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ABSTRACT

RN ERERANE More than 60 % of runners suffer from overuse injuries each year. Exercise and
Running surfaces can prevent injuries and/or improve performance. The present study aims to investi-

Received: 11 Apr 2020 gate the effect of three types of running surfaces (Polyvinyl Chloride (PVC), artificial turf, and sand) on the
Accepted: 09 Jun 2020 : Ground Reaction Force (GRF) components in the stance phase of running.
Available Online: 22 May 2021 - [VETELEE Impact force, loading rate, and free moment of 15 men were recorded while running barefoot

on three PVC, artificial turf, and sand surfaces at a speed of 3+0.2 m/s (Average of 5 correct attempts).
Comparison between different conditions was performed using repeated measures ANOVA and Bonfer-
roni’s Post-Hoc Test.
[EHTE The sand surface significantly reduced the impact force compared to the PVC and artificial turf.
Both sand and artificial turf caused a significant reduction in the force loading rate compared to the PVC
surface. The second peak of vertical GRF (propulsive force) increased at sand (P=0.001) and artificial turf
¢ (P=0.005) surfaces compared to the PVC surface. Moreover, the sand surface reduced adductor torque
Keywords: compared to the PVC (P<0.001) and artificial turf (P=0.003) surfaces, while the artificial turf reduced

Sand, Artificial turf, ¢ abductor torque compared to the PVC surface (P=0.011).
Polyvinyl chloride, [T Sand is a safer surface for preventing running injuries due to eliminating impact force, reduc-
Loading rate, Free ing loading rate, and having high shock absorption. Training on a sand surface may improve performance
moment :on harder surfaces.
Extended Abstract Numerous factors such as repetitive loading, foot-ground
impact forces, footwear during running, anatomical fea-
1. Introduction tures, training errors, chronic injuries, and running surfaces
have been investigated in relation to running injuries [2].
unning is one of the most common health A change in the nature or material of the surface causes a
activities with high accessibility and low change in the type and prevalence of running injuries.
cost. However, as a result of increased par-
ticipation and due to the repetitive nature of Today, various surfaces are used in research, training and
running, overuse running injuries are common. A review of recreational sports. Softer running surfaces such as sand,
various epidemiological studies showed that approximately wood and natural grass have less impact force than harder
60% of runners suffer from overuse injuries each year [1]. surfaces such as asphalt and cement [3, 4]. This is while
most sports activities are done on surfaces such as artificial
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Table 1. Mean peak of vertical GRF components in support phase of running on PVC, sand, and artificial turf surfaces

Mean+SD P
GRF Components T T
PVC Sand Artificial turf PVC vs. sand Bl s, Akl G,
sand PVC
Loading rate (BW/s) 81.74+18.08 31.11+£17.65 27.49+23.31 <0.001* 1.000 <0.001*
Impact force (first peak) 1.2610.22 0.00£0.00" 1.38+0.19 <0.001* <0.001* 0.420
propulsive force (second 2.20£0.21 2.34£0.19 2.30£0.21 <0.001* 0.493 <0.001*
peak), N/kg
* P<0.05. Scientific Journal of

#The force of reflection on the surface of the sand has not reached its first peak.

turf, sand or polyvinyl chloride (PVC) surfaces. When run-
ning and the foot hits the ground, various repetitive forces
are applied to the lower extremities and affect the variables
of the Ground Reaction Force (GRF) that are important fac-
tors related to running injuries. Investigation of the effect of
surface material on the parameters of GRF can determine
the effect of each of surfaces on the probability of injury
and performance improvement. The present study aims to
investigate the effect of different common running surfaces
(sand, artificial turf, PVC) on the variables of GRF in stance
phase of running.

2. Methods

In the present study, 19 healthy male runners with regular
activity were randomly selected from the available subjects.
The data of 4 samples were removed from the analysis due
to the noise content. Therefore, final samples included 15
healthy male runners (Mean+SD age= 25.1+2.6 years,
Mean+SD height= 175.2+6.1 cm, and MeantSD weight=
68.1£5.1 kg). The number of samples was determined
using G-Power software considering a test power of 0.8.
Subjects had no history of surgery, and lower limb or trunk
injuries in the past 6 months. GRF components were re-
corded in three dimensions at a sampling rate of 1000 Hz by
a 60 x 40 cm force place (Kistler, Winterthur, Switzerland).
After 15 minutes of warming up and getting familiar with
the surface, speed, and the place where the foot touches the
ground, five correct running attempts (at a speed of 3+0.2
m/s) were recorded on each surface with bare feet. Raw
kinetic data were extracted by Simi Motion software after
recording. In order to eliminate possible noise, the 3D ki-
netic data was smoothed at a 45 Hz shear frequency by a
4th order Butterworth low-pass filter. The values of GRF
components and free moment were matched based on a rate
of body mass. Vertical GRF data were used to determine
the support phase of running. In this regard, a 10 N force
was considered as the beginning and end of the support
phase. Collected data were analyzed in SPSS v.24 software.
Shapiro-Wilk test was used to evaluate the normality of

data distribution and repeated measures ANOVA was used
to perform comparisons and Bonferroni post hoc test was
used if the difference was significant. The significance level
was set at 0.05.

