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Abstract: Problem statement: Mental Practice (MP) with motor imagery consistsaomethod of
training in which motor imagery is used to improperformance. The aim of this study was to
investigate the efficacy of MP with motor imagery motor recovery of the paretic upper limb of post-
stroke patients in comparison with MP with non-nmatoagery.Approach: Four post-stroke patients
were divided into two groups: experimental (the $b&l practice of motor tasks and MP of the same
tasks: n = 2) and control (the physical practicenotor tasks and MP of non-motor tasks: n = 2). We
evaluated: Heart Rate (HR) and systolic (SBP) aiadtblic Blood Pressure (DBP), immediately before
and after execution and imagination of the taskse tof execution and imagination of each task; and
motor function of the paretic upper limb througlke tjuestionnaires “Fugl-Meyer for Upper Extremity”
and “quality of movement section of arm motor &pitest” before and after the 10 weeks of treatment
Results: The qualitative analysis showed that regardlegsanfing, patients spent less time on imagery
motor tasks than to execute them; and have inatdaselR, SBP and DBP after execution as well as
after imagery of motor tasks. The training causeddaiction in the time of execution of motor tasks
both groups and increment on the motor functiorthef paretic upper limb only in the experimental
group.Conclusion: These results suggest that an MP with motor inyagety be an effective method for
the functional recovery of the paretic upper linfilpost-stroke patients.
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INTRODUCTION for generating sequential actions or recalling from
procedural memory in which the motor program is
Motor skills require planning and programming stored. In this context, Ml is usually defined as a
before any physical practice. The motor system iglynamic state during which the representation gifzan
responsible not only for production but also bymotor act is internally rehearsed in working memory
encoding the representational aspects of the maweme without any overt motor output process (Jeannera a
for example, the ability to mentally simulate ani@t Decety, 1995; Sirigu and Duhamel, 2001).
Motor Imagery (MI) originates from an internal modé There are two different strategies of MI, visuatia
movement, resulting from mental operations resppbasi kinesthetic. Kinesthetic Ml is performed in firgnson,
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which performer approximates a real life situation MATERIALSAND METHODS
such a way that the person actually experiences the
sensory sensations, providing the feeling of moveme Subjects: We analyzed the record of all hemiparetic
as if they were really performed. Indeed, it regsian  posts-stroke patients (n = 75), that were in treatnat
approximation of the real life phenomenology suwitt the Clinic School of Physiotherapy of the Centro
the person actually imagines being inside his/teetyb  Universitario Serra dos Orgdos (UNIFESO) in Rio de
and experiencing those sensations that might béaneiro (Brazil). Inclusion criteria: no more thane
expected in the actual situation. On the other handstroke; stroke experienced > 5 months before study
visual Ml is performed in third person (relatedttee  enrollment; age > 45 and < 80 years old; upper limb
scenes outside the person) providing the mentadtrength > ‘3’ on Manual Muscle Strength Scale.
visualization of the movement performance as from &xclusion criteria; excessive spasticity, definexl a
distance, actually the subject views himself frdme t score of ‘3’ on the Modified Ashworth Spasticity e
perspective of an external observer (Dickstein andBohannon and Smith, 1987); superior and/or inferio
Deutsch, 2007; Stecklowt al., 2007). parietal area damage shown on Magnetic Ressonance;
Studies have shown that visual and kinesthetic-Mlorthopaedic, reumathologic or muskuloskeletal damag
activate different overlapping networks in differen on paretic upper limb; severe cognitive deficit \who
situations. Sirigu and Duhamel (2001) showed thabn Mini-mental state examination; motor, sensitive
healthy subjects were faster to perform kinesthieti ~ and/or mixed aphasia.
tasks than visual MI tasks. Similarly patients hwit Due to the strict selection criteria adopted im ou
inferior temporal lesion were also faster to perfor study, only 4 patients were selected. The experiahen
kinesthetic MI task. On the other hand, patientthwi protocol was approved by the local Ethical Comreitte
parietal lesion were faster to perform visual Mékka and all volunteers signed an informed consent efor
These results suggest that kinesthetic MI activatestarting the treatment.
primarily motor circuitry and visual MI activate

