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Abstract

Background: The development of spasticity with age in children with cerebral palsy (CP) has, to
our knowledge, not been studied before. In 1994, a register and a health care program for children
with CP in southern Sweden were initiated. In the programme the child's muscle tone according to
the modified Ashworth scale is measured twice a year until six years of age, then once a year. We
have used this data to analyse the development of spasticity with age in a total population of
children with cerebral palsy.

Methods: All measurements of muscle tone in the gastrocnemius-soleus muscle in all children
with CP from 0 to 15 years during the period 1995–2006 were analysed. The CP subtypes were
classified according to the Surveillance of Cerebral Palsy in Europe network system. Using these
criteria, the study was based on 6218 examinations in 547 children. For the statistical analysis the
Ashworth scale was dichotomized. The levels 0–1 were gathered in one category and levels 2–4 in
the other. The pattern of development with age was evaluated using piecewise logistic regression in
combination with Akaike's An Information Criterion.

Results: In the total sample the degree of muscle tone increased up to 4 years of age. After
4 years of age the muscle tone decreased each year up to 12 years of age. A similar development
was seen when excluding the children operated with selective dorsal rhizotomy, intrathecal
baclofen pump or tendo Achilles lengthening. At 4 years of age about 47% of the children had
spasticity in their gastro-soleus muscle graded as Ashworth 2–4. After 12 years of age 23% of the
children had that level of spasticity. The CP subtypes spastic bilateral and spastic unilateral CP
showed the same pattern as the total sample. Children with dyskinetic type of CP showed an
increasing muscle tone up to age 6, followed by a decreasing pattern up to age 15.

Conclusion: In children with CP, the muscle tone as measured with the Ashworth scale increases
up to 4 years of age and then decreases up to 12 years of age. The same tendency is seen in all
spastic subtypes. The findings may have implications both for clinical judgement and for research
studies on spasticity treatment.
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Background
The spastic subtypes are the most common manifesta-
tions of cerebral palsy (CP) [1]. Spasticity is defined as "a
velocity-dependent increase in tonic stretch reflexes
(muscle tone) with exaggerated tendon jerks, resulting
from hyperexcitability of the stretch reflex, as one
component of the upper motor neurone syndrome" [2].

It is well known that children with spastic types of CP
often have a normal or low muscle tone in the newborn
period [3]. During the first years of life the muscle tone
increases, and by age 4 it should be possible to diagnose
the spasticity in all children with spastic CP [4].
However, the further development of spasticity with
age has, to our knowledge, not been studied before.

In 1994, a cerebral palsy register and a health care
programme were initiated for children with CP in
southern Sweden [5, 6]. The child's local physiotherapist
fills in a recording form twice a year until six years of age,
then once a year. The recording form includes measure-
ment of muscle tone according to the modified Ash-
worth scale [7] (Table 1).

We have used this data to analyse the development of
spasticity with age in a total population of children with
cerebral palsy.

Methods
The CPUP register includes all children with CP born
after 1 January 1990 living in the counties of Skåne and
Blekinge in southern Sweden, which have a total
population of about 1.3 million. The number of children
with CP in the area corresponds to a prevalence of 2.4
per 1000 living births [8, 9]. Since 2005, CPUP has been
a National Health Care Quality Register approved by the
National Board of Health and Welfare in Sweden.

The programme includes a continuing standardized
follow-up of gross and fine motor function, clinical
findings and treatment. The child's local physiothera-
pists examine the child and fill in the recording form

twice a year until six years of age, then once a year. There
are 13 child habilitation units in the area, with about
80 physiotherapists involved in the CPUP-programme.
The recording form includes the CP subtype, as well as
measurement of muscle tone according to the modified
Ashworth scale [7] (Table 1). The measurements are
performed in stated and standardized positions
described in a manual connected to the recording form.

In the present study all measurements of muscle tone in
the gastrocnemius-soleus muscle in all children with CP
from 0 to 15 years of age during the period 1995 – 2006
were analysed. The measurements were done with the
child lying prone with the hip and knee extended. Only
children with definite diagnosis of CP were included.
The CP subtypes were classified according to the
Surveillance of Cerebral Palsy in Europe network
(SCPE) [10]. In children with unilateral spastic CP,
only the spastic side was used in the analysis. In all other
cases both sides were used.

