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Background and purpose — Spasticity is often regarded
as a major cause of functional limitation in children with
cerebral palsy (CP). We analyzed the spasticity development
with age in the gastrosoleus muscle in children with CP.

Children and methods — This is a longitudinal cohort
study of 4,162 children (57% boys) with CP born in 1990-
2015, monitored using standardized follow-up examinations
in the Swedish surveillance program for CP. The study is
based on 57,953 measurements of spasticity of the gastroso-
leus muscle assessed using the Ashworth scale (AS) in par-
ticipants between 0 and 15 years of age. The spasticity was
analyzed in relation to age, sex, and Gross Motor Function
Classification System (GMFCS) levels using a linear mixed
model. Development of spasticity with age was modeled as
a linear spline.

Results — The degree of spasticity increased in most
children over the first 5 years of life. At 5 years of age, 38%
had an AS level of > 2. The spasticity then decreased for
65% of the children during the remaining study period. At 15
years of age only 22% had AS > 2. The level of spasticity and
the rate of increase and decrease before and after 5.5 years of
age were higher in children at GMFCS IV-V.

Abbreviations

ARC: Annual rate of change

AS: Ashworth scale

Cl: 95% confidence interval

CP: Cerebral palsy

CPUP: Swedish surveillance program for cerebral palsy
GMFCS: Gross Motor Function Classification System
ITB: Intrathecal baclofen pump

MAS: Modified Ashworth scale

SDR Selective dorsal rhizotomy

TAL: Achilles tendon lengthening

Interpretation — The degree of spasticity of the gastro-
soleus muscle often decreases after 5 years of age, which is
important for long-term treatment planning and should be
considered in spasticity management.

Spasticity and muscle weakness are common manifestations of
cerebral palsy (CP; Dev Med Child Neurol 2002; 44(9): 633-
40.). The spastic CP subtypes represent 75-80% of the popula-
tion with CP (Westbom et al. 2007). Himmelmann et al. (2007)
reported spasticity in 69% of children with dyskinetic CP.
There are several definitions of spasticity. The most commonly
used is probably the definition by Lance et al. (1980): “a veloc-
ity-dependent increase in tonic stretch reflexes (muscle tone)
with exaggerated tendon jerks, resulting from hyperexcitabil-
ity of the stretch reflex, as one component of the upper motor
neuron syndrome.” Muscle weakness, present in all individuals
with CP, has several etiologies: the CP-specific background,
through inactivity, and as a consequence of interventions, i.e.,
muscle or tendon lengthening (Segal et al. 1989).

Spasticity may result in a limited range of active joint
motion, with reduced gross and fine motor function and pain.
However, spasticity may sometimes improve function by
compensating for muscle weakness (Hicks et al. 2008).

Several studies have demonstrated that in children with CP
the spasticity increases during the first years of life (Mutch
et al. 1992, Kuban and Leviton 1994, Higglund and Wagner
2008). A cross-sectional study using data from 547 children
in southern Sweden showed that the degree of spasticity in
the gastrosoleus muscle reached a peak at 4-5 years of age
then decreased each year up to 12 years of age (Hagglund and
Wagner 2008).

The Swedish surveillance program for individuals with CP
(www.cpup.se) was initiated in 1994 in the south of Sweden.
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Table 1. The modified Ashworth scale (MAS)

Score  Description of 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

More marked increase in tone through most of range

Considerable increase in tone, passive movement difficult

Affected parts rigid in flexion or extension

AW

Since 2005, CPUP has been a national health care quality reg-
ister approved by the National Board of Health and Welfare in
Sweden. CPUP covers more than 95% of all individuals with
CP in Sweden born in or after 2000 (Hégglund et al. 2005,
Alriksson-Schmidt et al. 2017). CPUP comprises standardized
repeated follow-up examinations, including measurement of
spasticity according to the modified Ashworth scale (MAS)
(Table 1) (Bohannon and Smith 1987).

