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Background: Stroke is one of the leading causes of adult disability, and up to 80%
of stroke survivors undergo upper extremity motor dysfunction. Constraint-Induced
Movement Therapy (CIMT) and Robot-Assisted Therapy (RT) are used for upper limb
stroke rehabilitation. Although CIMT and RT are different techniques, both are beneficial;
however, their results must be compared. The objective is to establish the difference
between RT and CIMT after a rehabilitation program for chronic stroke patients.

Method: This is a randomized clinical trial, registered at ClinicalTrials.gov (ID number
NCT02700061), in which patients with stroke received sessions of RT or CIMT
protocol, combined with a conventional rehabilitation program for 12 weeks. The
primary outcome was measured by Wolf Motor Function Test (WMFT) and Fugl-Meyer
Assessment—Upper Limb (FMA-UL). Activities of daily living were also assessed.

Results: Fifty one patients with mild to moderate upper limb impairment were enrolled
in this trial, 25 women and 26 men, mean age of 60,02 years old (SD 14,48), with
6 to 36 months after stroke onset. Function significantly improved regardless of the
treatment group. However, no statistical difference was found between both groups as
p-values of the median change of function measured by WMFT and FMA were 0.293
and 0.187, respectively.

Conclusion: This study showed that Robotic Therapy (RT) was not different from
Constraint-Induced Movement Therapy (CIMT) regardless of the analyzed variables.
There was an overall upper limb function, motor recovery, functionality, and activities of
daily living improvement regardless of the interventions. At last, the combination of both
techniques should be considered in future studies.
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INTRODUCTION

Stroke is one of the leading causes of disability worldwide.
Up to 80% of stroke survivors will endure upper limb motor
dysfunction with reduced ability to perform daily living activities,
an important issue of public health (Nichols-Larsen et al., 2005;
Levin et al.,, 2009; Langhorne et al.,, 2011; Johnson et al., 2016).
Among the techniques focused on upper limb motor recovery,
two have gained prominence, Constraint-Induced Movement
Therapy (CIMT) and Robot-Assisted Therapy (RT).

RT is based on the concept of high intensity and an increased
number of repetitions of functional movements to induce upper
limb functional improvement (Krebs and Hogan, 2006; Dipietro
et al, 2012) and has been reported as a potential approach
to provide stroke patients with motor and functional recovery
of upper limbs, presenting promising results in the literature
(Ferraro et al., 2003; Hesse et al., 2003; Dipietro et al., 2005; Krebs
and Hogan, 2006; Krebs et al., 2008; Volpe et al., 2008; Lo et al.,
2010).

Robotic devices provide stroke patients with intensive stimuli
and allow the professionals to control the parameters during the
rehabilitation session (Ferraro et al., 2003; Hesse et al., 2003;
Dipietro et al.,, 2005; Krebs and Hogan, 2006; Krebs et al.,
2008; Volpe et al, 2008; Lo et al., 2010). These devices may
include the combination of upper limb functional movements
within three modalities: passive, active-assisted, or active-resisted
(Ferraro et al., 2003; Dipietro et al., 2005). Robotic devices may
be advantageous when compared to traditional rehabilitation
programs, such as the output of objective measures, e.g., speed,
torque, range of motion, position, and others, that evaluate
and monitor the patient evolution, and the customization of
treatment sessions concerning different levels of movement
impairment (Lo et al, 2010). Also, the consistency and
reproducibility of robotic-aided training allow RT in multicentric
clinical trials (Hesse et al., 2003).

The Constraint-Induced movement therapy (CIMT) aims to
improve motor function of the paretic limb by combining an
intensive training program with the restraint of the unaffected
arm (Wolf et al, 2002). This approach includes shaping
procedures and task practice during the upper limb restriction for
90% of the day. CIMT also has a subjective behavioral contract
that must be established between the patient and the therapist,
especially in the performance in the home activities (Morris et al.,
2006; Taub et al., 2006). The restriction of the unaffected arm
marks CIMT during the treatment and intensive training of the
affected upper limb, including behavioral techniques (Thrane
et al., 2014). This technique is currently considered the gold-
standard intervention for treating the paretic upper limb (Wolf
et al., 1989, 2002; Taub et al., 1993, 2006; Kunkel et al., 1999;
Barreca et al., 2003; Dettmers et al., 2005; Morris et al., 2006; Page
and Levine, 2007).