Using these criteria, the study was based on 6218
examinations in 547 children. The distribution of CP
subtypes and measurements are presented in Tables 2 and
3. The children treated with selective dorsal rhizotomy
(SDR), intrathecal baclofen pump (ITB), tendo Achilles or
gastrocnemius lengthening (TAL) are known (Table 4). The
results are presented with these children both included and
excluded. During the period 104 children were treated with
botulinumtoxin A (BxA) of the gastrocnemius-soleus
muscle on 262 occasions. The distribution of age at time
of treatment is presented in Figure 1. In most cases the
measurement of muscle tone was done more than three
months after BxA treatment. The children treated with BxA
are included in the study.

In the statistical analysis the Ashworth scale was dichot-
omized. Levels 0, 1 and 1+ were gathered in one category
and levels 2, 3 and 4 in the other. The analysis then focused
on estimating the age effects on the risk of sustaining an
Ashworth level of 2 or above. It was implemented using
the logistic regression algorithms in STATA 9.0 [11].
Consideration of the correlation structure imposed by the

Table 1: The modified Ashworth scale

Score Description of the muscle tone

0 Normal tone, no increase in tone
1 Slight increase in tone – a catch and release at the end of

the range of motion
1+ Slight increase in tone – catch, followed by minimal

resistance in remainder of range
2 More marked increase in tone through most of range
3 Considerable increase in tone, passive movement difficult
4 Affected parts rigid in flexion or extension

Table 2: Distribution of children and examinations in relation to
CP subtypes based on the Surveillance of Cerebral Palsy in
Europe (SCPE).

CP subtype Children Examinations

Spastic
unilateral 186 1269
bilateral 266 3521
Dyskinetic 72 882
Ataxic 53 546
Total 547 6218
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inclusion of data on both legs for most children was given
through the use of robust estimates.

In order to allow for a potential change in the direction
of the development of spasticity with age, linear splines
were used in the logistic regression analysis. The linear
splines construction allows for a change in the estimated
increase or decrease of risk with age, at a pre-specified
age. Different placement and combinations of turning
points in the development with age were evaluated using
Akaike's An Information Criterion (AIC) [12].

Intuitively one can think of this process as determining
the age development pattern most likely to have
generated the data, while correcting for the number of
parameters used to describe it. The correction is needed
since an increase in parameters tends to enhance the
pattern fit to data without reflecting any valuable
information. Therefore the number generated by the
AIC can be thought of as corresponding to the

probability that the given development pattern gener-
ated the data, penalized with respect to its number of
parameters.

Furthermore, since a perceived change in the risk of
sustaining an Ashworth level of 2 or above, could be a
consequence of late inclusion and early dropout of
different birth cohorts, having been exposed to different
methods of treatment, consideration was also given the
difference between the actual longitudinal age effects of
interest, and cross-sectional birth cohort effects. This
possibility was evaluated by jointly estimating age and
birth cohort effects in the logistic regression analysis.
Results from the analysis can be considered to reflect the
average development of spasticity with age taken over
each of the birth cohorts.

The estimates produced in the analysis can be interpreted
as relative risks. For instance, when a result states that the
odds ratio is 1.5 from 0 to 3 years of age and 0.80 from 3
to 9 years of age, the relative risk interpretation of the
estimates finds that the risk increases by 50% each year
up to the age of 3. It then diminishes by 20% each year
from then on up until the age of 9.

Results
The analysis of the development of spasticity using
Akaike's AIC is presented in Table 5, and the relative risk
estimates are presented in Tables 6 and 7.

In the total population the degree of muscle tone
increased up to 4 years of age (p < 0.05). After 4 years
of age the muscle tone decreased each year up to 12 years
of age (p < 0.05). After 12 years of age no significant
change in development is seen (Figure 2). The analysis of
the possible effect of different birth cohorts did not show

Table 3: Distribution of examinations in relation to age (years)
and CP subtypes.

Age Spastic
unilateral

Spastic
bilateral

Dyski-
netic

Ataxic Total

1 37 58 30 6 131
2 84 242 75 20 421
3 130 369 102 40 641
4 152 469 105 48 774
5 187 482 92 71 832
6 139 359 92 54 644
7 88 284 60 44 476
8 97 250 50 45 442
9 88 243 50 38 419
10 71 198 54 34 357
11 60 172 42 32 306
12 49 147 44 36 276
13 46 122 38 30 236
14 27 72 26 28 153
15 14 54 22 20 110

Total 1269 3521 882 546 6218

Table 4: Number of children (examinations) treated with
selective dorsal rhizotomy (SDR), intrathecal baclofen pump
(ITP) or tendo Achilles lengthening (TAL).

