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Abstract

Neural coupling, frequently impaired in post-stroke subjects, can be 
DVVHVVHG� WKURXJK� XSSHU� OLPE� ÀH[RU� FRPSRQHQWV� DJDLQVW� JUDYLW\� OLNH� WKH�
EUDFKLRUDGLDOLV� PXVFOHV� DFWLYLW\�� %DVHG� RQ� WKH� NQRZQ� LQÀXHQFH� RI� WKH� ORZHU�
limb activity in the upper limb motor behavior it can be raised the question on 
ZKHWKHU� WKH� G\VIXQFWLRQDO� PRGXODWLRQ� RI� WKH� H[WHQVRUV� DOVR� KDSSHQV� LQ� WKH�
EUDFKLRUDGLDOLV�PXVFOH��7KH�DLP�RI�WKLV�SUHOLPLQDU\�SDSHU�ZDV�WR�H[SORUH�FOLQLFDO�
evidence related with the dysfunctional modulation in the brachioradialis muscle 
DORQJ�ZLWK�WKH�VROHXV�PXVFOH��H[SUHVVHG�E\�DQ�DFWLYDWLRQ�LQVWHDG�RI�LQKLELWLRQ�
SDWWHUQ� LQ�$3$V� WLPHOLQH��SULRU� WR�VWDQG� WR�VLW�DQG�JDLW�� LQ�VWURNH�VXEMHFWV��6L[�
post stroke participants participated in the present study. The electromyographic 
activity of the soleus and brachioradialis muscles were recorded during stand 
to sit and gait initiation performance and was used to quantity muscle variation 
timing. The ground reaction forces assessed through a force pate were used 
to identify the beginning of the task. Post-stroke subjects presented in both 
functional tasks a pre-activation of soleus and braquioradialismuscles.Post 
stroke subjects with a dysfunction of soleus muscle modulation also showed 
D�G\VIXQFWLRQ�LQ�EUDFKLRUDGLDOLV�PXVFOHV��H[SUHVVHG�E\�DQ�DFWLYDWLRQ�SDWWHUQ�LQ�
both muscles prior to stand to sit and gait.

activation through anticipatory postural adjustments. Speci!cally, 
these are expressed by the decrease of soleus activity prior to tibialis 
anterior activation and allows the release of the "exor component 
at the elbow joint, which is uncommon in stroke subjects. #e 
modulation of this extensor response is related to the variation of the 
a$erent proprioceptive input that reaches the cerebellum in"uencing 
the reticular formation [20-22], and vestibular nucleus [23]. #erefore, 
both the spino-cerebellum-reticular and spino-cerebellum-vestibular 
are neural circuits relevant in the variation of the muscular activity to 
extensor modulation.

Also, the ability to regulate the activity of anatomically distant 
muscles but functionally “coupled” within the scope of regulation 
of the extensor response is also based on the fact that an input of 
a segment is capable of in"uencing its adjacent segmental circuit, 
through spinal network [24]. #erefore, it can be hypothesized that 
post stroke subjects with dysfunctional soleus modulation, (expressed 
by an activation instead of an inhibition in APAs timeline, prior to 
stand to sit and gait) would also present dysfunction of brachioradial 
is modulation.

#e main purpose of this preliminary paper was to explore clinical 
evidence (expressed by the muscular activity variation) related with 
modulation dysfunction in the brachioradialis along with the soleus 
muscles, in APAs recruitment prior to stand to sit and gait, in post 
stroke subjects (Figure 1).

Methods
Participants 

#e present study is a case series study which included six 

Introduction
#e brain is a complex integrative network of functionally linked 

regions [1]. Stroke can be viewed as a disruption of an individual’s 
connectome caused by focal or wide spread loss of blood "ow [2]. 

#e postural control function is speci!cally dependent on the 
neural connectivity between the supplementary and premotor cortex 
to the reticular formation, through corticorreticular networks [3]. 
While the premotor and the supplementary motor area from cortex 
are responsible for anticipatory postural adjustments recruitment [4-
7], the later has also been pointed as a possible cortical area related 
with the neural coupling between upper and lower limb [8,9]. 

#is neural coupling is de!ned as “"exible, task-speci!c, 
physiologically meaningful linkage of limbs during complex 
movements” [10]. #ere is strong clinical evidence showing an 
atypical coupling between upper and lower limbs in post-stroke 
subjects [11], characterized in the upper limb by "exor components 
[11] related with the antigravity role of the brachioradialismuscle 
[12]. #e known in"uence of the lower limb activity in the upper limb 
motor behavior [13] may raise the question on whether the lack of 
modulation of the extensors [speci!cally the soleus muscle] observed 
in post stroke subjects [14-16], also happens in the brachioradialis, 
considered its role in postural control of upper limb.

