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ABSTRACT
Fujimura K, Kagaya H, Onaka H, Okochi Y, Yamada 
M, Teranishi T, Kanada Y, Saitoh E. Improvement in 
Disability Assessment Scale after Botulinum toxin A 
treatment for upper limb spasticity. Jpn J Compr 
Rehabil Sci 2017; 8: 4-9. 
Objective: We investigated the effect of botulinum 
toxin type A for upper limb spasticity on activities of 
daily living using the Disability Assessment Scale 
(DAS).
Methods: The subjects were 47 patients who received 
botulinum therapy for upper limb spasticity. They 
were assessed before administration and 2, 6, and 12 
weeks after administration by using the DAS, the 
Modified Ashworth Scale (MAS), and upper-limb-
related parameters from the Fugl-Meyer Assessment 
(FMA).
Results: DAS scores for hygiene, dressing, and limb 
position improved significantly 2 and 6 weeks after 
administration (p < 0.05), but there was no significant 
change in pain. MAS scores exhibited significant 
improvement 2, 6, and 12 weeks after administration, 
and the total scores for FMA upper-limb parameters 
exhibited significant improvement 2 and 6 weeks after 
administration (p < 0.05).
Conclusion: Botulinum therapy contributes to improving 
not only the spasticity itself, but also to improving 
difficulties in activities of daily living associated with 
upper limb spasticity.
Key words: spasticity, BoNT-A, activities of daily 

living, upper limb function, Disability Assessment 
Scale

Introduction

　Spasticity is one of the positive symptoms of 
cerebrovascular disease and other upper motor neuron 
diseases. Approximately 20% of all first-time stroke 
patients exhibit spasticity 1-2 weeks, 3 months, and 
18 months after the stroke, and spasticity is reported to 
become more severe over time [1]. Spasticity not only 
diminishes voluntary control of the upper and lower 
limbs on the affected side and their function level, but 
also impedes the performance of rehabilitation with 
the aim of improving motor paralysis. Upper limb 
spasticity tends to occur predominantly in the flexor 
muscles, in many cases causing the limb to adopt an 
abnormally flexed position. This impairs the patient’s 
ability to perform many activities of daily living 
(ADL), including maintaining hand hygiene by hand 
washing and wiping, changing clothes, standing up, 
and walking. In terms of appearance, posture and limb 
position are also poor. Spasticity thus gives a strong 
impact.
　Botulinum toxin type A (BoNT-A) is widely used in 
the treatment of spasticity. In addition to the Barthel 
Index (BI) and the Functional Independence Measure 
(FIM) for evaluating overall ADL, the 8-Item 
Disability Scale [2] and the Disability Assessment 
Scale (DAS) [3] can be used to evaluate the effect of 
upper limb spasticity on ADL performance. The BI 
and FIM are scales for evaluating the level of 
independence in ADL, but since it is unclear whether 
the affected or unaffected side is used in performing 
actions, they cannot be described as simply measuring 
impaired ability due to spasticity. The 8-Item Disability 
Scale is an evaluation tool developed to measure the 
effect of upper limb spasticity using a four-point scale 
to assess eight parameters – cleaning the palm, cutting 
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the fingernails, putting the paretic arm through a sleeve, 
cleaning under the armpit, cleaning around the elbow, 
standing balance, walking balance, and the ability to 
perform an upper limb physiotherapy exercise program 
at home. Although this assessment does reflect upper 
limb spasticity, it does not take into account issues such 
as abnormal limb position, and the results may also be 
affected by other factors related to physical ability 
besides upper limb spasticity. The DAS is another 
evaluation tool developed to measure disability 
associated with upper limb spasticity in patients with 
this condition. The evaluation parameters include 
some that reflect hand washing and changing clothes 
as part of ADL, and others related to abnormal limb 
position and pain associated with spasticity. Patients 
are evaluated in an interview format, enabling the severity 
of the disability to be assessed (Table 1). Most studies 
involving DAS evaluations before and after BoNT-A 
administration [4-17] have focused on one treatment 
target from among the four DAS parameters. Simpson et 
al. [7] reported that DAS scores improved significantly 6 
weeks after BoNT-A administration in 19 patients who 
chose limb position as the target out of a total of 60 cases. 
Kaji et al. [9] also found that DAS scores improved 
significantly after BoNT-A administration in 51 patients 
who chose limb position and 31 who chose dressing 
actions as the targets out of a total of 109 cases. Other 
studies, however, only recorded the fact that target 
parameters improved, without indicating the specific 
parameters. Spasticity may cause more than one 
disability, and it is unclear whether or not it is 
appropriate to select only a single target parameter to 
assess the severity of the disability. A study by 
Marciniak et al. [18] evaluated all four DAS parameters 
in 10 patients treated with BoNT-A and 11 who were 
given a placebo. They found a significantly greater 
improvement in hygiene four weeks after treatment 
among those in the BoNT-A group compared with the 
placebo group, as well as a similar trend of improved 
ability to execute dressing. The objective of the present 
study was to evaluate the disabilities associated with 
upper limb spasticity using all four DAS parameters, 

