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Objective: This study aimed to describe the long-
term changes in walking function, fatigue, and pain
in adults with cerebral palsy.

Design: A 16-year follow-up study with paired
comparisons.

Subjects: Adults with spastic cerebral palsy (n=29)
from a baseline study in 2008.

Methods: The mean age at follow-up was 50
(standard deviation 10) years.

Primary outcomes: Gait Deviation Index, 6 Minute
Walk Test, Timed-Up-and-Go test, walking speed,
Fatigue Severity Scale, and bodily pain (visual analo-
gue scale, 0-100). Paired samples t-test (Wilcoxon
signed rank test for non-parametric data) was used
to assess differences between baseline and follow-
up. Between-group differences were analysed using
an independent samples t-test (Mann-Whitney U
test for non-parametric data).

Results: Mean gait pattern deviations significantly
(p-value=<0.001) increased at follow-up com-
pared with baseline for the full cohort. Walking
speed decreased for the full cohort (-0.08 m/sec,
p-value=0.022), due to the bilateral group (-0.13
m/sec, p-value=0.006). Walking capacity was
maintained for the full cohort but decreased (mean
diff: —-84m, p-value =0.035) for the bilateral group.
Fatigue remained stable (p-value=0.888). Pain
decreased (p-value=0.025) for the whole group,
primarily due to the unilateral group (mean diff: 14
points on visual analogue scale, p-value=0.031).
Conclusions: Gait pattern deviations increased for
adults with cerebral palsy during this 16-year fol-
low-up. Walking speed and capacity decreased for
the bilateral group but were maintained for the uni-
lateral group. Fatigue symptoms were high at base-
line but did not change across this follow-up. Pain
decreased, similar to the general population.
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/LAY ABSTRACT )

This study investigated how walking, fatigue, and
pain changed over 16 years in middle-aged adults
with cerebral palsy. It involved 29 adults with spastic
cerebral palsy who were first studied in 2008. By the
time of follow-up, their average age was 50. The stu-
dy measured walking patterns, speed, walking capa-
city, fatigue, and pain. Results showed that, overall,
walking patterns got worse and walking speed slowed
down, especially for those with bilateral cerebral palsy.
While overall walking capacity remained the same, it
dropped for those with bilateral cerebral palsy. Fatigue
levels did not change over time. However, pain levels
decreased, mainly for those with unilateral cerebral
palsy, which aligns with trends seen in the general
population. In conclusion, adults with cerebral palsy
experience worsening walking difficulties as they age,
bilateral more than unilateral. Although they have high
fatigue levels, those levels stay stable, and they expe-

\rience reduced pain over time. )

Cerebral palsy (CP) is a complex condition ari-
sing from damage to the developing brain (1).
It has traditionally been characterized as a childhood
condition (2). Even though the brain damage causing
the condition is stable, physical function is reported
to decline during adulthood (3). In the last decades,
there has been an increasing focus on adults with CP
(4), which is now considered a lifespan disability (2).

Walking function normally deteriorates with age;
however, this decline typically begins in late adulthood
in healthy older adults (5). In contrast, adults with CP
experience a different trajectory concerning walking
function. Research shows that self-assessed walking
function in individuals with CP declines significantly
earlier, often as early as their mid-30s (6, 7). This pre-
mature decline can further affect the quality of life and
independence (8). Additionally, increased pain (9) and
fatigue (10) are commonly reported alongside declined
self-perceived walking function (6). Interestingly,
studies using objective measures of walking function,
such as 3-dimensional gait analysis (3DGA), indicate
no significant deterioration of gait patterns from adol-
escence to early adulthood (mean age at follow-up: 29
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and 19, respectively) in individuals with CP (11, 12).
Furthermore, MacCarthy et al. (13) found no associa-
tion between gait pattern deviations (from 3DGA) and
fatigue in a similarly aged cohort (median age 23).

