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STUDY DESIGN: Cross-sectional study.

OBJECTIVE: Describe and compare ambulatory performance and cognitive capacity in relation to muscle function in an adult
cohort with spina bifida. Also, explore factors associated with ambulation in participants with muscle function level 3.

SETTING: Specialist clinic for adults with spinal cord disorders in Stockholm, Sweden.

METHODS: A total regional cohort of adults (n = 219) with spina bifida was invited, 196 (104 women, mean age 35 years,

SD 13 years) participated. Mode of mobility, cognitive capacity and muscle function were investigated. For participants with muscle
function level 3, factors associated with ambulation were investigated using multivariate logistic regression analysis.

RESULTS: In all, 84 participants (42%) were community ambulators, 22 (12%) household ambulators and 90 (46%) wheelchair users.
There was a linear association between the lower degree of muscle function and scoliosis (P < 0.001). Mode of mobility varied
despite similar muscle prerequisites in participants with muscle function level 3 (n = 58). Factors associated with ambulation in
participants with muscle function level 3 were the absence of scoliosis, lower BMI and higher cognitive capacity.
CONCLUSIONS: Cognitive capacity and mode of mobility varied widely across the cohort. However, in participants with

muscle function level 3, despite similar muscular prerequisites, a large variation in the mode of mobility was found, suggesting
that other factors were involved. It is important to prevent scoliosis, support a healthy lifestyle, as well as offer cognitive screening
and support to promote ambulatory function and optimise independence in the everyday lives of adults with spina bifida.
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INTRODUCTION

Spina bifida (SB) is a complex congenital neural tube malformation
involving multiple body systems [1, 2] leading to a multifaceted
disability. Due to better medical treatment, 75% of people with SB
reach early adulthood [3]. In most cases, SB includes impaired
motor and sensory function, leading to partial or complete
paralysis and/or sensory loss below the malformation. Mode of
mobility ranges from ambulation in the community to the use of a
powered wheelchair. Musculoskeletal conditions, pain, bladder
and bowel-related problems, and pressure ulcers are common [1].
Further, tethered cord syndrome and orthopaedic conditions such
as contractures, hip dislocations, scoliosis, and kyphosis have been
frequently reported [2, 4].

Most people with open SB have shunted hydrocephalus,
migration abnormalities of the central nervous system and
Chiari Il malformation [2, 4]. A higher level of spinal lesion is a
marker of more severe anomalous brain development which,
in turn, is associated with reduced independence [5]. The
cognitive impairments, often affecting executive function,
prospective memory, timing and time management [6], are
highly variable between persons [2]. Timing and attention
impairments are associated with hydrocephalus [7] and brain
dysmorphologies, such as the Chiari Il malformation [8], while

movement impairments are caused by spinal cord dysfunction
and cerebellar dysmorphologies that influence sensory-motor
timing and motor regulation [5].

Impaired gait function [9-12] is common and associated with
the level and degree of spinal malformation. Gait is a complex
activity requiring interactions between supraspinal locomotor
and cognitive networks [13]. Long-term functional outcomes
such as ambulation and sitting balance are closely related to the
neurological level of malformation [12, 14, 15], but the mode of
mobility is difficult to predict since it is influenced by factors
such as age, body mass index (BMI), orthopaedic deformities
and cognitive status [15]. Ambulatory persons with sacral or
low-lumbar SB usually retain their walking ability into adult-
hood, whereas those with a high-lumbar or thoracic level of
malformation often become wheelchair users [4, 14, 16]. A key
component for ambulatory performance is an adequate
function in knee extensors [16], corresponding to muscle
function (MF) level 3, consistent with the classification of
muscle function groups [9]. The aim of this paper was to
describe and compare ambulatory performance and cognitive
capacity in relation to MF in an adult cohort with SB. The paper
also aimed to explore factors associated with ambulation in
adults with MF level 3.
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MATERIALS AND METHODS

Study design

A cross-sectional study conducted by a multidisciplinary team at a regional
clinic for spinal cord disorders, investigating medical, physical and
cognitive functioning associated with the level of muscle function.

Participants

A near-total regional cohort of adults (=18 years) with SB (n =219) were
consecutively invited to participate in conjunction with regular clinical
follow-up.

