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A B S T R A C T

Background: The prevalence of increased muscle tone after stroke is frequently reported as 30% to 40%,

and the condition is often concurrent with motor control deficits, manifesting as an inability to isolate

paretic-limb joint movements.

Objective: The objectives of this retrospective analysis were to 1) report the prevalence of increased

muscle tone in a convenience sample of 128 chronic stroke survivors with moderate/severe motor

deficits and 2) quantify the relation between tone and motor impairment in chronic stroke survivors.

Methods: Analyses included descriptive statistics and multiple regression modeling, with the modified

Ashworth Scale score (MAS; tone) as a predictor of isolated joint movement control (Fugl-Meyer score

[FM]; motor impairment).

Results: Increased muscle tone was present in 97% of subjects. Increased muscle tone was associated with

impaired motor control (FM; upper extremity, P = 0.008; lower extremity, P = 0.03) after adjusting for

age, time since stroke and sex. We found a significant difference between flexor and extensor strength for

finger, elbow, hip and knee joints (P < 0.002). Participants were classified in high and low MAS score

groups. With high MAS score and for muscles of finger flexion and forearm pronation, we found a trend

toward impaired strength of antagonist muscles (finger extensors and forearm supinators, respectively)

as compared with low MAS score for these same muscle pairings.

Conclusions: The prevalence of increased tone was higher in this study than in previous reports. Increased

muscle tone in chronic stroke survivors with persistent motor dysfunction could be associated with

impaired motor control and differential muscle strength of antagonistic muscles.

Published by Elsevier Masson SAS.
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1. Introduction

Abnormal muscle tone and spasticity are consequences of injury
to the central nervous system. High muscle tone has serious
consequences in terms of financial cost and quality of life[1]. It is a
commonly encountered impairment that coexists with motor
deficits poststroke [2,3]. However, its prevalence in the chronic
phase (> 3 months) shows inconsistencies. Studies assessing muscle
tone, typically measured with the modified Ashworth Scale (MAS),
describe a varied prevalence among stroke survivors, with values
from 17% [4] to 79% [5,6] and the most frequently reported
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prevalence 19% to 43% [3,7–12]. Similarly, according to other clinical
measures (Tone Assessment Scale), the prevalence of abnormal tone
was 36% to 38% [10,13]. Some studies have indicated that higher
rates of spasticity are more likely when patients exhibit paresis
[14]. However even then, rates were below 45% [14]. To date, the
prevalence of increased tone among chronic stroke survivors with
moderate/severe motor deficits remains undetermined.

The presence of increased muscle tone can have a negative
impact on motor control [6,9,10] and motor learning [15] after
stroke. Impaired muscle tone is often associated with abnormal
posture and abnormal co-activation of agonist and antagonist
muscles [16]. Increased tone, especially within zones of spasticity,
has a heightened negative impact on motor performance in both
single [17] and multi-joint movements [18]. Zones of spasticity
have been defined as the angular range within which this spasticity
is detected, and when present, can have an adverse effect on
voluntary motor performance [15]. Importantly, movement within
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these zones results in diminished motor learning capability [15]
and precludes practice of more coordinated movements.

Here we conducted a retrospective analysis to reexamine the
prevalence of increased tone in a convenience sample of chronic
stroke survivors with moderate/severe motor deficits. Because of
the paucity of information regarding the specific impact of tone on
muscle strength and motor control, we also characterize the
relation between increased muscle tone and motor dysfunction.

2. Methods

2.1. Selection of participants

This study was a retrospective secondary analysis of a 128-
participant cohort of chronic stroke survivors with persistent
moderate/severe motor deficits of the upper or lower limb.
Inclusion criteria were > 6 months after ischemic or hemorrhagic
stroke, cortical or subcortical lesion, hemiparesis, and � trace
muscle contraction in major muscle groups. Exclusion criteria
were inability to follow commands or provide informed consent,
medically unstable, and > 1 stroke. Research oversight was
provided by the Medical Center Institutional Research Board and
informed consent was obtained from participants.

