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Abstract 

BACKGROUND: Latest studies suggest similar performance of soccer players either on 

artificial turf (AT) or natural grass (NG). However, it is not clear if their muscular and 

physiological responses are also similar on both surfaces. This research aims to assess the 

influence of game surface on physiological patterns and neuromuscular responses of soccer 

nonlinear actions at maximum speed. 

players during a soccer simulation protocol (SSP) that incorporates repeated sprints and 

METHODS: Sixteen amateur soccer players completed three bouts of the SSP on both AT and 

NG. The mechanical behaviour of both surfaces was recorded and the order was randomly 

established for each player. The physiological responses were measured during the SSP. A 

contra-movement jump and a tensiomyography analysis of the rectus femoris (RF) and biceps 

femoris (BF) were assessed right before and right after the SSP. 

RESULTS: Both surfaces presented different mechanical properties. No differences among 

either surfaces or bouts were found for heart rate (HR) peak and HR mean (p > 0.05). While the 

half-relaxation time of the RF on NG decreased after the SSP (right-leg: -44.430 ms; p = 0.049; 

left-leg: -52.131 ms; p = 0.008), the sustain time of the BF decreased after the SSP on AT 

(right-leg: +64.868 ms; p = 0.007; left-leg: +87.564 ms; p < 0.001). No differences between 

surfaces were found for the contra-movement jump. 

CONCLUSION: The mechanical behaviour of both surfaces does not differ enough to cause 

different physiological and neuromuscular responses. Playing on AT should cause similar 

neuromuscular responses to NG. 

Keywords: Fatigue; Football; Muscles 
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1. Introduction 

The quality of third generation artificial turf systems has increased in the last few years. This 

surface offers similar mechanical behaviour to natural grass surfaces so that the Fédération 

Internationale de Football Association (FIFA) has accepted them for playing soccer.1, 2 Even, 

international tournaments like the FIFA Women's World Cup (Canada 2015) was played on 

artificial turf.

suggests that not all of them are suitable for playing 

behaviour to natural grass surfaces, international organisations such as FIFA or the European 

Committee for Standardisation (CEN) recommend certifying them according to their

7-9 However, the latest epidemiological studies 

contradict these perceptions by a reporting similar injury rate when playing soccer either on 

10, 11 Comparative studies between artificial turf and natural 

the sprint time when performing a similar exercise or task.

artificial turf is as safe as natural grass and players have similar physical and physiological 

3 Nevertheless, the high diversity in the mechanical properties of artificial turf 

systems reported by previous studies,1, 4 

soccer.1, 5, 6 Therefore, to guarantee that the synthetic systems offer similar mechanical 

1, 2, 5standardisation programme. 

According to players’ perceptions, artificial turf is associated with a greater risk of injury and 

greater perceived effort than natural grass. 

artificial turf or on natural grass. 

grass suggest that synthetic fields do not delay players’ recovery, cause more fatigue or increase 

12-14 These findings indicate that 

performances on both surfaces. Nonetheless, the higher trauma injury rate found on artificial 

turf with lower infill surface weight,15 or the differences in physical performance and 

physiological responses of soccer players when playing soccer on artificial turf systems with 

different mechanical properties,4, 16 testifies to the importance of analysing the mechanical 

properties of artificial turf systems, and the difficulties determining cause-and-effect 

1, 17relationships. 

Although some authors have used small-sided games or 11-a-side for analysing the differences 

in players responses among different surfaces,16, 18 most studies have opted for standardised tests 

13, 14, 19in order to avoid the existing variability of physical performance during a soccer match. 

3 
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The soccer simulation protocol (SSP) has been used for this purpose,20 as it replicates the 

physical and physiological demands of soccer matches and includes repeated sprints and 

nonlinear actions at maximum speed.13, 14 Nonetheless, other authors have opted for another 

standardised test such as the soccer-specific aerobic field test (SAFT90) or linear sprint tests.19, 

The faster sprint time and agility actions reported on artificial turf than on natural grass may 

indicate greater physiological responses of players on the synthetic surface during or after a 