The previous study from Hégglund and Wagner (2008)
included a cross-sectional analysis on a cohort from south-
ern Sweden. Therefore we now analyzed the development of
spasticity with age, sex, and gross motor function in the total
population of children with CP in Sweden, including a longi-
tudinal analysis.

Children and methods

Children with suspected CP are included in the CPUP pro-
gram as early as possible, usually before 2 years of age. The
diagnosis of CP is confirmed at 4 years of age by a neuropedi-
atrician. Children without CP are then removed from the reg-
ister. The proportion of children in CPUP without CP is less
than 2% (Westbom et al. 2007). The definition of CP by Mutch
et al. (1992) was used in the early years and was replaced in
2007 with the definition proposed by Rosenbaum et al. (2007).
The child’s local physiotherapist classifies his/her gross motor
function according to the Gross Motor Function Classification
System (GMFCS) (Palisano et al. 2008). Children at GMFCS
level I are examined once a year up to 6 years of age, then
every second year. Those at GMFCS levels II-V are examined
twice a year up to 6 years of age, then once a year. The exami-
nation includes measurement of muscle tone according to the
MAS (Bohannon and Smith 1987). Measurement of tone in
the gastrosoleus muscle is standardized and performed supine
lying with hips and knees extended, described in a manual and
recorded on a standard form (www.cpup.se).

In this study, we used all measurements of spasticity of the
gastrosoleus muscle at 0—15 years of age in all children in
CPUP born between January 1990 and March 2014 that were
reported up to September 2016. For the analysis, MAS levels
1 and 1+ were combined into one category corresponding to

the original Ashworth scale (AS) as there is a lack of evidence
supporting an ordinal relationship between level 1 and level 1+
(Johnson 2001). Measurements from both legs of each child
were included in the study, except for those children (21%)
with unilateral spastic CP. For these, AS level was summed
over the follow-up period and any side with a non-zero sum
was subsequently chosen for inclusion. The analysis was per-
formed using the total cohort including children treated with
botulinum toxin injections and oral baclofen. Analyses were
performed with and without the children treated with selective
dorsal rhizotomy (SDR), intrathecal baclofen pump (ITB),
and Achilles tendon (gastrosoleus) lengthening (TAL).

Statistics

First, the data were grouped in 1-year intervals and plotted in
bar charts according to the last known GMFCS level and sex.
The last GMFCS assignment was used for all previous evalua-
tions. Second, to produce a parsimonious model for the some-
what complicated 3-level hierarchical structure of the study
data, measurements from 1 leg in each child were chosen for
the analysis. The selection was done randomly in those for
whom both legs were included. The selected leg was used for
all evaluations. For the data selected, a 2-level mixed effects
model (Fitzmaurice et al. 2004) was fitted with levels for leg
and measurement. Development of spasticity with age was
modelled using a linear spline with a knot at the age of 5.5.
The knot was chosen by means of searching a grid with half
year-spacing and subsequent inspection of the likelihood of the
resulting model. The knot that yielded the greatest likelihood
was chosen for the analysis. The model also included a random
intercept (i.e., the AS at the starting point of the follow-up), a
random slope for the annual rate of change (ARC) before the
age of 5 (ARC < 5.5) and a random slope for the annual rate
of change from the age of 5.5 and beyond (ARC = 5.5). The
random effects covariance matrix was unstructured, allowing
for estimation of all random effect and covariances.

The development of spasticity with age was estimated from
the mixed model for each individual child. As a final step, the
model was adjusted for differences between sexes and birth
years. It also included interaction terms between GMFCS
level, ARC < 5.5, and ARC = 5.5 to evaluate the differences
in AS development with age for different levels of gross motor
function. The differences in ARC between GMFCS levels was
tested by fitting 1 model including the GMFCS interaction
terms, and 1 without, subsequently testing which model best
fit the data, by use of a likelihood ratio test. Furthermore, in
order to justify pooling of the data from unilateral cases with
those of remaining CP types, an indicator variable was cre-
ated to identify the unilateral cases. The indicator variable was
then included in the final model both as an intercept and as an
interaction term together with ARC variables to evaluate pos-
sible differences in development between unilateral cases and
remaining study participants. As with GMFCS, the difference
was evaluated using a likelihood ratio test. A p-value > 0.05
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Table 2. Number of children according to sex and GMFCS level

