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RESEARCH PAPER

Daily activities, participation, satisfaction, and functional mobility of adults with
cerebral palsy more than 25 years after selective dorsal rhizotomy: a long-term
follow-up during adulthood

Berendina E. Veerbeeka , Robert P. Lambertsb,c , A. Graham Fieggena , Peter P. J. L. Verkoeijend,e and
Nelleke G. Langeraka

aDepartment of Surgery, Faculty of Health Sciences, Neuroscience Institute and Division of Neurosurgery, University of Cape Town, Cape Town,
South Africa; bDepartment of Surgical Sciences, Division of Orthopaedic Surgery, Faculty of Medicine and Health Sciences, Stellenbosch
University, Tygerberg, South Africa; cDepartment of Surgical Sciences, Division of Orthopaedic Surgery, Faculty of Medicine and Health
Sciences, Institute of Sport and Exercise Medicine, Stellenbosch University, Tygerberg, South Africa; dDepartment of Psychology, Education and
Child Studies, Erasmus University Rotterdam, Rotterdam, The Netherlands; eLearning and Innovation Center, Avans University of Applied
Sciences, Breda, The Netherlands

ABSTRACT
Purpose: To determine changes in level of accomplishment and satisfaction in daily activities and social
participation, and functional mobility in adults with cerebral palsy (CP) more than 25 years after selective
dorsal rhizotomy (SDR).
Materials and methods: This long-term observational nine-year follow-up study included 26 adults
(median age 35 years) with CP and spastic diplegia, and 26 matched typically developing adults.
Assessment tools used were the Life-Habits questionnaire and the Functional Mobility Scale.
Results: Most of the adults with CP were independent and satisfied with accomplishing life habits and
no changes were determined, except for a small change in the Housing accomplishment level. Compared
to typically developing adults, the CP cohort was more dependent in accomplishing Mobility and
Recreation. However, the level of satisfaction was similar for most life habits except for Mobility.
Functional mobility did not change, but correlated with Life-Habits results.
Conclusions: Adults with CP showed high and stable levels of accomplishment and satisfaction in daily
activities and social participation more than 25 years after SDR. This is in contrast with the literature,
where functional decline was shown for individuals with CP as they age. The relation with functional
mobility highlights the importance to focus the rehabilitation on maintaining walking ability in order to
enable high level of daily activities and social participation in adults with CP.

� IMPLICATIONS FOR REHABILITATION
� Selective dorsal rhizotomy (SDR) is a valuable treatment option for a selective group of children with

cerebral palsy (CP) in order to reduce spasticity.
� The long-term outcomes of SDR on level of accomplishment and satisfaction in daily activities and

social participation as well functional mobility in adults with CP are not clear.
� More than 25 years after SDR adults with CP experienced stable and lasting high levels of functioning

regarding daily activities and social participation and were satisfied with the way they accomplished
life habits.

� Functional mobility was correlated to level of accomplishment and satisfaction in daily activities and
social participation, which highlights the importance to focus rehabilitation programs on maintaining
functional mobility in order to enable daily activities and social participation in adults with CP.
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Introduction

Until recently, the primary focus of cerebral palsy (CP) treatment
and research has focused on children and less on adults. As life
expectancy of individuals with CP has become similar to that of
typically developing adults, adults with CP are now considered one
of the world’s largest populations with a physical impairment [1].
Therefore, healthy ageing with CP and the effects of interventions
received in childhood have become a important topic to monitor.

CP management has shifted, according to the current
International Classification of Function, Disability and Health

model [2], to emphasize a biopsychosocial approach. This means
that in addition to the treatment of “body structure and function”
impairments, the level of “activity and participation” is acknowl-
edged as an important factor within the lifelong management
plan for people with CP [3].

One of the biggest challenges with healthy ageing is to prevent
or minimize the secondary effects of CP on the musculoskeletal sys-
tem and to improve functional status and quality of life throughout
one’s life span (e.g., prevent contractures, bone deformities, and
pain) [4]. Spasticity is one of the main contributors to the

CONTACT Nelleke G. Langerak nellekelangerak@hotmail.com Department of Surgery, Faculty of Health Sciences, Neuroscience Institute and Division of
Neurosurgery, H53 Old Main Building – Groote Schuur Hospital, Observatory 7925, University of Cape Town, Cape Town, South Africa
� 2019 Informa UK Limited, trading as Taylor & Francis Group

DISABILITY AND REHABILITATION
2021, VOL. 43, NO. 15, 2191–2199
https://doi.org/10.1080/09638288.2019.1695001

http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2019.1695001&domain=pdf&date_stamp=2021-07-07
http://orcid.org/0000-0002-4849-7541
http://orcid.org/0000-0003-1112-2604
http://orcid.org/0000-0001-6541-8377
http://orcid.org/0000-0002-8085-5038
http://orcid.org/0000-0003-1567-3112
http://www.tandfonline.com


development of secondary complications and is estimated to be
present in approximately 80% of people with CP [5].

