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Background: Motor imagery (MI) and action observation (AO) training can activate brain areas
involved in planning, adjusting, and automating voluntary movement in a manner similar to that when
these activities are being performed.

Aim: The main objective of this study was to assess the effects of MI and AO training on respiratory
function in mild smokers.

Methods: A single-blind placebo-controlled pilot trial was designed. A total of 27 mild smokers were
randomized into three groups: MI (n =9), AO (n =9), and sham observation (SO; n = 9) groups. The
MI and AO groups performed mental training of breathing exercises while the SO group observed a
landscape without a human agent. The primary outcomes were pulmonary function parameters (forced
expiratory volume during the 1* s [FEV ], forced vital capacity [FVC], FEV /FVC ratio, maximum
voluntary ventilation [MVV], and peak expiratory flow [PEF]), and the secondary outcomes were
maximal inspiratory/expiratory pressures (MIP/MEP) and perceived fatigue. All outcome measures
were assessed at baseline and post-intervention.

Results: Regarding the pulmonary function parameters, only the AO group showed significant
within-group differences in FEV, (mean differences [MD] = 0.37 L (0.17 — 0.56), P = 0.001), FVC
(MD = 0.1 L (0.02 —0.16), P = 0.008), and PEF (MD = 0.74 L/s (0.29 — 1.18), P = 0.002) with a
small-to-moderate effect size. No differences were found in FEV /FVC ratio and MVV. With regard
to the maximal static pressures, only the AO group showed significant within-group differences in
MEP with a small effect size (MD = 11.22 cm H,0 (0.19 — 22.2), P = 0.046). Finally, both AO and
MI groups showed significantly greater perceived fatigue with regard to SO group with a large effect
size (P <0.05).

Conclusion: AO training has a slight impact on some pulmonary function parameters, such as FEV ,
FVC, or PEF, as well as on MEP when applied in isolation and in a single session.

Relevance for Patients: Although it is still early to draw some solid conclusions, AO training could
be used in combination with respiratory exercises to see if the effect is greater than exercises in
isolation. The study of movement representation strategies on pulmonary function is a field that has
been sparingly explored so far. This paper offers some interesting data to be considered for further
research.

1. Introduction

Motor imagery (MI) is defined as the creation and maintenance of a movement image
without actually executing it [1]. In addition, action observation (AO) training is defined
as the real-time visualization of a motion image without actually performing it [2]. Both
neurosensory-motor training tools cause an activation of the cortical areas related to the
planning, adjustment, and automation of voluntary movement that is qualitatively equal to,
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but quantitatively less than, the action actually being performed [3].
Regarding the neurophysiology behind these neurosensory-motor
training tools, there appears to be an overlap in the activity of some
brain areas during MI, AO, and actual performance [4]. Hardwick
et al. [4] found that MI and AO training recruited similar premotor-
parietal cortical networks but, while MI recruited a subcortical
network similar to that found during actual movement execution,
AO training showed no activity in any subcortical area.

In addition, AO training and MI generation processes can be
carried out in different modalities. Both methods of movement
representation can be implemented in two perspectives. First,
there is the first-person perspective, where the person observes
or imagines him/herself showing his/her own point of view.
On the other hand, based on the third-person perspective, the
person observes or imagines him/herself from the outside, as an
external observer. Both forms have been described and studied
in the scientific literature [5-11]. In addition to the first-person
or third-person perspective, also called internal or external
perspective, respectively, MI is specifically subclassified into two
other modalities, namely visual MI and kinesthetic MI [12,13].
Theoretically, the differences between these two modalities of
construction and generation of MI lie in their execution. On the
one hand, in kinesthetic MI, the ability to feel is incorporated
at the same time as the MI task is performed, causing, at the
neurophysiological level, some differences with respect to
visual MI [14]. For example, during kinesthetic MI, there is a
greater increase in electromyographic activity than in the visual
modality [15]. These findings were also found in the stimulation
of the corticospinal system evaluated by neuroimaging [16]. Even
at the level of neurovegetative system activity, the kinesthetic
modality has also been found to elicit higher levels of heart rate,
respiratory rate, skin conductance, efc. [17,18]. Visual MI refers to
creating a motor image being, therefore, a representation devoid
of any stimulation of the somatosensory system [12,14].

Interest in the study of the effects of MI and AO training on
some sensorimotor variables has grown in recent years. For
example, Cuenca-Martinez et al. [19] found that adding MI to
an usual treatment improved active range of motion in patients
subjected to immobilization. Furthermore, they also showed
that MI maintained significantly greater strength and speed
in patients undergoing surgery [19]. In addition to this, it has
been found that adding MI to an usual treatment improved pain
intensity and strength to a greater degree than usual treatment
alone in patients undergoing a total knee arthroplasty [20]. Both
techniques have been shown to improve the motor learning
process both in isolation [21,22] and in combination with physical
exercise [23]. Losana-Ferrer et al. [24] found that both AO and
MI, in combination with actual practice, elicited higher levels
of strength as well as electromyographic activity than physical
practice in isolation. This increase in strength has also been found
when AO and MI training were combined in isolation, without the
presence of actual practice [25]. It seems therefore that MI and
AO training, both in isolation and in combination with physical
practice, leads to improvements in some clinical variables of
interest.

Physical training has been widely used in respiratory
rehabilitation. In fact, some systematic reviews have shown
that respiratory muscle training improves several pulmonary
function parameters and maximal static pressures in some clinical
populations such as patients with chronic obstructive pulmonary
disease [26], lung cancer survivors [27], asthma [28], obstructive
sleep apnea [29], or tobacco smokers [30,31]. Therefore, we
believe that the addition of mental practice along with the
performance of respiratory muscle training could have an
impact on these clinical populations. However, it is too early to
be certain of this statement. To date, we believe that there is no
study that has evaluated the effect of MI and AO on pulmonary
function parameters and maximal static pressures. There are a
few studies that have evaluated the effect of MI on breath-holding
performance [32,33]. Therefore, we set out the following pilot
study with the aim to evaluate the effect of MI and AO training in
isolation to see if it had any impact on maximal static respiratory
pressures and several pulmonary function parameters. The
authors hypothesize that mental practice in isolation may have a
significant impact on these variables and in future studies, it could
be combined with respiratory muscle training to see if it increases
its clinical effect.