13, 14, 19 However, the neuromuscular responses of soccer players on these 

two surfaces have not been directly studied. The interaction effect (surface x time) on natural 

grass reported by Stone et al. in the repeated sprint test existing in the SSP,14 suggests small 

differences between surfaces in the amount of eccentric stress and muscle damage experienced 

during soccer activity.23 Given that tensiomyography (TMG) has been identified as a useful 

non-invasive technique to assess the muscular responses of muscles such as the vastus medialis, 

the vastus lateralis, the rectus femoris and the biceps femoris,24-26 this tool may provide 

information about neuromuscular responses of soccer players through variables such as 

muscular stiffness or contraction time.27 

soccer match. 12, 13, 22 Nevertheless, the lack of differences between surfaces in the heart rate 

responses and blood lactate reported during and after a SSP or the SAFT 90 seems to contradict 

this hypothesis. 13, 14, 19 However, in these studies the heart rate responses were exclusively 

assessed in terms of beats per minute. These authors neither studied the influence of the game 

surface on the internal load, as they did not establish zones of intensity in their research as in 

other investigations.16, 18 Therefore, some interaction effect (surface x time) may be found when 

analysing the internal load and the heart rate responses as a percentage of the maximum heart 

rate of participants. 16, 18 

The influence of game surface on muscular fatigue has been assessed through diverse ways such 

as the levels of creatine kinase, the explosiveness of lower limbs in diverse types of jumps or 

the perception of muscular stiffness; without finding differences between the natural surfaces 

and the synthetic ones. 
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The aim of this research was to assess the influence of the game surface on physiological 

patterns and neuromuscular responses of soccer players during a soccer simulation protocol that 

incorporates repeated sprints and nonlinear actions at maximum speed. It is expected that this 

research will provide additional information regarding whether artificial turf systems negatively 

affect the two factors: physiological responses and neuromuscular pattern; as they play an 

important role not only in performing high-intensity actions,13, 14, 16 but also in injury 

prevention. 15 

The studies that compare soccer surfaces have reported diverse results due to the heterogeneity 

in the mechanical behaviour of these surfaces. 13, 14, 21, 28 Contrary to these, the current research is 

the first that controls the mechanical properties of both artificial turf and natural grass following 

the procedures established in comparative studies of artificial turf systems.4, 16 Based on 

previous studies, we hypothesise that the differences in the mechanical properties of both 

surfaces are not great enough to cause differences in the physiological and neuromuscular 

responses of soccer players. 

2. Methods 

2.1. Selection and Description of Participants 

Sixteen amateur soccer players were recruited to participate in the study (22.17 ± 3.43 years old; 

177.12 ± 5.24 cm; 74.42 ± 4.87 kg). All of them have been playing soccer for at least 10 years 

(13.57 ±1.85 years). All of them played soccer three days a week including the match day. 

Participants did not present any cardiopulmonary disease nor were they taking any sort of 

medicine during the study. Moreover, they had passed the medical examination required to play 

soccer. 

Participants were informed about the benefits and possible risks associated with this study who 

signed an informed consent. This research was approved by the local institutional ethics 

committee based on the latest version of the Declaration of Helsinki. 
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2.2. Experimental design 

One system of 3rd generation artificial turf (fibre: monofilament of polyethylene of 60 mm in 

height; infill: 20 kg/m2 of SBR and quartz sand with 0.3–0.8 granulometry) and one surface of 

natural grass (height of grass: 25 mm; high quality for soccer practice: certified by two 

independent gardeners) were selected for this study. 

2.2.1.Mechanical properties of the surfaces 

The mechanical properties of each surface were assessed in situ following the protocols and 

mass of 20 Kg is dropped from a prearranged height. Inside the five zones specified by the 

standards EN 15330-1:2014 (Figure 1) three points separated by more than 100 mm were 

selected for the analyses of these variables. Three tests were carried out at each point, but only 

the mean of the two last tests was recorded for the statistical analysis. 