2.2. Outcome measures

The MAS was used to quantify muscle tone [19]. The MAS is the
most commonly used measure of muscle tone [14]. For participants
in the upper-limb cohort (n = 82), 9 muscles were individually
scored, then scores were summed for an overall MAS score. For
participants in the lower-limb group (n = 46), 10 muscles were
individually scored, then scores were summed. Strength was
assessed by a 12-point ordinal scale ranging from 0 to 5 [20];
grades within this scale that were ‘‘ + ’’ or ‘‘�’’ were converted to
numerical values for analysis (e.g., 2+ = 2.33; 3� = 2.66). During
testing, the limb was positioned to isolate muscle movement as
much as possible. To quantify motor control, we used the Fugl-Meyer
Upper Extremity scale (FMUE; 33 items; 0–66 points) and Fugl-
Meyer Lower Extremity scale (FMLE; 17 items; 0–34 points) [21].

2.3. Statistical analysis

Analyses involved using SPSS v21 (IBM, Armonk, NY). Data were
tested for normality by the Lilliefors method, and most data were
non-normally distributed. Therefore, nonparametric statistics
were used. To identify the prevalence of increased tone as well
as agonist and antagonist muscle strength in the entire cohort
(n = 128), we generated descriptive statistics. For the remainder of
the analyses, the upper-limb (n = 82) and lower-limb (n = 46)
groups were analyzed separately. Multiple linear regression
analysis tested the association of the explanatory variable sum
MAS for the UE or LE and the dependent variable FMUE or FMLE,
respectively, adjusting for age, time since stroke, and sex. Linear
Table 1
Participant characteristics and Fugl-Meyer scores.

Characteristics 

Age, median (IQR) 

Sex (number of participants/% male) 

Side of hemiparesis (number of participants/% left affected) 

Time since stroke, months, median (IQR) 

Stroke etiology, ischemic or hemorrhagic (number of participants/% ischemic) 

Fugl-Meyer score (FMUE or FMLE), median (IQR); range 

IQ: interquartile range; FMUE: Fugl-Meyer upper extremity; FMLE: Fugl-Meyer lower 
regression assumptions relating to normality and homoskedasti-
city were supported by evaluating residuals using Q-Q plots and
scatter plots, confirming the acceptability of using this model for
this particular analysis. Collinearity was evaluated by the variance
inflation factor (VIF), where VIF > 10 denotes unacceptable
collinearity between predictors. To study the relation between
tone and strength, participants were first stratified into groups of
‘‘high’’ and ‘‘low’’ MAS scores for each individual muscle (high MAS
score � 2; low MAS score < 2). The two groups were compared by
Mann-Whitney U test by muscle strength of the antagonist muscle.
In addition, we compared the strength of agonist versus antagonist
muscles within each muscle pair at a given joint by the Wilcoxon
Signed Rank test. Results were considered statistically significant
at P < 0.05 corrected for multiple comparisons by the Holms
procedure [22]. Because of the exploratory nature of this secondary
analysis, we discuss results with and without correction for
multiple comparisons.

3. Results

Table 1 provides participant characteristics.

3.1. Prevalence of increased tone

For the total cohort (UE and LE groups combined), 97% of the
participants had increased muscle tone (MAS score � 1 in at least
one muscle). For the UE group, all participants had increased tone
(MAS score � 1 in at least one muscle); and for the LE group, 91%
had increased tone (MAS score � 1 in at least one muscle). In the
UE group, 67.9% had at least one muscle with a MAS score � 2 and
in the LE group, 39.1% had at least one muscle with a MAS
score � 2. For UE muscles, there was an average across subjects of
5/9 total UE muscles with a mean MAS score � 1, and for LE
muscles, there was an average of 1/10 LE muscles with a mean MAS
score � 1. For UE muscles, the highest mean MAS score was in
finger flexors, followed by wrist flexors, elbow flexors, shoulder
internal rotators, and forearm pronators (Table 2). For LE muscles,
the highest mean MAS score was in ankle plantarflexors, followed
by hip adductors, knee extensors, knee flexors and hip internal
rotators (Table 2).

