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ABSTRACT

Purpose. Post-stroke hemiparesis can cause motor deficits that affect the completion of functional activities, such as reaching.
The study aim was to quantitatively compare the changes in muscle activation between hemiparetic individuals during the
subacute and chronic phases of recovery and healthy individuals in a reaching task.

Methods. The electromyographic activity was recorded of the upper trapezius (UT), biceps brachii (BB), triceps brachii
(TB), flexor carpi ulnaris (FCU), and extensor carpi radialis (ECR) muscles in 10 subacute individuals (group 1), 10 chronic
individuals (group 2), and 10 healthy individuals (group 3). The normalized root mean square (nRMS) was calculated,
followed by a qualitative index based on maximum activation, and the occurrence of co-contraction was analysed.
Results. In the nRMS analysis, group 1 presented significantly higher activation than group 3 for BB, TB, and ECR; group
2 showed significantly higher activation than group 3 for BB and FCU. In the qualitative analysis, group 1 exhibited greater
activity for UT, group 2 for ECR, and group 3 for UT. There was no statistically significant difference in the co-contraction

analysis between the antagonist muscle pairs of BB/TB and FCU/ECR.
Conclusions. Muscle activation was greater in the post-stroke groups in comparison with healthy individuals.
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Introduction

Stroke is characterized as a neurological deficit at-
tributed to an acute focal injury of the central nervous
system by a vascular cause [1]. Each year, 795,000
people suffer from a new or recurring [2] stroke, and
only 40% of survivors recover completely [3], which
makes stroke one of the principal causes of disability
in the world [4].

Hemiparesis is the most common outcome in post-
stroke individuals and it generally refers to the hetero-
geneous condition comprised of muscle weakness,
changes in motor control, and spasticity [5]. Among
these, muscle weakness was the strongest and there-
fore is considered the factor most responsible for limi-
tations in daily activities [6]; it is assigned to inade-
quate recruitment of motor units, resulting in an
inability to generate sufficient force [7].

Thus, changes can be observed in muscle activation
patterns, such as loss of selective activation of muscle
groups necessary to execute specific motor tasks and
incorrect proportion of muscle pairs activation as co-
contraction of antagonist muscles [8]. Muscle co-con-
traction can be related to reduced inhibition [7] or
lack of muscle activation [8]. According to Gowland
et al. [7], co-contraction is related to the fact that the
inhibiting action would be negatively impacted on the
paretic side. Still, Wagner et al. [8] affirm that co-con-
traction can be associated with an impairment in the
activation of the agonist muscle, and not with exces-
sive activation of the antagonist muscle.

McCrea et al. [9] describe a saturation in muscle
activation in post-stroke patients and affirm that it
would also be related to muscle weakness, requiring
additional muscle activation during the execution of
movements. In the same way, Trombly [10] observed
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that these individuals used a significantly higher per-
centage of available activity in the motor units of the
paretic limb.

In this context, loss of some functional abilities can
be observed; among them is reaching [11]. The ability
to achieve adequate reach is a fundamental compo-
nent of daily activities [12] and, considering that this
task requires precise planning [13, 14], damage to the
central nervous system can result in reduced capac-
ity to activate and modulate the muscles involved in
its execution [8]. Therefore, the individual will often
compensate [15] in the execution of motor tasks, e.g.
excessive activation of the upper trapezius (UT) mus-
cle can be regarded a compensating strategy in move-
ments of raising the upper limb [16].

It can be assumed that, in accordance with the post-
stroke recovery process, the individuals present dif-
ferences with respect to muscle activation. Thus, the
objective of this study was to quantitatively compare
the changes in muscle activation during the execu-
tion of a reaching task between hemiparetic individ-
uals in the subacute and chronic stages of recovery
and individuals with no history of stroke.