****Figure 1 near here**** 

2.2.1.1. Force reduction (FR): This variable calculates the shock absorption of a surface through 

the following formula, FR (%) = [1 – (Fmax / Fref)] * 100. Where FR is the force reduction in %; 

Fmax is the maximum force measured on the sports surface in N, and the Fref is the reference 

force fixed to 6760 N (theoretical value for the concrete pavement). 

specifications presented in previous work. 4, 16, 21 Thus, through an Advanced Artificial Athlete 

(AAA; Labosport, Le Mans, France) it was recorded the force reduction (FR-%), standard 

vertical deformation (StV-mm) and energy restitution (ER-%) of each surface.2 The assessment 

consists of measuring, through a load cell, the maximum force applied to the surface when a 

2.2.1.2. Standard vertical deformation (StV): For calculating the StV it is considered the time 

interval from when the 20 Kg mass makes the initial contact with the surface (T1) until the time 

6 
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when the maximum absolute velocity of the mass is obtained after the impact (T2). This variable 

is calculated by the formula, StV (mm) = Dmass - Dspring. 

Where Dmass is the maximum displacement of the falling mass and Dspring is the displacement of 

the spring during that interval.2 

2.2.1.3. Energy restitution (ER): This variable is the energy that the system returns to the 20 Kg 

mass and it is calculated through the formula, ER (%) = E2 / E1 * 100. Where E1 is the energy 

hand, the main test (3 bouts of the SSP) was performed on two separate days within the second 

week. A period of 72-h of rest was established before each test day. 

In the main test, all players completed the first three bouts of the SSP (first half of the SSP) on 

each selected surface.14, 20 The surface order was randomly established for each player so that 

eight participants completed the first test on natural grass and the remaining eight on artificial 

turf. Players only performed the first three bouts of the SSP due to several authors have 

demonstrated that 45 minutes of game are enough to get differences among surfaces.16, 18 Each 

bout last 16 minutes with 3 minutes of rest between bouts. Each bout consisted of 8 cycles and 

before impact (E1 = 0.5 * mVmax 
2); and E2 is the energy after impact (E2 = 0.5 * mVmin 

2). Vmax is 

the velocity before impact at T1 and Vmin is the velocity before impact at T2; m is the 20 Kg mass 

that includes the spring, base plate and load cell, expressed in Kg; T1 is the time when the 20 Kg 

mas makes the initial contact with the surface, while T2 is the time of the maximum absolute 

velocity of the mass during its rebounds after the impact on the surface. 

2.2.2.Study protocol 

Each player selected two consecutive weeks between March and May to participated in the 

study. In the first week, players completed a yo-yo test of intermittent recovery level 1 to 

establish their maximum heart rate (HR max) through a heart rate monitor (Polar Team System, 

Kempele, Finland) attached to their chest.16 Moreover, they also completed a training session to 

get used to both the test used in this investigation and the technology employed. On the other 
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one repeated sprint (RS: 6 × 15 m sprints departing every 18 s) block between cycles 4 and 5 

(Figure 2) structured as follows:20 

• 3 × 20 m at a walking pace of 1.43 m∙s−1 

• 1 × sprint-agility run (S-AR) at maximal intensity (20 s for sprint and recovery) 

• 3 × 20 m at a running speed of 2.5 m∙s−1 

• 3 × 20 m at a running speed of 4.0 m∙s−1 

****Figure 2 near here**** 

Basal conditions were recorded for each test day, right before the standardised warm-up that 

players completed before the SSP. The warm up consisted of 5 minutes of running, 5 minutes 

Tests were performed under similar conditions (dry; temperature of 18 ± 3˚C; relative humidity 

of 25 ± 5%; wind speed between 0.0 m/s–0.5 m/s) and coincided with the training time of 

players to avoid the influence of circadian rhythms. Participants agreed to keep the 72-h 

recovery period before each test day without any sort of exhausting or moderate physical 

activity. Moreover, they committed to using the same boots during all tests and to maintain 

similar eating habits. 

2.3. Technical Information 

Fifteen minutes before the beginning of each test, players attached a heart rate monitor on their 

chest (Polar Team System, Kempele, Finland). Each participant used the same instrument 

during the entire investigation to avoid possible variation in data. 

16, 18of articulation mobility and three sprints of 30 m at increasing speed. 

2.3.1.Physiological responses and internal physiological load. 

