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Abstract: Virtual reality-guided imagery (VRGI) and mirror therapy (MT) have been used in isola-
tion to treat patients suffering from different injuries. However, no attempts have been made to
understand the effects of combined VRGI and MT added to conventional physical therapy, and no
information exists regarding perceptual responses to these rehabilitation strategies in female foot-
ball players. Thus, this study aimed to examine the effect of MT added to conventional rehabilitation
on psychological readiness and perception of pain in ACL-injured female football players. Thirty
ACL-injured female football players competing in the 2nd and 3rd Italian tier who underwent an
ACL rehabilitation program from the same clinic participated in this study. Players were randomly
distributed in an MT group (n =15) and a CON group (n = 15). All participants reported their per-
ception of pain on a VAS before and after the interventions and their psychological readiness to
return to sport after ACL injury and reconstruction surgery on the ACL-RSI scale after the interven-
tion. An independent-sample t-test was performed to assess between-group differences in post-in-
tervention ACL-RSI, and a further independent-sample t-test to assume non-significant differences
between VAS values before the intervention. A two-way repeated-measures analysis of variance
was used to test the null hypothesis of no different change in VAS over time between groups. After
the intervention, the MT group perceived largely greater psychological readiness (p <0.01). MT and
CON groups experienced a large reduction in VAS after the intervention (p < 0.001). However, a
small time x group interaction was observed (p = 0.023). MT reported a greater perception of the
psychological readiness of the soccer players and a lower perception of pain than those who per-
formed conventional therapy.

Keywords: cognitive approach; LCA; football; psychological readiness; rehabilitation

1. Introduction

The knee, with special emphasis on the anterior cruciate ligament (ACL), is often
cited as the most common injury site in female football players [1-4]. Females are two to
eight times more likely to be injured than their male counterparts, probably because male
and female neuromuscular patterns diverge during and after puberty [5-7]. Biomechani-
cal factors related to ACL injury risk factors have been extensively documented in female
football players [8], underlining slower and less frequent contractions and increased knee
valgus moments during landing compared to male players [9]. Accordingly, return-to-
play strategies following ACL injuries in female football players have been focused on
biomechanical-related performance variables (e.g., derived from a countermovement
jump) [10]. However, no information is available regarding perceptual variables during
the return to play in female football players.

Psychological responses to specific rehabilitation programs have been identified as a
potentially modifiable factor associated with knee function [11-13]. Indeed, attempts to
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understand psychological factors associated with ACL injury rehabilitation have signifi-
cantly increased. In particular, greater psychological readiness to return to sport and
lower fear of re-injury favor returning to the pre-injury level sport after ACL reconstruc-
tion [14]. Psychological readiness to return to practice and competition is a combination
of self-confidence and remaining uninjured, as well as the lack of fear and anxiety [15]. In
this context, the Anterior Cruciate Ligament Return to Sport After Injury (ACL-RSI) ques-
tionnaire is widely accepted among clinicians and practitioners involved in rehabilitation
settings to assess psychological readiness [16]. A previous study conducted on athletes
who underwent ACL reconstruction revealed that using the ACL-RSI, psychological read-
iness to return to sport was related to self-reported symptoms and knee function. The
aforementioned work also showed that female patients had more negative psychological
readiness than male patients. For this reason, they may benefit more from interventions
designed to facilitate a smooth transition back to sport [17]. Beyond psychological readi-
ness, it is important to assess pain perception throughout rehabilitation. In this context,
subjective pain measurements have been extensively adopted in physical therapy settings
and have shown good validity and reliability in various adult populations, albeit limited
information is available in athletic populations [18]. Thus, it would be of interest to un-
derstand the psychological responses of female athletes to different rehabilitation pro-
grams.