CP sub-
type

SDR ITB TAL Total

Spastic
unilateral 24 (211) 24(211)
bilateral 32 (594) 10 (194) 27 (441) 66 (1165)
Dyskinetic 6 (84) 4 (64) 9 (132)
Ataxic 1 (20) 1 (20)
Total 32 (594) 16 (278) 56 (736) 100 (1528)

Three children have been treated with both TAL and SDR and one child
with both TAL and ITB.

Figure 1
Number of treatments with BxA related to age at
time of treatment in the total sample of children
with CP.
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any differences explaining the pattern of development
(Table 7). When the children operated with SDR, ITB or
TAL were excluded, the turning points were 6 and 12
years, i.e. the degree of muscle tone increased up to 6
years of age (p < 0.05), then decreased between 6 and 12
yrs of age (Figure 3).

At 4 years of age 47% of the total population of children
with CP had spasticity in their gastro-soleus muscle

graded as Ashworth 2–4. After 12 years of age 23% of the
children had that level of spasticity.

The children with spastic unilateral CP showed an
increasing muscle tone up to 4 years of age, followed
by a decreasing tone up to 11 years of age (p < 0.05,
Figure 4). After 11 years of age an increasing muscle tone
was registered when children operated with TAL were
included (p < 0.05). When those operated with TAL were
excluded, no statistically significant change in muscle
tone was seen after 7 years of age (Figure 5).

The CP subtype spastic bilateral showed almost the same
pattern as the total sample, with turning points at 3 and
12 years (Figure 6). Of the 266 children with bilateral
CP, 66 had been operated with SDR, ITB or TAL (Table 4).
Excluding these children, the turning points shifted to 7
and 12 years (Figure 7).

The children with the dyskinetic type of CP showed an
increasing muscle tone up to age 6 (P < 0.05), followed
by a decreasing pattern up to age 15 (p < 0.05) (Figure 8).
Excluding the 9 children operated with ITB or TAL did not
change the results.

The children with ataxic type of CP had, as expected, on
average a lower degree of spasticity (Figure 9). In the
SCPE classification, children with ataxic diplegia are
classified as ataxic CP. The number of measurements did
not allow for analysis using Akaike's AIS.

Discussion
The development of spasticity with age in children with
CP has, to our knowledge, not been analysed before. The
study showed an increasing muscle tone up to 4 years of
age in children with spastic CP and up to 6 years in
children with dyskinetic CP, followed by a decreasing
tone up to 12 years of age.

In the 1990s two new methods to reduce spasticity in
children with CP were introduced, ITB and BxA
treatment. In the same period treatment with SDR was
popularized [13]. These techniques made it important to
quantify spasticity, both for analysing indication and for
evaluation of treatment.

The modified Ashworth scale is the most widely used
instrument for assessing spasticity, and it has been used
in most outcome studies after treatment with SDR, ITB
and BxA [1]. No other instrument is so simple that it can
be used for screening purpose or clinical follow-up of
larger samples. The modification from the original scale
is the addition of one level of measurement (1+) at the
lower end of the scale. There is no evidence supporting

Table 5: Analysis of the development of spasticity with age using
AIC [12].

Population AIC

Total population

No turning point 1.2952
Turning point at 4 years 1.2921
Turning point at 4 and 12 years 1.2902

Total population – children operated* excluded

No turning point 1.2893
Turning point at 6 years 1.2838
Turning point at 6 and 12 years 1.2822

Spastic unilateral CP

No turning point 1.1901
Turning point at 4 years 1.1795
Turning point at 4 and 11 years 1.1698

Spastic unilateral CP-children operated* excluded

No turning point 1.2099
Turning point at 4 years 1.1948
Turning point at 7 and 7 years 1.1918

Spastic bilateral CP

No turning point 1.3338
Turning point at 3 years 1.1317
Turning point at 3 and 12 years 1.3305

Spastic bilateral CP – children operated* excluded

No turning point 1.3508
Turning point at 7 years 1.3469
Turning point at 7 and 12 years 1.3449