Despite these insights, significant gaps remain in
the literature concerning the longitudinal follow-up
of middle-aged adults with CP. Most existing studies
concentrate on childhood or early adulthood (14). Even
though life expectancy is reported to be decreased
compared with the general population, a large pro-
portion of those with milder symptoms live well into
older adulthood (15, 16). This leaves a critical period
under-researched. Specifically, there is a lack of studies
that utilize objective measures, such as 3DGA, to track
changes in walking function alongside assessments of
fatigue and pain over time in this population (4, 14).
Addressing this knowledge gap is crucial for develo-
ping targeted interventions to maintain walking fun-
ction, manage fatigue and pain, and thereby enhance
the quality of life for middle-aged adults with CP.

Consequently, this study’s primary objective was
to evaluate the long-term development of objective
walking function measures. The secondary objective
was to examine the development of fatigue and pain.
The tertiary objective was to analyse possible dif-
ferences in these measures between spastic unilateral
cerebral palsy (SUCP) and spastic bilateral cerebral
palsy (SBCP) subgroups.

METHODS
Study design

Baseline data were collected during a randomized
controlled trial investigating the effect of Botulinum
Toxin-A in ambulant adults with spastic CP on walking
function and quality of life in 2008—-2009 (17). The pre-
sent study is a follow-up study with paired comparisons
of the same participants at both measurement points.
The follow-up data were collected in 2023-2024 with
a mean of 16 years between measurement points.

Ethical approval

The study was approved by the Regional Committee
for Medical and Health Research Ethics (REK-number
530205) and data handling approval was obtained by
the Norwegian Agency for Shared Services in Educa-
tion and Research (SIKT-number 655023) before data
collection.

Participants

Inclusion criteria were participation in the baseline
study of Manum et al. (17), spastic cerebral palsy,
ability to walk 10 m with or without walking aids,

p. 20of 9

and capacity to travel to a specialized hospital for data
collection. The age limit was 65 at follow-up, due to
expected change in gait parameters at ages over 65
in healthy older adults (18). Exclusion criteria were
any ongoing health issues possibly affecting walking
function reported by the participants and intellectual
disabilities affecting the ability to supply informed
consent. Treatment with Botulinumtoxin-A the last
three months or surgery in lower limbs the last 1.5 years
would exclude participation. Eligible participants pro-

Table I. Demographics and descriptive characteristics
Baseline (2008) Follow-up (2024)

Demographics

Sex, n
Men 14 14
Women 15 15
Age in years, mean (SD) 34 (10) 50 (10)
Type of cerebral palsy
Unilateral 17 17
Bilateral 12 12
GMFCS level
I 7 11
I 19 15
II1 3 3
BMI, median (full range) 23 (19-39) 24 (19-45)
Marital status, n
Single/Living alone 16 14
Married/cohabitant 12 13
Divorced/separated 1 1
Widow 1
Education, n
First level (9 years) 3 2
Second level (12 years) 14 10
Third level (>12 years) 12 17
Work/source of income, n
Paid work (>20%) 12 14
Student 6 1
Disablement benefit/unemployed 11 12
Retired 0 2
Physiotherapy, n
Never/seldom 11 20
Every month 2 1
Every week 6
Several times a week 1 1
Exercise habits, n
Never/seldom 7 7
Every month 2 1
Every week 6 6
Several times a week 14 15
Comorbidities, n
Epilepsy 3
Allergy 3 4
Anxiety/depression 0
Hypertension 1 3
Hypothyroidism 2 1
Other 10 8
No comorbidities 16 13
Walking aids, n
Orthopaedic shoes 7 5
Orthosis 3 13
Crutches 1 3
Walking frame 0 1
Manual wheelchair 3 2
Electric wheelchair 2 3
Orthopaedic surgery lower limb, n Since 2008
Gastrocnemius/Soleus lengthening 17 4
Hamstrings lengthening 2 0
Iliopsoas lengthening 3 0
Ankle/foot 2 2
Other 4 0

Standard deviation: SD, n: number.
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vided written, informed consent and were invited for
data collection at a specialized rehabilitation hospital.

Data collection

Demographic information. Gross Motor Function
Classification System (GMFCS) (19) level (self-repor-
ted, checked with other information on motor function
from participants), relevant comorbidities, orthopedic
surgery since baseline, physiotherapy service usage,
exercise frequency and walking aids usage were col-
lected (Table ).