Injured athletes can benefit from mental practice, such as hypnosis, meditation, goal
setting, self-talk, and imagery [19]. For example, using imagery (a cognitive skill in which
the athlete creates or recreates an experience in their mind), the athlete simulates reality
by mentally rehearsing a movement, imagining visual, auditory, kinesthetic, olfactory,
and even gustatory (taste) cues [20]. Various studies have shown that imagery, in combi-
nation with traditional physical therapy, can be effective at reducing psychological dis-
tress, such as fear of re-injury and pain perception in first-time anterior cruciate ligament
reconstruction patients [21]. However, as traditional imagery often requires silent envi-
ronment conditions and concentration skills, it is usually replaced by virtual reality-
guided imagery (VRMI), which is based on video game-based exercises that contribute to
movement facilitation and functional training in ludic ways. This technique promotes
movement repetition and improvement of motor skills in different virtual environments
[22] and has been shown to improve motor function in post-stroke patients [23]. Beyond
the aforementioned techniques, mirror therapy (MT) has received significant attention in
the literature. MT is a rehabilitation approach where the reflection (visual input) of a mov-
ing non-affected limb gives the illusion of movement in the affected limb. This strategy
has been used to treat patients suffering from stroke [24,25], complex regional pain syn-
drome, and upper extremity surgeries [26]. However, no information is available regard-
ing MT in athletes.

In summary, both VRMI and MT have been used in isolation to treat patients suffer-
ing from different injuries. However, no attempt has been made to understand the effects
of combined VRMI and MT added to conventional physical therapy, and no information
exists regarding perceptual responses to these rehabilitation strategies in female football
players. Thus, this study aimed to examine the effect of MT added to conventional reha-
bilitation on psychological readiness and perception of pain in ACL-injured female foot-
ball players.

2. Materials and Methods
2.1. Participants

A total of 30 ACL-injured female football players competing in the 2nd and 3rd Ital-
ian tier who underwent an ACL rehabilitation program from the same clinic participated
in this study. Inclusion criteria were an age of >18 years old and a minimum of 3 years
competing on the first team at the national level. All procedures followed the guidelines
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of the Declaration of Helsinki and were in line with established ethical standards in sports
sciences [27]. Written informed consent was obtained from all participants.

2.2. Design

The participants were recruited throughout a 5-year period, as each player under-
went ACL rehabilitation at different times. Players were randomly distributed into an MT
group (n = 15; age, mean + standard deviation [SD] = 33 + 1.8 years old) and a control
group (CON; age = 32 + 1.6 years old). Both MT and CON interventions lasted 20 weeks.
All participants reported pain perception in a VAS before and after the interventions and
their psychological readiness in an ACL-RSI after the intervention.

2.3. Conventional Physical Therapy

The CON group underwent a 20-week conventional physical therapy program.
Training frequency was 5/week with a session length of 60 min. The rehabilitation pro-
gram was divided into three stages, specifically:

¢  Early rehabilitation (1 to 10 weeks): the objectives in this phase are the recovery of
the ROM of the injured joint and controlled walking;

*  Advanced mobilization (from week 11 to 16): the objectives are the complete recovery
of the ROM and the joint and muscle component;

*  Reconditioning (weeks 17 to 20): the objectives are to improve walking and specific
sports exercises for returning to the field.

A certified physiotherapist, based on the acute responses of the patients, adjusted the
intensity of the exercise. The conventional physical therapy used in this study comes from
the Brotzman and Wilk’s method [28].

2.4. Mirror Therapy

The MT group underwent a 20-week conventional physical therapy program plus
MT. Training frequency was 5/week with a session length of 60 min, with MT added 3
times/week for 20-25 min after the end of the conventional physical therapy. The MT con-
sisted of the following;:

1.  Relaxation phase. Typically consists of 3-5 min of relaxation, in which the person is
asked to imagine himself in a warm and relaxing place (a beach, a bathtub) and to
contract and relax the muscles. Adding a relaxation period should improve concen-
tration, promote a more vivid motor image, and improve attention and perfor-
mance.

2. Nuclear phase. 10-15 min follow-up in which suggestions are given for imagining
internal images related to the use of the affected limb in one or more functional
tasks and also through the mirror box.