A review that compared CIMT with conventional therapy
and no treatment showed improvements of upper limb motor
function represented by standardized mean difference (SMD)
0.34 (95% CI 0.12 to 0.55), which demonstrates a significant
difference in favor of CIMT (p = 0.004). Nonetheless, this
review had limited power due to small sample sizes and weak

study designs (Corbetta et al., 2015). Regarding RT, a systematic
review showed that robot-assisted therapy is superior to other
interventions to improve arm function (SMD fixed-effect model
0.21 [0.04; 0.38], p-value = 0.01) with better results among
chronic patients (Bertani et al., 2017). Currently, robot-assisted
therapy has level A evidence for treating chronic stroke phase
according to the American Heart Association and American
Stroke Association (Miller et al., 2010).

Although both interventions achieved relevant upper
limb function results, CIMT has been considered a gold-
standard treatment due to robust effects in the literature
(Wolf et al., 2006; Thrane et al., 2014; Kwakkel et al., 2015).
However, there is a lack of studies comparing CIMT and
robot-assisted therapy to establish the specific benefits
of each therapy approach on functional improvement
and quality of life of chronic stroke patients. Preliminary
discussions regarding motor recovery were released by our
group at the 2018 Annals of Physical and Rehabilitation
Medicine (Terranova et al, 2018). The final results and
discussion of this randomized clinical trial to demonstrate
the difference between RT and CIMT regarding upper limb
motor recovery and novel assessments on functionality and
daily living activities of patients with chronic stroke are
presented herein.

METHODS

This is a randomized clinical trial, with ethical approval under
registration number 0961/11 (CAPPesq—Comissdo de Etica para
Andlise de Projetos de Pesquisa) registered at ClinicalTrials.gov
(ID number NCT02700061) and conducted at an outpatient
physical rehabilitation site.

Patients were recruited at two different outpatient physical
rehabilitation facilities of a national network reference Institute
for physical medicine and rehabilitation care in Sao Paulo, Brazil.

Patients were required to be above 18 years of age, with
clinical and radiological diagnoses (magnetic resonance imaging
or computed tomography) of ischemic or hemorrhagic stroke
of one or more events in the same brain hemisphere, time after
stroke between six and 36 months after the date of the event. The
participants should be clinically stable, according to neurological
and cardiac evaluation. Upper limb impairments should be
compatible with Brunnstrom’s stages III and IV (Brunnstrom,
1966). Besides, participants were required to have at least a 20°
wrist extension and at least 10° of metacarpophalangeal active
extension, according to CIMT protocol. The individuals were
required to repeat these movements at least three times in one
min to ensure the constancy of their movements (Wolf et al,
2006; Thrane et al., 2014; Kwakkel et al., 2015).

Patients were not included if they presented muscle or
bone injuries, disabling joint pain in upper limbs, Mini-Mental
score below 20 points, psychological disturbances according to
medical evaluation, or if they experienced previous treatment
with robotic-assisted therapies. Treatment was discontinued if
patients presented progressive worsening of spasticity according
to Modified Ashworth Scale (Bohannon and Smith, 1987), a new
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stroke episode, or if they joined in another study protocol with
upper limbs intervention.

After meeting these criteria, participants were invited to
join in the study, and all the procedures, visits, intervention,
and evaluation were explained. Then, they were requested to
sign the Informed Consent Form and at last included in the
study. After inclusion, they were randomly allocated to one of
the intervention groups: 36 sessions of robot-assisted therapy
(RT) or two weeks of Constraint-Induced Movement Therapy
(CIMT), both of which combined with conventional treatment.
Clinical measurements were carried out in four phases: before the
beginning of the therapy (baseline), immediately after the end of
the rehabilitation program, and follow-up assessments at three
and 12 months after the end of their rehabilitation program.

