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Abstract

Objective: Mirror therapy (MT) is an important technique in the rehabilitation of patients who experience pain
and decreased function. However, there are limited research studies on its application and effectiveness in shoulder
pathologies, especially when it is applied as a part of graded motor imagery (GMI). The present study aims to highlight a
novel therapeutic approach for the treatment of shoulder painful pathologies, using an innovative Mirror Therapy (Fekos
Mirror Therapy) method in combination with motor imagery.

Purpose: To investigate the efficacy of a novel MT included in an aggressive GMI protocol regarding pain reduction
and range of motion (active shoulder flexion) restoration in patients with painful shoulder conditions.

Methods: A novel GMI programme (Implicit Motor Imagery, Explicit Motor Imagery, and Fekos Mirror Therapy) was
applied in five female patients (age: 18 -77 years) with symptoms of pain and decreased active range of motion for
more than three months, for four treatment sessions (one-hour sessions). Variables assessed in each session included
the active shoulder flexion (SpineCor®), pain (VAS), accuracy and response time in laterality recognition of the body
(Recognise Online™) and the motor imagery ability (the Kinesthetic and Visual Imagery Questionnaire/KVIQ - 10).

Results: KVIQ-10 showed improvement in the motor imagery ability for the two sub-scales. The active shoulder
flexion was increased and the pain decreased in all five patients, but the last one with fluctuation. According to Recognise
Online™ programme, only one patient scored higher response times and lower accuracy for the affected limb compared
to the healthy one.

Conclusions: Central nervous system damage is present in chronic musculoskeletal patients, and GMI protocol
containing Fekos Mirror Therapy technique may have a positive effect on the recovery of painful joint functional capacities.
This method is in need of further implementation in randomized control studies for the confirmation of its efficacy.
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imagery; Pain; Active range of motion; Implicit motor imagery Imagery (EMI) and Mirror Therapy [2,6,9-26]. The design of the process
promotes a better cortical organization and brain function [16,27].
Introduction It is believed that each stage allows an increase in firing the brain

regions, which are related to the desired activity, and aims to ignore the
“explosion” of pain neurotag [27]. In clinical practice, the patient uses
the IMI performing variable image orientation recognition exercises,
in which the right or the left side of the body is represented [16,27,28].
The next stage of GMI includes EMI, which requires the patient to
mentally represent specific positions of his body member [16,27]. This
is a broader term of Mental Practice, which is defined as the widely
repeated, conscious and systematic mental exercise, which improves

Mirror therapy (MT) is a therapeutical technique in which a
mirror box, is utilized in the treatment of several musculoskeletal and
neurological injuries and diseases. During MT, the patient stands in
front of a mirror that is placed in the sagittal plane of his body, blocking
the view of the (affected) limb, which is positioned behind the mirror.
With this setting, the patient sees the reflection of the unaffected
extremity placed as the affected one and a visual illusion was created
in which a movement of the healthy extremity can be perceived as
affecting the painful (or paretic) extremity (Figures 1 and 2) [1].
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Figure 2: The mirror apparatus: Patient viewing unaffected limb in mirror with
affected limb hidden [12].

performance [27,29]. The third stage involves the use of a mirror, which
has been used for years to treat phantom limb pain and it has proven
that there are clear beneficial effects of complex, painful situations
[27,30]. In its usual clinical application, the affected limb is placed
behind the mirror and the unaffected in front of it. This constitutes the
major problem of this application in the shoulder region.

There are only few research efforts which aim to treat the region of
the shoulder by the use of the MT, and most of them are based on the use
of technology [16,31,32] or use uncomfortable positions for the average
shoulder flexion [33]. Therefore, finding a new way of implementing MT
would help in the treatment of the shoulder pathologies. The purpose of
this research effort is the pilot implementation of a therapeutic protocol
using a mirror for the treatment of shoulder, in combination with
motor imagery techniques.

Methods
Participants

Five female patients (age range: 18-77 - the average age of
approximately 50.3 years) participated in the study. These patients
were suffering from diseases of the shoulder girdle (Table 1), which
are accompanied by pain and limited range of motion. All of them a)
were out-clinic patients, b) had a medical diagnosis of their pathology
and c) were referred for physiotherapy. Before their participation in the
survey, participants were informed about the goals of the study and
signed an informed consent.

Inclusion/exclusion criteria

Inclusion criteria for this research included the reduced active range
of shoulder flexion and pain in the shoulder area, for longer than three
months (> 3 months). Patient who experienced additional pain, spread

in the shoulder area, were not excluded. Exclusion criteria included a)
neurological disease, b) psychiatric pathologies, c) all kinds of cancer
d) acquired immunodeficiency syndrome and e) rare pathologies. The
first two exclusion criteria were set because the patients should fully
understand and be able to be focused on the treatment. The decision
to exclude patients who met one or more of the following criteria (c,
d, e) obtained due to insufficient knowledge about the human body’s
reactions after application of this treatment programme.

Experimental procedure

The research process was characterized by eight days duration and
the repetitions of treatment were about twenty; the interventions and
measurements took place in the same room of a private physiotherapy
clinic. The interventions and evaluations conducted in a room (3.60
m X 2.40 m x 2.45 m) in which it was possible to regulate lighting,
temperature, noise and the number of present people. The adjustment
of the light and the room temperature were done with switches that
were on the wall. Additionally, the room lighting set with the help of
covering the windows, using a manual mechanism. Regarding the noise
and the presence of other people in the room, there was a door which
insulates exterior noise, the windows were closed, and the entrance to a
third person was strictly prohibited during the treatments. The selection
of the treaties was to facilitate the gathering of patients, through a mild
temperature and dark environment. The room conditions were fixed for
each session and listed in Table 2.

The temperature and the number and kind of attended persons
remained stable. Instead, the lighting changed depending on the
requirements of the treatment programme. More specifically, upon
completion of the demographic form and general patient assessment,
during measuring the range of motion and the execution of Fekos
Mirror Therapy method, the room was bright, because the vision was
an essential element for their execution. However, during the stages
EMI [19] and IMI and during the assessment of motor imagery ability,
the lighting remained low, in order to prevent external threatening
visual stimuli of light and increase the concentration of the patients.

