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Abstract: Ankle sprains are considered to be the most common musculoskeletal lower limb
injury, accounting for a high percentage of all sport injuries in football. Motor imagery
(MI) has been widely used for sports performance optimization purposes, suggesting that
athletes’ ability to reenact a motor action can improve sports performance and rehabilitation.
The aim of the present study was to explore the role of MI as an adjunct intervention in
VO2max and lactate in football players with Grade II ankle sprains during the return-to-play
period. Fifty-eight professional football players were randomly divided into two groups:
first, the MI (n = 29) and second, the placebo (n = 29). The MI group received recorded
MI instructions, whereas the placebo group received only relaxation instructions. A one-
way ANOVA revealed statistically significant results within the first 4 weeks following
the interventions in both groups. Additionally, a t-test showed statistically significant
differences between the two groups in VO2max (t = —6.04, p = 0.000, two-tailed, p < 0.05)
and lactate (t = 4.33, p = 0.000, two-tailed, p < 0.05). Further research across various sports
is needed to better understand the role of MI in the return-to-play period, particularly
regarding injury management and sports performance.
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1. Introduction

Football (soccer) is the most popular and commonly played sport around the globe [1],
accounting for an increasing number of participants [2]. According to the International
Federation of Association Football (FIFA), there are currently approximately 300 million
registered football players, coaches and referees worldwide [2]. Additionally, football is an
intermittent team sport which involves exercise at a broad range of intensity during match-
play [3,4] and places high demands on aerobic endurance, strength and power [5]. Football
players need technical, tactical and physical skills in order to succeed and to improve their
sports performance [5]. High-intensity intermittent exercises, including sprinting, running
and cutting techniques, and low-intensity exercises, including jogging and walking, take
place during match-play for different durations and intensities [3-5]. There is a clear link
between the work-rate of professional football players and their physical capacities [6].
Football is a sport with high demands on aerobic and anaerobic energy systems [7]. During
the game, the intermittent nature of the sport involves alternating periods of high-intensity
activity and low-to-moderate intensity recovery [5,7]. Heart rates often peak between 85%
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and 98% of maximal values during high-intensity bursts, while recovery phases allow for a
reduction in exertion. As a result, the average oxygen uptake remains at approximately
70% VO2max [5,7]. This dynamic is driven by the aerobic energy system, which supplies
most of the energy during recovery periods, enabling players to sustain performance across
repeated high-intensity cycles. Consequently, while 90% of the game is performed at low-
to-moderate intensity, these periods are essential for replenishing energy stores between
the periods of intense effort [3,7]. High-intensity activities such as jumping, sprinting and
accelerating require the use of energy from the anaerobic system, thus resulting in elevated
levels of lactate during football match-play [3,5]. Consequently, professional football
players have to be adequately prepared with respect to their physical capacities through
testing protocols (e.g., the Bruce protocol) before returning to sports activities. As sport
participation increases, the high physical demands inevitably result in an increased number
of injuries (e.g., ankle sprains) in both professional and amateur football players [2,8].

Ankle sprains are considered to be the most common musculoskeletal lower limb
injuries, accounting for 40% of all sports injuries [9,10]. In football, ankle sprains represent
between 10% and 36% of all injuries [11], and therefore have been categorized as the fourth
most common type of injury [10,11]. Lateral ankle sprains (LAS) can be classified as Grade
I, II or III based on the severity of the trauma to the lateral ligamentous complex (Grade
I: partial tear of the anterior talofibular ligament (ATFL), Grade II: complete tear of the
ATFL and partial tear of the calcaneofibular ligament (CFL), Grade III: complete tear of
the ATFL and CFL involving injury of the posterior talofibular ligament (PTFL)) [10,12].
Most incidences of injury involve the ATFL, with a rate of up to 65%, while 20% of injuries
involve both the ATFL and the CFL [10,11].

However, LASs can cause various physiological deficits [13] and therefore, it is difficult
for sports physiotherapists to predict the precise return-to-play period [11]. Furthermore,
inadequate rehabilitation or a premature return to play could cause several long-term
complications for the professional football player [11,14]. There are various assessment
criteria for deciding when an athlete is ready to return to sports activities: (a) functional
limitations should be fully restored, (b) cardiovascular fitness should be equal to or greater
than pre-injury levels and (c) the athlete needs to be psychologically prepared to return to
play [10,11,15].

Motor imagery (MI) has been defined as the mental representation of an actual move-
ment without any overt body movement [16,17]. It has been widely used for sports
performance optimization purposes, suggesting that athletes” ability to represent a motor
action can improve motor performance [18-21]. The ability to use MI depends on the
type (internal/external) of MI [22]. Internal visual imagery could be defined as a first-
person perspective where the athlete feels like performing the action [23,24]. External
visual imagery is defined as a third-person perspective where the athlete acts as a spectator
watching the movements like a performance [25,26]. Professional football players can
benefit from MI application, enhancing self-efficacy, motor learning and sports perfor-
mance [18]. Sports injuries such as ankle sprains can be a traumatic experiences, causing
loss of confidence, depression, anxiety and therefore affecting athletes” performance during
the return-to-play period [13,21]. Motor imagery (MI) has increasingly been incorporated
into sports rehabilitation as a complementary therapeutic intervention, yet its effectiveness
during the return-to-play phase remains underexplored [13,27]. MI triggers autonomic
nervous system (ANS) responses that mirror those elicited during physical activity (e.g.,
football) [13]. Consequently, its effectiveness can be evaluated using ANS responses or
validated psychometric tools, such as the Vividness of Movement Imagery Questionnaire
(VIMQ-2) [22].
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Although the beneficial effects of MI on sports performance are well-documented,
limited research has addressed its role in meeting return-to-play criteria following a lateral
ankle sprain (LAS) [13,27-30]. Psychological strategies, like MI, during the rehabilitation
phase may enhance physical fitness parameters such as VO2max and lactate levels, thereby
shortening the time required to resume sports activities. Investigating the influence of
MI on these parameters in professional football players recovering from an ankle sprain
is, therefore, a relevant area of inquiry. This highlights the importance of incorporating
psychological factors into therapeutic approaches during rehabilitation, as they are closely
tied to sports performance outcomes.

