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Abstract
Individuals have to reweight the respective contribution of the different sources of sensorial information for regulating posture
and balance, especially during fine task execution. Given the evidences indicating strategy during swing performance as
associated with prioritization of task-relevant visuospatial information for skill execution, the aim of the present work is to
assess differences in visual dependency (VD) and postural control in a population of expert (EXP) and non-expert
(NEXP) golfers when compared with healthy subjects (HC) and to discover possible relationships between these
outcomes and swing performance. Thus, 15 golfers (EXP = 7; NEXP= 8) and 32 matched HC underwent
otoneurological testing including video Head Impulse Test, posturography and Rod and Disk Test (RDT). Golf players
also underwent a swing session procedure, which performance was measured by means of the Flightscope X2 Doppler-
radar launch monitor system. EXP subjects demonstrated significant (p< 0.05) lower values in i) counter-clockwise
(CCW) and clockwise (CW) dynamic conditions when compared with both NEXP and HC subjects RDT outcome
measures and ii) surface and length posturography values as compared with HC subjects. When treating golf players
outcomes as ‘a continuum’, CCW and CW scores were found to positively correlate with both lateral distance and
horizontal launch angle and to negatively correlate with spin rpm. In conclusion, the present study suggests that the high-
level of visual-independency demonstrated by EXP subjects may be functionally related in expert golfers to an effective
motor strategy preferentially not referring to an inappropriate reliance on visual input.

Keywords: Visual dependency, golf, video-head impulse test, posturography, swing performance, sensory processing

Highlights
. The ability to ignore the misleading context - known “field-independency” – is also involved in postural control and it

depends on the integration of visual with internal bodily signals (e.g., vestibular and proprioceptive), and relies on a
multisensory integration process that involves proprioception, vision, vestibular, and postural cues.

. Swing performance has been associated to the prioritisation of task-relevant visuo-spatial information during the final
fixation so that cortical resources are less likely to be allocated to analytical processing and irrelevant sensory cues,
resulting in more skilful movement kinematics and accurate performance.

. A significant visual-independent behaviour and an improvement in balance control have been found to be more
represented in expert golfers with respect to non experts and healthy subjects and the degree of such visual-
independency was further showed to progressively increase along the proficiency of the swing performance.

Introduction

Practicing sports typically enhances verticality per-
ception, especially in experts in disciplines requiring
fine postural control strategies (Fiori, David, &
Aglioti, 2014; Golomer, Guillou, Testa, Lecoq, &
Ohlmann, 2005) which in the case of golf swing is

known as the Quiet Eye (QE) (Vickers, 2009; Vine,
Moore, & Wilson, 2014). In fact, in order to strike
a golf ball 200 m or more, a golfer must accurately
direct the club head (Sweeney, Mills, Alderson, &
Elliott, 2013) rendering the full swing a highly
unique coordinative gaze-mediated aiming task like
no other for which the location of the club–ball
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collision must be predicted to an extraordinarily high
degree of precision (Bishop, Addington, & D’Inno-
cenzo, 2017). Such a strategy has been associated
with cortical organisation and preprogramming of
movement parameters (i.e. force, velocity and direc-
tion) that are required for skill execution (Causer,
Hayes, Hooper, & Bennett, 2017; Vickers, 1996).
By prioritising task-relevant visuospatial information
for skill execution during the final fixation, cortical
resources are less likely to be allocated to analytical
processing and irrelevant sensory cues (Vickers,
2009) resulting in more skilful movement kinematics
and accurate performance (Causer et al., 2017; Wil-
liams, Singer, & Frehlich, 2002).
Normal spatial orientation and locomotor control