Intervention Group 1—Constraint-Induced
Movement Therapy (CIMT)

In the CIMT group, patients received an outpatient conventional
rehabilitation program for ten weeks, followed by two weeks
(ten days) of CIMT, a total of 12 weeks of treatment. During
the last two weeks, patients received 10 consecutive days
(except weekends) of intensive therapies for six h per day
at the Institution. Also, patients used a restraint mitt on the
unaffected upper limb for 90% of their active day. Patients
kept the restriction to perform the home activities during
14 consecutive days, including the weekend. On each day,
therapists delivered different tasks for encouraging the use of the
affected upper limb. CIMT protocol includes three fundamental
components: shaping, task practice, and behavioral techniques.
Shaping is a training method that requires the therapist’s constant
engagement to make the tasks gradually more challenging.
Task practice is a repetitive practice of functional activity, and
behavioral techniques include a package of strategies to transfer
gains from the clinic to daily life (Uswatte et al., 2006).

Patients were encouraged to continuously perform functional
activities according to a previous task selection when at home.
Also, they were instructed to keep the training for the rest of
the day and the weekend. Training included different tasks and
activities related to daily living, such as to reach, grasp and lift
different objects (cup, can, jar, bottle, basket, and others), to turn
keys in locks, use light switches or knobs, to handle cutlery, to
open and close drawers/doors, to dress up, to hold a phone or
remote control, to clean a table and other tasks, all of which with
the paretic limb (Wolf et al., 2006; Thrane et al., 2014; Kwakkel
etal., 2015).

Intervention Group 2—Robot-Assisted
Therapy (RT)

Patients assigned to RT group performed the conventional
institutional rehabilitation program, like the CIMT group;
however, they concomitantly received three weekly sessions of
60 min RT for 12 weeks, composing 36 sessions. Patients used two
robotic devices InMotion Arm® (shoulder, elbow movements,
and grip training) and InMotion Wrist® (wrist movements).
InMotion Robots are an interactive, anti-gravity system that

supports the affected upper limb and allow guided exercises to
reach targets located in different positions. This system enables
intensive therapy, continuous feedback, adaptive training, task-
specific training, and customized treatments. The 36 sessions
were divided into nine sessions of shoulder and elbow training,
nine sessions of wrist movements training, and nine sessions with
a gripping device, and, in the last part, nine sessions of combined
sessions with all devices in an integrated training. This robot-
assisted protocol was based on previous protocols published in
scientific literature (Lo et al., 2010).

Conventional Rehabilitation Program

The conventional rehabilitation program was adjusted according
to the patient’s needs. It included weekly physical therapy
sessions, occupational therapy, physical fitness, psychological
therapy, speech therapy, nursing, and nutrition, and patients
were also assisted by social service whenever prescribed.
During conventional occupational therapy, patients received
independence and safety training on basic activities of daily living
and instrumental activities of everyday life, exercises to improve
range and strength of lower limbs, sensory and tone stimulation,
trunk stabilization, and gait training.

Our primary outcome is the improvement of proximal
and distal upper-limb motor control and upper-limb motor
recovery measured by Wolf Motor Function Test time (WMFT
time) and Fugl-Meyer Assessment—Upper Limb (FMA-UL),
respectively. The WMFT measures 17 timed functional tasks
with a score that ranges from 0 to 120s, with higher scores
indicating worse functioning (Pereira et al., 2011), whereas
FMA-UL is a scale whose score ranges from 0 to 66 points,
in which higher scores indicate better functioning (Fugl-Meyer
et al, 1975). Extending the preliminary publication at the 2018
Annals of Physical and Rehabilitation Medicine (Terranova et al.,
2018), other assessments were applied to explore the effects
of both techniques. Such assessments measured functional and
motor recovery with the scales Wolf Motor Functional Test
(Ability domain), Arm Motor Ability Test (AMAT), Functional
Independence Measure (MIF), and Modified Ashworth Scale
(MAS). Also, the Stroke Impact Scale (SIS) in the domains of
strength, activities of daily living, and hand function were used
to assess activities of daily living (Hatem et al., 2016).