Dyskinetic CP

No turning point 1.3605
Turning point at 6 years 1.3448

Dyskinetic CP – children operated* excluded

No turning point 1.3301
Turning point at 6 years 1.2928

In each subgroup the AIC value for an age development pattern without
turning point, an age development pattern with turning points and age at
turning points that yielded the lowest AIC value are presented.
* Children operated with SDR, ITB and/or TAL excluded
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an ordinal relationship between level 1 and level 1+, and
there is a lack of evidence for the relation between the
introduced terms "catch" and "release" to the definition of
spasticity as resistance to passive movement [14]. Some
studies have shown problems with interobserver reliability
with the Ashworth scale [15, 16]. The reliability is better
with the original scale, as is measuring plantar flexion of
the ankle compared with measurement of more proximal
muscles [15, 17]. Some of these problems regarding scaling
and reliability are reduced as the scale in the present study
was dichotomized and grouping level 1 and 1+ together.

The main reason for dichotomizing the Ashworth scale
was to make possible the modelling process in which we
determine the number of age intervals and their
corresponding endpoints. We wanted to estimate the
development of spasticity with age with a method that
would supply equivalent estimates and confidence
intervals for all CP-subtypes. Additionally, the method

should allow for the possibility of a change of
magnitude and direction of this development. This was
not likely to be possible with any other method.

It is sometimes difficult to distinguish limb stiffness
resulting from muscle shortening from stiffness caused
by spasticity [17]. As muscle stiffness increases with age
[19, 20] the problem with differentiating shortening
from spasticity would result in an underestimation of the
decreasing spasticity with age found in this study. It
could also be an explanation for the increased muscle
tone registered after 11 years of age in children with
unilateral CP. The problem is reduced by grouping levels
2–4 together in the analysis. In the present analysis a low
reliability would, in absence of systematic errors, only
increase the observed variation in the population
spasticity measurements, with increased confidence
interval width. A low reliability should only affect our
ability to correctly detect an actual change.

Table 6: Relative risk estimates i.e. the risk of sustaining a level of spasticity greater than or equal to 2 as compared to the year before,
in different subgroups and age periods.

Population Age period and relative risk estimates

Total population < 4 yrs 4–12 yrs > 12 yrs

1.15(1.06–1.26)* 0.87(0.85–0.89)* 1.08(0.97–1.19)

Total population – op
excluded1

< 6 yrs 6–12 yrs > 12 yrs

1.08(1.02–1.13)* 0.84(0.80–0.87)* 1.06(0.94–1.20)

Spastic unilateral CP < 4 yrs 4–11 yrs > 11 yrs

1.44(1.18–1.76)* 0.78(0.73–0.84)* 1.24(1.03–1.50)*

Spastic unilateral CP – op
excluded1

< 4 yrs 4–7 yrs > 7 yrs

1.63(1.27–2.08)* 0.73(0.62–0.85)* 0.94(0.86–1.04)

Spastic bilateral CP < 3 yrs 3–12 yrs > 12 yrs

1.33(1.07–1.64)* 0.88(0.86–0.91)* 1.06(0.93–1.21)

Spastic bilateral CP – op
excluded1

< 7 yrs 7–12 yrs > 12 yrs

1.08(1.00–1.12) 0.83(0.77–0.89)* 1.09(0.92–1.27)

Dyskinetic CP < 6 yrs > 6 yrs

1.15(1.03–1.27)* 0.84(0.74–0.97)*

Dyskinetic CP – op excluded1 < 6 yrs > 6 yrs

1.23(1.09–1.39)* 0.76(0.70–0.83)*

In brackets 95% confidence interval.
* p < 0.05 for the two-sided test of the relative risk being equal to 1.
1 excluded operations; SDR, ITB, TAL
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The validity of the Ashworth scale has been analysed in
several studies [1]. Pandyan et al. [21] compared
measurement of resistance to passive movement of the
elbow with estimation of spasticity according to the
modified Ashworth scale in adult stroke patients. They
concluded that the modified Ashworth scale did not
have sufficient validity to discriminate between the lover
levels, but may be useful as a scale with fewer grades.
Leonard et al. [22] compared the modified Ashworth

scale with myometer measurement of the biceps brachii
and found moderate to high correlation between the
methods. Sköld et al. [23] compared EMG-measurement
of the quadriceps with estimation of spasticity according
to the modified Ashworth scale in adults with spinal
cord injury. They found a positive correlation and
concluded that the modified Ashworth scale accurately
reflect movement-provoked spasticity. Each increasing
grade on the Ashworth scale corresponded to increasing
myoelectric activity levels.