require proper integration of vestibular, visual and
somatosensory stimuli, but there is a natural variabil-
ity in the relative weights that individuals accord to
these three sources of information (Cousins et al.,
2014; Micarelli, Viziano, Bruno, Micarelli, & Ales-
sandrini, 2016). The degree of reliance on visual
stimuli, known as visual or field dependence is dis-
tributed normally in the general population. Witkin
and Asch first demonstrated this in 1948 using the
Rod and Frame Test (Witkin & Asch, 1948). They
showed that normal individuals (not patients) who
were more visually dependent made greater errors
in aligning a rod with the earth vertical axis when it
was enclosed within a tilted frame. Later investigators
measured visual dependence using the Rod and Disk
Test, in which a rotating disk replaced the tilted
frame in the visual background (Bronstein, Yardley,
Moore, & Cleeves, 1996; Dichgans, Held, Young,
& Brandt, 1972). There is no evidence that individ-
uals with naturally high levels of visual dependency
(VD) have difficulty with locomotion under normal
circumstances. However, elevated levels of VD were
identified in patients with chronic visual vertigo that
followed a variety of acute peripheral and central ves-
tibular illnesses (Cousins et al., 2014; Pavlou, Davies,
& Bronstein, 2006). Individuals who are unable to set
the rod upright, setting it tilted instead, are also
classified as ‘field-dependent’. Conversely, subjects
who are able to ignore the misleading context of the
frame, setting the rod upright, are classified as
‘field-independent’. Such a behaviour – also involved
in postural control (Massion, 1994) – depends on the
integration of visual with internal bodily signals (e.g.
vestibular and proprioceptive), and relies on a multi-
sensory integration process that involves propriocep-
tion, vision, vestibular, and postural cues (Fiori et al.,
2014; Isableu, Gueguen, Fourre, Giraudet, &
Amorim, 2008; Lopez, Lacour, Leonard, Magnan,
& Borel, 2008). Changes in any of the above
sensory inputs have been demonstrated in healthy
individuals (Ernst & Bulthoff, 2004) as well as

professional sport players (Croix, Chollet, & Thou-
varecq, 2010; Fiori et al., 2014; Golomer et al.,
2005; Vuillerme, Teasdale, & Nougier, 2001) and
resulted in a reweighting of the contribution of the
different sources of information and field indepen-
dency behaviour for regulating balance performances.
Following these assumptions, no previous study to

now deepened the relationship possibly existing
between the field-independent behaviour and postural
control of the golfer during the swing and the perform-
ance of such a precision movement, whose outcome
depends also on the degree of allocation of analytical
processing on irrelevant sensory cues. Thus, the aim
of the present work was both to assess differences in
VD and postural control in a population of expert
and non-expert golfers when compared with healthy
subjects and to discover possible relationships
between these outcomes and swing performance.

Materials and methods

Design and participants

Seventeen right-handed golfers (9 males, 8 females;
41.7 ± 4.4 years; BMI = 21.6 ± 1.8) – either
members of the University golf team or amateurs
golfers from local clubs – and 32 gender-, age- and
BMI-matched healthy subjects (HC; 15 females, 17
males; 41.3 ± 4.8 years; BMI = 22 ± 2.1) included
in the Tor Vergata University Hospital database as a
control healthy subjects population for research pro-
jects participated in the study. Golfer participants had
a skill-level of 9.4 ± 8.9 strokes according to United
States Golf Association (USGA) handicap (HI) and
in line with previous experiences (Bishop et al.,
2017) they were classified as experienced (EXP,
HI≤ 4) or not experienced (NEXP, HI≥ 4.1)
players, depending on their HI.
Both eligible golfers and HC participants were

required to meet the following criteria: subjects with
diabetes, oncologic or HIV history, neurological
and psychiatric or mood disorders, history of
surgery, radiation and brain trauma were excluded
from the study. No subject showed liver or renal
abnormalities, nor was pregnant or breastfeeding.
Neurological diseases were excluded with the Mini-
Mental State Examination and Magnetic Resonance
Imaging (MRI). All those conditions that could
potentially develop an otoneurological dysfunction
were considered as exclusion criteria. Thus, patients
with hearing/vestibular disorders, head trauma or
surgery history, neuro-psychiatric disorders (Parkin-
son’s disease, Alzheimer’s disease, schizophrenia,
multiple sclerosis and depression), lower airways
and/or lung diseases, active hepatitis, cirrhosis,
chronic renal failure, Vitamin B12 deficiency,
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alcohol, tobacco or drug abuse, cerebral vascular
accidents, insulin dependent diabetes mellitus,
hypothyroidism and Cushing Syndrome were not
included in the study. Finally, we excluded all sub-
jects taking drugs possibly impacting on auditory
and visuovestibular functions. The study adhered to
the principles of the Declaration of Helsinki and all
of the participants provided written informed
consent after receiving a detailed explanation of the
study, which was approved by the University Ethical
Committee (n.5160/2017).

