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TIME-COURSE AND DETERMINANTS OF SPASTICITY DURING THE FIRST
SIX MONTHS FOLLOWING FIRST-EVER STROKE
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Objective: To explore the occurrence of, and risk factors for,
spasticity until 6 months after first-ever stroke.

Methods: Forty-nine patients were examined at day 2-10, at
1 month, and at 6 months. The modified Ashworth Scale was
used to assess resistance to passive movements. A compre-
hensive clinical examination was performed to identify other
positive signs of upper motor neurone syndrome, in accord-
ance with a broader definition of spasticity, and to evaluate
whether spasticity was disabling. Neurological impairments
were determined by use of the National Institutes of Health
Stroke Scale and global disability by use of the modified
Rankin Scale.

Results: Spasticity was present in 2 patients (4%) at day
2-10, in 13 patients (27%) at 1 month, and in 11 patients
(23%) at 6 months. Severe paresis of the arm at day 2-10
was associated with a higher risk for spasticity at 1 month
(odds ratio=10, 95% confidence interval 2.1-48.4). Dis-
abling spasticity was present in one patient at 1 month and
in 6 patients (13%) at 6 months.

Conclusion: Spasticity according to the modified Ashworth
Scale usually occurs within 1 month and disabling spasticity
later in a subgroup. Severe paresis of the arm is a risk factor
for spasticity.
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INTRODUCTION

Stroke often affects sensory-motor networks and descending
tracts, as reflected by the negative and positive signs of up-
per motor neurone (UMN) syndrome (1). Spasticity is one of
the positive signs, most often defined according to Lance (2)
and clinically characterized by a velocity-dependent increase
in the resistance to passive movement. A broader definition
of spasticity that incorporates other positive signs of UMN
syndrome, such as co-activation of antagonist muscles during
voluntary activity and dystonic posturing of limbs, as well
as flexor spasms, has been suggested (1). Spasticity in this
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broader sense may interfere with motor function, and is a
common reason for clinical interventions such as by physio-
therapy, use of orthoses or other technical devices or drugs.
The clinical significance of such disabling spasticity is reflected
by the increasing number of intervention studies during recent
years, in which intramuscular injections of botulinum toxin
or intrathecal baclofen are used to target one or more of the
positive signs of UMN syndrome (3, 4).

Data on the prevalence as well as on the significance of the
positive signs of the UMN syndrome after stroke with regard
to disability, as conceptualized by the International Classifica-
tion of Functioning, Disability and Health (ICF), are scarce
(5). This probably reflects both conceptual and methodological
problems related to the definition and assessment of spasticity
(1, 6). Recent studies yield some information on the prevalence
of spasticity as assessed by the Modified Ashworth Scale
(MAS). This scale permits grading of the resistance to passive
movements at rest but does not differentiate resistance due to
increased reflex activity from resistance due to biomechanical
factors (7). The reported prevalence of spasticity according to
MAS at 3 months or later after first-ever stroke in studies of
unselected, consecutive patients after stroke is around 20% or
higher (8—11). Neurophysiological studies indicate that reflex-
mediated increase in muscle tone reaches its maximum already
within 3 months after stroke (12, 13), but conclusive data on
the occurrence early after first-ever stroke are lacking and data
on the prediction of spasticity are scarce. In a modelling study
by Leathley et al. (14), early arm or leg weakness, as well as
lower day 7 Barthel Index score, were significant predictors
of abnormal muscle tone at 12 months. A prospective study by
van Kuijk et al. (15), including only patients with severe stroke
and presenting with upper extremity paralysis, demonstrated
a higher prevalence of muscle hypertonia according to MAS
(63%) than in unselected study samples. No association was
found between other, initial neurological impairments, or Bar-
thel Index at week 1, and spasticity at 26 weeks after stroke.

