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Summary

Study aim: Increased muscle tone, a  common consequence of stroke, has neural and non-neural components. Spasticity is 
related to the neural component. Non-neural resistance arises from passive stiffness. This study was designed to assess the 
feasibility of using isokinetic dynamometry to evaluate wrist flexor muscle spasticity in stroke patients. 
Materials and methods: Twenty-six patients with hemiplegia in the subacute phase of stroke participated in this study. An 
isokinetic dynamometer was used to stretch wrist flexor muscles at four velocities of 5, 60, 120 and 180°/s on both the paretic 
and non-paretic sides. Peak torque at the lowest speed (5°/s) and reflex torque at the three higher speeds were quantified. Peak 
torque at the lowest speed was attributed to the non-neural component of muscle tone, and was subtracted from the torque re-
sponse at higher velocities to estimate reflex torque (spasticity). Data from the two sides were compared.
Results: There was no significant difference in peak torque between the paretic (2.47 ± 0.22 N·m) and non-paretic side 
(2.41 ± 0.28 N·m) at the lowest velocity of 5°/s (p=0.408). However, compared to the non-paretic side, the paretic side showed 
higher reflex torque (p<0001), and reflex torque increased rapidly with increasing velocity (p < 0.05). 
Conclusion: The isokinetic dynamometer distinguished spasticity from the non-neural component and showed higher reflex 
torque on the paretic side compared to the non-paretic side. This instrument is potentially useful to assess the efficacy of thera-
peutic interventions aimed at modifying spasticity.
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Introduction

Stroke is the third leading cause of death, and is the 
number one cause of long-term disability in the adult pop-
ulation [32]. The incidence of stroke has increased dra-
matically among younger adults, with 31% of all strokes 
occurring in people younger than 65 years [5]. Despite 
comprehensive training, most stroke survivors endure up-
per extremity impairment [27] and 70% of them have im-
paired hand motor function [6]. Although several positive 
and negative symptoms contribute to the resulting motor 
dysfunction, there is a  substantial focus on spasticity, as 
one of the positive symptoms [25]. Nearly half of all pa-
tients with stroke develop moderate to severe spasticity 

in their upper limbs, especially in distal muscles [37, 39]. 
Spasticity may appear within a week after the stroke [24]. 
A higher prevalence of spasticity has been reported in pa-
tients with high levels of motor impairment [3]. Uncon-
trolled spasticity may lead to serious complications includ-
ing muscle contracture, reduced range of motion, abnormal 
posture and disturbed motor performance [17]. Spasticity 
is characterized by velocity-dependent excessive resist-
ance of the muscle to passive stretching [18]. Increased 
resistance to passive stretch has neural and non-neural 
components [15]. The neural component is induced by 
stretch reflex activity, and is velocity dependent, whereas 
non-neural resistance arises from passive stiffness due to 
changes in the intrinsic properties of the muscle itself that 
are not usually velocity dependent [15]. Measurements of 
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spasticity should thus be aimed at the neural component 
rather than the non-neural component [22]. 

The contribution of spasticity and passive stiffness to 
increased muscle tone is variable in the post-stroke pe-
riod. Spasticity develops and peaks at 1–3 months after 
the stroke, and the muscular component may increase 
over time, thus contributing to increased muscle tone at 
6  months post-stroke [17]. Reflex activity is significant-
ly reduced after 1 year or longer [36]. The ability to dif-
ferentiate spasticity from passive stiffness is important 
in evaluating the effectiveness of different treatments 
and choosing the best option for each patient. For exam-
ple, treatments such as botulinum toxin target spasticity, 
whereas treatments such as casting or stretching target 
passive stiffness [38]. 

Clinically, spasticity is usually assessed with the Modi-
fied Ashworth Scale (MAS), in which the examiner esti-
mates muscle resistance by moving a  joint based on an 
ordinal scale [2]. However, its validity and reliability as 
a measure of spasticity have been questioned [7, 29]. In 
addition, the MAS cannot distinguish between neural and 
non-neural components [40]. Because the MAS does not 
take into account the speed dependence of spasticity [31], 
this scale can be effectively used to assess resistance to 
passive movement rather than spasticity [29]. The Modi-
fied Tardieu Scale (MTS), another clinical scale for spas-
ticity assessment, considers velocity-dependent character-
istics of spasticity [30], but it is affected by the operator’s 
skill in manually imposing angular velocity [23]. There-
fore, its reliability has been questioned [12].