Our initial hypotheses were: (1) when compared
with individuals without history of stroke, post-stroke
patients will show greater use of the capacity to acti-
vate each muscle during the performance of a task,
this being more evident among the subacute group
than in the chronic group; (2) there will be greater ac-
tivation of UT in the subacute group when compared
with the other groups, as a means of compensating
for the reaching movement; and (3) the proportion of
activation in the antagonist pairs of biceps brachii
(BB)/triceps brachii (TB) and flexor carpi ulnaris
(FCU)/extensor carpi radialis (ECR) among post-stroke
individuals will predominate with the two antagonis-
tic muscles activating at the same proportion through
the entire task duration.

Material and methods

A total of 24 stroke survivors from the Neurology
Department of Applied Physiotherapy, as well as 10
individuals with no history of stroke met the inclu-
sion criteria. The inclusion criteria for the post-stroke
individuals were: hemiparesis lasting for more than
3 months and continued physician visits, age range
of 45-75 years, no musculoskeletal system diseases,
no cognitive deficit, and having signed the informed
consent form after having read it and understood it
completely. Overall, 4 hemiparetic individuals were not
able to complete the reaching task. Therefore, 30 sub-
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jects were assessed in total: 10 in group 1 (subacute, less
than 6 months post-stroke [17]), 10 in group 2 (chronic,
more than 6 months post-stroke), and 10 in group 3
(individuals with no history of stroke and no muscu-
loskeletal disorders, which, in this case, we consid-
ered the healthy group). The dominant arm in group
3 participants was tested in this research because,
according to McCrea et al. [9], the dominant arm in
healthy individuals displays more muscle activation
than the non-dominant one. The status of paresis se-
verity was assessed by the Fugl-Meyer score of the up-
per extremity, where all the stroke survivors should
be able to reach with full elbow extension. We also
used the Barthel index to evaluate the independence
level of the stroke survivors.

The collections were performed in the Biomechani-
cal and Motor Control Laboratory of the Federal Uni-
versity of Triangulo Mineiro for a period of 12 months.

To perform the reaching task, the individuals were
placed in a sitting position with hips, knees, and an-
kles flexed at 90°, shoulders in a neutral position,
and elbows flexed at 75-90° [18]. The trunk was sta-
bilized with a Velcro belt to avoid compensatory strat-
egy. The participants were asked to reach for a target
placed at the height of the xiphoid process, at a dis-
tance equivalent to the functional length of the arm
when the individual raised it to 90° in a flexed posi-
tion [19] on the sagittal plane [20] (Figure 1). Necessary
measures were put in place to minimize any potential
positional discomfort, including rest times between
the trials and the use of a pillow to rest the arm on.

Figure 1. Positioning of the individuals, the target to be
reached, and the electrodes on the assessed muscles:
(A) upper trapezius, (B) biceps brachii, (C) triceps brachii,
(D) flexor carpi ulnaris, (E) extensor carpi radialis

For the electromyographic evaluation, disposable
electrodes were placed on each muscle pair to be as-
sessed. Prior to placing the electrodes, the area was
trichotomized, cleaned with 70% alcohol, and exfoli-
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ated with a fine abrasive in order to reduce the skin’s
impedance [21].

The placement of the electrodes followed the guide-
lines laid out in the SENIAM (Surface Electromyog-
raphy for the Non-Invasive Assessment of Muscles)
[21] protocol for UT, BB, and TB. For FCU and ECR,
the study by Lima et al. [22] was followed, which had
also been applied in other research [18, 23]. Three
reaching movements were carried out. During the data
collection, all electronic equipment within the room
and in nearby rooms were turned off to avoid inter-
ferences.

The electromyographic assessment of the muscles
was recorded by an EMG System do Brasil® electro-
myograph (Sdo José dos Campos, Brazil), with a band-
pass of 20-500 Hz, common-mode rejection greater
than -120 dB, input impedance greater than 10 MQ,
and gains of x100 in the signal conditioner and x20
in the bipolar electrode preamplifier (total gain of
2000). WinDaq software (DATAQ Instruments, Ak-
ron, USA) was used for the analysis of data acquired
at a sampling frequency of 1 kHz for each channel.

