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ABSTRACT
Primitive reyexes (PRs) are involuntary motor responses present at birth, typically replaced by voluntary 
motor control during development. If PRs remain active beyond infancy, they can impair motor and 
cognitive abilities. This study investigated the correlation between active PRs and Tactical (TaS) and 
Technical Skills (TeS) in professional football matches. Fifty-eight male football players (17.5 ± 1.4 years) 
from a French academy were assessed for PR activity, categorized into inactive or active PR groups. 
Assessed PRs included asymmetrical tonic neck reyex (ATNR), symmetrical tonic neck reyex (STNR), tonic 
labyrinthine reyex (TLR), and Moro reyex (MR). Analysis of twenty matches showed players with active PRs 
had signiGcantly lower success rates in TaS and TeS, including 15.5% and 31.8% lower pass success in 
imbalance and Gnishing zones (p < 0.01). Players with active PRs also performed worse in defensive 
actions and duels (p < 0.01). The Gndings highlight that active PRs hinder football performance, especially 
in challenging match situations like duels and crowded zones. This suggests the need for training 
programs to address PR emects and enhance player performance. Further research should reGne methods 
for integrating these RPs.
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Introduction

Many dimerent skills are needed for football performance (Ali,  
2011; Williams & Reilly, 2000). Commonly recognized ones are 
Tactical Skills (TaS) which are actions in response to dynamic 
matches situations and Technical Skills (TeS) such as passing, 
dribbling, shooting, or controlling (Bozkurt & Kucuk, 2018; 
Gréhaigne & Godbout, 1995; Portillo et al., 2020). To demon-
strate these TaS and TeS, players must be able to meet the 
physical (e.g., strength, speed, and agility) and cognitive (e.g., 
learning abilities, decision-making, and perception) demands 
of a football match (Bangsbo et al., 2006; Mohr et al., 2003; 
Sabarit et al., 2020).

The evaluation of TaS and TeS relies on speciGc assessments 
such as spacing between lines or coordination among players 
for TaS (Low et al., 2020), and dribbling or one-on-one scenarios 
for TeS (Caetano et al., 2019; Clemente et al., 2016; Duarte et al.,  
2012) in relation to intrinsic qualities (e.g., physical or cognitive) 
necessary for high-level practice (Bangsbo et al., 2006). These 
intrinsic qualities have a direct impact on TaS and TeS and can 
inyuence players’ performance (Akenhead & Nassis, 2016; Iaia 
et al., 2009). For example, it has been recognized that cognitive 
processes can play a crucial role in TeS and TaS development. 
Indeed, inadequate cognitive training can impair the emective-
ness of technical and tactical actions during gameplay 
(Teodorescu & Gheorghe, 2014).

Primitive reyexes (PRs) are among the factors that could 
diminish physical and cognitive skills. PRs are present at birth 
and allow a gradual transition from involuntary motor skills 

generated by the brainstem to voluntary motor skills from the 
cerebral nervous system (Illingworth, 1987). Active PRs are 
progressively integrated during the Grst years of life concur-
rently with the enhancement of motor skills (e.g., eye/hand 
coordination, cross-coordination upper/lower limbs, quadrupe-
dia, and then walking) (Capute et al., 1982; Illingworth, 1987). 
Despite the general acceptation of an early integration, it has 
been previously reported that active PRs could still be present 
in the general population independently of age (Damasceno 
et al., 2005). The consequences of not integrating PRs are 
numerous, including declines in various motor, psychological, 
and cognitive functions (Goddard-Blythe, 2005; McPhillips & 
Sheehy, 2004; Niklasson & Niklasson, 2022).

PRs may have a direct impact on a player’s ability to emec-
tively respond to the spatio-temporal demands of a match. 
When PRs remain active, they disrupt voluntary motor coordi-
nation and rapid decision-making, both of which are critical 
in situations where space is limited or time is constrained 
(Goddard, 1995; McPhillips & Sheehy, 2004). For example, in 
scenarios where multiple players are concentrated in the same 
area, a player with active PRs may struggle to anticipate others’ 
movements, quickly adjust their position, or execute technical 
skills under pressure. Although direct evidence in adult athletes 
is limited, previous studies have suggested that incomplete 
integration of PRs impairs motor skills and cognitive processing 
in young populations (Damasceno et al., 2005; Teodorescu & 
Gheorghe, 2014). This condition could lead to a decrease in the 
accuracy and yuidity of technical skills (TeS) such as dribbling, 
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passing, or controlling the ball, as well as tactical skills (TaS) like 
real-time decision-making, team coordination, or managing 
duels. However, it is important to note that this interpretation 
is based on indirect data, and while an association between 
active PRs and reduced performance under spatio-temporal 
constraints could be hypothesized, direct evidence remains to 
be established.

Unfortunately, few studies about PRs in the Geld of sports 
performance exist. For instance, previous research focused on 
7-year-old children that learnt swimming (Bogdanoviva & 
Lflrix(, 2020). The results showed that having active PRs 
increased the time required to assimilate technical gestures 
and skills quality during swimming. Indeed, children with 8% 
of active PR achieved a level of swimming proGciency of 77% 
compared with 33% for children with more than 25% of active 
PR (Bogdanoviva & Lflrix(, 2020). Although this study described 
the negative impact of PRs during training on performance 
levels and learning abilities, the links between PRs and motor 
skills have not been deeply studied, especially among young 
and adult athletes targeting high-level performance (Bastiere 
et al., 2024).