Trained raters collected data according to the instructions
of each measurement. After standardization, they evaluated
the patients in four different phases: at baseline (before the
intervention), at the end of the rehabilitation program.

As registered at ClinicalTrials.gov, evaluators tested
the patients’ neuronal activity with transcranial magnetic
stimulation and electroencephalography. These evaluations were
also conducted three and 12 months after the rehabilitation
program for follow-up. Such assessments will be subject to
future publication due to their different research question
and objectives.

There was an initial estimation of 62 patients in each treatment
group, a total sample size of 124 stroke patients. The sample
size was estimated according to Wolf et al. (2006) in which they
found a reduction of 26% in time to perform the tasks proposed
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Assessed for eligibility
(hemiparesis)

(n = 1987)

Excluded (n = 1936)
» Not meeting inclusion criteria
o No stroke diagnosis
o Time after stroke > 36 months
o Wrist movement preserved or insufficient
» Refused to participate
+ Other reasons

Eligible Subjects after Screening
(n=51)

Randomized to Constraint-induced
Therapy (n = 26)

Randomized to Robotic Therapy (n = 25)

Discontinued (n = 6):
* Withdrew consent (n = 2);
« Unable to attend the visits (n = 4).

Discontinued (n = 7)

+ Unable to attend the visits (n = 5);

+ Upper limb pain (exclusion criteria) (n = 1);
+ Signs of angina (IRLM criteria) (n = 1);

Analyzed after therapy
(n =20)

Analyzed after therapy
(n =18) |

FIGURE 1 | Inclusion, treatment, and analysis flow diagram.

in WMFT assessment after a CIMT rehabilitation program. We
defined the power of 80% and alpha of 0.05, bicaudal.

The study was terminated after three years of recruitment,
with 51 participants enrolled, randomized, and allocated into one
of both intervention groups.

Randomization was made by a computer program
that generated blocks of four, six, and eight at a ratio
of 1:1. After the randomization sequence was generated,
a clinical research analyst kept the numbers in sealed
opaque envelopes. After the patient signed the informed
consent form and the baseline assessments, they were
allocated into one of both intervention groups according
to the random allocation sequence described within the
envelope. The allocation sequence was concealed from
the investigator.

Statistical Methods

Statistical analysis was performed with STATA (StataCorp LLC,
Texas, USA). To analyze intervention group Intra and inter-
differences, non-parametric tests were applied to test the change
in score after RT and CIMT sessions, given the results of
normality tests. Post-hoc analyses were carried out on the
overall treatment effects regardless of the treatment groups,
and all demographic characteristics were tested for confounders;
this statistical development addressed the concern that one or
more demographic variable could be the cause of our findings,
an issue that was not considered in the preliminary release
(Terranova et al, 2018). Finally, a post-hoc futility analysis
was conducted to disclose the impact of this trial’s early
termination. The significance level was set at p < 0.05 for all
statistical analyses.

RESULTS

From May 2012 to May 2015, associates contacted 1.272 patients.
Eighty-seven of them fulfilled the eligibility criteria, and 51
were enrolled. Thirteen patients dropped out. In the CIMT
group, two patients withdrew consent, and four were unable
to attend the treatment visits. In contrast, five patients could
not attend the treatment visits in the robotic therapy group.
Two others presented discontinuation criteria, pain in the upper
limb, and medical instability (described in Figure 1). Patient
characteristics at baseline were relatively well-balanced between
groups (Table 1).

The normality test (Shapiro-Wilk) showed that the variables
of the primary outcome (WMFT and FMA-UL) could not
be considered parametrical, therefore statistical analyses were
conducted with Wilcoxon and Mann-Whitney tests. Considering
the overall treatment analysis, regardless of the intervention
group, a significant improvement for WMFT and FMA-UL
and similar results were found for most secondary outcomes
(Table 2). There was a slight but not statistically significant
difference between groups (Table 3) regarding the primary
outcomes. The mean change, measured by FMA-UL, was 4.5
points for CIMT and 2.7 points for RT (p = 0.187). Regarding
WMFT, the improvement was —24.36 and —11.09s for CIMT
and RT, respectively (p = 0.293). Other assessments were
consistent with the primary outcome results as no significant
differences were found between both groups (Table 3). No
confounder was found among the demographical characteristics,
therefore no statistical adjustments were applied.