GMFCS level
Sex  Unclassified | Il ] \ Vv Total
Boys 170 963 365 205 308 370 2,381
Girls 157 731 251 130 234 278 1,781
Total 327 1,694 616 335 542 648 4,162

was interpreted as a lack of evidence of a difference in develop-
ment between unilateral and remaining cases.

Our choice to treat the outcome scale as continuous is based
on the general rule of thumb which states that an ordinal scale
may approximate a continuous scale when it has 5 levels or
more (Norman 2010). An important issue using this approach
with the current data is that the distributional assumptions of
the statistical model, which was developed for continuous out-
come data, are fulfilled. To evaluate possible deviations from
the model assumptions in terms of non-normal residual distri-
bution, residuals on both levels were examined graphically. In
order to evaluate the impact of possible deviations on study
conclusions all models were compared with and without the
use of Huber—White robust standard errors. To further evalu-
ate the impact of the choice of scale on the study conclusions,
a sensitivity analysis was performed comparing the results
of our original model with those using a mixed effects logis-
tic regression model (Fitzmaurice et al. 2004). Results were
additionally compared with and without the use of weights
to account for the random selection of one leg in most study
participants. All models were fitted using the maximum likeli-
hood approach (Fitzmaurice et al. 2004) in Stata v. 14 (Stata-
Corp, College Station, TX, USA).

Ethics, funding, and potential conflicts of interest

The study was approved by the Medical Research Ethics Com-
mittee at Lund University (LU-433-99). Verbal consent to use
the data for research was provided by all families participat-
ing in CPUP. The study was funded by Stiftelsen for bistand
at rorelsehindrade i Skane. The authors declare no conflict of
interest.

Results

The study was based on 57,953 measurements in 4,162 chil-
dren (2,381 boys, 1,781 girls). The distribution according to
sex and the GMFCS is described in Table 2 and the distribu-
tion of measurements related to age is described in Table 3
(see Supplementary data). 65 children (1,584 measurements)
had been treated with SDR, 67 (1,496 measurements) with
ITB, and 430 (8,106 measurements) with TAL. There were
327 children (2,429 measurements) without reported GMFCS
level. Most of these children were registered before the intro-
duction of the GMFCS in 1999.
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Figure 1. Degree of spasticity of the gastrosoleus muscle according to
the Ashworth scale relative to age in the total sample of 57953 mea-
surements in 4,162 children.
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Figure 2. Prediction of the development of spasticity with age in relation
to GMFCS level, using a mixed-model analysis.

The cross-sectional data showed an increasing proportion
of children with AS > 2 up to 5 years of age, followed by a
reduced proportion up to 15 years of age (Figure 1). When
those children treated with SDR, ITB, or TAL were excluded,
the same pattern was seen, but the proportion of children with
AS > 2 was reduced from 38% to 35% at 5 years of age and
was 22% and 23%, respectively, at 15 years of age. Boys and
girls showed similar development.

In a mixed model, excluding adjustment variables for sex
and birth year, the intercept, i.e., the muscle tone at the start-
ing point of the model, was higher for children at GMFCS
levels III-V (1.36-1.37) than those at levels II (1.08) and I
(0.85) (Figure 2). The ARC < 5 was 0.04, (CI 0.03-0.05),
which means that the muscle tone increased on average 0.20
AS levels during the period up to 5 years of age. This increase
varied from 0.00 in children with GMFCS level III to 0.38 for
those at GMFCS V. After 5 years of age the mean ARC > 5
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was —0.04 (CI -0.05 to —0.04), describing an average reduc-
tion in muscle tone of 0.4 AS levels up to 15 years of age (see
Figure 2). The standard deviation of ARC < 5 was 0.20 and
ARC 25 0.11 in the study population. The typical develop-
ment of increasing muscle tone up to 5.5 years of age was
estimated from the model to be seen in 57% of the population
and decreasing muscle tone after 5 years of age in 68%.