To overcome the limitations of clinical approaches, a va-
riety of neurophysiological and biomechanical techniques 
have been developed. One of the proposed instrumental 
tests for assessing spasticity is isokinetic dynamometry 
(ID). This tool enables the investigator to standardize both 
velocity and angle of motion, and to objectively record 
the amount of force generated by the muscles. Moreo-
ver, operation and interpretation of the results are simple, 
and the procedure can be applied to a variety of muscles 
[16]. ID measures the amount of resistive torque gener-
ated by the muscle at different constant angular velocities 
[35]. Earlier studies that have tried to determine whether 
ID is appropriate for quantifying spasticity have mostly 
focused on patients with chronic stroke, and have reported 
spasticity to be speed dependent in elbow flexor and knee 
extensor muscles [4, 10, 35]. However, there is a lack of 
evidence regarding the measurement of spasticity with ID 
in patients with subacute stroke. In this context it is useful 
to recall that spasticity is more prominent in the subacute 
phase of stroke, and is the main determinant of motor im-
pairment, which can lead in turn to increasing muscle tone 
in the chronic phase of stroke due to immobilization [18]. 
In addition, it has been shown that improvements in spas-
ticity are more effective in improving function in subacute 

patients than in chronic patients [21]. An additional con-
sideration is that spasticity of the wrist flexor muscles is 
a critical problem in many stroke patients [28].

Therefore the aim of the study was to determine the 
feasibility of using ID to quantify wrist flexor muscle 
spasticity in patients with subacute stroke. We hypothe-
sized that ID would distinguish between spasticity and the 
non-neural contribution to muscle tone. 

Material and methods 

A  cross-sectional study was undertaken in a  single 
session to measure the degree of wrist flexor spasticity 
in survivors of a subacute stroke. The study protocol was 
approved by the ethics committee of Shiraz University of 
Medical Sciences. Written informed consent was obtained 
from all participants prior to the measurements.

Participants
The participants were 83 patients with stroke who 

were admitted to neurorehabilitation clinics affiliated with 
Shiraz University of Medical Sciences in Shiraz, Iran, and 
who were screened with inclusion and exclusion criteria 
(Fig. 1). The inclusion criteria were: age 18 years or older, 
hemiplegia secondary to a single hemorrhagic or ischemic 
stroke, time elapsed since the stroke less than 6 months, 
a MAS score ≥ 1 for muscle tone in the wrist flexor mus-
cles in the paretic arm, and the ability to sit safely and 
comfortably on a chair. Participants were excluded if they 
had other neurological conditions, cognitive impairment 
or deficits in language perception that might interfere with 
their ability to understand the instructions, and a history 
of anti-spasticity medication including nerve blockers or 
botulinum toxin injection. A total of 26 patients (13 men, 
13  women) with a  mean age of 51.38  ±  12.64 years 
(range 28–73 years), mean height of 167.42  ± 5.66  cm 
(157–178 cm) and mean weight of 68.77 ± 7.19 kg (range 
60–83 kg) participated in this study. The mean time elapsed 
since the stroke was 98.77  ±  34.26 days (range 35–147 
days). 16 patients had left-side hemiplegia and 10 patients 
had right-side hemiplegia. The type of stroke was ischemic 
in 23 patients and hemorrhagic in 3 patients. Mean Fugl–
Meyer Assessment (FMA) score for upper limb motor 
impairment was 22.54 ± 9 (range 4–38). Grip strength as 
measured with an electronic dynamometer and expressed 
as a  percentage of grip strength on the non-paretic side 
was 8.37  ±  4.5 newtons (range 0–18.28 N). Mean post-
stroke rehabilitation consisted of 47.77 ± 21.81 sessions 
(range 10–90 sessions).

