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Introduction: Primitive reflexes (PR) induce involuntary automatic movements in
response to specific stimuli. This study aimed to determine the prevalence of
active PR in young high-level football players.
Methodology: Sixty-nine national-level football players from a French academy
were tested (17.0 ± 1.4 years; 69.6 ± 8.0 kg; 178.9 ± 6.9 cm) to evaluate the
persistence of PR, following the methodology of the Institute for Neuro-
Physiological Psychology (INPP) and the classification by a global score (GS).
Based on the sum of seven tests, each was rated between 0= null and 4 =max.
The GS is classified into five categories from no activity to maximal (0–1 = no
activity, 2–7 = low, 8–13 =medium, 14–21= high, and 22–28=maximal).
Result: Around two-thirds (68.1%) of players presented active PR at different
activity levels. Among them, a small proportion (7.2%) had medium GS, while
60.9% had a low GS. The GS was not dependent on field position or the age
of the players (p > 0.05). However, playing football in an age category higher
than their own was associated with significantly more active primitive reflexes
(PR) compared to being in their age category (p < 0.01). The results showed
that 72.7% of “upgraded” football players had low GS and 18.2% had medium
GS, compared to 55.3% and 2.1% in the non-upgraded group.
Discussion: The findings of the current study demonstrate that PR could still be
active in a healthy population of high-level football players. Practicing a single
sport for years and upgrading players could create a negative environment
that can ultimately lead to the activation of otherwise integrated PR.
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1 Introduction

A football game is characterized by approximately 1,200 acyclical and unpredictable

changing actions, including 700 turns, 30–40 jumps or tackles, dribbling, and kicking

(1, 2). Football technical skills require cognitive and physical abilities and postural

control such as strength and speed (3, 4), resulting in excellent agility and a sense of

balance that is a rejection assessment criterion if not effective in the field for talent

identification (4). Balance skills require the adjustment of rapid and consistent muscle
Abbreviations

PR, primitive reflex; ATNR, asymmetrical tonic neck reflex; STNR, symmetrical tonic neck reflex; TLR, tonic
labyrinthine reflex; L, left; R, right; EXT, extension; FLX, flexion; GS, global score.
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responses in an ever-changing environment using the synergy of

three systems: (a) visual, (b) proprioceptive, and (c) vestibular

(5). This trio of postural control tools allows individuals to

respond to a specific environment that can be interfered with by

active primitive reflexes (PR) (6).

The primitive (or primary) reflexes are automatic (7), stereotyped

movement mediated by the brainstem during the first 6 months of the

child’s life, which is inhibited during the second 6 months of the

child’s life with the maturation of the central nervous system (8).

The authors demonstrated the correlation between motor

milestones and regression of PR during this period (i.e., rolling and

sitting) (9). The PR would be the mechanism used to prepare the

body for vertical position and balance by stimulating the vestibular

system (10). They will remain within the lower parts of the nervous

system to reappear in urgent situations (11). They are historically

used by pediatricians for neurological examination during the first

year of postnatal life (12). Severe activity of PR after their normal

lifespan indicates pathologies such as cerebral palsy (13) or autism

spectrum (14). Milder activity of PR is associated with less severe

disorders (15) and an indication of a delay in the development of

the central nervous system or of immaturity of the vestibular

system and associated neural pathways (11, 16). The findings

showed that active PR persists in healthy populations, notably in

the child population. Pecuch et al. (17) reported that 98% of 44

healthy children (aged 4–6 years) presented at least one active PR.

The same research group reported 92.9% of active PR in another

cohort of 112 healthy children (aged 4–6 years) in Poland (18).

Meanwhile, Hickey and Feldhacker (19) have shown that nearly

100% of 27 preschool children (aged 4–6 years) from the United

States had at least one active PR. But also in the older population,

research on 27 children with learning difficulties between ages 7.0

and 18.2 years from Poland confirmed that PR could last up to 18

years (20). Furthermore, the same authors reported that the level of

activity of active PR could even increase with age. Niklasson et al.

(21) showed that PR can be active in the adult population (n = 13;

35.21 years ± 10.73) and teenage population (n = 100; 12.44 years ±

1.57) in the same proportion.

Studies reported that the active PR can interfere with normal

motor development and motor skills (19, 22). Indeed, an active

PR can alter neural pathways, decrease motor control (22, 23),

and indicate neuromotor immaturity (11). Active PR can also

affect learning, and in some cases, this will require more effort

and time for good task execution (24, 25).

