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Abstract

We aimed to examine the relationship between muscles
affected by various movement disorders and the ability to
inhibit response. Our designed included 46 participants
between the age of 30-80 years, diagnosed with movement
disorders, in a cross-sectional study. The muscles were
measured using the Modified Ashworth Scale (MAS) scaled
from 0 (normal) to 4 (rigid) of the upper limbs. Response
inhibition was assessed using a Go-No Go experimental task.
Composite scores of errors and correct were calculated. Later
on, the scores of muscle tone and Go-No Go task were put
through a linear ordinal regression analysis to find out the
relationship between the two variables. Significant relationship
was found between both the variables. Muscle tone
independently predicted the performance of response
inhibition. The data suggested that that increase in the muscle
tone directly affect the response inhibition. While there was no
relationship found between the muscle strength and reflexes
and response inhibition.
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Introduction
The abundance of having muscle mass may not have been at our 

leverage always as generally thought. The ability to continuously or 
passively contract muscles whenever required or it’s resistance to 
passive stretch at a resting state is what is called a muscle tone [1]. 
Muscles tone is really important as it helps us maintain normal 
balance and posture. Normally a low or high muscle tone would not 
affect one’s activity of daily living. But it is usually affected in almost 
all the movement disorders affecting a person’s ability to carry of daily 
activities. In most of the movement disorders muscle tone gets 
abnormally low (hypotonia) or high (hypertonia) and restricts a 
movement by increasing or decreasing stretch reflex.

The movement disorders that involves central nervous system, 
precisely upper motor neuron lesion, like stroke, Parkinson disease, 
traumatic brain injury, multiple system atrophy, multiple sclerosis, 
amyotrophic lateral sclerosis or spinal cord injury are well known to 
cause to cause hypertonia presenting symptoms of rigidity or spasticity 
[2].

The pathophysiology and physical effects of hypertonia, decreased 
muscle power and abnormal reflexes, of how it affects the movements, 
disabling a person’s daily activities have long been studied and are 
well established and the research is being focused on management of 
it. Last two decades have focused on how the muscles may be 
affecting cognition. The studies have suggested a relationship between 
the muscles and cognition recently. After the strong supporting 
evidence for declining muscle mass in elderly, the relationship 
between the cognitive functions and muscle strength was established. 
The decreased gate speed, handgrip strength and muscle mass were 
associated with cognitive decline [3-6].

The upper motor neurons in the central nervous system or 
associated areas might be playing the role in controlling the 
movements primarily, but the peripheral nervous system may also be 
having an important part leading to decreased cognitive functions. The 
role of PNS on cognition has not been focused and lack evidence. 
Therefore, more recently, studies have attempted to put focus on how 
muscles affect our cognition [7,8]. Whereas the previous studies 
assessed the association of muscles with cognition using mental state 
examination majorly, the recent studies are now looking at how the 
affected muscles may contribute to dysfunctions of various different 
cognitive domains like memory, executive functions, attention, etc. 
Thus, the aim of our study was to determine whether increased muscle 
tone causing rigidity or spasticity in movement disorders may affect 
response inhibition.

Literature Review

Participants
The study consisted a total number of 46 right handed subjects 

suffering from different movement disorders i.e. PD and CVA, 
affecting muscles, ranging from the age of 30-50 years (mean age 
59.34 ± 12.34), all with normal to corrected vision. All the subjects 
were selected from the movement clinic of the neurology department 
of the Dr. R.M.L. Hospital, based on an inclusion criteria. All the 
subjects gave written bilingual informed consent in accordance with 
ICMR ethical guidelines for biomedical research consisting 
declaration of Helsinki. The study was approved by institutional 
ethical committee.

Measures
Muscle tone: Muscle tone was assessed using Modified Ashworth 

Scale (MAS), of the upper limbs. MAS has been widely accepted and 
used for clinical neurological examination of the motor system to the 
increase in the muscle tone [9].