Hence, the main objective of this study was to evaluate 
whether the presence of active PRs could alter football perfor-
mance. More speciGcally, we hypothesized that players with 
active PR would have poorer TaS and TeS skills during matches, 
especially when players evolve under spatial and temporal 
constraints, such as a high number of players in the same 
area, limited time to play, or proximity to an opponent (duels).

Methodology

To conduct this study, the gameplay of players during cham-
pionship matches over an entire football season was analysed. 
The players were divided into two groups based on the pre-
sence of PRs (see PR evaluation section). The success rates of 
various selected skills during the matches were compared 
between the two groups. Additionally, skills were categorized 
according to playing positions to maintain the integrity of the 
game’s dynamics for certain skills. For example, central defen-
ders were excluded from the analysis of passes in the Gnishing 
zone, and attackers were excluded from passes in the attraction 
zone (see match data section).

Participants

All players from the academy (n = 58) of a French professional 
club who met the inclusion/exclusion criteria were included in 
this research. Eligible players required over Gve years of training 
in a sports club before joining the academy and had to be 

injury-free for at least one month prior to the PR evaluation. 
Each player participated in 3 to 9 matches (270 to 810 minutes) 
for the evaluation of the success rates of TaS and TeS. 
Participant characteristics are detailed by global score (see PR 
evaluation section) and position in Table 1. In addition to the 
anthropometric data (age, height, and weight), we performed 
a series of athletic tests to assess the physical capabilities of the 
players, including measures such as speed, endurance, and 
lower limb power (counter movement jump and drop jump). 
However, since the results of these tests did not reveal signiG-
cant dimerences between groups, they are not presented for 
sake of clarity.

All participants provided informed consent prior to their 
inclusion in the study. Each individual’s data was handled and 
stored in accordance with the principles of conGdentiality and 
privacy. The study was conducted in accordance with the 
guidelines of the Declaration of Helsinki.

Details of the distribution of participants by the activity of 
each PR are available in Annexe A (Table A).

Match data

Twenty matches were studied during the regular season, focus-
ing on three teams from the academy at both the U17 and U19 
national levels, and the Gfth national division. The distribution 
of matches was as follows: seven matches for the U17 team, 
seven for the U19 team, and six for the Gfth national division 
team. All matches were played at home. These matches were 
Glmed and subsequently analysed by three video analysts from 
the training centre who randomly assessed the three teams in 
a blinded manner, i.e., without knowledge of the results from 
PR tests conducted throughout the season. Skills observed 
were categorized into TaS and TeS.

TaS were categorized based on passes made in dimerent 
areas of the Geld and movements during defensive transitions 
(Caicedo-Parada et al., 2020; Héros, 2022). All passes made 
during the matches were recorded and categorized as success-
ful or unsuccessful. Maintaining possession of the ball was 
considered a success, while losing possession was considered 
a failure. The zones where the passes were made were the 
attraction zone (AZ), in front of the opposing midGelders; 
imbalance zone (IZ), between the opposing midGelders and 
defenders; and Gnishing zone (FZ), behind the opposing defen-
sive line. The success of defensive actions was deGned as 
“recovering the ball or closing a passing lane, thereby prevent-
ing the progression of the ball”. Failure was deGned as “not 
intercepting the ball or not closing a passing lane, thereby 
facilitating the progression of the ball”.

Table 1. Distribution of general characteristics of participants by global score and by position.

Positions Group N Age (y) Height (cm) Mass (kg)

All Active PR 17 17.7 ± 1.5 178.8 ± 6.9 70.2 ± 7.3
Inactive PR 42 17.6 ± 1.4 177.8 ± 6.0 68.8 ± 6.4

Defensive and opensive midfielders. and full and centre back Active PR 13 17.5 ± 1.3 178.5 ± 6.4 68.7 ± 6.2
Inactive PR 29 17.8 ± 1.5 178.3 ± 6.7 69.5 ± 6.8

Defensive and opensive midfielders. full back. winger. and forward Active PR 32 17.9 ± 1.6 176.8 ± 7.1 69.0 ± 8.0
Inactive PR 37 17.6 ± 1.5 176.6 ± 5.4 67.5 ± 5.5

No significant diperence was reported between groups.
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TeS included overground duels and aerial duels, recorded by 
their successes and failures. Success was deGned as keeping or 
regaining possession, while failure was deGned as losing pos-
session or failing to regain it. Fouls whistled by the referee were 
also recorded (Kraynik et al., 2019).

The skills recorded varied by player position. For all posi-
tions, the recorded skills included fouls, overground duels, and 
aerial duels. For defensive and omensive midGelders, as well as 
full backs and centre backs, the recorded skills also included 
defensive actions and passes in the attraction zone. For defen-
sive and omensive midGelders, full backs, wingers, and forwards, 
the recorded skills included passes in the imbalance zone and 
passes in the Gnishing zone. This categorization ensures the 
analysis respects the dimerent roles and responsibilities asso-
ciated with each position on the Geld.