The electromyographic signal was collected at
1000 Hz, and later filtered. The values for the signal
amplitude were represented by the root mean square
(RMS) over the entire duration of the task and then
normalized by the ratio between the RMS value and
the maximum value obtained during the maximum
voluntary isometric contraction (MVIC) of each muscle,
for the 3 repetitions of the reaching task (equation 1a).
Therefore, the average values obtained were consid-
ered. In order to represent the muscle activation of the
reaching task in proportion to the maximum muscle
activation, the normalized RMS (nRMS) was multi-
plied by 100 and expressed in the activation percent-
age value.

After calculating the nRMS, a qualitative index
was created on the basis of the maximum value of the
electromyographic activation between the 5 muscles,
representing how much each muscle, to its maximum
capacity, contributed to the successful execution of the
task. The muscle with greatest activation was consid-
ered at 100% and the others as a proportional per-
centage of this index.

In order to assess the proportion of activation be-
tween the antagonist pairs (BB and TB, and FCU and
ECR), we modified the formula described by Ham-
mond et al. [24] (equations 1b and 1c), which consid-
ers the proportion of antagonistic activity in relation
to total electromyographic activity, as well as agonis-
tic and antagonistic activities as an indicator for co-
activation. As other authors [23, 25], we also used

the nRMS values of each muscle over the entire task
time to calculate the proportion of the muscle activa-
tion in each antagonist pair. With this method, it is
possible to analyse the prevalence of muscle activa-
tion in the antagonistic pairs analysed. The method
is important for clinical applicability because the
view of the predominance of certain muscle activa-
tion enables the development of strategies that focus
on a targeted treatment of the specific muscles with
higher and lower neuromuscular activation.

@

RMS [AU]
nRMS = ————
MVC [uV]
- , EMG BB
Co-contraction BB/TB =
EMG BB + EMG TB
©
. ) EMG ECR
Co-contraction ECR/FCU = — x 100
EMG ECR + EMG FCU

Equation 1. (a) nRMS - normalized data for
electromyographic activation, RMS - root mean square,
MVC - maximum voluntary contraction value,

AU - arbitrary unit, pV - microvolt; (b) BB - biceps
brachii muscle, TB - triceps brachii muscle,
EMG - electromyographic activity; (c) ECR - extensor
carpi radialis, FCU - flexor carpi ulnaris,

EMG - electromyographic activity

The data were processed by using Excel and Kaleida-
Graph 4.0 (Synergy Software, Reading, USA). Statis-
tica software was used for the statistical analysis. In
order to ensure unbiased results, the data were ana-
lysed by professionals who did not participate in the
clinical evaluation and the electromyographic exam-
ination of the individuals. Data normality was veri-
fied by the Shapiro-Wilk test. The nRMS data did
not represent normal distribution and the non-para-
metric Mann-Whitney U test was used for intergroup
evaluation. As the co-contraction data presented nor-
mal distribution, they were subjected to the one-way
ANOVA test and the post-hoc Tukey test. The nRMS
values were considered as dependent variables and
the other parameters (group and muscle) as independ-
ent variables. For the co-contraction analysis, the in-
dependent variable was the group, and the dependent
variable was the value of the co-contraction of the
analysed pairs.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
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tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Re-
search Ethics Committee at the Federal University of
Triangulo Mineiro, under protocol No. 1647.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.
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Results

The profile of the individuals is presented in Table 1.
The subacute post-stroke group presented 60.82 (+ 4.92)
Fugl-Meyer score and the value for the chronic post-
stroke group was 59.50 (+ 7.12). All patients were
classified as mild to moderate functional independ-
ence in accordance with the index of Barthel. The suba-
cute post-stroke group presented significantly higher
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RMS - root mean square, NnRMS — normalized RMS, BB - biceps brachii, TB — triceps brachii, ECR — extensor carpi radialis,