The purpose of this study was to assess the complementary role of MI in improving
VO2max and lactate levels in professional football players recovering from Grade II ankle
sprains during the return-to-play period.

2. Materials and Methods
2.1. Participants

This study recruited 66 professional football players, aged 18-35 years (mean age =
20.8 £ 3.2), with Grade II lateral ankle sprains (LAS) affecting either the left or right leg.
Recruitment was conducted through stratified random sampling in collaboration with the
Laboratory of Advanced Physiotherapy (LadPhys) at the University of West Attica. Initial
assessments were performed by a sports medicine doctor using clinical tests and diagnostic
ultrasound at a private clinic.

Of the original 66 athletes, 5 withdrew voluntarily and 3 were excluded due to a
diagnosis of functional ankle instability, resulting in a final cohort of 58 participants. All
athletes competed in Greece’s Super League 1, Super League 2 or Football League and had
been training in football for over five years, with a minimum weekly training load of 10 h.
Participants were fully informed of the study’s procedures and provided written consent,
in accordance with the Declaration of Helsinki. Ethical approval for the study was granted
by the University of West Attica’s Ethics Committee (approval no. 18030).

The 58 athletes were randomly divided into two groups using a closed-envelope
method: the Ml intervention group (n = 29, mean age = 20.5 & 3.3 years) and the placebo
group (n = 29, mean age = 21.2 £ 3.1 years). Anthropometric data showed an average
height of 1.76 &+ 0.06 m, weight of 69.6 + 7.8 kg, BMI of 22.3 & 1.9, sport participation
spanning 11.1 £ 2.7 years and training hours of 12.1 £ 1.5 per week. Dominance analysis
revealed 46 right-leg dominant and 12 left-leg dominant athletes, while injury analysis
showed 39 right-leg LAS cases and 19 left-leg LAS cases.

Regarding injury history, 38 athletes had experienced a previous LAS in the right
leg, 12 in the left leg and 8 in both legs. Of these, 30 had one prior LAS, 22 had two and
7 had three. To be eligible, participants required a Grade II LAS diagnosis by a sports
medicine doctor with at least 5 years of experience and had to be in the return-to-play
rehabilitation phase.

Exclusion criteria included the presence of visual, vestibular or neurological impair-
ments; fractures or musculotendinous injuries in the lower extremities within the last
6 months; functional ankle instability [31]; surgical procedures on the lower extremities
within the past year; or concussions within the previous 6 months.

2.2. Procedures

This study employed an experimental design to compare two groups: the MI in-
tervention group and the placebo group. The testing protocol was divided into two
phases—before and after the MI intervention—over a total period of 4 weeks.
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In Phase 1, athletes were introduced to the Bruce Protocol (BP) and ergospirometry
procedures [32,33] and trained in the process of measuring lactate levels using capillary
blood samples collected from the index finger [5]. A sports physiotherapist with 5 years
of experience briefed the athletes about the equipment and testing procedures one week
prior. Body mass was recorded to the nearest 0.1 kg using the Mi Body Composition Scale
2 (Xiaomi Inc., Beijing, China), while height was measured with a portable stadiometer
(SECA Instruments Ltd., Hamburg, Germany) [13,34]. All tests were conducted at the
athletes’ respective sports facilities to minimize potential psychological stress.

Phase 2 was conducted exactly 4 weeks later, following the completion of the MI
intervention. This timeframe was chosen to reflect the standard rehabilitation period for
the return-to-play phase after a Grade II LAS and to evaluate changes in VO2max and
lactate levels.

2.3. Main Outcome Measures
2.3.1. Bruce Protocol

The Bruce Protocol (BP) was used in order to evaluate maximal oxygen uptake
(VO2max) as well as the accumulation of lactate in the peripheral blood samples of profes-
sional football players. The evaluation of physical capacity using progressive maximum
exercises on a treadmill and with the simultaneous use of ergospirometry can further
determine aerobic capacity through the athlete’s maximal oxygen uptake (VO2max), which
is directly related to strength, endurance, and above all to the indicators of cardiovascular
adaptation and sports performance [32,33]. Furthermore, the evaluation of lactate at the
anaerobic threshold is another indicator of aerobic capacity for a professional football
player that is directly linked to their athletic performance [5]. Therefore, the improvement
of aerobic fitness indices in professional football players is directly linked to their sports
performance and their return to play after a Grade II LAS.

A treadmill (Excite Run 1000, Technogym, London, UK), a heart rate monitor (Polar
Electro Oy, Helsinki, Finland) and an ergospirometry recording system (Quark CPET,
COSMED Inc., Rome, Italy) were used to evaluate the maximum oxygen uptake (VO2max),
in addition to a lactate analyzer (Lactate Scout 4, EKF Diagnostics, Penarth, UK) for
the evaluation of the accumulation in a peripheral blood sample. Prior to initiating the
procedure, each athlete was informed about the BP stages and was asked to perform a
5 min warm-up (speed 5 km/h, incline 0%) on the floor ergometer for familiarization with
the equipment and preparation to perform the evaluation. In addition, each professional
football player was informed about all safety and communication parameters during BP
execution with the researcher.

BP consists of eight stages with a gradual increase in the speed and incline of the tread-
mill. Specifically, the BP stages change every 3 min and the speed and inclination parame-
ters are as follows: (a) 2.7 km/h, 10%, (b) 4.0 km/h, 12%, (c) 5.5 km/h, 15%, (d) 6.8 km/h,
16%, (e) 8.0 km/h, 18%, (f) 8.9 km/h, 20%, (g) 9.7 km/h, 22% and (h) 10.5 km/h, 25% [32,35].
The test was completed as soon as the athlete requested to stop the procedure due to fa-
tigue, when the maximal oxygen uptake (VO2max) and lactate values were recorded by
taking capillary peripheral blood from the index finger. After recording the maximum
oxygen uptake (VO2max) and lactate levels, the recovery period started as soon as the
heart rate decreased <80% (based on the maximum heart rate and the age of the athlete).
Subsequently, for the next 10 min, the athlete had to do no physical activity in order to
restore his cardiorespiratory function, with a decrease in heart rates of approximately >20%
compared to the maximum rate [5,35].
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2.3.2. Vividness of Movement Imagery Questionnaire-2

The VMIQ-2 assesses imagery abilities through twelve questions across three dis-
tinct perspectives: (a) external visual imagery (EVI), (b) internal visual imagery (IVI) and
(c) kinesthetic visual imagery (KVI). Participants are tasked with imagining themselves
performing twelve motor actions from these perspectives: (a) observing the movement
from a third-person perspective (EVI), (b) experiencing the movement from a first-person
perspective (IVI) and (c) feeling the movement as if performing it themselves (KVI). The
vividness of the imagined actions is scored on a 5-point scale, where 1 represents “perfectly
clear and vivid” and 5 represents “no image at all” [22].