Because there are currently no studies that aim to assess the
impact of movement representation techniques in isolation on
pulmonary function, the main aim of this pilot study was to assess
the effects of MI and AO in isolation on respiratory function in
mild smokers.

2. Methods
2.1. Study design

This study was a randomized, single-blind, placebo-controlled
pilot trial, which was planned and conducted in accordance
with Consolidated Standards of Reporting Trials (CONSORT)
requirements and was approved by The Ethics Committee of
Research in Humans of the Ethics Commission in Experimental
Research of University of Valencia (number: 2301127). This study
was registered in the United States Randomized Trials Registry
on clinicaltrial.gov (trial registry number: NCT05662072). All
the participants were briefed on the study procedures, which
were planned according to the ethical standards of the Helsinki
Declaration.

2.2. Participants

All data were collected at the University of Valencia (between
November 2022 and February 2023) by email and social networks.
All participants were currently smokers aged >18 years and had a
pack per year index of <5 (mild smoking index). This population
was chosen because we were looking for a population as close as
possible to healthy subjects but with room for improvement in
the assessment tests. This study excluded those who presented a
respiratory pathology, cardiac, systematic (hypertension, diabetes,
viral infections, efc.), or metabolic disease, history of recent
surgery (in the last year), vertebral fracture, or osteoarticular
disorders of the spine area.
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2.3. Randomization

Randomization was performed using a computer-generated
random sequence table with a balanced three-block design
(GraphPad Software, Inc., CA, USA). An independent researcher
generated the randomization list, and a member of the research
team who was not involved in the assessment of the participants
or the intervention was in charge of the randomization and
maintained the list. The patients included were randomly assigned
to one of the three groups using the random sequence list, ensuring
concealed allocation.

2.4. Blinding

The assessments and interventions were performed by different
physical therapists. The evaluator was blinded to the participants’
group assignment. All the intervention procedures were performed
by the same physical therapist who had experience in the field
and was blinded to the purpose of the study. All participants were
blinded to their group allocation.

2.5. Interventions
2.5.1. MI

The participants who carried out the MI training performed 10
sets of 1 min per set. In each minute of imagining, participants
had to imagine themselves, as the first person, kinesthetically
(i.e., trying to feel at all times what they were imagining), forcibly
taking in air and pulling it out by inflating a balloon as hard as
they could. The imagination process lasted for an uninterrupted
duration of 50 s. For the remaining 10 s, participants had to
imagine taking in as much air as possible by expanding their
chest box as much as they could to perform a forced expiration
technique (high expiratory flow technique known as FET).
During the intervention, the physical therapist gave small neutral
guidelines such as “keep imagining,” or “try to feel what you are
imagining” (Figure 1).

2.5.2.A0

The participants in the AO group performed the same exercise
intervention as the MI group, but instead of imagining the motor
gestures, they had to observe a person performing the respiratory
exercises. The duration and distribution of the intervention were
the same as in the MI group (10 sets of 1 min per set) (Figure 1).

2.5.3. Sham observation (SO)

Participants in this group underwent a SO protocol. A video
only composed of nature images was visualized for 10 min,
without visualizing any motor gesture. This kind of SO protocol
has been used in previous research [34,35] (Figure 1).

2.6. Smoking index

The pack per year index is a smoking load tool for lifetime
tobacco exposure. A pack per year index is defined as 20
cigarettes smoked every day for 1 year. It was calculated using
the formula (number of smoked cigarettes per day x number of

MI
AO
Pre- so Post-
training
Ml O AO SO
I

Figure 1. An illustration of the intervention.
Abbreviations: AO: Action observation; MI: Motor imagery; SO: Sham
observation.

years smoking)/20 [36]. The levels of the smoking index were
mild (<5 packs), moderate (5 — 15 packs), or strong (>16 packs).

2.7. Outcome measures
2.7.1. Baseline variables

(4) Physical activity levels

The level of physical activity was objectified through
the International Physical Activity Questionnaire (IPAQ),
which allows the participants to be divided into three groups
according to their level of activity: high, moderate, and low or
inactive [37]. This questionnaire has shown acceptable validity
and psychometric properties to measure total physical activity.
Therefore, the psychometric properties of the questionnaire
were accepted for use in studies that required the measurement
of physical activity; reliability was approximately 0.65 (r = 0.76;
95% C10.73 — 0.77) [38].

(B) Imagery ability

The movement imagery questionnaire-revised (MIQ-R) is an
8-item self-report inventory used to assess visual and kinesthetic
MI ability. Four different movements are included in the MIQ-R,
which comprises four visual and four kinesthetic items. Each
participant rated the ease or difficulty of generating the mental
image on a 7-point scale in which 7 indicated “very easy to see/
feel” and 1 “very difficult to see/feel.” The internal consistencies
of the MIQ-R have been adequate, with Cronbach’s o coefficients
ranging above 0.84 for the total scale, 0.80 for the visual subscale,
and 0.84 for the kinesthetic subscale [39].

2.7.2. Primary outcomes

(4) Pulmonary function

Pulmonary function was assessed by performing forced
spirometry (Spirodoc, Medical International Research, Roma,
Italy) following the American Thoracic Society’s (ATS)
criteria [40] to obtain the following parameters: forced expiratory
volume during the 1*s (FEV), forced vital capacity (FVC), forced
expiratory ratio (FEV /FVC), maximum voluntary ventilation
(MVYV), and peak expiratory flow (PEF). The patient was seated
in a chair with the backrest supporting his back, and during the
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respiratory maneuvers required to perform spirometry, nasal
clips were placed to prevent air leakage through the nose. The
participant was then instructed to undertake an initial maximal
inspiration to reach total lung capacity, followed by a forced
maximal expiration for at least 6 seconds until its expiratory limit
was reached. To ensure proper test execution, the maneuver was
repeated at least three times (up to a maximum of eight times),
with a 1-min break in between repetitions. As advised by the ATS,
spirometry maneuvers with performance artifacts or variations of
more than 0.150 L between the highest FEV andor FVC values
were discarded. The three repeats’ greatest value was recorded
(Figure 2).