Height (cm) and bodyweight (kg) were measured

upon arrival at the specialized hospital. Body mass in-
dex (BMI) was calculated with the following formula:
weight(kg)/height(m?) (see Table I).
Walking function. The 6-Minute Walk Test (6MWT)
measures the longest distance a person can walk in 6
min (20, 21). The participants walked back and forth
along a 30-m corridor, turning around a cone at each
end, wearing their usual shoes and using walking aids
if necessary. The same test corridor was used at both
baseline and follow-up. The 6MWT measures walking
capacity and is a valid measure for persons with neu-
rological diagnoses (21).

The Gait Deviation Index (GDI) (22) evaluates a
person’s overall gait pattern deviations during walking,
relative to a control group without gait impairments,
using 3D gait analysis kinematics. The GDI is a valid
and reliable measure of overall gait pattern deviations
and treatment outcome assessment in adults and child-
ren (22-25).

The same motion analysis laboratory was used,
with 6 Vicon Systems MX13 infrared cameras at ba-
seline and 8 infrared Vantage cameras (Vicon Motion
Systems, Oxford, UK) at follow-up. Ground reaction
forces were measured synchronously with 2 embedded
AMTI force plates (AMTI, Watertown, NY, USA).
Retroreflective markers were placed on the pelvis
and lower limbs according to the conventional gait
model (Plug-in-gait, Vicon Motion Systems, Oxford,
UK) and 3D data were processed using Vicon Nexus
software (Vicon Motion Systems, Oxford, UK). Python
(version 2.7; https://www.python.org/) was used to
compute pelvis, hip, knee, and ankle kinematics and
calculate GDI scores. At both baseline and follow-up
participants walked barefoot at a self-selected, com-
fortable speed over a 10-m walkway until 3 trials with
a minimum of 1 complete gait cycle, including valid
kinetic data, were obtained.

Walking speed (m s!) was measured during the
3D gait analysis and calculated from the Plug-in-gait
model.

The Timed-Up-and-Go test (TUG) measures the
time a person uses to stand up from a chair, walk 3 m,
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turn around, walk back, and sit down again (26). This
is a measure of functional mobility by capturing the
complex coordination of walking, balance, and gene-
ral movements (27). The same test procedure and test
location were used at baseline and follow-up.

Fatigue. The Fatigue Severity Scale (FSS) includes
9 statements that are rated on a Likert scale, ranging
from 1 (strong disagreement) to 7 (strong agreement)
according to the experiences during the last month
(28). The Norwegian version of FSS was used (29). A
mean fatigue score was used in the analysis. The FSS
is validated for the general Norwegian population (29).

Pain. The bodily pain domain, from the RAND-36-Item
Short Form Health Survey 1.0, reflects pain intensity and
impact on daily life on a scale from 0 (worst possible
pain) to 100 (no pain) (30, 31). The Norwegian version
was used, and the Short Form Health Survey-36 (same
questions as the RAND-36) shows good measurement
properties for the general Norwegian population (32).

All questionnaires were unchanged from baseline
to follow-up.

Statistics

All statistical calculations were performed using IBM
SPSS Statistics for Windows, version 29.0.2.0 (IBM
Corp, Armonk, NY, USA). Descriptive data are presen-
ted as means and standard deviation (SD) for normally
distributed variables, and medians and full range for
ordinal or skewed variables.

The Shapiro—Wilk test was conducted to evaluate the
normal distribution of the variables. For continuous,
normally distributed data, the paired samples #-test was
used to assess differences between baseline and follow-
up. For variables violating the distribution of norma-
lity, the Wilcoxon signed rank test was conducted to
evaluate differences between baseline and follow-up.
Between-group differences were analyzed using an in-
dependent samples #-test for normally distributed data
and Mann—Whitney U test for non-parametric data.

RESULTS

Inclusion

Of the 66 participants in the original study (17), 1 was
deceased at follow-up, and 11 were excluded due to
age (>65). Of the 54 deemed eligible for inclusion
(see Fig. 1 for flowchart of the inclusion process),
29 participants were recruited (see Table I for de-
mographics and descriptive characteristics), with a
response rate of 54%.