primarily visual circuitry. Other authors reportéitat ~ Outcome measures. Heart Rate (HR) was collected
kinesthetic-MI activates somatossensory cortext lefusing the Hand-held PalmSat NONIN 2500 oximeter.
inferior parietal lobule, supplementary motor area,Systolic (SBP) and Diastolic Blood Pressure (DBP)
precentral gyrus, precuneus, occipitotemporal jonct were collected through auscultatory method using
(Ruby and Decety, 2001ffontal cortex, basal ganglia Welch Allyn ADC Durashock Shock Resistant
and cerebellum (Guillotet al., 2009). Nevertheless, Multicuff aneroid sphygmomanometer with Littmann
visual-MI activates occipital and superior parigggions  Master Classic Il stethoscope. The time spent @h ea
(Guillot et al., 2009). By the fact that these two task was measured using a digital Casio HS-30W-
modalities generate different patterns of corticalN1V chronometer. The functionality of upper limb
activation, Fery (2003) proposed that using MI towas register through the questionnaires: “Fugl-Meye
perform a task, the visual strategy is best tostdsdsed for Upper Extremity” (Makiet al., 2006) and “Quality
on shape, while the kinesthetic strategy is besaséls of movement section of Arm Motor Ability Test”
based on time and coordination of the movements. (Morlin et al., 2006).

Mental Practice (MP) consists of a method of
training in which MI is used to improve motor
performance (Paget al., 2007). Nevertheless, many
guestions remain unclear such as the functionalverg
of non-trained tasks (Dijkermast al., 2004; Vries and
Mulder, 2006),age, lesion site, cognitive functioning, . . .
treatment dur;tign (how many dayg per week and Eo 0 consecutive wee_ks. Al patients were still etenbin
many weeks), duration of each session, the modafity their hgbltual_ phyS|ce_1I rehabilitation 1_ _hour onae
MI and the time since onset of motor impairmenufec ~ Week, in which not involved any activity to upper
subacute or chronic) (Verbuetal., 2008). limbs. Patients in the experimental group received

The aim of this study was to investigate thetraining sessions that consisted of physical praatif 5
efficacy of mental practice with kinesthetic motor motor tasks plus MP of the same tasks, trough
imagery in the motor recovery of upper limb in post kinesthetic modality (Table 1). Patients in the tcoin
stroke patients in comparison with mental practidth group received training sessions that consisted of
non-motor imagery (i.e., training using imagery of physical practice of the same 5 motor tasks usdddn
static visual scenes that not involve motor simokat experimental group plus MP of 5 non-motor taslkes, i.
nor in first either in third person). imagery of static visual scenes (Table 1).
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During the first four weeks, the patients perfodme RESULTS
five series of physical practice and of MP per isess
Each series of physical practice consisted of the Applying the aforementioned study criteria, four
execution of each task 10 times and, each seriéPof subjects were included in this study. See Table 2 t
consisted of the imagination of each task 10 timesgroup characteristics.
There was an interval of 5 min between physical The time spent to execute motor tasks reduced
practice and MP. The patient had to indicate the14.81% and 21.39% after 10 weeks of treatment, for
beginning of each task saying “GO” and the endaghe experimental and control groups respectively. fher t
task saying “GO”. simulation of motor tasks, the experimental group
After four weeks of training, some patients showed an increase of 3.72% after training. The
reported pain on the paretic upper limb, theref@ee  comparison between time spent to execution and
reduced the number of series to 3 times and indludesimulation of motor tasks showed that, regardless o
series of elongation before and after the proto€hk  training, the experimental group spent less time to
series of elongation consisted of 3 series of lfiidikies mentally simulate than to perform motor tasks (mean
exercises for anterior muscles of paretic uppebliiat  difference of 33.64% at baseline and 19.20% after
spent 30 sec, with 15 sec of interval between eaeh  training). For the mental simulation of non-motor
HR, SBP and, DBP were assessed immediatelyasks, control group diminished the time spent in
before and after execution and imagination ofadks  7.75% (Table 3).
during each session. Moreover, the time spent to The assessment of HR in the experimental group
execute and imagine each task and, the functignafit showed an increase of 1.57% after the execution of
paretic upper limb were assessed before and dféer t motor tasks and an increase of 1.30% after the ahent
training program, the latter using “Fugl-Meyer for simulation of the same tasks. In the control grahp,
Upper Extremity” and “Quality of movement section” execution of motor tasks caused an increase oR¥0.7