3.2. Characteristics of muscle weakness and muscle tone across a joint

The weakest UE muscles (mean strength grade < 2) for the UE
group were finger extensors, followed in order by wrist flexors,
wrist extensors and forearm supinators, (Table 2). The weakest LE
muscles (mean strength grade < 2) for the LE group were ankle
plantarflexors and knee flexors (Table 2). For each UE pair of
muscles at a given joint, comparison of agonist versus antagonist
strength showed equal weakness of agonist versus antagonist for
all pairs except finger flexors/extensors and elbow flexors/
extensors, (P � 0.002, adjusted for multiple comparison;
Table 2). Similarly, we found equal weakness for all LE pairs
Total Upper extremity

(n = 82)

Lower extremity

(n = 46)

59 (15) 58 (13) 60 (17)

90/70.31 56/68.29 34/73.91

52/40.62 34/41.46 18/39.13

22.11 (25.67) 23.6 (24.1) 19.12 (33.25)

98/78.56 59/71.95 39/84.78

NA 22 (10); 8–49 20 (5); 6–28

extremity; NA: not assessed.



Table 2
Modified Ashworth scale (MAS) score and strength for pairs (double line) of agonist and antagonist muscles.

Muscles (pairs of agonists and antagonists) MAS score,

median (IQR)

P-value* Strength grade,

median (IQR)

P-value**

Upper extremity Finger flexors

Finger extensors

2 (1)

0 (0)

<0.0001 2.67 (2)

0 (1.67)

<0.00001

n = 82 Wrist flexors

Wrist extensors

1.5 (1)

0 (0)

<0.0001 1.67 (0.66)

1.67 (0.66)

ns

Elbow flexors

Elbow extensors

1.5 (1)

1 (1.5)

<0.0001 2.67 (1.34)

2.33 (1.66)

0.002

Forearm pronators

Forearm supinators

1.5 (0.5)

0 (0)

<0.0001 2.17 (1.66)

2 (1.67)

ns

Internal rotators 1 (0.5) NAy 2.33 (1.33) NAy

Lower extremity Ankle dorsiflexors

Ankle plantarflexors

0 (0)

1.5 (1)

<0.0001 2 (0.12)

1.67 (2)

ns

n = 46 Knee extensors

Knee flexors

0 (1.5)

0 (1.5)

ns 3.68 (1.66)

1.67 (1)

<0.00001

Hip abductors

Hip adductors

0 (0)

1 (1)

<0.0001 2.33 (0.67)

2.33 (0.67)

ns

Hip extensors

Hip flexors

0 (1)

0 (0)

0.01 2.33 (1.08)

2.85 (1)

0.01

Hip external rotators

Hip internal rotators

0 (1)

0 (1.5)

ns 2.15 (1)

2 (0.66)

ns

UE: upper extremity; LE: lower extremity; ns: not significant; NAy: not assessed. Comparison with an antagonist not assessed as an external rotator spasticity was not

collected.
* Comparing agonist-antagonist MAS score by Mann-Whitney U test.
** Comparing agonist-antagonist strength by Mann-Whitney U test.
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except knee flexors/extensors and hip flexors/extensors (P � 0.01,
adjusted for multiple comparison; Table 2).

We found a difference in MAS score for 4 of 4 pairs of UE
muscles: finger, wrist, elbow flexor/extensor and forearm prona-
tor/supinator (P < 0.0001, adjusted for multiple comparison;
Table 2). For LE muscles, we found a difference in MAS score for
3 of 5 muscle pairs: ankle plantar/dorsiflexors, hip adductor/
abductors and hip flexor/extensor (P < 0.01, adjusted for multiple
comparisons; Table 2).