The maximum value for heart rate (HR) was established based on the results collected in the yo-

yo test of intermittent recovery level 1. Taking this value as a reference, the peak heart rate (HR 

peak) was recorded and the average heart rate (HR mean) in both beats per minute (bpm) and as 

8 
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a percentage of the individual maximum heart rate (% HR max.). Six zones of intensity in the 

form of % of HR max. were established to quantify the internal physiological load (<75%; 

75%–80%; 80%–85%; 85%–90%; 90%–95%; +95%) and measure the relative time that players 

were in each zone in relation to the total time of test.29 Moreover, actions over 85% of HR max. 

were recorded as HR high intensity. These variables were also recorded for the warm up to 

provide further information about its intensity (HRpeak: 177.5 ± 9.91 b.p.m; HRmean: 148.84 ± 

9.63 b.p.m.; Time in Zone 1 [<75% HRmax]: 39.64 ± 16.80%; Time in Zone 2 [75%-80% 

HRmax]: 20.93 ± 12.38%; Time in Zone 3 [80%-85% HRmax]: 20.25 ± 10.75%; Time in Zone 4 

[85%-90% HRmax]: 11.33 ± 13.29%; Time in Zone 5 [90%-95% HRmax]: 6.47 ± 3.76%; Time in 

Zone 6 [90%-95% HRmax]: 0.35 ± 0.14%). 

2.3.2. Muscular responses. 

Through TMG equipment (TMG–BMC Ltd., Ljubljana), the contractile ability of the muscles 

biceps femoris and rectus femoris of both legs were assessed right before the warm up and the 

vertical jump (basal conditions) and immediately after the SSP and the vertical jumping. 

Measures were taken on muscles under relaxed conditions, applying stimuli of 1 ms of duration 

with varied amplitude and one minute of recovery between stimuli. All measurements were 

carried out by the same technician who was an expert in the use of tensiomyography. This test 

started with a stimulus of 20 mAp which was increased by 10 mAp each time until reaching 110 

mAp or until finding the maximal muscular displacement of the muscle. A 15s rest was 

established between consecutive measurements to minimize the effects of fatigue and 

potentiation. No participant reported nonconformity during this test. In this study, the following 

variables were recorded: maximal muscular displacement (Dm); contraction time (Tc); sustain 

time (Ts); delay time (Td); half-relaxation time (Tr).24-26 Krizaj et al. reported a low error level 

(0,5 a 2,0 %) and a high reproductivity (ICC: 0.85 – 0.98) in these five parameters (Dm: 0,98; 

Tc: 0,97; Td: 0,94; Ts: 0,89; Tr: 0,86).30 

The participant was in supine position with a knee flexion of 120˚ when the rectus femoris was 

measured. A triangular-shaped foam cushion was used to obtain the desired knee flexion.24 The 
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biceps femoris was measured with the participant lying face down and his knee flexed at 5° with 

the aid of a foam pad.25 A digital transducer Dc–Dc Trans-Tek® (GK 40, Panoptik d.o.o., 

Ljubliana, Slovenia) was placed according to the instructions of Rey et al. 24 The self-adhesive 

electrodes (TMG electrodes, TMG-BMC d.o.o. Ljubljana, Slovenia) were positioned 

symmetrically to the sensor at a distance of 50–60 mm.24 The position of both the transducer 

and the electrodes was marked with a permanent marker to ensure that all measurements made 

in this study were carried out at the same point.24 

2.3.3. Vertical jumping. 

Right before the warm up and immediately after the SSP players performed three 

countermovement jumps (CMJ). The height of each jump was measured through an infrared 

system (Optojump Next, Microgate, Bolzano, Italy), but only the best jump height was collected 

for the subsequent statistical analysis. 

2.4. Statistics 

Results are presented as means and standard deviations (±SD). The verification of the normality 

and homogeneity of the variance was performed by means of the Kolmogorov-Smirnov test and 

Leven’s statistic. All variables presented a normal distribution in each of the samples and 

groups of analysis. Comparisons between heart rate results were analysed through a two-way 

ANOVA test (surface x bout). The results collected in the jump variables and TMG before and 

after the SSP on all surfaces were analysed by the same method (surface x moment). Confidence 

interval (CI of 95%) was included to identify the magnitude of changes. Effect sizes were also 

calculated and defined as follows: null, <0.3; mild, 0.3–0.5; moderate, 0.5–0.7; strong, 0.7–0.9; 

and very strong, 0.9–1.0.31 Data were analysed with the statistics software SPSS v 20.0. The 

level of significance was established as p < 0.05. 
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3. Results 

3.1. Mechanical properties 

Table 1 displays the mechanical properties of both surfaces selected for the tests of FR, StV and 

ER. Results show that whereas natural grass is softer (higher FR) (+6.10%; p = 0.07; ES: 0.543; 

CI: 1.81–10.40), artificial turf presents greater deformation (+1.48 mm; p < 0.01; ES: 2.07; CI: 

0.94–2.02) and is more rigid (greater ER) (+14.62%; p < 0.01; ES: 3.253; CI: 10.85–18.38). 