3. Final Phase. The recording ends with 3 to 5 min of concentrating on what has been
done previously.

The teaching tool used is the exercise of mental representation.
1. Work with exercises in the healthy limb mirror box (work in first person; Table 1).
2. Work with the vision of a video in which, through a background voice, the subject

was asked to visualize specific sports movements and gestures (work in first per-
son).
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Table 1. Mental practice added to conventional physical therapy.

Week 1to 10 Week 11 to 16 Week 17 to 20
Early rehabilitation Advanced mobilization . Return t(,) .
practice/reconditioning
Same as conventional physical =~ Same as conventional Same as conventional
therapy physical therapy physical therapy
Awareness and motor control =~ Proprioceptive learning Technical skills

¢ Joint ROM of the lower limbs
and muscle contraction
¢ Ankle flexion-extension, knee
and hip through the use of the
contralateral limb and
contraction with Mirror box
¢ Awareness of the standing
position via video

Video of standing, walking Video about the technical

forward, backward, 30° . .
. . gesture: passing, kicking,
mini squat, side lunges, . .
shooting, parrying, and

climbing and descending header

stairs

The sets and repetitions vary according to the patient, their health, and pain percep-
tion. Specifically, the mental practice includes:

- Mirror box (10 reps with healthy limb/10 diseased limb, 3 sets for gradual exercise
up to 5 sets recovery every set 1 min). The following presents a series of exercises
that were performed during the 1-10-week period:

*  Quadriceps isometric contraction exercises (patient sitting);
¢  Flexion/extension of the ankle (patient sitting and standing);
*  Knee flexion/extension (patient sitting and standing);

*  Hip flexion/extension/circling (sitting and standing);

* Limb adduction/abduction/circling (sitting and standing).

- Motor (10 views/1 motor repetition x 5 series increasing to 10) from weeks 11-16:

*  Front/side/back lunge (standing);
*  Single-leg squat (standing);
* Bipodalic squat (standing);
*  Ascent and descent of steps (standing).
- Motor (10 views/1 motor repetition x 5 sets increasing to 10) from weeks 17-20:
*  Stroke (linear, zig zag, 8);
*  Stop (internal, external, with the sole, neck);
e  Passage (internal, neck, external);
*  Jump to hit the head;
e Guide the ball;
e Parade.

2.5. Subjective Perception of Pain

At the beginning (week 0) and the end of the treatment (week 20), participants were
asked to complete the 0 to 10 Likert scale again (anchored to two endpoints labeled “no
pain” and “worst pain someone could ever experience”) to report the pain experienced.
This scale is a valid, internally consistent, and reliable measure of pain in different popu-
lations [18].

2.6. Psychological Readiness

At the end of the rehabilitation (week 20), the patients scored their perception of psy-
chological readiness to return to sport after ACL injury and reconstruction surgery on the
ACL-RSI scale. The scale was anchored on a 0 to 100 AU and consisted of 12 items, which
included 5 related to emotions, 5 to confidence in performance, and 2 to risk appraisal.
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Emotion-related questions included (1) Are you nervous about playing your sport? (2) Do
you find it frustrating to have to consider your knee concerning your sport? (3) Do you
feel relaxed about playing your sport? (4) Do you fear reinjuring your knee by playing
your sport? (5) Are you afraid of accidentally injuring your knee by playing your sport?
Questions related to confidence in performance included (6) Are you confident that your
knee will not give way by playing your sport? (7) Are you confident that you could play
your sport without concern for your knee? (8) Are you confident about your knee holding
up under pressure? (9) Are you confident that you can perform at your previous level of
sport participation? (10) Are you confident about your ability to perform well at your
sport? Questions related to risk appraisal were (11) Do you think you are likely to reinjure
your knee by participating in your sport? and (12) Do thoughts of having to go through
surgery and rehabilitation again prevent you from playing your sport?