Data collection procedure

The study is part of a larger research project aiming to describe the living
and health issues of a regional cohort of adults with SB enrolled at a
specialised clinic for adults with spinal cord disorders [17]. In short, the
data collection was conducted through regular clinical assessments and
structured interviews by three persons, a physiotherapist (MB), an
occupational therapist (supervised by GH) and a nurse who were part of
the clinic’s SB multi-professional team with over 10 years experience of
adults with SB. Medical records were used to validate the provided
information.

Muscle function was assessed via manual muscle testing of the lower
extremities using a 0-5 graded scale [18], and participants were classified
according to the categories developed by Bartonek [9], with an additional
category for those who had no loss of muscle strength, Table 1. For
participants with an asymmetrical motor function, the most severely
impaired side was used for classification [15] in order to avoid overrating
their function. As knee extensor function is a key component of gait,
participants in MF level 3 were further explored. Hip, knee and ankle joint
contractures of more than 20 degrees were registered [9]. A clinical
examination including visual inspection (by the physiotherapist) for
scoliosis in a sitting position was used in combination with participant
statement and medical records to register scoliosis and/or previous spinal
surgery resulting from scoliosis. Both conditions are hereinafter referred to
as scoliosis. The clinical examination also included height (m) in a standing
position or, for participants who were unable to stand, in lying position
(from joint to joint in case of contractures) and measurement of weight
(kg). BMI was calculated (kg/mz). The American Spinal Injury Association
(ASIA) Impairment Scale (AIS) was used according to the International
Standards for Neurological Classification of Spinal Cord Injury [19].

Each interview included sociodemographic, medical and physical
factors, presence, and location of pain on examination day (yes/no), use
of assistive devices and orthoses, and self-reported maximal walking
distance (verified by control questions to ensure accuracy and categorised
as: >1000m, <1000m, <100m, <10m, Om, Table 3). Further, the
ambulatory function was assessed according to Hoffer [14, 20]. The
participants were dichotomised as ambulatory (community and household
ambulators) or wheelchair users (non-functional ambulators and wheel-
chair users).

Physical exercise was self-reported and categorised as no physical
exercise, moderate exercise (minimum 30 min, 1-2 times per week) and

Table 1. Muscle function (MF) levels.

Level Muscle function

MF 0 No loss of muscle strength

MF 1 Weakness of foot intrinsic muscles
Good-to-normal plantar flexors, grades 4-5

MF 2 Fair or less plantar flexion, grade <3
Fair or better knee flexion grade 23
Poor to fair or better hip extension and/or hip abduction,
grade <2-3

MF 3 Good to normal hip flexion and knee extension, grades 4-5
Fair or less knee flexion grade <3
Traces of hip extension, hip abduction and below knee
muscles

MF 4 No knee extension activity
Poor or less hip flexion grade <2
Fair or good pelvic elevation, grades 2-4

MF 5 No muscle activity in the lower limbs

No pelvic elevation
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vigorous physical exercise (minimum 30 minutes at least three times
weekly). This was also verified by the assessors via control questions about
their exercise regimes.

Cognitive capacity was assessed using three tests. The coding test for
psychomotor speed and executive function and the block design test for
spatial/psychomotor ability and executive function, both from the
Wechsler Abbreviated Scale of Intelligence, WASI [21]. Further, the FAS
test was used, a phonemic word fluency test for verbal executive ability
and mental speed [22]. Results for the subtests were scaled according to
age, with a mean of 10 (SD 3) and a range of 1-19. To calculate the scores
on the FAS test, the results were first converted to Z values.

Data analysis

The Shapiro-Wilk test (P <0.05) was used to analyse normal distribution.
Descriptive data were presented as numbers and proportions. Mean and
standard deviation (SD) were used for normally distributed variables, while
median (Md) and interquartile ranges (IQR) were used for non-normal
distributions. The differences were analysed using the Chi-square test for
dichotomous variables, one-way ANOVA for normally distributed variables
with more than two groups, Student's t test for normally distributed
variables comparing two groups, and the Mann-Whitney U test for
variables with non-normal distribution.

The Cochran-Armitage test of trend was used to determine whether
there was a linear association between the muscle function and
dichotomic variable. Statistically significant differences are presented.