During the research process, the patients were placed in a sitting
position to complete the demographic form and general patient
assessment, the measurement of range of motion, and the performance of
IMI and EMI. Dickstein and Deutsch emphasize that the sitting position
is particularly important to promote the relaxation of the necessary
concentration of EMI [34], as required. For the implementation of
innovative Fekos Mirror Therapy method programme, the participants
were upright. The evaluation of motor imagery ability was done with
the patients placed in sitting position for the points A, B and D, while in
standing position for the points C and E. During the sitting position, a

Table 1: Medical diagnosis of participants.

Patients Medical diagnosis
Patient 1 | Supraspinatus muscle tendinitis

i Frozen shoulder, after partial rupture of the supraspinatus muscle
Patient 2

tendon

Patient 3 |Supraspinatus muscle tendinitis

Patient 4 Ankylosing spondylitis, with stiffness and pain in the shoulder
Patient 5 Fracture of the clavicle and shoulder pain

Table 2: Treatment room conditions.

Temperature 22°C
Lighting Low, High
Present people Patient and physiotherapist (2 people)
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chair without arm support used, while during the performance of IMI,
a physiotherapy bed was used for placing the computer.

The patients were informed for the first time, for the therapeutic
intervention, the first day they came for treatment. The information
included the number of sessions, the duration of each session, a report
of the three stages of the treatment programme, by name, and the type
and number of measurements. All the interventions and measurements
were made by the same physiotherapist to secure homogeneity of
intervention because this therapeutic procedure is characterized
by high-level guidance and it is highly dependent on the therapist.
Completion of demographic data and the pain measurement was done
in collaboration between the patient and the physiotherapist, and he
had the role of explaining them the points which had to be filled. The
patients received four therapeutic interventions in total. They were
asked to come consecutive days, to decrease the unpleasant situations
of additional external injuries, which would alter the results of the
research process. Each intervention lasted one hour, approximately, and
was based on the following techniques: motor imagery and MT. The
therapeutic programme also was based on the principle of progressivity
and consisted of three parts [16,27]. These were applied with the
following series: IMI, EMI and Fekos Mirror Therapy method.

Treatment method

Implicit motor imagery: The left/right judgment exercises [21,35]
were applied to the shoulder area and the data were collected through
the Recognise Online™ programme [27,36]. Tests were applied to the
following image categories basic, vanilla, context, and abstract, based
on the principle of progressivity.

a)  Procedure: The patient was sitting in front of a laptop (Acer
Extensa 5230E). The instructions they received were to place the right
finger on the right button and the left finger on the left button of the
keyboard, to choose as quickly and correctly as possible if presented a
right or left shoulder image (Table 3).

Explicit motor imagery: A series of voluntary movements was
applied mentally in the next step of the GMI programme. The aim was
that the patients to represent anatomically and functionally the shoulder
flexion, through a considerably guiding programme. The main body of
the programme ‘Explicit Motor Imagery” was based on the research of
Frenkel et al. [37] and it was partially modified.

a) Procedure: Patients were seated in a chair with their eyes closed,
during most time of the programme (Tables 4 and 5).

Fekos mirror therapy method: During the third and final stage
of GMLI, the patients performed a series of specially designed exercises
using a mirror.

a) Procedure: The patients were placed just in front of a mirror
(dimensions: 104 cm x 50 ¢cm) (Figure 3). The mirror was made of
sharp glass, which does not deform the reflected body. Before the
programme implementation, the factor of similarity of the two body
sides was tested, the lack of which would reduce the quality of illusion,
and so the objects from the upper limbs of patients were removed. The
aim of the process was to create the impression that the patients see the
suffered shoulder in the mirror through the illusion, when in fact the
reflection of the healthy side is depicted. In order to achieve this, the
therapist explained in detail such complex procedure, during the first
appointment.

The discussion included the following:
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Table 3: Implicit motor imagery programme.
Implicit Motor Imagery

1: Recognize 2: Test 3: Category 4: Options
Left & Right Basic Shoulders show 20,30,40

Vanilla display for 10 sec

Context

Abstract
1stsession

Left & Right, basic, shoulders, show 20 + display for 10 sec
Left & Right, basic, shoulders, show 20 + display for 10 sec
Left & Right, basic, shoulders, show 30 + display for 10 sec
Left & Right, basic, shoulders, show 30 + display for 10 sec

2 session:

Left & Right, basic, shoulders, show 20 + display for 10 sec
Left & Right, vanilla, shoulders, show 20 + display for 10 sec
Left & Right, vanilla, shoulders, show 30 + display for 10 sec
Left & Right, vanilla, shoulders, show 40 + display for 10 sec
3 session:

Left & Right, vanilla, shoulders, show 20 + display for 10 sec
Left & Right, context, shoulders, show 20 + display for 10 sec
Left & Right, context, shoulders, show 30 + display for 10 sec
Left & Right, context, shoulders, show 40 + display for 10 sec
4t session:

Left & Right, context, shoulders, show 20 + display for 10 sec
Left & Right, abstract, shoulders, show 20 + display for 10 sec

Left & Right, abstract, shoulders, show 30 + display for 10 sec
Left & Right, abstract, shoulders, show 40 + display for 10 sec

- Physiotherapist: Look at the mirror and shake the fingers of your
right hand. Which hand do you see in the mirror?

- Patient: I see the right one.

- Physiotherapist: Look again and think of yourself appearing in
the mirror.

- Patient: Yes

- Physiotherapist: Now observe which of the two hands moves.
- Patient: The left!!!

- Physiotherapist: Are you sure that it is the left?

- Patient: Yes, I see my left hand moving!!!

After understanding the therapeutic procedure, the therapeutic
programme for the shoulder area was launched (Tables 6 and 7). The
treatment was based on the suggestive programme [27]. During the
programme, the patients focused on their affected limb presented in
the mirror, and were asked not to take their eyes from the “reflected and
affected” area of the shoulder. Unlike the fundamental view about the
simultaneous movements of the two limbs [5,27,30], in this research,
the exercises are performed separately for the affected and non-affected
limb. The execution of movements to the “real affected” side was away
from the mirror, 90 degrees shift of the patient, to look on the wall. Such
choice can be justified by two reasons (Figure 4). The first reason is the
existence of the possibility to display worsening pain and functional
impairment due to the simultaneous mobilization of the hidden and
the visible limb. The second explanation is related to avoid causing any
visual confusion between the affected and non-affected side of the body,
which will lead to the disturbance of the acquired illusion. Perhaps, this
means that the illusion might be kept after the absence of the mirror
where the mind is focused on the illusory activity. To make the illusion
last longer, the therapist was guiding the patient in the following way:
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Level 1: movement of the joint

A) Select photos of the affected limb.