This scale was found to have high internal consistency (Cronbach alpha, 0.92), and a
fair-to-good predictive ability for a 12-month return-to-sport outcome (area under ROC
curve, 0.75) [16].

2.7. Statistical Analyses

A Shapiro-Wilks test revealed that ACL-RSI and VAS values were normally distrib-
uted within each group at evaluation moments (p > 0.05). An independent sample t-test
was performed to assess between-group differences in post-intervention ACL-RSI. A fur-
ther independent sample t-test was performed to assume non-significant differences be-
tween VAS values before the intervention. A two-way repeated-measures analysis of var-
iance (ANOVA) was used to test for differences in training-induced changes in VAS. The
independent variables included one between-subjects factor (training intervention) with
two levels (MT and CON) and one within-subject factor (time) with two levels (pre- and
post-intervention). To examine the influence of training intervention on the development
of our dependent variable, we used this ANOVA to test the null hypothesis of no different
change over time between groups (training intervention x time interaction). To qualita-
tively interpret the magnitude of differences, effect sizes (d), and associated, 95% confi-
dence intervals (95% CI) were classified as small (0.2-0.5), moderate (0.5-0.8), and large
(>0.8) [29]. Descriptive statistics were presented as estimated marginal mean + standard
error unless otherwise stated. Statistical significance was set at p <0.05. Data analyses were
performed using Statistical Package for Social Science software (IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY, USA).

3. Results

A detailed description of participants’” ACL-RSI scores is reported in Table 2. After
the intervention, the MT group perceived largely greater psychological readiness (d [95%
ClIs]=0.80[0.53; 0.92]; p <0.01; Figure 1). A detailed description of participants’ VAS scores
is reported in Table 3. Both MT and CON groups experienced a large reduction in VAS
after the intervention (d [95% Cls] = 0.96 [0.89; 0.98] and 0.88 [0.71; 0.95], respectively; p <
0.001; Figure 2). However, a small time x group interaction was observed (d [95% Cls] =
0.25[0.28; 0.12]; p = 0.023).

Table 2. Individual Anterior Cruciate Ligament Return to Sport After Injury (ACL-RSI) scores after

the rehabilitation.
Participant’ ID MT Group CON Group
1 67 42
2 71 24
3 64 28
4 72 38
5 62 44
6 74 38
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7 81 32
8 79 46
9 72 36
10 78 34
11 67 35
12 80 36
13 75 40
14 81 36
15 78 35
Mean + SD 72.00 £ 6.32 36.20 £ 6.96
100
2 1 =
5 60 8o
g
£ 40+ S
2 T Oy
< 0 3
0 T T
Mental training Control

Figure 1. Average perception of psychological readiness after the intervention.

Table 3. Perception of pain before and after the treatment.

Participant’ ID MT Group CON Group
Pre Post Pre Post
1 10 2 10 7
2 9 1 10 4
3 10 1 10 3
4 9 2 9 6
5 9 1 9 6
6 9 2 8 4
7 8 3 10 4
8 8 4 8 4
9 10 3 9 2
10 9 2 9 1
11 7 4 7 5
12 8 3 8 6
13 7 5 7 5
14 9 3 8 4
15 10 2 9 5
Mean + SD 9.1+09 21+09 92+1.8 41+18
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(a)
10+

Arbitrary units

(b)
104

Arbitrary units

n £ o2}

1 1 1
W

I
Pre Post

Figure 2. (a) Average perception of pain before and after the intervention in the Mirror therapy
group. (b) Average perception of pain before and after the intervention in the Control group.

4. Discussion

The main finding of this pilot study was that female football players undergoing MT-
based rehabilitation reported a greater perception of psychological readiness compared
to those involved in conventional physical therapy. Both groups experienced a similar
reduction in pain perception after the rehabilitation. Undergoing ACL rehabilitation
sooner after injury, along with a high motivation to return to sports, may impact a player’s
return to play after an ACL injury [30].