For persons with MF level 3, factors potentially associated with
ambulation [15, 23] age [15], sex, height, weight, BMI [9], scoliosis [9, 23],
daily bladder and/or bowel incontinence, sensory function in the feet and
cognitive capacity [15] (the coding test [21], FAS test [22] and block design
test [21]) were investigated using bivariate logistic regression analysis.
According to the “rule of thumb” of ten persons per variable, five variables
were included as there were 50 participants [24]. Age was considered a
possible confounder and was therefore included, together with the
variables with the lowest P values. A multivariate model was performed
using backwards enter mode. The collinearity between the variables in the
model was investigated using Spearman’s rank correlations and were pre-
set at less than 0.6. The results from the regression analysis were presented
with odds ratios (OR) including 95% confidence intervals (Cl) and
Hosmer-Lemeshow goodness-of-fit statistics were used for model fit of
the final multivariate model.

The analyses were performed using SPSS version 24 (IBM Corp., Armonk,
NY, USA). The statistical significance was determined at P < 0.05.

RESULTS

There were 196 persons (89%) (104 women, 53%) with a mean age
of 35 years (SD 13) invited to participate, Table 2, Fig. 1. Nineteen
persons declined follow-up and four did not respond. Seventy-
eight percent, 153 out of 196 (80 women), participated in the
cognitive assessment, Fig. 1. Of those who declined, some had
previously completed another neuropsychiatric assessment (not
included in the present investigation), but in most cases, no
reason was given. No significant differences were seen in age, sex,
prevalence of hydrocephalus, muscle or ambulatory function
between those persons who participated in the cognitive
assessment and those who declined.

The cohort comprised 84 (42%) community ambulators, 22
household ambulators (12%) and 90 (46%) wheelchair users
(including non-functional walkers). Out of 196 participants, 179
(91%) had myelomeningocele, 13 (7%) lipomeningocele and four
(2%) spina bifida occulta. The most common level of neurological
impairment according to the American Spinal Injury Association
Impairment Scale (AIS) [19] was L3 in 82 participants (41%). Mean
height was 158cm (SD 14), mean weight 69kg (SD 19) and
median BMI 27 (IQR 23-31). For demographic and structural
characteristics see Table 2, for mobility and the use of orthoses
and assistive devices see Table 3.

There was a significant difference in mean height between
participants in MF level 0, 1 and 2 compared to participants in MF
level 3, 4 and 5 (P <0.000) with the successively lower height of
participants in MF level 1 (170 cm) to MF level 5 (145 cm).
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Table 2. Demographic and structural characteristics, for the total cohort and divided into muscle function (MF) levels for total group.

Participants, n (%) Total MF level MF level 1, MF level 2, MF level 3, MF level 4, MF level 5,
196 (100) 0, 16 (8) 19 (10) 36 (18) 58 (30) 33 (17) 34 (17)

Sex, women, n (%) 104 (53) 9 (56) 9 (47) 19 (53) 29 (50) 18 (55) 20 (59)

Men, n (%) 92 (47) 7 (44) 10 (53) 17 (47) 29 (50) 15 (45) 14 (41)

Age, mean (SD) 35 (13) 32 (11) 36 (15) 38 (16) 35 (12) 36 (13) 33 (11)

Md (IQR) 33 (23-46) 27 (22-45) 37 (23-50) 37 (22-50) 33 (24-45) 34 (22-47) 32 (23-47)

Length (cm), mean (SD) 158 (14) 169 (11) 170 (14) 162 (12) 159 (11) 150 (10) 145 (13)

Md (IQR) 157 173 (161-179) 170 (158-178) 164 (155-170) 160 (153-167) 150 (141-157) 145 (140-151)
(150-167)

Weight (kg), mean (SD) 69 (19) 72 (21) 74 (20) 68 (16) 72 (18) 69 (22) 59 (17)

Md (IQR) 67 (56-81) 72 (58-79) 67 (63-87) 69 (54-79) 68.5 (61-83) 65 (57-81) 56.5 (47-71)

BMI, mean (SD) 28 (13) 25 (5) 26 (5) 26 (5) 29 (7) 31 (9) 29 (8)

Md (IQR) 27 (23-31) 24 (22-28) 25 (21-28) 27 (22-28) 28 (24-32) 28 (24-36) 28 (22-35)

Weekly exercise

Vigorous >30 min =3 23 (12) 2(12) 3 (16) 4(11) 8 (14) 4 (12) 2 (6)

times/week

Moderate >30 min 1-2 77 (39) 6 (38) 8 (42) 14 (39) 17 (29) 17 (52) 15 (44)

times/week

No exercise 96 (49) 8 (50) 8 (42) 18 (50) 33 (57) 12 (36) 17 (50)

Neurological level, n (%)