Each PR has a specific motor response to a stimulus with an

involuntary movement or recognized and identifiable behavior

(13, 26). The asymmetrical tonic neck reflex (ATNR) appears to be

the most delegated PR in performing motor tasks, such as reading

difficulty (24, 27), in fine and gross motor control as in writing,

creeping, and catching a ball (24). The symmetrical tonic neck

reflex (STNR) when actively prolonged in time has negative effects

on the visual system such as tracking an object approaching at

speed (e.g., catching a ball) (6, 28). The tonic labyrinthine reflex

(TLR) and the Moro reflex (MR) have vestibular origins. The MR,

when active, can create fear of falling and has a major negative

impact on psychological and physiological development (29), while

TLR can pose many symptoms described by Goddard Blythe (11)
Frontiers in Sports and Active Living 02
as insecure balance, hypotonus, and spatial problem. These four PR

were considered as having a diagnostic value, have already been

tested in healthy adult populations, and can be connected to all

regulatory systems of balance (vestibular-proprioceptive and visual)

that are necessary to perform football at a high level (21, 30, 31).

In the field of sports, Bogdanoviča et al. (32) reported that active

PR (TLR, STNR, and ATNR) increased the time required to

assimilate technical gestures and skills quality in two 7-year-old

children that had the same level of swimming ability before

lessons. The children with 8% of APR achieved a level of

swimming proficiency of 77% compared with 33% for the child

with more than 25% of APR. They concluded that to improve

swimming ability, tasks should be repeated more frequently and

needed more time for children with active PR to achieve

comparable results to children of the same age with integrated PR.

These three active PR have an incidence on the muscular tonus

which will cause a gap between the messages passing from the

vestibular system to the body and the body’s reaction (retroaction

of somatosensory system). There will be a difference between the

task performed and the final performance (11).

Thus, it could be hypothesized that during a football match, a

player with active PR could show difficulties in reading trajectory

or performing the correct gesture and the best tactical choice in

a stressful environment. However, to the best of the authors’

knowledge, there is no information on the prevalence of active

PR in the population of elite football players. Therefore, the

main objective of this study was to evaluate whether PR can be

still active and their corresponding activity levels in adolescents

and adults practicing football.
2 Material and methods

2.1 Participants

This cross-sectional study included all football players from a

French professional club academy who met the inclusion criteria.

To be eligible, players must have had over 5 years of training in

a sports club prior to joining the academy and must not have

had any injuries in the month preceding the evaluation. Players

who were injured during the test period or had an injury in the

last month were excluded from the study.

A total of 69 male football players participated in this study

(age, 17.0 ± 1.5 years; weight, 69.6 ± 8.0 kg; height, 179.0 ±

6.9 cm). These players had been part of the academy for an

average of 1.8 ± 1.7 years. The study population was divided

based on three criteria: (1) year of birth, to assess age-related

integration (Group 1, year of birth), (2) whether a player had

been upgraded or not, to evaluate stress-induced reactivation

(Group 2, player upgrade status), and (3) playing position on the

pitch, to determine activation by different stimuli such as head

rotation, head flexion, or extension (Group 3, playing position).

2.1.1 Years of birth
Six groups were established according to the birth year: 6

players born in 2001 (weight, 78.8 ± 7.3 kg; height, 182.7 ±
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TABLE 1 Sample primitive reflex grading for ATNR.

Primitive reflex INPP scoring scale
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9.8 cm); 5 players born in 2002 (weight, 66.5 ± 3.5 kg; height,

182.9 ± 5.2 cm); 15 players born in 2003 (weight, 70.6 ± 7.8 kg;

height, 179.5 ± 6.4 cm); 19 players born in 2004 (weight,

71.0 ± 7.3 kg; height, 178.3 ± 7.0 cm); 17 players born in 2005

(weight, 65.8 ± 6.2 kg; height, 176.5 ± 7.1 cm), and 16 players

born in 2006 (weight, 65.6 ± 5.6 kg; height, 178.2 ± 5.8 cm).

2.1.2 Player upgraded
The players were divided into two groups: 47 players were

playing in their age category “non-upgraded” (age, 17.3 ± 1.6

years; weight, 71.9 ± 7.3 kg; height, 179.6 ± 6.9 cm), and 22

players were playing in a higher-age category “upgraded” than

their age (age, 16.4 ± 1.1 years; weight, 65.3 ± 5.5 kg; height,

177.6 ± 6.8 cm).

2.1.3 Player position
The player’s position was divided into six groups: 10

goalkeepers (age, 17.0 ± 1.4 years; weight, 75.9 ± 7.1 kg; height,

182.8 ± 8.7 cm); 16 central defenders (age, 16.9 ± 1.2 years;

weight, 72.0 ± 3.6 kg; height, 182.9 ± 5.2 cm); 8 full backs (age,

16.8 ± 1.6 years; weight, 71.2 ± 3.8 kg; height, 177.5 ± 6.1 cm);

18 midfielders (age, 16.9 ± 1.9 years; weight, 63.9 ± 2.4 kg; height,

175.4 ± 2.7 cm); 12 wingers (age, 17.0 ± 1.8 years; weight,

71.0 ± 1.6 kg; height, 176.1 ± 7.1 cm); and 5 forwards (age,

16.7 ± 1.8 years; weight, 68.0 ± 7.1 kg; height, 180.1 ± 4.7 cm).