B) List of images of the affected (treating) area.
C) Design the range of motion, and level and direction of movement.

Table 4: Explicit motor imagery programme.

Explicit Motor Imagery

Design:
. C1) initial, comfortable / neutral 0 position of the limb,
. C2) final position of the limb,
. C3) restoring position / initial position of the limb,
L]

C4) range of motion with arrows.

Level 2: description of the movement.
A) The therapist moves his or her limb (the same limb with the patient’s affected side) to teach him (x 3).
They are shown:
A1) initial, comfortable / neutral 0 position of the limb,

A2) final position of the limb,

A3) returning position / initial position of the limb,

A4) trajectory of the movement.

B) The therapist moves the patient's healthy limb to teach him about the movement: a) with open eyes and b) with closed eyes (x 3)
B1) initial, comfortable / neutral O position of the limb,

B2) final position of the limb,

B3) returning position / initial position of the limb,

B4) trajectory of movement.

C) The therapist asks the patient to express the movement verbally (x 1).

Level 3: guidance of the movement, key points identification
A) Key points:

B) Linking the key points to the kinesthetic concept:

A1) Up and slowly: controlled flexion,

A2) down and slowly: controlled extension (return).

B1) pilot execution with the healthy limb.
Level 4: Mental Practice and movement with the healthy limb of the body (Motor Imagery teaching)
A) Active movement with the healthy limb (3 x open eyes) and observation of the limb.
B) "Visual Motor imagery" (2 x healthy, 2 x affected): mental representation with closed eyes of static positions (initial position, middle position, final position).
C) Active movement with the healthy side (3 x closed eyes).
D) Kinaesthetic Motor Imagery (2 x healthy, 2 x affected): mental representation of the movement with closed eyes and the ability to see and feel herself moving.
Level 5: Mental Practice programme execution
A) Active movement with the healthy limb (3 x open eyes) and observation of the limb
B) Kinaesthetic Motor Imagery:

1 x healthy, 1 x affected,
1 x healthy, 3 x affected,
1 x healthy, 5 x affected,
break for 1 minute
- , 10 x affected

Notes: The patient opens the eyes in every limb switch. The patient reports the word "stop" whenever a motor imagery process ends.
C) Kinaesthetic Motor Imagery of a functional activity (integration of memory with functional activity through "Motor Imagery"):

C1: Question about activity,

C2: Execution (1x healthy, 3 x affected)
Level 6: Active physical execution of the movement.

Execution of the movement once (highest level: 3 in Oxford scale).

Table 5: The functional tasks, which were executed for the level 5 (C2).

15t session 2" session 3 session 4™ session
Patient 1 reach and grasp the book of the tall reach and grasp the book of the tall reach and grasp the plate of the tall reach and grasp the plate of the tall
i
shelf shelf shelf shelf
Patient 2 reach and grasp the glass of the tall | reach and grasp the glass of the tall reach and grasp the vase of the tall reach and grasp the vase of the tall
shelf shelf shelf shelf
X clean the highly located shelf with a clean the highly located shelf with a " . . .
Patient 3 clean the ceiling with a cloth clean the ceiling with a cloth
cloth cloth
X clean the highly located shelf with a clean the highly located shelf with a . . . . . i
Patient 4 paint the ceiling with a cloth paint the ceiling with a cloth
cloth cloth
reach and grasp the cup of the tall reach and grasp the cup of the tall
Patient 5 grasp P grasp P paint the ceiling with a cloth paint the ceiling with a cloth

shelf

shelf

- Physiotherapist: All those times you saw yourself lifting your arm
(showing the affected upper extremity, but not called the word affected

when in fact the patient lifts the healthy member) without being hurt.

Is it true?

- Patient: Yes, it is true.

- Physiotherapist: Are you sure?

- Patient: Yes.

- Therapist: Okay, then raise it again to see it (the guidance was

continuous, and it was the following: “up, up ... up, up and down, down

... down and make it come close to the body).

- Patient: ...executes the movement...
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- Therapist: continue the movement for x times.

The therapeutic programme should highlight that the last two
series of exercises performed equally in regard to the number of
repetitions. This decision was taken to inhibit the transmission of
disparate messages to the brain, which may activate the pain neurotag
[27] , as Moseley et al. report that the above proposal is valid for the
simultaneous movement of the two body extremities [27], but without
giving the reason for this validation. This might happens because of
the existing illusion of the action created by the mirror at the time of

Figure 3: Placement of the patient in front of the mirror and movement of the
healthy limb, whilst he sees the affected limb moving.

observation, which is either lost when the upper limb stops moving
or still exists but the brain creates an image of a stationary member.
However, the changes of the body position and the vision in a region
away from the mirror, combined with verbal guidance maintain an
active illusion of previously driven member, providing a degree of
similarity in the movements of the two sides of the body and preventing
stimulation of the pain neurotag.

Methods for the evaluation of patients

Assessment of motor imagery ability: The sample of patients in
regard to their ability they had to run the «motor imagery» programme
was assessed by the use of the Kinesthetic and Visual Motor Imagery
Questionnaire - 10 (KVIQ - 10) [38]. The choice of this questionnaire
was done for specific reasons. Initially, the main concern was the
economy of time because the patients were evaluated every time before
implementing the programme. Therefore, it is taken into account
the avoidance of mental fatigue of the patients, since the treatment
programme was quite large. Secondly, according to the authors’ opinion,
the questionnaire should be guided by the therapist, taking into account
that the patients lack the familiarity with the procedure. Thirdly, this
questionnaire considers the kinesthetic and visual dimension of
mental representations, which were used in the treatment programme.
Fourthly, it uses the first-person perspective, which was a feature point
of the implemented EMI programme.

Range of motion measurements: The range of motion was
measured by the manual goniometer SpineCor®, while the patient was
sitting down on a chair. The measurement involved the active flexion of
the shoulder, with the upper limb starting from the neutral position. In
each session, there were two measurements. The first was done at the
beginning of the session and the second at the end of the session.