Otoneurological testing

In line with general trend in clinical and research pro-
cedures (Candidi et al., 2013; Walther, 2017), a
thorough clinical otoneurological examination
(including pure tone audiometry and impedance,
binocular electrooculography analysis with positional
manoeuvres, HeadShakingTest, clinicalHead Impul-
seTest[cHIT] as well as limb coordination, gait
observation and Romberg stance Test) was per-
formed to exclude those neuro-otological and/or
balance multisensory disruptions possibly interfering
with the following tests (Bronstein, Lempert, & See-
mungal, 2010; Micarelli et al., 2016). Then, all
golfers and HC subjects underwent:
Video Head Impulse Testing (vHIT): For vHIT

measurements, the EyeSeeCamTM System (Schnei-
der et al., 2009) and the technique proposed in pre-
vious studies were used (Blodow, Pannasch, &
Walther, 2013; Micarelli et al., 2016). The vHIT
results were classified as abnormal if two conditions
were met: abnormal gain according to the calculated
normative data and presence of refixation saccades
(revealed by visual inspection, according to Blodow
et al. (2013)). With the manufacturer’s software
(OtoAccess TM), both side median values recorded
at 60 ms were extracted on .xls files for raw analysis.
In line with previous procedures (Blodow et al.,
2013; Micarelli et al., 2016; Micarelli et al., 2017),
diagnosis of possible vestibular weakness was achieved
in the present cohort in case of vestibulo-ocular reflex
(VOR) gain below 0.83 and 0.84 for right and left side
respectively. This was calculated as the lower cut-off
value of the gain-reference range (meannormal ± 2(stan-
dard deviations; SD) equal to 0.91 ± 2(0.04) and 0.90
± 2(0.03) for right and left side respectively), incorpor-
ating 95% of healthy population, age- and gender-
matched with the current population of patients
(Blodow et al., 2013; Micarelli et al., 2016; Micarelli
et al., 2017) and including the above-mentioned 32
normal volunteers in our laboratory.
Rod and Disk Test (RDT): According to pre-

vious experiences (Cousins et al., 2014; Micarelli
et al., 2016) VD testing was measured with the

RDT on a laptop computer, instructing subjects to
align the rod to their perceived vertical (the subjec-
tive visual vertical) under three conditions. In con-
dition 1, the collage of dots was stationary (N). In
conditions 2 and 3, the collage rotated clockwise
(CW) or counter-clockwise (CCW), respectively, at
30°/s. Subjects were given four trials in each con-
dition, with conditions 2 and 3 presented in random
order after condition 1. During each trial, the rod
was initially set randomly at ± 40° from vertical. The
rod tilt for each trial was recorded as the difference
in degrees between true vertical and the subjects’
final placement of the rod (Rod-and-Disk software
is available online at: http://www.imperial.ac.uk/
medicine/dizzinessandvertigo). Thus, there were 6
randomly presented conditions, each containing four
trials. Errors were calculated as a deviation from the
gravitational vertical position of the rod.
Static Posturography Testing (SPT): Each patient

was instructed to maintain an upright position on a
standardized platform for static posturography
(EDMEuroclinic®).The recording period was 60s
for each test: eyes closed (CE) or open (OE) while
standing on both the stiff platform (SP) or a 6 cm
heightened foam carpet (FC) and the sampling fre-
quency was 25 Hz (Alessandrini, D’Erme, Bruno,
Napolitano, & Magrini, 2003; Bruno et al., 2009;
Micarelli et al., 2017). The centre of pressure
(CoP) was monitored, while performing the test. The
posturographic parameters considered in our study
were the trace length (length), the surface of the
ellipse of confidence (surface) (Alessandrini et al.,
2003; Bruno et al., 2009; Micarelli et al., 2017).