An injury weakens an athlete’s physical ability, but above all there is the psycholog-
ical aspect. According to a study, 55% of athletes resume playing sports after surgery, but
at a lower level than that practiced before getting hurt [31]. Therefore, it is very important
to take care of the rehabilitation adequately. The optimal duration of the mental training
sessions was 20-25 min, as it was found that longer sessions could reduce motivation and
increase negative effects, such as boredom. Having greater psychological readiness dur-
ing rehabilitation is an important factor that should not be underestimated concerning
returning to sports. As for pain, thanks to mental training, MT footballers have reduced
pain perception to almost a minimum, compared to the CON group, which maintained
average levels. At the beginning of the project, both the athletes of the MT and CON
groups had expressed high values in terms of pain perception on the VAS test, and the
constant pain often limited rehabilitation sessions for both groups. Gradually, however,
the MT group began to show a more positive and proactive attitude during the sessions.
In fact, at the end of the rehabilitation project, when the Sport after Injury scale was ad-
ministered, it emerged that they had developed adequate self-efficacy to return to sport.
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Also, in terms of engines, they presented less lameness and fear of returning to the field.
This may also be due to a greater regression of pain compared to the control group.

Understanding the relationship between psychological factors and returning to
sports is essential because most athletes recover good physical function after surgery, yet,
many athletes with good knee function do not return to sports [14]. For example, at the
amateur level, an estimated 32% of female football players do not return to sport, and
those who do return to competition have a high re-injury risk, particularly to the contra-
lateral limb [32]. Additionally, most athletes who drop out following an injury reported
that the main factors preventing them from returning are fear of new trauma and pain
[21]. On the other hand, psychological readiness to return to sport and recreation seems
to be the factor most strongly associated with returning to preinjury activity [33]. It would
be crucial to address these factors during rehabilitation [34,35], and this practice can also
be useful for performance strengthening [36,37].

This study has some limitations. First, the sample consists of a small number of par-
ticipants. Second, the protocol administered did not follow a validation procedure. Fi-
nally, pain perception should have been measured at each therapy session; instead, in our
case, it was measured only at the beginning and end of treatment. Given these limitations,
there is a need to replicate the study to extend beyond the generalization of the results
obtained.

5. Conclusions

Mirror therapy reported a greater perception of the psychological readiness of the
soccer players and a lower perception of pain compared to those who performed conven-
tional therapy. Although both groups experienced a similar reduction in pain perception
after rehabilitation, those who performed mirror therapy felt more ready to return to
sports. It is important to consider the psychological aspect concerning players, as the fear
of new injuries can affect their return to sport. For Mirror Therapy to become a standard
module of treatment in sports rehabilitation, there is a need for collaboration between the
physical therapist and other staff professionals, such as the mental coach, sports psycholo-
gist, osteopath, and orthopedic surgeon. They could define a protocol to improve function
and perceived quality of life, not only in the rehabilitation treatment of athletes in the post-
acute but also in the chronic phase. The total duration of the treatment could vary from 1
week to 8 weeks. Fifty percent of the treatments have an intervention period of 4 weeks
[38], with a frequency ranging from 3 to 5 sessions per week. Each session’s duration could
vary from 20 to 90 min.

Author Contributions: Conceptualization, G.A.; methodology, F.D.; validation, G.R.; formal analy-
sis, G.E.; investigation, T.D.; data curation, G.A.; writing, G.E.; supervision, F.D.; project administra-
tion, G.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted in accordance with the Declaration of Hel-
sinki. Ethical review and approval were waived for this study because it was an educational re-
search study. In addition, according to the Ethical Principles and Guidelines for the Protection of
Human Subjects of Research of the U.S. Department of Health & Human Services: “innovative or
newly introduced therapies do not require IRB or Ethics Committee review and approval”. An in-
novative therapy (such as Mirror therapy) is an intervention designed solely to enhance the well-
being of an individual patient or client, which is also non-invasive. No sensitive data were collected.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. All individuals involved in the study were guaranteed anonymity and were provided with
complete and honest information about the content, purpose, and process of the research in an un-
derstandable way. No individual was forced to participate.