****Table 1 near here**** 

3.2. Physiological responses and internal load 

they spent in each of the six zones of intensity previously established. The only significant 

difference is found on natural grass in zone 1 as players spent more time under their 75% of HR 

max in bout 1 than in bout 3 (+4.19%; p = 0.034; ES: 1.593; IC: -1.608–5.860). 

The physiological responses of the three bouts of SSP and both surfaces are displayed in Table 

2. No significant differences were found among bouts or between surfaces (p > 0.05). However, 

a strong effect size was found in the variable of HR mean bpm (ES: 0.775) and HR mean % HR 

max. (ES: 0.852) when comparing bout 1 with bout 3 on natural grass. 

****Table 2 near here**** 

Figure 3 displays the internal physiological load of soccer players as the percentage of time that 

****Figure 3 near here**** 

3.3. Muscular responses 

Table 3 displays the differences in TMG variables of the rectus femoris between surfaces before 

and after the SSP. Outputs of Tr show higher values after the SSP on natural grass in both the 
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right leg (+44.430 ms; p = 0.049; ES: 0.859; IC: 0.099–88.761) and the left leg (+52.131 ms; p 

= 0.008; ES: 1.371; IC: 14.609–89.652). Ts of the right leg is also greater after the SSP with 

respect to the basal measure on artificial turf (+58.39 ms; p = 0.022; ES: 0.93; IC: 8.893– 

107.850). 

****Table 3 near here**** 

Differences among the TMG variables of the biceps femoris are displayed in Table 4, dividing 

the outputs between surfaces before and after the SSP. The main significant differences are 

found for artificial turf since greater values were found before the SSP than after it with respect 

to Ts variables of both the right leg (+64 .868 ms; p = 0.007; ES: 1.128; IC: 18.570–111.165) 

and left leg (+87.564 ms; p < 0.001; ES: 1.847; IC: 45.145–129.984). Moreover, the Ts in basal 

conditions of the left leg is also significantly greater on artificial turf than on natural grass 

(+53.964 ms; p = .014; ES: 0.899; IC: 11.545–96.384). Lastly, the basal outputs of the left leg 

presented lower values for Tc (-12.793 ms; p = .025; ES: -1.097; IC: -3.929–-1.165) and bigger 

outputs for Tr (+34.687; p = 0.036; ES: 1.096; IC: 2.403–66.970) than after the SSP on artificial 

turf. 

****Table 4 near here**** 

3.4. Vertical jumping 

When comparing the height of vertical jumping and the percentage of difference, no significant 

differences were found between surfaces or between the basal values with the outputs following 

the SSP (p > 0.05). 
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4. Discussion 

The main result of this research is that no significant differences were found between the 

surfaces of natural grass and artificial turf in both the physiological responses and acute 

muscular fatigue after completing the three bouts of the SSP. Although previous authors have 

demonstrated a similar influence of both of these surfaces on players’ responses during the 

SSP,13, 14, 19 this study is the first one that evaluates the mechanical properties of the artificial turf 

system and the natural grass surface to compare the physiological and muscular responses in 

amateur soccer.  