Asymmetrical tonic neck reflex
(ANTR)
Right and left.(R and L)

0. No movement of the arms in response to head
rotation

1. Slight deviation of the arm(s) up to 12–15° in
the direction of head

2. Rotation 30° rotation of the arms

3. 45° rotation of the arms

4. 90° rotation of the arms
2.2 Test of primitive reflex

Testing took place during the first week after returning to the

academy, following the mid-season break in July. Each player

was tested in return to the academy following the same protocol

of screening test, including the PR. All football players have been

tested by the same operator using the Institute for Neuro-

Physiological Psychology (INPP) methodology (6). Four PR

described in the introduction were tested with four trials, except

for the MR, which was tested once. ATNR was assessed while

standing, feet together, arms forward at shoulder height, eyes

closed, wrists flexed, and hands relaxed. The test consisted of a

rotation of the head on both sides induced by the practitioner

(left side, ATNR L; 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

participants that they must keep their arms forward without

moving. The involuntary movement is rated as the function of

the movement of the hand or arm on the side to which the head

was turned. TLR was tested in a standing position, feet together

and eyes closed. The test was performed following two

manipulations. The first consisted of an extension of the head

(TLR EXT) and the second in a flexion (TLR FLX) of the head.

The movement is continuous with a pause for 5 s at each end of

the movement (i.e., head extension and head flexion). The

involuntary movement is rated as the function of loss or

alternation of balance.

STNR was tested in a quadruped position (hands below

shoulders and knees below hips). The instruction for the
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participant is to hold the quadruped position during the

movement of the head during flexion (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

flexion). The involuntary movement is rated as the function of

the tremors in one or both arms or hip movements, bending of

the arms due to flexion of the head, or arching of the back. MR

is tested standing, feet joined, arms forward at shoulder height,

eyes closed, wrists flexed, hands relaxed, and the head back. After

clearly explaining the test and asking if the participant was ready,

the subject was asked to drop into the hands of the practitioner

by a back rocker. The involuntary movement is rated as the

function of abduction of arms or distress during the test.

The PR were graded on a subjective scale ranging from 0 to 4

(one in one increment) based on the involuntary movement that

was observed after a specific task or stimulation. A sample of the

scoring system is given in Table 1, and a detailed grading system

has been by Sally Goddard Blythe (INPP, Chester, UK) [6]. Level 0

indicates no activity (no involuntary movement) to stimuli during

the test, up to 4, which indicates the maximum level of activity of

PR (large involuntary movement) to stimuli during the test.
To observe and compare the distribution of active PR, we have

built on Arnold Capute’s pioneering work on primitive reflex

profile and contemporary authors on reflex activity level, which is

obtained by adding each score of each test. Based on previous

work, the sum of each PR score was performed to have a global

score (GS) reflecting the activation percentage of PR: 0–1 = no

activity (<5% of activity), 3–7 = low (<25% of activity), 8–13 =

medium (<50% of activity), 14–21 = high (<75% of activity), and

22–28 maximal (<100% of activity) of APRs (6, 18, 33).
2.3 Data and statistical analyses

All the data exported from the MetaSoft Studio software were

merged into a Microsoft Office 365 Excel spreadsheet (Microsoft,

Redmond, WA, USA) and computed to be analyzed with a

custom RStudio algorithm on the desktop software version

1.4.1106 (RStudio PBC, Boston, MA, USA). No sample size

calculation was performed a priori due to the lack of pre-existing

data in the literature. Descriptive statistics were computed for all

variables and are reported as mean ± standard deviation (SD) or

as prevalence, expressed as the percentage of football players.

The categories were transformed into numerical values (e.g., the

player in his category as 0 and upgraded as 1). Pearson’s
frontiersin.org
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chi-squared tests were used to examine associations between levels

of primitive reflex activity and categorical variables including

player position, year of birth, and upgrade status. The position

game has been divided into six positions (goalkeeper, central

Back, fullback, midfielders, winger, and forward). For

comparisons involving smaller sample sizes where chi-squared

tests were not appropriate (n < 5), Fisher’s exact tests were

employed. Given the small sample sizes in some categories, we

calculated the effect size to complement the statistical analysis,

whose power may be limited. The effect sizes for these tests were

quantified using Cohen’s w, with effect sizes considered trivial

for w = 0.10, moderate for w = 0.30, and large for w = 0.50. The

significance threshold was set at p < 0.05 for all tests.
FIGURE 1

Distribution of the global score of 69 football players of the
academy.
3 Results

3.1 Global score and the score of reflex
activities

The results showed that 42 players had a low GS (60.9%), 5 had

a medium GS (7.2%), and 22 had a null GS (31.9%) (Figure 1). No

football player had a GS higher than medium (i.e., high and

maximal).