FCU - flexor carpi ulnaris; groups: 1 — subacute, 2 — chronic, 3 — healthy

Figure 2. Comparison of nRMS values for each muscle category: (a-c) the paretic side in group 1 and the dominant side
in group 3, (d-f) the paretic side in group 2 and the dominant side in group 3
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Table 1. Profile of the study participants

. Subacute grou Chronic grou Healthy grou
Variable am10) n=10) o 10)
Age (years), average (SD) 59.18 (+ 11.92) 59 (+ 12.37) 54.7 (£ 12.36)
Sex, men/women 8/2 6/4 4/6
Hemiparetic side, right/left 6/4 4/6 -

Time since stroke (months), average (SD) 3.36 (= 0.81) 10.2 (£ 1.55) -
Tonus, modified Ashworth scale (0-4) 1 (100%) 1 (100%) -
Fugl-Meyer score 60.82 (+ 4.92) 59.50 (+ 7.12) -
Barthel index, mild/moderate level of function 8/2 8/2 -

% MVC
35
30
25
20
S
15
10
5
0
Upper  Biceps Brachii ~ Triceps FCU ECR
Trapezius Brachii

mGroup 1 mGroup2 = Group 3

MVC — maximum voluntary contraction, FCU — flexor carpi ulnaris,
ECR - extensor carpi radialis

Figure 3. Relative percentage of muscular activation
on the basis of maximum voluntary contraction

activation than the healthy group for BB (U = 21.0,
p = 0.02), TB (U = 20.0, p = 0.02), and ECR (U = 12.0,
p = 0.004) (Figure 2a, b, c). The chronic post-stroke
group presented significantly higher activation than
group 3 for BB (U = 13.0, p = 0.005) and FCU (U = 14.0,
p = 0.006); the activation was also higher, although
not significantly, for ECR (U = 15.0, p = 0.008) (Fig-
ure 2d, e, f). Significant differences were not found
when comparing groups 1 and 3 for UT and FCU, or
between groups 2 and 3 for UT and TB.

Figure 3 represents the muscle activation during
reaching in proportion to the maximum activation
obtained in the MVIC test for each muscle. The nRMS
values are expressed as a percentage for groups 1, 2,
and 3. Group 1 presents higher activation values for
all muscles except BB and ECR, indicating that, in
comparison with the chronic and healthy groups, the
individuals in the subacute post-stroke phase needed
greater muscle activation to complete the functional
reaching task.

During a qualitative intergroup analysis, the values
of the rates for groups 1, 2, and 3 were considered
separately, and activities were compared between the
paretic side in groups 1 and 2, and the dominant side

in group 3. For group 1, UT activity was predominant,
which represents 100% in this analysis, followed by
the activity of TB (67.60%), ECR (66.25%), BB (41.73%),
and FCU (41.55%). In group 2, the predominant activity
was that of ECR (100%), followed by FCU (83.01%),
UT (80.81%), BB (60.21%), and TB (54%). In group 3,
the greatest activity was for UT (100%), followed by
TB (73.71%), ECR (34.87%), BB (27.66%), and FCU
(26.12%).

In the analysis of the proportion of activation be-
tween the antagonist pairs, there was no significant
statistical difference between the groups for the BB/TB
pairs (F(2.27) = 1.113, p = 0.343) or FCU/ECR (F(2.27)
=0.990, p = 0.385).

Discussion

The objective of this study was to quantitatively
compare muscle activation between hemiparetic in-
dividuals in the subacute and chronic phases of recov-
ery and participants without stroke history, keeping
in mind that changes in this activation, related to
hemiparesis, could interfere in the implementation of
the reaching task. On the basis of the results, we can
consider that this objective was achieved, as 2/3 of
our hypotheses were confirmed.