T3-T12 AIS A, B, C 49 (25) = 1(5) 103) 3(5 12 (36) 32 (94)

T3-T12 AIS D 1(1) - - 1(3) - - -

L1-L2 AIS A, B, C 35(17) - - 1) 14 (24) 19 (58) 1(3)

L1-L2 AIS D 5(3) - 4 (20) 1(3) - - -

L3 AISA, B, C 68 (34) 6 (37) 2(11) 24 (66) 33 (57) 2 (6) 1(3)

L3 AIS D 14 (7) 1(6) 7 (37) 5(14) 1(2) - -

L4-S1 AIS A, B, C 10 (5) 0 2(11) 1(3) 7 (12) - -

L4-S1 AIS D 7 (4) 2 (13) 3 (16) 2 (5 - - -

AIS E 7 (4) 7 (44) - - - - -

Hydrocephalus, n (%) 123 (63) 5 (31) 4 (21) 16 (44) 39 (67) 28 (85) 31 (91)

Tethered cord symp, 58 (30) 4 (20) 7 (37) 19 (53) 23 (39) 15 (46) 12 (35)

n (%)

Pain, n (%) 78 (40) 2 (13) 7 (37) 19 (53) 23 (40) 15 (46) 12 (35)

Scoliosis® 90 (46) 3(19) 7 (37) 13 (36) 15 (26) 20 (61) 32 (94)

SD standard deviation, IQR interquartile range, BMI body mass index, AlS American spinal injury association impairment scale.
2Surgery n = 32, scoliosis registration in the medical record (incl radiographs) n = 18, clinical examination n = 40.

Eligible n=219

Declined participation n=19

b
No contact n=4

Baseline n=196
(104 women, 53%)

Declined participation in the
cognitive tests n=43

Cognitively tested n=153
(80 women, 52%)

Fig. 1 Flowchart of participants. Displaying number of eligible,
declining and participating persons as well as number of cognitively
tested participants.
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Further, there was a significant linear association between a
lower degree of muscular function and a higher proportion of
participants with hydrocephalus (P < 0.001), a higher proportion of
participants with contractures in the lower extremities (P < 0.001)
and scoliosis (P < 0.001). There was only a significant difference in
BMI between MF level 2 and 4 (P =0.033). Other variables were
not associated (P > 0.05) with MF level.

In the subtests for cognitive capacity, participants with MF level
4 and 5 had significantly lower scores. On the coding tests,
participants with MF level 5 showed significantly lower
results compared to all other MF levels. Further, in the block
design test, participants in MF level 5 had significantly lower
results compared to all other MF levels, except MF level 4. On the
FAS test, participants with MF level 4 and 5 showed significantly
lower results compared to participants with MF levels 2 and 3,
Table 3.

For participants with MF level 3, the most common level of
malformation, (29 women), 16 (28%) were community ambula-
tors, 19 (32%) household ambulators and 23 (40%) wheelchair
users (including the non-functional ambulators). The commu-
nity ambulators (mean age 39 years, SD 14) and the wheelchair

Spinal Cord (2022) 60:122-128
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Table 3. Mobility, use of orthoses and assistive devices, and results from the Coding, Block design and FAS tests for the total cohort and divided into
muscle function (MF) levels for total group.
Participants, n (%) Total MF level MF level 1, MF level 2, MF level 3, MF level 4, MF level 5,
196 (100) 0, 16 (8) 19 (10) 36 (18) 58 (30) 33 (17) 34 (17)

Ambulatory function

Community 71 (36) 16 (100) 19 (100) 26 (72) 9 (16) 1(3) -

ambulation

Community 13 (6) - - 6 (17) 7 (12) - -

ambulation®

Household 17 (9) - - 1(3) 14 (24) 2 (6) -

ambulation®

Household 5(3) - - - 5(8) - -

ambulation®

Non-functional 17 (9) - - 2 (5) 12 (21) 39 -

ambulation®

Do not walk® 73 (37) - - 1 (3) 11 (19) 27 (82) 34 (100)
Maximal walk distance

>1000 m 54 (27) 16 (100) 14 (74) 20 (56) 4(7) = =

<1000 m 29 (15) - 5 (26) 11 (31) 12 (20) 1(3) -

<100 m 28 (14) - - 3(8) 23 (40) 2 (6) -

<10m 10 (5) - - 13) 7 (12) 2 (6) -

Om 75 (38) - - 1(3) 12 (21) 28 (85) 34 (100)
Orthoses

Insole 25 (13) 4 (25) 6 (32) 11 (31) 4(7) - -

SMO' 2. (1) - = 2 (6) - - -

AFQ? 41 (21) = = 6 (17) 21 (36) 9 (27) 5 (15)

