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The relationship between motor function,
cognition, independence and quality of life in
myelomeningocele patients

Relacao entre funcao motora, cognicao, independéncia funcional e qualidade de vida em
pacientes com mielomeningocele

Carolina Lundberg Luz', Maria Clara Drummond Soares de Moura’, Karine Kyomi Becker', Rosani Aparecida
Antunes Teixeira?, Mariana Callil Voos', Renata Hydee Hasue'

ABSTRACT

Motor function, cognition, functional independence and quality of life have been described in myelomeningocele patients, but no study has
investigated their relationships. We aimed to investigate the relationships between motor function, cognition, functional independence,
quality of life, age, and lesion level in myelomeningocele patients, and investigate the influence of hydrocephalus on these variables. We
assessed 47 patients with the Gross Motor Function Measure (motor function), Raven’s Colored Progressive Matrices (cognition), Pediatric
Evaluation of Disability Inventory (functionalindependence) and the Autoquestionnaire Qualité de vie Enfant Imagé (quality of life). Spearman’s
correlation tests determined relationships between the variables. The Friedman ANOVAs determined the influence of hydrocephalus. Motor
function was strongly related to mobility and lesion level, and moderately related to cognition, self-care and social function. Cognition and
quality of life were moderately related to functional independence. Age correlated moderately with functional independence and quality of
life. Hydrocephalus resulted in poorer motor/cognitive outcomes and lower functional independence.
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RESUMO

Fungéo motora, cognicao, independéncia funcional e qualidade de vida foram descritos em pacientes com mielomeningocele (MMC), mas sua
correlacao nao foi investigada. Esse estudo investigou correlacoes entre funcao motora, cognicao, independéncia funcional, qualidade de vida,
idade, nivel de lesao em pacientes com MMC e a influéncia da hidrocefalia nessas variaveis. Quarenta e sete pacientes foram avaliados com
a Medida de Fungao Motora Grossa, Matrizes Progressivas de Raven, Inventéario de Avaliacao Pediatrica de Incapacidade e Autoquestionnaire
Qualité de vie Enfant Imagé. Testes de Spearman investigaram as correlagoes. ANOVAS de Friedman investigaram a influéncia da hidrocefalia.
A funcao motora correlacionou-se fortemente com mobilidade e nivel de lesao e moderadamente com cognicao, auto-cuidado e funcéo social.
Cognicao e qualidade de vida correlacionaram-se moderadamante com independéncia funcional. Idade correlacionou moderadamente com
independéncia funcional e qualidade de vida. Hidrocefalia associou-se a piores desfechos motores/cognitivos e menor independéncia funcional.
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Myelomeningocele (MMC) is a form of spinal dysraphism
resulting from a defective closure of the neural tube. It results in
neuromusculoskeletal complications, including tetra- or parapa-
resis, neurogenic bowel and bladder, hydrocephalus, cognitive and
behavioral issues. Higher levels of the MMC result in more severe
neurological and orthopedic outcomes and are associated with
more severe brain lesions, and motor and cognitive impairments’.

Many patients with MMC do not ambulate during infancy.
A series of 53 children with MMC (from three to 11 years)

was studied to see if the children with lower limb paresis
would achieve the expected level of ambulation. Thirty-one
of 53 children reached the expected ambulation according
to their motor paresis. However, 22 performed worse than
expected. Therefore, children with similar muscle paresis may
exhibit distinct ambulatory function®’.

Musculoskeletal immobility may contribute to social
and cognitive delays* and power mobility devices have been
associated with a better cognitive and social development®.
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Roebroeck et al.® described the relationship between cogni-
tive function and lesion level in MMC. They found that higher
levels were associated with poorer cognitive outcomes. The
presence of Chiari malformation and hydrocephalus was
associated with cognitive deficits”®. A higher number of deri-
vations influenced cognitive outcomes negatively’.

The cognitive and behavioral profile of patients with
MMC has been described in a literature review, which evi-
denced deficits in timing, attention and motor processing.
These impairments have been associated with cerebellar and
brainstem lesions and, therefore, associated with brain mal-
formations. Perception, verbal fluency, alliteration and math-
ematical reasoning difficulties have been reported'®!".