3.3. Association between tone and motor deficits

3.3.1. Impaired strength and abnormal muscle tone

For each muscle in the UE, we stratified the MAS score as high
muscle tone (MAS score � 2) and low muscle tone (MAS score < 2;
[11]), then compared the low to high MAS group for a given muscle
by the strength of the antagonist muscle. Muscle strength tended
to be lower in muscle groups with antagonists characterized by
high tone, measured at rest (Table 3). Specifically, results showed a
Table 3
Comparison of low versus high MAS score groups by strength of the antagonist muscl

Muscle Low muscle tone group

(MAS score < 2 in agonist)

antagonist muscle strength grade, mean (SD)

Finger extensors 1.00 (1.67) (n = 38) 

Finger flexors 2.67 (1.83) (n = 80) 

Wrist extensors 1.67 (0.66) (n = 48) 

Wrist flexors 1.67 (0.66) (n = 78) 

Forearm supinators 2.33 (1) (n = 68) 

Forearm pronators 2.165 (1.66) (n = 80) 

Elbow extensors 2.33 (1.66) (n = 59) 

Elbow flexors 2.67 (1.34) (n = 70) 

Ankle dorsiflexors 2.33 (2.83) (n = 32) 

Ankle plantarflexors 1.67 (1.67) (n = 46) 

Knee extensors 4.00 (1.66) (n = 39) 

Knee flexion 1.67 (1.16) (n = 40) 

Hip abductors 2.33 (0.69) (n = 43) 

Hip adductors 2.33 (0.67) (n = 46) 

Hip extensors 2.33 (1.08) (n = 45) 

Hip flexors 3.00 (1.00) (n = 43) 

NA; not applicable because of disproportion group sizes.
* P-value by Mann Whitney U test adjusted for multiple comparisons using the Holm
trend toward more impaired strength in finger extensors and
forearm supinators when they opposed high muscle tone (MAS
score � 2, high MAS group) versus when they opposed low muscle
tone (MAS score < 2, low MAS group). For example, we found a
trend toward impaired strength in finger extensors in individuals
with high muscle tone of finger flexors (unadjusted P = 0.036;
Table 3). For the LE, there were too few participants with high
muscle tone (MAS score � 2).

3.3.2. Motor impairment (Fugl-Meyer) and muscle tone

Sum MAS score for the whole limb was a significant predictor of
FM after adjusting for age, time since stroke, and sex for both the
UE group (P = 0.008; overall adjusted R2 = 0.10) and LE group
(P = 0.03; overall adjusted R2 = 0.17; Table 4).

4. Discussion

The results of this study extend the literature by showing
1) a higher than previously reported prevalence of increased
e opposing agonist tone.

High muscle tone group

(MAS score � 2 in agonist)

antagonist muscle strength grade, mean (SD)

P-value*

0.00 (1.50) (n = 43) 0.14 (0.036)

2.33 (0.00) (n = 1) NA

1.67 (0.83) (n = 33) 0.6 (0.2)

2.67 (1.50) (n = 3) NA

1.00 (2.33) (n = 13) 0.07 (0.014)

1.67 (0) (n = 1) NA

2.33 (1.33) (n = 22) 0.79 (0.79)

2.67 (0.75) (n = 11) 0.6 (0.27)

1.5 (2.67) (n = 14) 0.42 (0.21)

NA (n = 0) NA

2.67 (2.00) (n = 7) NA

1.67 (0.66) (n = 6) NA

1.67 (1.25) (n = 3) NA

NA (n = 0) NA

1.67 (0) (n = 1) NA

2.33 (1.25) (n = 3) NA

s procedure followed by unadjusted P-value in parentheses.



Table 4
Regression analysis predicting motor impairment (Fugl-Meyer score) by MAS score, adjusting for age, time since stroke and sex.