Football players with a GS equal to or higher than low had an

average of 2 active PR. Moreover, 81.2% of football players

demonstrated at least one active PR, and 23.0% had more than 2

active PR.

The distribution of scores was different between the PR tested

(χ2 = 83.579, df = 24, p = 1.621 × 10−8, Cohen’s w = 1.87): four of

the football players scored at 3 (MR 2.9%; TLR EXT 2.9%; TLR

FLX 4.3%; STNR FLX 1.4%), and only two football players (2.9%)

obtained the maximum score of 4 in the MR. The TLR EXT,

when considering all players who were tested at level 1 or higher,

was observed in 55.1% of the football players, making it the most

observed persistent PR. Conversely, the STNR EXT was the least

observed PR, noted in only 5.8% of the football players (Table 2).
TABLE 2 Distribution of activity levels of primitive reflexes.

PR

N
% total of integrated primitive reflexes

N
% low activit

MR 49
71.0%

10
14.5%

TLR FLX 42
60.9%

15
21.7%

TLR EXT 31
44.9%

20
29.0%

ATNR R 54
75.4%

13
21.7%

ATNR L 49
71.0%

12
18.8%

STNR EXT 65
94.2%

4
5.8%

STNR FLX 60
86.9%

8
11.6%

ATNR, asymmetrical tonic neck reflex; STNR, symmetrical tonic neck reflex; TLR, toni
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3.2 Global scores: player’s position and age
of birth

No significant difference in GS was observed regarding

player’s playing positions (χ2 = 3.6146, df = 10, p = 0.9, Cohen’s

w = 0.30). Similarly, no significant difference (χ2 = 11.198,

df = 10, p = 0.4, Cohen’s w = 0.40) was observed as regards the

age of the players (Figure 2).
3.3 Global scores and upgrade

Table 3 shows the distribution of GS within the two groups of

upgraded and non-upgraded football players. A significant

difference in the distribution of reflex scores was observed between
Score of PR activities

y
N

% medium activity
N

% high activity
N

% maximal activity
6

8.7%
2

2.9%
2

2.9%

9
13.0%

3
4.3%

0
0.0%

16
23.2%

2
2.9%

0
0.0%

2
2.9%

0
0.0%

0
0.0%

6
10.1%

0
0.0%

0
0.0%

0
0 0.0%

0
0.0%

0
0.0%

0
0.0%

1
1.4%

0
0.0%

c labyrinthine reflex; L, left; R, right; EXT, extension; FLX, flexion.
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TABLE 3 Distribution of global score compared to the upgraded football
players.

GS Non-upgraded players (n) Upgraded players (n)
No activity 42.6% (20) 9.1%* (2)

Low 55.3% (26) 72.7% (16)

Medium 2.1% (1) 18.2%* (4)

High 0.0% (0) 0.0% (0)

Maximal 0.0% (0) 0.0% (0)

*Indicates a significant difference between upgraded and non-upgraded football

players (p < 0.02).

FIGURE 2

Distribution of the global score of primitive reflexes compared to position game and year of birth.

Bastiere et al. 10.3389/fspor.2024.1409257
upgraded and non-upgraded players using Fisher’s exact test

(p = 0.006355, Cohen’s w = 0.40). The proportion of players with a

null GS was significantly higher in the non-upgraded (n = 20) than

that in the upgraded players (n = 2) (p = 0,005). Conversely, the

proportions of players with a low GS did not show any significant

differences between the upgraded and non-upgraded players

(p = 0.2). Among the players with a medium GS tested, the

proportion of non-upgraded players was significantly lower (n = 1)

than that in the upgraded players (n = 4) (p = 0.03).
4 Discussion

This study aimed to evaluate the persistence and the prevalence

of active PR in a population of young high-level football players

(age, 17.0 ± 1.5 years). According to previous research on the

persistence of PR in healthy children, our results showed that a

large proportion of football players involved in this study still

have active PR. The presence of PR is even more visible in the

upgraded population, who showed more active PR than players

who were not upgraded. However, the playing position and

calendar age groups did not significantly influence the

distribution of active PR. 81.2% of our football players

demonstrate at least one PR active while no GS scored higher

than medium. These results are consistent with those of a

previous study, which was conducted in a healthy preschool and

school population that reported no maximal GS (23). However,
Frontiers in Sports and Active Living 05
two midfielder players who were upgraded in the 15- and

17-year categories were found to have the MR at a maximal

level. Previous authors also reported that the MR was the most

frequently expressed PR at the maximum level (17).

The GS depends on both the level of active PR and the number

of active PR. Our results revealed that levels of activity were

significantly different according to the PR tested. The STNR EXT

was active in 5.7% of football players, while the TLR EXT was

active in 54.3%. We observed five active PR rated 3 or more

during testing. Previous studies on PR have reported that even a

low GS can negatively affect the motor organization in the child

population (22). The active PR negatively diminishes the ability

to perform physical tasks and learning in young children.