Motor and cognitive outcomes seem to influence the acqui-
sition of mobility, which impacts development and adulthood
independence™®!'*!!, Infants with MMC have difficulty acquir-
ing self-care skills. Trunk control is essential for the acquisition
of sitting, which allows the development of bimanual skills.
Sirzai et al. investigated functional performance in children
with different MMC levels, using the Pediatric Evaluation of
Disability Inventory (PEDI)™. They considered the functional
performance as low and concluded that low level lesions par-
tially preserved muscle strength and independence in mobility,
which were important factors for functional independence'.

Non-ambulating children with MMC have greater neu-
rological and orthopedic symptoms and a lower quality of
life than ambulating children. Wang et al. investigated the
health-related quality of life in children with MMC. Scores
were compared with a reference sample. The authors inves-
tigated the relationships between the lesion level and asso-
ciated medical problems, with the quality of life. Patients
with a MMC had lower scores on physical and psychosocial
aspects. Children with a higher lesion level had poorer physi-
cal health, but not poorer psychosocial health®.

Studies have described the capacity, or lack thereof,
of ambulation based on the lesion level, cognition, functional
independence and quality of life separately, but no studies
have described, simultaneously, gross motor function, cogni-
tion, functional independence and quality of life, or investi-
gated their relationships in patients with MMC. The present
study aimed to describe these variables and to investigate
possible relationships. Also, this study aimed to assess the
effect of hydrocephalus on gross motor function, cognition,
functional independence and quality of life.

METHODS

Patients

Patients diagnosed with MMC, aged 6-20 years, who had
had corrective neurosurgery at the Clinics Hospital of Faculty
of Medicine of University of Sdo Paulo were recruited (n = 60,
convenience sample). Arnold-Chiari, hydrocephalus, congen-
ital hip and/or knee luxation and/or clubfoot were allowed.
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Exclusion criteria included other neurological lesions or
malformations, kyphoscoliosis surgery or other recent sur-
gery (less than six months before assessment). Fifty patients
met the inclusion criteria and 47 patients and/or parents ( for
patients under 18 years old) gave informed consent to par-
ticipate. This study was approved by the Ethics Committee of
the Clinics Hospital.

Procedure
Lesion level assessment

The present study was an observational study. Patients
were classified according to their lesion level as thoracic,
high lumbar, low lumbar or sacral MMC. Patients with a tho-
racic level were scored as 1, high lumbar level were scored 2,
low lumbar patients were scored as 3 and sacral lesions were
scored as 4. This classification, with lower scores for more
severe lesions, allowed the investigation whether the lesion
level would influence other variables.

Gross motor function assessment

The Gross Motor Function Measurement quantified
motor skills. The scale has five dimensions: A: lying and roll-
ing (17 items); B: sitting (20 items); C: crawling and kneeling
(14 items); D: standing (13 items); F: walking, running and
jumping (24 items)™.

Each item is scored from 0 (cannot perform) to 3 (nor-
mal performance). All items can be performed by a healthy
five-year-old child. Scores on each dimension are expressed
in percentage. The total score is obtained by the sum of the
five dimensions, which allows each part to contribute equally
to the total score, from 0 to 100.

Cognitive function assessment

Cognitive assessment was performed by a neuropsy-
chologist. Raven’s Colored Progressive Matrices were used
for children aged 5-12 years of age and Raven’s Progressive
Matrices were used for patients aged 13 or older’. To allow
the comparison between both scales, the number of correct
answers was divided by the number of questions of each test
and shown as a percentage.

Ravens Colored Progressive Matrices consist of three
series of 12 items and Raven’s Progressive Matrices consist
of five series of 12 items. In each series, the questions show a
progressive increase in the level of difficulty. Each item shows
a figure with a part missing. The patient must indicate one of
six or eight alternatives to complete the figure®.

Functional independence assessment

Functional independence was evaluated with the PEDI'S.
It measures the functional abilities and the caregiver assis-
tance. It has three domains: self-care (PEDI-SC), mobil-
ity (PEDI-M) and social function (PEDI-SF). The PEDI
was originally proposed to assess children between six
months and seven years old. However, the development of



scaled scores (used in the present study) made it viable for
patients with functional difficulties aged up to 20 years''®.
Parents/caregivers are interviewed.

Quality of life assessment

Quality of life was measured by the Autoquestionnaire
Qualité de vie Enfant Imagé (AUQEI). It has been validated in
Brazil®. It allows the self-evaluation of quality of life using four
images of faces (very unhappy, unhappy, happy, very happy).
It has 26 questions and the child is asked to say how he feels
about daily life situations. Questions include family, social,
activity, body functions and health relations. Each question
is scored from 0 (very unhappy) to 3 (very happy). The maxi-
mum possible score is 78 and cutoff score is 48. Bellow this
score, the quality of life is considered reduced.