and to identify their characteristics and changes over 
time.

Methods

　The study subjects were 47 patients who underwent 
BoNT-A treatment between January 2012 and June 2014 
for upper limb spasticity resulting from cerebrovascular 
damage. The subjects comprised 27 men and 20 women, 
with mean age of 56 years (19-76 years). The spasticity 
was caused by cerebral infarction in 17 cases, cerebral 
hemorrhage in 29, and subarachnoid hemorrhage in 1. 
The mean time from onset until BoNT-A administration 
was 1,552 days (median 1,337 days, range 117-5,610 
days).
　Difficulties in ADL were assessed by using the 
DAS. Spasticity was assessed according to the 
Modified Ashworth Scale (MAS) [19], with evaluation 
of the shoulder adductor, elbow flexor, forearm 
pronator, wrist flexor, finger proximal interphalangeal 
(PIP) joint flexor, and thumb interphalangeal (IP) joint 
flexor muscles. Motor function was assessed in terms 
of the total Fugl-Meyer Assessment upper extremity 
(FMA-U/E) score [20] and its subscales (A: shoulder/
elbow/forearm; B: wrist; C: fingers; D: coordination/
speed). Assessments were performed four times, 
specifically, before treatment and 2, 6, and 12 weeks 
after treatment. Written consent was obtained from the 
patients at each assessment.

Statistical Analysis

　DAS, MAS, and FMA-U/E scores at 2, 6, and 12 
weeks after BoNT-A administration were compared 
with those before administration. A comparison 
between the pretreatment DAS parameters was also 
performed. The Wilcoxon signed rank test, corrected 
by the Bonferroni method, was used for comparisons. 
The statistical software used was SPSS Statistics 
Version 21 (IBM), with p < 0.05 regarded as significant.

Table 1. Disability Assessment Scale (DAS) [3].

Interview with each patient to determine the extent of functional impairment according to the following scale:
0: No disability. 
1: Mild disability (noticeable but does not significantly interfere with normal activities). 
2: Moderate disability (normal activities require increased effort and/or assistance). 
3: Severe disability (normal activities limited).

 Hygiene The extent of maceration, ulceration, and/or palmar infection; palm and hand cleanliness; 
ease of cleaning; ease of nail trimming; and the degree of interference caused by hygiene-
related disability in the patient’s daily life.

 Dressing The difficulty or ease with which the patient could put on clothing (e.g., shirt, jacket, gloves) 
and the degree of interference caused by dressing-related disability in the patient’s daily life.