Most of the children treated with BxA were 3–5 years of
age at time of treatment (Figure 1). They were most often

Table 7: Relative risk estimates i.e. the odds of sustaining a level of spasticity greater than or equal to 2 as compared to the year before,
in different subgroups and age periods.

Population Age period and relative risk estimates

Total population < 4 yrs 4–12 yrs > 12 yrs
1.10(1.00–1.20)* 0.85(0.82–0.87)* 1.07(0.97–1.20)

Total population – op excluded1 < 6 yrs 6–12 yrs > 12 yrs
1.04(0.98–1.10) 0.84(0.80–0.88)* 1.10(0.96–1.25)

Spastic unilateral CP < 4 yrs 4–11 yrs > 11 yrs
1.29(1.05–1.58)* 0.76(0.71–0.82)* 1.29(1.05–1.57)*

Spastic unilateral CP – op excluded1 < 4 yrs 4–7 yrs > 7 yrs
1.46(1.14–1.88)* 0.65(0.54–0.77)* 0.96(0.87–1.06)

Spastic bilateral CP < 3 yrs 3–12 yrs > 12 yrs
1.24(1.00–1.55)* 0.86(0.83–0.86)* 1.08(0.94–1.024)

Spastic bilateral CP – op excluded1 < 7 yrs 7–12 yrs > 12 yrs
1.04(0.98–1.11) 0.83(0.77–0.90)* 1.13(0.95–1.33)

Dyskinetic CP < 6 yrs > 6 yrs
1.28(1.13–1.45)* 0.82(0.76–0.88)*

Dyskinetic CP – op excluded1 < 6 yrs > 6 yrs
1.39(1.21–1.60)* 0.80(0.73–0.88)*

Estimates corrected for potential differences in risk of separate birth cohorts. In brackets 95% confidence interval.
* p < 0.05 for the two-sided test of the relative risk being equal to 1.
1 excluded operations; SDR, ITB, TAL

Figure 2
Degree of spasticity in the gastrocnemius-soleus
muscle according to the modified Ashworth scale
related to age in the total sample of children with CP
(547 children, 6218 measurements). Number of mea-
surements presented as a percentage of the total number of
measurements in each age group.

Figure 3
Degree of spasticity in the total sample according to
Figure 2. Children treated with SDR, ITB or TAL excluded.
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examined more than three months after treatment. As
the majority of treatments were done at the same age
period as the highest degree of muscle tone was found,
compensation for a possible treatment effect would
strengthen the pattern of increasing spasticity followed
by decreasing spasticity with age.

Spasticity and decreased active muscle strength are the
two predominant symptoms in children with CP [24].
The decreased active muscle strength is to some extent
compensated by the passive strength that is created by
spasticity. Thus, increased muscle tone is sometimes
valuable, and treatment of spasticity should aim at
modulating the muscle tone for their maximum benefit.

The findings in the present study may have several
clinical implications. The decreasing spasticity with age
is in accordance with the clinical findings that some
children with toe walking gait, if they do not develop
muscle shortening, after some years start walking with
heel contact [25]. This could be a consequence of the
increasing body weight and/or a result of decreasing
muscle tone with age.

The decreasing spasticity with age must also be kept in
mind when considering treatment with methods perma-
nently reducing spasticity, such as SDR, or when
considering TAL. Some children treated with SDR after
some years, with increasing body weight and height,

Figure 4
Degree of spasticity in the gastrocnemius-soleus
muscle according to the modified Ashworth scale
related to age in the total sample of children with
unilateral CP (186 children, 1269 measurements).
Number of measurements presented as a percentage of the
total number of measurements in each age group.

Figure 5
Degree of spasticity children with unilateral CP
according to Figure 4. Children treated with TAL
excluded.

Figure 6
Degree of spasticity in the gastrocnemius-soleus
muscle according to the modified Ashworth scale
related to age in the total sample of children with
bilateral CP (266 children, 3521 measurements).
Number of measurements presented as a percentage of the
total number of measurements in each age group.