Procedures
Spasticity in wrist flexor muscles was objectively meas-

ured with a  Biodex system 4 (Biodex Medical System, 
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Shirley, NY, USA) isokinetic dynamometer. The partici-
pants were asked to sit on an isokinetic chair and were 
secured on the chair with a 3-point belt. Both paretic and 
non-paretic sides were tested in random order. The par-
ticipant’s forearm on the test side was pronated and rested 
on a flat surface attached to the chair. The shoulder was 
positioned at about 0° to 5° flexion and 10° to 15° abduc-
tion. The elbow was positioned at 90° flexion. The partici-
pants gripped the wrist attachment of the dynamometer. 
Because of the grip strength deficit in the paretic hand, 

the participants’ fingers on the paretic side were strapped 
around the handle with a glove in order to ensure that only 
their wrist joint was free to move (Fig. 2) [26]. The center 
of rotation of the dynamometer was visually aligned with 
the axis of the wrist joint (an imaginary line from the ul-
nar process to the radial styloid process). The wrist joint 
was passively moved in a  total range of 120° from 60° 
wrist flexion to 60° wrist extension. Four velocities of 5, 
60, 120 and 180°/s were used with three trials at each ve-
locity. Slow velocity (5°/s) passive movement was used 

Excluded (n = 57)
Multiple stroke (n = 6)
More than 6 months post-stroke (n = 27)
MAS = 0 (n = 16)
Cognitive impairment (n = 2)
Deficit in language perception (n = 4)
History of injection of anti-spasticity drugs (n = 2)

Patients assessed for eligibility (n = 83)

Included in the study (n = 26)

Patients assessed (n = 26)

Analyzed (n = 26)

Fig. 1.  Flow chart of study implementation. MAS, Modified Ashworth Scale

Fig. 2.  Measurement of wrist flexor muscle spasticity with isokinetic dynamometry in the paretic hand
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to minimize the reflex response during passive movement 
[1, 9]. Then the faster movement velocities (three trials 
per velocity) were tested in 3 different sequence orders to 
minimize any bias associated with an order effect: (a) 5°/s, 
60°/s, 120°/s,180°/s; (b) 5°/s, 180°/s, 120°/s, 60°/s; and 
(c) 5°/s, 120°/s, 60°/s, 180°/s [10, 22]. An interval of 30 s 
was allowed between sets of trials to avoid adaptation and 
minimize the influence of stretch history on the responses 
to subsequent stretches, and the time interval between each 
set of different velocities was 60 s [1, 10]. The participants 
were instructed to remain relaxed and not to assist or resist 
the passive movement of their hand. For familiarization 
and warm up, the wrist was moved through the range of 
motion 3 times at a velocity of 5º/s. After 5 min, the test 
movements were performed. Resistance to passive move-
ments during wrist extension was recorded as resistive 
torque in newton meters (N*m). For each participant, peak 
resistive torque was calculated across all three trials for 
each velocity. 

Torque at the slowest velocity movement determined 
passive stiffness of the wrist flexor muscles (non-neural 
component). It has been demonstrated that velocities 
less than 25°/s do not trigger stretch reflexes; however, 
at higher velocities the stretch reflex is easily activated 

[34]. Spasticity or stretch reflex torque was calculated by 
subtracting the response torque at 5°/s from the respons-
es recorded at 60, 120 and 180°/s. These higher velocity 
movements were used to evaluate the velocity dependence 
of spasticity [9, 1]. Reflex torque has been reported to be 
a reliable and clinically acceptable parameter to quantify 
spasticity [13].

Statistical analysis
All analyses were done with SPSS version 17 (SPSS, 

Inc., Chicago, IL, USA). Normal distribution of the data 
was verified with the Shapiro–Wilk test. Descriptive sta-
tistics (mean ± standard deviation) were compiled and 
reported for all data. Resistive torque (at 5°/s) and reflex 
torque (at 60, 120 and 180°/s) were compared between the 
paretic and non-paretic side at each movement velocity 
with the paired t-test. Mean differences were calculated 
and are reported with their 95% confidence intervals (95% 
CI). The effect of velocity increments on reflex torque 
on the paretic and non-paretic side was analyzed with re-
peated measures one-way analysis of variance (ANOVA). 
Statistical significance was set at p < 0.05. 

Results

There was no significant difference in peak torque be-
tween the paretic side (2.47 ± 0.22 N · m) and non-paretic 
side (2.41  ±  0.28 N · m) at the slowest velocity of 5°/s 
(p = 0.408). However, reflex torque was higher at all ve-
locities on the paretic side compared to the non-paretic 
side (p  <  0.001) (Table 1). Repeated measures ANOVA 
showed a  significant effect of velocity 60, 120, 180°/s 
× side paretic, non‑paretic on reflex torque (F  =  17.03; 
p < 0.001, partial eta squared = 0.8), indicating significant 
differences in the changes in reflex torque during veloc-
ity increments between the paretic and non-paretic side 
(Fig.  3). Reflex torque increased significantly as veloc-
ity increased to each successive angular velocity on the 
paretic side (p < 0.05). However, on the non-paretic side, 
no significant changes in reflex torque were observed as 
velocity increased (p = 0.248) (Fig. 3).