An effective treatment regime to reduce spasticity is a neuro-
surgical procedure known as selective dorsal rhizotomy (SDR)
[4,6,7]. SDR reduces spasticity by transecting a percentage of lum-
bar rootlets which disrupts the reflex arc at spinal cord level. First
described by Foester in 1913, SDR only gained popularity after
Professor Warrick Peacock re-introduced an adapted technique of
this procedure in Cape Town, South Africa in the 1980s and in
the USA from 1986 [8]. If strict selection criteria are adhered to,
SDR has shown to be an effective treatment to reduce spasticity
and improve functionality [9]. This has found to have a positive
effect on the child’s participation in the community [4,10]; how-
ever, less is known about the activity, participation and satisfac-
tion levels of adults with CP who underwent SDR in childhood.

A study by Langerak et al. [11], interviewed a group of adults
with CP more than 17 years after SDR, reported that most of these
adults were independent in accomplishing daily activities and
social participation with high satisfaction levels. In line with this,
Munger et al. [12] reported similar levels of participation in their
SDR (more than 10 years post-SDR) and control group (adults with
CP who did not undergo SDR) based on the Frequency of
Participation Questionnaire. A study by van der Slot et al. [13],
reported slightly poorer outcomes with perceptions of a low
health-related quality of life in a group of adults with CP and
spastic diplegia (though not indicating what treatment was
received in childhood). In addition, Benner et al. [14], who also
did not report on performed childhood interventions, observed
increased health concerns (functional deterioration, pain, and
severe fatigue) and an impact of these health concerns on activ-
ities in adults with CP. Studies reporting on the level of accom-
plishment and satisfaction in daily activities and social
participation in adults with CP in developing countries are limited
and longitudinal studies documenting on this subject more than
25 years following SDR do not exist.

Therefore, the aim of the study was to conduct a long-term
follow-up study (2008–2017) to determine changes in level of
accomplishment and satisfaction in daily activities and social par-
ticipation and functional mobility, in a group of adults with CP
and spastic diplegia who underwent SDR more than 25 years ago.
A secondary aim was to compare these outcomes of adults with
CP to a matched group of typically developing adults. Third, to
determine associations between the subjects’ current level of
accomplishment and satisfaction in daily activities and social par-
ticipation with: (i) subjects’ characteristics and (ii) level of func-
tional mobility.

Methods

Study design and subjects

This observational nine-year follow-up of adults with CP who
underwent SDR during childhood more than 25 years ago. The
baseline study was performed in 2008 [11] and was based on 32
adults with CP, who underwent SDR at Red Cross War Memorial
Children’s Hospital in Cape Town, South Africa, between 1981
and 1991.

The subjects were selected for SDR based on strict selection
criteria as described by Peacock and Arens [15,16]. They were
diagnosed with spastic diplegia, without dystonia, athetosis,
ataxia, and/or hypotonia. The aim of SDR was to improve on func-
tional level, and therefore can be classified as Gross Motor
Function Classification System (GMFCS) level I, II, or III pre-opera-
tively [17]. They had to have sufficient trunk and lower extremity

muscle strength, access to ongoing physiotherapy before and
after SDR and adequate care-taker support.

Subjects from this 2008 study were contacted and asked if
they were willing to participate in the current study (2017). In
addition, a group of typically developing adults was recruited and
matched for gender, age, body mass index (BMI), and socio-eco-
nomic status (SES). Adults in the typically developing group were
not included if they had any neuromuscular disorders and/or
other physical impairments. Before enrolling into the study, all
subjects signed a written informed consent. The study was
approved by the Human Research Ethics Committee of the
University of Cape Town.

All the assessments (interview, measurements, observations,
and questionnaire) were conducted by one of the two investiga-
tors (BEV and NGL) using strict guidelines. NGL was the principal
investigator of the 2008 study, and familiarized BEV with the out-
come measures, using the same guidelines as in baseline study. If
a clear judgment could not be made by the one investigator, the
other investigator was consulted.