Pain measurement: The Visual Analog Scale (VAS) [39] numbered
from 0 to 10 was utilized for the measurement of pain. Patients were
asked to rate their levels of pain for that moment on the initial evaluation
paper. The pain assessment was done before the start of the treatment
programme, after EMI and after Fekos Mirror Therapy. Moreover, the
pain was evaluated during the period of the IMI four times, as required

Table 6: Fekos Mirror Therapy programme.

Fekos Mirror Therapy

Healthy Limb Affected Limb
comfortable limb position — observing its reflection for 10-15 sec relaxed limb
shoulder circle movements (10 forward, 10 backward) relaxed limb
shoulder flexion by 90° and slow return x 10 relaxed limb

shoulder flexion (full range of motion) x 10

shoulder flexion by the limit of pain x 5

shoulder flexion with holding an object (1kgr) x 5

shoulder flexion with feeling of some pain x 5

dangerous task* which contains shoulder flexion x 5

dangerous task* which contains shoulder flexion x 5

Table 7: The dangerous tasks, which were executed by the patients.

1st session 2 session 3 session 4 session
Patient 1 lift the open pair of scissors with lift the plastic cup filled up to 5cm lift the air conditioner remote control | lift the air conditioner remote control
minimally dangerous handle with water as an expensive item as an expensive item
Patient 2 lift the open pair of scissors with lift the plastic cup filled up to 5cm lift the air conditioner remote control | lift the air conditioner remote control
minimally dangerous handle with water as an expensive item as an expensive item
Patient 3 lift the open pair of scissors with lift the plastic cup filled up to 5cm lift the air conditioner remote control | lift the air conditioner remote control
minimally dangerous handle with water as an expensive item as an expensive item
Patient 4 lift the plastic cup filled up to 5cm lift the plastic cup filled up to 5cm lift the air conditioner remote control | lift the air conditioner remote control
with water with water as an expensive item as an expensive item
Patient 5 lift the plastic cup filled up to 5cm lift the plastic cup filled up to 5cm lift the air conditioner remote control | lift the air conditioner remote control
with water with water as an expensive item as an expensive item
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by the programme Recognise Online™ [27].

Measurement and analysis of data of time selection and accuracy
of responses by using the Recognise Online™ programme: The
measurements of speed and accuracy of responses (correct answers),
during practicing Recognise Online™ [27,36], were made by the same
programme. The results showed the mean value of each trial on such
parameters for each participant individually. Therefore, four values for
speed and four for the accuracy of responses corresponding to each
patient for each treatment session.

Results
The physical and demographic characteristics of the patients

All patients (100%) completed the treatment sessions. The 4 out of
5 patients (80%) attended the treatment sessions for four consecutive
days. One patient completed the sessions within seven days due to

Figure 4: Placement of the patient in 90 degrees trunk rotation than the mirror
and movement of the painful R side.

personal obligations, which were not related to the condition (Table 8).
Motor imagery ability

The Kinesthetic and Visual Imagery Questionnaire - 10 (KVIQ
- 10) was applied successfully by all the patients (100%). Differences
were observed between the sessions, for each patient individually and
in general, regarding their ability to represent movements mentally.

For all the participants, the values of the results ranged from 12 to
22 units, for the visual representation of movements, and from 8 to 21
units, for the kinesthetic representation of movements. The average for
each patient was higher in the “visual” than in the “kinesthetic” scale.
Also, an increase in motor imagery ability (“visual” and “kinesthetic”)
was observed, comparing the results of the first to the last session. The
results of the assessment by KVIQ - 10 are presented in Table 9.

Visual analog scale results (VAS, 0 - 10)

Pain measurements were performed for all patients as pre-
determined. The values of the visual analog scale scores of pain
were reduced from the first to the last session, which indicates the
improvement of the patient’s pain experience. However, the progress
made by the patients was not continuous, because in some sessions there
was a change in pain levels. This was attributed to the aggressiveness of
the programme. The analytical results of pain assessment with the VAS
are presented in Table 10.

Time response, accuracy and pain level results by the
Recognise Online™ programme

Pain levels were measured during IMI for all patients (100%).
The results of pain measurements were consistently presented in all
treatment sessions for all patients. The values of the results were the
same as the visual analog scale values of the pain at the beginning of
the sessions. The specific values along with those of the times and the
accuracy of the given answers are shown in the Table 11.

Table 8: Physical and demographic characteristics of the patients.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Average Standard deviation
Sex Female Female Female Female Female - -
Year of birth 1997 1967 1938 1971 1945 - -
Age (years) 18 48 77 44 69 51,2 23,2
Height (m) 1,63 1,70 1,62 1,74 1,51 1,64 0,1
Weight (kgr) 68 70 62 62 57 63,8 52
Job High school student Household Household Private employee Household - -
Predominant limb Right Right Right Right Right - -
Affected limb Left Right Left Left Right - -
Pain duration 4 months 8 months 11 months 12 months 3 months and 20 days - -
Previous pain No No Yes (left upper limb) No Yes (right upper limb) - -
Familiarity with computer
use (excellent, medium, Excellent Excellent No familiarity Excellent No familiarity - -
no familiarity)
Table 9: Kinesthetic and Visual Imagery Questionnaire —10 results.
KVIQ — 10 (VISUAL - KINESTHETIC)
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