Velocity Paretic side Non-paretic side Mean difference (95%CI) p value 
5°/s 2.47 ± 0.22 2.41 ± 0.28 0.06 (−0.08–0.21) 0.408 
60°/s 0.88 ± 0.39 0.01 ± 0.13 0.86 (0.7–1.02) <0.001 
120°/s 1.08 ± 0.43 0.03 ± 0.11 1.04 (0.87–1.23) <0.001 
180°/s 1.24 ± 0.40 0.04 ± 0.12 1.2 (1.03–1.37) <0.001

Table 1.  Comparison of resistive torque (N·m) between the paretic and non-paretic side

Values are means ± standard deviation; CI – Confidence interval.
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Discussion

This study examined spasticity in the wrist flexor mus-
cles with a biomechanical technique based on ID. The com-
puter-assisted device enables investigators to standardize 
both velocity and range of motion, and quantify spasticity 
by measuring the amount of resistive torque generated by 
the participant’s muscles. Our results demonstrated no sig-
nificant increase in passive wrist stiffness on the paretic 
side compared to the non-paretic side (p = 0.408). How-
ever, the paretic side showed higher reflex torque than the 
non-paretic side at all velocities (p < 0.001). In addition, 
there was a significant increase in reflex torque associated 
with increasing velocities on the paretic side (p < 0.05). 

The lack of significant differences in passive stiffness 
between the paretic and non-paretic sides supports the 
view that passive stiffness increases with time after stroke. 
As described earlier, spasticity develops and peaks at 1–3 
months after a stroke, and the non-neural component may 
increase with time, thus contributing to increased muscle 
tone at 6 months post-stroke [17]. Previous studies in pa-
tients with chronic stroke have reported inconsistent re-
sults. Given et al. used an instrumental device to quantify 
spasticity bilaterally in the ankle plantar flexors and elbow 
flexors in stroke patients with hemiparesis, and found 
higher passive stiffness in the ankle plantar flexors in the 
affected limb than the contralateral limb but no signifi-
cant difference between sides in the elbow flexors [11]. To 
quantify wrist flexor spasticity, Gaverth et al. used a neu-
roflexor instrument that distinguishes between spasticity 
and the non-neural component by applying different con-
stant velocities, and reported no significant difference in 
passive stiffness between the paretic side in stroke patients 
and healthy people [22]. Another study that measured fin-
ger flexor spasticity found that passive stiffness was no 
greater in participants with stroke than in control partici-
pants [14]. It has been suggested that passive stiffness 
is influenced by several factors including limb size, the 
amount of intramuscular connective tissue, muscle fiber 
type and cross-sectional area [11, 16]. The greater passive 
stiffness in ankle plantar flexors has been attributed to his-
tological characteristics of these muscles, which are rich 
in connective tissue and slow-twitch fibers [11]. In light 
of the present results and previous findings, we speculate 
that upper limb resistance to muscle stretching after stoke 
is mediated primarily by neurological rather than muscu-
lar components. However, further studies are required to 
better characterize the post-stroke changes in passive stiff-
ness in both upper and lower limb muscles. 

 Higher reflex torque on the paretic side compared to 
the non-paretic side showed that spasticity was the pre-
dominant cause of increased passive resistance. The con-
tribution of the stretch reflex to increased muscle tone is 