Subject characteristics

Subjects’ socio-demographic information and indicators of partici-
pation in daily life were obtained by a semi-structured interview.
Age, gender, SES, marital status, children, living situation, highest
level of education attained, employment status, main source of
income, and current health status were captured as part of this
interview. SES was estimated based on housing density, as sug-
gested by Micklesfield et al. [18], which is calculated by dividing
the “number of people living in the house” by the “number of
rooms in the house” (excluding kitchen and bathroom). Score cat-
egories are as follows <1: “high SES”; �1 and �1.5: “normal SES”;
and >1.5: “low SES” [18]. In addition, to the interview, subjects’
BMI (based on measured height and weight) and level of GMFCS
[17] (based on observation and consultation with the subject)
were determined.

Life habits questionnaire

The Life Habits (LIFE-H 3.1) questionnaire was used to evaluate
subjects’ level of accomplishment in daily activities and social par-
ticipation, as well as how satisfied they were to accomplish these
life habits [19]. The LIFE-H questionnaire consists of 77 life habits,
which are divided into 12 subscales related to Daily Activities and
Social Roles. Daily Activities includes the following six subscales:
“Nutrition”, “Fitness”, “Personal care”, “Communication”, “Housing”,
and “Mobility”, while Social Roles includes the subscales of
“Responsibilities”, “Interpersonal relationships”, “Community life”,
“Education”, “Employment”, and “Recreation”. For each of the
Daily Activities and Social Roles subscales, a weighted
Accomplishment and Satisfaction score was calculated [19,20].

The accomplishment scores range from 0 (not accomplished or
achieved) to 9 (accomplished without difficulty and without assist-
ance) and are based on the degree of difficulty and the type of
assistance required to accomplish a task, while the satisfaction
scores range from “very unsatisfied” (score –10) to “very satisfied”
(score 10) [20]. The LIFE-H questionnaire has shown to be reliable
and valid [19,20] and has been used in different cohorts studies
in adults with CP [11,13,21,22]. In line with previous study of
Langerak et al. [11], the subscale of “Education” was excluded
from the analyses.
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Functional Mobility Scale

The Functional Mobility Scale (FMS) was used to determine sub-
jects’ level of mobility in their daily environment (performance
level). The FMS is based on a six-level ordinal grading system, rat-
ing the mobility for three different distances, namely 5, 50, and
500m, while taking the use of an assistive device in consideration.
The FMS scores range from using a wheelchair (score 1) to being
totally independent on all surfaces (score 6) [23]. The FMS has
been used before in adults with CP [24] and has shown to be a
valid and reliable scale to determine functional mobility [23,25].

Statistical analysis

Data were analyzed using SPSS 25 (SPSS Inc., Chicago, IL) [26].
Data were assessed for normality using the Shapiro–Wilk test of
normality. Since data were not normally distributed, non-paramet-
ric two-tailed inferential tests were used. Statistical analyses were
performed by PPV, who is affiliated with the Methodology &
Statistics section of the Department of Psychology and Child
Studies at Erasmus University Rotterdam and also performed the
statistical analyses for the 2008 study [11]. Descriptive statistical
analyses were used to summarize subjects’ characteristics and
indicators of participation (see Table 1).

Life-H data were categorized for interpretation purposes.
Similar as in the 2008 study, the weighted accomplishment scores
of the LIFE-H questionnaire were divided into three categories: (I)
score �8.0: independent with no difficulties (with or without
assistance); (II) score 5–8: independent with difficulties (with or
without assistance); (III) score �5.0: dependent, as this life habit is
not performed by the subject or carried out with human assist-
ance. The results of the weighted satisfaction scores were catego-
rized into two levels: (I) score <0.0: dissatisfied and (II) score
�0.0: satisfied.

For statistical analyses, the numerative (non-categorized) scores
were used and for the descriptive statistics medians and inter-
quartile ranges (IQRs) were reported. Wilcoxon’s rank tests were
used to compare the 2008 and 2017 CP cohorts on the subscales
and total scores of accomplishment and satisfaction levels. To
determine differences between the current CP and typically devel-
oping cohort, Mann–Whitney’s U tests were used. As a threshold
for statistical significance, to control for multiple comparisons
(48), a Bonferroni corrected alpha-level of p� 0.001 was applied
for both analyses. Furthermore, for statistically significant results,
95% CI of the median differences were reported.