1stsession 18-19 15-15 15-17 17-15 12-8

2" session 19-19 22-21 21-19 18 -14 14-10

3 session 19-20 20-20 19-19 19-16 18-13

4™ session 19-21 20-20 19-18 19-15 15-14
Average (+ S.D.) | 18,75 (£ 0,5) - 19,75 (£ 0,96) 19,25 (+2,99)-19(+2,7) | 18,5(+2,5)- 18,25 (+ 0,96) 18,25 (+2,5)-15(+0,81) | 14,75 (+ 0,96) - 11,25 (+ 2,75)
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Figure 5: Movement of the joint (level 1).
Table 10: Visual analog scale results (VAS, 0-10).
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
1stsession
Before the session 5/10 8/10 8/10 8/10 7/10
After the session 6/10 7/10 4/10 7/10 6/10
2M session
Before the session 4/10 8/10 6/10 9/10 8/10
After the session 4/10 7/10 4/10 6/10 8/10
31 session
Before the session 4/10 8/10 3/10 7/10 6/10
After the session 3/10 7/10 2/10 6/10 4/10
4 session
Before the session 110 6/10 5/10 5/10 5/10
After the session 110 6/10 110 5/10 5/10
Table 11: Response time, accuracy and pain level results according to the “Recognise Online™” programme.
Response time (RT) (Left limb) Response time (RT) (Right limb) Accuracy (Left limb) Accuracy (Right limb) Pain
Patient 1
15t session
1.6 sec 1.2 sec 90% 100%
1.0 sec 1.3 sec 100% 100%
5/10
1.3 sec 1.0 sec 100% 93%
1.3 sec 1.2 sec 93% 100%
2" session
1.4 sec 1.1 sec 100% 100%
1.7 sec 1.5 sec 90% 100%
4/10
1.6 sec 1.4 sec 100% 100%
1.7 sec 1.4 sec 90% 100%
3 session
1.9 sec 1.4 sec 100% 90%
1.5 sec 1.4 sec 100% 100%
4/10
2.0 sec 2.1 sec 100% 93%
2.0 sec 1.8 sec 100% 90%
4t session
1.7 sec 1.5 sec 100% 100%
1.7 sec 2.7 sec 100% 100%
1/10
1.7 sec 1.5 sec 87% 93%
1.4 sec 1.3 sec 100% 100%
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Patient 2
18t session
1.4 sec 1.2 sec 100% 100%
1.2 sec 0.9 sec 100% 100%
8/10
1.1 sec 1.2 sec 100% 93%
1.5 sec 1.0 sec 87% 100%
2" session
1.1 sec 1.1 sec 100% 100%
1.5 sec 1.2 sec 100% 100%
8/10
1.6 sec 1.5 sec 93% 93%
1.3 sec 1.4 sec 100% 100%
31 session
1.9 sec 1.5 sec 100% 100%
1.7 sec 1.5 sec 90% 100%
8/10
2.1 sec 1.6 sec 93% 100%
1.4 sec 1.5 sec 95% 100%
4t session
2.1sec 1.7 sec 90% 100%
1.8 sec 1.5 sec 100% 90%
6/10
1.5 sec 1.4 sec 100% 93%
1.6 sec 1.4 sec 90% 100%
Patient 3
1st session
4.3sec 3.7 sec 40% 40%
1.9 sec 1.9 sec 40% 40%
8/10
1.8 sec 1.9 sec 53% 53%
1.2 sec 1.2 sec 40% 40%
2" session
2.7sec 2.8 sec 60% 60%
1.2 sec 1.8 sec 40% 40%
6/10
1.4 sec 1.3 sec 40% 40%
1.3 sec 1.4 sec 50% 50%
3 session
1.3sec 1.3sec 50% 50%
1.2 sec 1.1 sec 60% 60%
3/10
1.1 sec 1.1 sec 53% 53%
1.8 sec 1.8 sec 45% 45%
4" session
1.3sec 1.3 sec 50% 50%
1.6 sec 1.9 sec 50% 50%
5/10
1.4 sec 1.5 sec 60% 60%
1.2 sec 1.2 sec 60% 60%
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Patient 4
1st session
2.1 sec 2.6 sec 60% 60%
3.5 sec 3.9 sec 90% 90%
8/10
3.2 sec 4.7 sec 87% 93%
2.3 sec 2.9 sec 93% 93%
2" session
2.1 sec 2.7 sec 100% 90%
4.1 sec 2.6 sec 80% 80%
9/10
3.7 sec 2.5 sec 80% 100%
4.0 sec 2.5 sec 80% 85%
3 session
3.9 sec 2.5 sec 80% 80%
4.6 sec 3.5 sec 80% 80%
7/10
4.5 sec 3.2 sec 80% 93%
3.3 sec 3.2 sec 95% 100%
4 session
2.0sec 3.4 sec 100% 100%
3.8 sec 3.7 sec 80% 90%
5/10
3.2 sec 3.3 sec 73% 100%
2.9 sec 2.9 sec 85% 85%
Patient 5
18t session
2.1 sec 2.6 sec 60% 60%
3.5 sec 3.9 sec 90% 90%
7/10
3.2 sec 4.7 sec 87% 93%
2.3 sec 2.9 sec 93% 93%
2 session
2.1 sec 2.7 sec 100% 90%
4.1 sec 2.6 sec 80% 80%
8/10
3.7 sec 2.5 sec 80% 100%
4.0 sec 2.5sec 80% 85%
3 session
3.9 sec 2.5 sec 80% 80%
4.6 sec 3.5 sec 80% 80%
6/10
4.5 sec 3.2 sec 80% 93%
3.3 sec 3.2 sec 95% 100%
4 session
2.0sec 3.4 sec 100% 100%
3.8 sec 3.7 sec 80% 90%
5/10
3.2 sec 3.3 sec 73% 100%
2.9 sec 2.9 sec 85% 85%
Active range of motion results for shoulder flexion measurements for shoulder flexion. The results of the measurements

showed, generally, the improvement of the patients. In detail, the values
The patients were successfully tested on the active range of motion 8 % P b
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Table 12: Active range of motion results for shoulder flexion by SpineCor®
goniometer.

Patient 1 = Patient 2 | Patient 3 Patient 4 | Patient 5

15t session

Before “IMI” 85° 75° 70° 107° 127°
After “EMI” 60° 80° 148° 118° 1320
After “MT” 85° 81° 163° 167° 154°
2" session

Before “IMI” 85° 82° 142° 152° 121°
After “EMI” 950 87° 161° 159° 133°
After “MT” 110° 90° 173° 166° 149°
3 session

Before “IMI” 110° 86° 152° 155° 158°
After “EMI” 130° 90° 167° 159° 172°
After “MT” 150° 94° 169° 1720 176°
4thsession

Before “IMI” 170° 90° 166° 156° 130°
After “EMI” 176° 92° 168° 169° 149°
After “MT” 186° 96° 170° 181° 158°

of the active shoulder flexion after each measurement for each patient
are shown in Table 12.

Discussion

Research procedure and environmental conditions

Globally, there are a few studies examining the application and
effectiveness of GMI [27]. No research has been found so far, to
investigate the efficacy of GMI in any shoulder pathology. In this
direction, the novelty of the present pilot study is that it assessed
the implementation of an innovative Mirror Therapy (Fekos Mirror
Therapy) method in combination with the motor imagery technique for
the rehabilitation of shoulder pathologies on the basis of the theoretical
hypothesis that all musculoskeletal injuries or pathologies also have a
significant neuromuscular component.