Upper extremity (n = 77)

parameter estimate (P-value)

Lower extremity (n = 44)

parameter estimate (P-value)

Sum MAS score (9 UE muscles or 10 LE muscles) �0.304 (P = 0.008) �0.33 (P = 0.03)

Age �0.027 (ns) �0.04 (ns)

Time since stroke 0.015 (ns) 0.27 (ns)

Sex �0.030 (ns) 0.46 (ns)

ns; non-significant.
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muscle tone (MAS) in chronic stroke survivors with persistent
moderate/severe motor impairment; 2) that increased tone (MAS)
significantly predicted overall motor impairment, with the model
accounting for 10% to 17% of the variance; and 3) a significant
difference between strength of flexor and extensor muscles of the
finger, elbow, hip and knee.

5. High prevalence of increased muscle tone in chronic stroke
with persistent motor impairment

Our cohort showed a higher prevalence of increased muscle
tone by the MAS score than recent reports [5,19] for individuals
with chronic stroke (> 3 months) with persistent motor im-
pairment. In contrast, other studies generally reported a much
lower prevalence, with the most frequently reported prevalence
19% to 43% [3,7–12]. In these studies, participants were recruited
acutely and followed longitudinally, and they presumably included
many individuals with improved motor control to potentially
normal over time along with normalization of muscle tone. One
study identified abnormally increased tone in 79% of individuals
with residual weakness at 1 year after stroke [5]. However, 28% of
participants regained upper-limb dexterity, which potentially
underestimates the true occurrence rates in patients with greater
residual motor impairment. Additionally, when alternative mea-
sures of muscle tone were used, such as muscle activity recorded
by electromyography (EMG), rates were variable [23–25]. In one
study of EMG, 42% of individuals had increased spasticity – a
component of increased tone – of the elbow flexors [23]. In another
EMG study, 87% of individuals at 6 weeks poststroke had
detectable spasticity, whereas in the same cohort, only 44% had
abnormal tone according to the MAS score [24]. Importantly, in a
cohort of patients with no functional movement of the upper limb
at 36 weeks post-stroke, 92% had increased spasticity as measured
by EMG [25]. Although the sample size was small (n = 30) and
measurement of spasticity was limited to the wrist, the study
demonstrated greater occurrence of increased spasticity in
functionally impaired individuals in the chronic phase. In our
cohort, we analyzed most muscle groups within the affected limb
and found that 97% demonstrated clinically detectable increased
muscle tone by the MAS score. The discrepancies in the literature in
terms of prevalence may be due to evaluating individuals with
mild motor impairment, using tools with low sensitivity, and
analyzing only select muscles. Our study extends the literature by
demonstrating higher than previously reported prevalence of
increased tone across multiple muscles with an easily used clinical
measure.

5.1. Tone and motor control

The impact a given impairment may have on motor control
must be determined to inform treatment. Furthermore, the
relations between the array of impairments that lead to
dysfunctional motor control must be analyzed. Clinical experience
supports our study findings that tone and motor function are
significantly related. The limb posture assumed by many stroke
patients includes digit/wrist flexion, forearm pronation, elbow
flexion and shoulder internal rotation [26]. When movement is
attempted, patients often demonstrate an abnormal flexor synergy
in which flexion of the elbow, wrist and fingers is obligatorily
linked [26]. In our study, within these same muscles, we found
higher tone. This flexor synergy movement pattern precludes
volitional, selective joint control and prevents hand opening for
grasp, wrist stabilization for any functional task, and placement of
the limb in a useful workspace. The abnormal restriction imposed
by this habitual dyscoordinated flexor position worsens disuse of
the upper limb, muscle atrophy, weakness, and further motor
impairment.