In line with the 2008 study, FMS scores were categorized for
interpretation purposes, to: (I) independent/able to walk without
walking aids (FMS levels 5 and 6); (II) need to use walking aids
(FMS levels 2, 3, and 4); and (III) wheelchair dependent (FMS level

1). For statistical analyses, the non-categorized scores were used.
Wilcoxon’s rank tests were applied to compare the 2008 and 2017
CP cohorts on the FMS scores. As a threshold for statistical signifi-
cance, to compensate for multiple comparisons (three), a
Bonferroni corrected alpha-level of p� 0.0167 was applied.
Furthermore, for statistically significant results, 95% CI of the
median differences were reported.

Spearman’s rank correlation analyses were used to examine
the associations between LIFE-H scores (i.e., total accomplishment
and satisfaction scores), subject characteristics values (age at SDR,
current age, SES, BMI) and FMS scores of the adults with CP. As a
threshold for statistical significance, to control for multiple com-
parisons (eight and six), a Bonferroni corrected alpha-level of
respectively p� 0.006 and p� 0.008 was applied.

Results

Subjects’ characteristics

From the 32 subjects who participated in the 2008 study [11], six
subjects were not included in the 2017 study. One subject was
pregnant, one had been injured in a motor vehicle accident, three
choose not to participate and one was lost to follow-up. The char-
acteristics of the remaining 26 participants are shown in Table 1.
In addition, similar information is also provided for the adults
with CP at the 2008 study and the 26 typically developing adults.

At the nine-year follow-up (period ranging from 25 to 35 years
after SDR), GMFCS levels of adults with CP were stable, except for
one subject who improved one level (from GMFCS level III to
GMFCS level II). The adults with CP in the current study and typic-
ally developing adults were comparable in age, gender, SES, and
BMI. The SES within both cohorts was similar, with 8% (CP) and
11% (typically developing) being classified as having a low SES,
42% (CP) and 35% (typically developing) a normal SES and 50%
(CP) and 54% (typically developing) a high SES. Both cohorts also
showed a comparable distribution of subjects’ BMI with 3.8% (CP)
and 0% (typically developing) underweight, 50% (CP) and 42%
(typically developing) normal BMI, and 50% (CP) and 58% (typic-
ally developing) overweight.

The majority of the CP study cohort had no other diagnosis
influencing their medical status. Health issues reported were
hypertension (n¼ 4), Crohn’s disease (n¼ 1), Graves’ disease
(n¼ 1), asthma (n¼ 1), and mental health conditions (e.g., depres-
sion, anxiety) (n¼ 3). Incontinence was reported in three subjects,
all of whom had urge incontinence; a male subject had incontin-
ence preceding SDR which remained unchanged, and two females
reported incontinence following pregnancy and delivery.

Table 1. Subjects’ characteristics of CP (n¼ 26) and typically developing cohorts (n¼ 26).

Variable
2008 CP

n (%)/median [IQR]
2017 CP

n (%)/median [IQR]
2017 typically developing

n (%)/median [IQR]

Gender, male 16 (60) 16 (60) 16 (60)
Age (years) 26.8 [25.4–32.5] 35.8 [34.2–41.4] 35.7 [33.2–44.2]
SES 1.25 [0.8–1.7] 0.9 [0.7–1.3] 0.8 [0.6–1.3]
BMI (kg/m2) 23.0 [20.3–29.9] 25.2 [21.6–31.2] 25.9 [24.1–28.2]
Age at SDR (years) 4.9 [3.7–10.1] 4.9 [3.7–10.1]
Follow-up time (years) 21.4 [18.4–23.8] 30.1 [27.5–32.7]
GMFCS
Level I 13 (50) 13 (50)
Level II 9 (35) 10 (38)
Level III 4 (15) 3 (12)

IQR: interquartile range; SDR: selective dorsal rhizotomy; SES: socio-economic status; BMI: body mass index; GMFCS: Gross Motor
Function Classification System.
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Indicators of participation

The indicators of participation of the adults with CP (2008 and
2017 study) and the typically developing adults are shown in
Table 2. With ageing, more adults with CP moved out the house
of (grand)parents (35% versus 62%), were in a relationship or mar-
ried (46% versus 65%) and had children (19% versus 42%). This
number of adults with CP being in a relationship was similar to
typically developing adults (61%), while it was more common for
typically developing adults (of similar age) to be a parent (77%)
and not living with (grand)parents (89%). Also more typically
developing adults were employed (89%) compared to the adults
with CP in both studies (69% and 73%).