Post-hoc Futility Analysis
Based on the differences of clinical improvement between both
groups measured by WMFT, the futility analysis evidenced that a
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statistically significant difference (p-value < 0.05 with the power
of 80% or above) would be reached with the inclusion of 144
participants per group if the results of each patient maintained
the same standard. However, the effect size would still be mild

(rank biserial correlation, r = 0.12).

DISCUSSION

As evidenced by previous studies, both CIMT and RT improved
upper limb motor function and daily living activities of patients

TABLE 1 | Demographic and baseline characteristics.

CIMT Robotic Therapy
Patients, N 26 25
Women, N (%) 15 (57.7) 10 (66.67)
Age, mean years (SD) 59.35 (16.48) 60.72 (12.38)
Time after stroke, mean 18.96 (9.68) 14.32 (7.53)
months (SD)
Plegic side, right (%) 16 (61.54) 11 (44)

WMFT*

Fugl Meyer*

AMAT (Ability)*

AMAT (Quality)*

MASH

Fim*

SIS total score*
SIS strengtht

SIS Activities of Daily Living*

SIS Hand Function*

95.63 (66.59—223.49)
52.5 (46.75—-57.0)
3.52 (2.72—4.62)
2.97 (2.34-3.69)
0.17 (0—0.50)

78 (72—80)
69.39 (59.09—74.23)
65.62 (50—75)
67.5 (50—80)

40 (10-55)

93.6 (76.32—-468.21)
51.0 (42.5-56.5)
3.34 (2.65—4.05)
2.85 (2.15-3.55)

0.17 (0—0.50)

76 (70—79)
64.51 (51.31-68.82)
43.75 (37.5-62.5)
61.25 (47.5-72.5)
17.5 (0-37.5)

CIMT, constraint-induced movement therapy; SD, standard deviation;, WMFT, Wolf Motor
Function Test; AMAT, Arm Motor Ability Test; MAS, Modified Ashworth Scale; FIM,
Functional Independence Measure; SIS, Stroke Impact Scale. *Median, interquartile
ranges were used due to non-parametric distribution.

with stroke sequelae. Subtle differences between both techniques
were found for all outcomes. Nonetheless, they were not
statistically significant. This finding was shown in the preliminary
results of our study presented at the 2018 Annals of Physical
and Rehabilitation Medicine (Terranova et al.,, 2018), as both
groups improved motor recovery, but no differences were found
between both techniques (p-values 0.43 and 0.19 for WMFT
and FMA, respectively). As evidenced in the results herein
discussed, secondary outcomes showed that motor recovery
was followed by improvements in strength, spasticity, and
independence. These improvements suggest that the benefits of
the physical rehabilitation program were robust regardless of the
intervention group.

A publication from the Cochrane Database of Systematic
Reviews concluded that CIMT shows limited upper limb
motor function improvements, not necessarily representing
a more significant reduction in disability than conventional
therapies (Corbetta et al, 2015). However, another meta-
analysis evidenced that CIMT can be superior to conventional
rehabilitation (Thrane et al, 2014), regardless of the time
since stroke. The meta-analysis addressed daily living activities
and function and showed that CIMT improved both domains.
Conversely, the Cochrane review discusses that, for patients in
the chronic stage of stroke, CIMT seems to improve disability
by adaptation strategies for daily living activities (ADL) without
necessarily reducing disability. This conclusion appears to
agree with other authors who discuss that CIMT shows more
significant effects on motor function recovery in earlier stages
of stroke, as the restitution of neurological functions is more
likely to occure (Wolf et al., 2006; Thrane et al., 2014; Kwakkel
et al., 2015). Oppositely, our findings have shown otherwise,
as our participants, with an average time after stroke of 14.32
and 18.96 months in the CIMT and RT groups, respectively,
improved motor function recovery as well as the other relevant
aspects of strength, spasticity, and independence, even though
neither CIMT nor RT is explicitly applied for these last three

TABLE 2 | Overall treatment analysis.