All the participants were made to sit relaxed on the examination 
bed. Participants were made comfortable and warm in order to gain 
confidence in examiners. Firstly, the flexion and extension of hand 
(wrist) and forearm of the participants were assessed. Following that 
flexion and extension of the elbow was assessed for the proximal 
muscles. Later on, the supination and pronation of the forearm were 
also assessed.
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All the participants were assessed thrice blindly, firstly during their 
check up at the clinic and later on by two different examiners. As the 
part of the inclusion criteria for the reliability and validity of MAS the 
only participants with the same rating at all three blind examinations 
were selected for the later assessment [10,11]. The mean scores of 
MAS of all the participants were later used for the analyses.

Response inhibition
Apparatus and stimuli: The stimuli were presented to the 

participants on a 15 inch screen with the screen resolution of 1404 × 
900 and the keyboard was placed 20 cm away from the screen. 
Participants placed their dominant i.e. right hand for the participants in 
the study, on the spacebar of the keyboard, following the hick’s law to 
start the experiments. Stimuli consisted of the alphabets “ka” and “ph” 
within a 4 by 4 square blocks with blue stars appearing in random three 
blocks and stimuli in one of them. The experiment was conducted and 
carried out using Psychology Experiment Building Library (PEBL) 
[12-14]. The data was collected and later analyzed using Statistical 
Package for Social Sciences (SPSS) [15]. The experiments were 
conducted in a quite lit room.

Procedure
Experiment was composed of four blocks in a square. Each block 

had a blue star appearing in the center of it. One of the stars out of 
four would randomly pop out and present the stimuli. All the 
participants were first explained about the procedure and told about 
the both stimuli that would be appearing on popping out on one of the 
stars in one of the blocks randomly. Participants were asked to press 
the “space bar” as soon as they can on one of the right stimuli and not 
to press i.e. inhibit on the wrong stimuli.

Before the start of the experiment all the participants were given 20 
numbers of trials to get familiar with the experiment. First 10 trials 
were for responding to “ka” and not responding to “ph”. While the next 
10 trials were given before the second phase of the experiment for 
responding to “ph” and not responding to “ka”. After the all the 
number of trial participants were asked if they understood 
procedure. Only after the confirmation, the experiments were 
carried out, if the participant did not understand the procedure 
another round of trial was conducted, until they did.

There were 32 numbers of repetitions of the stimuli in each block 
and 1.5 seconds of time between the stimuli. The number of the right 
stimuli was 4 per blocks while the number of the wrong stimuli was 1.

Later for the analysis the practice trail scores were removed. Total 
corrects and total errors scores and as well as their mean accuracy and 
error were recorded as dependent variable of all the participants for the 
further analysis.

For the final analysis, ordinal regression analysis was carried out to 
evaluate the relation between the dependent variable of response 
inhibition experiment scores and independent variable of muscle tone 
scores.

Statistical analysis
After collecting the muscle tone scores and inhibitory response 

score data of all the 46 number of subjects, the statistical analysis was 
conducted. All the muscle tone scores were inversed as dummy 
variables. Since the modified Ashworth scale is an ordinal scale 
marked from 0-5  with 0 scored for no change in  the muscle tone to 5

scored for rigidity or spasticity in flexion or extension of the affected
area all the scores were inversed as dummy variable to keep 0 as the
reference point. Later the ordinal regression analysis was carried out
investigate whether the muscle tone can predict the outcome of the
response inhibition. The mean errors of the response inhibition were
included as a dependent variable. Whereas the inversed muscle tone
scores were treated as independent variable.

Results
The muscle tone, which was our predictor variable in the ordinal

regression analysis was found to contribute to the model. The muscle
tone accounted for a significant amount of variance in the outcome of
the likelihood ratio x2 (5)=15.534, p<0.05.

In our analysis the Pearson Chi square test (x2 (160)=161.331, p=.
456) and the Deviance test (x2 (160)=111.452, p=.999) were both
found non-significant supporting the good fit for the model.

The odds ratio of muscle tone score of 1 (one) predicted the
frequency of the mean errors of response inhibition significantly. A
positive increase in the mean errors in response inhibition with an odd
ratio of 3.850, 95% CI 1.628 to 6.071, wald x2 (1) 11.538, p=.001 was
associated with one unit increase in the muscle tone. The odds ratio of
muscle tone score of 2 (two) also predicted the frequency of the mean
errors of response inhibition significantly. A positive increase in the
mean errors in response inhibition, with an odds ratio of 1.965, 95%
CI 0.054 to 3.876, wald x2 (1) 4.063, p=0.044 was associated with one
unit increase in the muscle tone.