The twelve motor actions included in the VMIQ-2 are:

Walking,

Running,

Kicking a stone,

Bending down to pick up a coin,
Running upstairs,

Jumping sideways,

Throwing a stone into water,
Kicking a ball in the air,

W0 N G BN

Running downhill,
Riding a bike,
Swinging on a rope,

[
I

Jumping off a high wall.
Imagery ability based on VMIQ-2 scores is categorized as follows:
e High imagery ability: VMIQ-2 score < 26
e Low imagery ability: VMIQ-2 score > 36

The Greek version of the VMIQ-2 (VMIQ-2-GR) has demonstrated acceptable factorial
and construct validity, with an intraclass correlation coefficient (ICC) > 0.92, establishing it
as a reliable and valid psychometric tool [22].

2.3.3. Intervention Protocol

Both the first (MI intervention) group and the second (placebo) group followed a
physical therapy balance training protocol starting 2 days after the completion of Phase 1.
The intervention spanned 4 weeks, aligning with the return-to-play rehabilitation period,
and included a total of 6 sessions per professional football player. The balance training
protocol consisted of 3 distinct parts, with a total session duration of 30 min [36-39]. Details
of the protocol are presented in Table 1.

Table 1. The physical therapy balance training protocol.

Part 1—8 min *

Part 2—15 min * Part 3—7 min

Running—60 s

One legged stance—3 x 45 s hold

Jumping Jacks—40 s

Jump from one leg to the other with control landing
for 4 s—3 x 10 reps

Linear Knee Raise—10 reps

Static stretching exercises of

One legged stance on a balance board—2 x 45 s hold the lower Kmbs

Squat—10 reps

One legged stance on a balance board with the knee
flexed—3 x 10 knee flexions

Leg Swing—10 reps

Squats on a balance board—3 x 45 s hold

* 30 s break between each exercise.
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At the end of the physical therapy balance training protocol, professional football
players in the first Ml intervention group individually received the MI intervention protocol.
At the beginning of each MI session, athletes in both groups (MI intervention and placebo)
had to complete the VMIQ-2-GR. The first MI intervention group and the second placebo
group both received 6 sessions of MI and placebo instructions in addition to their physical
therapy balance training protocol. The total duration of each session was 50 min including
30 min of the balance training protocol and 20 min of MI or placebo instructions. All
professional football players were asked to sit comfortably in a relaxed position with
low-light and quiet environmental conditions.

The MI instructions were professionally recorded by a sound engineer in a recording
studio to minimize bias. The recordings were produced using Cubase version 10 and
WaveLab version 9 software, along with an NT1 fourth generation condenser microphone
(Rode, Sydney, Australia). During each session, the recorded MI protocol was played on the
same computer (MacBook Pro, M1, Apple Inc., Cupertino, CA, USA) and listened to using
the same headphones (Keiji, HD-2400G, Zeroground, Athens, Greece) to ensure consistency.

In the MI intervention group, professional football players first received relaxation
instructions, followed by MI instructions replicating their physical therapy balance training
protocol. The athletes were guided to mentally rehearse the progression of balance exercises,
including the same duration and repetitions as in their physical therapy sessions. They were
encouraged to vividly imagine and feel themselves performing the balance training tasks.

By contrast, the placebo group only listened to recorded relaxation instructions without
any MI intervention.

2.3.4. Statistical Analysis

Descriptive statistics, including mean values and standard deviations, were calculated
for continuous variables. Statistical significance was set at p < 0.05. Differences in the
demographic characteristics of the professional football players were assessed using the
chi-square test (x?) and the chi-square trend test (x?), as presented in Table 2 [40]. Data
normality was evaluated using the Kolmogorov-Smirnov test.

To analyze within-subject effects over time and compare the two groups after the
4-week intervention period, a repeated measures one-way ANOVA was performed [41].
Additionally, t-tests for independent variables were employed to identify statistically
significant differences between the two groups [42]. Partial eta squared (17%) was calculated
to quantify group differences and assess clinical relevance, with effect sizes classified as
small (2 = 0.01), medium (52 = 0.06) and large (72 = 0.14) [43,44].

All statistical analyses were conducted using SPSS v.26 (Statistical Package for the
Social Sciences, SPSS Inc., Chicago, IL, USA).

Table 2. Demographic characteristics of the two groups.

Demographic Characteristics

Total Participants  First MI Group Second Placebo Statistical Analysis
n =58 n=29 Groupn =29 p Value

NS, p =037 %, p > 0.05

Age (M £ SD) 20.5 4+ 3.3 205+ 3.3 21.2 +£3.1 f-test for independent
NS, » =0.05%,» <0.05
) 7 P 4 p

BMI (kg/m~) (M £ SD) 223+1.9 228 +1.7 21.8 £ 2.1 -test for independent
N NS, p =081 %,p>0.05

Yrs of training (M + SD) 111x27 11.0+28 1.2+26 t-test for independent

—_ X
Hrs of training/wk (M =+ SD) 121 +£15 119+ 1.6 123+ 14 NS, p=026*,p>005

t-test for independent
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Table 2. Cont.