Life habits questionnaire

The accomplishment and satisfaction levels, based on the LIFE-H
questionnaire, of each cohort are shown in Figure 1(A,B), respect-
ively. Overall adults with CP in the current study were independ-
ent and satisfied with accomplishing daily activities and social
roles. However, 19% of the adults with CP scored being depend-
ent for “Mobility” activities, while 12% scored to be dependent for
“Community Life”, 15% for “Employment”, and 12% for
“Recreation”. In line with this, 8% of the subjects with CP were
dissatisfied with their “Mobility”, 4% with their “Community Life”,
12% with their “Employment” status, and 4% with their
“Recreation” activities.

No differences in the Total Accomplishments and Satisfaction
level scores were found between the 2008 and the current study
in the adults with CP. However, when analyzing the different sub-
scales between the 2008 and the 2017 study, adults with CP were
more dependent in accomplishing “Housing” activities (p< 0.001)
(Table 3). The median difference was –1.1 (95% confidence inter-
val [CI]: –1.56 to –0.76). Within the existing score range of 10, this

difference in accomplishment of “Housing” activities can be con-
sidered as small. Furthermore, the width of the 95% CI is small
indicating a rather precise parameter estimate.

In comparison to adults with CP, the typically developing
adults had overall higher accomplishment levels for daily activities
and social roles (p< 0.001). The median difference of accomplish-
ment levels for daily activities was 0.8 (CI: –0.5 to 3.9) and for
social roles was 0.6 (CI: –0.8 to 3.1). Within the existing score
range of 10, this difference in accomplishment of daily activities
and social roles can be considered as small. However, the width
of the 95% CI is large indicating a rather limited precision of the
parameter estimate. Significant differences (p< 0.001) were also
found in several subscales, with median differences of 0.6 (CI: –2.2
to 4.2) for “Fitness”, 0.1 (CI: 0.0–3.7) for “Personal care”, 1.3 (CI:
–1.3 to 5.6) for “Housing”, 2.9 (CI: –0.4 to 6.7) for “Mobility” and
2.3 (CI: –0.6 to 7.9) for “Recreation”. Within the existing score
range, the median differences in the accomplishment of “Fitness”
and “Personal Care” can be considered as small while the differen-
ces in accomplishment of “Housing”, “Mobility”, and “Recreation”
between the CP and typically developing group can be consid-
ered as medium and more clinically relevant. However, the width
of the 95% CI is large indicating a rather limited precision of the
parameter estimate. In contrast to accomplishment, satisfaction
levels were the same between the adults with CP and the typic-
ally developing adults, except for the “Mobility” subscale levels
(p< 0.001) (Table 3). The median difference was 4.0 (CI: –3.3 to
13.8). Within the existing score range of 20, for satisfaction, this
difference in satisfaction with “Mobility” can be considered as a
medium. However, the width of the 95% CI is large indicating a
rather limited precision of the parameter estimate.

Functional Mobility Scale

Walking performance over 5, 50, and 500m determined by the
FMS in adults with CP at the 2008 and 2017 study are shown in
Figure 2. No changes in the FMS scores were found between the
2008 study and the current study.

Within the current study, 65% of the subjects was able to walk
independently (FMS score 5 or 6) over 5m with 54% being able
to walk independently over 50 and 500m. Walking aids were
used (FMS score 2, 3, or 4) by 35% of the subjects over a 5-m dis-
tance, while 46% used it over a 50-m distance and 42% needed a
walking aid for a 500m walking distance. One adult with CP (4%)
needed a wheelchair (FMS score 1) to cover 500m at the moment
of the current study.

Associations

The estimated rank correlation coefficients between the LIFE-H
questionnaire, accomplishment and satisfactions levels, and sub-
ject characteristics are shown in Table 4. No relationships between
subject characteristics and the level of accomplishment and satis-
faction were found.

The estimated rank correlation coefficients between the LIFE-H
questionnaire and FMS scores are shown in Table 5. Strong corre-
lations were found between accomplishment levels and FMS
scores, with correlations ranging from 0.85 to 0.89. In line with
this, strong correlations were also found between the level of sat-
isfaction and FMS scores, with correlations ranging from 0.73
to 0.79.

Table 2. Subjects’ indicators of participation for CP and typically develop-
ing cohorts.