5.2. Relation between increased muscle tone and motor impairment

Motor deficits and increased tone can and do coexist because
central pathways that control both volitional movement (pyrami-
dal tracts) and muscle tone (non-pyramidal tracts) originate in the
primary motor cortex and descend side by side [27,28]. Notably,
both pyramidal and non-pyramidal tracts ultimately synapse on
the lower motor neuron in the spinal cord. A vascular stroke lesion
is likely to damage both tracts simultaneously. In fact, pure
pyramidal tract strokes are rare [29]. Furthermore, based on
structural proximity, it is reasonable to consider that stroke lesions
that impair a greater number of pyramidal motor tracts and cause
greater motor deficits can also damage more non-pyramidal
pathways that control muscle tone and thus result in greater
spasticity. Therefore, these structural correlates are a likely
explanation for our results. Our findings are consistent with
others [6] in supporting clinical observations that increased
muscle tone occurs in individuals with severe motor deficits.

In addition, our results support a proportional relation between
high muscle tone and low FM score. This association accounted for
10% to 17% of the variance in FM score. The presence of such a
relation is important to recognize. Others have reported these
types of associations [6,9,30–32]. However, the findings, outcome
measures and cohorts were somewhat different from our study. In
a study by Kong et al. [6], only individuals with severe tone (MAS
score �3) were more likely to have diminished dexterous function
of the upper limb. Dexterous function was measured with the
Motor Assessment Scale, which assesses overall motor perfor-
mance and not just upper-limb function (e.g., includes items of
gross mobility such as walking). This measurement may explain
why dexterity was found only in individuals with the highest tone.
In contrast, we found motor deficits across the full range of
abnormal tone, with an inverse linear association between
abnormal tone and diminished motor performance. Eder et al.
reported a significant correlation between the MAS score and a
novel drawing test measuring limb dexterity [31] but did not
correlate findings to other measures of motor performance (e.g.,
FM). Although Lin and Sabbahi found a significant relation between
increased tone and FM [32], the study included only 10 participants
and only wrist flexor tone was assessed by the MAS. Similarly, in
the study by Sorinola et al. [30], tone and function were
significantly correlated, but only wrist flexors were tested. Finally,
Welmer et al. [9] reported a similar relation as in our study
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between increased tone and measures of global function and
movement abilities, although in their cohort, only 34% of
individuals had increased tone. In our study, we demonstrated a
relation between a highly established clinical measure of motor
performance (FM) and the clinically utilized MAS, thus accounting
for both proximal and distal upper-limb tone in our model. Our
findings support and add to the existing literature by demonstrat-
ing a relation between upper-limb tone and motor function.

For the lower limb, our results support the literature
documenting a relation between LE tone and motor function
[33–36]. For example, others have reported increased tone of LE
muscles related to fall risk [33], reduced postural stability [34] and
walking ability [35,36]. In contrast, one report found no association
between increased tone and motor function for LE but the presence
of such an association for the upper extremity [9]. Our study
provides further evidence of a relation between lower-limb tone
and motor function with the finding of the association between
summed MAS and FMLE.

5.3. Tone and weakness in agonist/antagonist muscle pairs

In some agonist/antagonist pairs, muscle tone and strength
were greater in one muscle of the pair versus the other. For the
upper limb, finger and elbow flexors were stronger than extensors
for the finger and elbow. In contrast, for the lower limb, extensors
had significantly greater strength than flexors for the hip and knee.
For these muscle pairs, high strength was observed in the muscles
with higher tone of a given pairing. Of note, the differential in
strength parallels flexor synergy in the arm and extensor synergy
in the leg, which was observed in another study [7] in the first few
weeks to 3 months after stroke but not at 18 months. In our study,
strength differences between agonists and antagonists were not
observed for wrist flexor/extensor or pronator/supinator pairings
despite a significant difference in the amount of tone observed for
these pairings. For the leg, we found no differences in strength
grade for hip abductor/adductor, internal/external rotator and
ankle dorsi/plantar flexor pairings despite significant differences in
tone observed within these pairings. Our results demonstrate that
a muscle can have both increased tone and strength compared to
its antagonist (e.g., increased tone and greater strength grade of the
finger flexors as compared to the finger extensors), but the reasons
for this are not completely clear.