2.7.3. Secondary outcomes

(4) Maximal inspiratory (MIP)/expiratory pressure (MEP)

The MIP and MEP pressures were measured using a
digital respiratory dynamometer (MicroRPM, CareFusion,
Basignstoke, UK) [41]. To minimize air leakage through the
nose during testing, nasal clips were placed on the subjects
who were seated. Patients were instructed to exert their hardest
possible inhalation and exhalation efforts and hold them for
at least 1.5 seconds. To obtain the maximum value of three
maneuvers with <10% variation, MIP was evaluated at residual
volume and MEP at total lung capacity according to the ATS
statement [41] (Figure 2).

(B) Perceived fatigue

We employed the Visual Analog Scale of fatigue (VAS-f) to
quantify the participants’ perceived fatigue after performing
the training session. The VAS-f uses an analog scale of 0 —
100 mm, with 0O representing minimum fatigue (no fatigue) and
100 representing maximum fatigue. The VAS-f scale is useful,
sensitive, and easy to apply [42].

2.8. Procedures

Each participant completed an informed consent document to
participate in the study, in addition to a set of questionnaires to
complete before starting the intervention. These questionnaires

Figure 2. An image of a participant performing the pulmonary function
tests. On the left, the maximal static pressure strength is assessed. On
the right, forced spirometry is performed.

included the TPAQ form and a questionnaire about age, gender,
weight, height, and smoking index. Then, MIQ-R was assessed.
Each participant was then seated and underwent an assessment
of pre-intervention outcome measures (pulmonary function
tests through forced spirometry and maximal static respiratory
pressure). At this time and in a sitting position, patients performed
the MI training, AO protocol, or SO according to the randomized
allocation. Immediately after the intervention, a blinded evaluator
measured all outcome measures (post-intervention). In addition,
just at the end of the intervention, perceived mental training
fatigue was also assessed.

2.9. Data analysis

The statistical data analysis was performed using statistical
SPSS software version 25.0 (SPSS Inc., Chicago, IL, USA).
The normality of the variables was evaluated by the Shapiro —
Wilk test. Descriptive statistics were used to summarize the data
for continuous variables and are presented as mean + standard
deviation, with 95% confidence interval. The -categorical
variables are presented as absolute (number) and relative
frequencies (percentage). A two-way repeated measures analysis
of variance (ANOVA) was conducted to study the effect of the
between-participant “intervention group” factor on each of the
three categories (MI, AO, and SO) and the within-participant
“time” factor, as well as on each of two categories (pre- and
post-intervention) of all the dependent variables. A post hoc
analysis with Bonferroni correction was performed in the case of
significant ANOVA findings for multiple comparisons between
variables. Effect sizes (d) were calculated according to Cohen’s
method, in which the magnitude of the effect was classified as
small (0.20 — 0.49), moderate (0.50 — 0.79), or large (0.8) [43].
The o level was set at 0.05 for all tests. In addition, we compared
the baseline variables between groups with a one-factor ANOVA
to explore whether the groups were homogeneous at the start
of the study. The perceived fatigue outcome measure was also
explored with a one-factor ANOVA.

3. Results

A total of 27 mild smokers participants were included and were
randomly allocated into three groups of 9 participants per group.
All the variables presented a normal distribution. No statistically
significant differences were found between groups for any of the
primary variables, demographic data or self-report variables were
present at baseline between the groups (Table 1). There were no
adverse events reported in either group.

3.1. Pulmonary function
3.1.1.FEV,

The ANOVA revealed significant changes in the FEV,
(L) parameter during time (F = 10.52, P = 0.003, qu = 0.305)
and also during group * time interaction (F = 3.39, P = 0.049,
1]p2 = 0.221). The post hoc analysis revealed significant within-
group differences in the AO group with a moderate effect size
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(mean differences [MD] = 0.37 L (0.17 — 0.56), P = 0.001,
d = 0.51). In addition, the post hoc analysis revealed significant
inter-group differences between the AO and MI group with a large
effect size (MD = 0.724 L (0.07 — 1.37), P = 0.026, d = 1.41)
(Figure 3).

Moreover, the ANOVA revealed significant changes in the FEV|
(%) parameter during time (F =6.74, P=0.016, Ilpz =0.22) but not,
during group * time interaction (F=1.93, P=0.16, rlpzz 0.11). The
post hoc analysis revealed significant within-group differences in
the AO group with a large effect size (MD = 8.55% (2.69 — 14.4),
P=0.006,d=0.99). This implies that participants who underwent
AO training significantly increased their expiratory air volume in
the 1* s after the end of the intervention.

3.1.2.FVC

The ANOVA revealed significant changes in the FVC (L)
parameter during time (F = 6.35, P = 0.019, r1p2: 0.20) but not,
during group * time interaction (F = 1.68, P=0.20, r]pzz 0.10). The
post hoc analysis revealed significant within-group differences in

Table 1. Descriptive statistics of sociodemographic and baseline data

Measures MI (n=9) AO (n=9) SO (n=9) P-value
Age 21.6+3.6 24.6+4.2 20.9+1.1 0.057
BMI (kg/m?) 24.5+3.7 21.6+3.8 23.9+2.5 0.173
Smoking index 2.3+1.5 2.2+1.7 1.4+1.0 0.314
IPAQ 2517.1+407.0  1861.6+£397.7 2326.5+836.8  0.069
MIQR-T 46+4.6 47.0+4.0 46.5+4.7 0.895
MIQR-K 22.7+2.4 23.0£2.5 23.3+£2.6 0.88
MIQR-V 23.242.4 24.0+1.8 23.2+2.5 0.71
Gender 0.09

Male 1(11.1) 2(22.2) 5(55.6)

Female 8(88.9) 7(77.8) 4 (44.4)

Abbreviations: AO: Action observation; MI: Motor imagery; SO: Sham observation;
m: Meter; kg: Kilogram; BMI: Body mass index; MIQR: Movement Imagery
Questionnaire-Revised; T: Total; K: Kinesthetic subscale; V: Visual subscale;
IPAQ: International physical activity questionnaire.