Experimental procedure

Primitive re!ex evaluation

The evaluation of PRs took place during the football pre-season 
in July 2022, following the mid-season break in June. PRs were 
assessed using the methodology established by the Institute of 
Neurophysiological Psychology (INPP). Four speciGc PRs were 
selected for this study due to their demonstrated relationship 
with decreases in motor tasks when not integrated 
(E. Z. Gieysztor et al., 2017; Goddard Blythe, 2015).

● The asymmetrical tonic neck reyex (ATNR) was assessed 
while standing, feet together, arms forward at shoulder 
height, eyes closed, wrists yexed, and hands relaxed. The 
test consisted of a rotation of the head on both sides 
induced by the practitioner (left side: ATNR L and right 
side: ATNR R). The movement is continuous with a pause 
for 5-10 s at the end of each rotation or neutral position. 
Before starting, the practitioner informed the participant 
that they must keep their arms forward without moving. 
The involuntary movement is observed in the function of 
movement of the hand or arm on the side to which the 
head was turned, such as a lowering or deviation of the 
arms.

● The tonic labyrinthine reyex (TLR) was tested in a standing 
position, feet together and eyes closed. The test was 
performed following two manipulations. The Grst con-
sisted of an extension of the head (TLR EXT) and 
the second in a yexion (TLR FLX) of the head. The move-
ment is continuous with a pause for 5 s at each end of the 
movement (i.e., head extension and head yexion). The 
involuntary movement is evaluated based on loss or alter-
nation of balance, such as swaying or falling backward or 
forward during the test.

● The symmetrical tonic neck reyex (STNR) was tested in 
a quadruped position (hands below shoulders and knees 
below hips). The instruction for the participant is to hold 
the quadruped position during the movement of the 
head during yexion (SNTR FLX) or extension (STNR EXT). 
The movement is continuous with a pause for 5 s at each 
end of the movement (i.e., head extension and head 
yexion). The involuntary movement is rated in the func-
tion of the tremors in one or both arms or hip movements, 
bending of the arms due to yexion of the head, or arching 
of the back.

● The Moro reyex (MR) is tested standing, feet joined, arms 
forward at shoulder height, eyes closed, wrists yexed, 
hands relaxed, and the head back. After clearly explaining 
the test and asking if the participant was ready, the sub-
ject was asked to drop into the hands of the practitioner 
by a back rocker. The involuntary movement is observed 
based on the abduction of the arms or any signs of dis-
tress or imbalance during the test.

Each PR was assessed on a subjective scale ranging from 0 to 4, 
in increments of 1, based on observed involuntary movements 
following speciGc tasks or stimulations. A rating of 0 indicated 
inactive PR activity (i.e., no involuntary response to stimuli 
during the test), while a rating of 4 indicated maximal PR 
activity (i.e., signiGcant involuntary movements in response to 
stimuli during the test). The PRs were evaluated only once by 
the same examiner, an expert in this Geld. The details of the PR 
activity scoring scale are available in supplementary material 
(Scoring Sheet – Primitive Reyexes Scales).

The overall level of PRs activation was evaluated by calculat-
ing a global score (GS), which corresponds to the sum of the 
individual test scores (Pecuch et al., 2021). The GS allows for the 
assessment of PR activation strength across Gve categories: 
<10% (null), )10% and <25% (low), )25% and <50% (medium), 
p50% and <75% (high), and )75% (maximal) (Blythe, 2005; 
Goddard Blythe, 2015). Participants were systematically cate-
gorized into two groups based on their scores: the inactive PR 
group, when the GS was null or when individual PR test yielded 
a score of 0, and the active PR group, when the GS was “low” or 
higher, or when individual PR test yielded a score greater than 
0. The results are presented according to this classiGcation, 
reyecting both the total activity of PRs and the activity of 
individual PRs (Table 2).

Statistical analysis

All analyses were conducted using Python (v3.8.16, 
retrieved from http://www.python.org). Descriptive statis-
tics are given as mean ± standard deviation. The success 
rates were calculated based on raw data collected during 

Table 2. Classification of group by primitive reflex (PR) activity and global score (GS).

Group PR activity score Sum of PR activities GS PR activity (%)
Inactive PR 0 0-2 No-activity g7 (no abnormal activity)
Active PR 1 3-7 Low 8 - 25%

2 8-13 Medium 25 - 50%
3 14-20 High 50 - 75%
4 21-28 Maximal 75 - 100%
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matches, by determining the ratio of successes to 
attempts for each skill and each player. These rates were 
then averaged according to the groups with either inac-
tive or active PRs. To standardize the data, they were 
normalized to 100 minutes of playing time before calculat-
ing the success rate for each skill for each player. Cohen’s 
d was calculated for key comparisons to provide a better 
understanding of the magnitude of dimerences between 
the groups (e.g., active vs. inactive PRs). Pearson’s correla-
tion coegcient was initially calculated to explore potential 
relationships between age and performance metrics across 
dimerent player positions. Given the lack of signiGcant age- 
related correlations and the homogeneous age distribu-
tion across samples, independent t-tests were used for 
group comparisons. Data normality was assessed using 
Shapiro–Wilk tests. Mann–Whitney U tests were applied 
when normality was not veriGed, while t-tests were used 
otherwise (assuming equal variance). We ensured that 
each metric was measured independently and reported 
only once per subject, avoiding any reuse of the same 
metric in dimerent tests. This approach helps to prevent 
inyating the risk of Type I errors. The level of signiGcance 
was set at p p 0.05.