Before the treatment*

Assessment After the treatment? p-value
WMFT, median time, seconds 93.6 (67.76—316.9) 76.96 (50.02—197,98) 0.011
FMA—UL 51 (45-57) 56.5 (49—62) <0.001
WMFT (Ability), score 3.6 (2.8-3.87) 3.93 (3.26—4.47) <0.001
AMAT (Ability), score 3.5 (2.69-4) 3.81 (3.24—4.65) <0.001
AMAT (Quality), score 2.97 (2.24—3.65) 3.55 (2.86—4.10) <0.001
MAS, score 0.17 (0-0.5) 0.11 (0-0.28) 0.005
FIM, score 77 (71-80) 79.5 (78—81) <0.001
SIS (total score) 65.32 (55.79—72.34) 73.56 (62.83—79.31) <0.001
SIS strength 56.25 (37.5—75) 62.5 (50—75) 0.075
SIS Activities of Daily Living 63.75 (47.5—77.5) 75 (60—82.5) <0.001
SIS Hand Function 30 (5—45) 55 (35—65) <0.001

CIMT and RT combined.

CMIT, constraint-induced movement therapy; CI95%, 95% confidence interval; WMFT, Wolf Motor Function Test; FMA—UL, Upper Limb Fugl Meyer Assessment; AMAT, Arm Motor
Ability Test; MAS, Modified Ashworth Scale; FIM, Functional Independence Measure; SIS, Stroke Impact Scale; *Median, interquartile range.
The bold values are the statistically significant p-values.
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domains (Kahn et al., 2006; Lo et al., 2010; Corbetta et al., 2015).
This is an important finding as it suggests that, even during
the chronic phase of stroke, the physical rehabilitation program
yields benefits to patients with stroke.

A critical aspect of CIMT is its applicability. The execution
of CIMT requires one dedicated therapist for three to six hours
per day, for 10 or even 15 consecutive days (Thrane et al., 2014)
to ensure the performance and repetition of the tasks with the
patient. Moreover, it is essential to evaluate the patients’ cognitive
and emotional aspects and the family support throughout the
CIMT protocol and the therapists’ availability before prescribing
this rehabilitation technique. On the other hand, CIMT may
be advantageous for inpatient facilities, where patients may be
treated in a more intense program for a shorter period.

Regarding Robot-Assisted Therapy, randomized clinical trials
that applied this technique have shown upper limb motor
improvements without, however, evident superiority when
compared to intensive training (Kahn et al., 2006; Volpe et al.,
2008; Lo et al., 2010). Nonetheless, the specialized literature is still
evolving. Once other publications on clinical trials for patients
with stroke during acute and chronic phases (Fasoli et al., 2003;
Ferraro et al., 2003; Prange et al., 2006; Masiero et al., 2007),
Robot-Assisted Therapy can be recommended for inpatient or
outpatient facilities. It offers the amount of motor practice needed
to relearn upper limb motor skills (Miller et al., 2010).

Another important aspect is the cost-effectiveness of RT
over CIMT. It is estimated that RT could reduce the upper
limb physical rehabilitation costs by optimizing the therapists
time and providing a high number of specific movement
repetitions (about 1.000 repetitions per session). Lo et al. (2010)
demonstrated an economic analysis comparing robot devices and
conventional therapies, showing that robots can reduce patients’
physical rehabilitation costs after stroke (Lo et al., 2010). Even
though any cost analysis must be validated for different countries,
researchers estimate that CIMT increases the cost of conventional
rehabilitation program (Light, 2015). Moreover, some of the
robotic systems generate an assessment of patients’ kinematic
metrics related to motor function used as a measurement, which
is another advantage compared to CIMT (Bosecker et al., 2010).
As the robotic system automatically drives the tasks regardless
of a therapist’s extensive presence, in our study, we managed to
standardize and optimize the 60 min sessions three times a week.