Functional tasks like stand to sit and gait initiation are 
characterized by a mechanical posterior displacement of center of 
pressure in the base of support [17-19] that is accompanied by the 
extensor motor neurons modulation prior to a "exor component 
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participants (Table 1) from a private physiotherapy o%ce, with a 
unilateral stroke in the territory irrigated by the MCA (con!rmed 
by brain computerized axial tomography), in a sub-cortical level. 
Other inclusion criteria were the capacity to sit to stand to sit and 
gait initiation. Also, participants needed to present a dysfunction of 
the modulation of the soleus muscles (expressed by an activation in 
the temporal line of APAs recruitment). #e exclusion criteria were 
other diseases that may a$ect the performance of the functional tasks 
[25,26] and a score in the Montreal Cognitive Assessment (MoCA) 
less than 26 points [27].

Instruments
Evaluation scale: To evaluate the cognitive status of the 

participants, the Montreal Cognitive Assessment (MoCA) instrument 
was used. It has high internal consistency (α Cronbach = 0.92), 
excellent temporal stability of the results, with test-retest r = 0.85 [p 
<.01; 33.47 [± 14.65] days] [27]. It has proven to be a valid, reliable, 
sensitive and accurate measure in assessing the cognitive impairment 
of individuals with stroke sequelae [28].

Surface Electromyography (sEMG): BioPlux Research 
(Plux® Lda., Portugal) device was used for recording surface 
Electromyography (EMG). For the recording, Silver Chloride (AgCl) 
Dahlausen 505 adhesive electrodes, of 10 mm size and circular 
shape, with a bipolar con!guration and 20 mm distance between the 
two detection surfaces were used [29,30]. #e skin impedance was 
measured using the Noraxon® meter (Noraxon, Scottsdale Arizona) 
[29]. EMG signals were analyzed in Analysis So'ware Acqknowledge® 
version 3.9 (sampling: 1000 Hz) (BIOPAC Systems, Inc., Goleta, 
USA).

Force plate: To record the ground reaction forces two Bertec® 
600 mm long, 400 mm wide, Bertrand force plates were used (Bertec 
Corporation, model FP4060-10 and FP4060- 08, with headquarters 
at 6185 Huntley Road, Suite B, Columbus, OH 43229, USA). #e 
force plates were connected to a Bertec AM 6300 ampli!er and 
were used with a sampling frequency of 100 Hz. #e ampli!er 
was connected to a 16-bit analog / digital converter (Biopac). #e 
reliability of the force plate presents an ICC>0,90. Strength values 

F

Figure 1: Illustrative scheme of the timing of activation of the solear and braquiorradialis muscles and their behaviour in the movement sequences of stand to sit 
and beginning of gait in participants A, B, C, D, E and F.
According to Figure 1 all the participants showed an activation of the braquiorradialis muscle both sit to stand to sit and gait initiation during the time window of 
APAs.
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were normalized according to the weight of each subject [31]. Data 
were acquired through Qualisys Track Manager (Qualisys AB, based 
in Packhusgatan 6, Gothenburg – Sweden) [18] and the obtained 
signals were processed through Acqknowledge So'ware, version 
3.9.0 (BIOPAC Systems, Inc., Goleta, USA).

Procedures
Before the collection of EMG, the skin was prepared to guarantee 

an impedance less than or equal to 5KΩ. #e placement of the 
electrodes in the soleus and Medial Gastrocnemius (MG) muscles 
respected the European orientations of SENIAM [32]. #e activity 
of MG was recorded to ensure the correct placement of electrodes 
in the soleus muscle. For the brachioradialis muscle, the electrodes 
were placed in the muscle belly, 4 cm below the lateral epicondyle of 
humerous, in the antero-lateral face of the forearm. Both functional 
tasks were initiated with one foot on each [33] force plate and with 
the upper limbs along of the body, keeping the eyes orientated to a 
speci!c signal 2 m away [34] during 60 seconds [35]. Previous to the 
verbal command, the participants were instructed to perform the 
task without using the upper limbs and changing the feets between 
repetitions [36]. #e tasks were performed with the participants using 
usual footwear [37] (ensuring that the same footwear was used in the 
two recording moments) and at a self-selected velocity. #ree valid 
repetitions were performed with a minute of rest between. EMG 
signal was recorded in both limbs simultaneous.