KAFO (open or 12 (6) = = = 8 (14) 3 (9 =
closed)”

Prosthesis 2(1) - 1 (5) 1(3) - - -
Walking aids

Cane/crutches 16 (8) - 1(5) 1(3) 13 (22) 1(3) -

Walker 9 (5 - 1(5) 4 (11) 4(7) - -

Support from walls 33 - 1 (5) - 1(2) 1(3) -
Wheelchair

Manual 52 (27) - - 6 (17) 24 (41) 12 (36) 10 (29)

Powered 4 (4) - - - 3 (5) 1(3) -

Both manual and 67 (34) - - 4 (11) 19 (33) 20 (61) 24 (71)
powered
Cognitive assessment, n 153 10 13 30 50 25 25
HC, n 98 3 4 14 34 20 23
Codingi, mean (SD) 6.8 (3.1) 7.9 (2.8) 8.2 (34) 8.0 (2.5) 74 (3.1) 6.0 (2.5) 3.7 (2.1)
Block designi, mean (SD) 6.9 (2.7) 8.1 (3.4) 8.0 (3.4) 7.6 (2.5) 7.4 (2.9) 5.9 (1.1) 5.8 (2.0)
FAS', mean (SD) 7.3 (3.8) 6.3 (2.4) 7.2 (43) 7.9 (3.9) 8.9 (4.1) 5.8 (3.0) 5.3 (2.5)

#Wheelchair use only for long distances outdoor.
Pwheelchair outdoor.

“Wheelchair both in and outdoor.

Yambulation during therapy.

fwheelchair use for mobility.

fSupramalleolar orthoses.

9Ankle foot orthoses.

PKnee ankle foot orthoses.

iReference value for the general population is 10 (SD = 3). The range of scores on the scale is 1-19 (mean = 10; SD = 3).

iTo calculate the score on the FAS scale, results were first converted to Z values.

users (mean age 37 years, SD 11) were significantly older than
the household ambulators (mean age 29 years, SD 11) (P=
0.012 and P=0.017). The ambulatory participants had a lower
mean BMI (26, SD 3.7 and 27, SD 5.6) than the wheelchair users
(mean of 32 with two outliers with a BMI of 47 and 49, SD 7.4)

Spinal Cord (2022) 60:122-128

(P=0.001). Further, there were no significant differences
regarding prevalence of pain, tethered cord symptoms or
results from the cognitive tests.

For participants with MF level 3, the bivariate logistic regression
analysis showed that sex, height, BMI and scoliosis were
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Table 4.

level 3.

Variable, n =50 Bivariate

B P value OR

Age —0.038 0.127 0.962
Sex (ref woman) 1.371 0.027 3.939
BMI® —0.208 0.003 0.812
Scoliosis (ref yes)b —1.804 0.011 0.165
Coding test 0.034 0.088 1.034
Height 0.104 0.005 1.109
Weight —0.028 0.150 0.973
Incontinence bladder (ref yes) —0.618 0.411 0.593
Incontinence bowel (ref yes) —0.888 0.177 0.411
Hydrocephalus (ref yes) —0.862 0.200 0.422
Block design test® 0.024 0.290 1.024
Sensory function in feet® —0.254 0.666 0.776
FAS test 0.036 0.551 1.037

Bivariate and final multivariate logistic regression analysis of factors associated with ambulation in persons with muscle function (MF)

Multivariate

95% Cl B
0.916-1.011 —0.034
1.168-13.281 2.064
0.708-0.933 —0.271
0.041-0.656 —3.497
0.995-1.075 0.070
1.032-1.193

0.937-1.010

0.124-2.350

0.113-1.494

0.113-1.578

0.980-1.070

0.245-2.453

0.920-1.169

P value OR

0.368 0.967
0.052 7.874
0.015 0.763
0.009 0.030
0.030 1.073

95% CI
0.898-1.041
0.981-63.235
0.613-0.948
0.002-0.415
1.007-1.143

2Body Mass Index (kg/m?), Ppresence of scoliosis and/or spine surgery, “raw scores, “according to the International Standards for Neurological Classification of
Spinal Cord Injury. P values < 0.05 in bold, Overall model fit (Hosmer and Lemeshow test): x* = 1.495, df = 8, P = 0.993. Cox & Snell R> = 0.468, Nagelkerke R*> =

0.637.