of “Arm Motor Ability Test". while the mental simulation of non-motor tasks eals
a reduction of 2.04% (Table 4).
Instruments. The Fugl-Meyer Scale (Makgt al., Concerning the SBP, the execution of motor tasks

2006) assesses several dimensions of impairmen) the experimental group caused an increase &%4.1
including range of motion, pain, sensation, upperand mental simulation of the same tasks caused an
extremity, lower extremity and balance. The specifi increase of 1.17%. In the control group, there aas
items in the upper-extremity subsections were @eriv increase of 4.97% after the execution of motor gask
from the Brunnstrom stages of poststroke motorand a decrease of 1.45% after the simulation of non
recovery. The data arise from a 3-point ordinales(@  motor tasks (Table 4).

cannot perform, 1-can perform partially, 2-can perf

fully) applied to each item and the items are suchtoe Table 2: Group characteristics

provide a maximum score of 226. The upper-extremity Experimental group Control group
motor component, which consists of 66 points, wag/en/Women Feb-00 Feb-00
sed in this stud A_ge (years) 60+15 62+24
u u y. " . . Time Post-stroke (months) 55.5+48.8 11+8.5
Arm Motor Ability Test” (Morlin et al., 2006) is  arm Affected (R/L) Feb-00 Feb-00

an instrument for assessing qualitative deficits inR = Right L = Left
activities daily of life with upper limb of postrske
patients. It consists of 13 tasks that reproduciy da Table 3: Variation of the time spent and the fumctdf the paretic

L . upper limb, before and after treatment, for thecakien and
activities as measured by a scale ranging froma®-5 simulation of the tasks, in experimental and cdrgroups

‘functional hability’ and ‘quality of movement’ (édo Baseline Post intervention
not have, (1) very poor (2) poor (3) average, (#)ost Cronometry of physical practice (5
normal and (5) normal). The time spent on each taskxperimental 6.55 5.58
can range from 60-120 sec. Here, we used only thgontrol . a e (9 10.51 8.26
‘ : ) ; . ronometry of mental practice (S
Quality of movement’ section of this instrument. Experimental 4.35 451
Table 1: Motor tasks executed for both groups amégined for '(:?’(\)Amrol 2.58 2.39
experimental group; non-motor tasks imagined fatrobgro .
xpen group Imagt group  Eyperimental 46.00 47.00
Motor tasks Non-motor tasks
- - — Control 42.00 37.00
Pick up a phone A phone on a table in the livingmo AMAT
Reach f d i | Agl theisitiie kitchi .
B oL b 058 A dlass o theisie icher Experimenta 110,00 117,00
Turn a page of a book A toothbrush in the cabiné¢hé bathroom Control 104.00 100.00
Reach the top of the head A television on the baséadn the living room S = Seconds; FM=Fugl-Meyer for Upper Extremity; ARArm
Open and close a door A bedroom with an unmade bed Motor Ability Test (Quality of Movement Section)
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Table 4:Mean Heart Rate and Systolic and Dias@®lmd Pressure  worse in MI capacity than younger participants,

immediately before and after the execution and aient ; ; ; ; ; ; ;
simulation of the five tasks during the 10 sessiginisaining particularly in relation to kinesthetic modalityhigh