Swing session procedure

After a 10 min of the golf-specific warm-up routine,
both EXP and NEXP participants performed 28
maximal golf shots (4 blocks of 7 shots) using their
own 7-iron club for all swings to ensure consistency
(Bulbulian, Ball, & Seaman, 2001; Dale & Brumitt,
2016). The Flightscope X2 Doppler-radar launch
monitor system (Flightscope, Version 6.0.9, Stellen-
bosch, South Africa) measured ball carry distance,
absolute lateral distance, club and ball speed, horizon-
tal and vertical launch angles and spin (revolutions per
minute [rpm] and axis). These parameters were
selected as measures of shot effectiveness (Verikas,
Vaiciukynas, Gelzinis, Parker, & Olsson, 2016).

Data handling and statistical analysis

The chi-square test was carried out to define associ-
ations between categorical factors and groups.
Mean and standard deviations (SDs) of otoneurolo-
gical scores in HC, EXP and NEXP as well as of
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absolute swing session procedure parameters were
calculated in the latter two groups.
In order to assess that data were of Gaussian distri-

bution, D’Agostino K squared normality and
Levene’s homoscedasticity test were applied (where
the null hypothesis is that the data are normally and
homogeneously distributed).
A mixed analysis of variance (ANOVA) was per-

formed with the groups (HC/EXP/NEXP) as
between factors for each otoneurological variable.
Gender, age and BMI were treated – where possible –
as categorical and continuous predictors. The signifi-
cant cut-off level (α) was set at a p-value of 0.05. Bon-
ferroni correction for multiple comparisons was used
for the post hoc test of the significant main effects and
the corrected level of significance was set at 0.0083
(0.05/6) since the comparisons of each variable
were performed two times in each group.
Then, considering the exploratory nature of the

study and the homoscedasticity of VOR gain
between the three groups of patients, a two-tailed
Spearman’s rank correlation was performed between
significant otoneurological scores (surface and length
during eyes closed condition and CCW±40° and
CW±40° conditions of RDT), and swing session
procedure parameters, considering both EXP and
NEXP golf players values as ‘a continuum’. Thus,
given the two-tailed nature of the test, a significant
cut-off level (α) was set at a p-value of 0.05 (STATIS-
TICA 7 package for Windows).

Results

Subjects

Among 17 golf players, 1 reported VOR gain below
the calculated reference range when undergoing
vHIT and 1 reported history of diabetes; thus they
were both excluded. In the end, 15 golf players (8
females, 7 males; 41.6 ± 4.6 years; BMI = 21.6 ±
1.9) – sub-grouped in 7 EXP (3 female, 4 males;
41.4 ± 5.3 years; BMI = 21.2 ± 2; HI = 1.6 ± 1.5;
23.5 ± 4.1 years of golf playing; participation in golf
for an average of 6.4 ± 1.2 h per week in the last
three years) and 8 NEXP (4 female, 4 males; 41.8
± 4.2; BMI = 21.9 ± 1.8; HI = 16.3 ± 6.5; 12.6 ± 3.4
years of golf playing; participation in golf for an
average of 3.4 ± 1.5 h per week in the last three
years) – met the eligibility criteria and were included
in the study (Figure 1). Their performances in swing
session procedures are highlighted in Table I.

Otoneurological testing

According to previous procedures (Blodow et al.,
2013; Micarelli et al., 2017), EXP and NEXP

subjects did not differ in bilateral VOR gain when
compared to HC volunteers (Table II).
Regarding the RDT analysis, the Bonferroni cor-

rection found significantly lower values in EXP
group subjects in CCW± 40° and CW± 40° con-
ditions when comparing with both NEXP (p=
0.0068, p= 0.0063, p = 0.0075 and p= 0.0071,
respectively) and HC (p= 0.0058, p = 0.0055, p=
0.0057, p= 0.006, respectively) subjects. No signifi-
cant differences were found when comparing
NEXP to HC subjects (Table II).
When comparing posturography scores to HC

group, a Bonferroni corrected post-hoc comparison
found a significant decrease in surface and
length values measured with eyes closed (p = 0.0053
and p = 0.0056, respectively) condition in EXP sub-
jects. No significant between-group effect was
found after correction when comparing both NEXP
to EXP and HC to NEXP group posturography par-
ameters (Table II).