We first hypothesized that for post-stroke individ-
uals, we would find greater usage of activation capacity
for each muscle, with the highest evidence in group 1.
The substrate for this hypothesis is that after each in-
jury occurs, the individuals will not have control over
the modulation of muscle activation in the performance
of the task; therefore, this deficit would diminish after
a certain time post-stroke [8].

The results of the nRMS analysis reveal that the
subjects in the post-stroke groups (subacute and
chronic), while performing the functional reaching
movement, present higher activation values for all mus-
cles analysed, except UT, when compared with the
healthy group. Since the RMS data of this study were
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normalized by using the MVIC test values, our results
show that, on the basis of maximum muscle capacity,
the individuals in the post-stroke groups needed greater
muscle activation to execute the same functional reach-
ing movement as those without a history of stroke.

Other studies have also reported greater muscle
usage rates during the reaching movement among post-
stroke participants [8, 9]. Applying the MVIC values
in the analysis of activation percentage of the deltoid,
TB, BB, and brachioradialis muscles, McCrea et al. [9]
observed that post-stroke patients used greater mus-
cle activity to correctly accomplish functional reach.
Also, comparing the highest activation value during
reaching movements with the highest value during the
manual MVIC test for the deltoid, BB, TB, ECR, and
flexor carpi radialis muscles, Wagner et al. [8] found
that individuals in the acute and subacute post-stroke
phases presented a significant increase in the use of
maximum muscle capacity during the reaching move-
ment in comparison with those without a history of
stroke.

After the MVIC analysis, followed by attempts of
the individuals to reach 20%, 40%, 60%, 80%, and
100% of the MVIC value, Chang et al. [26] observed
that post-stroke patients had difficulty in maintain-
ing constant intensity during MVIC of paretic mus-
cles, which resulted in an increase in force variability.
The authors attributed this result to a reduction in the
recruitment and modulation capacity of motor units,
including fluctuation in the release rate of motor units
and synchronization during the production of force.

Furthermore, analysing the relationship between
electromyographic activity and the isometric force gener-
ated by the bilateral elbow flexors of hemiparetic in-
dividuals over a period of more than 4 months, Tang
and Rymer [27] observed that despite the level of iso-
metric force being almost identical in both sides under
study, the rectified electromyographic activity was
higher on the paretic side. As this was attributed to a low
amount of force generated by the muscle fibres, higher
recruitment of the motor units was necessary to pro-
duce an adequate level of force. The authors ascribed
this result to the fact that the release rate of an indi-
vidual motor unit was reduced in the paretic state.

In this project, there were no differences when com-
paring UT with FCU between groups 1 and 3, and UT
with TB between groups 2 and 3. Wagner et al. [8] also
report that when comparing individuals in the acute
and subacute phases of recovery, some muscles in
some participants were found to be more active in the
first phase but not in the second, and vice versa. This
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demonstrates that the activation pattern varied be-
tween individuals during post-stroke recovery.

The second hypothesis referred to a greater acti-
vation of UT in the subacute group. This hypothesis
was supported by the knowledge that owing to the
deficits presented by these individuals, their natural
reaction would be to use available motor strategies as
a means of compensation [15, 18].

In the analysis of the indices of muscle activation,
the greater activation of UT in the healthy group could
be explained by the fact that this muscle plays an
important role in scapular stabilization during upper
limb movements [28]. In the subacute group, UT was
also very active, which confirms the proposed hypoth-
esis; the individual shows the paretic upper limb
a little more pendant owing to the muscle weakness,
which would require a greater force of the UT for sta-
bilizing the humeral head in the glenoid cavity.

In the chronic group, the predominant activity of
ECR, followed by FCU, indicates greater stabilization
for wrist control. According to Twitchell [29], the re-
covery process goes from the proximal to the distal.
Thus, in individuals in the chronic phase, improve-
ment in motor control, which is illustrated in our study
by greater wrist control, would be more evident than
in those in the subacute phase, who presented dis-
tinctive activation of these two muscles.