Goddard Blythe and Beuret (11) showed that symmetric tonic

neck reflex (STNR) affects children when learning the

breaststroke: “Each time the head is raised to keep it out of the

water, the feet start to sink, making it very difficult to keep the

body on the top of water.” Pecuch et al. (17, 18) recently

confirmed that active tonic PR is associated with poor balance

(reverse and forward) and difficulty jumping over a cord,

performing jumping jacks, or rolling around the long axis of the

body. Recently, Kalemba et al. (34) showed the correlation

between active PR (ATNR, STNR) and clock reading difficulty.

Bogdanoviča et al. (32) reported in a case study on swimming

proficiency that only 25% of active PR increase the difficulty of

swimming proficiency and learning to swim with the child in

otherwise good health and without a learning difficulty. Each of

the four tested PR has a distinct effect on motor and learning

abilities in the healthy population (35, 36). Indeed, it has been

reported that the ATNR can alter the way the pelvis moves and

positions itself during walking and is associated with difficulty

crossing the midline of the body and asymmetry in the muscle

tone (6, 22). The STNR has been linked with difficulties in

learning abilities and postural balance (18, 37). The TLR in

extension, can alternate not only coordination and posture but

also a hypertone due to hyperextension of the posterior chain.

Conversely, the TLR in flexion induced a hypotony and a

precarious balance (11). The MR is linked to context and

environment. Such an activated PR can create feelings of
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insecurity and danger translated by the creation of uncontrolled

movements related to their level of activity (38, 39). The MR

may be involved in some skill difficulties, such as, when

heading the ball in football. In response to the observed general

alignment in the literature regarding primitive reflexes and

healthy subjects, it is crucial to consider the specific

demographic characteristics of the populations involved. While

our findings corroborate the general patterns observed, the

demographic nuances of our study’s population highlight the

need for targeted interventions tailored to specific age groups

and activity levels.

An important observation in this study was the distribution of

GS in upgraded players who presented a significantly higher rate of

active PR than non-upgraded players (Figure 2). While the

difference was statistically significant, the effect size was

moderate (w = 0.40). The specificity of this upgraded population

lies in their being the younger players within their team, where

the understanding of the game and the technical and physical

levels surpass those typical of their age category. This gap

between categories could create an emotional factor inappropriate

for good motor development or for keeping PR integrated. As

noted earlier, the MR has been tested at the maximal level only

in upgraded players. MR induces an involuntary response during

a rear imbalance, and it could be inconvenient during aerial play,

where contact with the opponent could throw the player

backward. Moreover, this active PR can induce an environment

not only by the creation of stress and fear but also by being

followed up by higher levels of cortisol (40). As previously

demonstrated, an explanation for higher prevalence could be

linked to the fact that the prevalence of active PR decreases with

increasing age (41). However, the current results did not point to

a specific effect of age (Figure 2). Hence, an alternative

explanation could be that the early integration of young football

players into higher-age categories could create an inappropriate

environment for their physical and emotional development

(38, 39). The present results suggested that the playing position

in football did not show any significant differences between the GS.

The present findings should be considered with some

limitations. The study only focused on male football players aged

between 15 and 19 years old. It would be interesting if further

research investigated GS in adult women’s football populations.

In addition, the methods used to determine GS and to test PR

are subjective tests. Although they were conducted in accordance

with the recommendations of the INPP screening test (6), there

is no evidence of their validity for young adults. Hence,

validating them in a future study of this population is necessary.

Moreover, the persistence of PR was tested by assessing

observable responses to specific stimuli, but we did not consider

the specific evaluation of the contribution of the different

somatic sub-system, specifically the vestibular system. This

should be assessed in future studies.

Future studies should evaluate the relationship between active

PR with motor skills in the healthy population. For example,

research conducted on PR and motor abilities in children (4–6

years) has shown that the level of activity of PR affects motor

skills even if this level is low (11, 23). Indeed, the involuntary
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movement generated by an active PR might interfere with

optimal movement and motor skills (18, 28). However, the

current results showed that it was the upgraded football players

who had the most active PR. Therefore, such involuntary

movement caused by active PR could indicate a specific lack of

motor skills or development as well as neuromotor immaturity

and is not correlated with the player level. More specifically, the

effects of active PR may depend on the situation the player is in.

Active PR may have negative effects in one context (e.g.,

increased imbalance per rotation with the ATNR) and positive

effects in another (e.g., enhanced rotation speed with the ATNR).

As a starting point, this study opens a new approach to

motor proficiency in high-level football players or sports areas.

Indeed, we can hypothesize that the environment induced by

high-level demands can create a favorable ground for PR

activation or observing an active PR can be an indirect

information on possible vestibular system dysfunction.

Additionally, it raises the question of whether the football

players had initially correctly integrated the PR, but that the

high-level practice of a single activity (here football) for years

does not allow their integration by the central nervous system

to be maintained in the long-term.