*d=1.41

5- *d=-0.51
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Figure 3. Results of FEV .

Abbreviations: FEV : Forced expiratory volume during the 1*s;
L: liters; AO: Action observation; MI: Motor imagery; SO: Sham
observation.

the AO group with a trivial effect size (MD = 0.1 L (0.02 — 0.16),
P=0.008, d=0.13).

Moreover, the ANOVA revealed significant changes in the
FVC (%) parameter during time (F = 5.08, P = 0.033, I]p2 =0.17)
but not, during group * time interaction (F = 1.19, P = 0.32,
qu = 0.08). The post hoc analysis revealed significant within-
group differences in the AO group also with a trivial effect size
(MD =1.89% (0.30—-3.47), P=0.021, d=0.17). The results seem
to show that the forcibly assessed vital capacity increased slightly
in the participants who undertook AO training.

3.1.3. FEV1/FVC ratio

The ANOVA revealed no significant changes in the FEV /FVC
ratio parameter during time (F = 3.2, P = 0.08, r]p2 =0.12) and
during group * time interaction (F = 0.57, P = 0.56, r]pzz 0.04).

3.1.4. MVV

The ANOVA revealed no significant changes in the MVV
parameter during time (F = 1.73, P =0.20, qu =0.06) and during
group * time interaction (F =0.51, P =0.60, qu =0.041).

3.1.5. PEF

The ANOVA revealed significant changes in the PEF parameter
during time (F = 13.77, P = 0.001, I]p2 = 0.36), but not during
group * time interaction (F = 1.61, P=0.21, n * = 0.11). The post
hoc analysis revealed significant within-group differences in the
AO group with a small effect size (MD = 0.74 L/s (0.29 — 1.18),
P =0.002, d = 0.42) (Figure 4). The results showed that peak
exhaled airflow increased slightly after AO training.

3.2. Maximal respiratory pressure
3.2.1. MIP

The ANOVA revealed no significant changes in the MIP
measurement during time (F = 0.35, P = 0.55, 11p2 = 0.01) and
during group * time interaction (F = 1.79, P =0.18, r1p2 =0.13).

* d=-0.42
8_
e Ml
6—
fg ‘7 AO
2 SO
3 4 J ‘
u"'] L
o
24
0T T |
Q'Qeqo@\' Q‘QQOQ& QQQ'QOQ\'

Figure 4. Results of PEF.
Abbreviations: PEF: Peak expiratory flow; L/s: Liters per second;
AO: Action observation; MI: Motor imagery; SO: Sham observation.
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3.2.2. MEP

The ANOVA revealed significant changes in the MEP
measurement during time (F =3.95, P=0.048, qu =0.144) but not,
during group * time interaction (F = 1.26, P=0.30,1,*>= 0.09). The
post hoc analysis revealed significant within-group differences in the
AO group with a small effect size (MD = 11.22 cmH,0 (0.19 —22.2),
P =0.046, d = 0.33). The MI group showed an increase in MEP
variable, but it was not statistically significant (MD = 5.33 cmH,0
(=5.7 = 16.3), P = 0.33) (Figure 5). The results showed that peak
expiratory pressure increased slightly after AO training.

3.3. Perceived fatigue

With regard the perceived fatigue, the one-way ANOVA showed
statistically significant differences (F = 10.6, P < 0.001). The
post hoc analysis showed statistically significant between-group
differences in AO group in comparison with SO group and also
in MI group in comparison with SO group both with a large effect
size(MD =17.5 (1.8 = 33.3), P=0.026, d = 1.45, and MD = 28.0
(12.2 - 43.7), P <0.001, d = 2.58, respectively), showing greater
levels of perceived fatigue in mental practice groups (Figure 6).

3.4. Sample size calculation

The sample size was estimated with the program G * Power
3.1.7 for Windows (G * Power® from University of Dusseldorf,
Germany) [44]. The sample size calculation was considered
as a power calculation to detect between-group differences in a
primary outcome measure (FEV ). We considered 3 groups and
2 measurements for primary outcomes to obtain 95% statistical
power (1-P error probability) with an o error level probability of
0.05 using ANOVA of repeated measures, between factors, and an
effect size of npz =0.221 obtained from our results. This generated
a sample size of a total of 45 participants (15 per group).

4. Discussion

The main objective of this pilot study was to assess the effects
of MI and AO in isolation on respiratory function in mild smokers.
Regarding pulmonary function parameters, the results showed that
AO training caused a significant increase in the FEV, pre-post-
intervention as an absolute value with a moderate effect size. This
result was not observed for either the MI group or the SO group.
Furthermore, if we look at the FEV, value as a percentage of the
theoretical values, the AO group showed a statistically significant
pre-post intervention increase with a large effect size. This result
was also not found in the MI and SO groups. Moreover, this
increase in FEV | in absolute value was significantly greater than
that found by the MI group at the post-intervention time. With
respect to FVC, significant pre-post-intervention differences were
found only in the AO group, although with an almost negligible
effect size. Concerning the PEF parameter, only the AO group
showed a significant pre-post-intervention increase with a small
effect size. Neither the MI group nor the SO group showed
significant intra-group differences in these variables. However,
no significant differences were found in either group for FEV /

* d=-0.33
140
130 M
3, = AO
:g 120 A SO
)
o 110
I,
=
100
90 1 1 1 1 I 1
X X X
Q@Qo*’ Q‘Q'Qo’" Q&Qo”

Figure 5. Results of maximal expiratory pressure variable.
Abbreviations: MEP: Maximal expiratory pressure; AO: Action
observation; MI: Motor imagery; SO: Sham observation;
cmH,0: Centimeters of water pressure.
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Figure 6. Results of post-intervention perceived fatigue.
Abbreviations: VAS: Visual Analog Scale; AO: Action observation;
MI: Motor imagery; SO: Sham observation.