Another aspect that should be observed is the applicability
of RT. Recent studies indicate positive results regarding the
usability and feasibility of the robotic devices compared to other
interventions, showing that patients report greater satisfaction
and motivation when assigned to a robotic device during the
rehabilitation process (Masiero et al., 2007; Hughes et al., 2011;
Park et al., 2013; Lled¢ et al., 2016; Lee et al., 2017; Resquin et al.,
2017). Greater satisfaction may be related to higher adherence.
Nonetheless, this was not observed in our study. The number of
dropouts along the interventions was similar and not necessarily
due to the interventions themselves, even though we believe the
shorter RT session duration may also be considered an advantage
CIMT regarding adherence. Although we did not observe a
difference in adherence, other authors observed more significant
impacts in the patients’ degree of acceptance and compliance with

the rehabilitation treatment due to technology use (Bovolenta
et al., 2009, 2011). Such acceptance may be explained by the
difference in routine between both treatments. The RT demands a
1-h session three times a week, whereas the CIMT approach holds
the patients active for about 90% (Bovolenta et al., 2009, 2011;
Light, 2015). In our study, the professionals reported that the
patients of the CIMT group manifested tiredness and discomfort.
Oppositely, the patients of the RT group had better engagement
and performance during the sessions. Nonetheless, such events
could not be measured, and the final results did not evidence
significant differences between the interventions.

According to previous studies, CIMT and RT have different
indications, as CIMT is suggested for patients with potential
for wrist and finger control and RT for shoulder and elbow
motor recovery (Wolf et al., 2006; Lo et al., 2010). Moreover, RT
has a greater potential to recover remaining motor components
such as stretching, mobility, strength, tonus, range of motion,
and smoothness (Fasoli et al., 2003; Ferraro et al., 2003; Kahn
et al,, 2006; Prange et al., 2006; Masiero et al., 2007; Volpe
et al, 2008; Lo et al., 2010). CIMT protocol includes task-
specific training with the affected upper limb to improve the
time and ability to perform tasks related to the ADL, such as
eating, drinking, reaching, and carrying objects (Wolf et al.,
2006). Therefore, it is suggested that CIMT and RT could be
complementary interventions during the rehabilitation process.
In our results, secondary outcomes evidenced that RT was not
necessarily inferior to CIMT on task-specific training, as the
values of AMAT and WMFT for both ability and quality of motor
function for specific tasks of daily activities were statistically
similar regardless of the intervention group. Considering that
the participants were in the chronic phase of stroke sequelae,
combining both techniques seems promising.

The combination of the CIMT and the RT has already
been discussed previously in the literature. Two studies showed
that RT combined with CIMT led to better improvements in
upper limb functional ability (p = 0.01), measured by WMFT,
to perform motor tasks when compared to RT combined
with conventional therapy or RT alone. Therefore, CIMT
could produce more significant improvements when applied in
Robot-Assisted Therapy once CIMT would reinforce adaptation
strategies after the patient acquired the maximum potential
motor in the RT sessions (Hsieh et al., 2014, 2016).

There are significant differences regarding the indications and
execution of CIMT or RT. The range of patients able to perform
CIMT protocol is limited due to restricting criteria such as the
minimum of 10° of wrist extension and 10° abduction/extension
of the thumb and at least a 10° extension in at least two
other fingers. Indeed, this was an important reason for the low
percentage (about 5%) of patients who met our study’s inclusion
criteria. It is estimated that only 6.5% of stroke patients can
receive CIMT (Fabbrini et al., 2014). This criterium was the
main reason for our study’s early termination with 51 patients
included, about 41% of the expected sample size, and may also
partially explain the patients’ improvement, once, even though
they were in the chronic phase of stroke, they had some level of
independence, as the baseline FIM was 78 and 76 for CIMT and
RT, respectively. Hence, therapists should consider the flexibility
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TABLE 3 | Treatment group analysis.