There is no single measure that captures all relevant aspects
of spasticity according to the broader definition (1), and data on
the prevalence of such spasticity are scarce. In a recent study,
we used a comprehensive clinical evaluation to identify posi-
tive signs of the UMN syndrome and to evaluate their impact
on motor function, activity performance and participation (8).
The estimated prevalence of disabling spasticity with a need
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for intervention in a representative sample of patients at lone
year after first-ever stroke was 4% (8).

Early identification of potentially disabling spasticity is
important to enable preventive intervention. Therefore, the
present study was performed to explore the occurrence of, and
risk factors for, spasticity until first 6 months after first-ever
stroke among those with any initial central paresis.

MATERIALS AND METHODS
Patients

Patients were recruited consecutively from Uppsala University Hos-
pital between February 2005 and March 2008, with the last follow-up
in September 2008. Uppsala University Hospital is responsible for the
stroke population in 5 municipalities with a total of 265,000 inhabit-
ants. Inclusion criteria were: (7) a first-ever stroke (cerebral infarction
or intracerebral haemorrhage) defined according to the World Health
Organization (WHO) criteria (16); (i7) any central paresis in the face,
arm, hand or leg, at stroke onset; (iii) age between 18 and 84 years;
(iv) resident in the catchment area; and (v) ability to give informed
consent. Exclusion criteria were: (i) any other neurological disorder
that might affect muscle tone, (i7) transient ischaemic attack, and (ii7)
subarachnoid haemorrhage. Before entering the study, the patients
received written and oral information. In case of language problem,
proxy approval by next-of-kin was used. All participating patients, or
their next-of-kin, gave informed consent. The study was approved by
the regional human ethics committee (Ups 2004: M-444).

Study design

Details of the study design and inclusion procedures are shown in
Fig. 1. Fifty patients were recruited, all performed a computerized
tomography scan of the brain in the acute stage to distinguish between
haemorrhagic and ischaemic stroke. One patient was excluded during
the course of study because of a revised diagnosis of brain tumour in-
stead of ischaemic infarction, leaving 49 eligible patients. The patients
were examined at 3 different time-points: At inclusion (2—10 days after
the stroke onset), and at 2 follow-ups; 1 and 6 months after the stroke.
Stroke severity, paresis, sensory disturbance, spasticity and disability
were assessed at all 3 time-points. All acute assessments and most of
the follow-ups were carried out at the Uppsala University Hospital.
Baseline characteristics are summarized in Table I.

Stroke severity including severity of paresis and sensory
disturbance

The National Institutes of Health Stroke Scale (NIHSS) is a 46-point
ordinal scale that assesses neurological deficit and is frequently used
in stroke studies (17, 18). The NIHSS is considered reliable and valid,
as well as quick and easy to use (19-21). We used the NIHSS for the
following 3 purposes:

» To assess the severity of the stroke (total NIHSS score).

Assessed for eligibility
n=250
Excluded: 1 patient with wrong
diagnosis (e.g. brain tumour)
Eligible and analysed at day 2—-10
n=49
Lost at follow-up at 1 month, but
available at 6 months, n =1
Follow-up and analysed at 1 month
n=48
Lost at follow-up: 1 patient died of
necrotising vasculitis and 1 patient
Follow-up and analysed at 6 months died of recurrent stroke
n=47

Fig. 1. Consort flow diagram for the patient sample.
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Table 1. Baseline characteristics of the cohort (n=49) at inclusion, day
2-10 after the stroke onset

Age, median (min—max), years 74 (35-84)
Women, 1 (%) 21 (43)
Stroke type*, n (%)

Ischaemic stroke 41 (84)

Haemorrhagic stroke 8 (16)
NIHSS points, median (min—max) 5(0-19)
Disability, n (%)

Modified Rankin Scale 01 11 (22)

Modified Rankin Scale 2—-5 38 (78)
ParesisT, n (%) 45 (92)
Paresis in the facei n (%) 26 (53%)
Paresis in the arm or hand§ n (%) 32 (65)
Paresis in the legq n (%) 29 (59)
Sensory disturbance for pain®, n (%) 20 (41)

*Stroke was classified into ischaemic or haemorrhagic.