Figure 7
Degree of spasticity in the children with bilateral CP
according to Figure 5. Children treated with SDR, ITB or
TAL excluded.
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have increasing problems with muscle weakness [26].
Perhaps at that age they would have benefited from more
passive muscle strength by a higher muscle tone. The
finding that spasticity is not a constant phenomenon
favours treatment with reversible methods, such as BxA
and ITB. The decreasing muscle tone and the increasing
weakness related to body weight and height must also be
kept in mind when considering TAL. A crouch gait after
TAL could be caused by over-lengthening, but also a
consequence of a decreasing muscle tone of the gastro-
cnemius-soleus muscle.

The findings are also important for follow-up studies
after spasticity reducing treatment. The decreasing
muscle tone with age raises the need for control groups
and long-term follow-up when evaluating treatments
that permanently affect the muscle tone, muscle length
and muscle strength, such as SDR and orthopaedic
surgery.

Conclusion
The present study showed that in children with CP, the
muscle tone measured with the Ashworth scale increases
up to 4 years of age and then decreases up to 12 years of
age. The same tendency is seen in all spastic subtypes.
This is, to our knowledge, the first report showing this
development, and thus needs confirmation in further
longitudinal studies. The findings may have implications
both for clinical judgement and for research studies on
spasticity treatment.

Abbreviations
AIC: Akaike's An Information Criterion; BxA: Botulinum
toxin A; CP: Cerebral Palsy; CPUP: Swedish follow-up
programme for Cerebral Palsy; GMFCS: Gross Motor
Function Classification System; ITB: Intrathecal Baclofen
Pump; SCPE: Surveillance of Cerebral Palsy in Europe
network; SDR: Selective Dorsal Rhizotomy; TAL: Tendo
Achilles Lengthening.

Competing interests
The authors declare that they have no competing
interests.

Authors’ contributions
GH and PW designed the study. Both authors analysed
the results. GH wrote the first draft, which was then
actively improved and revised by both authors.

Acknowledgements
The study was supported by the Medical Faculty, Lund University, and
Linnéa and Josef Carlsson's Foundation.

References
1. Scholtes VAB, Becher JG, Beelen A and Lankhorst GJ: Clinical

assessment of spasticity in children with cerebral palsy: a
critical review of available instruments. Dev Med Child Neurol
2006, 48:64–73.

2. Lance JW: Symposium synopsis. Spasticity: disorder of motor control
Chicago: Year Book Medical Publishers: Feldman RG, Young RR,
Koella WP 1980, 485–94.

3. Kuban KCK and Leviton A: Cerebral palsy. N Engl J Med 1994,
330:188–95.

4. Mutch L, Alberman E, Hagberg B, Kodama K and Perat MV:
Cerebral palsy epidemiology: where are we now and where
are we going?. Dev Med Child Neurol 1992, 34:547–51.

5. Hägglund G, Andersson S, Düppe H, Lauge-Pedersen H, Nordmark E
and Westbom L: Prevention of hip dislocation in children with
cerebral palsy. The first ten years experience of a popula-
tion-based prevention programme. J Bone Joint Surg 2005, 87-
B:95–101.

6. Hägglund G, Andersson S, Düppe H, Lauge-Pedersen H, Nordmark E
and Westbom L: Prevention of severe contractures might

Figure 8
Degree of spasticity in the gastrocnemius-soleus
muscle according to the modified Ashworth scale
related to age in the total sample of children with
dyskinetic CP (72 children, 882 measurements).
Number of measurements presented as a percentage of the
total number of measurements in each age group.

Figure 9
Degree of spasticity in the gastrocnemius-soleus
muscle according to the modified Ashworth scale
related to age in the total sample of children with
ataxic CP (53 children, 546 measurements). Number
of measurements presented as a percentage of the total
number of measurements in each age group.

BMC Musculoskeletal Disorders 2008, 9:150 http://www.biomedcentral.com/1471-2474/9/150

Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/pubmed/16359597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16359597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16359597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8264743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1612216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1612216?dopt=Abstract


replace multi-level surgery in CP. Results of a population
based health care program and new techniques to reduce
spasticity. J Pediatr Orthop 2005, 14:268–272.

7. Bohannon RW and Smith MB: Interrater reliability of the
modified Ashworth scale of muscle spasticity. Phys Ther 1987,
67:206–7.