maximal between 1 and 3 months after a stroke [17]. The 
mean post-stroke period in participants in the present study 
was 3 months. Increased stretch reflex gain is the mecha-
nism underlying spasticity. Cumulative evidence from an-
imal and human studies supports the supraspinal origin of 
stretch reflex hyperexcitability [19]. More specifically, the 
loss of balanced inhibitory and excitatory descending re-
ticulospinal projections after a stroke is the most plausible 
mechanism for post-stroke spasticity [20]. Our findings 
show that reflex torque was dependent on velocity, becom-
ing greater with increasing velocities of passive stretch-
ing. Speed dependence is one of the defining characteris-
tics of spasticity, and is attributed to stretch reflex activity, 
which increases in intensity at higher velocities [40]. This 
characteristic has also been reported in other studies that 
tested ID at different velocities [4, 34, 35]. In contrast, 
Kim et al. examined ankle plantar flexor spasticity with ID 
in chronic stroke patients [16], and reported no increase in 
resistive torque associated with increasing velocity after 
testing five consecutive passive movements at velocities 
of 60, 120, 180 and 240°/s. Methodological differences 
between the present study and that of Kim et al. may ac-
count for the difference in findings. Kim and colleagues 
reported resistive torque without calculating reflex torque. 
Subtracting resistive torque from the slow velocity in the 
present study eliminated components of passive stiffness. 
A further potential explanation for the differences between 
studies is that Kim and colleagues used five consecutive 
passive motion tests without a rest between trials. In this 
connection, another earlier study reported the adaptation 
of reflex torque responses after repeated passive move-
ments [33].

Our findings are clinically useful because wrist flexor 
muscle spasticity is easily and objectively quantified. The 
present results thus suggest that ID is a tool with potential 
applications in clinical practice, in particular to objective-
ly evaluate changes in spasticity in response to different 
treatments. 

The findings of this study should be interpreted with due 
consideration of its limitations. Electromyography was not 
used to confirm that reflex torque responses measured with 
ID resulted from muscle contraction induced by stretch re-
flex activation. In addition, our results are not generalizable 
to all adults with stroke. This study included only individu-
als with moderate to severe paresis in the upper limb as indi-
cated by their MAS scores. Our participants were in the su-
bacute phase of stroke (less than 6 months after stroke), and 
because the contribution of spasticity to increased muscle 
tone is maximal between 1 and 3 months after stroke onset, 
it would be informative to investigate spasticity at shorter 
post-stroke time points. A final limitation is that spasticity 
was evaluated here only in the wrist flexor muscles. Future 
studies should measure spasticity with ID in other patient 
populations and other muscle groups. 
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Our findings show that isokinetic dynamometry is 
a potentially useful tool to quantify spasticity in the wrist 
flexor muscles in patients with subacute stroke.

Conflict of interest: Authors state no conflict of interest.

References

1.	 Bhadane M.Y., Gao F., Francisco G.E., Zhou P., Li S. 
(2015) Correlation of resting elbow angle with spasticity 
in chronic stroke survivors. Front. Neurol., 26(6,):183. 

2.	 Bohannon R.W., Smith M.B. (1987) Interrater reliability 
of a modified Ashworth scale of muscle spasticity. Phys.
The., 67(2): 206-207. 

3.	 Cacho R. d. O., Cacho E.W.A., Loureiro A.B., Cirne G.N. 
d. M., Pereira S.A., Freitas R.P. d. A., Lima N.M.F.V., 
Borges G. (2017) The spasticity in the motor and func-
tional disability in adults with post-stroke hemiparetic. 
Fisioterapia em Movimento., 30(4): 745-752. 

4.	 Condliffe E.G., Clark D.J., Patten C. (2005) Reliability 
of elbow stretch reflex assessment in chronic post-stroke 
hemiparesis. Clin. Neurophysiol., 116(8): 1870-1878. 

5.	 Feigin V.L., Forouzanfar M.H., Krishnamurthi R., Men-
sah G.A., Connor M., Bennett D.A., Moran A.E., Sacco 
R.L., Anderson L., Truelsen T., O’Donnell M., Venketas-
ubramanian N., Barker-Collo S., Lawes C.M., Wang W., 
Shinohara Y., Witt E., Ezzati M., Naghavi M., Murray C. 
(2014) Global and regional burden of stroke during 
1990–2010: findings from the Global Burden of Disease 
Study 2010. The Lancet., 383(9913): 245-255. 

6.	 Feigin V.L., Lawes C.M., Bennett D.A., Anderson C.S. 
(2003) Stroke epidemiology: a  review of population-
based studies of incidence, prevalence, and case-fatality 
in the late 20th century. Lancet. Neurol., 2(1): 43-53. 

7.	 Fleuren J.F., Voerman G.E., Erren-Wolters C.V., 
Snoek  G.J., Rietman J.S., Hermens H.J., Nene A.V. 
(2010) Stop using the Ashworth Scale for the assessment 
of spasticity. J. Neurol. Neurosurg. Psychiatry., 81(1): 
46-52. 