in experimental and control groups was used here. Furthermore, Sharsetaal. (2006)
Execution Simulation reported that midbrain, cerebellum and/or primary
motor cortex damages could slow the execution of
Pre Post Pre Post  movements compared to mental simulation of the same
E)‘? é?ﬁn’?mal 5 o1 8 o  This may indicate that the age and the brain injiry
cOFr)nrol 78 87 76 74 the patients who participated in .th|s study mayehav
SBP (mmHg) contributed to a slower execution of motor tasks
Experimental 119 124 119 121 without compromise, however, the imagination of
Control 117 122 117 115 them. These findings are consistent with a recemtys
DBP (mmHg) that evaluated post-stroke patients and found ttret
Experimental 84 87 86 87 . . .
Control 77 80 78 77 spent more time to execute tasks than to imagiemth
HR = Heart Rate; bpm = beats per minute; SBP =o8gsBlood (WU etal, 2010)-
Pressure; mmHg = millimeters of mercury; DBP = Bois Blood In fact, to the best of our knowledge, this stisly
Pressure the first to demonstrate the autonomic activation o

. . . post-stroke patients through MP with motor imagémy.

In _relatlon to DBP, in the expenmental group, ey, cyyrrent study, we showed that the experimental
execution of motor tasks caused an increase of3.20 roup increased HR, SBP and DBP after execution as
?‘”d mental smglatlon of the same tasks caused ell as after simulation of motor tasks comparethwi
increase of 1.28%. In the control group, there aas baseline. The control group showed an increaseeset
increase of 3.23% in DBP after the execution ofanot |- japieq after the execution of motor tasks, hawev
tasks and a decrease of 1.93% after the simulation there was a decrease after the simulation of'n o
hon-motor tasks (T_able 4.)' y tasks. Decetgt al. (1993) revealed an increase of HR

Take into consideration the “Fugl-Meyer for Upper ;e ) in healthy subjects. Oishi al. (2000), which

Extremity”, the training program caused an increafse e%ssess eight skaters, have also observed an iaaoéas

2.17% in the experimental group and a decrease qf : : : -
. W - -~ HR after MI. This supports the idea that impaired
10.84%. Regarding the “quality of movement section patients, as well as healthy individuals, could

.Of “Arm Motor Ability .Test”, the experimental group the Sympathetic and/or deactivate the Parasympathet
'dn:é?:;eg d tirr:e?, Z%cg/re('llgbg?g% and the control 9"OUR Ltonomic Nervous System during imagery of motor
"O970 ' tasks, thereby resulting in increasing HR, SBP and
DISCUSSION DBP. Moreover, hon-motor tasks appear to have chuse
a relaxation of the individuals, since there was a
This study used a protocol of kinesthetic motorreduction of autonomic variables.
imagery associated with physical practice of ati&si Interestingly, we found an improvement in quality
of daily living to treat motor deficits of uppemib in ~ of movement and sensory-motor function in the
post-stroke patients. Our results showed a redudtio affected upper limb only in the experimental group.
the time spent for execution of motor tasks. Ingame  This result is consistent with the results found by
vein, as shown by Gentiét al. (2006), in a study with different authors through various types of experitak
healthy subjects, after both physical practice BifRlof  protocols. Some studies used only MP, with no @ntr
an upper limb task, hand movement duration decdeasegroup to show improvement in the paretic limb
and peak acceleration increas@ther studies evaluated function. Dijkermanet al. (2004) and Stevens and
patients with hemiparesis during MP of lower linlskks  Stoykov (2003) showed that patients trained with MP
and showed significant increases in gait speedjestr improve the performance of trained motor tasks.
length, cadence and single-support time of thectte  Johnson-Frey (2004), using the technique of funetio
lower limb (Dunskyet al., 2008; Hwangt al., 2010). Magnetic Resonance Imaging (fMRI), showed that
It was observed a difference between the times ofven with any overt output, mentally simulate motor
execution and simulation of motor tasks in thetasks can facilitate the reorganization of sensotom
experimental group. The patients spent more time tareas of the injured hemisphere.
execute than to simulate a motor task and, this Other studies used MP and physical practice and
difference occurred also before as to after thimitrg ~ compared some measures before and after the gainin
program. Corroborating these findings, Muld®ral.  program. They showed that a rehabilitation progfam
(2007) showed that elderly individuals were slightl the affected upper extremity incorporating MP appea
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to improve movement via significant cortical Dickstein, R. and J.E. Deutsch, 2007. Motor imadery
reorganization observed by fMRI (Pageal., 2009) or physical therapist practice. Phys. Ther., 87: 942-
to improve function of affected limb observed by 953. DOI: 10.2522/ptj.20060331