FDefinition of paresis is > 1 on any of item 4 (face), 5 (arm), 6 (leg) or
12 (hand) on the NIHSS.

tltem 4 on the NIHSS, §ltem 5 and/or 12 on the NIHSS, §Item 6 on the
NIHSS, °Item 8 on the NIHSS.

NIHSS: National Institutes of Health Stroke Scale.

» To assess the severity of paresis. Severe paresis was defined as a
score of >2 on item 5.

» To assess the presence of sensory disturbance, defined as a score of
>1 on item 8.

Spasticity

Spasticity was assessed by use of the MAS. The MAS is a 6-point
ordinal scale with documented reliability (22, 23). All patients were
assessed by the first author (EL), and those exhibiting any signs or
symptoms of spasticity were also assessed by the last author (JB), as
well as by a physiotherapist and/or occupational therapist who were
members of a neurorehabilitation team specialized in motor disor-
ders. Spasticity according to the MAS was assessed with the patient
in a resting position in an outpatient ward, except for those few who
required examination at another institution or at home. Assessment
of spasticity included flexion and extension movements around upper
(shoulder, elbow, wrist, and fingers) and lower extremity (hip, knee,
and ankle) joints, with the patient in resting position. Spasticity was
defined as a MAS score >1 for any of the passive movements per-
formed, in accordance with most previous studies on spasticity after
stroke (8—11).

The definition of disabling spasticity has been described in detail
previously (8). Briefly, a comprehensive clinical evaluation, based
on a semi-structured interview and a detailed neurological examina-
tion, was performed by a doctor and a team therapist to identify any
positive signs of the UMN syndrome and to evaluate if these had a
clinically significant impact on motor function, activity performance
or social life.

Global disability

The modified Rankin Scale (mRS) was used to assess global disability.
The mRS is a 7-point ordinal scale commonly used in stroke studies
(available at http://www.strokecenter.org/trials/scales/rankin.html).
The inter-rater reliability and validity for stroke outcome is well-
documented (24). The mRS outcome was dichotomized into mRS <1
vs mRS >2 (17, 18).

Statistics

Descriptive statistics were used for baseline characteristics (Table I)
and for some of the follow-up data (Table II).

As previous studies showed a frequency around 20% of spasticity
according to MAS in non-selected stroke populations, we estimated
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Table 1I. Temporal course and distribution of spasticity and disabling
spasticity

Atinclusion At 1 At 6

(day 2-10) month months

n=49 n=48 n=47
Spasticity, 1 (%) 2(4) 13 (27) 11(23)
Upper extremity, n (%) 2(4) 12 (25) 10 (22)
Lower extremity, n (%) 2(4) 6 (13) 6 (13)
Severity of spasticity
MAS maximum 1, 1 (%) 0 9(19) 3(6)
MAS maximum 1+, n (%) 2(4) 2(4) 1(2)
MAS maximum 2, n (%) 0 0 3(6)
MAS maximum 3, n (%) 0 1(1) 3(6)
MAS maximum 4, n (%) 0 1 (D) 1(2)
Disabling spasticity, 7 (%) 0(0) 1(2) 6(12)
Severe paresis in the arm*, n (%) 18 (37) 8(17) 4(9)
Severe paresis in the legt, n (%) 7 (14) 2 (4) 3(6)
Sensory disturbance, paini, n (%) 20 (41) 18 (38) 15(32)
NIHSS, median (min-max) 5(0-19) 2.5(0-15) 1(0-20)

*Defined as >2 on item 5 (arm) on the National Institutes of Health
Stroke Scale (NIHSS).

fDefined as >2 on item 6 (arm) on the NIHSS

{Defined as >1 on item 8 on the NIHSS.