8.	 Foley N., Pereira S., Salter K., Fernandez M.M., Speech-
ley M., Sequeira K., Miller T., Teasell R. (2013) Treat-
ment with botulinum toxin improves upper-extremity 
function post stroke: a systematic review and meta-anal-
ysis. Arch. Phys. Med. Rehabil., 94(5): 977-989.

9.	 Gäverth J., Sandgren M., Lindberg P.G., Forssberg H., 
Eliasson A.C. (2013). Test-retest and inter-rater reliabil-
ity of a method to measure wrist and finger spasticity. J. 
Rehabil. Med., 45(7): 630-636. 

10.	Gholami S., Ansari N.N., Naghdi S., Tabatabaei A., Jan-
nat D., Senobari M., Dadgoo M. (2018) Biomechanical 
investigation of the modified Tardieu Scale in assessing 
knee extensor spasticity poststroke. Physiother. Res. Int., 
23(1): e1698. 

11.	Given J., Dewald J., Rymer W. (1995) Joint dependent 
passive stiffness in paretic and contralateral limbs of 
spastic patients with hemiparetic stroke. J. Neurol. Neu-
rosurg. Psychiatry., 59(3): 271-279. 

12.	Haugh A., Pandyan A., Johnson G. (2006). A systematic 
review of the Tardieu Scale for the measurement of spas-
ticity. Disabil. Rehabil., 28(15): 899-907. 

13.	Ju M.S., Chen J.J.J., Lee H.M., Lin T.S., Lin C.C., 
Huang Y.Z. (2000) Time-course analysis of stretch reflexes 
in hemiparetic subjects using an on-line spasticity meas-
urement system J. Electromyogr. Kinesiol., 10(1): 1-14. 

14.	Kamper D.G., Rymer W.Z. (2000) Quantitative features 
of the stretch response of extrinsic finger muscles in 
hemiparetic stroke. Muscle. Nerve., 23(6): 954-961.

15.	Katz R.T., Rymer W.Z. (1989) Spastic hypertonia: mech-
anisms and measurement. Arch. Phys. Med. Rehabil., 
70(2): 144-155. 

16.	Kim D.Y., Park C.I., Chon J.S., Ohn S.H., Park T.H., 
Bang I.K. (2005) Biomechanical assessment with elec-
tromyography of post-stroke ankle plantar flexor spastic-
ity. Yonsei. Med. J., 46(4): 546-554. 

17.	Kuo C.L., Hu G.C. (2018) Post-stroke spasticity: a  re-
view of epidemiology, pathophysiology, and treatments. 
Int. J. Gerontol., 12(4): 280-284.

18.	Lance J.W. (1980) The control of muscle tone, reflex-
es, and movement Robert Wartenbeg Lecture. Neurol., 
30(12): 1303-1303. 

19.	Li S. (2017) Spasticity, motor recovery, and neural plas-
ticity after stroke. Front. Neurol., 8: 120. 

20.	Li S., Francisco G.E. (2015) New insights into the patho-
physiology of post-stroke spasticity. Front. Hum. Neuro-
sci., 9: 192. 

21.	Lim Y.H., Choi E.H., Lim J.Y. (2016) Comparison of ef-
fects of botulinum toxin injection between subacute and 
chronic stroke patients: a  pilot study. Medicine., 95(7): 
e2851

22.	Lindberg P.G., Gäverth J., Islam M., Fagergren A., Borg 
J., Forssberg H. (2011) Validation of a new biomechani-
cal model to measure muscle tone in spastic muscles. 
Neurorehabil. Neural. Repair., 25(7): 617-625. 

23.	Mackey A.H., Walt, S.E., Lobb G., Stott N.S. (2004) In-
traobserver reliability of the modified Tardieu scale in the 
upper limb of children with hemiplegia. Dev. Med. Child 
Neurol., 46(4): 267-272. 

24.	Malhotra S., Cousins E., Ward A., Day C., Jones P., Rof-
fe C., Pandyan A. (2008) An investigation into the agree-
ment between clinical, biomechanical and neurophysi-
ological measures of spasticity. Clin. Rehabil., 22(12): 
1105-1115. 

25.	Malhotra S., Pandyan A., Day C., Jones P., Hermens H. 
(2009) Spasticity, an impairment that is poorly defined 
and poorly measured. Clin. Rehabil., 23(7): 651-658.