Hydrocephalus

Hydrocephalus was assessed by chart review. Patients
were subdivided in two groups, according to the presence or
absence of hydrocephalus.

Statistical analysis

The software Statistica 12.0 was used to run descriptive
analyses of the lesion level, IQ, gross motor function (GMFM),
cognitive performance (Raven matrices), functional inde-
pendence (PEDI) and quality of life (AUQEI). Normality tests
were run and the data showed non-normal distribution.
No patient had missing data.

Friedman ANOVAs were run to determine a possible
influence of hydrocephalus on gross motor function, cogni-
tion, functional independence and quality of life. The sample
was subdivided in two groups (with, and without, hydroceph-
alus) and performances on tests were compared.

Spearman’s correlation tests investigated the relation-
ships between lesion level, gross motor function, cognition,
functional independence and quality of life. Correlations
were classified as strong when higher than 0.70, moderate
when between 0.40 and 0.70 and weak when lower than 0.40.
For all comparisons, the significance level was p < 0.05.

RESULTS

The main patient characteristics are shown in Table 1.
Scores on scales are shown in Table 2.

The median on the GMFM was 64.9%, ranging from
12.7% to 100%. The median on Ravens tests was 55%, rang-
ing from 14% to 88%. The median on PEDI was 67.6% (44.4%
to 100%) in self-care domain; 66.2% (15.2% to 100%) in the
mobility domain and 70.8 (43.8% to 100%) for social function.
The median on AUQEI was 76 (62 to 91).

Variables showed significant positive correlations with
each other (p < 0.05). Table 3 shows the Spearman’s coeffi-
cients. The GMFM was strongly related to mobility (PEDI-M)

(r = 0.925) and moderately related to self-care (PEDI-SC)
(r=0.654), social function (PEDI-SF) (r = 0.603) and cognition
(Raven’s progressive matrices) (r = 0.493). Lesion level was
strongly correlated with the GMFM (r = 0.915) and mobility
(r=0.830) and moderately correlated with self-care (r = 0.582)
and social function (r = 0.529).

Cognition (Raven's progressive matrices) was moderately
related to self-care (r = 0.410), mobility (r = 0.496) and social
function (r = 0.465). Self-care, mobility and social function
were strongly related to each other and social function was
moderately related to AUQEI (r = 0.488). Age was moderately
correlated with self-care (r = 0.409), social function (r = 0.683)
and quality of life (r = 0.457).

When the sample was subdivided in two groups (with,
and without, hydrocephalus) and performances on tests were
compared with the Friedman ANOVAs, hydrocephalus neg-
atively influenced the gross motor function (p < 0.001) and
cognition (p = 0.04). Patients with hydrocephalus showed
poorer motor and cognitive performance. They also had
lower functional independence. The hydrocephalus group
had lower scores on self-care (p = 0.017), mobility (p < 0.001)
and social function (p = 0.013) domains of PEDI. The qual-
ity of life did not differ between patients with, and without,
hydrocephalus (p = 0.478).

Table 1. Demographic and neurological characteristics (n = 47).

Sex, female (%) 22 (47%)
Age, median (min-max) 10 (5-20)
Lesion level, (%)
Thoracic 15 (32%)
High lumbar 7 (15%)
Low lumbar 12 (25%)
Sacral 13 (28%)
Hydrocephalus, yes (%) 34 (72%)
Ventriculoperitoneal shunt, yes (%) 34 (72%)
Cognition (1Q), median (min-max) 100 (67-124)

min: minimal, max: maximum:; IQ: intelligent quocient.

Table 2. Scores on motor and cognitive functions, functional
independence and quality of life (n = 47).

% (min-max)
55 (14-88)
64.9 (12.7-100)

Cognitive and motor scores

Raven’s Matrices ( correct answers)

GMFM (motor total score)

PEDI-SC 67.6 (44.6-100)
PEDI-M 66.2 (15.2-100)
PEDI-SF 70.8 (43.8-100)
AUQEI 67 (62-91)

GMFM: Gross Motor Function Measure; PEDI: Pediatric Evaluation of
Disability Inventory SC: self-care; M: mobility; SF: social function; AUQELI: Auto
questionnaire Qualité de vie Enfant Imagé; min: minimum value observed,
max: maximum value observed.
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Table 3. Spearman’s correlation coefficients between motor and cognitive functions, functional independence and quality of life (n = 47).

