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ABSTRACT ARTICLE HISTORY

Aim: To determine the degree of stability in the Gross Motor Received 11 December 2019
Function Classification System (GMFCS) for children with cerebral Accepted 21 September 2020
pares (CP) and to analyze factors associated with changes of the
over time, in Stockholm between the year 2000 and 2019.

Method: A register study on 768 children with at least two GMFCS
ratings, linear regression analysis was used to study factors associ-
ated to a change in GMFCS level.

Results: 72% of the children kept the same GMFCS level. A change
in GMFCS level was most common for children in GMFCS level I
(68%). The first change in GMFCS level happened most commonly
between the ages 2 and 4. Initial GMFCS level (Beta 0.127; p < 0.001)
and one or more intensive training periods with a physiotherapist
(Beta 0.097; p=0.018) were associated with a change in
GMECS level.

Interpretation: Most children with CP remain stable in their GMFCS
level, but for those classified in level Il, a change occurs for almost
seven out of ten. Classifications made before the child turns four are
less certain than those made later. Further studies are needed to
clarify if occurrence of intensive training is the cause or result of the
change in GMFCS level.

KEYWORDS

Cerebral palsy; children;
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GMFCS; physical therapy

Cerebral palsy (CP) is the collective term for a disability caused by a brain injury occur-
ring before the age of two. In Sweden, approximately 115,000-120,000 children are born
each year, of whom about 200 are diagnosed with CP (Socialstyrelsen, 2019). There are
many different causes for CP and the degree of disability varies from those who have
almost normal function to others who have a significant disability. People with CP often
have spasticity (increased tendon reflex activity) in some muscles while other muscles
may be weakened (Himmelmann & Uvebrant, 2014; Rosenbaum et al., 2007).

The Gross Motor Function Classification System (GMFCS) is a 5-level classification
system that describes gross motor function in children and adolescents with cerebral
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palsy based on their self-initiated movements (Palisano et al., 2008). Differences between
levels are based on functional abilities, the need for supportive technology including
hand-held moving aids (crutches, sticks or rollers) or wheel-borne movement and, to a
much lesser extent, movement quality. GMFCS contains five age ranges which are prior
to the 2nd birthday, between 2nd and 4th birthdays, between 4th and 6th birthdays,
between 6th and 12th birthdays and between the 12th and 18th birthdays. The focus of
GMFSC is to determine which level best represents the child’s or youth’s current abil-
ities and limitations of gross motor function (Palisano et al., 2008). This classification
has been used previously in studies of CP when describing patterns for gross motor
development for children (Rosenbaum et al., 2002). This is an ordinal scale, where the
distance between levels should not be considered as meaning equal (Palisano
et al., 2008).

Several previous studies have established the reliability and validity of the GMFCS
(Godwin et al., 2009; Gray et al., 2010; Palisano et al., 2008). Studies found that the
intra- and inter-reliability is almost excellent with high ICC’s together with low SEM’s
across all levels (I-V) (e.g. Ko & Kim, 2013). This indicates that the system can be used
in clinical settings (Palisano et al., 1997) and in research (Wood & Rosenbaum, 2000,
Bodkin et al, 2003). Interestingly, GMFCS shows almost perfect kappa agreement
between different raters, and also excellent agreement with previous assigned GMFCS
scores using previous video tapes, indicating that conduction of longitudinal research is
possible (Mayson et al., 2013). In theory, the GMFCS is thought to be stable over time
and could therefore be used for the prognosis of the child’s functional level and the
allocation of resources on a system level over time, but studies have shown that the
GMECS is not as stable over time as initially expected. For example, Palisano et al.
(2006) examined the stability of GMFCS level over time for 610 children in Canada and
found that 73% of the children remained in the same GMFCS level through the whole
follow-up period. In the southern region of Sweden (Skdne and Blekinge) Alriksson-
Schmidt et. al (2017) examined the stability of GMFCS level for 736 children and
showed that 56% of the children were considered to maintain the same GMFCS level in
all their follow-ups during childhood. The other 44% changed GMFCS level at least
once, with a range of between one and eight changes. 74% of the participants received
the same GMEFCS level at their first and their last registered follow-up which means
that 133 of the 324 children who changed GMFCS levels at some time had shifted back
to their original level at the end of the study. This discrepancy in the results of studies
highlights the need for further studies into the stability of GMFCS levels over time and
to explore the factors which are associated with changes in GMFCS. For this purpose, it
is important to study these factors continuously during the child’s development.