 Limb position The amount of abnormal position of the upper limb.
 Pain The intensity of pain or discomfort related to upper limb spasticity.
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Results

　The muscles treated with BoNT-A were the 
pectoralis major in 24 patients, the biceps brachii in 
31, the brachialis in 5, the brachioradialis in 1, the 
triceps brachii in 1, the pronator teres in 6, the flexor 
carpi radialis in 38, the flexor carpi ulnaris in 37, the 
palmaris longus in 1, the flexor digitorum profundus in 
4, the flexor digitorum superficialis in 45, and the 
flexor pollicis longus in 23. A dose of 15-100 units 
was administered to each muscle.
　Before BoNT-A administration, the number of patients 
with a DAS score of 0 (no disability) was 20 (42.6%) for 
hygiene, 15 (31.9%) for dressing, 15 (31.9%) for limb 
position, and 32 (68.1%) for pain. The corresponding 
numbers for those with a DAS score of 3 (severe 
disability) were 11 (23.4%) for hygiene, 5 (10.6%) for 
dressing, 11 (23.4%) for limb position, and 0 (0.0%) for 
pain. A comparison between the different parameters 
before BoNT-A administration showed that compared 
with pain, the level of disability was significantly higher 
for hygiene (p = 0.001), dressing (p < 0.001), and limb 
position (p < 0.001). Figure 1 shows the changes in DAS 
parameters over time after BoNT-A administration. 
Improvements in hygiene (p = 0.006,  p = 0.030), dressing 
(p = 0.001, p = 0.003), and limb position (p < 0.001, p = 
0.003) were evident at 2 and 6 weeks after administration. 
However, at 12 weeks after administration, there was no 
significant difference compared with the scores before 
administration. There was no significant change in pain 

at any point after administration compared with before 
administration.
　MAS scores for the shoulder adductor and elbow flexor 
muscles improved significantly at 2 weeks (p < 0.001) and 
6 weeks (p = 0.001) after BoNT-A administration. 
Significant improvement in the scores for the forearm 
pronator, wrist flexor, finger PIP joint flexor, and 
thumb IP joint flexor muscles was evident at 2, 6, and 
12 weeks after administration (Table 2).
　Total FMA-U/E scores improved significantly at 2 
and 6 weeks after BoNT-A administration (p = 0.003, 
p = 0.002). There was no significant difference between 
the score at 12 weeks after administration and the score 
before administration. Subscale A (shoulder/elbow/
forearm) scores improved significantly at 2 and 6 weeks 
after BoNT-A administration (p = 0.003, p = 0.002). 
Subscale B (wrist) scores tended to improve 2 weeks 
after BoNT-A administration (p = 0.056) and improved 
significantly 6 weeks after administration (p = 0.009). 
There was no improvement in the scores for Subscale C 
(hand) and Subscale D (coordination/speed) (Table 3).

Discussion

　DAS, MAS, and FMA-U/E scores all improved 
significantly after BoNT-A treatment of upper limbs 
with spasticity. DAS assessment prior to BoNT-A 
administration revealed that approximately 60% of the 
patients exhibited disability in terms of hygiene, 
approximately 70% in terms of dressing and limb 

(*p < 0.05, **p < 0.01)
Figure 1. Changes in DAS.
Improvements in hygiene, dressing, and limb position were evident at 2 and 6 weeks after 
administration. There was no significant change in pain at any point after administration 
compared with before administration (Wilcoxon signed rank test with Bonferroni correction).
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position, and approximately 30% in terms of pain. 
Among the studies that have provided a breakdown of 
DAS target items [4-10, 12, 14, 16, 17], a large proportion 
selected dressing or limb position as the targets, and 
only around 10% chose pain as the target. In this study, 
spasticity impaired the dressing actions and limb 
position in a large proportion of patients, and a few 
patients complained of spasticity-associated pain. 
With respect to severity, the DAS score was 3 (severe 
disability) for hygiene and limb position in over 20% 
of the cases. Pain was milder than the other three 
parameters. In terms of changes over time in spastic 
muscles after treatment with BoNT-A, the other three 
parameters exhibited significant improvement at 2 and 6 
weeks after administration. The assessment of hygiene, 
one of the categories evaluated by DAS, includes not 
only active movements by the spastic upper limb but 
also whether or not the spastic hand can be washed 
using the hand on the unaffected side. In particular, 
severe paralysis in the functions of the peripheral areas 
of the upper limbs was apparent in our subjects in this 
study, as evidenced by the mean scores of 1.2 ± 2.2 for 
Subscale B and 5.1 ± 4.3 for Subscale C of the FMA-
U/E evaluation prior to administration, making it 
highly likely that actions were performed by the 
unaffected hand. The improvements at 2 and 6 weeks 
after BoNT-A administration may therefore have been 
due to the alleviation of spasticity of the elbow, wrist, 
and finger flexor muscles, which would have both 
made it easier to hold the arm with the elbow extended 
during hand washing and improved the finger grip, 
making these movements easier. The limb position 