MAS: Modified Ashworth Scale.

that spasticity according to MAS in the current sample, including
only patients with initial motor impairments, would be around 30%
or higher. In the current sample, this would allow testing of the inde-
pendent effect on spasticity of variables, which we previously found
to be associated with spasticity at one year after first-ever stroke (8).
Univariate analyses compared the clinical characteristics of patients
with no spasticity vs patients with spasticity at 1 month and 6 months
after stroke. Since the parameters age and NIHSS did not show Gaus-
sian distributions, we used the Mann-Whitney U test to compare the
two groups. The univariate analysis was performed with y? for categori-
cal data. When expected values were less than 5, Fisher’s exact test
was used. A p-value (2-tailed) <0.05 was set as significant.

At first, univariate analysis was performed for identifying variables
associated with spasticity at 1 month. Stroke type, severe paresis of
the arm and sensory disturbance were associated with spasticity at 1
month. The time-point of 1 month was chosen because we found that
spasticity was evident as early as 1 month after stroke. At 1 month, 13
patients with spasticity were found, allowing us to test for 2 variables
in the multiple logistic regression model. Thus, the variables stroke
type (ischaemic or haemorrhagic) and severe paresis of the arm were
entered in the model. The reason for choosing severe arm paresis was
based on previous studies (8, 14) in which paresis and spasticity were
found to be associated with spasticity, whereas sensory disturbance
lost its significance in our own study (8). Odds ratios are given with
95% confidence intervals.

Cochrane’s Q test for repeated measurements was used for analys-
ing whether the frequency of spasticity changed during the study
period. Statistics were performed by use of SPSS version 16.0 for
Macintosh.

RESULTS

Demographic and clinical data are summarized in Table I.
Median age of the study sample (n=49) was 74 years (range
35-84), for women 75 (range 45—83) and for men 74 (range
35-84) years. The proportion of women was 43%. The stroke
was ischaemic in 84% and haemorrhagic in 16% of the pa-
tients.
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Spasticity according to Modified Ashworth Scale

The incidence of spasticity at day 2—10, at 1 month and at 6
months after stroke is shown is Table II. Of all 49 patients,
2 patients (4%) had MAS > 1 at inclusion. In one of these,
spasticity was present also at | month and at 6 months. During
the whole follow-up, 17 out of 49 (35%) patients showed
spasticity at one or more of the 3 time-points. At 1 month, 13
out of 48 patients (27%) showed spasticity. At 6 months, 11
out of 47 patients (23%) showed spasticity. Seven of these
patients showed spasticity at both 1 and 6 months, whereas 3
only at 6 months. Five patients had spasticity at 1 month, but
not at 6 months. The Cochrane’s Q test showed significantly
different frequency of spasticity (p =0.002) by time.

Spasticity was most often observed in the upper extremity.
At inclusion, 2 patients had spasticity in both the upper and
lower extremity. At 1 month, 12 out of 48 patients (25%) had
spasticity in the upper extremity, 6 (13%) had spasticity in
the lower extremity and 1 (2%) had spasticity solely in the
lower extremity. At 6 months, 10 out of 47 patients (22%) had
spasticity in the upper extremity, 6 had spasticity in the lower
extremity and 1 had spasticity solely in the lower extremity.
MAS scores tended to increase during the observation time
(Table II).

Univariate analyses demonstrated correlations between
spasticity at 1 month and age, stroke type, severe paresis in
the arm and sensory disturbance at inclusion (Table III). By
entering these variables in a multiple regression analysis we
found an independent association between severe arm paresis
at inclusion and spasticity at 1 month (odds ratio (OR)=10,
95% confidence interval (CI) 2.1-48.4).