Results

The success rates for both TaS and TeS in the active and inactive 
PR groups are presented in two parts: 1) the success rates (TaS 
and TeS) based on the overall activity of players and 2) the 
success rates based on the activity of each PR.

Success rate and global PR activity

Tactical Skills
The pass success rate within or from the AZ did not dimer 
signiGcantly between the two groups. However, the active PR 
group had a signiGcantly lower pass success rate, 15.5% lower 
in the IZ and 31.8% lower in the FZ (p p 0.01, d = 0.87 for IZ, d =  
1.22 for FZ), compared to the inactive PR group (Figure 1).

For defensive actions (Figure 2), similar trends were 
observed, with the active PR group having a 20.7% signiGcantly 
lower average success rate (p = 0.01, d = 0.94) compared to the 
inactive PR group.

Technical Skills
The results showed that the average success rates of TeS are 
signiGcantly lower in the active PR group. SpeciGcally, over-
ground duels have a 34.2% (p = 0.001, d = 1.73) lower success 
rate, and aerial duels have a 26.0% (p = 0.01, d = 0.90) lower 
success rate on average (Figure 3).

Similarly, the number of fouls during matches was higher by 
an average of 0.4 (p = 0.02, d = .0.58) fouls per 100 minutes of 
playing time for the active PR group (Figure 4).

Success rate and each PR activity

Tactical Skills
The success rates of all analysed TaS are presented in Table 3 
based on the activity score of each tested PR.

The tactical zones of the Geld showed lower success rates 
when PRs are active. In the IZ and FZ zones, the average success 
rate is signiGcantly lower for the group with an active ATNR R, 
with a reduction of nearly 15% in the IZ (p = 0.003, d = .1.09) 
and up to 34.8% in the FZ (p < 0.001, d = .1.48) compared to 
the group with an inactive PR. SpeciGcally, in these two zones 
(IZ and FZ), three out of the seven tested PRs show lower 
success rates when they are active: ATNR R for both zones, 
MR for the FZ (p < 0.01, d = .0.64), and STNR (in both positions) 
for the IZ (EXT : p < 0.05, d = .0.90; FLX : p < 0.05, d = .0.61). 
Conversely, the AZ zone did not appear to be a zone where 
active PR group lower the success rate of passes. Only STNR EXT 
showed a higher success rate, with an increase of 3.7% for the 
active PR group.

Defensive actions showed lower success rates in players 
from the active PR group for all tested PRs (i.e., in at least one 
of the tested PR positions). The success rates were signiGcantly 
reduced, with average decreases of up to 25.5% (p = 0.004, d =  
.1.41) for TLR EXT, 17.1% f (p = 0.001, d = 0.72) or ATNR R, 
14.8% (p = 0.004, d = .0.64) for MR, and 8.4% (p = 0.02, d =  
.0.35) for STNR EXT.

Technical Skills
The success rates of all analysed TaS are presented in Table 3 
based on the activity score of each tested PR.

Overground duels showed similar results. The success rate 
was signiGcantly lower for each tested PR (i.e., in at least one of 
the tested PR positions; p < 0.05) except for the TLR (EXT and 

Figure 1. Comparative analysis of tactical skill success rates between active and inactive PR groups in passing across the (a) attraction zone, (b) imbalance zone, and (c) 
finishing zone as defined by the opponent’s defensive block. * significant diperence between inactive and active PR groups (p g 0.05).
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FLX). When the ATNR R was active, the success rate was, on 
average, 34.2% (p < 0.001, d = .1.85) lower for the active group, 
24.5% (p < 0.001, d = .1.13) lower for the MR, and 16.7% (p =  
0.005, d = .0.71) lower for the STNR EXT.

Aerial duels showed signiGcantly lower success rates in the 
active PR group for 6 out of the 7 tested (p < 0.05). The success 
rate of aerial duels was on average 34.4% lower when the STNR 
EXT was active, and approximately 20% lower when the MR, 
TLR FLX, and STNR FLX were active.

The number of fouls during matches was signiGcantly higher 
in the active PR group only when 2 of the 7 are active. The MR, 
when active, showed an average increase of 0.6 (p < 0.001, d =  
1.11) fouls, and the ATNR R showed an average increase of 0.4 
(p < 0.001, d = 0.84) fouls per 100 minutes of total playing time.

Discussion

The results of this study validate our hypothesis that active PRs 
can signiGcantly impair the TaS and TeS of young football 
players. SpeciGcally, we hypothesized that players with active 
PRs would exhibit poorer TaS and TeS during matches, particu-
larly under spatial and temporal constraints, such as a high 
density of players in the same area, limited time for decision- 
making, or close proximity to an opponent during duels. The 
Cohen’s d values observed in this study ranged from moderate 
to large, indicating that the dimerences between the active and 
inactive PR groups are not only statistically signiGcant but also 
meaningful in practical terms. For example, the large emect 
sizes (e.g., d = 1.73 for overground duels) suggest 
a considerable impact of active PRs on performance.

Figure 2. Comparative analysis of tactical skill success rates between active and 
inactive PR groups in defensive actions. * significant diperence between inactive 
and active PR groups (p g 0.05).

Figure 3. Comparative analysis of technical skill success rates between active and inactive PR groups in (a) overground duel and (b) aerial duel. * significant diperence 
between inactive PR and active PR groups (p g 0.05).