FVC ratio parameter nor for MVV. Regarding the maximal static
respiratory pressure, only the AO group showed statistically
significant differences with respect to MEP with a small effect size.
However, these differences were not statistically superior to the
MI and SO groups. In relation to MIP, no significant differences
were found in either intervention group. Finally, both mental
training groups (AO and MI) showed greater perceived fatigue
than the SO group, featuring differences with a large effect size.
These results seem to indicate that AO training has a slight
impact on some pulmonary function parameters, as well as on
MEP. It is likely that the improvement in MEP will translate into
an improvement in some parameters of forced spirometry such as
PEF or FEV,. As the improvement in strength seems to be slight,
the improvement in some pulmonary parameters also seems to be
minimal. At this point, it is important to answer the question why
mental training, such as AO training in isolation, could have an
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impact on maximal strength variables and pulmonary volumes
and flows. Several research studies indicate that both mental
practice techniques (MI and AO) provoke a neurophysiological
activation of the areas related to the planning and adjustment of
voluntary movement in a way very similar to when the execution
is carried out [3,4,45]. This is due to the activity of mirror neurons,
discovered by Rizzolatti ez al. in the 1990s [46]. This mirror neuron
system seems to function more efficiently through AO training
than through MI, as it is less demanding, in terms of cognitive
load, to maintain an image than to create and also maintain it [45].
This could be a justification for why AO training elicits greater
changes than MI when both are applied in isolation. In previous
research, we found that AO elicits greater and longer-lasting
motor learning than MI [21], as well as a better sense of short-
term cervical joint repositioning [22]. With respect to the other
variables, AO training appears to lead to greater pain modulation,
as well as greater heart rate response in patients with cervical
pain, as compared with MI [47]. In addition, Cuenca- Martinez
et al. [45] commented that some variables could influence the
process of building a movement image, such as motor experience.
The musculature involved in breathing seems difficult to train,
and therefore, visual input could be more effective than direct
imagination when a motor gesture is complex to perform, as could
be the training of the respiratory musculature, both at tidal volume
and in a forced manner. This could also partly justify why the
MI group did not show intra-group differences. Movement is a
cortical expression because it is planned before it is executed. The
voluntary initiation of both imagined/observed and actual action
is linked to breathing. It is suggested that the respiratory system
is involved in these processes of voluntary movement planning
regardless of whether it culminates in overt movements [48].

Perceived fatigue was also assessed, with the aim of confirming
that the participants undergoing mental practice training, specifically
the MI group, were actually performing the MI protocol. It has been
widely reported that mental fatigue could be the main determinant
of MI [45,49], because the person would stop imagining in
conditions of high mental fatigue, especially in motor gestures with
great difficulty, or if the time of the imagining task is maintained in
a sustained manner. This was also argued earlier by Buccino [2],
who advocates that MI has some intrinsic limits that AO training
does not exhibit because MI is a more demanding tool, in terms
of attention and concentration, compared with AO training. The
loss of attention, as well as the difficulty of the breathing training
exercises, could explain the poor effect of MI in this study.

At the clinical level, it appears that AO training has an impact
on the activity of the expiratory musculature that results in a slight
improvement in maximal strength that also appears to translate
into small improvements in some pulmonary function parameters.
Although it is still early to draw solid conclusions, AO training
could be used in combination with respiratory exercise to see if
the effect is greater than exercise alone. For example, in other
populations such as patients with acute cerebral infarction, mental
practice in combination with a conventional rehabilitation program
has been shown to elicit a greater clinical effect, including improved
blood oxygen to brain tissue, than the conventional rehabilitation

program alone as assessed with functional near-infrared
spectroscopy (fNIRs) technology [50]. In addition, in patients
where actual therapeutic exercise is not possible (e.g., bedridden,
or after surgery), mental practice training could be performed with
the aim of minimizing the impact of immobilization. However,
research studies should be carried out to determine these effects
in different clinical populations with ventilatory disorders, such as
chronic obstructive pulmonary disease, asthma, and lung cancer,
and also to evaluate the medium- and long-term impact.

The present study has some limitations that should be taken
into consideration. First, the main limitation is the small sample
size. Probably, a larger sample would give slightly different
results although this is only an assumption. This pilot study was
used to make an estimate of the sample size and we found that
the final study should contain at least 15 participants for each
group. Second, this study has a theoretical perspective with the
aim of looking at the impact of mental practice in isolation. To
have a more clinical perspective, future studies should evaluate
whether the combination of movement representation techniques
with actual respiratory training would lead to an improvement of
exercise capacity or assess the impact of airway disease on health
status and perceived wellbeing, as compared to actual exercise in
isolation. Finally, the results were derived from the analysis of the
very short-term data. Future studies should include a follow-up to
see if the changes generated by the intervention are sustained over
time. For all these reasons, the results should be interpreted with
caution as this is a preliminary study.

5. Conclusions

AO training has a slight impact on some pulmonary function
parameters, such as FEV , FVC, or PEF, as well as on MEP
when applied in isolation and in a single session. The impact
of MI seems almost non-existent, at least in isolation and in a
single session. At the clinical level, it seems that AO training has
an effect on the activity of the expiratory musculature, resulting
in a slight improvement in maximal strength that also appears to
translate into small improvements in some pulmonary function
parameters. Future studies should combine AO with breathing
exercises to assess whether the effects are more pronounced than
those stemming from breathing exercises in isolation.