The applied programme was based on the research studies of
Moseley, Johnson et al. and Lagueux et al. and it is a modified version
of these [6,15,17,20]. The modifications were made to all three parts
of the programme with the aim of a) the more aggressive nature of
the programmes so far, which would enable it to be implemented
successfully within a short period and b) its adaptation to the shoulder
area. As it was expected, the patients’ pain levels were initially increased
(on the Visual Analog Scale), due to the aggressive character of this
programme, but the pain was decreased soon.

Although the aggressive character of the programme has
initially increased the pain levels, the patients ended up with overall
improvement.

According to the IMI implementation principles [27], the progress
has been done only in one parameter for every series during the left/
right judgment exercises. Then, by keeping the number of repetitions
stable, the images changed from basic to vanilla. Finally, for the next
series, the type of images was kept the same, and only the repetitions
increased (20, 30, 40), except for the first session to avoid the excessive
exercise load (20, 30, 30).

Considering the importance of patients’ familiarization with the
programme prior to its implementation each session at the IMI stage
was smoothly introduced; that is the reason why the first series was

consisted of 20 attempts of the last type of images of the previous session
(sessions: 2, 3, 4), while for the first series two attempts of 20 sessions
were applied. It is also assumed that at the brain level, cells in the pre-
motor region are pre-fired in this way before they receive the new and
more difficult stimulus, with the absence of patients being surprised and
feeling pain. Regarding the second stage of motor imagery movements,
the therapy aimed to the mental representation of movements by the
kinesthetic way, because it is most likely to contribute to beneficial
results [40,41].

Furthermore, each part of the stage was based on the progressive
activation of the brain structures. The ways of achieving the gradual
activation of the brain were likely to be, in order: visual, verbal,
visually mental and kinesthetically mental. The performance of mental
movements (level 5: B and C) with the contralateral limb, both in
the teaching and the main part of the programme, was based on the
information that the physical movement of the contralateral limb
provides additional feedback [37,40]. Based on a similar model of
neuronal activation between mental and physical movements [16,42],
it was assumed that the mentally represented movements are based on
the same principle. Also, the fact that physical and mental functional
activities, such as those in the third (C) part of level 5, are characterized
as functionally equivalent [43,44], is a serious evidence for the above
case.

Fekos Mirror Therapy programme was based on the book of Moseley
et al. [27], and the progressive activation of the brain structures and
workload of peripheral structures were present as repetitions, difficulty,
and involvement of the affected limb gradually increased.

A key point for the applications of EMI and Fekos Mirror Therapy
method is the type of exercises performed. It seems that these
programmes start with simple anatomic shoulder flexion exercises
and end with performing the flexion movement through a functional
activity. This fact is especially important for the rapid introduction
of the brain into daily basis and the progressive activation of brain
structures.

Implicit motor imagery effectiveness

It appears to be a technique that promotes analgesia in patients, and
it is, thus, the first part of the GMI [16,27]. Our research findings show
that the pain score does not change after the lateralization exercises
of the shoulder region. Considering that Lagueux et al. and Johnson
et al. did not assess the progression of pain, following the use of IMI
in a GMI programme [15,17], and due to its effect on cellular level,
according to other authors [16,27], it can be claimed that the decrease
of pain sensation is estimated to come later.

According to the results of response time and accuracy, it appears
that only the first patient had a higher response time and lower accuracy
on the affected limb than the other. Mainly, it is known that IMI is a
tool for assessing the condition of the brain in painful conditions of
peripheral body parts. Coslett et al. found that the ability to recognize
the laterality of shoulder/arm could be an essential additional clinical
tool in assessing patients with chronic pain in these areas. The results
showed that patients with chronic musculoskeletal or radicular
shoulder/arm pain achieved worse results, in accuracy and response
time than the group of people with pain in areas that did not include
the shoulder and healthy group, and these were related to the images’
rotation [45]. The same researchers [46], also, assessed the relationship
between sustained pain and foot laterality recognition, comparing
similar, in quality, groups to their previous research. The worst
performance, for the accuracy and response times, and the significantly
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greater reduction in this performance depending on the wider rotation
range of the images displayed for the group with the painful lower limb,
suggest that the Implicit Motor Imagery gives important information
about the nature of the pain experience. Similar results have also been
reported in patients with chronic pain, who have been assigned to
recognize the different facially expressed emotions, which were shown
in some photographs, and the eye, tongue, brow, or jaw movements
with direction to the left or right side of the face (left/right judgment)
[47].

A present painful condition is not the only criterion of difficulty
in its treatment. From the results of the current study, it seems that the
existence of past pain in the same body area (patients 3 and 5) may
be the cause of stronger cortical changes. This conclusion is reinforced
by the findings of a study of 1008 individuals showing that, in patients
with current pain and history of back pain, the performance in the
lateral recognition of the trunk is significantly reduced compared to
patients experiencing current pain and without a history of pain. The
data supported the view of the disruption of cortical proprioceptive
representation of the trunk in patients with past and current back
pain [48].

However, the fact thatall people are not familiar with using computers
should not be neglected. The correlation between the ability to use a
computer and performance in the Recognise Online™ programme
appeared to be present in all five patients. More specifically, the patients
with “excellent” computer knowledge had better performance than
those who had never used it before. Only for the patient 5 it cannot be
sure of the grade of better results if she would be more familiar with
computers, since her condition did not lead to an improvement similar
to patient 3, who had the same rating for computer use. That is why the
coexistence of past pain in the upper limb and low computer use leads
to such confusion.

It is quite important to note that the fluctuations in the results by
the change in quality and rotation level of the observed images are a
logical phenomenon. Researchers reported increased response times
[46,49] and decreased accuracy [46] when the rotation angle of the
depicted body members and objects changed.

In fact, recognizing the laterality of a human body part can give us
valuable information about the perception of pain. Only for patients
in the shoulder/arm pain group, there was a correlation between the
degree of reduced response time and the degree of severity of pain
during movement [45].

Explicit motor imagery effectiveness

The application of EMI to improve the mobility of the upper limb
is mainly based on the research by Gentili et al. who examined the
relationship between mentally represented and physically executed
upper limb movements. Researchers showed that the duration of
the mentally represented movements reflected the duration of body
movements with additional resistance or without, in each direction of
movement. The findings suggest that the brain represents the inertial
properties of the arm and uses them for sensorimotor control and the
generation of mental images [50].