Figure 4. Comparative analysis of technical skill success rates between active and 
inactive PR groups in fouls. * significant diperence between inactive PR and active 
PR groups (p g 0.05).
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Our data reveal that each analysed skill was diminished in 
players with at least one active PR, except for passing in or from 
the AZ, where players operate without spatial or temporal 
stress on the Geld, allowing them to take advantage of larger 
spaces and distant opponents. Overall, the presence of active 
PRs leads to a substantial decrease in key performance metrics 
critical for success in football. This decline in performance 
underscores the need for targeted interventions to address 
and mitigate the emects of active PRs, ensuring that players 
can perform optimally even in high-pressure game situations.

Global activity of PR and success rate

The study reveals that the global activity of the PR in players 
signiGcantly reduces the success rate of TaS. SpeciGcally, in 
critical zones of the Geld, the presence of an active PR reduces 
success rates for passes made from the IZ by 15.5% and from 
the FZ by 31.8% (Figure 1). This decline is particularly detri-
mental for performance as these zones often determine scoring 
opportunities and the overall emectiveness of omensive strate-
gies (Ric et al., 2017).

Additionally, the success rate of defensive actions is dimin-
ished in the active PR group. This reduction in performance can 
be attributed to the concept of space-time, which appears to 
inyuence task success. SpeciGcally, when the time available for 
information processing and action is constrained by the con-
text, such as in fast-paced or high-pressure situations, the 
active PR group exhibits lower success rates. Our data showed 
that players with active PRs had lower success rates in rapid- 
response situations, such as duels and passes under pressure, 
suggesting that these players may struggle with processing 
spatial and temporal information during high-intensity 

gameplay. The associations between active PRs and lower suc-
cess rates in performance metrics are consistent with Gndings 
in the literature, which link motor digculties to impaired coor-
dination and decision-making under stress (Rousseau et al.,  
2017; Taylor et al., 2020). Given that psychological factors 
such as stress and anxiety can severely amect technical and 
tactical performance (Orosz & Mezo, 2015). While our results 
suggest a potential impact of active PRs on stress responses 
during gameplay, this relationship remains to be validated 
through targeted studies on neurophysiological stress markers 
in athletes with active PRs (Niklasson & Niklasson, 2022).

For TeS, the proximity with the opponent seems to play 
a role in capacity to success in duel. The active PR group have 
shown that success rates are signiGcantly lower for the active 
PR group. It should be noted that these actions, involving these 
skills, occur in a short time frame and in a conGned space with 
direct contact with the opponent. Studies have shown that 
unintegrated PRs can amect motor coordination and response 
times (McPhillips & Sheehy, 2004), which aligns with our obser-
vation that players with active PRs showed lower success rates 
in dynamic match situations.

Key observations suggest that readings trajectory or game 
(aerial duel or defensive action) are generally more successful 
when players do not have active PR. Furthermore, defensive 
skills appear to be the most adversely amected when players 
have active PR. This is supported by the Gndings of González 
et al. (2008), who demonstrated that residual PR could interfere 
with the development of precise ocular movements such as 
saccades. These PRs, when present, can lead to digculties in 
reading trajectories, as they disrupt the coordination necessary 
for smooth and accurate eye movements. Additionally, invo-
luntary movements caused by active PR can negatively impact 

Table 3. The success rate of tactical skills (Tas) for each primitive reflex (PR) and both active and inactive PR groups.

TaS Primitive reflex Inactive PR group Mean ± SD Active PR group Mean ± SD Mean Diperence Cohen’s d

Attraction zone (%) MR 88.9 ± 4.0 90.4 ± 4.5 1,5 0,35
ATNR L 88.5 ± 4.4 90.0 ± 4.4 1,5 0,34
ATNR R 87.4 ± 2.9 92.2 ± 4.8 4,8 1,21
STNREXT 88.1 ± 4.1 91.8 ± 4.2 3,7 0,89
STNRFLX 89.0 ± 4.1 89.9 ± 5.1 0,9 0,19
TLREXT 88.2 ± 3.4 89.4 ± 4.5 1,2 0,30
TLRFLX 88.1 ± 3.1 90.1 ± 5.0 2 0,48

Imbalance zone (%) MR 69.0 ± 16.6 61.0 ± 15.3 w8 w0,50
ATNR L 67.5 ± 17.8 65.7 ± 15.9 w1,8 w0,11
ATNR R 78.1 ± 12.1 62.6 ± 16.0 w15,5 w1,09
STNREXT 72.4 ± 17.8 59.0 ± 11.1 w13,4 w0,90
STNRFLX 70.5 ± 16.6 60.8 ± 14.9 w9,7 w0,61
TLREXT 75.3 ± 14.3 65.4 ± 16.5 w9,9 w0,64
TLRFLX 67.7 ± 17.4 65.9 ± 16.4 w1,8 w0,11

Finishing zone (%) MR 56.4 ± 29.5 40.0 ± 21.2 w16,4 w0,64
ATNR L 55.3 ± 30.3 48.3 ± 26.5 w7 w0,25
ATNR R 74.8 ± 21.8 40.0 ± 25.2 w34,8 w1,48
STNREXT 57.7 ± 27.6 42.2 ± 26.4 w15,5 w0,57
STNRFLX 51.5 ± 29.2 52.2 ± 26.7 0,7 0,03
TLREXT 73.0 ± 28.3 48.4 ± 27.0 w24,6 w0,89
TLRFLX 62.2 ± 30.1 47.1 ± 26.5 w15,1 w0,53