Correlation analysis

Figure 2 represents examples of significant (p< 0.05,
two-tailed) single-case plotted scatterplots of corre-
lation analysis, which highlighted significant positive
correlations between CCW and CW scores recorded
in both + 40° and −40° condition and both lateral dis-
tance (r values = 0.83, 0.83, 0.84, 0.78, respectively)
and horizontal launch angle (r values = 0.91, 0.85,
0.86, 0.73, respectively). A significant negative corre-
lation was found between CCW and CW scores
recorded in both + 40° and −40° condition and spin
rpm (r values =− 0.86, −0.83, −0.77, −0.74,
respectively).

Discussion

The first finding in the present study is represented by
the significant field-independent behaviour demon-
strated by golf players in RDT when compared with
a population of healthy volunteers who have never
played golf (Table II). Such a behaviour was present
in both EXP and NEXP groups of players, although
significantly different when compared with each
other and with HC subjects, in those conditions in
which the effect of visual motion on gravitational verti-
cality judgments was gained (i.e. the collage of dots
rotates clockwise or counter-clockwise) (Table II).
This aspect could suggest that the degree of errors, cal-
culated as a deviation of the rod from the gravitational
vertical position, tends to progressively decrease in
those subjects who play golf at different levels and
along the expertise of golf players. Previous theories
indicated (i) spatial orientation achievement as
depending upon the integration of vestibular, visual,
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and somatosensory cues (Roberts, Da SilvaMelo, Sid-
diqui, Arshad, & Patel, 2016) and (ii) the relative
weighting of each of these systems as varying across
the normal population (Roberts et al., 2016). A
specific example of this heterogeneity is represented
by the degree to which a person relies on own vision
to make judgments about gravitational vertical
(Roberts et al., 2016) and, peculiarly, sport activity
has been thought to enhance verticality perception,
especially in experts in disciplines requiring a fine pos-
tural control (Fiori et al., 2014; Golomer et al., 2005).
In fact, VD from a given context has been measured,

for example, in professional dancers, gymnasts and
ashtanga yoga practitioners who were found to be
more independent from vision with respect to non-
dancers and/or novices (Croix et al., 2010; Fiori
et al., 2014; Golomer et al., 2005; Vuillerme et al.,
2001). According to these previous experiences,
present study depicted for the first time that, with
respect to HC, in golf players – especially with low
HI – VD behaviour – estimated as the difference in
tilt between the static subjective visual vertical (SVV)
and dynamic SVV conditions (Roberts et al., 2016) –
may be interpreted as a marker of perception style

Figure 1. Flow-diagram describing enrolment, methodological investigation and analysis of experts (EXP) and non-experts (NEXP) golf
players and 32 healthy participants. VOR, vestibulo-ocular reflex; vHIT, video-Head Impulse Test.
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that gives information about those people who deter-
mine their verticality perception using more the vestib-
ular and proprioceptive than the visual system.
Considering that also balance control is influenced
by those sensorial processes underpinning field-
dependency of subjects (Ernst & Bulthoff, 2004;
Massion, 1994), the second interesting aspect of this
study is the significant reduction in surface and
length during closed eyes condition in EXP golf
players when comparedwith bothNEXP andHC sub-
jects (Table II). Possible explanations of such postur-
ography outcomes might be found in the reliance on
different sensory inputs and biomechanical behaviour

occurring in expert golf players – with respect to non-
experts. In fact, on one side phenomena of field-inde-
pendency and sensory reweighting have been pre-
viously demonstrated to be progressively achieved by
means of the repetitive golf practice (Gao, Hui-
Chan, & Tsang, 2011; Sell, Tsai, Smoliga, Myers, &
Lephart, 2007; Tsang & Hui-Chan, 2010). Alterna-
tively, biomechanical repetitive shifting of the weight
during the swing cycle has been pointed as one of
the pivotal factors underpinning the progressive
improvement in balance scores along the golf profi-
ciency (Gao et al., 2011; Sell et al., 2007; Tsang &
Hui-Chan, 2010). To this end, these reductions

Table I. Swing session procedure performance measures in expert (EXP) and non-expert (NEXP) golf players.