Demographic Characteristics

Total Participants  First MI Group Second Placebo Statistical Analysis

n =58 n=29 Groupn =29 p Value

Dominant Leg Frequencies % Frequencies % Chi-square

Right (n, %) 46 (79.3%) 25 (86.2%) 21 (72.4%)

Left (n, %) 12 (20.7%) 4 (13.8%) 8 (27.6%) NS, p =019, p>005
Grade Il LAS—Leg

Right (n, %) 39 (67.2%) 21 (72.4%) 18 (62.1%)

Left (n, %) 19 (32.8%) 8 (27.6%) 11 (37.9%) NS, p=040F,p>005
Previous LAS—Leg t-test for Independent

Right (n, %) 38 (65.5%) 17 (58.6%) 21 (72.4%)

Left (n, %) 12 (20.7%) 6 (20.7%) 6 (20.7%) NS, p=0.30%, p>0.05

Both (n, %) 8 (13.8%) 6 (20.7%) 2 (6.9%)
Total number of previous LAS Chi-square for Trends

1 (n, %) 30 (51.7%) 17 (58.6%) 13 (44.8%)

2 (1, %) 21 (36.2%) 9 (31.0%) 12 (41.4%) NS, p=0.35Y, p>0.05

>3 (n, %) 7 (12.1%) 3 (10.3%) 4 (13.8%)

NS = no significance, M = mean, SD = standard deviation; * f-test, p < 0.05; B2, p<0.05Y %2 for trends, p <0.05.

3. Results
3.1. VO2max and Lactate

A one-way ANOVA (repeated measures analysis) within subjects for evaluating
VO2max and lactate before and after 4 weeks showed statistically significant results
(VO2max: F = 48997, S = 0.000, p < 0.05; lactate: F = 3841.301, S = 0.000, p < 0.05),
4 weeks after the interventions for both groups (Table 3). Also, statistically significant
differences were observed for VO2max and lactate between the two groups, 4 weeks after
the interventions.

A t-test for independent samples revealed statistically significant differences between
the two groups for the variables of VO2max and lactate, respectively (VO2max: t = —6.04,
S (two-tailed) = 0.000, p < 0.05; lactate: t = 4.33, S (two-tailed) = 0.000, p < 0.05), Table 4. The
mean values of the VO2max showed a statistically significant increase of 8 mL/kg/min for
the first MI intervention group, compared to the second placebo group which showed an
increase of 0.6 mL/kg/min, which means that VO2max improved statistically significantly
in the first MI intervention group. The mean values of the lactate in the first MI intervention
group revealed statistically significant differences with a value of 6.7 mmol/L, compared
to the second placebo group which showed a value of 7.7 mmol/L, which means that
there was a statistically significant reduction in lactate in the first MI intervention group
compared to the second placebo group.

The partial variance effect size (%) for the VO2max variable showed a large effect size
(7% = 0.46) and observed power = 1.00 (& = 0.05). Also, the partial variance effect size (11%)
for the lactate variable showed a large effect size (7% = 0.98) and observed power = 1.00
(o =0.05).
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Table 3. A one-way ANOVA showed statistically significant results comparing the mean differences
in VO2max (mL/kg/min) and lactate (mmol/L) between the two groups (MI intervention and
placebo) before and after 4 weeks.

VO2max (mL/kg/min)
Groups M =+ SD (mL/kg/min) M =+ SD (mL/kg/min) Mean Difference Confidence Significance
N =58 Pre Post (MD) (mL/kg/min) Interval (CI) 95% &
First—MI Intervention
Group (n = 29 4253 + 4.48 5041 + 3.17 F = 48.997,
—2.24 —4.15; —-0.33 S*=0.000,
Second—Placebo Group 43.86 + 5.04 44.59 + 4.09 p <0.05
(n=29)
Lactate (mmol/L)
Groups M + SD (mmol/L) M =+ SD (mmol/L) N .
N = 58 Pre Post MD (mmol/L) CI 95% Sign
First—MI Intervention
Group (n = 29) 6.83 +£1.07 13.73 +1.27 F = 3841.301,
S d—Placebo G 0.80 0.28-1.32 S*=10.000,
econd—aceho roup 7.13 £ 0.96 15.04 % 1.00 p <005
(n=29)
* S = significant p < 0.05; M = mean; SD = standard deviation.
Table 4. A t-test for independent samples showed statistically significant differences in the first MI
intervention group in VO2max and lactate variables.
VO2max (mL/kg/min)—Post
Groups M =+ SD (mL/kg/min) Mean Difference (MD) Confidence Interval (CI) Significance
N=58 Post (mL/kg/min) 95% (Two-Tailed)
First—MI I?rteivzegr)ltlon Group 5041 + 3.17 f- —604,
—5.81 —7.74; —3.89 S *=0.000,
Second—Placebo Group 4459 + 4.09 p <0.05
(n=29)
Lactate (mmol/L)— Post
Groups M =+ SD (mmol/L) o . .
N= 58 Post MD (mmol/L) CI95% Sign (Two-Tailed)
First—MI I?I:eivzegr)ltlon Group 13.73 + 1.27 b= 433,
S I—Placebo G 1.30 0.70-1.91 S*=10.000,
econd—Placebo Group 15.04 + 1.00 p <005

(n=29)

* S = significant p < 0.05; M = mean; SD = standard deviation.

3.2. Vividness of Movement Imagery Questionnaire—2 (VMIQ-2-GR)

A one-way repeated measures ANOVA was conducted to evaluate the effects of the
MI intervention on the VMIQ-2-GR after 4 weeks (six sessions) in the two groups (MI and
placebo). Statistically significant results were observed for the MI intervention’s effect on all
three perspectives of the questionnaire: external visual imagery (EVI: F = 13.697, p = 0.000,
p < 0.05), internal visual imagery (IVI: F = 12.191, p = 0.000, p < 0.05), and kinesthetic visual
imagery (KVI: F = 6.996, p = 0.000, p < 0.05). However, no statistically significant differences
were found between the two groups. The changes in VMIQ-2 scores between the two
groups were as follows:

e EVI: The MI intervention group showed a decrease of 7.4 points, compared to a
decrease of 5.8 points in the placebo group.

e IVI: The MI intervention group showed a decrease of 4.1 points, while the placebo
group showed a larger decrease of 6 points.

e  KVI: The Ml intervention group demonstrated a decrease of 6.5 points, compared to a
decrease of 2.3 points in the placebo group.

The partial eta-squared () values indicated a large effect size for all three perspectives:
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EVI: 52 = 0.56, observed power = 1 (a = 0.05).
IVIL: 52 = 0.54, observed power = 1 (« = 0.05).
KVI: %2 = 0.40, observed power = 0.99 («x = 0.05).