Defensive actions (%) MR 75.1 ± 25.3 60.3 ± 20.7 w14,8 w0,64
ATNR L 72.2 ± 27.3 69.6 ± 23.1 w2,6 w0,10
ATNR R 83.1 ± 24.6 65.9 ± 23.4 w17,2 w0,72
STNREXT 74.1 ± 27.2 65.7 ± 20.2 w8,4 w0,35
STNRFLX 73.5 ± 25.6 66.3 ± 23.2 w7,2 w0,29
TLREXT 93.9 ± 5.8 68.5 ± 24.8 w25,4 w1,41
TLRFLX 86.1 ± 11.5 66.5 ± 27.3 w19,6 w0,94

ATNR = asymmetrical tonic neck reflex; STNR = symmetrical tonic neck reflex; TLR = tonic labyrinthine reflex; L= left; R = right; EXT= extension; FLX = flexion; TeS =  
Technical Skill. * Significant diperence between inactive PR and active PR groups (p g 0.05) are reported in bold.
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the perception-action loop. Indeed, disrupted perception- 
action coupling due to involuntary movements signiGcantly 
increases the risk of errors and injuries (Eagle et al., 2020). This 
disruption further explains why players with active PR struggle 
more with defensive skills, as their ability to perceive and react 
accurately to dynamic situations is compromised.

PR activity and success rate

The ATNR was particularly detrimental for the active PR group, 
with a decreased success rate in six of the seven assessed skills. 
The only skill not amected by ATNR activity was passes made in 
the AZ. This Gnding aligns with the Gndings of E. Gieysztor et al. 
(2020) which highlighted the negative inyuence of active PR on 
motor coordination and performance, including ATNR. In over-
ground duels, players with active ATNR showed a lower success 
rate, up to 34.2% (Table 4), which is signiGcant given the critical 
nature of these engagements in maintaining possession and 
transitioning play. This reduction in emectiveness can be attrib-
uted to the involuntary head movements induced by the ATNR 
(E. Gieysztor et al., 2020), which disrupts balance and coordina-
tion. Similarly, the success rate in aerial duels dropped by 26.0% 
for players with higher PR activity, which can be linked to 
impaired timing and spatial awareness due to persistent PR 
(Goddard et al., 2009). The lower success rate of passes made 
in the IZ and/or FZ zones, as well as in duels, both aerial and 
overground, highlights the importance of these PR in dynamic 
and high-pressure environments typical of football matches. 
Moreover, the digculty in crossing the midline axis during 
motor execution (e.g., passing the ball or evading an opponent) 
can hinder environmental reading during the match, thereby 
amecting ball trajectory perception and opponent movements 
(Richards et al., 2022).

The connection between PR and skills is further illustrated by 
the negative impact of STNR on the players’ ability to gather and 
process information. Players with active STNR showed signiG-
cantly lower success rates in aerial duels, highlighting the 

detrimental emect of this PRs on trajectory reading. Indeed, the 
STNR amects the coordination between eye and hand move-
ments (Goddard, 1995), which is crucial for accurate passing and 
spatial orientation on the Geld. Indeed, signiGcant associations 
between remaining PR such as STNR and saccadic eye move-
ments have been found (González et al., 2008). Additionally, in 
aerial duels, the required leg impulse causes an extension of the 
legs. With this PR, when there is an impulse from the legs, the 
upper body and head curl up, resulting in a body form that is 
not optimal for performing well in aerial contests.

The MR is the second (with the STNR) PR that shows 
a lower success rate when active in players. All defensive 
skills (defensive actions and both duels) exhibit a lower 
average success rate when the MR is active. The success 
rate in the FZ similarly decreases, indicating that this PR is 
one of the factors contributing to reduced success rates for 
the active PR group. This observation aligns with other 
research that highlights the emects of this PR when active, 
such as hypervigilance and stress (Goddard, 1995; Rousseau 
et al., 2017). Additionally, from a motor perspective, it 
results in loss of balance and poor coordination (Edwards 
& Khalili, 2023; Niklasson & Niklasson, 2022; Rousseau et al.,  
2017).

The TLR (in both positions) appears to be one of the PR with 
the least impact on players’ success rates when active. Only two 
skills, defensive actions and aerial duels, showed a lower suc-
cess rate when the TLR is active. However, the TLR is not 
consistently the least impactful in various studies; its emect 
depends on the context and the persistence of other active 
PRs (Pecuch et al., 2021). One hypothesis for the relatively low 
impact of TLR could be that, while this PR is often present in this 
population (34.7% for TLR FLX and 52.2% for TLR EXT with 
scores of 1 or 2), it is not frequently exhibited at its most active 
level (4.3% for TLR FLX and 2.9% for TLR EXT with scores of 3 or 
4 during testing) (Bastiere et al., 2024). Therefore, the level of 
activity of this PR might be a determining factor in its negative 
impact on skill execution.

Table 4. The success rate of technical skills (TeS) for each primitive reflex (PR) and both active and inactive PR groups.