At follow-up, the self-reported GMFCS levels of 23
participants remained unchanged from baseline. One
participant improved from level III to II, while another
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https://www.python.org/
https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

S. L. Klund-Hansen et al. “"Follow-up of walking function, fatigue, and pain in adults with CP”

Baseline study (n = 66)
(Maanum et al., 2011)
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| Diceased (n=1)

Not invited due to age > 65y (n=11) |

SMS-invitation
Follow-up study (n = 54)

[ No answer (n= 12) |

[ Not willing to participate (n=7) |

Excluded responders:
1. Living too far from the hospital (n = 3)
2. Living abroad (n=1)
3. Different diagnosis than CP (n=1)
4. In treatment for other condition (n= 1)

Participants in the follow-up study (n = 29)

! !

| Unilateral CP (n = 17) | | Bilateral CP (n=12) |

participant declined from II to III. Four participants
progressed from GMFCS level 11 at baseline to level
I at follow-up.

Demographics and descriptive characteristics

Walking function. Gait pattern deviations increased
significantly during the 16-year follow-up period (mean
difference —5.6 points on GDI, 95% CI [2.5-8.8],
p=<0.001), and walking speed decreased significantly
(mean difference: —0.08 m s, 95% CI [0.01-0.15],
p=0.022) for the whole group. Walking capacity (mean
difference on 6MWT: —37 m, 95% CI [-1.62-76],
p=0.060) was, however, maintained for the whole
group. Fig. 2 shows that the standard deviation in gait
pattern deviations remains similar from baseline to
follow-up, while the standard deviation in walking
speed and capacity increases from baseline to follow-
up. There are also 2 outliers with significantly reduced
distances for walking capacity measurements. Functio-
nal mobility (TUG test) declined significantly for the
entire group (z-score=3.99, p=<0.001) (Table II). For
TUG times, the interquartile range (IQR) is larger at
follow-up than at baseline, with prominent individual
differences (Fig. 3).

Between-group differences showed that those with
SBCP had more gait pattern deviations (mean dif-
ference: 9.43, 95% CI [3.4-15.4], p-value: 0.003),
lower walking speed (mean difference: 0.15ms™, 95%
CI [0.05-0.24], p-value: 0.003), and lower walking
capacity (mean difference: 57.2 m, 95% CI[0.1-114.2],
p-value: 0.049) than the SUCP group at baseline.

Within-group analysis of SBCP from baseline to
follow-up showed increased gait pattern deviations

Fig. 1. Flowchart of the inclusion process. CP: cerebral palsy.

(mean difference=-7.1 points on GDI, 95% CI
[1.3-13.0], p=0.021), reduced walking speed
(mean difference: —0.13, 95% CI [0.05-0.21],
p=0.006) and capacity (mean difference=— 84 m, 95%
CI [7.4-161.5], p=0.035), and decreased functional
mobility (z-score=2.28 on TUG, p-value=0.023) (see
Table II and Fig. 2). For the SUCP group, gait pattern
deviations increased (mean difference=—4.5 points
on GDI, 95% CI [0.7-8.4], p=0.024), and functional
mobility was reduced (z-score=3.39, p=<0.001)
from baseline to follow-up. However, walking speed
(mean difference=—0.05m s, 95% CI [-0.06-0.14],
»=0.369) and capacity (mean difference: -4 m, 95%
CI [-33.6-41.6], p=0.824) were maintained in this
subgroup (see Table Il and Fig. 2). Individual and group
changes are presented in Figs 2 and 3.

Fatigue and pain. Fatigue scores for the whole group
were unchanged from baseline to follow-up (z-score:
—0.88, p-value: 0.381). There were no differences
within subgroups (SBCP: z-scores: —0.47, p-value:
0.638 or SUCP: z-scores: —0.43, p-value: 0.670).
However, the IQR is narrower at follow-up compared
with baseline, and there are significant individual dif-
ferences (see Fig. 3).