4. Discussion

The purpose of this study was to investigate the complementary role of MI on VO2max
and lactate levels in professional football players with Grade II ankle sprains during the
return-to-play period. The findings demonstrated that the MI intervention had a significant
therapeutic effect as a complementary modality alongside conventional physical therapy
balance training protocols, particularly on VO2max and lactate variables. Statistically sig-
nificant differences were observed between the two groups (MI intervention and placebo)
before and after the 4-week intervention period. MI has been proven to be an effective
complementary therapeutic modality, in addition to a conventional physical therapy, in
sports injury management and rehabilitation [13,27,30,45-47], and also in sports perfor-
mance optimization [25,48]. However, most of the studies evaluate the effects of MI with
respect to sports performance in healthy athletes and not during the return-to-play period
after a sports injury, such as a Grade II ankle sprain.

In our study, the results of VO2max tests, which were performed using BP through
ergospirometry showed statistically significant results “within subjects” after 4 weeks of MI
interventions between the two groups (first, MI intervention group and second, placebo
group). A greater improvement was observed between the two phases in the first MI
intervention group compared to the second placebo group. Additionally, statistically signif-
icant differences were revealed for the first MI intervention group compared to the second
placebo group. To the best of our knowledge, this is the first single-blind randomized
clinical trial aimed at exploring the complementary role of MI on VO2max in professional
football players with a Grade II ankle sprain during the return-to-play period. While numer-
ous studies over the past decades have investigated the effects of MI on sports performance,
they have generally focused on healthy athletes from diverse sports backgrounds, often
with limited sample sizes. Furthermore, these studies typically did not include physical
capacity parameters, such as VO2max [20,26,49,50]. A key study by Decety et al. [49] was
among the first to examine the impact of MI on motor performance through measurements
of oxygen consumption (VO2) and pulmonary ventilation (VE) using ergospirometry. The
findings of this study revealed a statistically significant improvement in VE and heart rate in
the experimental group, along with a modest enhancement in VO2 within the MI interven-
tion group. Similarly, to our methodological approach, their study explored oxygen uptake
as well, but they did not explore the VO2max variable using BP through ergospirometry to
evaluate physical capacity. Also, their study included only eleven healthy amateur athletes
from various athletic backgrounds, and therefore their findings could not be generalized
with respect to sports performance indices.

In our study, the lactate variable demonstrated statistically significant differences
within subjects, comparing pre-intervention and post-intervention (4 weeks) levels between
the two groups (first, MI intervention and second, placebo group). These differences
were observed in lactate accumulation in peripheral blood samples after completing the
Bruce Protocol (BP). Additionally, significant differences were found between the two
groups, with the first MI intervention group showing a notable reduction in lactate levels
compared to the second placebo group. This finding is consistent with the study by
Perciavalle et al. [50], in which motor working memory was evaluated by using a sequence
of reproduction tasks in order to investigate whether working memory performance was
affected by blood lactate levels. Participants derived from the non-athletic population,
and they executed a cycling exercise protocol in addition to a working memory task.
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Their findings showed that high levels of blood lactate worsen types of working memory.
The results of our study showed that there was a statistically significant reduction in the
accumulation of blood lactate in the first MI intervention group compared to the second
placebo group, which could be associated with athletes” MI ability and the manageability
of the motor task, encompassing the satisfactory use of working memory.

In our study, all professional football players demonstrated improvements in MI
ability across all three perspectives—external visual imagery (EVI), internal visual imagery
(IVI) and kinesthetic visual imagery (KVI)—after 4 weeks of interventions (six MI sessions).
MI ability was assessed using the VMIQ-2-GR, and statistically significant differences
were observed within subjects before and after the interventions. However, no statistically
significant differences were found between the two groups (first, Ml intervention group and
second, placebo group). Among the three perspectives, the IVI perspective emerged as the
most preferred by professional football players during MI implementation, as it achieved
the lowest score, indicating greater vividness. Meanwhile, the EVI perspective showed the
highest enhancement over the intervention period. These findings align with the study by
Hardy and Callow [48], which explored the relationship between EVI and IVI perspectives
in relation to sports performance in professional athletes. Their research similarly concluded
that the IVI perspective was the most preferred and effective, particularly for athletes with
greater experience in sports performance.

The current study has various practical and clinical applications for many reasons.
It is the first study to explore the complementary role of MI on VO2max and lactate in
professional football players with Grade II ankle sprains during the return-to-play period,
and is therefore important in terms of sports performance and practical implementation.
The findings of our study proved the efficacious complementary role of MI in addition to
conventional physical therapy balance exercise protocols, specifically in the sports field for
sports practitioners who desire to enhance performance during the return-to-play period.
Also, the use of Ml intervention could aid sports practitioners to accelerate the return to
play of a professional football player and improve sports performance, simultaneously.

Limitations

This study is the first single-blind randomized clinical trial to reveal statistically
significant results regarding the complementary therapeutic effect of MI on VO2max and
lactate levels in professional football players with Grade II ankle sprains during the return-
to-play period. However, the 4-week intervention period may be considered relatively short,
potentially limiting the full effects of MI. Future research could explore the complementary
role of MI in athletes from diverse sports backgrounds to compare its impact on sports
performance across various mentalities and disciplines. Additionally, the absence of a
control group performing only the physical therapy balance training protocol may have
influenced the findings of this study. Another consideration is the inclusion of relaxation
instructions in the MI content, which may have affected athletes” physical responses. This
is particularly relevant given that VO2max and lactate variables were measured using the
Bruce Protocol, which requires maximal physical effort.

5. Conclusions

The purpose of the current study was to explore the complementary role of MI on
VO2max and lactate in professional football players with Grade II ankle sprains during the
return-to-play period.

The results of our study indicate that MI has an efficacious complementary role
when applied in addition to physical therapy balance training protocols. The statistically
significant results of MI on VO2max and lactate suggest that further research is needed in
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different sports in order to establish the role of MI during the return-to-play period with
respect to injury management and sports performance.