The use of artificial turf fields certified by FIFA is common in previous studies, 14, 28 but only 

Sassi et al. assessed the mechanical properties of this surface as well as those of natural grass.21 

Sánchez-Sánchez et al. found faster sprint performance on the artificial turf systems more rigid; 

while the physiological responses tend to increase in systems with greater force reduction. 6, 16 

Therefore, each system, especially those with artificial turf, should be assessed individually 

instead of as a uniform group. 32 Indeed, in analysing data reported by previous studies, we 

found large differences among artificial turf systems with values from 31.45 ± 6.24% to 70.30 ± 

61.47% for FR;6, 33 from 3.43 ± 0.43mm to 7.34 ± 60.43mm for StV;6, 16 and from 32.66 ± 3.17 to 

50.50 ± 2.19% for ER.16, 34 

Outputs collected from the HR mean (surpassing 80% of the HR max in all bouts) and HR peak 

(exceeding 90% of the HR max) indicate that the SSP has a similar physiological effect to 

playing a small-sided game or 11-a-side matches. 16, 18 The lack of significant differences in the 

physiological variables between surfaces suggests that the differences between the mechanical 

properties of both surfaces, FR, StV and ER are not high enough to affect the physiological 

responses of soccer players.4, 16 Thus, similar energy costs may be expected when playing on 

both surfaces.16, 18 These outcomes also strengthen the results of previous studies that did not 

report differences in heart rate responses and blood lactate levels during a soccer match 

simulation either in elite or sub-elite players.13, 14, 19 However, the lack of mechanical properties 

reported in those studies makes it necessary to be cautious when comparing these results with 

previous ones. The existing diversity in the mechanical properties of artificial turf systems may 

13 
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explain the greater heart rate peaks and lactate levels found on artificial turf than on natural 

grass in a multistage running test.1, 5, 28 Consequently, more research that includes the 

mechanical properties of the surfaces is required to determine cause-and-effect evidence when 

comparing the physiological responses of players on artificial turf and on natural grass. 

Muscular fatigue is a decrease in muscle performance as a result of muscle activity which can 

vary according to the type and duration of exercise.35 As a non-invasive evaluation technique to 

measure the contractile properties of muscles, the TMG has recently been incorporated in the 

30, 38 Consequently, the differences 

in these parameters reported in this study might be due to the coactivation of neighbouring 

muscle instead of the influence of the surface. 

In TMG, fatigue is manifested by changes in electric muscle activity; the incapacity to reach an 

initial strength level in repeated contractions or by a reduction in the capacity to sustain a 

determined level of strength during the contraction.39 The increase in the Tr and Ts values has 

been associated with the presence of fatigue of the neural and morpho-functional mechanisms.35 

The decrease of these variables after the SSP might indicate a greater neuromuscular activation 

in the rectus femoris on natural grass and in the biceps femoris on artificial turf at the end of the 

SSP;30, 40 and therefore, that some surface-specific performance response may exist over time.14 

rehabilitation and sport training fields;26 increasing the studies that used this technique in 

soccer. 24, 27 Although Wiewelhove et al. suggest that TMG is not sensitive enough to detect 

muscular performance changes in elite youth athletes, 36 it has been validated and evaluated by 

various authors. TMG has demonstrated a greater short-term reliability and a high sensitivity for 

detecting changes in the characteristics of the leg muscles. 24, 27, 30 Moreover, various studies 

have supported the use of TMG in detecting muscle damage and recovery;35 with greater 

reliability in exercised or fatigued state, compared to rested. 37 Therefore, although it is 

necessary to be cautious when analysing the findings coming from this technique, it seems to be 

valid for analysing the surface-effect in neuromuscular responses after the SSP. 35, 38 On the other 

hand, the reliability studies agree that the most stable parameters are the Dm (ICC: 0.98) and Tc 

(ICC: 0.97), as the coactivation of neighbouring muscle can affect the values of Td (ICC: 0.94), 

Ts (ICC: 0.89), Tr (ICC: 0.86) and therefore, their reliability. 

14 

https://www.ncbi.nlm.nih.gov/pubmed/28944649
http:mechanisms.35
http:contraction.39
http:exercise.35


          

 
 

  

 

 

   

     

 

   

      

  

 

  

        

    

    

  

    

     

    

   

 

    

     

     

  

    

 

J Sports Med Phys Fitness. 2017 Sep 22. doi: 10.23736/S0022-4707.17.07768-4. 

The lack of significant differences in the variables of Tc, Td and Dm suggest a low acute 

fatigue, which agrees with the findings of Rey et al. in soccer players measured after a 

training.24 Consequently, the hypothesis that the differences in the mechanical properties of both 

surfaces are not great enough to cause different muscle fatigue in soccer players is accepted. 