Reported pain decreased for the whole group
(mean difference RAND-36 pain domain: 9.3, 95%
CI [1.2-17.3], p=0.025). For the SUCP group, pain
decreased from baseline to follow-up (mean difference:
13.4,95% CI [1.4-25.4], p=0.031), while there were
no changes in pain scores in the SBCP group (mean dif-
ference: 3.5, 95% CI [7.2-14.1], p=0.491) (see Table
II). Again, there are significant individual differences
in these groups, which are presented in Fig. 2.
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Fig. 2. Spaghetti plot with individual lines for each participant and indication of SUCP (spastic unilateral cerebral palsy) and SBCP (spastic bilateral
cerebral palsy) by colour, for GDI (Gait Deviation Index), 6MWT (6 Minute Walk Test), walking speed and pain (Pain Domain, RAND-36). Grey
points with bars represent the group mean with 1 SD. Significance level of paired samples t-test: ns=not significant, * = significance level <0.05,

** = significance level <0.01.

DISCUSSION

Development of walking function

The overall findings of this study revealed that adults
with CP showed increased gait pattern deviations,
with a further reduction in gait speed over 16 years
into middle age. Walking capacity, however, remained
unchanged. Interestingly, sub-group analysis revealed
that the decrease in walking speed and walking capa-
city was only seen in the bilateral group, not in the
unilateral group. Fatigue levels remained consistent
over the 16 years for the whole group, while pain levels
decreased for the unilateral group.

Our sample showed a greater change in gait pattern
deviations (—5.6 points on the GDI) compared with
previous reports in younger adults with CP (11-13).
However, self-perceived walking function tends to
decline in the mid-30s (6), suggesting that participants

in earlier studies may not have experienced this de-
cline yet. Our findings thereby support the results of
Opheim et al. (6), indicating that changes in walking
function occur in mid-life. Despite increasing gait
pattern deviations and reduced walking speed over 16
years, the whole group did not decrease significantly
(-37m, p=0.060) in walking capacity (see Table II
and Fig. 2).

It is relevant to note that the change in walking
speed for the whole group (-0.08 m s™) is not above
the clinically relevant threshold of 0.1 m s™! for indi-
viduals with pathologies (33). Further, gait pattern
deviations increased for the whole group, exceeding
5 points on the GDI, which is considered clinically
relevant for children with CP (22). However, no studies
have determined the minimal clinically important dif-
ference or minimal detectable change for GDI in adults
with CP. Research shows that the minimal detectable

J Rehabil Med 57, 2025
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Table II. Walking function, fatigue, and pain in participants with
spastic cerebral palsy at baseline (2008) and at follow-up (2024)

Item Baseline Follow-up p-value
GDI (0-100), mean (SD)

All 77.6 (8.9) 72.0 (10.4) <0.001*
Bilateral 72.2 (7.0) 65.1 (8.9) 0.021*
Unilateral 81.6 (8.1)° 77.1 (8.2) 0.024*
Walking speed, (m s'), mean (SD)

All 1.18 (0.14) 1.10 (0.23) 0.022%
Bilateral 1.10 (0.11) 0.96 (0.20) 0.006%*
Unilateral 1.25(0.13) 1.20 (0.20) 0.369
6MWT (m), mean (SD)

All 536 (78) 499 (153) 0.060
Bilateral 502 (71) 418 (168) 0.035%*
Unilateral 560 (76) 556 (113) 0.824
TUG (s), median (IQR)

All 6.1 (5.7-7.1) 7.8 (6.4-9.0) <0.001%
Bilateral 6.5 (5.9-8.8) 8.9 (7.8-14.2) 0.023%*
Unilateral 5.9 (5.1-6.9) 6.7 (6.0-8.6) <0.001%*
FSS (score 1-7), median (IQR)

All 4.7 (3.2-5.5) 4.8 (4.2-5.4) 0.888
Bilateral 4.9 (3.2-5.8) 5.0 (4.3-5.2) 0.638
Unilateral 4.7 (3.0-5.1) 4.7 (3.1-5.7) 0.670
Bodily pain (0-100), mean (SD)