One possible explanation is the occurrence of co-contraction of
the muscle pairs, which could preclude normal activation in one or
both of the muscles. This relation has been reported for elbow
flexors and extensors [17] and may explain our observations,
although we are not able to confirm this explanation for other
muscle groups, given that we did not study EMG signals in the
current study. Another reason may lie in variation in the non-
pyramidal motor tracts that innervate different motor neurons.
After stroke and other types of brain injury, patients may
demonstrate abnormal posturing with flexor synergy of the upper
limbs and extensor synergy of the lower limbs [37]. Disinhibition
of the red nucleus along with facilitation of the rubrospinal tract
leads to abnormal activation of the upper-limb flexor muscles
manifested as the upper-limb flexor synergy [37]. Furthermore,
after injury, for the lower limbs, there is a bias of extensor-tract
influence on lower-limb muscle activation leading to extensor
synergy of the lower limbs [37,38]. These differences in brain
control of muscles that contribute to reflexive posturing in the
brainstem centers such as red nucleus and the non-pyramidal
tracts may further explain our findings of strength differences
between flexor and extensor muscle pairings.

We also demonstrated a trend for 2 upper-limb muscle pairs, with
greater weakness in an agonist muscle and high muscle tone in the
concomitant antagonist. First, digit extensors were weaker when
greater tone was present in digit flexors. Similarly, forearm
supinators were somewhat weaker when greater tone was present
in forearm pronators (Table 3). In contrast, others have reported that
antagonist muscle tone was not related to agonist muscle weakness
[39]; however, in that study, only more proximal upper-limb muscles
(elbow flexors and shoulder internal rotators) were examined. For the
distal arm muscle pairs, increased tone of the antagonist may
diminish the muscle strength of its agonist for select upper-limb
muscles. A potential explanation may be that this high tone within
the antagonist prevents sufficient practice of activation/movement in
the agonist muscles, leading to further disparity in motor function.
Another factor to consider is that in central nervous system disorders,
standard clinical strength testing alone is not able to differentiate
between abnormal resistance from the antagonist versus impaired
force production in the agonist. This limitation may be a confounding
factor of the strength testing results in both our study and that of
others. Use of other measurement methods for muscle strength may
yield a different result.

5.4. Study limitations

One study limitation is that participants were self-referred and
thus may not represent the general population. A second limitation
is that this cohort did not include those with MAS score = 4. A third
limitation is the measures available to assess strength and tone.
Strength testing was conducted according to standard manual
muscle testing methods. As described above, these methods may
contain confounding due to the inability to differentiate between
abnormal tone of the antagonist and impaired force production of
the agonist. Therefore, results should be considered within that
limitation. While MAS is currently the measure most utilized to
measure tone, it relies on the accuracy of the clinician to perform it
properly and consistently. Furthermore, MAS quantifies only one
aspect of muscle over-activity. Better detection of spasticity may
be obtained by using instrumented measures such as EMG during
movement at different velocities [40]. This type of spasticity
measure may lead to improved detection, quantification and
understanding of its impact on motor performance.

6. Conclusions

Our study found a higher than previously reported prevalence
of increased muscle tone in chronic stroke survivors with
moderate to severe motor impairment. Increased tone was
associated with greater motor impairment. Reasonably, spastic
muscles may not allow for adequate practice to strengthen the
antagonist muscles or practice of more coordinated movements.
Thus, over time, this limitation in ability to move against opposing
elevated muscle tone may have caused relative weakness and
greater motor dysfunction. It is important to clinically assess
muscle tone given the demonstrated relation between increased
tone and weakness in muscle pairs as well as the impact of tone on
motor performance. Because tone may adversely affect motor
control, future research is needed to explore the multifactorial
relation between muscle tone and motor dysfunction poststroke
and to identify interventions to ameliorate tone. In terms of
clinical practice, our results support the importance of managing
increased tone in conjunction with motor training to provide for
optimal practice of more coordinated movements and greater
benefits from strength training.
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