parameter of the DAS evaluates the physical, mental, 
and social effects of abnormal positioning of the arm. 
Synergic movements of the flexor muscles predominate 
in severely spastic upper limbs, which frequently 
adopt the Wernicke-Mann posture with bent elbows 
and curled-up fingers. Alleviating spasticity of the 
flexor muscles of the upper limbs thus directly 
improves abnormal limb positioning. The dressing 
parameter of the DAS evaluates the ease of changing a 
dress or shirt and the effect of spasticity on the actions 
involved. Generally speaking, the actions entailed in 
passing the arm on one side through a sleeve when 
getting dressed require shoulder flexion and abduction 
and elbow extension movements. Passing the opposite 
arm through the other sleeve then requires abduction 
of the other arm, pulling the clothing with a sufficient 
degree of tension to enable the arm to pass smoothly 
through the sleeve. A patient with a spastic upper limb 
that tends to adopt an abnormally flexed position may 
thus have particular difficulty in performing dressing 
actions when changing clothes. Whether or not the 
patient is capable of voluntary movements of the 
shoulder and elbow may also constitute an important 
factor in the performance of these actions. BoNT-A 
administration may therefore have made dressing 
actions easier not only by reducing the spasticity of the 
upper limb extensor muscles, but also by improving 
the function of the central part of the upper limb 
expressed in Subscale A of the FMA-U/E. Increasing 
the number of opportunities for active movement of 
the upper limbs may also have improved the patients’ 
abilities to perform dressing actions, leading to further 

Table 3. Changes in FMA-U/E.

Before 2 weeks 6 weeks 12 weeks

Total score 21.9±12.0 23.0±11.7** 23.9±11.3* 23.2±12.2
Subscale A score 15.4±7.0 16.6±7.0** 16.9±6.5** 16.0±6.9
Subscale B score 1.2±2.2 1.6±2.6 1.7±2.7* 1.5±2.5
Subscale C score 5.1±4.3 4.7±3.3 5.1±3.3 5.6±4.1
Subscale D score 0.2±0.7 0.2±0.7 0.2±0.9 0.2±0.8

Wilcoxon signed rank test with Bonferroni correction. Mean±SD.
*p < 0.05, **p < 0.01.

Table 2. Changes in MAS.

Before 2 weeks 6 weeks 12 weeks

Median 25% 75% Median 25% 75% Median 25% 75% Median 25% 75%

Shoulder adductors 1+ 1 2 1** 1 1+ 1+** 1 1+ 1+ 1 1+
Elbow flexors 2 1 2 1** 1 1+ 1+** 1 1+ 1+ 1 2
Forearm pronators 1+ 1 2 1** 0 1+ 1** 0 1+ 1* 1 1+
Wrist flexors 2 1+ 3 1** 1 1+ 1+** 1 1+ 1+** 1 2
Finger PIP joint flexors 2 1+ 2 1** 1 1+ 1+** 1 1+ 1+** 1 2
Thumb IP joint flexors 1+ 1 1+ 1** 0 1 1** 0 1+ 1** 1 1+