TeS Primitive reflex
Inactive PR group 

Mean ± SD
Active PR group 

Mean ± SD Mean Diperence Cohen’s d

Overground duel (%) MR 57.9 ± 23.7 33.4 ± 19.6 w24,5 w1,13
ATNR L 58.8 ± 27.9 45.1 ± 21.6 w13,7 w0,55
ATNR R 74.9 ± 15.0 40.7 ± 21.4 w34,2 w1,85
STNREXT 57.4 ± 25.8 40.7 ± 20.8 w16,7 w0,71
STNRFLX 54.2 ± 36.5 45.0 ± 22.1 w9,2 w0,30
TLREXT 54.6 ± 24.7 49.7 ± 25.2 w4,9 w0,20
TLRFLX 60.7 ± 23.5 46.6 ± 24.9 w14,1 w0,58

Aerial duel (%) MR 71.0 ± 28.4 51.5 ± 33.2 w19,5 w0,63
ATNR L 73.1 ± 28.7 59.8 ± 31.7 w13,3 w0,44
ATNR R 83.7 ± 14.4 57.7 ± 32.8 w26 w1,03
STNREXT 78.9 ± 24.1 44.5 ± 28.9 w34,4 w1,29
STNRFLX 72.6 ± 27.5 53.4 ± 33.2 w19,2 w0,63
TLREXT 74.6 ± 16.0 64.2 ± 32.1 w10,4 w0,41
TLRFLX 80.4 ± 19.9 59.0 ± 32.7 w21,4 w0,79

Committed fouls (%) MR 0.3 ± 0.3 0.9 ± 0.7 0,6 1,11
ATNR L 0.5 ± 0.6 0.5 ± 0.5 0 0,00
ATNR R 0.2 ± 0.3 0.6 ± 0.6 0,4 0,84
STNREXT 0.4 ± 0.5 0.6 ± 0.7 0,2 0,33
STNRFLX 0.4 ± 0.5 0.6 ± 0.6 0,2 0,36
TLREXT 0.4 ± 0.6 0.5 ± 0.6 0,1 0,17
TLRFLX 0.5 ± 0.5 0.5 ± 0.6 0 0,00

ATNR = asymmetrical tonic neck reflex; STNR = symmetrical tonic neck reflex; TLR = tonic labyrinthine reflex; L= left; R = right; EXT= extension; FLX = flexion; TeS  
= Technical Skill. * Significant diperence between inactive PR and active PR groups (p g 0.05) are reported in bold.
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This study being one of the Grst in this Geld, its results 
need to be conGrmed and validated in other populations. 
Our data indicate that active PRs correlate with reduced 
performance in speciGc football skills under spatial-temporal 
constraints. Future research should further investigate these 
Gndings by examining neurocognitive processing in players 
with active PRs during high-pressure scenarios. Moreover, 
this study has several limitations that should be acknowl-
edged. Firstly, the sample size of 58 players may be too 
small to generalize the Gndings to the broader population 
of high-level football players. Secondly, the evaluation over 
a single football season limits understanding of the long- 
term impact of active PRs on performance. Longitudinal stu-
dies spanning multiple seasons would be beneGcial. While 
matches were conducted at home, this approach was delib-
erately chosen to reduce variability due to dimering playing 
conditions, such as unfamiliar Gelds or travel fatigue. 
Although it may reduce variability and isolate the variable 
of interest, it could also be considered a limitation as it does 
not reyect the players’ performance under away game con-
ditions, where environmental and psychological factors 
might dimer. The impact of active PRs might vary under 
dimerent conditions and levels of competition. It would be 
interesting to investigate in an interventional study whether 
a reduction in PR activity through integration exercises alters 
the success rates of TaS and TeS. The assessment of PRs used 
a subjective scale, which could introduce measurement 
biases. More objective and standardized measures could 
enhance precision, but currently, none exist.

Practical implications

The practical implications of these Gndings suggest that 
coaches and physical trainers should integrate neurodeve-
lopmental rehabilitation programs into their training rou-
tines, particularly focusing on exercises designed to 
mitigate the impact of active PRs in young athletes. 
Utilizing programs such as those proposed by the INPP 
could be particularly emective. For example, exercises that 
mimic stages of motor development such as balancing, 
rolling, crawling, and quadrupedal movements can sup-
port the integration of PRs like the ATNR, the TLR, and 
the STNR. These activities might help in re-establishing 
fundamental movement patterns, improving coordination, 
and reducing the residual inyuence of active PRs (Blythe,  
2005; Grigg et al., 2023). These exercises can be imple-
mented as part of warm-ups or speciGc neurodevelopmen-
tal training sessions to support fundamental movement 
patterns and enhance coordination. Additionally, it is 
essential to implement continuous monitoring of PRs to 
identify athletes at risk, allowing for the timely adaptation 
of training and rehabilitation programs. Educating stam on 
the signiGcance of PRs and their potential inyuence on 
player performance is crucial for enhancing recognition 
and management of these factors. Adopting a holistic 
training approach that encompasses not only technical 
and tactical skills, but also neuro-motor development can 
help reduce the adverse emects of active PRs and promote 
overall athletic performance.

Conclusion

This study demonstrates that having active PRs signiGcantly 
impair both TeS and TaS in players, particularly in high-stress 
scenarios. The ATNR and MR were found to be particularly 
important, reducing success rates of TaS and TeS such as 
passes in the IZ and FZ and in both overground and aerial 
duels. These Gndings highlight the importance of addressing 
PR integration in athletic training to enhance overall perfor-
mance and reduce the likelihood of errors in critical match 
moments.