Disabling spasticity
Of all 49 patients, 6 (12%) developed disabling spasticity dur-
ing the 6-month follow-up period and all scored in the severe

Table III. Comparisons between patients with no spasticity vs patients
with spasticity at 1 month

No Spasticity
spasticity  at 1 month
(n=35) (n=13) p-value
Age, years, median (min—max) 75 (45-83) 68 (35-84) 0.28
Women, 7 (%) 16 (46) 4(31) 0.35
Stroke type, n (%) 0.014
Ischaemic stroke 32091 8(62)
Haemorrhagic stroke 3(9) 5(38)
NIHSS points at inclusion, median
(min-max) 3(0-19) 12(2-17) 0.002
Severe paresis in the arm at
inclusion*, n (%) 8(23) 10 (77) <0.001
Sensory disturbance at inclusiont,
n (%) 11 (31) 9(69) 0.018
Disability at inclusion, 7 (%) 0.030
Modified Rankin Scale 01 10 (29) 0
Modified Rankin Scale 25 25(71) 13 (100)

*Severe paresis in the arm, defined as >2 points at item 5 in the NIHSS.
FDefined as >1 on item 8 on the NIHSS.
NIHSS: National Institutes of Health Stroke Scale.



Table IV. Comparisons between patients with no spasticity and disabling
spasticity at 6 months

No Disabling
spasticity ~ spasticity at 6
(n=41) months (n=6) p-value
Age, years, median (min—max) 74 (35-83) 54 (43-84) 0.062
Women, n (%) 19 (46) 2(33) 0.68
Stroke type, n (%) 0.27
Ischaemic stroke 35 (85) 4 (67%)
Haemorrhagic stroke 6 (15) 2 (33%)
NIHSS points at inclusion, median
(min—max) 4(0-19) 14 (12-17) <0.001
Severe paresis in the arm at
inclusion*, n (%) 12 (29) 6 (100) <0.002
Sensory disturbance at inclusiont,
n (%) 20 (49) 4 (67%) 0.67
Disability at inclusion, 7 (%) 0.31

Modified Rankin Scale 01
Modified Rankin Scale 2-5

11(27) 0 (0)
30(73) 6 (100)
*Severe paresis in the arm, e.g. >2992 points at item 5 in the NIHSS.

TItem 8 on the NIHSS.
NIHSS: National Institutes of Health Stroke Scale.

mRS category. No patient had disabling spasticity at inclusion,
1 (2%) had disabling spasticity at 1 month, and 6 (13%) had
disabling spasticity at 6 months (Table IV). The Cochrane’s
Q test showed significantly different frequency of spasticity
(p=0.002) by time. All 6 patients with disabling spasticity at
6 months had an initial severe paresis in the arm.

DISCUSSION

The present study explored the occurrence of spasticity in
a cohort of patients followed until 6 months after first-ever
stroke. One main finding is that spasticity according to MAS
most often appeared already within the first month and then
persisted in the majority of these patients. Thus, 27% of the
patients exhibited spasticity at | month and 23% of the patients
at 6 months. These prevalence rates are somewhat higher than
those reported in previous studies of Swedish cohorts, but no
data have been available so far for the time-points of 1 month
and 6 months after disease onset. Sommerfeld et al. (9) reported
19% spasticity after 3 months, Lundstrom et al. (8) 17% after
12 months, whereas Welmer et al. (11) found spasticity in
20% of a patient population 18 months after stroke. In a UK
study by Watkins et al. (10) of 270 consecutive, hospitalized
patients with stroke, 106 were followed up at 12 months by use
of both the MAS and the Tone Assessment Scale (TAS) (10).
The reported prevalence according to MAS was 27%. It may
be speculated that this somewhat higher prevalence reflects
differences with regard to admission criteria, rehabilitation
programmes or assessment procedures.

Most previous prevalence studies have included patients with
stroke regardless of initial paresis. For inclusion in our current
study, an initial paresis was required in order to capture pa-
tients specifically at risk for spasticity and thus to increase the
proportion of patients with the outcome of interest. Basically,
for spasticity to occur, damage to both the corticospinal and
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other corticofugal descending tracts has to occur (25, 26) and
a strong, inverse correlation between primary motor function
according to, for example, the Fugl Meyer Scale and spasti-
city after stroke has been demonstrated (27, 28). Furthermore,
a recent study by van Kuijk et al. (15), which included only
patients with severe stroke and presenting with upper extremity
paralysis, showed a much higher prevalence (63%) of muscle
hypertonia according to the Ashworth Scale at 26 weeks after
the stroke, compared with studies of unselected samples.