Wilcoxon signed rank test with Bonferroni correction. *p < 0.05, **p < 0.01.
Percentages indicate percentile.
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improvement at 6 weeks after administration compared 
with at 2 weeks. In terms of the active movement 
aspect, hand washing actions in hygiene may also be 
assumed to involve active movements of the wrist and 
fingers. However, as severe paralysis of the peripheral 
areas of the upper limbs was apparent in our study 
subjects before administration, with a mean score of 
5.1 ± 4.3 on Subscale C of the FMA-U/E, as shown in 
Table 3, voluntary movements may not have increased 
because no improvement in motor function was 
achieved after the reduction in spasticity. Possible 
reasons for the absence of improvement in these three 
parameters at 12 weeks after administration may 
include spasticity of the elbow flexor muscles, which 
would have made it difficult to perform the actions 
involved in hand washing and passing the arms 
through sleeves while dressing that entail holding the 
elbow in an extended position. With respect to pain, 
approximately 70% of our subjects had a DAS score of 
0 (no disability) for this parameter before administration 
while approximately 20% had a score of 1 (mild 
disability). No significant improvement was obtained 
because most of our subjects were already mild cases in 
this respect.
　MAS scores, which express the severity of spasticity, 
all improved significantly 2 weeks and 6 weeks after 
the treatment of spastic muscles with BoNT-A. Our 
study thus showed a similar effect of BoNT-A 
administration in reducing spasticity to that already 
reported in other studies [21-23].
　Total FMA-U/E scores and scores for Subscale A 
improved significantly 2 and 6 weeks after administration. 
On the other hand, scores for Subscale B improved 
significantly at 6 weeks, while exhibiting a tendency to 
improve at 2 weeks. Several previous studies have shown 
that FMA-UE scores are improved by concentrated 
practice after BoNT-A administration [24-27]. Takekawa 
et al. [24] reported that if patients were instructed to 
carry out exercises independently at home after 
administration, scores for Subscales A and B improved 
greatly 1, 3, and 6 months later, and scores for Subscale 
D also improved after 3 and 6 months. In the present 
study, we did not implement consistent instruction or 
intervention regarding rehabilitation or independent 
exercises after BoNT-A administration. The subjects, 
however, did continue to perform exercises after 
administration in settings such as outpatient rehabilitation 
at our hospital or another clinic, day care, and home 
rehabilitation visits, achieving significant improvement 
comparable with that seen in previous studies. In 
particular, the improvement in Subscale A, which 
expresses the function of the central part of the upper 
limbs, made a major contribution to the improvement 
in total score. This may have been because of 
significant improvements in the spasticity of the 
shoulder abductor, elbow flexor, and forearm pronator 
muscles, or because the subjects’ score of 15.4 ± 7.0 
for Subscale A of the FMA-U/E before administration 

meant that at least some voluntary movement was 
possible. At 12 weeks after administration, the spasticity 
of the shoulder abductor and elbow flexor muscles was 
in the process of returning to its pre-administration 
level, eliminating the significant improvement in the 
Subscale A score and the total score. Subscale B was 
assessed with the elbow held at 90º flexion or 
completely extended. In the 12-week evaluation, this 
score must therefore have been affected at least 
somewhat by the increased spasticity of the elbow 
flexor muscles. Subscale C, which expresses the 
function of the peripheral parts of the upper limbs, 
exhibited more severe paralysis prior to BoNT-A 
administration. BoNT-A administration thus did not 
result in improved motor function due to reduced 
spasticity.
　The limitations of this study include the fact that the 
muscles treated and the dose administered were 
determined by agreement between the doctor and 
patient, meaning that injection locations and doses 
were not necessarily consistent. Since the maximum 
dose that can be administered to the upper limb is 240 
units in Japan, the dose may not have been sufficient. 
In addition, as injections were delivered to multiple 
muscles, we were unable to investigate which of the 
muscles that received injections contributed to 
improving the DAS scores. However, our results did 
demonstrate that approximately 60-70% of the 
patients with upper limb spasticity suffered from 
disabilities in hygiene, dressing, and limb position. 
Hygiene and limb position disabilities in particular 
were more severe. BoNT-A administration significantly 
improved difficulties in ADL as well as spasticity. 
Further studies are required to ascertain the specific 
causal relationship between muscle spasticity and 
ADL disabilities, as well as the improvement of these 
difficulties by multiple administration of BoNT-A.

References
  1.�	Welmer AK, Widen Holmqvist L, Sommerfeld DK. 

Location and severity of spasticity in the first 1-2 weeks 
and at 3 and 18 months after stroke. Eur J Neurol 2010; 
17: 720-5.