Author Contributions: Conceptualization, G.P. and M.P,; methodology, G.P, E.T., K.F,, A.C. and M.P;
software, G.P. and M.P; validation, G.P,, E.T., K.F,, A.C. and M.P; formal analysis, G.P; investigation,
G.P; resources, G.P. and M.P.;; data curation, G.P. and M.P,; writing—original draft preparation,
G.P; writing—review and editing, G.P; visualization, G.P. and M.P; supervision, M.P,, E.T. and K.F,;
project administration, G.P. and M.P. All authors have read and agreed to the published version of
the manuscript.

Funding: The research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University of West Attica (No18030, date of
approval: 3 March 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in the study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Acknowledgments: The authors thank the Department of Physiotherapy of the University of West
Attica for its services.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.
13.

Martinez-Torremocha, G.; Martin-Sanchez, M.L.; Garcia-Unanue, J.; Felipe, J.L.; Moreno-Pérez, V.; Paredes-Hernandez, V.,;
Gallardo, L.; Sanchez-Sanchez, J. Physical demands on professional Spanish football referees during matches. Sci. Med. Footb.
2023, 7, 139-145. [CrossRef] [PubMed]

Nouni-Garcia, R.; Asensio-Garcia, M.R.; Orozco-Beltran, D.; Lopez-Pineda, A.; Gil-Guillen, V.E; Quesada, J.A.; Bernabeu Casas,
R.C.; Carratala-Munuera, C. The FIFA 11 programme reduces the costs associated with ankle and hamstring injuries in amateur
Spanish football players: A retrospective cohort study. Eur. J. Sport Sci. 2019, 19, 1150-1156. [CrossRef]

Hwang, J.; Moon, N.R.; Heine, O.; Yang, W.H. The ability of energy recovery in professional soccer players is increased by
individualized low-intensity exercise. PLoS ONE 2022, 17, €0270484. [CrossRef] [PubMed]

Calderén-Pellegrino, G.; Gallardo, L.; Garcia-Unanue, J.; Felipe, J.L.; Hernandez-Martin, A.; Paredes-Hernandez, V.; Sanchez-
Sanchez, J. Physical Demands during the Game and Compensatory Training Session in Elite Football Players Using Global
Positioning System Device. Sensors 2022, 22, 3872. [CrossRef] [PubMed]

Schwesig, R.; Schulze, S.; Reinhardt, L.; Laudner, K.G.; Delank, K.S.; Hermassi, S. Differences in player position running velocity
at lactate thresholds among male professional German soccer players. Front. Physiol. 2019, 10, 886. [CrossRef]

Reilly, T.; Drust, B.; Clarke, N. Muscle fatigue during football match-play. J. Sports Med. 2008, 38, 357-367. [CrossRef] [PubMed]
Hulton, A.T.; Malone, ].J.; Clarke, N.D.; Maclaren, D.P.M. Energy Requirements and Nutritional Strategies for Male Soccer Players:
A Review and Suggestions for Practice. Nutrients 2022, 14, 657. [CrossRef]

Olsson, D.; Sikka, R.; Labounty, A.; Christensen, T. Injuries in professional football: Current concepts. Curr. Sports Med. Rep. 2013,
12, 381-390. [CrossRef]

Jungmann, PM.; Lange, T.; Wenning, M.; Baumann, F.A.; Bamberg, F; Jung, M. Ankle Sprains in Athletes: Current Epidemiological,
Clinical and Imaging Trends. Open Access |. Sports Med. 2023, 14, 29-46. [CrossRef]

Halabchi, E.; Hassabi, M. Acute ankle sprain in athletes: Clinical aspects and algorithmic approach. World J. Orthop. 2020, 11,
534-558. [CrossRef]

D'Hooghe, P.; Cruz, F.; Alkhelaifi, K. Return to Play After a Lateral Ligament Ankle Sprain. Curr. Rev. Musculoskelet. Med. 2020,
13,281-288. [CrossRef] [PubMed]

Chambers, S.; Jamal, B.; Senthil Kumar, C. The sporting ankle. J. Orthop. Trauma 2016, 30, 24-29. [CrossRef]

Plakoutsis, G.; Tsepis, E.; Fousekis, K.; Paraskevopoulos, E.; Papandreou, M. The Effects of Motor Imagery on Static and Dynamic
Balance and on the Fear of Re-Injury in Professional Football Players with Grade II Ankle Sprains. Healthcare 2024, 12, 1432.
[CrossRef]


https://doi.org/10.1080/24733938.2022.2064539
https://www.ncbi.nlm.nih.gov/pubmed/35392769
https://doi.org/10.1080/17461391.2019.1577495
https://doi.org/10.1371/journal.pone.0270484
https://www.ncbi.nlm.nih.gov/pubmed/35771850
https://doi.org/10.3390/s22103872
https://www.ncbi.nlm.nih.gov/pubmed/35632281
https://doi.org/10.3389/fphys.2019.00886
https://doi.org/10.2165/00007256-200838050-00001
https://www.ncbi.nlm.nih.gov/pubmed/18416591
https://doi.org/10.3390/nu14030657
https://doi.org/10.1249/JSR.0000000000000015
https://doi.org/10.2147/OAJSM.S397634
https://doi.org/10.5312/wjo.v11.i12.534
https://doi.org/10.1007/s12178-020-09631-1
https://www.ncbi.nlm.nih.gov/pubmed/32377961
https://doi.org/10.1016/j.mporth.2015.11.002
https://doi.org/10.3390/healthcare12141432

Appl. Sci. 2025, 15, 820 120f13

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vuurberg, G.; Hoorntje, A.; Wink, L.M.; Van Der Doelen, B.EW.; Van Den Bekerom, M.P,; Dekker, R.; Van Dijk, C.N.; Krips, R.;
Loogman, M.C.M.; Ridderikhof, M.L.; et al. Diagnosis, treatment and prevention of ankle sprains: Update of an evidence-based
clinical guideline. Br. |. Sports Med. 2018, 52, 956. [CrossRef] [PubMed]

Wikstrom, E.A.; Mueller, C.; Cain, M.S. Lack of consensus on return-to-sport criteria following lateral ankle sprain: A systematic
review of expert opinions. J. Sport Rehabil. 2020, 29, 231-237. [CrossRef]