In conclusion, the present study showed that PR are still largely

active in high-level football players, notably on upgraded players,

independently of age and playing position. Further studies are

needed to evaluate how and to what extent active PR could be

linked to injuries and alter the player’s motor organization and

comportment during game and training.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material; further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Comité de

Protection des Personnes Sud-Méditerranée 4ID-RCB: 2019-

A03012-55. The studies were conducted in accordance with the

local legislation and institutional requirements. Written informed

consent for participation in this study was provided by the

participants’ legal guardians/next of kin.
Author contributions

JB: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review &

editing. TL: Conceptualization, Formal Analysis, Methodology,

Supervision, Validation, Writing – review & editing. DY: Writing –

review & editing. CG: Methodology, Writing – review & editing.
frontiersin.org

https://doi.org/10.3389/fspor.2024.1409257
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Bastiere et al. 10.3389/fspor.2024.1409257
LM: Conceptualization, Formal Analysis, Methodology, Project

administration, Supervision, Validation, Visualization, Writing –

review & editing, Funding acquisition.
Funding

The authors declare that no financial support was

received for the research, authorship, and/or publication of

this article.
Acknowledgments

We express our sincere appreciation to the peer
reviewers for their insightful feedback. Our thanks also go
to our colleagues for their invaluable assistance throughout
this research.
Frontiers in Sports and Active Living 07
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The authors declared that they were an editorial board member

of Frontiers, at the time of submission. This had no impact on the

peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Bangsbo J, Mohr M, Krustrup P. Physical and metabolic demands of training and
match play in the elite soccer player. J Sport Sci. (2006) 24(7):665–74. doi: 10.1080/
02640410500482529

2. Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer
players with special reference to development of fatigue. J Sport Sci. (2003)
21:519–28. doi: 10.1080/0264041031000071182

3. Patti A, Giustino V, Cataldi S, Stoppa V, Ferrando F, Marvulli R, et al. Effects of 5-
week of FIFA 11+ warm-up program on explosive strength, speed, and perception of
physical exertion in elite female futsal athletes. Sports (Basel). (2022) 10(7):100.
doi: 10.3390/SPORTS10070100

4. Williams AM, Reilly T. Talent identification and development in soccer. J Sports
Sci. (2000) 18(9):657–67. doi: 10.1080/02640410050120041

5. Shumway-Cook A, Woollacott MH. The growth of stability: postural control from
a developmental perspective. J Mot Behav. (1985) 17(2):131–47. doi: 10.1080/
00222895.1985.10735341

6. Blythe SG. Neuromotor Immaturity in Children and Adults: The INPP
Screening Test for Clinicans and Health Practitioners. Hoboken, NJ: John Wiley
& Sons (2015).

7. Touwen BCL. Primitive reflexes-conceptional or semantic problem. In:
Prechtl HFR, editor. Continuity of Neural Functions from Prenatal to
Postnatal Life. Oxford, Great Britain: Spastics International Medical
Publications (1984).

8. Capute AJ, Palmer FB, Wachtel R, Accardo P. Primitive reflex profile:
quantitation of primitive reflexes in enfancy. Dev Med Child Neurol. (1984)
26:375–83. doi: 10.1111/j.1469-8749.1984.tb04456.x

9. Capute AJ, Shapiro BK, Accardo PJ, Wachtel RC, Ross A, Palmer FB. Motor
functions: associated primitive reflex profiles. Develop. Med. Child Neurol. (1982)
24:662–9. doi: 10.1111/j.1469-8749.1982.tb13677.x

10. Niklasson M, Rasmussen P, Niklasson I, Norlander T. Developmental
coordination disorder: the importance of grounded assessments and interventions.
Front Psychol. (2018) 9:2409. doi: 10.3389/fpsyg.2018.02409

11. Goddard-Blythe S. Attention, Balance and Coordination: The A.B.C of Learning
Success. Hoboken, NJ: John Wiley & Sons (2009). doi: 10.1002/9781119164746

12. Boes CJ. The history of examination of reflexes. J Neurol. (2014) 261
(12):2264–74. doi: 10.1007/s00415-014-7326-7

13. Zafeiriou DI. Primitive reflexes and postural reactions in the
neurodevelopmental examination. Pediatr Neurol. (2004) 31(1):1–8. doi: 10.1016/j.
pediatrneurol.2004.01.012

14. Chinello A, Di Gangi V, Valenza E. Persistent primary reflexes affect motor acts:
potential implications for autism spectrum disorder. Res Dev Disabil. (2018)
83:287–95. doi: 10.1016/J.RIDD.2016.07.010

15. Morrison DC. Neurobehavioral and Perceptual Dysfunction in Learning Disabled
Children. Lewiston, NY: C.J. Hogrefe (1985).
16. Illingworth RS. The Development of the Infant and Young Child: Normal and
Abnormal. 9th ed. Edinburgh: Churchill Livingstone (1987).