Acknowledgments
None.
Funding
Not applicable.
Conflict of Interest
None declared.
Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of Research
in Humans of the Ethics Commission in Experimental Research of

DOI: http://doi.org/10.36922/jctr.00117


http://dx.doi.org/10.18053/jctres.09.202301.007

Cuenca-Martinez et al. | Journal of Clinical and Translational Research 2024; 10(1): 52-61 59

University of Valencia (number: 2301127). Signed written consent
was obtained from the participants before the start of this study.

Consent for Publication

Signed consent was obtained from the participants to use their
images and their data for this study.

Availability of Data

Data are available from the corresponding author upon
reasonable request.

References

[11  Decety J. The Neurophysiological Basis of Motor Imagery.
Behav Brain Res 1996;77:45-52.

[2]  Buccino G. Action Observation Treatment: A Novel Tool
in Neurorehabilitation. Philos Trans R Soc B Biol Sci
2014;369:20130185.
doi: 10.1098/rstb.2013.0185

[3] Wright DJ, Williams J, Holmes PS. Combined Action
Observation and Imagery Facilitates Corticospinal
Excitability. Front Hum Neurosci 2014;8:951.
doi: 10.3389/fnhum.2014.00951

[4] Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP.
Neural Correlates of Action: Comparing Meta-analyses of
Imagery, Observation, and Execution. Neurosci Biobehav
Rev 2018;94:31-44.
doi: 10.1016/j.neubiorev.2018.08.003

[5] Calmels C, Holmes P, Lopez E, Naman V. Chronometric
Comparison of Actual and Imaged Complex Movement
Patterns. J Mot Behav 2006;38:339-48.
doi: 10.3200/JMBR.38.5.339-348

[6]  Wright CJ, Smith D. The Effect of PETTLEP Imagery
on Strength Performance. Int J Sport Exerc Psychol
2009;7:18-31.
doi: 10.1080/1612197X.2009.9671890

[7] Brady N, Maguinness C, Ni Choisdealbha A. My Hand or
Yours? Markedly Different Sensitivity to Egocentric and
Allocentric Views in the Hand Laterality Task. PLoS One
2011;6:e23316.
doi: 10.1371/journal.pone.0023316

[8] Schuster C, Hilfiker R, Amft O, Scheidhauer A, Andrews B,
Butler J, et al. Ettlin, Best Practice for Motor Imagery:
A Systematic Literature Review on Motor Imagery
Training Elements in Five Different Disciplines. BMC
Med 2011;9:75.
doi: 10.1186/1741-7015-9-75

[9] MontuoriS, Curcio G, Sorrentino P, Belloni L, Sorrentino G,
Foti F, et al. Functional Role of Internal and External Visual
Imagery: Preliminary Evidences from Pilates. Neural Plast
2018;2018:7235872.
doi: 10.1155/2018/7235872

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

Ge S, Liu H, Lin P, Gao J, Xiao C, Li Z. Neural Basis
of Action Observation and Understanding From First- and
Third-Person Perspectives: An fMRI Study. Front Behav
Neurosci 2018;12:283.

doi: 10.3389/fnbeh.2018.00283

Vingerhoets G, Stevens L, Meesdom M, Honoré P,
Vandemaele P, Achten E. Influence of Perspective on the
Neural Correlates of Motor Resonance During Natural
Action Observation. Neuropsychol Rehabil 2012;22:
752-67.

doi: 10.1080/09602011.2012.686885

Filgueiras A, Quintas Conde EF, Hall CR. The Neural
Basis of Kinesthetic and Visual Imagery in Sports: An ALE
Meta - analysis. Brain Imaging Behav 2017;12:1513-23.
doi: 10.1007/s11682-017-9813-9

Mount J. Effectiveness of Visual vs Kinesthetic Instruction
for Learning a Gross Motor Skill. Percept Mot Skills
1987;65:715-20.

doi: 10.2466/pms.1987.65.3.715

Solodkin A, Hlustik P, Chen E, Small SL. Fine Modulation
in Network Activation during Motor Execution and Motor
Imagery. Cereb Cortex 2004;14:1246-55.

doi: 10.1093/CERCOR

Fadiga L, Buccino G, Craighero L, Fogassi L, Gallese V,
Pavesi G. Corticospinal Excitability is Specifically
Modulated by Motor Imagery: A Magnetic Stimulation
Study. Neuropsychologia 1998;37:147-58.

doi: 10.1016/S0028-3932(98)00089-X

Hashimoto R, Rothwell JC. Dynamic Changes in
Corticospinal Excitability during Motor Imagery. Exp
Brain Res 1999;125:75-81.

doi: 10.1007/s002210050660

Oishi K, Kasai T, Maeshima T. Autonomic Response
Specificity during Motor Imagery. J Physiol Anthropol
Appl Human Sci 2000;19:255-61.

Decety J, Jeannerod M, Germain M, Pastene J. Vegetative
Response during Imagined Movement is Proportional to
Mental Effort. Behav Brain Res 1991;42:1-5.
Cuenca-Martinez F, Angulo-Diaz-Parrefio S, Feijoo-
Rubio X, Fernandez-Solis MM, Ledn-Hernandez JV, La
Touche R, et al. Motor Effects of Movement Representation
Techniques and Cross-education: A Systematic Review
and Meta-analysis. Eur J Phys Rehabil Med 2022;58:
94-107.

doi: 10.23736/S1973-9087.21.06893-3

Ferrer-Pena R, Cuenca-Martinez F, Romero-Palau M,
Flores-Roman LM, Arce-Vazquez P, Varangot-Reille C,
et al. 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 J Phys Ther 2021;25:698-708.