List of abbreviations

PR Primitive reyex
ATNR Asymmetrical tonic neck reyex
STNR Symmetrical tonic neck reyex
TLR Tonic labyrinthine reyex
L Left
R Right
EXT Extension
FLX yexion
GS Global score
TaS Tactical Skill
TeS Technical Skill
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Annexe A

ATNR = asymmetrical tonic neck reyex; STNR = symmetrical tonic neck reyex; TLR = tonic labyrinthine reyex; L= left; R = right; EXT= extension; 
FLX = yexion. No signiGcant dimerences (p > 0.05) are reported.

Table A. Distribution of general characteristics of participants by primitive reflex (PR) and position.

Position groups Variable Group MR ATNRL ATNR R STNREXT STNRFLX TLREXT TLRFLX

All N Inactive PR 42 24 17 35 36 6 17
Active PR 17 35 42 24 6 53 42

Age 
(year)

Inactive PR 17.5 ± 1.4 18.0 ± 1.5 17.7 ± 1.5 17.7 ± 1.6 17.7 ± 1.4 18.7 ± 2.4 17.6 ± 1.7
Active PR 18.0 ± 1.5 17.3 ± 1.3 17.6 ± 1.4 17.5 ± 1.2 17.6 ± 5.1 17.5 ± 1.3 17.6 ± 1.3

Height 
(cm)

Inactive PR 178.5 ± 6.5 179.9 ± 6.6 178.8 ± 6.9 178.3 ± 7.1 178.5 ± 6.9 177.2 ± 3.3 178.5 ± 5.6
Active PR 177.6 ± 5.8 176.8 ± 5.7 177.8 ± 6.0 177.8 ± 4.8 177.4 ± 5.1 178.2 ± 6.5 177.9 ± 6.5

Mass 
(kg)

Inactive PR 69.2 ± 7.0 70.8 ± 7.5 70.2 ± 7.3 68.7 ± 7.2 69.7 ± 6.9 71.7 ± 3.7 69.7 ± 6.6
Active PR 69.2 ± 5.9 68.1 ± 5.9 68.8 ± 6.4 69.9 ± 5.7 68.5 ± 6.3 68.9 ± 6.8 69.0 ± 6.7

Defensive and opensive midfielders, 
and full and centre back

N Inactive PR 31 18 13 28 28 4 16
Active PR 11 24 29 14 14 38 26

Age 
(year)

Inactive PR 17. 6 ± 1.3 18.1 ± 1.5 17.5 ± 1.3 17.7 ± 1.5 17.5 ± 1.4 18.5 ± 3.0 17.8 ± 1.7
Active PR 18.1 ± 1.8 17.4 ± 1.3 17.8 ± 1.5 17.8 ± 1.3 18.1 ± 1.6 17.6 ± 1.2 17.7 ± 1.3

Height 
(cm)

Inactive PR 178.1 ± 6.6 179.6 ± 6.4 178.5 ± 6.4 178.5 ± 7.0 178.5 ± 6.7 177.8 ± 3.3 178.8 ± 6.8
Active PR 179.0 ± 6. 3 177.5 ± 6.5 178.3 ± 6.7 178.0 ± 5.5 178.0 ± 6.2 178.4 ± 6.8 178.1 ± 7.1

Mass 
(kg)

Inactive PR 69.1 ± 6.6 69.6 ± 7.3 68.7 ± 6.2 69.8 ± 6.7 69.1 ± 6.6 71.4 ± 0.8 69.8 ± 6.8
Active PR 69.7 ± 6. 7 69.1 ± 6.0 69.5 ± 6.8 65.8 ± 3.4 69.6 ± 6.6 69.1 ± 6.8 69.0 ± 6.4

Defensive and opensive midfielders, 
full back, winger, and forward

N Inactive PR 33 18 12 27 28 5 12
Active PR 16 31 37 22 21 44 37

Age 
(year)

Inactive PR 17.5 ± 1.5 18.2 ± 1.7 17.9 ± 1.6 17.8 ± 1.7 17.8 ± 1.4 19.2 ± 2.3 17.9 ± 2.0
Active PR 17.9 ± 1.6 17.4 ± 1.4 17.6 ± 1.5 17.5 ± 1.2 17.6 ± 1. 6 17.5 ± 1.3 17.6 ± 1.3

Height 
(cm)

Inactive PR 176.6 ± 6.2 177.8 ± 6.2 176.8 ± 7.1 176.5 ± 7.0 176.7 ± 6.7 176.4 ± 3.0 175.6 ± 3.3
Active PR 176.9 ± 5.1 176.0 ± 5.5 176.6 ± 5.4 176.9 ± 4.0 176.6 ± 4.6 176.7 ± 6.0 177.0 ± 6.4

Mass 
(kg)

Inactive PR 67.5 ± 6.5 69.1 ± 7.2 69.0 ± 8.0 67.0 ± 7.0 68.2 ± 6.6 71.6 ± 4.1 66.5 ± 4.3
Active PR 68.6 ± 5.4 67.2 ± 5. 5 67.5 ± 5.5 69.0 ± 4.8 67.5 ± 5.6 67.5 ± 6.3 68.3 ± 6.6
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