26.	Mukherjee M., McPeak L.K., Redford J.B., Sun C., 
Liu  W. (2007) The effect of electro-acupuncture on 



N.Salehi Dehno et al.150

spasticity of the wrist joint in chronic stroke survivors. 
Arch. Phys. Med. Rehabil., 88(2): 159-166. 

27.	Nakayama H., Jørgensen H.S., Raaschou H.O., Olsen T.S. 
(1994) Recovery of upper extremity function in stroke 
patients: the Copenhagen Stroke Study. Arch. Phys. Med. 
Rehabil., 75(4): 394-398. 

28.	Nam H.S., Koh S., Kim Y.J., Beom J., Lee W.H., 
Lee S.U., Kim S. (2017). Biomechanical reactions of ex-
oskeleton neurorehabilitation robots in spastic elbows and 
wrists. IEEE Trans. Neural. Syst. Rehabil. Eng., 25(11): 
2196-2203.

29.	Pandyan A., Johnson G., Price C., Curless R., Barnes M., 
Rodgers H. (1999) A review of the properties and limita-
tions of the Ashworth and modified Ashworth Scales as 
measures of spasticity. Clin. Rehabil., 13(5): 373-383. 

30.	Patrick E., Ada L. (2006)The Tardieu Scale differentiates 
contracture from spasticity whereas the Ashworth Scale 
is confounded by it. Clin. Rehabil., 20(2): 173-182. 

31.	Phadke C.P., Ismail F., Boulias C. (2015) Current chal-
lenges to clinical assessment of spasticity. Int. J. Neurol. 
Res., 1(1): 1-4. 

32.	Rossini P.M., Calautti C., Pauri F., Baron J.C. (2003) 
Post-stroke plastic reorganisation in the adult brain. Lan-
cet. Neurol., 2(8): 493-502. 

33.	Schmit B.D., Dewald J.P., Rymer W.Z. (2000). Stretch 
reflex adaptation in elbow flexors during repeated pas-
sive movements in unilateral brain-injured patients. Arch. 
Phys. Med. Rehabil., 81(3): 269-278.

34.	Singer B., Dunne J., Singer K., Allison G. (2003) Veloc-
ity dependent passive plantarflexor resistive torque in pa-
tients with acquired brain injury. Clin. Biomech., 18(2): 
157-165. 

35.	Starsky A.J., Sangani S.G., McGuire J.R., Logan  B., 
Schmit B.D. (2005) Reliability of biomechanical spas-

ticity measurements at the elbow of people poststroke. 
Arch. Phys. Med. Rehabil., 86(8): 1648-1654. 

36.	Thilmann A., Fellows S., Garms E. (1991) The mecha-
nism of spastic muscle hypertonus: variation in reflex 
gain over the time course of spasticity. Brain, 114(1): 
233-244.

37.	Urban P.P., Wolf T., Uebele M., Marx J. r. J., Vogt T., 
Stoeter P., Bauermann T., Weibrich C., Vucurevic G.D., 
Schneider A., Wissel J. (2010) Occurence and clinical 
predictors of spasticity after ischemic stroke. Stroke., 
41(9): 2016-2020. 

38.	Ward A. (2002) A  summary of spasticity manage-
ment–a treatment algorithm. Eur. J. Neurol., 9: 48-52. 

39.	Watkins C., Leathley M., Gregson J., Moore A., Smith T., 
Sharma A. (2002) Prevalence of spasticity post stroke. 
Clin. Rehabil., 16(5): 515-522. 

40.	Wu Y.N., Ren Y., Goldsmith A., Gaebler D., Liu S.Q., 
Zhang L.Q. (2010) Characterization of spasticity in cer-
ebral palsy: dependence of catch angle on velocity. Dev. 
Med. Child. Neurol., 52(6): 563-569. 

Received 18.03.2019
Accepted 23.09.2019

© University of Physical Education, Warsaw, Poland

Acknowledgments 

This study was extracted from the Ph.D. thesis of Nasrin 
Salehi Dehno and was financially supported by Shiraz 
University of Medical Sciences. (Grant No. 94-01-06-
11135). We thank K. Shashok (AuthorAID in the Eastern 
Mediterranean) for improving the use of English in the 
manuscript. 