Data Availability Statement: Data available on request from the corresponding author.



J. Funct. Morphol. Kinesiol. 2022, 7, 113 9 of 10

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Giza, E.; Mithofer, K.; Farrell, L.; Zarins, B.; Gill, T. Injuries in women's professional soccer. Br. |. Sport. Med. 2005, 39, 212-216.
https://doi.org/10.1136/bjsm.2004.011973.

Ostenberg, A.; Roos, H. Injury risk factors in female European football. A prospective study of 123 players during one season.
Scand. ]. Med. Sci. Sport. 2000, 10, 279-285. https://doi.org/10.1034/j.1600-0838.2000.010005279.x.

Soderman, K; Pietild, T.; Alfredson, H.; Werner, S. Anterior cruciate ligament injuries in young females playing soccer at senior
levels. Scand. ]. Med. Sci. Sport. 2002, 12, 65-68. https://doi.org/10.1034/j.1600-0838.2002.120201 .x.

Waldén, M.; Hagglund, M.; Magnusson, H.; Ekstrand, J. Anterior cruciate ligament injury in elite football: A prospective three-
cohort study. Knee Surg. Sport. Traumatol. Arthrosc. 2011, 19, 11-19. https://doi.org/10.1007/s00167-010-1170-9.

Hewett, T.E.; Myer, G.D.; Ford, K.R. Anterior cruciate ligament injuries in female athletes: Part 1, mechanisms and risk factors.
Am. . Sport. Med. 2006, 34, 299-311. https://doi.org/10.1177/0363546505284183.

Renstrom, P.; Ljungqvist, A.; Arendt, E.; Beynnon, B.; Fukubayashi, T.; Garrett, W.; Georgoulis, T.; Hewett, T.E.; Johnson, R.;
Krosshaug, T.; et al. Non-contact ACL injuries in female athletes: An International Olympic Committee current concepts state-
ment. Br. J. Sport. Med 2008, 42, 394—412. https://doi.org/10.1136/bjsm.2008.048934.

Wild, C.Y; Steele, J.R.; Munro, B.J. Why do girls sustain more anterior cruciate ligament injuries than boys?: A review of the
changes in estrogen and musculoskeletal structure and function during puberty. Sport. Med. 2012, 42, 733-749.
https://doi.org/10.1007/bf03262292.

Datson, N.; Hulton, A.; Andersson, H.; Lewis, T.; Weston, M.; Drust, B.; Gregson, W. Applied physiology of female soccer: An
update. Sport. Med. 2014, 44, 1225-1240. https://doi.org/10.1007/s40279-014-0199-1.

Malinzak, R.A.; Colby, S.M.; Kirkendall, D.T.; Yu, B.; Garrett, W.E. A comparison of knee joint motion patterns between men
and women in selected athletic tasks. Clin. Biomech. 2001, 16, 438-445. https://doi.org/10.1016/s0268-003300019-5.

Taberner, M.; van Dyk, N.; Allen, T.; Jain, N.; Richter, C.; Drust, B.; Betancur, E.; Cohen, D.D. Physical preparation and return
to performance of an elite female football player following ACL reconstruction: A journey to the FIFA Women’s World Cup.
BM] Open Sport Exerc. Med. 2020, 6, €000843. https://doi.org/10.1136/bmjsem-2020-000843.