Variable
2008 CP
n (%)

2017 CP
n (%)

2017 typically
developing

n (%)

Marital status
Single 14 (54) 9 (35) 9 (35)
Divorced/widow 0 (0) 0 (0) 1 (4)
Relationship 7 (27) 5 (19) 2 (7)
Married 5 (19) 12 (46) 14 (54)

Children
0 21 (81) 15 (58) 6 (23)
1 3 (11) 6 (23) 8 (31)
�2 2 (8) 5 (19) 12 (46)

Living situation
Living on own 2 (8) 2 (8) 7 (27)
With (grand) parents 17 (65) 10 (38) 3 (11)
With partners 6 (23) 14 (54) 15 (58)
With others (e.g., family, friends) 1 (4) 0 (0) 1 (4)

Educational attainment
Primary 1 (4) 1 (4) 0 (0)
Secondary 9 (35) 7 (27) 6 (23)
Higher education 16 (61) 18 (69) 20 (77)

Employment
Paid employed 17 (65) 17 (65) 21 (81)
Self employed 1 (4) 2 (8) 2 (8)
Unemployment (health reason) 5 (19) 0 (0) 0 (0)
Unemployment (other reason) 2 (8) 7 (27) 3 (11)
Student 1(4) 0 (0) 0 (0)

Main income
Paid job 19 (73) 17 (65) 23 (89)
Disability grant 6 (23) 9 (35) 0 (0)
Family income and other 1 (4) 0 (0) 3 (11)
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Discussion

With the knowledge of secondary problems occurring with age in
CP [1], there is an importance to understand the long-term out-
comes of interventions performed in childhood like SDR. This is
the first long-term follow-up study reporting the level of accom-
plishment and satisfaction in daily activities and social participa-
tion as well as functional mobility for adults with CP and spastic
diplegia more than 25 years after SDR.

Level of accomplishment and satisfaction in daily activities and
social participation

More than 25 years after SDR, most of the adults with CP were
independent and satisfied with their accomplishment of daily
activities and participation in the community.

No change was found between the 2008 [11] and the 2017
study regarding the overall level of accomplishment and satisfac-
tion in daily activities and social participation. For the
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Figure 1. Outcomes of LIFE-H categorized for CP (2008 and 2017) and typically developing cohorts. (A) Accomplishment levels weighted score �8.0: independent and
no difficulties; score 5–8: independent with difficulties; and score �5.0: dependent or not able to accomplish. (B) Satisfaction levels with score �0.0: satisfied; and
score <0.0: dissatisfied.
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subdomains, the only change was found in the Housing subscale
(accomplishment), though the difference was relatively small. The
change in this score over years was mainly attributed to a higher
percentage of “major household tasks” and “maintaining the
grounds of their home” were performed by a proxy. This may be
explained by the fact that more adults in the 2017 study were
married and living with their partners instead of their (grand)par-
ents. Another reason could be, with the increase of SES, that sub-
jects were possibly able to pay a third party to complete these
tasks done. Interestingly, none of the subjects were dissatisfied
with the level of accomplishment for this subscale, which

suggests that they were happy to have or pay someone else to
complete the household task.

The perceived stability in levels of accomplishment in daily
activities and social participation in the current study is in con-
trast with the literature, where functional decline was shown for
individuals with CP as they age [27,28,29]. The mean age at which
functional deterioration has been reported is approximately
37 years [30]. On average, our current cohort was younger
(median: 35 years), though the study was based on a nine-year
follow-up and the age at the 2017 study ranged from 33 to
53 years. The stability of level of accomplishment and satisfaction

Table 3. Outcomes of the LIFE-H questionnaire for the CP and typically developing cohorts.

Accomplishment Satisfaction

2008 CP 2017 CP 2017 typically developing 2008 CP 2017 CP 2017 typically developing
LIFE-H item Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]

Daily activities
Nutrition 10.0 [10.0–10.0] 10.0 [9.7–10.0] 10.0 [10.0–10.0] 10.0 [8.4–10.00] 10.0 [8.8–10.00] 10.0 [8.8–10.0]
Fitness 9.6 [7.5–10.0] 9.4 [7.5–10.0]# 10.0 [10.0–10.0]# 7.5 [5.0–10.0] 7.5 [5.4–9.4] 9.4 [5.0–10.0]
Personal care 10.0 [9.7–10.0] 9.9 [9.5–10.0]# 10.0 [10.0–10.0]# 10.0 [6.4–10.0] 9.3 [6.8–10.0] 10.0 [9.8–10.0]
Communication 10.0 [9.7–10.0] 10.0 [10.0–10.0] 10.0 [9.9–10.0] 10.0 [8.6–10.0] 10.0 [10.0–10.0] 10.0 [10.0–10.0]
Housing 9.8 [9.3–10.0]� 8.3 [7.3–9.8]�,# 10.0 [8.9–10.0]# 10.0 [5.8–10.0] 9.1 [5.0–10.0] 10.0 [9.0–10.0]
Mobility 6.8 [5.5–9.0] 7.0 [5.7–9.3]# 10.0 [10.0–10.0]# 6.1 [3.3–8.0] 6.0 [1.2–8.5]# 10.0 [8.6–10.0]#

