get used to the shoes as well
as to reduce the chance for injury. After the warm up, we will ask you to wear only spandex shorts and a
tight fitting shirt so that we can proceed with data collection.

Before the movement trials, several silver balls will be placed on your back, hips, legs, and feet. A trial
will be collected where we ask you to stand still in each of the two shoes. During the movement trials,
you will perform five successful trials in each of the four testing conditions: 180° cut at a specified speed
and a land-pivot-cut at 90° completing the single-leg jump at 90% of your maximum jump height wearing
both shoes. A bar will be placed above you so you know how high to jump. You will be given enough
time to become familiar with the testing conditions prior to the actual data collection. You will also be
allowed to rest as needed through the study. If you have any further questions, interests, or concerns
about any instrumentation, please feel free to ask the investigator.

Potential Risks

Risks associated with this study are minimal for you. The movements you will be performing are normal
for recreational football players. Risks for cutting with both shoe conditions for the 180° cut and the land-
pivot-cut are minimal because they are within the normal activities for you as a recreational player. You
will have five minutes to sufficiently warm-up and stretch. Practice time will be provided for you to
become familiar with running and cutting in each shoe and to minimize the possibility of soft tissue
injuries. You will not be required to engage in any movement activities that are unusual or unfamiliar.
Your participation in the study will be finished if you feel uncomfortable with any of the movements
required. All tests will be conducted and the equipment will be utilized by qualified research personnel in
the Biomechanics/Sports Medicine lab.

The University of Tennessee does not "automatically” reimburse subjects for medical claims or other
compensation. If physical injury is suffered in the course of research, or for more information, please
notify Elizabeth Brock (865) 974-2091.

Benefits of Participation
Potential benefits to you include the opportunity to try out these two pairs of shoes on the infilled synthetic
turf. Your participation in this study will help provide valuable information as to the potential injury

mechanisms associated with the movement to the ankle and knee. .. .
Participant Initials:
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Voluntary Participation and Withdrawal

Your participation in this study is voluntary; you may decline to participate without penalty. If you decide
to participate, you may withdraw from the study at any time without penalty or loss of benefits to which
you are otherwise entitled. Your participation in this study may be stopped if you fail to follow the study
procedures or if the investigator feels that it is in your best interest to stop participation.

Confidentiality

Your identity will be held in strict confidence through the use of a coded subject number during data
collection, data analysis, and in all references made to the data, both during and after the study, and in
the reporting of the results. The results will be disseminated in the form of presentations at conferences,
and publications in journals. The consent form containing your identity information will be destroyed three
years after the completion of the study. If you decide to withdraw from the study before data collection is
completed, your data will be destroyed at the time of withdrawal.

Contact Information

If you have any questions at any time about the study or the procedures (or you experience adverse
effects as a result of participation in this study) you can contact Elizabeth Brock, 144 HPER, (865) 974-
2091 . Questions about your rights as a participant can be addressed to the Compliance Officer in the
Office of Research at the University of Tennessee at (865) 974-3466.

Consent Statement

| have read the above information. | have received a copy of this form. | agree to participate in this study.

Subject’s Name: Signature: Date:

Please Print Clearly

Investigator’s Signature: Date:

Subject Number
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PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-())

Begular physical activity & fun and healthy, and mereacnghy mane people ane starting to becomse more active every daw.
Bamg maore active & very s2afe for most people. However, soms people should check with thetr doctor before they start
becaming much mane physically acthre.

If you are planning ta beooms much mare physically active than pou ane now, start by answering the seven questions
the boe below. If you are between the apes of 15 and &9, the PAR-0 will tell you f wou should check with your doctar
before pou start. If pou are over &9 vears of age and pou ane not used ta beng very active, check with vour doctar.

Mao Yz
O O 1. Hasyour doctor ever 2249 that you hawve a heart conditdon and that you should anhr da physical
acthrity recammended by a doctar?
O O Z. Do you fesl pain in pour chest when you do physical acthrity?
O O 3 In the past month, have vou had chest pain when vou were not doing physical acthrity?
O O 4. Do you e your balance because of dizrness or do you ever lose comssioumness?
O O 5. Do you hawve a bone or jomt problem that could be mads worse byra change | pour physical acthesty?
O O & Izyour doctor curmrenthy prescribing drugs (for example water pilk} far pour blood pressure of heart
candtion?
O | 7. Do you kmow of anyother reason whyrvou should mot do physical activity?
‘ou answered YES to one or more questions
Flaze note: I your health Talk to your doctor bny phone ar in person BEFORE pou start beooming much mane
changesso that you then physically active of BEFORE vou have 2 fiiness apprateal Tell vou doctar about the
answer TES toany of thase PAR-] and which questions you answered YES.

questions, tell your fMness
ar health professonal Ak
whether you should change
vour physical actvity plan. 2

8 Vo sy Be able fo do any scShvily yora wasd aa koo 33 yera ada s allenwly and Bl ap

rradaslly. O yeva mmy oo o i povar acthiSe fo Sheae winsh e aeik for poea. Tallk

2 Fod o wisch ooomrrely prowsssom asc xmk and Bddafal oo yoa

If you answered NO to all guestions ey hecammns much mare actng o
T you have answered NO honesthy to 2ll PAR-Q questions, vou can be p P )
reasomably sune that pou can:
*  Start becoming much maore physical acthve — begin slowly and
uld up gradually. Thi i the safest and cadest wayto g0
= Take part ff 2 fiiness appratazl — this s an excelkant way ta
determine vour bagc fitness so that you can plan the best way for
wvou ta e acthvehr

*  You are not fesdng well because of 2
temparary ilnes such 252 cald ar 2
fever — wast until you fexl better, ar
If you are or maybe pregnant - talk
ta your doctar befare you start
becaming mare acthre.

Lunderstand that myr Sgnature genifies that I hawve read and understand a1l the mformaetion an the questionnatre, that I
have truthfuThr answered 21l the questions, and that any question./concems I may hawve had have been addreseed to my
camplkte sattefaction.

MNaze (plaax o]

Sarrmto Dasx
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Subject Information questionnaire:

Name:

Date:

Age:

Number of years of football experience:

e Competitive:

e Recreational:

Preferred position:

Preferred shoe style, circle one

e Traditional studs

e Blade studs

e Interchangeable studs
e Turf studs

e Other: Please specify

94
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Subject Information Questionnaire Results

Table 4: Years of Football Experience

Mean Standard Deviation

Competitive Years Played 8.21 2.73

Recreational Years 3.64 4.24

Played
Table 5: Football Position Distribution

Position Preferred Position Count | Played Position Count
Center 1 3
Cornerback 2 2
Defensive Tackle 1 2
Linebacker 4 5
Quarterback 1 2
Safety 4 4
Tight End 0 2
Wide Receiver 4 7

** Some subjects had multiple answers for both sections

Table 6: Cleat Preferences

Preferred Cleat style Count
Traditional 5
Blade
Interchangeable 8
Turf 1
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Table 7: Subject Demographics

Mean Standard Deviation
Age 20.14 1.41
Height (m) 1.81 0.04
Weight (kg) 85.58 9.68
BMI 26.06 2.70
Reach Height (m) 2.34 0.05
Maximum Jump Height (m) 2.94 0.08
90% of Max Jump Height (m) 2.65 0.07