Czuppon, S.; Racette, B.A.; Klein, S.E.; Harris-Hayes, M. Variables associated with return to sport following anterior cruciate
ligament reconstruction: A systematic review. Br. J. Sport. Med. 2014, 48, 356-364. https://doi.org/10.1136/bjsports-2012-091786.
Everhart, ].S.; Best, T.M.; Flanigan, D.C. Psychological predictors of anterior cruciate ligament reconstruction outcomes: A sys-
tematic review. Knee Surg. Sport. Traumatol. Arthrosc. 2015, 23, 752-762. https://doi.org/10.1007/s00167-013-2699-1.

te Wierike, S.C.; van der Sluis, A.; van den Akker-Scheek, I; Elferink-Gemser, M.T.; Visscher, C. Psychosocial factors influencing
the recovery of athletes with anterior cruciate ligament injury: A systematic review. Scand. J. Med. Sci. Sport. 2013, 23, 527-540.
https://doi.org/10.1111/sms.12010.

Ardern, C.L.; Kvist, J.; Webster, K.E. Psychological Aspects of Anterior Cruciate Ligament Injuries. Oper. Tech. Sport. Med. 2016,
24, 77-83. https://doi.org/https://doi.org/10.1053/j.0tsm.2015.09.006.

Forsdyke, D.; Smith, A.; Jones, M.; Gledhill, A. Psychosocial factors associated with outcomes of sports injury rehabilitation in com-
petitive athletes: A mixed studies systematic review. Br. ]. Sport. Med. 2016, 50, 537-544. https://doi.org/10.1136/bjsports-2015-094850.
Webster, K.E; Feller, ].A. Development and Validation of a Short Version of the Anterior Cruciate Ligament Return to Sport
After Injury (ACL-RSI) Scale. Orthop. ]. Sport. Med. 2018, 6, 2325967118763763. https://doi.org/10.1177/2325967118763763.
Webster, K.E.; Nagelli, C.V.; Hewett, T.E.; Feller, ]J.A. Factors Associated With Psychological Readiness to Return to Sport After
Anterior  Cruciate = Ligament  Reconstruction  Surgery. Am. ] Sport.  Med 2018, 46,  1545-1550.
https://doi.org/10.1177/0363546518773757.

Karcioglu, O.; Topacoglu, H.; Dikme, O.; Dikme, O. A systematic review of the pain scales in adults: Which to use? Am. J. Emerg.
Med. 2018, 36, 707-714. https://doi.org/https://doi.org/10.1016/j.ajem.2018.01.008.

Santi, G.; Pietrantoni, L. Psychology of sport injury rehabilitation: A review of models and interventions. J. Hum. Sport. Exerc.
2013, 8, 1029-1044. Available online: https://www jhse.ua.es/article/view/2013-v8-n4-psychology-of-sport-injury-rehabilitation-
a-review-of-models-and-interventions (accessed on 30 October 2022).

Feltz, D.; Landers, D. The Effects of Mental Practice on Motor Skill Learning and Performance: A Meta-analysis. J. Sport Psychol.
1983, 5, 25-57. https://doi.org/10.1123/jsp.5.1.25.

Rodriguez, R M.; Marroquin, A.; Cosby, N. Reducing Fear of Reinjury and Pain Perception in Athletes With First-Time Anterior
Cruciate Ligament Reconstructions by Implementing Imagery Training. J. Sport Rehabil. 2019, 28, 385-389.
https://doi.org/10.1123/jsr.2017-0056.

Feng, X.; Winters, ] M. A pilot study evaluating use of a computer-assisted neurorehabilitation platform for upper-extremity
stroke assessment. J. Neuroeng. Rehabil. 2009, 6, 15. https://doi.org/10.1186/1743-0003-6-15.

Alves, S.S.; Ocamoto, G.N.; de Camargo, P.S.; Santos, A.T.S.; Terra, A.M.S.V. Effects of virtual reality and motor imagery tech-
niques using Fugl Meyer Assessment scale in post-stroke patients. Int. ]. Ther. Rehabil. 2018, 25, 587-596.
https://doi.org/10.12968/ijtr.2018.25.11.587.

Gandhi, D.B.; Sterba, A.; Khatter, H.; Pandian, ].D. Mirror Therapy in Stroke Rehabilitation: Current Perspectives. Ther. Clin.
Risk. Manag. 2020, 16, 75-85. https://doi.org/10.2147/TCRM.S5206883.