Also in line with these findings, it is interesting to
note that many stroke survivors experience reasonable
motor recovery in the proximal segment, with limited
distal recovery [25]. Boyd et al. [30] cite that many cases
of motor learning and performance improvement are
observed in post-stroke individuals in the chronic
phase of recovery, indicating a functional organization
of the motor system that is modified by use.

The third hypothesis of our study comprised the
proportion of activation between the antagonist pairs
of BB/TB and FCU/ECR in post-stroke patients when
compared with individuals who had no history of
stroke. This hypothesis was based on the fact that ab-
normal activation of agonist and antagonist muscles is
a post-stroke clinical phenomenon and could be a cru-
cial component of motor deficiency [7].

The results of the proportion of activation analysis
can be related to a previous study by Trombly [10],
which reported that after analysing the task of reach-
ing in hemiparetic individuals, no differences were
found in muscular co-activation between BB and TB.
The author attributed this result to the differences in
activation of each individual muscle. Similarly, our
study did not reveal any difference between the pro-
portions of the muscle pairs.
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Even with our analysis being performed over the
entire time of the muscle pairs activation, Wagner et
al. [8], who analysed the co-activation between the
muscle onset and offset, also did not find statistically
significant differences in the agonist and antagonist
activation in post-stroke survivors. Therefore, once in
the entire task duration or between the muscle onset
and offset, lack of statistical significance indicates
that the proportion of activation between the pairs is
the same. It is an interesting analysis because it sug-
gests that the treatment for both subacute and chron-
ic post-stroke survivors must focus on both agonist
and antagonist muscles in order to promote the cor-
rect proportion of muscle activation and relaxation.

Also, we can say that the deficit in the performance
of the paretic member occurs as a result of a deficiency
in the agonist muscle activation, and not because of
excessive activation of the antagonist muscle [8], still
present in chronic post-stroke survivors.

The novelty of the present study is the finding re-
lated to chronic individuals, who presented with more
activation of distal muscles compared with the suba-
cute and healthy groups. The use of the index analysis
allowed to visualize the relationship between the
5 muscles involved in the task which reflects the recov-
ery process. In the chronic group, the distal muscles
of the upper limb were more activated, indicating ac-
quisition of motor control, whilst in the acute group,
UT was the more activated muscle, pointing at com-
pensation in the task execution. In the healthy group,
the most active muscle was UT, possibly reflecting
the function of this muscle in the scapular stabiliza-
tion during humeral elevation. This could help in the
rehabilitation process in the sense that it is important
to know how the recovering process occurs in the tran-
sition from the subacute phase to the chronic phase
after stroke.

The differences found in muscular activation
amongst hemiparetic individuals and those without
stroke history show that since the first group needs
more activation of total muscular capacity to imple-
ment the reaching task throughout the day, at least
the muscles assessed in this study are prone to showing
greater muscular fatigue. Therefore, clinical practice
should be attentive to training the entire set of upper
limb, strengthening the weak muscles, relaxing the
muscles that are prone to fatigue, and providing func-
tional training for primary daily activities in order to
encourage relearning of the motor task.

In order to establish a connection between the chang-
es in muscular activation and the compensations for
movement or even the dynamic process of motor re-

covery of the upper limbs in hemiparetic individuals,
new studies are needed involving longitudinal meth-
odologies and greater numbers of participants.

Conclusions

The results of this study show that in post-stroke
individuals, there is greater muscular activation of the
paretic limb in comparison with the dominant limb
in those without a history of stroke. Post-stroke com-
pensatory measures predominantly involve UT acti-
vation in patients in the subacute phase, and ECR
activation in those in the chronic phase, which indi-
cates compensations and greater motor control, respec-
tively. Furthermore, we did not observe the presence
of co-contraction between the antagonist pairs of the
elbow and wrist, which seems to be associated with
the lack of activation of the agonist muscle in the move-
ment, and not with excessive antagonist activation.
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