The results from the likelihood ratio test showed the varia-
tion in ARC with GMFCS level to be significant (p < 0.001).
There was no significant difference in development between
unilateral and remaining cases (p = 0.7).

The mean muscle tone was lower in girls and in children
born later in the study period (Table 4, see Supplementary
data). The differences were small but statistically significant
(adjusted for age and GMFCS level).

Discussion

Our main finding was that the degree of spasticity, as mea-
sured with the Ashworth scale, increased in most children
during their first 5 years of life, followed by a decrease during
the remaining follow-up period to 15 years of age. The inter-
cept was higher, and the rate of increase and decrease were
more pronounced, in children at higher GMFCS levels.

In the statistical analysis, all sensitivity analyses indicated
that our conclusions were robust for the choice of analysis
method (data not shown). We consequently concluded that our
simple approach, without sampling weights or robust stan-
dard errors, was appropriate. However, as we chose to model
the development with age assuming a constant ARC before
and after 5.5 years of age, primarily for reasons of facilitat-
ing the statistical analysis, potential variation in the ARC with
age may have influenced our results. For example, if the ARC
peaked in the first few years of life, children included late in
the study period may have been observed to have little or no
increase in spasticity with age, making us underestimate the
proportion of children with a positive ARC < 5.5. Indeed, the
estimated proportion of children increasing before the age
of 5.5 was less than those decreasing beyond the age of 5.5,
which may appear to be contradictory. However, the question
may be clarified by Figure 1, showing the proportion of mea-
surements in children at 5.5 years with any spasticity to be
approximately 80%.

It is well known that children with CP often have low or
normal muscle tone in the newborn period and then develop
increasing spasticity in the first years of life (Mutch et al. 1992,
Kuban and Leviton 1994). The decrease in spasticity found in
this study after a peak at 5 years of age supports our previous
findings from southern Sweden (Hagglund and Wagner 2008).
As a parallel to this development several studies have shown
an increase in spasticity over time after stroke or traumatic
brain injury in adults (Wissel et al. 2013). Not uncommonly
the spasticity progresses rapidly in these situations but then

declines during the recovery stages (Naghdi et al. 2010). The
initial development of spasticity after a stroke is hypothesized
to be a positive development, suggesting that the nervous
system is beginning to initiate repair mechanisms to restore
muscle tone and movement (Li and Francisco 2015). The
exact mechanisms of this process are unclear but are suggested
to involve rearrangement and plasticity at both the spinal and
cerebral levels. As the exact mechanism behind spasticity in
CP are not fully known, it is possible also to assume a similar
development of the spasticity in children with CP.

A previous study from our group, based on examinations of
children in southern Sweden with CP during 1995-2006 (Hag-
glund and Wagner 2008), showed that 47% had AS > 2 with a
peak level at 4 years of age, compared with 38% with a peak
level at 5 years of age in the present study. This is explained
by the lower levels of spasticity found in the later birth cohorts
(Table 4, see Supplementary data). The proportion of chil-
dren in GMFCS IV and V was also lower in the later birth
cohorts. This is consistent with findings from epidemiological
studies of the CP panorama in western Sweden, which show
a decreased rate of bilateral spastic CP and an increased fre-
quency of unilateral spastic CP in recent years (Himmelmann
and Uvebrant 2014). The mixed model we used compensates
for the changes in AS and GMFCS distribution in the different
birth cohorts.