J. Funct. Morphol. Kinesiol. 2022, 7, 113 10 of 10

25.

26.
27.
28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Sayegh, S.A.; Filén, T.; Johansson, M.; Sandstrém, S.; Stiewe, G.; Butler, S. Mirror therapy for Complex Regional Pain Syndrome
(CRPS)-A  literature review and an illustrative case report. Scand. ]. Pain 2013, 4, 200-207.
https://doi.org/10.1016/j.sjpain.2013.06.002.

Ezendam, D.; Bongers, R.M.; Jannink, M.].A. Systematic review of the effectiveness of mirror therapy in upper extremity func-
tion. Disabil. Rehabil. 2009, 31, 2135-2149. https://doi.org/10.3109/09638280902887768.

Winter, E.M. Maughan, R.J. Requirements for ethics approvals. ]. Sport. Sci 2009, 27, 985.
https://doi.org/10.1080/02640410903178344.

Brotzman, S.B.; Wilk, K.E. Low back injuries. In Clinical Orthopedic Rehabilitation; Mosby: Philadelphia, PA, USA, 2003; pp. 557-558.
Cohen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd edition. Lawrence Erlbaum Associates, 1988.

Faltstrom, A.; Hagglund, M.; Kvist, J. Factors associated with playing football after anterior cruciate ligament reconstruction in
female football players. Scand. J. Med. Sci. Sport. 2015, 26, 1343-1352. https://doi.org/10.1111/sms.12588.

Ardern, C.L,; Taylor, N.F.; Feller, J.A.; Webster, K.E. Fifty-five per cent return to competitive sport following anterior cruciate
ligament reconstruction surgery: An updated systematic review and meta-analysis including aspects of physical functioning
and contextual factors. Br. J. Sport. Med. 2014, 48, 1543-1552. https://doi.org/10.1136/bjsports-2013-093398.

Brophy, R.H.; Schmitz, L.; Wright, RW.; Dunn, W.R,; Parker, R.D.; Andrish, ].T.; McCarty, E.C.; Spindler, K.P. Return to play
and future ACL injury risk after ACL reconstruction in soccer athletes from the Multicenter Orthopaedic Outcomes Network
(MOON) group. Am. ]. Sport. Med. 2012, 40, 2517-2522. https://doi.org/10.1177/0363546512459476.

Ardern, C.L,; Osterberg, A.; Tagesson, S.; Gauffin, H.; Webster, K.E.; Kvist, ]. The impact of psychological readiness to return to
sport and recreational activities after anterior cruciate ligament reconstruction. Br. ]. Sport. Med. 2014, 48, 1613-1619.
https://doi.org/10.1136/bjsports-2014-093842.

Medvecky, M.; Nelson, S. Kinesiophobia and Return to Sports After Anterior Cruciate Ligament Reconstruction. Conn. Med.
2015, 79, 155-157.

Parsons, L.M. Temporal and kinematic properties of motor behavior reflected in mentally simulated action. J. Exp. Psychol. Hum.
Percept. Perform. 1994, 20, 709-730. https://doi.org/10.1037/0096-1523.20.4.709.

Raiola, G.; Scassillo, I; Parisi, F.; Di Tore, P. Motor imagery as a tool to enhance the didactics in physical education and artistic
gymnastic. J. Hum. Sport Exerc. 2013, 8, 93-97. https://doi.org/10.4100/jhse.2012.8.Proc2.11.

Raiola, G.; Tafuri, D.; Gomez Paloma, F. Physical activity and sport skills and its relation to mind theory on motor control. Sport
Sci. 2014, 7, 52-56.

Harmsen, W.J.; Bussmann, J.B.; Selles, R.W.; Hurkmans, H.L.; Ribbers, G.M. A mirror therapy-based action observation proto-
col to improve motor learning after stroke. Neurorehabil. Neural Repair 2015, 29, 509-516.