Analysis of ambulators (community and household ambulators) versus wheelchair users (non-functional ambulators and wheelchair).

significantly associated with mode of mobility, Table 4. These
variables were therefore included in the multivariate model,
together with age (possible confounder) and the coding test
(P value <0.1). Height was not included in the multivariate analysis
as it is closely associated with BMI, which was considered more
relevant for ambulation [15]. In the final multivariate model, BMI,
scoliosis and the coding test were independently associated with
ambulation, Table 4. For every increasing unit of BMI, the OR of
being ambulatory decreased by ~24% (95% Cl 0.613-0.948, P =
0.015). The participants with scoliosis had an ~97% lower OR (95%
Cl 0.002-0.415, P=0.009) of being ambulatory. For every
increasing unit of the coding test, the OR of being ambulatory
increased by approximately 7% (95% Cl 1.007-1.143, P = 0.030).

DISCUSSION

In this cohort of nearly 200 adults with SB, ambulatory function
and cognitive capacity were investigated in relation to different
muscle function. Interestingly, in participants with MF levels 2-4
(corresponding to a lumbar malformation), ambulatory function
was highly variable. Mode of mobility, use of assistive devices and
orthoses, as well as maximal walking distance, varied between
participants with similar muscular prerequisites for walking,
indicating that ambulatory function is complex and depends on
multiple factors. In the most common MF level (level 3), the
ambulatory participants had a lower BMI, lower presence of
scoliosis and higher cognitive capacity.

Walking aids were used by over half (51%) of the ambulatory
persons with MF 3 and by 15% in MF2 (Table 3), indicating that
ambulation is highly challenging for persons with MF level 3
category. Thus, optimising assistive devices is a prerequisite for
promoting functional independence in persons with SB. Combin-
ing ambulation and wheelchair at different circumstances could
be beneficial and enable flexibility in everyday life. Wheelchair use
could be regarded as a limiting factor, associated with barriers
[25], although it is also the most essential mobility device [25].
Thus, a retained walking function (when possible) could enhance
the quality of life as it may improve accessibility and social
availability. However, clinical experience and the experience of

SPRINGER NATURE

adults with SB [26] indicate that if walking is too challenging using
a wheelchair could be a viable decision.

Adults with SB seem positive about exploring their cognitive
capacity, potentially reflecting a perceived gap of knowledge as
most of the participants (78%) approved the testing. For children
with SB, cognitive screening and support are currently part of SB
follow-up in many well-resourced countries. The guidelines for the
care of adults with SB [27] recommend a full neuropsychological
assessment for persons with cognitive problems. However, our
study showed that cognitive problems are widespread and
common. To enable optimal individual support in coping with
aspects of daily life, we suggest that global cognitive screening
such as Montreal Cognitive assessment [28] is offered when
persons with SB are enrolled in adult care and at follow-up. For
persons, whose screening results indicate the need for further
investigation, we suggest that they are offered a full neuropsy-
chological assessment, including assessment of psychomotor
speed and executive function.

In this study, almost two thirds of the participants (63%) had
hydrocephalus which can be a major determinant for cognitive
function [2, 4, 7] depending on severity. However, no information
could be found in the medical records about the severity of the
hydrocephalus, only information about whether hydrocephalus
was present or not. Hydrocephalus is a rough measure that offers
minimal information about the impact on cognitive or physical
function i.e., the consequences for everyday life. This means that a
person with well-functioning hydrocephalus can be very different
from a person with multiple complications and who has received
multiple operations. Thus, we have chosen not to focus on
hydrocephalus in the manuscript.

Almost half of the cohort (46%) had scoliosis. This is in line with
a review by Heyns et al. [23] in which just over 50% of the study
cohort had scoliosis. More than nine out of ten participants with
MF level 5, all wheelchair users, had scoliosis. According to clinical
experience, scoliosis may negatively affect the sitting posture in a
wheelchair making it difficult to achieve an ergonomically sound
position.