  2.�	Bhakta BB, Cozens JA, Chamberlain MA, Bamford JM. 
Impact of botulinum toxin type A on disability and carer 
burden due to arm spasticity after stroke: a randomised 
double blind placebo controlled trial. J Neurol Neurosurg 
Psychiatry 2000; 69: 217-21.

  3.�	Brashear A, Zafonte R, Corcoran M, Galvez-Jimenez N, 
Gracies J-M, Gordon MF, et al. Inter- and intrarater 
reliability of the Ashworth Scale and the Disability 
Assessment Scale in patients with upper-limb poststroke 
spasticity. Arch Phys Med Rehabil 2002; 83: 1349-54.

  4.�	Brashear A, Gordon MF, Elovic E, Kassicieh VD, 
Marciniak C, Do M, et al. Intramuscular injection of 
botulinum toxin for the treatment of wrist and finger 
spasticity after a stroke. N Engl J Med 2002; 347: 395-
400.



Fujimura K et al.: Improvement in DAS after Botulinum toxin A treatment for upper limb spasticity

� Jpn J Compr Rehabil Sci Vol 8, 2017

� 9

  5.�	Elovic EP, Brashear A, Kaelin D, Liu J, Millis SR, 
Barron R, et al. Repeated treatments with botulinum 
toxin type a produce sustained decreases in the limitations 
associated with focal upper-limb poststroke spasticity for 
caregivers and patients. Arch Phys Med Rehabil 2008; 
89: 799-806.

  6.�	Kanovsky P, Slawek J, Denes Z, Platz T, Sassin I, Comes 
G, et al. Efficacy and safety of botulinum neurotoxin NT 
201 in poststroke upper limb spasticity. Clin Neuropharmacol 
2009; 32: 259-65.

  7.�	Simpson DM, Gracies JM, Yablon SA, Barbano R, 
Brashear A. Botulinum neurotoxin versus tizanidine in 
upper limb spasticity: a placebo-controlled study. J 
Neurol Neurosurg Psychiatry 2009; 80: 380-5.

  8.�	Barnes M, Schnitzler A, Medeiros L, Aguilar M, Lehnert-
Batar A, Minnasch P. Efficacy and safety of NT 201 for 
upper limb spasticity of various etiologies-a randomized 
parallel-group study. Acta Neurol Scand 2010; 122: 295-
302.

  9.�	Kaji R, Osako Y, Suyama K, Maeda T, Uechi Y, Iwasaki 
M, et al. Botulinum toxin type A in post-stroke lower 
limb spasticity: a multicenter, double-blind, placebo-
controlled trial. J Neurol 2010; 257: 1330-7.

10.�	Kanovsky P, Slawek J, Denes Z, Platz T, Comes G, 
Grafe S, et al. Efficacy and safety of treatment with 
incobotulinum toxin A (botulinum neurotoxin type A free 
from complexing proteins; NT 201) in post-stroke upper 
limb spasticity. J Rehabil Med 2011; 43: 486-92.

11.�	Fiore P, Santamato A, Ranieri M, Bellomo RG, Saggini 
R, Panza F, et al. Treatment of upper limb spasticity after 
stroke: one-year safety and efficacy of botulinum toxin 
type A NT201. Int J Immunopathol Pharmacol 2012; 25: 
57s-62s.

12.�	Baricich A, Grana E, Carda S, Santamato A, Cisari C, 
Invernizzi M. High doses of onabotulinumtoxinA in post-
stroke spasticity: a retrospective analysis. J Neural 
Transm (Vienna) 2015; 122: 1283-7.

13.�	Elovic EP, Munin MC, Kanovsky P, Hanschmann A, 
Hiersemenzel R, Marciniak C. Randomized, placebo-
controlled trial of incobotulinumtoxinA for upper-limb 
post-stroke spasticity. Muscle Nerve 2015.