Total daily activities 9.2 [8.9–9.7] 9.0 [8.4–9.6]# 9.9 [9.7–10.0]# 8.7 [5.8–9.5] 8.1 [6.1–9.4] 9.5 [8.6–10.0]
Social roles
Responsibilities 10.0 [10.0–10.0] 10.0 [10.0–10.0] 10.0 [10.0–10.0] 10.0 [9.3–10.0] 10.0 [9.8–10.0] 10.0 [9.8–10.0]
Interpersonal relationships 10.0 [10.0–10.0] 10.0 [10.0–10.0] 10.0 [10.0–10.0] 10.0 [8.3–10.0] 10.0 [7.9–10.0] 10.0 [8.4– 10.0]
Community life 10.0 [8.5–10.0] 10.0 [8.9–10.0] 10.0 [10.0–10.0] 8.0 [5.0–10.0] 10.0 [5.5–10.0] 10.0 [9.7– 10.0]
Employment 9.0 [7.7–10.0] 9.3 [7.2–10.0] 10.0 [9.9–10.0] 7.1 [5.0–10.0] 7.2 [5.0–10.0] 10.0 [8.8– 10.0]
Recreation 8.6 [5.2–10.0] 7.4 [6.4–10.0]# 10.0 [10.0–10.0]# 6.4 [4.3–8.6] 7.1 [4.8–10.0] 10.0 [8.5–10.0]
Total social roles 9.1 [8.1–9.8] 8.9 [8.1–9.6]# 10.0 [9.8–10.0]# 7.8 [6.3–9.6] 8.5 [5.5–9.5] 9.7 [8.5–10.0]

IQR: interquartile range.
As a threshold for statistical significance a Bonferroni corrected alpha-level of p� 0.001 was applied for all scores.�Significant difference between 2008 and 2017 CP.
#Significant difference 2017 CP and 2017 typically developing adults.

Figure 2. Functional mobility scores for CP cohorts. Categorized FMS scores: (I) independent/able to walk without walking aids (FMS levels 5 and 6); (II) need to use
walking aids (FMS levels 2, 3, and 4); and (III) wheelchair dependent (FMS level).

Table 4. Correlations (Spearman’s rho) between LIFE-H and subjects’ character-
istic variables for 2017 CP cohort.

LIFE-H total scores

Age at SDR Current age SES BMI

r p r p r p r p

Accomplishment –0.040 0.846 –0.225 0.270 –0.309 0.124 –0.171 0.405
Satisfaction –0.086 0.678 –0.236 0.246 –0.175 0.391 –0.114 0.580

SDR: selective dorsal rhizotomy; SES: socio-economic status; BMI: body
mass index.
As a threshold for statistical significance, a Bonferroni corrected alpha-level of
p� 0.006 was applied.

Table 5. Correlations (Spearman’s rho) between LIFE-H and FMS scores for 2017
CP cohort.

FMS – 5 m FMS – 50 m FMS – 500 m

LIFE-H total scores r p r p r p

Accomplishment 0.85 <0.001 0.89 <0.001 0.87 <0.001
Satisfaction 0.79 <0.001 0.73 <0.001 0.76 <0.001

FMS: Functional Mobility Scale.
As a threshold for statistical significance, a Bonferroni corrected alpha-level of
p� 0.008 was applied.
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in daily activities and social participation during ageing was also
confirmed by the statistical analyses reporting no correlation
between the Total Life-H accomplishment and satisfaction scores
and age. A reason for absence of functional deterioration in our
CP cohort, might be that all subjects underwent an SDR (where
strict selection criteria have been adhered). The SDR may assist in
avoiding the secondary complications associated with spasticity
reduction, and has been found to have a positive effect on level
of functioning [10].

Overall adults with CP showed some differences for daily activ-
ities and social roles subscales compared to their typically devel-
oping peers. These differences were relatively small; however, the
differences for accomplishment of Mobility and Recreation were
more substantial showing that adults with CP were more depend-
ent and faced more difficulties for these domains compared to
the typically developing adults. This can be explained by the fact
that 50% of our subjects with CP were classified as GMFCS level II
or III. However, the reported 61% of the adults with CP that expe-
rienced difficulties with Mobility in our study is lower than the
77% determined in a study of van der Slot et al. [13], who studied
adults with spastic diplegia aged 25–45 years. This in contrast to
Donkervoort et al. [22], who reported percentages of 27%, but
their study cohort was much younger (16–20 years) and also
included hemiplegia (50%) and quadriplegia (25%). Both studies
did not report on interventions given in childhood.