We explored factors associated with ambulation in participants
with MF level 3. In this cohort, the ambulatory function was highly

Spinal Cord (2022) 60:122-128



variable despite similar muscular prerequisites suggesting that
other factors are important in predicting the level of ambulation.
The ambulators had better prerequisites for walking with a lower
BMI, lower presence of scoliosis and better results from the
coding test for psychomotor speed and executive function.
Among these factors, scoliosis and BMI had the highest impact.
The association between scoliosis and ambulatory status has
been previously indicated [29]. A high BMI is associated with a
greater risk of cardiovascular disease, pressure ulcers, decreased
participation in physical activity, psychosocial consequences, and
can negatively affect mobility and transfers [30]. As this was a
cross-sectional study, the causality dilemma of “which came
first"—a higher BMI resulting from increased wheelchair use or a
higher BMI being the reason for using a wheelchair more—could
not be answered. In this study, ambulatory persons demonstrated
significantly higher coding test results, an easily administered and
sensitive test of psychomotor capacity, that is relatively unaf-
fected by intellectual capacity, education or learning [31]. Further,
the household ambulators, combining ambulation with wheel-
chair use for longer distances, were younger than both the
community ambulators and wheelchair users, potentially indicat-
ing a transition of mobility over time. The factors that potentially
affect a changed mode of mobility would be interesting for future
studies.

Strengths and limitations

This study comprises a large regional cohort of adults with SB,
estimated to represent around 25% of the national cohort. The
entire cohort was invited to participate and more than 90% of the
219 adults who met the eligibility criteria agreed to participate.
The cohort is assumed to represent more than 90% of adults with
SB in the Greater Stockholm area. This is due to the extensive
system of follow-up and detection of new cases. We consider it a
strength that the cohort represents adult persons with SB with a
wide age range (18-73 years), as well as mode of mobility and
cognitive capacity.

Patients did not receive standard radiographs as part of the
data collection process, therefore there is a level of uncertainty
concerning the prevalence of scoliosis. However, as our numbers
are in line with previous literature, we believe they are largely
accurate.

Of the participants, 21% declined cognitive assessment, of
which a few had previously performed similar tests. However, no
obvious differences in characteristics (age, sex, prevalence of
hydrocephalus, muscle, or ambulatory function) could be detected
between the participants who declined and those who performed
the tests. Although the MF level 3 comprised a near-total regional
cohort (n=58) it was a relatively small group, hence the current
results should be interpreted with caution. Further, the partici-
pants were classified according to the MF levels of the most
severely impaired side, potentially resulting in some of the
participants having better prerequisites for walking compared to
those participants with a symmetric level of MF.

Clinical implications

First, it is important to focus on modifiable factors such as BMI,
starting already in childhood. In a review in 2017 [32], Polfuss
et al. concluded that it is “critical to initiate prevention efforts
early with a multifactorial approach for this at-risk population”.
They might be offered nutrition and health-related lifestyle
coaching and be provided with an easy way to measure and
follow-up their weight (this also applies to wheelchair users).
Moreover, as almost half of this cohort reported no weekly
exercise, it is important to locate gyms that are also suited to
physically impaired persons and/or provide a programme for
home exercises. Even non-exercise physical activity has been
reported to increase energy expenditure in persons with
complete paraplegia [33] highlighting the importance of an
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active lifestyle. Second, to include spinal assessment in
standardised clinical care is of importance to be able to prevent
and address scoliosis. Third, adults with SB should be offered the
opportunity to try out and modify orthoses and assistive devices
as this could significantly improve gait pattern, and thereby help
maintain ambulatory function and a higher level of physical
activity.

The association between ambulation and cognitive function
might suggest that people with SB have difficulties performing
dual tasking, i.e., a cognitive and a motor task simultaneously.
Difficulties in performing dual tasks or prioritising the most
important tasks may have serious consequences in everyday life,
with an increased risk of falls and consequential injuries. Falls are
common in persons with Spinal Cord Injuries [34], who have
similar prerequisites for ambulation as persons with SB. However,
thus far, dual-task interference in adults with SB is an unexplored
field. Further research is essential to identify the best intervention
for this group.

CONCLUSION

Cognitive capacity and mode of mobility varied widely across the
cohort and the latter differed between persons with similar
muscle function. In participants with MF level 3, factors
independently associated with ambulation included the absence
of scoliosis, lower BMI, and better results on the coding test for
psychomotor speed and executive function. It is important to
prevent scoliosis when possible, support a healthy lifestyle, as well
as offer cognitive screening and support to promote ambulatory
function and optimise independence in the everyday lives of
adults with SB.
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