The design of this study allowed us to monitor the occur-
rence of spasticity over time during a 6-month period following
first-ever stroke. We found that for the majority of patients,
who exhibited spasticity according to MAS at 1 month, this
was also present at the 6 months examination. However, as
might be expected during this early phase post stroke, there
was variability within the patient population, probably reflect-
ing that recovery and maladaptative processes are running in
parallel. Thus, 5 patients with spasticity at 1 month showed no
spasticity at 6 months, while 3 patients with no spasticity at
1 month exhibited spasticity at 6 months. Interestingly, MAS
scores tended to increase by time. This might indicate ongoing
nervous system reorganization as well as increasing muscle
stiffness, and points to the need for clinical methods to differ-
entiate neural and biomechanical components of resistance to
passive movements, as pointed out previously (29, 30). Thus,
further studies utilizing such methods should be of interest in
order to identify the time course of different components of
the increased resistance to passive muscle stretch, to identify
risk factors for these and to allow the design of improved
early interventions.

Stroke type, severe paresis in the arm and sensory distur-
bance were associated with the occurrence of spasticity at 1
month after stroke. However, only severity of upper extremity
paresis in the arm came forward as an independent variable in
the multivariate analysis, which might be due to the small sam-
ple size in the present study. Overall, this finding is in agree-
ment with the observations in the prediction model described
by Leathly et al. (14), demonstrating that early weakness of the
arm or the leg were significant predictors of abnormal muscle
tone at 12 months after stroke. The finding is also in agreement
with findings in the study by van Kuijk et al. (15), demonstra-
ting a high prevalence of spasticity in patients presenting with
a severe upper extremity paresis but no association between
sensory disturbances, or other acute neurological impairments,
and spasticity at 26 weeks after the stroke.

Another finding in the present study is that a subgroup of
patients with spasticity according to MAS is at risk for develop-
ing disabling spasticity and that this mainly develops later than
1 month post-stroke. Thus, disabling spasticity was observed in
only 1 patient at 1 month and in another 5 patients at 6 months,
yielding a prevalence rate of 12% at that time-point. This rate
is higher than the prevalence rate of 4% that we observed in a
previous study of patients at 1 year after first-ever stroke (8).
As discussed above, one reason for the higher prevalence rate
in the present study is probably that paresis was required for
inclusion. Although the small number of patients with disabling
spasticity at 6 months does not allow us to draw any conclu-
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sions, the data suggest that an initial severe paresis is a risk
factor for disabling spasticity.

The concept, definition and assessment of spasticity are
matters of debate (6, 31). In the present study, we used the
MAS to quantify spasticity in order to enable comparison with
prior studies. We also used a clinical approach, as described in
detail in a previous study (8), to capture other positive signs
of the UMN syndrome and their impact on motor and activity
performance. This is accordance with the wider definition of
spasticity that has been proposed by Pandyan et al. (1), i.e. dis-
ordered sensory-motor control, resulting from an UMN lesion,
presenting as intermittent or sustained involuntary activation
of muscles. There is no established single assessment instru-
ment that captures all relevant aspects of spasticity according
to this broader definition. The TAS (22, 32), which covers not
only resistance to passive movements, but also posturing at
rest and reactions associated with voluntary activation, indeed
has merits. In the study by Watkins et al. (10), the prevalence
of spasticity according to MAS only was 27%, but accord-
ing to MAS and TAS combined was 38%, indicating a much
higher prevalence rate of spasticity after stroke according to
the broader definition. However, the TAS has not been used
much and even if a correlation between spasticity according to
TAS and Barthel scores was demonstrated, the TAS does not
“describe or measure the resulting disability” (10). Thus, there
is no single measure that addresses spasticity-related disability.
Therefore, in this explorative study, we used a comprehensive
clinical evaluation to achieve a clinically relevant estimate of
the prevalence of disabling spasticity after first-ever stroke in
addition to conventional measures of disability.