Palisano et al. (2006) showed that children at initial GMFCS level I and V had the
least probability of changing in their GMFCS levels. They also saw a tendency that
among the children who had a change in level before the age of 6, these often changed
to a higher level, i.e. a lower level of function. Wood and Rosenbaum (2000) found that
children generally stayed at the same GMEFCS level from 1-2years up to 6-12years of
age. Rutz et al. (2012) found it stabile after single-event multilevel surgery and showed
that although gait function partly was improved GMFCS remained stable for 95% of the
children. These discrepancies regarding associated factors such as initial GMFCS level
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Figure 1. Flowchart for inclusion, in numbers

and age show again that there is a need for new data. Thus, besides these personal fac-
tors it is important also to investigate the effects of other factors such as medical and
physiotherapeutic interventions on GMFCS levels. Therefore, the aim of the present
study, was to determine the stability in the GMFCS for children with cerebral palsy
(CP) in Stockholm and to analyze factors associated with change in level over time,
between the years 2000 and 2019.

Methods
Design

The study is a retrospective analysis of data in The Cerebral Palsy follow-up program
(CPUP) from the Stockholm region. The CPUP database is a Swedish national quality
register that started 1994 (CPUP, 2019a, 2019b). Assessments according to a standar-
dized template in CPUP are performed by a physiotherapist and an occupational ther-
apist who examine passive range of motion, function, current treatment, and GMFCS
once or twice a year (CPUP, 2019a). Ethical approval was obtained from the Regional
Ethical Review Board in Lund, Sweden (LU-443-99).

Participants

875 children were identified in the database for Stockholm County from January
2000-February 2019. Inclusion criteria were the diagnosis of CP and at least two
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Table 1. Children’s year of birth.

Year of Birth n %
2000 43 5.6
2001 45 59
2002 43 5.6
2003 57 7.7
2004 47 6.1
2005 43 5.6
2006 51 6.6
2007 62 8.1
2008 57 7.7
2009 65 8.5
2010 44 5.7
2011 55 7.2
2012 46 6
2013 41 53
2014 39 5.1
2015 19 25
2016 9 1.2
2017 2 0.02

GMEFCS ratings in the CPUP database. The final sample for analysis included 768 chil-
dren. The average child’s data time frame in the CPUP was 6 years with a range of 1 to
12 years (See flow-chart in Figure 1). The children included in this study were born
between the years 2000 and 2017, with the majority being born between 2003 and 2012
(Table 1). The number of assessments per child ranged between 2-15 ratings, with the
largest group of children having 7 assessments (12.5%), followed by the group of chil-
dren with 9 assessments (11.5%), (Table 2). The number of assessments per child was
not associated to GMFCS level but dependent on the age of the child, since the assess-
ments were performed on about a yearly basis, i.e. the older the child, the higher the
number of assessments.

Assessors

In the total database (875 children), 196 registered physiotherapists performed 5932
classifications. The vast majority (84%) of these classifications were performed by one
assessor, the remaining 16% were performed by two assessors. The mean of number of
classifications per assessor was 30 assessments (median 25; range 1-196). This shows
that many of the assessors were clinically active over a long period of time. Only 25
assessors had performed less than 2 assessments.

Data Analysis

In the first step, we calculated the proportion of children with a change in GMFCS level
for the total group, for each GMFCS level separately and for the different ages. The dif-
ference in GMFCS level was counted as the number of levels the child shifted up or
down, by taking the level from the last assessment minus the level of the first assess-
ment that was available in the database. Moreover, we calculated the mean GMFCS-SD
(and standard deviation (SD)) for each GMFCS level and since GMFCS-SD was not
normally distributed, both the median (25-75 percentile) and the mean (SD).
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Table 2. Number of GMFCS ratings per child.