EXP NEXP

Mean SD Mean SD

Distance (metres) Carry 143.8 7.7 119.3 14.2
Lateral 3.4 1 7.1 2.4

Speed (m/sec) Club 40.5 1.1 37.7 3.7
Ball 49.6 1.8 43.3 5.2

Spin rpm 8281.7 360.9 7301 466.1
Axis (°) 2.3 1.2 6.5 2.7

Ball angle (°) Launch Vertical 14 2.4 17.7 1.6
Launch Horizontal 1.8 0.9 6.3 3.6

Note: Mean and standard deviations (SDs) of swing session parameters recorded by means of the Flightscope X2 Doppler-radar launch
monitor system in EXP and NEXP. Rpm, revolutions per minute; m/sec, metres per second; Launch Vertical, angle at which the golf ball is
launched relative to the horizon of the radar; Launch Horizontal, absolute value of the direction in which the golf ball gets launched relative to
the radar’s target line.

Table II. Between-group main otoneurological findings effect in healthy subjects (HC), expert (EXP) and non-expert (NEXP) golf players.

HC EXP NEXP
Mean (SDs) Mean (SDs) Mean (SDs)

RD(°)/N/+40° 1.9 (0.3) 1.6 (0.1) 2 (0.1)
RD(°)/CCW(°/sec)/-40° 3.4 (0.4)∗ 1.7 (0.1)∗ 3 (0.4)
RD(°)/CW(°/sec)/+40° 3.5 (0.3)∗ 1.8 (0.2)∗ 2.6 (0.5)
RD(°)/N/-40° 1.9 (0.4) 1.6 (0.1) 2 (0.2)
RD(°)/CCW(°/sec)/+40° 3.6 (0.4)∗ 1.8 (0.2)∗ 2.9 (0.4)
RD(°)/CW(°/sec)/-40)° 3.6 (0.3)∗ 1.8 (0.2)∗ 2.8 (0.5)
surface/SP/OE (mm2) 463.7 (133.1) 259.6 (46.1) 444.7 (130.8)
surface/SP/CE (mm2) 666.3 (186.6)∗ 363.6 (53.4)∗ 535.6 (137.8)
surface/FC/OE (mm2) 768.4 (178.1) 510. (56.3) 711.9 (154.4)
surface/FC/CE (mm2) 1566.4 (322.4) 1380.7 (72.4) 1527.3 (160.5)
length/SP/OE (mm) 566.8 (103.7) 403.9 (70.6) 550.9 (104.4)
length/SP/CE (mm) 793.6 (151.2)∗ 538.3 (70.6)∗ 691.4 (106.5)
length/FC/OE (mm) 874.2 (149.6) 640.6 (69.4) 800.8 (133.6)
length/FC/CE (mm) 1751.3 (442.7) 1380.1 (174.1) 1690.2 (171.7)
right VOR gain 0.9 (0.04) 0.9 (0.04) 0.9 (0.05)
left VOR gain 0.9 (0.03) 0.9 (0.03) 0.9 (0.04)

Note: Mean and standard deviations (SDs) of otoneurological measures. RD, Rod and Disk Test representing degrees between true vertical
and the subjects’ final placement of the rod; CCW, counter-clockwise direction of dots collage; CW, clockwise direction of dots collage; N,
stationary condition of dots collage; ±40°, degree of initial rod displacement; surface; surface of the ellipse of confidence; length; trace length;
SP, stiff platform; FC, foam carpet; OE, open eyes; CE, closed eyes; VOR, vestibulo-ocular reflex. Asterisks and bold type indicate significant
main differences when comparing EXP to HC and EXP to NEXP, respectively. Exact p-values and degrees of freedom of post-hoc significant
differences are given in the text.
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were gained exclusively during visual deprivation
which may induce to speculate that the same sensorial
reweighting – not relying on visual cues – may influ-
ence both gravitational verticality judgments and
balance control. Moreover, this finding is line with
previous studies depicting golf player balance stance
as preferentially relying on somatosensory and vestib-
ular inputs (Gao et al., 2011) and reinforces those the-
ories postulating that during transient perturbation –

as it happens in the golf swing – visual inputs do not
appear to play a major role in balance control (Gao
et al., 2011; Lee & Lishman, 1975).
Finally, in line with previous works (Hasegawa,