DOI: http://doi.org/10.36922/jctr.00117


http://dx.doi.org/10.18053/jctres.09.202301.007
http://dx.doi.org/10.1098/rstb.2013.0185
http://dx.doi.org/10.3389/fnhum.2014.00951
http://dx.doi.org/10.1016/j.neubiorev.2018.08.003
http://dx.doi.org/10.3200/JMBR.38.5.339-348
http://dx.doi.org/10.1080/1612197X.2009.9671890
http://dx.doi.org/10.1371/journal.pone.0023316
http://dx.doi.org/10.1186/1741-7015-9-75
http://dx.doi.org/10.1155/2018/7235872
http://dx.doi.org/10.3389/fnbeh.2018.00283
http://dx.doi.org/10.1080/09602011.2012.686885
http://dx.doi.org/10.1007/s11682-017-9813-9
http://dx.doi.org/10.2466/pms.1987.65.3.715
http://dx.doi.org/10.1093/CERCOR
http://dx.doi.org/10.1016/S0028-3932(98)00089-X
http://dx.doi.org/10.1007/s002210050660
http://dx.doi.org/10.23736/S1973-9087.21.06893-3

60

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Cuenca-Martinez et al. | Journal of Clinical and Translational Research 2024, 10(1): 52-61

doi: 10.1016/J.BJPT.2021.11.001

Cuenca-Martinez F, Suso-Marti L, Leén-Hernandez JV, La
Touche R. Effects of Movement Representation Techniques
on Motor Learning of Thumb-opposition Tasks. Sci Rep
2020;10:12267.

doi: 10.1038/s41598-020-67905-7

Cuenca-Martinez F, La Touche R, Ledon-Hernandez JV,
Suso-Marti L. Mental Practice in Isolation Improves
Cervical Joint Position Sense in Patients with Chronic
Neck Pain: A Randomized Single-blind Placebo Trial.
Peer) 2019;7:7681.

doi: 10.7717/peerj. 7681

Cuenca-Martinez F, Suso-Marti L, Sanchez-Martin D,
Soria-Soria C, Serrano-Santos J, Paris-Alemany A,
et al. Effects of Motor Imagery and Action Observation
on Lumbo-pelvic Motor Control, Trunk Muscles Strength
and Level of Perceived Fatigue: A Randomized Controlled
Trial. Res Q Exerc Sport 2020;91:34-46.

doi: 10.1080/02701367.2019.1645941

Losana-Ferrer A, Manzanas-Lopez S, Cuenca-
Martinez F, Paris-Alemany A, La Touche R. Effects of
Motor Imagery and Action Observation on Hand Grip
Strength, Electromyographic Activity and Intramuscular
Oxygenation in the Hand Gripping Gesture: A Randomized
Controlled Trial. Hum Mov Sci 2018;58:119-31.

doi: 10.1016/.humov.2018.01.011

Scott M, Taylor S, Chesterton P, Vogt S, Eaves DL. Motor
Imagery during Action Observation Increases Eccentric
Hamstring Force: An Acute Non-physical Intervention.
Disabil Rehabil 2017;40:1443-51

doi: 10.1080/09638288.2017.1300333

Beaumont M, Forget P, Couturaud F, Reychler G. Effects
of Inspiratory Muscle Training in COPD Patients:
A Systematic Review and Meta-analysis. Clin Respir J
2018;12:2178-88.

doi: 10.1111/CRJ.12905

Tértola-Navarro A, Gallardo-Gomez D, Alvarez-Barbosa F,
Salazar-Martinez E. Cancer Survivor Inspiratory Muscle
Training: Systematic Review and Bayesian Meta-analysis.
BMJ Support Palliat Care 2023;13:e561-¢569.

doi: 10.1136/SPCARE-2022-003861

Silva IS, Fregonezi GA, Dias FA, Ribeiro CT, Guerra RO,
Ferreira GM. Inspiratory Muscle Training for Asthma.
Cochrane Database Syst Rev 2013;2013:CD003792.

doi: 10.1002/14651858.CD003792.PUB2

Torres-Castro R, Solis-Navarro L, Puppo H, Alcaraz-
Serrano V, Vasconcello-Castillo L, Vilaro J, et al.
Respiratory Muscle Training in Patients with Obstructive
Sleep Apnoea: A Systematic Review and Meta-Analysis.
Clocks Sleep 2022;4:219-29.

doi: 10.3390/CLOCKSSLEEP4020020

[30]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

Bostanci O, Mayda H, Yilmaz C, Kabaday1 M, Yilmaz AK,
Ozdal M. Inspiratory Muscle Training Improves Pulmonary
Functions and Respiratory Muscle Strength in Healthy
Male Smokers. Respir Physiol Neurobiol 2019;264:28-32.
doi: 10.1016/J.RESP.2019.04.001

Galvan CC, Cataneo AJ. Effect of Respiratory Muscle
Training on Pulmonary Function in Preoperative Preparation
of Tobacco Smokers. Acta Cir Bras 2007;22:98-104.

doi: 10.1590/S0102-86502007000200004

Ferreira Dias Kanthack T, Guillot A, Saboul D, Debarnot U,
Di Rienzo F. Breathing with the Mind: Effects of Motor
Imagery on Breath-hold Performance. Physiol Behav
2019;208:112583.

doi: 10.1016/j.physbeh.2019.112583

Di Rienzo F, Hoyek N, Collet C, Guillot A. Physiological
Changes in Response to Apnea Impact the Timing of Motor
Representations: A Preliminary Study. Behav Brain Funct
2014;10:15.

doi: 10.1186/1744-9081-10-15

Bang DH, Shin WS, Kim SY, Choi JD. The Effects of
Action Observational Training on Walking Ability in
Chronic Stroke Patients: A Double-blind Randomized
Controlled Trial. Clin Rehabil 2013;27:1118-25.

doi: 10.1177/0269215513501528

Buccino G, Arisi D, Gough P, Aprile D, Ferri C, Serotti L, et al.
Improving Upper Limb Motor Functions through Action
Observation Treatment: A Pilot Study in Children with
Cerebral Palsy. Dev Med Child Neurol 2012;54:822-8.

doi: 10.1111/5.1469-8749.2012.04334 x

Ramos A, Mayayo M. Manual SEPAR de Procedimientos.
Barcelona: Abordaje del Tabaquismo; 2007.