Interpretation of our data must be cautious and consider
both the sample size, the inherent limitations of the MAS
with regard to validity and possible confounders of even a
comprehensive clinical evaluation. However, this study clearly
indicates that spasticity according to the MAS mainly develops
within 1 month after first-ever stroke while disabling spasticity
develops later in a subgroup and that patients with an initially
severe arm paresis are at higher risk for developing spasticity.
The findings should be useful for further studies with more
claborate design aiming at the early identification of patients
at risk for disabling spasticity.

ACKNOWLEDGEMENTS

This study was supported by grants from Selanders foundation and Stroke-
riksforbundet. We thank all the patients and the staft at the Stroke Unit at
Uppsala University Hospital.

REFERENCES

1. Pandyan AD, Gregoric M, Barnes MP, Wood D, Van Wijck F,
Burridge J, et al. Spasticity: clinical perceptions, neurological
realities and meaningful measurement. Disabil Rehabil 2005;
27: 2-6.

2. Lance JW. The control of muscle tone, reflexes, and movement:
Robert Wartenberg Lecture. Neurology 1980; 30: 1303-1313.

3. Ward AB. Spasticity treatment with botulinum toxins. J Neural
Transm 2008; 115: 607-616.

J Rehabil Med 42

o0

10.

11.

12.

13.

14.

15.

20.

21.

22.

23.

24.

. Francisco GE, Yablon SA, Schiess MC, Wiggs L, Cavalier S,

Grissom S. Consensus panel guidelines for the use of intrathecal
baclofen therapy in poststroke spastic hypertonia. Top Stroke
Rehabil 2006; 13: 74-85.

. World Health Organization. International Classification of Func-

tioning, Disability and Health. World Health Organization; 2001
[updated 2001; cited 2008 Nov 21]. Available from: http://www.
who.int/classifications/icf/en/

. Burridge JH, Wood DE, Hermens HJ, Voerman GE, Johnson GR, van

Wijck F, et al. Theoretical and methodological considerations in the
measurement of spasticity. Disabil Rehabil 2005; 27: 69-80.

. Hufschmidt A, Mauritz KH. Chronic transformation of muscle in

spasticity: a peripheral contribution to increased tone. J Neurol
Neurosurg Psychiatry 1985; 48: 676—-685.

. Lundstrém E, Terent A, Borg J. Prevalence of disabling spasticity

1 year after first-ever stroke. Eur J Neurol 2008; 15: 533-539.

. Sommerfeld DK, Eek EU, Svensson AK, Holmqvist LW, von

Arbin MH. Spasticity after stroke: its occurrence and association
with motor impairments and activity limitations. Stroke 2004;
35:134-139.

Watkins CL, Leathley MJ, Gregson JM, Moore AP, Smith TL,
Sharma AK. Prevalence of spasticity post stroke. Clin Rehabil
2002; 16: 515-522.

Welmer AK, von Arbin M, Widen Holmqvist L, Sommerfeld DK.
Spasticity and its association with functioning and health-related
quality of life 18 months after stroke. Cerebrovasc Dis 2006; 21:
247-253.

Fellows SJ, Ross HF, Thilmann AF. The limitations of the tendon
jerk as a marker of pathological stretch reflex activity in human
spasticity. J Neurol Neurosurg Psychiatry 1993; 56: 531-537.
Thilmann AF, Fellows SJ, Garms E. The mechanism of spastic
muscle hypertonus. Variation in reflex gain over the time course
of spasticity. Brain 1991; 114: 233-244.