Data processing and analysis 
#e center of pressure data was low-pass !ltered using a fourth-

ordered Butterworth !lter by using a zero-phase lag with a cuto$ 
frequency of 20 Hz. #e identi!cation of the beginning of the stand 
to sit and gait initiation (T0) was based on the anteroposterior 
component of the center of pressure. In both tasks, T0 was de!ned 
as the beginning of the interval lasting at least 50 ms during which 
the value of the anteroposterior component of center of pressure was 
superior to the mean of its basal value plus three standard deviations 
[18,38].

#e electromyographic signals were !ltered using a zero-lag, 
second-order Butterworth !lter with an e$ective band pass of 20 to 
450 Hz, and the root mean square was calculated. #e muscle latency 
was detected in a time window from −450 to +50 ms in relation to 
T0. #e latency for a speci!c muscle was de!ned as the instant lasting 
for at least 50 ms when its EMG amplitude was higher (activation) or 
lower (inhibition) than the mean of its baseline value plus 3 Standard 
Deviation (SD), measured from −500 to −450 ms.

Discussion
#e main purpose of this preliminary paper was to explore clinical 

evidence (expressed by the muscular activity variation) related with 
the dysfunction of modulation in the Brachioradialis muscle along 
with the soleus muscle, in corporating an a typical neural coupling 
during stand to sit and gait initiation, in stroke subjects.

#e importance of the extensor motor neuron modulation has 
been already demonstrated, especially in the ankle joint during APAs 
recruitment [18]. Despite this well-known mechanism involving ankle 
strategy, and more speci!cally the soleus muscle modulation, there is 
no evidence about this processes in upper limb antigravity muscles, 
such as brachioradialis. #e importance of assessing this muscle is 
related with the clinical evidence of stroke patients presenting an 
upper limb "exor pattern associated with pronation. In fact, these 
patients o'en present a stereotyped behavior of brachioradialis 
muscle characterized by an invariable component of tension/length. 

As post stroke subjects present a sub-cortical lesion, they may 
have compromised the SMA output which justi!es the dysfunctional 
APAs behavior found in this study. In fact, as SMA outputs are mainly 
towards reticular formation (medullarys) [39] and reticulospinal 
axons branch extensively within the spinal cord, contacting many 
motoneurons pools [40], they may in"uence motoneurons projecting 
both to proximal and distal limb muscles [41,42], justifying the 
atypical behavior of distal muscles such as the one explored in this 
study. 

Exploring this possible neural coupling between upper and lower 
limbs is also justi!ed by the knowledge that interlimb coordination 
between the arms and legs may play an important role in the recovery 
of stable walking [43].

Moreover, this study may have contributed to the awareness for 
the need of the health organizations to search therapeutic strategies 
that respect the concept of neuralconnectivity in order to potentiate 
the maximal neuro-motor recovery [44]. Speci!cally. both soleus 
and brachioradialis are monoarticular muscles should be considered 
in therapeutic strategies since they are more susceptible to sensory 
adaptation than biarticular muscles [45]. As the a$erent feedback 
plays a dominant role in mediating interlimb re"exes [46] it is 
important to consider that the input through lower limbs also can 
in"uence motor output of the upper limb. In this way, this clinical 
reasoning and intervention strategies are in agreement with the 
current state of the art of looking to the individual with stroke in a 
holistic perspective.

However, there are some limitations related to the analysis of 
this behavior in healthy population during these functional tasks. 
#e need of assessing this neural coupling in healthy population is 
also justi!ed by the neurological assessment and intervention which 

Participant Gender Age Weight Height Stroke time CONTRA side $UHDR¿QMXU\

A M 61 89 176 6 Left Lenticulocapsular interna anterior

B M 47 95 176 30 Right Lenticulo-capsular and corona radiata

C M 37 76 185 30 Left Cortico-subcortical

D F 54 75 158 90 Left Fronto-parietal and insular

E M 34 86 185 18 Left Lenticulocapsular

F F 57 65 160 12 Right Striatocapsular

Table 1: Characterization of the participants [gender, male [M] and female [F], age [years], weight [kg], height [cm], evolution time [months], CONTR side.
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needs to be looked in a global and interconnected body segments with 
neural and biomechanics interplay.

Conclusion
Post stroke subjects with a dysfunction of soleus muscle 

modulation also showed a dysfunction in brachioradialis muscles, 
expressed by an activation pattern in both muscles prior to stand to 
sit and gait.

Data Availability
#e data used to support the !ndings of this study are included 

with in the article.
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