Siemes, L.J.E; van der Worp, M.P,; Nieuwenhuijzen, P.H.].A.; Stolwijk, N.M.; Pelgrim, T.; Staal, ].B. The effect of movement
representation techniques on ankle function and performance in persons with or without a lateral ankle sprain: A systematic
review and meta-analysis. BMC Musculoskelet. Disord. 2023, 24, 786. [CrossRef] [PubMed]

Paravlic, A.H.; Maffulli, N.; Kovag, S.; Pisot, R. Home-based motor imagery intervention improves functional performance
following total knee arthroplasty in the short term: A randomized controlled trial. J. Orthop. Res. 2020, 15, 451. [CrossRef]
[PubMed]

Gregg, M.; Hall, C.; Mcgowan, E.; Hall, N. The relationship between imagery ability and imagery use among Athletes. J. Appl.
Sport Psychol. 2011, 23, 129-141. [CrossRef]

Ferrer-Pefia, R.; Cuenca-Martinez, E; Romero-Palau, M.; Flores-Romdn, L.M.; Arce-Vazquez, P.; Varangot-Reille, C.; Suso-Marti,
L. Effects of motor imagery on strength, range of motion, physical function, and pain intensity in patients with total knee
arthroplasty: A systematic review and meta-analysis. Braz. . Phys. Ther. 2021, 25, 698-708. [CrossRef] [PubMed]

Post, P.; Muncie, S.; Simpson, D. The Effects of Imagery Training on Swimming Performance: An Applied Investigation. J. Appl.
Sport Psychol. 2012, 24, 323-337. [CrossRef]

Evans, L.; Hare, R.; Mullen, R. Imagery Use During Rehabilitation from Injury. J. Imag. Res. Sport Phys. Act. 2006, 1, 1. [CrossRef]
Plakoutsis, G.; Fousekis, K.; Tsepis, E.; Papandreou, M. Cross cultural adaptation, validity and reliability of the Greek version of
the Vividness of Movement Imagery Questionnaire-2 (VMIQ-2). Discov. Psychol. 2023, 3, 30. [CrossRef]

Callow, N.; Roberts, R. Imagery research: An investigation of three issues. Psychol. Sport Exerc. 2010, 11, 325-329. [CrossRef]
Yu, Q.H.; Fu, AS.N.; Kho, A; Li, J.; Sun, X.H.; Chan, C.C.H. Imagery perspective among young athletes: Differentiation between
external and internal visual imagery. |. Sport Health Sci. 2016, 5, 211-218. [CrossRef] [PubMed]

Olsson, C.J.; Jonsson, B.; Nyberg, L. Internal imagery training in active high jumpers: Cognition and Neurosciences. Scand. ].
Psychol. 2008, 49, 133-140. [CrossRef]

Mahoney, M.].; Avener, M. Psychology of the elite athlete: An exploratory study. Cogn. Ther. Res. 1977, 1, 135-141. [CrossRef]
Plakoutsis, G.; Paraskevopoulos, E.; Zavvos, A.; Papandreou, M. The Effects of Motor Imagery on Pain in Lower Limb Sports
Injuries: A Systematic Review and Meta-Analysis. Healthcare 2022, 10, 2545. [CrossRef] [PubMed]

Christakou, A.; Zervas, Y.; Lavallee, D. The adjunctive role of imagery on the functional rehabilitation of a grade II ankle sprain.
Hum. Mov. Sci. 2007, 26, 141-154. [CrossRef] [PubMed]

Christakou, A.; Zervas, Y. The effectiveness of imagery on pain, edema, and range of motion in athletes with a grade II ankle
sprain. Phys. Ther. Sport 2007, 8, 130-140. [CrossRef]

Nunes, G.; Noronha, M. Imagética motora no tratamento da entorse lateral de tornozelo em atletas de futebol de campo: Um
estudo piloto. Fisioter. Pesqui. 2015, 22, 282-290.

Tsekoura, M.; Billis, E.; Samada, E.K.; Savvidou, I.; Fousekis, K.; Xergia, S.; Lampropoulou, S.; Tsepis, E. Cross cultural adaptation,
reliability and validity of the Greek version of Identification of Functional Ankle Instability (IdFAI) questionnaire. J. Foot Ankle
Surg. 2021, 27, 906-910. [CrossRef] [PubMed]

Bruce, R.; Kusumi, F.; Hosmer, D. Fundamentals of clinical cardiology and recognition. Fundam. Clin. Cardiol. 1974, 88, 372-379.
Hurt, C.P; Bamman, M.M.; Naidu, A.; Brown, D.A. Comparison of Resistance-Based Walking Cardiorespiratory Test to the Bruce
Protocol. J. Strength Cond. Res. 2020, 34, 3569-3576. [CrossRef]

Plakoutsis, G.; Zapantis, D.; Panagiotopoulou, E.M.; Paraskevopoulos, E.; Moutzouri, M.; Koumantakis, G.A.; Papandreou, M.
Reliability and Validity of the Portable KForce Plates for Measuring Countermovement Jump (CM]J). Appl. Sci. 2023, 13, 11200.
[CrossRef]

Hall-Lépez, J.A.; Ochoa-Martinez, P.Y.; Moncada-Jiménez, J.; Méndez, M.A.O.; Garcia, I.M.; Garcia, M.A.M. Confiabilidad del
consumo maximo de oxigeno evaluado en pruebas de esfuerzo consecutivas mediante calorimetria indirecta. Nutr. Hospital. 2015,
31,1726-1732.