CIMT#

Treatment group analysis Robotic Therapy* p-value
WMFT median time, seconds —24.36 (—133.80-5.08) —11.09 (—27.56-8.87) 0.293
FMA—UL 4.5(1.5-7) 2.7 (—2-6) 0.187
WMFT (Ability) 0.27 (0.1-0.7) 0.30 (0.27-0.6) 0.769
AMAT (Ability) 0.27 (0.19-0.91) 0.41(0.17-0.79) 0.988
AMAT (Quality) 0.50 (0.22—-0.79) 0.53 (0.17-0.89) 0.792
MAS —0.05 (-0.66-0) 0(—0.11-0.05) 0.014
FIM 1.5 (0-5.25) 3.0 (2.0-5.75) 0.517
SIS (total score) 6.77 (0—15.20) 7.04 (1.89—11.64) 0.761
SIS strength 0(—12.5—-18.75) 15.63 (—6.25—-25) 0.122
SIS Activities of Daily Living 10 (0—15) 10.0 (—2.5-17.5) 0.855
SIS Hand Function 15.0 (56—25) 17.5 (56.0—25) 0.939

CMIT, constraint-induced movement therapy; WMFT, wolf motor function test (mean time in seconds); FMA—UL, upper limb fugl meyer assessment; AMAT, arm motor ability test; MAS,
modiified ashworth scale; FIM, functional independence measure; SIS, stroke impact scale; Median change from baseline.

for prescribing robot-assisted therapy another advantage once
these devices can be adjustable to different disability degrees.
They offer adaptation and graduation of tasks, contemplating a
larger disability spectrum.

As observed in previous studies, valuable and motivational
robotic systems are designed to increase patient adherence to
treatment once the patient’s motivation and engagement need to
be stimulated to achieve better rehabilitation outcomes during
the rehabilitation programs (Grahn et al., 2000; Resquin et al.,
2017). This shows that even though robotic therapy has yet
to deliver better outcomes than CIMT, our results and the
specialized literature support the use of robotic devices during
rehabilitation programs for stroke patients.

Even though our results should consider the small effect
sizes and the possible lack of power to detect subtle differences,
the agreement between motor recovery and function [FMA-UL
and WMFT, respectively (Fugl-Meyer et al., 1975; Pereira et al.,
2011)] and the secondary outcomes of function, independence,
spasticity, and strength suggests our results may be considered
robust. We also acknowledge that our protocol compared 36
sessions of RT with 10 days of CIMT protocol, with a total
time of 18h of RT distributed along 12 weeks and 60h of
CIMT concentrated in two weeks only, which may jeopardize
comparability. Nonetheless, we understand comparability is
still possible once the RT or CIMT protocols were combined
with a conventional rehabilitation program, as stated in the
methods. As for the influence of the number of sessions and
time, even though both interventions are validated protocols,
it is not possible to isolate the effects of both variables
on our patients’ recovery, as they may have favored one
technique over the other or even be the sole cause of the
differences we found between them. Therefore, future study
designs on the comparison of RT and CIMT should analyze
the influence of time and number of sessions over the results
and consider the inclusion of other assessments along with
both protocols.

Future studies should expand the knowledge on both
techniques. Regardless of the interventions herein discussed,

the best responders for each one of them are not entirely
established. Understanding this matter could provide health
professionals with the best strategy to rehabilitate their
patients. Also, the combination of both RT and CIMT
demands proper investigation. It could deliver the best of
both strategies and reduce their disadvantages once the
patient would not be subject to only one type of therapy.
Concerning disadvantages, the costs of both interventions need
special attention, and future studies in this regard may be
decisive for the choice of one technique over the other. At
last, the long-term effects of both techniques should also
be researched.

Our study showed that chronic stroke patients improved
upper limb function, motor recovery, and daily living activities
after robotic-assisted therapies (RT) or Constraint-Induced
Motor Therapy (CIMT), both combined with conventional
occupational therapy RT is not different from CIMT.
The prescription for a rehabilitation program should
consider the RT advantages over CIMT, however, long-
term effects and treatment adherence to robotic-assisted
therapy are yet to be studied in the future. At last, we
consider that future studies should test the combination of
both CIMT and RT techniques and the long-term effects of
robotic therapy.
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