Fujii, Miura, & Yamamoto, 2017), high resolution
in motor control has been postulated as a general
characteristic of experts (Kinoshita, Furuya, Aoki,
& Altenmuller, 2007) – especially professional
golfers (Hasegawa et al., 2017) – implying that they
also possess high resolution in perception and thus
suggesting that the key overcoming the barrier that
separates amateurs from professionals is related to
fine control over velocity (Hasegawa et al., 2017).
In this scenario – when treating EXP and NEXP vari-
ables as a continuum – correlation analysis found that
low levels of field-dependency are highly correlated
with better outcomes in swing shot laterality
(Figure 2). Achieving the stabilization of posture
and gaze during the swing represents an example of
challenging perceptuomotor task. This requires an
accurate estimation of the instantaneous dynamics
of the body in space and a coherent perception of
self-motion is built in relation to the control of body
movements (Lopez et al., 2008). Considering that
motion sensors do not directly signal the real
motion of the body (Droulez & Darlot, 1989), it
must therefore be assumed that some robust esti-
mation process is implemented at the central
nervous system level to achieve an adequate percep-
tion and execution of self-motion, such as fusing
sensory system signal with ‘coherent copies’ com-
puted internally from internal models of the physical

relations between motion variables (Reymond,
Droulez, & Kemeny, 2002). In this light, present
findings suggest that during a challenging situation
like the swing, golf players preferentially computing
this model on vestibular/proprioceptive central pro-
cessing of the target estimation achieve higher
resolution of performance. This is in line with pre-
vious studies demonstrating that vestibular and pro-
prioceptive signals (Fiori et al., 2014; Golomer
et al., 2005; Lopez et al., 2008) also participate in
detecting and estimating an updated representation
of body position, displacement in space and target
location in the environment during self-motion
(Borel et al., 2014; Maurer, Kimmig, Trefzer, &
Mergner, 1997).
In conclusion, a significant visual-independent be-

haviour and an improvement in static balance control
have been found to be more represented in expert
golfers with respect to non-experts and healthy sub-
jects participating in this study. Furthermore, the
degree of such visual-independency was showed to
progressively increase along the proficiency of the
swing performance. Considering these aspects as
depending on the integration of visual with internal
bodily signals (e.g. vestibular and proprioceptive)
and that golf players have been suggested to better
ignore inappropriate visual inputs, future works are
needed to better clarify the relationship between mul-
tisensory integration involvement and golf
performances.

Limitations of the study

Although the methodological aspects and results of
the present study are in line with previous litera-
ture, the work suffers from some limitations
which have to be elucidated in order to adequately
interpret the main findings, resulting from the
methods applied in the study. Some factors –

such as the adherence of an adequate number of

Figure 2. Single-case plotted scatterplots of significant (A) positive correlation between lateral distance and counter-clockwise (CCW) dots
collage direction with −40° of initial rod displacement (B) positive correlation between horizontal launch angle and clockwise dots collage
direction with + 40° of initial rod displacement and (C) negative correlation between spin revolutions per minute (rpm) and CCW dots
collage direction with + 40° of initial rod displacement.

Visual dependency and postural control on swing performance in golf players 7



EXP and NEXP golf players to the study – finally
affected the possibility to enrol a larger sample
size of participants and also resulted in enrolling
both male and female golfers. On one side we
tried to overcome such possible limitations with a
grouping model which gathered in both EXP and
NEXP an appropriate number of male and female
golfers. On the other side the statistical approach
– treating the mentioned confounding effects as
predictors, including a confidence interval of 95%
and applying the over-conservative post-hoc correc-
tion to prevent the possibility of increasing the like-
lihood of type I statistical errors – has been
conceived to reduce the chance of erroneously
accepting the null hypothesis.
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