Number of GMFCS ratings n %

2 69 9

3 77 10

4 76 9.9
5 78 10.2
6 66 8.6
7 96 125
8 67 8.7
9 88 11.5
10 60 7.8
1 41 53
12 22 29
13 17 22
14 9 1.2
15 2 0.3

In the second step we analyzed the factors associated with change of GMFCS level.
The following factors were tested: 1) Personal factors: Date of birth (month/year) and
date of assessment (month/year) for calculating the child’s age at first and last assess-
ment, the assessor, and initial GMFCS level. 2) Ongoing or newly instituted medical
interventions since the previous assessment: Surgery that affect tonus (spasticity - for
example scoliosis operation, shunt operation or PEG), botoulinumtoxin injections, spas-
ticity reducing medicine, selective dorsal rhizotomy (SDR)-operation, serial casting, frac-
tures, use of orthosis) (yes/no), and physiotherapy interventions since the previous
assessment: 3) Intensive training periods) (yes/no) (CPUP, 2019a). Intensive training
periods was defined as a higher frequency than usual for a limited time period, e.g.
individual strength training, aqua- or hippo therapy.

Finally, according to the methods described by Palisano et al. (2006), linear regression
analyses were performed to investigate if these factors were associated with a change in
the GMFCS level (GMFCS-SD). The dependent variable was the standard deviation
(SD) for each child which is a measure of stability, where a low SD indicates high sta-
bility (Palisano et al., 2006). In the univariate analysis, the variables that tended to be
associated with GMFCS-SD (p-value < 0.157), were included in an initial multivariate
model if not correlated with each other (Heinze & Dunkler, 2017). If two variables had
a correlation value of > 0.6 (Walker & Almond, 2010), the variable with the higher
explanatory value (R®) was chosen. Significant variables from the initial model were
analyzed again in a final regression model (Hosmer et al.,, 2013). Here, the significance
level was set at a p-value < 0.05.

Results
Stability of GMFCS

The distribution between the GMFCS levels at the first follow-up was 49.5% in level I,
12.2% level II, 8.5% level III, 13.2% level IV and 16.7% in level V (Table 3). The total
number of GMFCS ratings in the study was 5,152 with the average of 6.7 ratings per
child. Of the 768 children, 551 (71.7%) remained at the same GMFCS level throughout
the follow-up period (Table 1). Initial GMFCS level II was the most common level in
which a change occurred during the follow-up period (68%), and the second most
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Table 3. Absolute number and percentage of children without change of GMFCS level and those
with change, divided by level at first assessment, number (n) and percentage (% and median, mean
and SD of the standard deviation of change of GMFCS level expressed against initial GMFCS level.

Change of GMFCS level Standard deviation for change of GMFCS level
Median Mean
Total No n (%) Yes n (%) (25-75 percentile) GMFCS-SD SD GMFCS-SD
GMFCS level | 380 336 (88%) 44 (12%) 0 0.06 0.17
first follow- up (0.00-0.00)
I 94 30 (32%) 64 (68%) 0.41 0.32 0.24
(0.00-0.52)
n 65 32 (49%) 33 (51%) 0.29 0.25 0.26
(0.00-0.48)
I\ 101 47 (47%) 54 (54%) 0.32 0.27 0.30
(0.00-0.49)
v 128 106 (83%) 22 (17%) 0 0.10 0.24
(0.00-0.00)
Total 768 551 (72%) 217 (28%) 0 0.14 0.24
(0.00-0.33)

Table 4. Cross-tabulation of GMFCS level at first and last assessment, in absolute numbers. Numbers
in bold indicate the total amount of children with similar GMFCS level at first and last assessment.