Leathley MJ, Gregson JM, Moore AP, Smith TL, Sharma AK,
Watkins CL. Predicting spasticity after stroke in those surviving
to 12 months. Clin Rehabil 2004; 18: 438-443.

van Kuijk AA, Hendricks HT, Pasman JW, Kremer BH, Geurts
AC. Are clinical characteristics associated with upper-extremity
hypertonia in severe ischaemic supratentorial stroke? J Rehabil
Med 2007; 39: 33-37.

. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE,

Strasser T. Cerebrovascular disease in the community: results of
a WHO collaborative study. Bull World Health Organ 1980; 58:
113-130.

. Tissue plasminogen activator for acute ischemic stroke. The Na-

tional Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. N Engl J Med 1995; 333: 1581-1587.

. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier

D, et al. Randomised double-blind placebo-controlled trial of
thrombolytic therapy with intravenous alteplase in acute ischaemic
stroke (ECASS II). Second European-Australasian Acute Stroke
Study Investigators. Lancet 1998; 352: 1245-1251.

. Adams HP Jr., Davis PH, Leira EC, Chang KC, Bendixen BH,

Clarke WR, et al. Baseline NIH Stroke Scale score strongly predicts
outcome after stroke: A report of the Trial of Org 10172 in Acute
Stroke Treatment (TOAST). Neurology 1999; 53: 126-131.
Brott T, Adams H, Jr, Olinger C, Marler J, Barsan W, Biller J, et al.
Measurements of acute cerebral infarction: a clinical examination
scale. Stroke 1989; 20: 864-870.

Lyden P, Brott T, Tilley B, Welch K, Mascha E, Levine S, et al.
Improved reliability of the NIH Stroke Scale using video training.
NINDS TPA Stroke Study Group. Stroke 1994; 25: 2220-2226.
Gregson JM, Leathley M, Moore AP, Sharma AK, Smith TL, Wat-
kins CL. Reliability of the Tone Assessment Scale and the modified
Ashworth scale as clinical tools for assessing poststroke spasticity.
Arch Phys Med Rehabil 1999; 80: 1013-1016.

Bohannon RW, Smith MB. Interrater reliability of a modified Ash-
worth scale of muscle spasticity. Phys Ther 1987; 67: 206-207.
Kasner SE. Clinical interpretation and use of stroke scales. Lancet



25.

26.

27.

28.

Neurol 2006; 5: 603-612.

Burke D. Spasticity as an adaptation to pyramidal tract injury. Adv
Neurol 1988; 47: 401-423.

Sheean G. Neurophysiology of spasticity. In: Barnes MP,
Johnson GR, editors. Upper Motor neurone syndrome and spas-
ticity: clinical management and neurophysiology. Cambridge:
Cambridge University Press; 2001, p. 12-78.

Lin FM, Sabbahi M. Correlation of spasticity with hyperactive
stretch reflexes and motor dysfunction in hemiplegia. Arch Phys
Med Rehabil 1999; 80: 526-530.

Katz RT, Rovai GP, Brait C, Rymer WZ. Objective quantification
of spastic hypertonia: correlation with clinical findings. Arch Phys
Med Rehabil 1992; 73: 339-347.

29.

30.

31.

32.

Early time-course of spasticity 301

O’Dwyer NJ, Ada L, Neilson PD. Spasticity and muscle contracture
following stroke. Brain 1996; 119: 1737-1749.

Pandyan AD, Johnson GR, Price CI, Curless RH, Barnes MP,
Rodgers H. A review of the properties and limitations of the Ash-
worth and modified Ashworth Scales as measures of spasticity.
Clin Rehabil 1999; 13: 373-383.

Malhotra S, Pandyan AD, Day CR, Jones PW, Hermens H. Spas-
ticity, an impairment that is poorly defined and poorly measured.
Clin Rehabil 2009; 23: 651-658.

Barnes S, Gregson J, Leathley M, Smith T, Sharma A, Watkins C.
Development and inter-rater reliability of an assessment tool for
measuring muscle tone in people with hemiplegia after a stroke.
Physiother Res Int 1999; 85: 405-409.

J Rehabil Med 42