8. Nordmark E, Hägglund G and Lagergren : Cerebral palsy in
southern Sweden. I. Prevalence and clinical features. Acta
Paediatr 2001, 90:1271–1276.

9. Westbom L, Hägglund G and Nordmark E: Cerebral Palsy in a
total population 4–11 year olds in southern Sweden.
Prevalence and distribution according to different CP
classification systems. BMC Pediatrics 7(1):41, 2007 Dec 5;.

10. Surveillance of cerebral palsy in Europe (SCPE): a collabora-
tion of cerebral palsy surveys and registers. Dev Med Child
Neurol 2000, 42:816–824.

11. StataCorp: Stata Statistical Software: Release 9.College Station,
TX: StataCorp LP; 2005.

12. Akaike H: A new look at the statistical model identification.
IEEE 1974, 19:716–723.

13. Peacock WJ, Arens LJ and Berman B: Cerebral palsy spasticity.
Selective posterior rhizotomy: a clinical experience with
1-year follow-up. Pediatr Neurosci 1987, 13:61–6.

14. Johnson GR: Measurement of spasticity. Upper motor neurone
syndrome and spasticity Cambridge University Press: Barnes MP,
Johnson GR 2001, 79–95.

15. Hass BM, Bergstrom E, Jamous A and Bennie A: The inter rater
reliability of the original and of the modified Ashworth scale
for the assessment of spasticity in patients with spinal cord
injury. Spinal Cord 1996, 34:560–4.

16. Mutlu A, Livanelioglu A and Gunel MK: Reliability of Ashworth
and Modified Ashworth Scales in Children with Spastic
Cerebral Palsy. BMC Musculoskeletal Disorders 2008, 9:44.

17. Nuyens G, De Weerdt W, Ketelaer P, Feys H, De Wolf L,
Hantson L, Nieuboer A, Spaepen A and Carton H: Inter rater
reliability of the Ashworth scale in multiple sclerosis. Clin
Rehab 1994, 8:286–92.

18. Patrick E and Ada L: The Tardieu scale differentiates
contracture from spasticity whereas the Ashworth scale is
confounded by it. Clinical Rehabilitation 2006, 20:173–182.

19. Johnson DC, Damiano DL and Abel MF: The evolution of gait in
childhood and adolescent cerebral palsy. J Pediatr Orthop 1997,
17:392–6.

20. Bell KJ, Ounpuu S, DeLuca PA and Romness MJ: Natural
progression of gait in children with cerebral palsy. J Pediatr
Orthop 2002, 22:677–82.

21. Pandyan AD, Price CIM, Barnes MP and Johnson GR: A
biomechanical investigation into the validity of the modified
Ashworth scale as a measure of elbow spasiticity. Clinical
Rehabilitation 2003, 17:290–294.

22. Leonard CT, Stephens JU and Stroppel SL: Assessing the spastic
condition of individuals with upper motoneuron involve-
ment; validity of the myometer. Arch Phys Med Rehabil 2001,
82:1416–1420.

23. Sköld C, Harms-Ringdahl K, Hulting C, Levi R and Seiger Å:
Simultaneous Ashworth Measurements and Electromyo-
graphic recordings in tetraplegic patients. Arch Phys Med
Rehabil 1998, 79:959–965.

24. Graham HK and Selber P: Musculoskeletal aspects of cerebral
palsy. J Bone Joint Surg 2003, 85B:157–166.

25. Miller F: Cerebral palsy.Springer Publications, New York; 2005.
26. Pirpiris M and Graham K: Management of spasticity in children.

Upper motor neurone syndrome and spasticity Cambridge University
Press: Barnes MP, Johnson GR 2001, 79–95.

Pre-publication history
The pre-publication history for this paper can be
accessed here:

http://www.biomedcentral.com/1471-2474/9/150/
prepub

Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

BMC Musculoskeletal Disorders 2008, 9:150 http://www.biomedcentral.com/1471-2474/9/150

Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/pubmed/3809245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3809245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18053264?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3438216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3438216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3438216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8883191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8883191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8883191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8883191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18402701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18402701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18402701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16541938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16541938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16541938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9150031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9150031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12198474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12198474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12735536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12735536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12735536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11588747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9710170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9710170?dopt=Abstract
http://www.biomedcentral.com/1471-2474/9/150/prepub
http://www.biomedcentral.com/1471-2474/9/150/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Results

	Background
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References
	Pre-publication history