Roman-Vidas B, Serra-Majem L, Hagstromer M, Ribas-
Barba L, Sjostrom M, Segura-Cardona R. International
Physical Activity Questionnaire: Reliability and validity in
a Spanish population. Eur J Sport Sci 2010;10:297-304.
doi: 10.1080/17461390903426667

Mantilla Toloza SC, Gémez-Conesa A. El Cuestionario
Internacional de Actividad Fisica. Un Instrumento
Adecuado en el Seguimiento de la Actividad Fisica
Poblacional. Rev Iberoam Fisioter Kinesiol 2007;10:48-52.

doi: 10.1016/S1138-6045(07)73665-1

Campos A, Gonzalez MA. Spanish Version of the Revised
Movement Image Questionnaire (MIQ-R): Psychometric
Properties and Validation. Revista de Psicologia del
Deporte 2010;19:265-75.

Crapo O, Hankinson JL, Irvin C, Maclntyre NR, Voter KZ,
Wise RA, et al. Standardization of Spirometry, 1994
Update. Am Thorac Soc 2012;152:1107-36.

doi: 10.1164/AJRCCM.152.3.7663792

Gibson GJ, Whitelaw W, Siafakas N. ATS/ERS Statement
on Respiratory Muscle Testing. Am J Respir Crit Care Med

DOI: http://doi.org/10.36922/jctr.00117


http://dx.doi.org/10.18053/jctres.09.202301.007
http://dx.doi.org/10.1016/J.BJPT.2021.11.001
http://dx.doi.org/10.1038/s41598-020-67905-7
http://dx.doi.org/10.7717/peerj.7681
http://dx.doi.org/10.1080/02701367.2019.1645941
http://dx.doi.org/10.1016/j.humov.2018.01.011
http://dx.doi.org/10.1080/09638288.2017.1300333
http://dx.doi.org/10.1111/CRJ.12905
http://dx.doi.org/10.1136/SPCARE-2022-003861
http://dx.doi.org/10.1002/14651858.CD003792.PUB2
http://dx.doi.org/10.3390/CLOCKSSLEEP4020020
http://dx.doi.org/10.1016/J.RESP.2019.04.001
http://dx.doi.org/10.1590/S0102-86502007000200004
http://dx.doi.org/10.1016/j.physbeh.2019.112583
http://dx.doi.org/10.1186/1744-9081-10-15
http://dx.doi.org/10.1177/0269215513501528
http://dx.doi.org/10.1111/j.1469-8749.2012.04334.x
http://dx.doi.org/10.1080/17461390903426667
http://dx.doi.org/10.1016/S1138-6045(07)73665-1
http://dx.doi.org/10.1164/AJRCCM.152.3.7663792

[42]

[43]

[44]

[45]

[46]

Cuenca-Martinez et al. | Journal of Clinical and Translational Research 2024; 10(1): 52-61 61

2002;166:518-624.

doi: 10.15063/RIGAKU.KJ00006203368

Lee KA, Hicks G, Nino-Murcia G. Validity and Reliability
of a Scale to Assess Fatigue. Psychiatry Res 1991;36:291-8.
Cohen J. Statistical Power Analysis for the Behavioral
Sciences. Statistical Power Analysis for the Behavioral
Sciences. 2" ed. Hillsdale, NJ: Lawrence Erlbaum
Associates; 1988. P. 567.

doi: 10.1234/12345678

Faul F, Erdfelder E, Lang AG, Buchner A. GPower:
A Flexible Statistical Power Analysis Program for the
Social, Behavioral, and Biomedical Sciences. Behav Res
Methods 2007;39:175-91.

doi: 10.3758/BF03193146

Cuenca-Martinez F, Suso-Marti L, Ledn-Hernandez JV,
La Touche R. The Role of Movement Representation
Techniques in the Motor Learning Process:
A Neurophysiological Hypothesis and a Narrative Review.
Brain Sci 2020;10:27-48.

doi: 10.3390/brainsci10010027

Rizzolatti G, Fadiga L, Gallese V, Fogassi L. Premotor

[47]

(48]

[49]

Cortex and the Recognition of Motor Actions. Brain Res
Cogn Brain Res 1996;3:131-41.

Suso-Marti L, Leon-Hernandez JV, La Touche R, Paris-
Alemany A, Cuenca-Martinez F. Motor Imagery and
Action Observation of Specific Neck Therapeutic Exercises
Induced Hypoalgesia in Patients with Chronic Neck Pain:
A Randomized Single-Blind Placebo Trial. J Clin Med
2019;8:1019.

doi: 10.3390/jcm8071019

ParkHD,PitonT,Kannape OA,DuncanNW,LeeKY,LaneTJ,
et al. Breathing is Coupled with Voluntary Initiation of
Mental Imagery. Neuroimage 2022;264:119685.

doi: 10.1016/JNEUROIMAGE.2022.119685

Roure R, Collet C, Deschaumes-Molinaro C, Delhomme G,
Dittmar A, Vernet-Maury E. Imagery Quality Estimated
by Autonomic Response is Correlated to Sporting
Performance Enhancement. Physiol Behav 1999;66:63-72.
Dai Y, Huang F, Zhu Y. Clinical Efficacy of Motor Imagery
Therapy Based on fNIRs Technology in Rehabilitation of
Upper Limb Function After Acute Cerebral Infarction. Pak
J Med Sci 2022;38:1980-5.

doi: 10.12669/PJMS.38.7.5344

Publisher’s note

AccScience Publishing remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

DOI: http://doi.org/10.36922/jctr.00117


http://dx.doi.org/10.18053/jctres.09.202301.007
http://dx.doi.org/10.15063/RIGAKU.KJ00006203368
http://dx.doi.org/10.1234/12345678
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.3390/brainsci10010027
http://dx.doi.org/10.3390/jcm8071019
http://dx.doi.org/10.1016/J.NEUROIMAGE.2022.119685
http://dx.doi.org/10.12669/PJMS.38.7.5344