17. Pecuch A, Gieysztor E, Telenga M, Wolańska E, Kowal M, Paprocka-Borowicz
M. Primitive reflex activity in relation to the sensory profile in healthy preschool
children. Int J Environ Res Public Health. (2020) 17(21):1–16. doi: 10.3390/
ijerph17218210

18. Pecuch A, Gieysztor E, Wolańska E, Telenga M, Paprocka-Borowicz M.
Primitive reflex activity in relation to motor skills in healthy preschool children.
Brain Sci. (2021) 11:8. doi: 10.3390/BRAINSCI11080967

19. Hickey J, Feldhacker DR. Primitive reflex retention and attention among
preschool children. J Occup Ther Sch Early Interv. (2022) 15(1):1–13. doi: 10.1080/
19411243.2021.1910606

20. Grzywniak C. Role of early-childhood reflexes in the psychomotor development
of a child, and in learning. Acta Neuropsychol. (2016) 14(2):113–29. doi: 10.5604/
17307503.1213000

21. Niklasson M, Rasmussen P, Niklasson I, Norlander T. Adults with sensorimotor
disorders: enhanced physiological and psychological development following specific
sensorimotor training. Front Psychol. (2015) 6:480. doi: 10.3389/fpsyg.2015.00480

22. Gieysztor E, Pecuch A, Kowal M, Borowicz W, Paprocka-Borowicz M. Pelvic
symmetry is influenced by asymmetrical tonic neck reflex during young children’s
gait. Int J Environ Res Public Health. (2020) 17(13):1–12. doi: 10.3390/ijerph17134759

23. Gieysztor EZ, Choińska AM, Paprocka-Borowicz M. Persistence of primitive
reflexes and associated motor problems in healthy preschool children. Arch Med
Sci. (2018) 14(1):167–73. doi: 10.5114/aoms.2016.60503

24. McPhillips M, Sheehy N. Prevalence of persistent primary reflexes and motor
problems in children with Reading difficulties. Dyslexia (Chichester). (2004) 10
(4):316–38. doi: 10.1002/DYS.282

25. Montgomery R, Nichols C, Ornburn C, Rudd A, Williams L, Smith B. The effects
of persistent asymmetrical tonic neck reflex (ATNR) on reading scores in first and
second grade children. Graduate Research and Scholarly Projects, 57. (2015).
Available online at: https://soar.wichita.edu/handle/10057/11429

26. Sohn M, Youngmee A, Sangmi L. Assessment of primitive reflexes in high-risk
newborns. J Clin Med Res. (2011) 3(6):285–90. doi: 10.4021/jocmr706w

27. McPhillips M, Jordan-Black JA. Primary reflex persistence in children with
reading difficulties (dyslexia): a cross-sectional study. Neuropsychologia. (2007) 45
(4):748–54. doi: 10.1016/j.neuropsychologia.2006.08.005

28. Goddard S. The role of primitive survival reflexes in the development of the
visual system. Journal of Behavioral Optometry. (1995) 6:2–31.

29. Niklasson M. The Importance of Grounded Assessments and Interventions:
Towards a New Framework for Developmental Coordination Disorder. Bolton, UK:
University of Bolton (2020).

30. Halabchi F, Abbasian L, Mirshahi M, Mazaheri R, Pourgharib Shahi MH,
Mansournia MA. Comparison of static and dynamic balance in male football and
frontiersin.org

https://doi.org/10.1080/02640410500482529
https://doi.org/10.1080/02640410500482529
https://doi.org/10.1080/0264041031000071182
https://doi.org/10.3390/SPORTS10070100
https://doi.org/10.1080/02640410050120041
https://doi.org/10.1080/00222895.1985.10735341
https://doi.org/10.1080/00222895.1985.10735341
https://doi.org/10.1111/j.1469-8749.1984.tb04456.x
https://doi.org/10.1111/j.1469-8749.1982.tb13677.x
https://doi.org/10.3389/fpsyg.2018.02409
https://doi.org/10.1002/9781119164746
https://doi.org/10.1007/s00415-014-7326-7
https://doi.org/10.1016/j.pediatrneurol.2004.01.012
https://doi.org/10.1016/j.pediatrneurol.2004.01.012
https://doi.org/10.1016/J.RIDD.2016.07.010
https://doi.org/10.3390/ijerph17218210
https://doi.org/10.3390/ijerph17218210
https://doi.org/10.3390/BRAINSCI11080967
https://doi.org/10.1080/19411243.2021.1910606
https://doi.org/10.1080/19411243.2021.1910606
https://doi.org/10.5604/17307503.1213000
https://doi.org/10.5604/17307503.1213000
https://doi.org/10.3389/fpsyg.2015.00480
https://doi.org/10.3390/ijerph17134759
https://doi.org/10.5114/aoms.2016.60503
https://doi.org/10.1002/DYS.282
https://soar.wichita.edu/handle/10057/11429
https://doi.org/10.4021/jocmr706w
https://doi.org/10.1016/j.neuropsychologia.2006.08.005
https://doi.org/10.3389/fspor.2024.1409257
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Bastiere et al. 10.3389/fspor.2024.1409257
basketball players. Foot Ankle Spec. (2020) 13(3):228–35. doi: 10.1177/
1938640019850618