14.�	Gracies JM, Brashear A, Jech R, McAllister P, Banach M, 
Valkovic P, et al. Safety and efficacy of abobotulinumtoxinA 
for hemiparesis in adults with upper limb spasticity after 
stroke or traumatic brain injury: a double-blind randomised 
controlled trial. Lancet Neurol 2015; 14: 992-1001.

15.�	Nam HS, Park YG, Paik NJ, Oh BM, Chun MH, Yang 
HE, et al. Efficacy and safety of NABOTA in post-stroke 
upper limb spasticity: a phase 3 multicenter, double-
blinded, randomized controlled trial. J Neurol Sci 2015; 
357: 192-7.

16.�	Santamato A, Micello MF, Panza F, Fortunato F, Picelli 
A, Smania N, et al. Adhesive taping vs. daily manual 
muscle stretching and splinting after botulinum toxin 

type A injection for wrist and fingers spastic overactivity 
in stroke patients: a randomized controlled trial. Clin 
Rehabil 2015; 29: 50-8.

17.�	Seo HG, Paik NJ, Lee SU, Oh BM, Chun MH, Kwon BS, 
et al. Neuronox versus BOTOX in the treatment of post-
stroke upper limb spasticity: a multicenter randomized 
controlled trial. PLoS One 2015; 10: e0128633.

18.�	Marciniak CM, Harvey RL, Gagnon CM, Duraski SA, 
Denby FA, McCarty S, et al. Does botulinum toxin type 
A decrease pain and lessen disability in hemiplegic 
survivors of stroke with shoulder pain and spasticity?: a 
randomized, double-blind, placebo-controlled trial. Am J 
Phys Med Rehabil 2012; 91: 1007-19.

19.�	Bohannon RW, Smith MB. Interrater reliability of a 
modified Ashworth scale of muscle spasticity. Phys Ther 
1987; 67: 206-7.

20.�	Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind 
S. The post-stroke hemiplegic patient. 1. a method for 
evaluation of physical performance. Scand J Rehabil 
Med 1975; 7: 13-31.

21.�	Francis HP, Wade DT, Turner-Stokes L, Kingswell RS, 
Dott CS, Coxon EA. Does reducing spasticity translate 
into functional benefit? An exploratory meta-analysis. J 
Neurol Neurosurg Psychiatry 2004; 75: 1547-51.

22.�	Bakheit AM, Pittock S, Moore AP, Wurker M, Otto S, 
Erbguth F, et al. A randomized, double-blind, placebo-
controlled study of the efficacy and safety of botulinum 
toxin type A in upper limb spasticity in patients with 
stroke. Eur J Neurol 2001; 8: 559-65.

23.�	Chen JJ, Wu YN, Huang SC, Lee HM, Wang YL. The 
use of a portable muscle tone measurement device to 
measure the effects of botulinum toxin type a on elbow 
flexor spasticity. Arch Phys Med Rehabil 2005; 86: 1655-
60.

24.�	Takekawa T, Kakuda W, Taguchi K, Ishikawa A, Sase Y, 
Abo M. Botulinum toxin type A injection, followed by 
home-based functional training for upper limb hemiparesis 
after stroke. Int J Rehabil Res 2012; 35: 146-52.

25.�	Kakuda W, Abo M, Momosaki R, Yokoi A, Fukuda A, Ito 
H, et al. Combined therapeutic application of botulinum 
toxin type A, low-frequency rTMS, and intensive 
occupational therapy for post-stroke spastic upper limb 
hemiparesis. Eur J Phys Rehabil Med 2012; 48: 47-55.

26.�	Fasoli SE, Fragala-Pinkham M, Hughes R, Krebs HI, 
Hogan N, Stein J. Robotic therapy and botulinum toxin 
type A: a novel intervention approach for cerebral palsy. 
Am J Phys Med Rehabil 2008; 87: 1022-5.

27.�	Sun SF, Hsu CW, Sun HP, Hwang CW, Yang CL, Wang 
JL. Combined botulinum toxin type A with modified 
constraint-induced movement therapy for chronic stroke 
patients with upper extremity spasticity. a randomized 
controlled study. Neurorehabil Neural Repair 2010; 24: 
34-41.