These outcomes were expected as Stone et al. did not find significant differences in creatine 

kinase and the perception of muscle soreness between surfaces after players complete the SSP.14 

Finally, coinciding with previous works, there was no surface interaction in the CMJ 

variables;13 what indicates a similar explosive capacity of players’ lower limbs on both surfaces 

after the SSP. These outcomes reinforce the findings of TMG as no surface interaction was 

found in Dm and Tc values. Nonetheless, Encarnación-Martínez et al. reported differences in 

the impact attenuation among various artificial turf systems certified by the UNE-EN 15330-

1:2014, but with different structural components. 33 Therefore, as the structural components of 

artificial turf like fibre or infill affect the final FR, StV and ER values of artificial turf systems, 1, 

33 it is not possible to generalise the findings presented in this work. 

The outputs of this study, as well as the findings of previous investigations, suggest a small 

difference in the physiological response and muscular fatigue of players when playing soccer on 

both of these surfaces.13, 19, 21 Nonetheless, the lack of standardisation of most artificial turf 

systems, 1 together with the absence of a certification standard for natural fields,2 prevents the 

generalisability of the findings of this research. One must consider that players who took part in 

this study were amateurs and that they only completed the first three bouts of the SSP instead of 

the six bouts that compose the entire test.20 For these reasons, it is advisable for future research 

to analyse whether a game surface can have a different influence on players’ responses with 

regard to different physical, technical and tactical levels, and to assess if high-quality game 

surfaces cause different player responses. Finally, some authors have reported that TMG is not 

sensitive enough to detect changes in neuromuscular responses due to fatigue.36 Therefore, 

caution is required when considering the findings reported by this technique. Moreover, the 

assessment of neuromuscular responses at 48 and 72 hours after the test would provide further 

information about the recovery of players on different surfaces. 

15 
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5. Conclusion 

The lack of differences between surfaces on both physiological and neuromuscular responses 

suggest that coaches do not have to modify the training programmes based on standardised test 

when players train on artificial systems. Indeed, it is expected players to have the same 

physiological and neuromuscular effects as when playing on natural grass. On the other hand, 

these results also suggest that playing soccer on artificial turf does not cause greater muscular 

fatigue in players. Thus, leaving aside the technical and tactical differences of footballers when 

playing on artificial turf, it may be likely that players will achieve similar performance 

regardless of the surface where they play. However, the high variability existing in the 

mechanical responses of artificial turf systems makes necessary further evidence to confirm this 

statement. 
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Figure legends 

Figure 1. Zones to assess the sport surfaces 

Figure 2. Soccer simulation protocol 
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Figure 3. Internal load in the three bouts for both surfaces of artificial turf and natural grass. 

C: Significant differences between bout 1 and bout 3 
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Title of tables 

Table 1. Mechanical properties of both selected surfaces 

Artificial Natural p value 

FR 43.59 ± 5.09* 49.69 ± 6.33 p = 0.07 

StV 6.77 ± 0.60 5.29 ± 0.83 p < 0.01 

ER 53.84 ± 2.23 39.22 ± 6.76 p < 0.01 

* Non-compliance with the specifications of the standard EN 15330-1:2014 
FR = force reduction; StV = standard vertical deformation; ER = energy restitution 

171.30 ± 12.11 172.80 ± 8.80 

1 85.48 ± 4.91 83.94 ± 4.05 

HR mean (% HR max.) 2 87.38 ± 4.66 86.70 ± 4.24 

3 86.56 ± 5.53 87.33 ± 3.90 

1 66.00 ± 24.29 57.53 ± 21.72 

HR high intensity (t [%]) 

2 72.87 ± 26.30 66.90 ± 26.72 

3 66.62 ± 33.61 70.95 ± 26.99 

Table 2. Physiological responses in the three bouts for both the surfaces of artificial turf and natural grass 

Variables Bouts Artificial Natural 

HR peak (bpm) 

1 189.53 ± 8.06 185.73 ± 8.01 

2 188.20 ± 8.80 186.73 ± 9.04 

3 188.42 ± 11.64 187.25 ± 8.56 

HR peak (% HR max.) 2 95.22 ± 3.70 94.50 ± 4.29 

1 95.89 ± 3.00 93.99 ± 3.77 

3 95.23 ± 5.46 94.65 ± 4.14 

HR mean (bpm) 2 172.74 ± 10.69 171.35 ± 9.23 

1 169.01 ± 11.54 165.91 ± 8.98 

3 

> 85% HR max.) 