questionnaires (Pag al., 2001; Hewetet al., 2007).  Dijkerman, H.C., M. letswaart, M. Johnston and R.S.
There are few studies that used control groupHioevs MacWalter, 2004. Does motor imagery training
the effectiveness of MP on the gain of function.llgtu improve hand function in chronic stroke patients?
et al. (2007) divided the patients into three treatment  p pilot study. Clin. Rehabil., 18: 538-549. DOI:
groups ((i) MP of a non-sequential finger movement, 10.1191/0269215504cr76905;

(i ph__ysical prac.tice of the. same non-sequep@alkt Dunsky, A., R. Dickstein, E. Marcovitz, S. Levy aid
and (iii) conventional physical therapy, that irdid Deutsch, 2008. Home-based motor imagery
gross hand movements, like holding a cup) and stowe training for gait rehabilitation of people with

that the MP and the physical practice groups rabcue . . .
o . : chronic poststroke hemiparesis. Arch. Phys. Med.
the ability to perform finger movements with a Rehabil.. 80 1580-1588. DOL:

consequent improvement on manual function. Other i
10.1016/j.apmr.2007.12.039

studies showed that MP associated with physical : - ) ) )
practice is more effective for improving the fuactiof ~ FerY, Y-A., 2003. Differentiating visual and kinkstic

the affected limb than just the use of relaxation imagery in mental practice. Can. J. Exp. Psyc., 57:
techniques (Paget al., 2005)or than combination of 1-10. DOI: 10.1037/h0087408

relaxation techniques with physical practice (Page Gentili, R., C. Papaxanthis and T. Pozzo, 2006.
al., 2007; 2011). Thus, the present study, despige th ~ Improvement and generalization of arm motor
small sample, has been contributing with the few performance through motor imagery practice.
existing controlled studies. Even with little timef Neuroscience, 137: 761-772. DOL:
training, seems to have difference between thepgou 10.1016/j.neuroscience.2005.10.013

showing that the physical practice associated With  Guillot, A., C. Collet, V.A. Nguyen, F. Malouin ar(@.

of motor tasks through kinesthetic modality may be  Richardset al., 2009. Brain activity during visual
more effective than physical practice of motor tapkr versus kinesthetic imagery: An fMRI study. Hum.
se. Besides, this study used chronometric, autanomi Brain Mapp., 30: 2157-2172. DOI:
and functional scales measures in an experimental a 10.1002/hbm.20658

control group to demonstrate the effectivenesshef t Hewett, T.E., K.R. Ford, P. Levine and S.J. Page72

MP with motor imagery associated with physical Reaching kinematics to measure motor changes
practice in post-stroke patients. after mental practice in stroke. Top Stroke
Rehabil., 14: 23-29. DOI: 10.1310/tsr1404-23
CONCLUSION Hwang, S., H.S. Jeon, C.H. Yi, O.Y. Kwon and S.H.

Cho et al., 2010. Locomotor imagery training
improves gait performance in people with chronic
hemiparetic stroke: A controlled clinical trial.igl
Rehabil., 24: 514-522. DOL:
10.1177/0269215509360640

Jeannerod, M. and J. Decety, 1995. Mental motor

The present results suggest that training using
physical practice plus MP seems to be an effective
method for the functional recovery of upper limtkpokt-
stroke patients. Thus, it seems interesting to coentne
use of MP to treatment with conventional physicdipgr
Future investigations should be conducted to determ

the guidelines for the practice of the technique t imagery: A window into the representational stages
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