GMFCS level at last assessment

| ] 1l I\ \" Total
GMFCS level at first assessment | 360 19 1 0 0 380
] 39 39 14 2 0 94
1} 2 6 43 14 0 65
\% 2 1 9 60 29 101
Vv 0 2 2 10 114 128
Total 403 67 69 86 143 768

common was level IV. A total of 616 children (80%) were rated at the same level in the
first and last assessments (Table 4). There could have been a change in GMFCS level
during the follow-up period, but these were rated at the same level in the first and most
recent registered CPUP assessments. It was most common that a change in GMFCS
level occurred between 2-4years of age. 12.9% of all changes during the follow-up
period occurred at two years of age, 19.4% at three years of age and 15.7% at four years
of age. 50% of all changes occurred before the age of 5. Only 12 children (1.6%)
changed more than 1 level (Table 4).

Factors Associated with Change in GMFCS Level

In the univariate analysis there were seven variables associated with a change in GMFCS
level (p-value <0.157) (Table 5). Based on the seven initial significant variables, a first model
for multiple regression analysis was built, including five variables (Table 6). The use of orth-
osis and physiotherapeutic interventions variables was excluded because these were signifi-
cantly correlated with the number of GMFCS ratings (r=0.78 and 0.84, respectively).
Physiotherapeutic interventions also correlated significantly with intensive training period
(r=0.60). In the final model (Table 6), three variables were included but only two remained
positively associated with a change in GMFCS level. Those were: 1) the initial GMFCS level
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Table 5. Linear regression. Univariate analysis for the association with GMFCS-SD (dependent vari-
able) and personal and treatment-related factors. Number of children in the analysis (n), median,
minimum and maximum (min - max), for those who had changed and those who did not change
GMFCS level during the follow-up period). The standardized regression coefficient (beta), 95% confi-
dence interval (95%Cl) for beta and p-value.

Standardized 95%Cl 95%Cl

Median Beta Lower Upper
GMFCS level n (Min- max) coefficienta) bound bound p-value
Personal factors
Follow-up time Change 217 7 (1-12) 0.038 —0.002 0.008 0.288
Stabile 551 6 (1-13)
Number of Change 217 8 (2-15) 0.157 0.007 0.018 0.000
GMFCS ratings Stabile 551 6 (2-13)
GMFCS level at Change 217 3 (1-5) 0.162 0.014 0.036 0.000
first Stabile 551 1 (1-5)
assessment
Age at Change 217 5(1-18) —0.053 —0.009 0.004 0.441
first change
Number of Change 217 3 (1-10) 0.083 0.001 0.017 0.021
assessors Stabile 551 3(1-11)
(number of
registered
names)
Medical interventions since the previous assessment
Surgery since Change 217 0 (0-5) 0.023 —0.012 0.024 0.531
last Stabile 549 0 (0-6)
assessment
Botulinumtoxin- Change 217 0 (0-13) 0.088 0.002 0.016 0.014
injections Stabile 551 0 (0-13)
Spasticity Change 217 0 (0-10) —0.012 —0.011 0.007 0.733
reducing Stabile 548 0 (0-14)
medicine
SDR surgery Change 201 0 (0-3) 0.013 —0.064 0.089 0.744
Stabile 473 0 (0-2)
Serial casting Change 214 0 (0-3) 0.059 —0.010 0.090 0.113
Stabile 521 0 (0-4)
Fracture since Change 217 0 (0-5) 0.027 —0.026 0.058 0.449
last Stabile 550 0 (0-4)
assessment
Use of orthosis Change 217 7(0-17) 0.157 0.005 0.014 0.000
Stabile 551 4 (0-17)
Physical therapy interventions
Physiotherapy Change 217 8 (0-18) 0.183 0.007 0.015 0.000
interventions Stabile 551 4 (0-17)
other
than CPUP
Intensive Change 217 2 (0-10) 0.155 0.009 0.025 0.000
training Stabile 549 1(0-13)
period

aDependent variable: GMFCS-SD.

that a child was classified in (Beta 0.127; p < 0.001) and 2) one or more intensive training
periods with a physiotherapist (Beta 0.097; p = 0.018). The R* reached 0.048 and 0.047 for
the initial and final models, respectively.