All 58 (24) 68 (22) 0.025%*
Bilateral 57 (22) 60 (24) 0.491
Unilateral 59 (26) 73 (20) 0.031%*

*p<0.05. °The unilateral group had 1 missing. Test statistics for parametric
data: mean, standard deviation (SD), and p-value from paired samples t-test.
For non-parametric data: median value, interquartile range (IQR), and p-value
from Wilcoxon signed rank test. GDI: Gait Deviation Index; 6MWT: Six Minute
Walk Test; TUG: Timed-Up-and-Go test; FSS: Fatigue Severity Scale. bold
letters and *p<0.05.

change is about 10 points for children with CP (24)
and adults with stroke (34), raising questions regarding
the validity of observed changes. This highlights the
need for reliability studies to establish these metrics
for adults with CP.

Further, the SBCP group increased their gait pattern
deviations (-7.1, p-value: 0.021) more than the SUCP
group (—4.5, p=0.024). This has previously been as-
sociated with increased flexion pattern and a shift in

Group
SBCP
L SUCP

TUG time (5]

Baseline Fallow-ip
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propulsion strategy from the ankle to the hip (35) in the
bilateral group. Such a strategy may be more energy-
demanding and add physical strain (5). Further, the
SBCP group showed significantly decreased walking
speed (—0.13 m s™'), which is considered clinically rele-
vant (33), whereas the SUCP group maintained theirs.
Lower walking speed is associated with increased
ankle muscle stiffness (36, 37) and reduced force
development in plantar flexors (37), which further
correlates with self-reported physical function (38).
Furthermore, the mean walking speed of the SBCP
group was below 1.0 m s at follow-up, indicating
lower physical function and higher risk of functional
limitations and need for care (39).

There were significant differences in 6MWT
distance between CP subtypes at baseline (mean
difference: 57m, p=0.049) and follow-up (mean dif-
ference: 137m, p=0.014). The SBCP group exhibited
a significant reduction in 6MWT distance, with a mean
difference of —84 m, where a change of 30—40 m is
considered clinically relevant (40, 41), whereas the
SUCP group did not deteriorate. Popliteal angle, pain,
functional mobility (42), and plantar flexor strength
(43) contribute to 6MWT performance in adults with
CP. It is plausible that the decreasing walking function
is associated with the above-mentioned functional
limitations.

For most participants, GMFCS level remained sta-
ble, with improvements (#=35) more often than dete-
riorations (n=1). This contrasts with previous studies
that typically report declines in self-perceived walking
function in adults with CP (6, 44). However, Opheim
et al. (6) also observed improvements in some parti-
cipants, attributed to better muscle strength, balance,

7 Group
R SBCP
SUCk

")

T
Baseline Follow-up

Fig. 3. Boxplot, with median (IQR) changes in full cohort, with individual lines for each participant and indication of SUCP (spastic unilateral cerebral
palsy) and SBCP (spastic bilateral cerebral palsy) by colour, for TUG (Timed-Up-and-Go test) and FSS (Fatigue Severity Scale). The box represents
the interquartile range (IQR), with the horizontal line reflecting the median value. The whiskers are minimum to maximum values 1.,5 times IQR.
Data points outside the whiskers are outliers. Significance level of the Wilcoxon signed-rank test: ns =not significant and **** =significance level

< 0.0001.
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and fitness. This is supported by 21 of 29 participants
who reported exercising at least once a week, with 15
exercising several times a week, likely contributing to
the maintained gross motor function in this cohort. A
recent review highlighted that combined aerobic and
resistance training improved gross motor function,
muscle strength, and gait speed more than usual care
in persons with CP (45). However, there were only a
limited number of studies including adults with CP in
this review, underscoring the need for more research
on adults with CP.

In addition, the whole group showed a decline in
functional mobility. Although TUG test times increased
significantly, the median time remained under 10 s,
comparable to normative reference values, (46, 47),
likely reflecting ageing by 16 years. Furthermore, of
the 5 individuals who used more than 10 s on TUG at
follow-up (see Fig. 3), 4 had SBCP. These 5 are the 3
GMFCS III participants and the 2 GMFCS 1I partici-
pants with the highest BMI and most pain symptoms.
In addition, these 5 individuals walked the shortest
distance on the 6MWT. This aligns with previous re-
sults where functional deterioration is associated with
more severe neurological impairments, self-reported
pain, and lack of physical activity (44).