When children treated with SDR, ITB, or TAL were
excluded, the same trend of spasticity development was
observed. The children treated with SDR or ITB represent
only 3% of the population and the reduced spasticity after
these treatments did not explain the overall decline in spastic-
ity over time. Children treated with botulinum toxin A were
included in the analyses. Many of these were treated more
than 3 months before their examination. It cannot be excluded
that some children treated with botulinum toxin have been
reported with a lower muscle tone than they would have had
without treatment. A study based on all children in CPUP in
Sweden showed that about 20% had been treated with botu-
linum toxin A injected in the gastrosoleus muscle during the
study period 2014-2015 (Franzen et al. 2017). The number
of children treated with botulinum toxin A in the gastrosoleus
muscle according to age at treatment showed the same pattern
as the development of spasticity, with a peak at 4—6 years of
age. Hence, because most treatments were done during the age
period that registered the highest degree of spasticity, com-
pensation for a possible treatment effect would more likely
strengthen the pattern of increasing spasticity followed by
decreasing spasticity with increasing age.

A spastic muscle will not stretch to the same degree as a
muscle with normal tone. Therefore, spasticity may inhibit
growth in the length of the muscle, resulting in the develop-
ment of muscle contracture, with a decreasing range of joint
motion (Rang et al. 1986). Both spasticity and contracture of
the gastrosoleus muscle may result in toe walking. However,
spasticity and contracture may also compensate for weak-
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ness of the gastrosoleus muscle. The combination of reduced
muscle tone and increased body weight with age might result
in a change from toe walking to a calcaneal or crouch gait with
increased dorsiflexion of the ankle joint during mid-stance. As
an effect functional gait can be compromised and a continuous
deterioration in walking function in the adult with CP has been
reported (Opheim et al. 2009). The pros and cons of spasticity
and the need for spasticity-reducing treatment may thus vary
with age.

The AS is the most widely used instrument for assessing
spasticity. Some studies have shown problems with interra-
ter reliability with the scale (Mutlu et al. 2008). However, a
recent systematic review and meta-analysis concluded that
inter- and intra-rater agreement was satisfactory (Meseguer-
Henarejos et al. 2018). The reliability is slightly higher for the
original scale, which was used in the present study (Mutlu et
al. 2008). Low reliability would, in the absence of systematic
errors, only increase the observed variation of the spasticity
measurements in the population with increased confidence
interval widths.

The validity of the AS has been analyzed in several stud-
ies (Scholtes et al. 2006). With AS it could sometimes be dif-
ficult to distinguish spasticity from contracture, especially at
AS levels 3 and 4 (Alhusaini et al. 2010). Contractures of the
gastrosoleus muscle, measured as a reduced range of foot dor-
siflexion, usually increase with age (Nordmark et al. 2009).
This increasing contracture could underestimate the decline
in spasticity as measured with AS after 5 years of age. Con-
tracture could, however, also to some extent contribute to the
increased spasticity registered in children up to 5 years of age.
The normally increasing degree of spasticity during the first
years of life in children with CP is well known and has been
confirmed in earlier studies (Mutch et al. 1992, Kuban and
Leviton 1994, Higglund and Wagner 2008).

A limitation in this study was that GMFCS levels were not
reported for 327 children (8%), most of whom were followed
before the publication of the GMFCS. The development of
spasticity was not analyzed in relation to CP subtypes. In
CPUP, classification of the CP subtype by a neuropediatrician
is missing for about 20% of registrants. In a previous study
from southern Sweden, where CP subtype was reported in
all cases, children with the spastic and dyskinetic subtypes
showed similar development of spasticity (Hidgglund and
Wagner 2008). The cohort of children included in the pres-
ent study had been followed in CPUP for different lengths of
time. This is compensated for in the model where each child’s
follow-up time is treated separately.

In summary, spasticity, as measured using the Ashworth
scale, increases in most children with CP up to 5 years of age
followed by a decrease up to the age of 15 years. This infor-
mation is important for long-term treatment planning. It also
demonstrates the importance of control groups when analyz-
ing spasticity-reducing treatments.

Supplementary data

Tables 3 and 4 are available as supplementary data in the online
version of this article, http://dx.doi.org/10.1080/17453674.2
019.1590769
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