And the odds ratio of muscle tone score of three predicted the
frequency of the mean errors of response inhibition significantly as
well. A positive increase in the mean errors in response inhibition with
an odd ratio of 2.102, 95% CI 0.618 to 3.586, wald x2 (1) 7.711,
p=0.005 was associated with one unit increase in the muscle tone.
While the odds ratio of muscle scores of 4 (four) and 5 (five) did not
show any significant association.

However, the overall model accounted for the approximation of
almost 5% of the variance of the outcome of the errors in response
inhibition, McFadden’s pseudo R2=.049. Moreover, the results from
our analysis also suggested that our assumption is satisfied with
proportional odds p=.175.

Discussion
In this study we have demonstrated that increased the muscle tone

was associated with increased number of errors in response inhibition
in people with movement disorders that affects muscle tone.
Meanwhile the odds of increased muscle tone were found to increase
with every one unit of errors in response inhibition up till the score of
three; more marked increase in muscle tone through most of the ROM,
but affected part/s easily moved. One of the reason that may have
contributed to this case must have been lack of participants with the
MAS scores of 4 and 5 that, we had excluded due not being able to
perform the experiment at all. Moreover the overall model
significantly predicted the association between the muscle tone and
response inhibition.

Our study is in congruency with the previous studies that have
focused on finding the relationship between movements or functioning
of the muscles and the functioning or performance of muscles. In a
study done on eighty five healthy elderly participants slower finger
tapping and slow walking was found to evidently lying in consistent
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with cognitive impairment. Handgrip strength and gait has been also
been associated well enough with cognitive impartment or decline.
Studies have also positively suggested that muscle mass and
sarcopenia is relative to the cognitive decline that occurs with ageing.

Several possible mechanisms may be involved in why and how the
muscle tone may be contributing to the increased numbers of errors in
response inhibition. Firstly as sarcopenia, is highly associated with
cognitive decline [16]. Secondly the neurodegeneration in frontal lobe
has been established in most of the movement disorders that affects
muscle tones which may contribute to the increased error of response
inhibition [17,18].

The studies have also demonstrated how the muscle weakness may
be able to predict cognitive decline. Strong muscle strength and mass
have also shown to improve cognitive performance [19]. Studies are
also suggesting that recovering the muscles also improve the cognitive
performance [20]. Therefore, the muscles functioning may not just be
an indicator of the cognitive decline but it may also allow us to reverse
engineer it.

The results of ours study and the findings of the previous and other
studies have been steering the logic of this proposition of the argument
towards few strong inductive conclusions that there is a clear
association between the muscles and cognition. More data is required
on the subject to establish it as a fact. Henceforth, replicating this
design or carrying out research on the subject will surely contribute
towards that. Meanwhile the data with various different muscle
parameters are able to demonstrate the association with different
cognitive domains, the results, so far, favours the same. The limitation
of this study may have been the less numbers of sample to generalize
the statement, however our results shows a significant association to
kick start the design and letting other researchers conduct research on
the same and replicate in order to produce more results, to finally
reach at the generalizing conclusion of this statement.

Our analysis is suggestive that muscle tone maybe contributing to
the cognition. Therefore muscle tone may predict response inhibition.
Moreover assessing muscles may provide a model that may enable us
to predict the cognitive functioning. It may also provide us with case
that rehabilitating affected muscles may also improve cognitive
performance.

Conclusion
In conclusion, increased muscle tone is associated with increased

number of errors in response inhibition. Meanwhile the increased
number of errors in response inhibition increased positively and
significantly till the score of 2 (two) of the modified Ashworth scale,
the overall model predicted the errors with a good fit. Assessing
muscle tone may be a useful marker to evaluate response inhibition as
well as rehabilitating muscles may also help improving response
inhibition. The total sample number that was less, may have
contributed to that. Further research is needed to standardize the
statement and provide more insights further into the topic.
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