In this study, the application of EMI led to an improvement in the
active range of motion after its completion for each patient at each
session, except for the first session of the patient 1. These data on
shoulder mobility are consistent with other researches for different
body areas, containing the shoulder.

The effect of the EMI was investigated quite extensively in

neurological patients for the upper extremity. Ang et al. and Varkuti
et al. reported that the combined use of EMI with MANUS (= upper
- extremity robot-assisted rehabilitation) device resulted in improved
upper limb performance in patients with stroke [51,52]. Such a
combined application was not associated with adverse effects [51],
and the utility of adding EMI to MANUS is evidenced by the existing
functional changes in brain-related connectivity, in comparison to the
implementation of only MANUS application [52].

Assis et al. demonstrated the effectiveness of the NeuroR system
in upper limb motor function in patients with stroke, by inducing a
significant increase in ROM [53]. Hewett et al. observed that the active
ROM in shoulder flexion and elbow extension was increased after reach
and grasp movement execution in the shoulder and elbow level, which
were performed with the help of mentally represented movements [54].
In another category of neurological patients with high-level spinal cord
injuries, it has been shown that a Brain-Computer Interface system in
conjunction with EMI can help them gain control of a neuroprosthesis
for the upper limb [55], but this is disadvantageous to the fact that
the initial patient performance in this situation cannot be improved
with more practice [56]. Additionally, it is evident that research has
been directed to the lower extremity. In patients with post-stroke
hemiparesis, the Explicit Motor Imagery was beneficial for functional
gait, increasing stride length, cadence, and single-support time of
the affected lower limb, whereas double-support time was decreased
[57]. Similar results were found in the case study by Dickstein et al., in
which, in a 69-year-old patient with left post-stroke hemiparesis, the
application of the Explicit Motor Imagery for six weeks had positive
effects on the knee range of motion, gait speed and double-support time
[34]. However, in the same category of patients the effect of voluntary
mental movements on the speed of upper limb movement is not clear,
as according to Assis et al. increases [53], whereas Hewett et al. have
shown that the linear speed of performing hands-on activities seems to
be unaffected [54].

Recent data suggest that the central nervous system is affected
and suffers from various musculoskeletal disorders. In the research
of Zangrando et al. following the application of the EMI to patients
suffering from chronic shoulder pain after impingement syndrome,
the pain was greatly reduced, while the Constant-Murley Score
and Shoulder Rating Questionnaire scores showed improvement in
shoulder and upper limb movement, and overall shoulder functionality,
respectively [39]. Also, by incorporating it into a treatment programme
of physically performed exercises in patients with second-degree
shoulder impingement had positive results in Constant-Murley Score,
shoulder movement and pain, in comparison with neutral movements,
and possibly in the prevention or delay of the third stage, which needs
surgical intervention [58].

Although previous studies have shown encouraging results in the
treatment of pain levels in the shoulder area, it has been remarked that
the patients in the current research had experienced a worsening of
pain initially before their pain reduction. It is a fact that the mentally
represented movements can force the body to work very hard [27].
To sum up, it is not strange that patients may experience pain at the
beginning of performing mentally represented exercises. Moseley et
al. highlight the event as normal, as the brain is tested on sensitive
activities [27]. However, the pain can be reduced when the brain feels
happier and familiar with exercises [27], which also happened in this
research.

In addition to the effect of the motor imagery shoulder exercises,
it has been identified that there are other studies which deal with the
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lower and the other part of the upper limbs. A pilot study reported
that by applying mentally represented movements to healthy people
whose radiocarpal joint was immobilized with a splint for three weeks,
the adverse effect of a reduced range of motion was prevented to a
greater extent than in those who did not receive any physiotherapeutic
intervention [37]. The above findings are enhanced by Einsiedel et
al. who also report the improved motor performance of the hand in
healthy people or patients, simulating or suffering from distal radial
fracture after immobilization, who mentally trained in comparison to
those who did not. They also point to the beneficial effect of the EMI on
the forearm muscular atrophy, which is enhanced by the activation of
the various brain regions, which are responsible for the movements of
the radiocarpal joint [59].

EMI has gained a prominent position in orthopedic conditions
after surgery, as it appears to improve central nervous system function
on the preparation time of the hand movement [60].

It is known that unrestricted painless range of motion is necessary
to perform everyday functional skills and working activities [61].
Therefore, stretching exercises are a powerful tool in the hands of
physiotherapists, which solve many problems, so the best way to
achieve them is a necessary challenge. According to Guillot et al. the
EMI can increase the flexibility of the lower limb muscles, but this does
not apply to the shoulder in healthy swimming athletes [62]. According
to other results, it appears that the EMI can be combined with passive
stretching for the upper limb in neurologic patients with arm spasticity,
but without being more effective than the combination of progressive
relaxation and passive stretching [63].

In terms of lower limb injuries, Lebon et al. found that the EMI,
as an additional technique in a traditional physiotherapy programme
(Passive joint mobilization, massage and strength training) does not
benefit more from the knee range of motion and pain in patients with
surgical repair of the anterior cruciate ligament. However, central
neuronal activation was the explanation for increased muscle
activation, which makes the mentally represented movements an
important part of the restoration of motor functions in the above
category of patients [64].

Certainly, the research efforts that have been made on healthy people
have led to useful conclusions on the sector of rehabilitation, according
to the outcomes of the EMI on a structural and functional level. Using
an electromyogram, Creelman argued that mental movements can
increase the active range of motion of long toe’s abduction [65].

One of the most important trials of combining mental movements
with another physiotherapeutic method was that of Williams et al. [66].
The researchers assessed the beneficial effect of the EMI in combination
with the Proprioceptive Neuromuscular Facilitation (PNF) method
on healthy students. For people undergoing motor rehabilitation, the
results highlighted the usefulness of adding EMI to the PNF method
due to the short-term benefit in the range of motion compared to the
PNF method and control group.

Mirror Therapy effectiveness

One part of the application of Fekos Mirror Therapy was based on
Lee et al. A comparison between the asymmetric and the symmetrical
application of MT with a virtual reality tool, combined with traditional
physiotherapy, was done in stroke patients. The improvement in the
“Fugl - Meyer Motor Assessment” and range of motion has led to
the conclusion that the asymmetric execution is equally functionally
effective for upper limb [35].