31. Bruijn SM, Massaad F, MacLellan MJ, Van Gestel L, Ivanenko YP, Duysens J.
Are effects of the symmetric and asymmetric tonic neck reflexes still visible in
healthy adults? Neurosci Lett. (2013) 556:89–92. doi: 10.1016/j.neulet.2013.10.028

32. Bogdanoviča I, Lāriņš V. Case study of primitive reflexes impact on swimming
skill acquisition by healthy children. Undefined. (2020) 6:89. doi: 10.17770/
SIE2020VOL6.5180

33. Capute AJ, Accardo PJ, Vining EPG, Rubenstein JE, Walcher JR, Harryman S,
et al. Primitive reflex profile. Int J InterDiscip Soc Sci Ann Rev. (1978) 58(9):1061–5.
Available online at: https://academic.oup.com/ptj/article-abstract/58/9/1061/4559921

34. Kalemba A, Lorent M, Blythe SG, Gieysztor E. The correlation between residual
primitive reflexes and clock reading difficulties in school-aged children—a pilot study.
Int J Environ Res Public Health. (2023) 20:2322. doi: 10.3390/ijerph20032322

35. Bilbilaj S, Gjipali A, Shkurti F. Measuring primitive reflexes in children with learning
disorders. Eur J Multidiscip Stud. (2017) 5(1):285. doi: 10.26417/ejms.v5i1.p285-298

36. Hazzaa N, Shalaby A, Hassanein S, Naeem F, Khattab A, Metwally N.
Assessment of balance functions and primitive reflexes in children with
Frontiers in Sports and Active Living 08
learning disability. Ain Shams Med J. (2021) 72(1):97–103. doi: 10.21608/ASMJ.
2021.167357

37. Pecuch A, Kołcz-Trzęsicka A, Żurowska A, Paprocka-Borowicz M. Psychomotor
disorders assesment in 4–6 year-old children with INPP test battery. Nurs Public
Health. (2018) 8(1):11–20. doi: 10.17219/pzp/75487

38. Edwards CW, Al Khalili Y. Moro reflex. In: StatPearls. Treasure Island, FL:
StatPearls Publishing (2024). PMID: 31194330.

39. Rousseau PV, Matton F, Lecuyer R, Lahaye W. The Moro reaction: more than a
reflex, a ritualized behavior of nonverbal communication. Infant Behav Dev. (2017)
46:169–77. doi: 10.1016/j.infbeh.2017.01.004

40. Grillon C, Pine DS, Baas JMP, Lawley M, Ellis V, Charney DS. Cortisol
and DHEA-S are associated with startle potentiation during aversive conditioning
in humans. Psychopharmacology. (2006) 186(3):434–41. doi: 10.1007/s00213-005-
0124-2

41. Gieysztor E, Sadowska L, Choińska A. The degree of primitive reflexes
integration as a diagnostic tool to assess the neurological maturity of healthy
preschool and early school age children. Nurs Public Health. (2017) 7(1):5–11.
doi: 10.17219/PZP/69471
frontiersin.org

https://doi.org/10.1177/1938640019850618
https://doi.org/10.1177/1938640019850618
https://doi.org/10.1016/j.neulet.2013.10.028
https://doi.org/10.17770/SIE2020VOL6.5180
https://doi.org/10.17770/SIE2020VOL6.5180
https://academic.oup.com/ptj/article-abstract/58/9/1061/4559921
https://doi.org/10.3390/ijerph20032322
https://doi.org/10.26417/ejms.v5i1.p285-298
https://doi.org/10.21608/ASMJ.2021.167357
https://doi.org/10.21608/ASMJ.2021.167357
https://doi.org/10.17219/pzp/75487
https://pubmed.ncbi.nlm.nih.gov/31194330
https://doi.org/10.1016/j.infbeh.2017.01.004
https://doi.org/10.1007/s00213-005-0124-2
https://doi.org/10.1007/s00213-005-0124-2
https://doi.org/10.17219/PZP/69471
https://doi.org/10.3389/fspor.2024.1409257
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Persistence and activity levels of primitive reflexes in young high-level football players
	Introduction
	Material and methods
	Participants
	Years of birth
	Player upgraded
	Player position

	Test of primitive reflex
	Data and statistical analyses

	Results
	Global score and the score of reflex activities
	Global scores: player's position and age of birth
	Global scores and upgrade

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