* Significant differences (p < 0.05) between surfaces for each bout 

# Significant differences (p < 0.05) among bouts for both artificial turf and natural grass 

HR: Heart Rate 
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Table 3. Muscular responses of the rectus femoris between pre-post and between surfaces 

Artificial Turf Natural Grass 

Pre Post Pre Post 

Tc Right leg (ms) 33.22 ± 9.58 31.47 ± 5.95 34.40 ± 8.90 33.13 ± 7.18 

Td Right leg (ms) 25.72 ± 5.11 23.40 ± 2.98 25.31 ± 1.93 24.11 ± 3.27 

Tr Right leg (ms) 69.37 ± 59.33 48.81 ± 43.86 101.65 ± 66.83# 57.22 ± 36.56 

Dm Right leg (mm) 9.33 ± 3.61 9.54 ± 2.16 9.74 ± 2.10 9.92 ± 2.22 

Ts Right leg (ms) 146.14 ± 76.80# 87.75 ± 48.76 146.30 ± 67.34 

Tc Left leg (ms) 34.85 ± 8.51 33.84 ± 9.58 33.75 ± 10.12 

Td Left leg (ms) 28.78 ± 14.36 23.39 ± 2.82 25.57 ± 2.01 

Tr Left leg (ms) 49.70 ± 41.39 46.87 ± 27.23 90.35 ± 58.30# 

Dm Left leg (mm) 8.47 ± 3.68 8.97 ± 2.62 

Ts Left leg (ms) 118.17 ± 74.73 109.35 ± 56.36 98.21 ± 48.29 

* Significant differences (p < 0.05) between surfaces for pre-post 

# Significant differences (p < 0.05) pre-post for both artificial turf and natural grass 

Natural Grass 

Post Pre Post 

Tc Right leg (ms) 41.40 ± 13.28 43.16 ± 18.70 42.22 ± 15.77 

24.00 ± 2.70 25.27 ± 2.96 24.14 ± 3.73 

84.72 ± 64.65 51.80 ± 29.58 61.73 ± 65.80 30.28 ± 34.31 

7.68 ± 2.67 7.29 ± 3.12 7.90 ± 2.97 

Ts Right leg (ms) 216.04 ± 83.03# 151.17 ± 32.01 179.93 ± 48.42 140.66 ± 49.01 

Tc Left leg (ms) 34.54 ± 10.51 47.34 ± 12.82# 40.80 ± 17.58 45.73 ± 12.20 

Td Left leg (ms) 25.94 ± 4.29 27.61 ± 3.95 24.60 ± 5.66 26.43 ± 4.47 

Tr Left leg (ms) 82.39 ± 48.82# 47.70 ± 14.50 62.97 ± 45.62 58.84 ± 38.52 

Dm Left leg (mm) 7.16 ± 3.81 8.64 ± 2.34 7.67 ± 3.27 7.82 ± 3.05 

Ts Left leg (ms) 226.80 ± 78.87*# 139.23 ± 15.93 172.83 ± 41.26 158.73 ± 49.56 

101.88 ± 41.06 

33.29 ± 7.96 

23.84 ± 2.38 

38.22 ± 17.76 

9.74 ± 2.16 9.13 ± 2.87 

145.05 ± 90.31 

Tc = contraction time; Td = delay time; Tr = half-relaxation time; Dm = maximal muscular displacement; Ts = sustain time 

Table 4. Muscular responses of the biceps femoris between pre-post and between surfaces 

Artificial Turf 

Pre 

40.22 ± 12.75 

Td Right leg (ms) 24.66 ± 2.06 

Tr Right leg (ms) 

Dm Right leg (mm) 7.62 ± 2.79 

* Significant differences (p < 0.05) between surfaces for pre-post 
# Significant differences (p < 0.05) pre-post for both artificial turf and natural grass 

Tc = contraction time; Td = delay time; Tr = half-relaxation time; Dm = maximal muscular displacement; Ts = sustain time 
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