Discussion

The purpose of this study was to determine the stability in the GMFCS for children
with cerebral palsy in Stockholm and to analyze factors associated with changes in level
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Table 6. Multiple regression analysis for the relationship between significant personal and treat-
ment-related variables from the initial model and GMFCS-SD (dependent variable). The regression
coefficient (beta), 95% confidence interval for beta and p-value in initial and final model.

Initial model Final model
Standardized ~ 95%Cl  95%Cl Standardized  95%ClI  95%Cl
Beta Lower  Upper Beta Lower  Upper
coefficient® bound bound p-value coefficient®  bound bound  p-value
Number of GMFCS 0.094 0.000 0.015 0.047 0.074 —0.001 0.012 0.076
ratings
GMFCS level at 0.133 0.009 0.032 0.000 0.127 0.009 0.031 0.001
first assessment
Number of assessors —0.034 —0.013  0.006 0.432
Botulinumtoxin-injections —0.014 —0.009  0.007 0.739
Intensive training period 0.104 0.002  0.021 0.016 0.097 0.002  0.020 0.018

aDependent variable: GMFCS-SD.

of gross motor function over time between the years 2000 and 2019. In our study, 72%
of the children were classified at the same GMFCS level throughout the follow-up time,
indicating that the GMFCS is useful in clinical work and this finding was similar to the
study of Palisano et al. (2006). However, Alriksson-Schmidt et al. (2017) found a lower
proportion with stable GMFCS level (56%) than in our study. This is interesting, since
it was a study from the same database but from another area in Sweden. The median
value for the number of changes was 2 in the study of Alriksson-Schmidt et al. (2017)
(minimum 1, maximum 8) compared to the median value of 1 change per child (min-
imum 1, maximum 7) in our study. The reason for these differences remains unknown,
but besides regional differences, one reason could be that, in their study, the birth
cohort ranged from 1990 until 2007, while our study is based on more recent data
(Alriksson-Schmidt et al., 2017). In their cohort, only 40% (317/791) were at level I ini-
tially compared 49% in our study (380/768) and, as our regression analyses showed,
children in level I were less likely to change GMFCS level compared to other levels. The
difference in initial level could be due to the increased use of successful health care
practices and new treatments, such as cooling therapy (Westbom & Hagglund, 2018).

Our findings indicate that it was most common that a change occurred for children
initially classified as GMFCS level II, and the first change in GMFCS level most often
occurred between the ages of 2-4, which also was found previously (Palisano et al,
2006). The need for reclassification has also been seen in a previous study (Gorter et al.,
2009). These results are not surprising, since a child’s development is large during these
years and confirmation of the diagnosis can be difficult before the age of 5 (Cans et al,,
2007). Palisano et al. (2006) discuss that it is more likely that children’s changes in gross
motor function are reflected within the classification levels in GMFCS rather than
between levels, and therefore GMFCS can be considered stable and useful in standar-
dized clinical follow-ups.

Another important factor was that one or more intensive training periods with a
physiotherapist was positively correlated with changes in GMFCS level. However, the
results from the logistic regression analyses should not be interpreted as that there exists
a causal relationship between intensive training periods and a change in GMFCS level.
The low R* values indicate that there several other factors excist, factors that were not
included in the CPUP that are associated with a change in GMFCS. The GMFCS-SD
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indicates a change in GMFCS, but one cannot draw any conclusions on the direction of
the change, if there was an improvement or a deterioration. The change in GMFCS
could have been the reason for or the result of an intensive training period. It remains
unclear whether it possible to improve function sufficiently with physical training to get
an improvement in level. Further studies are needed in this area.

Another important aspect that could be related to a change in GMFCS level is a con-
current diagnosis. If successful treatment for such additional medical condition is pro-
vided, the child’s functional level could be increased, whereas a progressive comorbidity
could lead to a deterioration in function. The presence of concurrent diagnosis is cur-
rently not provided in the register and therefore it was not possible to include this in
the analyses (CPUP, 2019a, 2019D).

Our findings support the use of continued ratings with GMFCS. When talking to
parents, for example, users should keep in mind that stability does vary depending on
the above-mentioned factors and that this information should be communicated.