Verhagen, E.; Van Der Beek, A.; Twisk, ].; Bouter, L.; Bahr, R.; Van Mechelen, W. The effect of a proprioceptive balance board
training program for the prevention of ankle sprains: A prospective controlled trial. Am. J. Sports Med. 2004, 32, 1385-1393.
[CrossRef] [PubMed]

McGuine, T.A.; Keene, ].S. The effect of a balance training program on the risk of ankle sprains in high school athletes. Am. J.
Sports Med. 2006, 34, 1103-1111. [CrossRef] [PubMed]

Eils, E.; Schroter, R.; Schroderr, M.; Gerss, J.; Rosenbaum, D. Multistation proprioceptive exercise program prevents ankle injuries
in basketball. Med. Sci. Sports Exerc. 2010, 42, 2098-2105. [CrossRef] [PubMed]


https://doi.org/10.1136/bjsports-2017-098106
https://www.ncbi.nlm.nih.gov/pubmed/29514819
https://doi.org/10.1123/jsr.2019-0038
https://doi.org/10.1186/s12891-023-06906-9
https://www.ncbi.nlm.nih.gov/pubmed/37794344
https://doi.org/10.1186/s13018-020-01964-4
https://www.ncbi.nlm.nih.gov/pubmed/33008432
https://doi.org/10.1080/10413200.2010.544279
https://doi.org/10.1016/j.bjpt.2021.11.001
https://www.ncbi.nlm.nih.gov/pubmed/34872869
https://doi.org/10.1080/10413200.2011.643442
https://doi.org/10.2202/1932-0191.1000
https://doi.org/10.1007/s44202-023-00091-5
https://doi.org/10.1016/j.psychsport.2010.03.002
https://doi.org/10.1016/j.jshs.2014.12.008
https://www.ncbi.nlm.nih.gov/pubmed/30356512
https://doi.org/10.1111/j.1467-9450.2008.00625.x
https://doi.org/10.1007/BF01173634
https://doi.org/10.3390/healthcare10122545
https://www.ncbi.nlm.nih.gov/pubmed/36554069
https://doi.org/10.1016/j.humov.2006.07.010
https://www.ncbi.nlm.nih.gov/pubmed/17050021
https://doi.org/10.1016/j.ptsp.2007.03.005
https://doi.org/10.1016/j.fas.2020.12.005
https://www.ncbi.nlm.nih.gov/pubmed/33376050
https://doi.org/10.1519/JSC.0000000000002263
https://doi.org/10.3390/app132011200
https://doi.org/10.1177/0363546503262177
https://www.ncbi.nlm.nih.gov/pubmed/15310562
https://doi.org/10.1177/0363546505284191
https://www.ncbi.nlm.nih.gov/pubmed/16476915
https://doi.org/10.1249/MSS.0b013e3181e03667
https://www.ncbi.nlm.nih.gov/pubmed/20386339

Appl. Sci. 2025, 15, 820 130f13

39.

40.
41.
42.
43.

44.

45.
46.

47.

48.

49.

50.

Cleland, J.A.; Mintken, P.; McDevitt, A.; Bieniek, M.; Carpenter, K.; Kulp, K.; Whitman, ]. M. Manual physical therapy and exercise
versus supervised home exercise in the management of patients with inversion ankle sprain: A multicenter randomized clinical
trial. J. Orthop. Sports Phys. Ther. 2013, 43, 443-455. [CrossRef] [PubMed]

Mchugh, M.L. The Chi-square test of independence Lessons in biostatistics. Biochem. Med. 2013, 23, 143-149. [CrossRef]

Park, E.; Cho, M,; Ki, C.S. Correct use of repeated measures analysis of variance. Korean J. Lab. Med. 2009, 29, 1-9. [CrossRef]
Taherzadeh Chenani, K.; Madadizadeh, F. Popular Statistical Tests for Investigating the Relationship between Two Variables in
Medical Research. J. Community Health Res. 2020, 9, 1-3. [CrossRef]

Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for ¢-tests and ANOVAs.
Front. Psychol. 2013, 4, 863. [CrossRef] [PubMed]

Richardson, ].T.E. Eta squared and partial eta squared as measures of effect size in educational research. Educ. Res. Rev. 2011, 6,
135-147. [CrossRef]

Cupal, D.; Brewer, B. Relaxation and Imagery on knee strength and Re-Injury. Rehabil. Psychol. 2001, 46, 28-43. [CrossRef]
Hardy, L.; Callow, N. Efficacy of external and internal visual imagery perspectives for the enhancement of performance on tasks
in which form is important. J. Sport Exerc. Psychol. 1999, 21, 95-112. [CrossRef]

Bullock, G.S.; Arnold, T.W.; Plisky, PJ.; Butler, R.J. Basketball Players’ Dynamic Performance Across Competition Levels. J.
Strength Cond. Res. 2018, 32, 3528-3533. [CrossRef] [PubMed]

Beauchamp, M.R,; Bray, S.R.; Albinson, J.G. Pre-competition imagery, self-efficacy and performance in collegiate golfers. J. Sports
Sci. 2002, 20, 697-705. [CrossRef] [PubMed]

Decety, ].; Jeannerod, M.; Germain, M.; Pastene, J. Vegetative response during imagined movement is proportional to mental
effort. Behav. Brain Res. 1991, 42, 1-5. [CrossRef]

Perciavalle, V.; Maci, T.; Perciavalle, V.; Massimino, S.; Coco, M. Working memory and blood lactate levels. Neurol. Sci. 2015, 36,
2129-2136. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2519/jospt.2013.4792
https://www.ncbi.nlm.nih.gov/pubmed/23628755
https://doi.org/10.11613/BM.2013.018
https://doi.org/10.3343/kjlm.2009.29.1.1
https://doi.org/10.18502/jchr.v9i1.2568
https://doi.org/10.3389/fpsyg.2013.00863
https://www.ncbi.nlm.nih.gov/pubmed/24324449
https://doi.org/10.1016/j.edurev.2010.12.001
https://doi.org/10.1037/0090-5550.46.1.28
https://doi.org/10.1123/jsep.21.2.95
https://doi.org/10.1519/JSC.0000000000001372
https://www.ncbi.nlm.nih.gov/pubmed/26854789
https://doi.org/10.1080/026404102320219400
https://www.ncbi.nlm.nih.gov/pubmed/12200921
https://doi.org/10.1016/S0166-4328(05)80033-6
https://doi.org/10.1007/s10072-015-2329-4
https://www.ncbi.nlm.nih.gov/pubmed/26169760

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Main Outcome Measures 
	Bruce Protocol 
	Vividness of Movement Imagery Questionnaire-2 
	Intervention Protocol 
	Statistical Analysis 


	Results 
	VO2max and Lactate 
	Vividness of Movement Imagery Questionnaire—2 (VMIQ-2-GR) 

	Discussion 
	Conclusions 
	References