Development of fatigue and pain scores

Fatigue scores were high at baseline (median 4.7), com-
pared with reported normative levels (mean 3.98) (29),
and showed no significant changes at follow-up. This
agrees with previous studies, reporting stable fatigue
symptoms over time in adults with CP (6, 48). Fati-
gue has been associated with reduced self-perceived
walking function (6). In contrast to previous research,
fatigue scores remained unchanged despite conside-
rable changes in walking function, especially for the
SBCP group. This aligns with recent studies finding no
significant correlations between objectively measured
walking function and fatigue (13, 38), suggesting a
discrepancy between objective and self-perceived
walking function. Furthermore, these findings highlight
the importance of early interventions to prevent chronic
fatigue in adulthood for persons with CP. Notably, there
are large individual differences in fatigue symptom
development (see Fig. 3), reflecting the group’s hete-
rogeneity. Previous studies have shown that higher age
and reduced physical function were related to higher
levels of fatigue symptoms (49). This highlights that
this study is generalizable only to the study population,
middle-aged walking adults with CP.

Bodily pain decreased in the whole group from
baseline to follow-up, with a mean difference of —9.3
points on the RAND36 bodily pain score. The change
is primarily due to the unilateral group changing from
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amean score of 59 at baseline to 73 at follow-up, com-
parable to the mean pain score of 72 for ages 40—-60
in the normative Norwegian population (32). This
reduction may be due to age, as lower pain prevalence
is reported in older adults compared with those aged
30-35 years (50), or possibly because individuals with
more pain opted out of participation.

Previous studies have shown that exercise allevia-
tes pain (51, 52), while inactivity is associated with
increased pain (53). In this study, two-thirds of partici-
pants exercised at least once a week, which may have
positively influenced their pain experience. Conver-
sely, pain did not decrease for the SBCP group, pos-
sibly due to an overall health decline, as indicated by
reduced walking speed, walking capacity, and greater
gait pattern deviations. Lower functional ability has, in
some studies, been shown to relate to more pain (6, 9).
Furthermore, the overall change in pain in this sample
may have been influenced by the fact that this study
included only walking participants, which reflects
higher functional ability within the CP population.

Methodological considerations

A considerable number of non-responders might have
affected the results. In the baseline study (17), there
were 36/66 with SBCP, compared with 12/29 with
SBCP at follow-up. For GMFCS levels, 7 out of 9 on
level I, 19 of 48 on level 11, and 3 out of 9 on level
III from the baseline study are included. In addition,
baseline participants aged above 65 were excluded
(n=11). As previously mentioned, this suggests that
more individuals with higher physical function were
included in the follow-up, making the results more
generalizable to a higher-functioning CP population.
However, as this is a comparative study, with the same
sample at baseline and follow-up, the impact of the
non-responders is minimized.

The small sample size, especially in subgroup ana-
lyses, warrants cautious interpretation. Participation
in the baseline study (17) may have influenced the
sample, as inclusion criteria required experiencing a
reduction in walking function, potentially affecting the
changes observed.

In conclusion, this long-term follow-up study is
particularly significant as it fills a gap in knowledge
of how objectively measured walking function evolves
in adults with CP over a 16-year follow-up period.

Middle-aged adults with CP experience increased
gait pattern deviations and lower walking speed during
adulthood, individuals with SBCP being more severely
affected than those with SUCP. Fatigue symptoms are
notably high, yet consistent over 16 years.

The SBCP group had deterioration of all walking
function measures: walking speed, capacity, gait pat-
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tern deviations, and functional mobility, and main-
tained pain symptoms. The SUCP group maintained
their walking speed and capacity, while pain symptoms
decreased.

Although functional mobility tends to decline in
adults with CP, it does so within the expected change
with ageing. This underscores the resilience and
adaptability of adults with CP navigating the complex
challenges of ageing with this condition.
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