Methodological Considerations

This large database covers a 17-year period, which could be seen as a major strength.
The study sample consists of children in a wide range of age living in the area of
Stockholm, Sweden, and could be considered representative for children with CP diag-
nosis. However, because of the long time-period, many children will not have had the
same assessor the whole time, which could have influenced the results. On the other
hand, our data showed that a change in the therapist who performed the assessment
had no correlation with change in GMFCS level in this study (Table 6; p=0.432), nor
did it in others (Alriksson-Schmidt et al., 2017; Palisano et al., 2018; Wood &
Rosenbaum, 2000) and in 2013, Mayson et al found the inter- and intra-reliability of
the GMFCS to be sufficient for longitudinal analyses (Mayson et al., 2013).

The present study used GMFCS-SD to measure changes of the child’s classification
of function over time. The GMFCS is an ordinal scale and, theoretically, the different
levels cover different ranges of motor function. Only children with a change of
GMECS level get a value for SD. Thus, the mean value indicates a measure of change
for each GMECS level independent on the direction of change. In this study a change
from level II to level I was most common, that is a difference of walking with or with-
out limitations. Maybe that change is most common because it is hard to predict at
an early age what the limitations of walking will be later in life. Children with cerebral
palsy have a slower motor development than other children, so learning to walk with-
out a walker may take longer or not seem to be possible at first. The other levels,
especially I and V might be easier to differentiate from the start. The use of the stand-
ard deviation of the GMFCS (GMFCS-SD) as a measure of change can be seen as a
methodological drawback, since the data are not ratio data and was not normally dis-
tributed (75% of the children showed a stable GMFCS). On the other hand, Palisano
et al. (2006) used also the SD methodology as an indicator of stability and we have
replicated this methodology to enhance the comparability of the studies. Moreover, it
could be the case that an improvement in function could in one level lead to a change
in level, while a similar improvement in function does not lead to a change in another
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level. This could make it difficult to compare the results of the GMFCS-SD in com-
paring different GMFCS-levels. On the other hand, the classes of GMFCS-SD are
widely different from each other, and every change in level stands for an important
change in clinical functioning. Moreover, the use of the standard deviation of the
GMFCS (GMFCS-SD) as a measure of change can be seen as a methodological draw-
back, since the data are not ratio data and was not normally distributed (75% of the
children showed a stable GMFCS). On the other hand, Palisano et al. (2006) also used
the SD methodology as an indicator of stability and we have replicated this method-
ology to enhance the comparability of the studies.

Linear regression was chosen to investigate which factors are related to change in the
GMEFCS level. This may have made it difficult to detect non-linear relationships, but when
looking visually at the data, no non-linear relationships were evident. An alternative method
of analysis could have been the use of logistic regression analysis, as in Alriksson-Schmidt
el al. (2017), when they studied the children from another area of Sweden. The large popu-
lation in the present study with a mean number of data points of 6.7 for each child made
it too time-consuming to study each child’s change individually. On the other hand, data
analyzed on a dichotomous level is less informative, diluting the results, than data analyzed
on a continuous scale. Some variables were correlated with each other (Pearson r > 0.6)
and were therefore not included in the subsequent analysis. Analysis with non-parametric
statistics (Spearman) showed the same strong correlations as Pearson.

Conclusions

The result of this registry study of 768 children with cerebral palsy living in Stockholm
County, from January 2000-February 2019 classified an average of 6.7 times, showed that
for almost seven out of ten children the GMFCS level remains stable during childhood,
which supports the use of GMFCS for different purposes, e.g. predicting future functioning
and health care planning. Children in GMFCS levels II, III, IV are most likely to be re-clas-
sified, and for children initially classified in level II, there is almost a 70% probability of a
change occurring. Users should also keep in mind that early ratings are less certain than
those made after the age of four. Intensive training periods are associated with change in
the GMFCS level. However, it is not clear whether the training is the cause of the change
or a consequence of it, further studies are warranted to investigate this.
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