Another interesting element in this study was the difference in
percentage of adults with CP involved in competitive employment
between this study (developing country) and other studies in
adults with CP living in Western societies (developed countries).
In the 2017 study, 73% of the CP cohort were employed, while in
developed countries this ranged between 29 and 54% [13,31–33].
This was also reflected in the LIFE-H outcomes (subscale
Employment) with 70% of the adults living in Cape Town, South
Africa, being independent (score <8) and 56% of the adults with
CP living in the Netherlands [13]. This disparity appears to be due
to differences in social security systems and the value of disability
grants between developing and developed countries.

Remarkably, despite these obstacles, adults with CP were as
satisfied as their typically developing peers for all subscales
(except for Mobility). This is relevant information for clinicians,
realizing that adults with CP who are restricted in some activities
and/or participation in daily life, might be satisfied with how they
accomplish their life-habits. However, this does not apply for the
Mobility domain. Adults with CP reported feeling restricted and
less satisfied than TD peers regarding their mobility, suggesting
that improving level of mobility should be emphasized at follow-
up and/or rehabilitation programs.

Functional mobility

The majority (54%) of the adults with CP in the current study
were able to walk independently without walking aids. Andersson
and Mattsson [27] and Ando and Ueda [28] reported similarly
results with 49% and 57%, respectively, where interventions in
childhood were not specified. However, Maanum et al. [34]
reported 70% of the study cohort being able to walk independ-
ently, although their study included also younger subjects (age
range: 18–65 years) and individuals diagnosed with unilateral CP
(almost 50% of their study population).

No change was found in FMS scores of the adults with CP
between the 2008 and 2017 study. This is remarkable since most
literature reports functional walking decline in subjects with CP
while ageing, starting in their 20s and 30s [34]. A correlation

between functional mobility (FMS score) and the level of accom-
plishment and satisfaction in daily activities and social participa-
tion was found. The fact that there was no change in FMS levels
of adults with CP in the 2008 and the 2017 study, might be a
contributing factor to the fact that there was also no significant
change in level of accomplishment and satisfaction in daily activ-
ities and social participation. The current study showed that FMS
performance can explain 72–80% of variance in overall accom-
plishment levels, and 54–63% of the variance in overall satisfac-
tion levels. These findings highlight the importance for adults
with CP to maintain their walking function and mobility in order
to enable daily activities and social participation. Clinicians and
therapists should therefore inform adults with CP about the
importance of an active lifestyle.

Limiting factors

The sample size of the current study was moderate. However, as
a first follow-up study in adults with CP more than quarter of a
century after SDR, the conclusion should be seen as an important
indication of long-term outcomes of SDR. The current study was
conducted in South Africa, while results of similar studies from
other research groups were based on study populations from
developed countries. We should be aware that the health services
in South Africa are not as well established as in Western countries
[35]. To limit the influence of this factor, a reference cohort con-
sisting of South African typically developing adults was included
in this study. However, for comparison purposes, it would be
interesting for future studies to include a reference cohort of
South-African adults with CP and spastic diplegia, who did not
receive SDR, but only orthopedic interventions or conservative
treatment for example. The last point to address is that this study
only focused on associations with a few personal characteristics
(e.g., age, SES, BMI), while insight into other factors associated
with level of accomplishment and satisfaction in daily activities
and social participation (e.g., pain, fitness levels, depression) are
important to guide future therapies.

In conclusion, this nine-year follow-up study in adults with CP
and spastic diplegia reports positive outcomes regarding level of
accomplishment and satisfaction in daily activities and social par-
ticipation as well as functional mobility more than 25 years after
SDR. Adults with CP and spastic diplegia have stable and lasting
high levels of functioning within the Activity and Participation
components of the International Classification of Function,
Disability and Health model. In addition, they are overall satisfied
with accomplishing daily activities and social participation in the
community. This is relevant information for parents, care-givers
and clinicians when they consider SDR as a treatment option for
a child with CP. In addition, the strong correlation between func-
tional mobility and the LIFE-H scores highlights the importance of
focusing therapies and rehabilitation in adults with CP on main-
taining their functional mobility in order to enable daily activities
and social participation.
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