3. Results

Table 1 shows the mean peak of vertical GRF components
under three conditions (running on PVC, sand, and artifi-
cial turf surfaces). Comparison of the mean peak of GRF
between PVC and sand surfaces showed a statistically sig-
nificant difference in all three components of impact force,
propulsive force and loading rate such that the sand surface
in the component of vertical impact force peak in the heel
strike phase caused a significant reduction of force values
and loading rate compared to other surfaces. In compar-
ing the mean results between the two surfaces of artificial
turf and sand, a significant difference was observed in the
component of impact force in the heel strike phase. This
significant difference is due to the increase of impact force
on the artificial turf and the elimination of impact force on
the sand. No significant difference was found in the loading
rate component between these two surfaces. The surface of
artificial turf compared to PVC caused a significant reduc-
tion in the loading rate, but no significant difference in the
impact force between these two surfaces was observed. The
surfaces of artificial turf and sand increased the propulsive
force compared to the PVC surface.

The results related to the comparison of free moment
value in the support phase of running on three surfaces are
shown in Table 2. The sand surface caused a significant de-
crease in the positive peak value of free moment (adductor
torque) compared to PVC and artificial turf. In comparing
the two surfaces of PVC and artificial turf, a decrease in the
negative peak of free moment (abductor torque) was ob-
served after running on the artificial turf. In other compari-
sons, no significant difference was reported in the positive
and negative peaks of free moment.
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Table 2. Mean of free moment (Nm/kg) in support phase of running on PVC, sand, and artificial turf surfaces

MeanSD P
Free Moment ipe g s
PVC sand Artificial Turf PVCvs.Sand  /riificial turfus.  Artificlal turfvs.
sand PVC
Adductor torque 0.28+0.07 0.2110.04 0.28+0.06 <0.001* <0.001* 1.000
Abductor torque -0.3440.09 -0.3210.06 -0.2840.08 1.000 0.175 <0.001*
Scientific Journal of
* P<0.05.

4. Discussion and Conclusion

The purpose of this study was to investigate the effect
of surface material on impact force, loading rate and free
moment during running. The results showed that the sand
surface with high shock absorption significantly reduced
the impact force up to zero, compared to PVC and artificial
turf surfaces. Elimination of impact force can also be due
to musculoskeletal and kinematic adjustments and changes
in leg stiffness. Previous studies have shown that people in
the support phase have the ability to change the leg stiffness
to run on different surfaces [3]. Sandy surface compared
to other surfaces, changed and affected the impact force
and the running pattern of subjects who had a heel-toe pat-
tern on the other two surfaces. The running pattern of these
people probably changed to chest-toe or toe-toe. Therefore,
the change in the running pattern can be another reason for
eliminating the impact force and thus reducing the injury
caused by overuse running related to the impact force on
the sand surface compared to the other two surfaces [3, 5].

The results showed that the sand surface significantly
increased the propulsive force compared to the PVC sur-
face. Hence, training on sand also improves performance
and strengthens muscles. Given the impact formula (force
x time) and considering the depth of the sand compared to
other surfaces, in addition to the force exerted more vertical-
ly to move forward, the time of exerting force also increases.
In the present study, where all subjects were tested bare-
foot, artificial turf and sand surfaces significantly reduced
the loading rate compared to the PVC surface. A study has
shown that increased force loading rate is associated with a
higher prevalence of running injuries [6], and running bare-
foot reduces the vertical loading rate [3]. Therefore, sand
due to its depth of 10 cm and high shock absorption, and
artificial turf with flexibility can increase the force exertion
time and reduce the force changes relative to time.

The adductor torque significantly reduced on the sand
surface compared to other two surfaces. Running on the
artificial turf reduced the abductor torque compared to on
the PVC surface and showed the lowest abductor torque

between the surfaces. In abductor torque, artificial turf and
in adductor torque, sand had less friction than the PVC
surface; they reduce the torsional force around the resul-
tant GRF's in the support phase. Further studies are recom-
mended considering more biomechanical variables such as
muscle electrical activity and running kinematics.

The sand surface has the lowest impact force (zero) and
loading rate compared to PVC and artificial turf surfaces.
From a pathological point of view, sand is a safer surface for
preventing running injuries caused by impact and loading
forces (such as stress fracture and calf pain). Although train-
ing on a sandy surface causes a decrease in performance, it
nevertheless strengthens the muscles and thus improves and
enhances performance on other running surfaces.
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