The results of this research showed a beneficial effect both on the
range of motion and the pain levels for the shoulder area. Lin et al.
showed that the combination of MT and afferent stimulation is more
effective than MT, which reduces the motor damage and muscle synergy
during the shoulder movements [67]. In a large study of 208 individuals
[33], the results showed that MT, compared to placebo, reduces pain
and enhances upper limb motor function in patients with stroke and
complex regional pain syndrome type 1 of the upper limb, in short- and
long-term.

It has been emphasized that the mirror can be a very cheap
clinical tool [68]. We have received tremendous information from
two recent research efforts, which combined the MT technique with
expensive therapeutic devices. It has been shown that the use of MT
and electromyographic triggered neuromuscular stimulation (ETMS)
has positive results for patients after acute stroke and these results are
different depending on the time of their application during recovery,
but without unpleasant complications. In particular, the ETMS - MT
direct intervention team showed a significantly greater improvement
in the Fugl - Meyer Motor Assessment when it was applied for the first
4 weeks, while the delayed duration of similar intervention showed
a significantly greater improvement in the active range of motion
during the next 4 weeks [43]. One year later, Kim and Lee utilized
Functional Electrical Stimulation (FES) and MT with or without
the help of biofeedback, aiming to motor recovery of the wrist in
patients with stroke (longer that six months). It turned out that the
combination of FES, MT and biofeedback increased the wrist extension
and improved the quality of patients’ life [69]. In patients with chronic
stroke (>12 months), the hand function, according to the Functional
Independence Measure (FIM), improved after the combined use of
MT and conventional rehabilitation treatment compared to the control
group after four weeks of the treatment and six months follow-up,
while MT did not affect spasticity [70]. An interesting attempt is
the integration of MT into classical rehabilitation treatment. Lee et
al. found that if MT is added to a motor rehabilitation programme
can enhance motor recovery of the upper limb in six-month stroke
patients [1].

In addition to the motor gains offered by MT for the shoulder and
the entire upper extremity, the sensory improvement is remarkable. In
the research of Wu et al. hemiplegic patients in the intervention group,
following the application of MT with bilateral simultaneous movements,
showed better results in the Fugl Meyer Assessment for the entire and
the distal part of the upper limb and showed shorter reaction times.
Also, the sensory assessment with the help of Revised Nottingham
Sensory Assessment, showed significantly greater temperature
improvement for the intervention group than for the control group [71].
Consequently, it is assumed from the context of the above investigations
and brain activation that the progress of the rehabilitation in patients,
using a mirror, may be explained by the recovery of both motor and
somatosensory brain regions to normal levels.

Theabove hypothesisisnot different for orthopedic patients. Rostami
et al. evaluated the effect of MT on orthopedic patients characterized by
reduction in the hand active range of motion. The total active range
of motion and Disability of Arm, Shoulder and Hand (DASH) score
improved significantly after the intervention in both groups, with the
improvement being continued in the follow-up period. In addition,
patients in the combined conventional physiotherapy with MT group
experienced significantly greater changes in total active movement
scores and the DASH questionnaire compared to the conventional
physiotherapy group, either immediately after the intervention, or
during the follow-up [72]. Also, in a 39-year-old woman who suffered
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from a distal radius fracture, MT combined with electrical stimulation
for the extension muscles improved the active wrist extension within
approximately two and a half months [68].

In an article which includes three case studies of complex pain
regional syndrome type 1, because of musculoskeletal injuries [73] the
application of combined Mirror and cognitive resulted in pain decline
during three conditions: pain at rest, pain after measuring allodynia/
hyperalgesia and pain after measuring strength. The range of motion
and strength improved in two and one individuals, respectively. The
area of hyperalgesia was increased for all patients, while the allodynia
area remained stable in two patients while it was decreased in one [73].

Graded motor imagery effectiveness

Finally, the applied GMI programme led to improvement in active
shoulder flexion, pain during shoulder flexion, and accuracy and
response time parameters for body laterality recognition exercises.
Similar results were shown by Lagueux et al. for pain levels, which
modified the GMI programme in the part of MT, for pain levels in
patients with complex regional pain syndrome of the upper limb,
following orthopedic injuries [17]. Surprisingly, research by Johnson et
al. has contrasted with the estimated results in reducing pain in patients
after orthopedic injuries [15].

There is great attention to the research of patients’ functional
progress. In the first study, no difference was observed between the
functional improvements of the upper limb from the initial to the
final measurement, according to the DASH questionnaire [17]. The
other researchers managed to lead patients with complex regional pain
syndrome type 1 to improve functionality, which was not the same for
patients with complex pain regional syndrome type 2, according to
the Brief Pain Inventory [15]. Moreover, it was noticed that, especially,
from the first to the second session, our programme led to increased
mobility, but with a negative impact on the pain levels. For the time
being two substantial questions arise: a) Does the higher motor
improvement promote the risk of pain worsening and b) if yes, which
are the contributing factors?

The findings of this pilot study, if finalized with more studies (with
better methodological design), are significant as they will contribute
to the reinforcement of traditional musculoskeletal rehabilitation
programmes. Through this pilot study, the importance of novel and
specialized neurological and neuromuscular intervention for the
treatment of painful musculoskeletal disorders is also emerging.
Physiotherapists treating musculoskeletal pathologies should consider
them as an integral part of all musculoskeletal rehabilitation programs
aiming at decreasing pain and improving neuromuscular function.

Research Limitations

Several limitations of this study should be noted. First, our findings
cannot be generalized to all chronic musculoskeletal patients. Second,
only the short-term effects of the intervention were examined as the
study was limited to 4 sessions and had no follow-up assessment. Third,
there is no a clear conclusion about the results of Recognise Online™
programme, as not all the patients had the same computer knowledge
and familiarization with its use.

Conclusion

The present pilot study has shown that a novel Mirror Therapy
procedure in combination with the application of an aggressive GMI
protocol can be useful in reducing pain and restoring the range of mo-
tion (active shoulder flexion) and functionality in patients with pain-

ful shoulder conditions. Based on the findings of this study it can be
concluded that various chronic musculoskeletal disorders may have
another significant variable to be taken into account when planning
rehabilitation programmes, which is sensitization of the central ner-
vous. Randomized control studies are needed to reinforce the findings
of the present pilot study. These surveys should use the present or other
modifications of GMI method and evaluate their effectiveness in the
rehabilitation of various human joints painful syndromes.
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