R coefficient/

Variable p-value GMFM Raven PEDI-SC PEDI-M PEDI-SF AUQEI
Age R 0.165 0.324 0.409* 0.322 0.683* 0.457*
P 0.268 0.026 0.004* 0.027 <0.001* 0.001*
Lesion level R 0.915** 0.381 0.5682* 0.830** 0.529* 0.284
P <0.001** 0.008 <0.001* <0.001** <0.001* 0.053
Raven R 0.492* - 0.410* 0.496* 0.465* 0.245
P 0.001* - 0.004* 0.001* 0.001* 0.097
GMEM R = 0.492* 0.654* 0.925** 0.603* 0.304
® = 0.001* <0.001* <0.001** <0.001* 0.038
PEDI-SC R 0.654* 0.410% - 0.765** 0.743** 0.318
P <0.001* 0.004* - <0.001** <0.001** 0.029
PEDI-M R 0.9256** 0.496* 0.765** = 0.754** 0.387
P <0.007** 0.001* <0.001** = <0.001** 0.007
PEDI-SF R 0.603* 0.465* 0.743** 0.754** - 0.488*
P <0.001* 0.001* <0.001** <0.001** - 0.001

*moderate relationships **strong relationships. Raven: Raven’s Colored Progressive Matrices and Raven's Progressive Matrices; GMFM: Gross Motor Function
Measure (%); PEDI: Pediatric Evaluation of Disability Inventory; SC: self-care; M: mobility; SF: social function; AUQEL: Auto questionnaire Qualité de vie Enfant Imagé.

DISCUSSION

The present study described many moderate relation-
ships between gross motor function, cognition, functional
independence and quality of life in patients with MMC.

Relationship between gross motor function and
cognition

A huge variability was observed in the GMFM scores. This
large motor function variability among patients with MMC
has been previously documented. Variability was observed
even in patients with the same lesion level'*!’. In the pres-
ent study, the lesion level was strongly correlated with gross
motor function and mobility, which partially contradicts this
statement and reinforces that the lesion level is highly related
to gross motor function.

Motor deficits seem to emerge not only from spine lesion,
but also from brain areas, such as the cerebellum and brain-
stem. Patients with MMC with a motor level below L3 had bet-
ter physical function compared with those with a higher lesion
level. According to Sibinski et al., the motor level was the only
factor found to affect physical function®. These findings cor-
roborate our results, because the GMFM was strongly corre-
lated with the lesion level and with the PEDI mobility section.

The Raven’s test median was lower than scores expected for
healthy children/adolescents. Previous studies have described
cognitive deficits in patients with MMC*®!". However,
no previous studies provided descriptive data about the per-
formance of patients with MMC on Ravens tests. The influ-
ence of hydrocephalus on cognitive outcomes of patients with
MMC is controversial in the literature. Some studies showed
that the association of MMC with hydrocephalus influenced
cognition negatively. Patients with MMC with hydrocephalus
showed lower scores on executive function in some studies™.
However, in other studies, this association was not observed®.
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We found moderate correlation between gross motor func-
tion and cognition. Even the children with discrete clinical
manifestations of MMC tend to have fewer motor resources
available to explore the environment. It is harder for them to
find out the best ways of acquiring sensory information and
selecting motor responses; therefore, they are more likely to
fail when creating/selecting internal models. They may receive
less stimulation, which disrupts sensorimotor learning™.

The direct association between motor abilities and cogni-
tion has scarcely been investigated. No study has applied a
gross motor scale so far. Instead, the lesion level, functional
independence or ability to ambulate were used as references.
The lesion level was reported as not being associated with
cognitive impairments®*' and a weak correlation between the
lesion level and cognition was found in the present study.

Vinck et al. found a correlation between fine motor func-
tion and cognition of children with MMC. They assessed
patients with the Movement Assessment Battery - fine skills
subitems®. The present study complements these data with
the GMFM, showing that gross motor function is less related
to cognition than fine motor function.

The relationship between gross motor function,
functional independence and quality of life

As in the GMFM, a great variability was observed in the
PEDI (scaled scores). Motor function was strongly related to
mobility and moderately related to self-care, social function
and cognitive performance. These findings corroborate pre-
vious studies, which have also shown moderate-to-strong
relationships between motor functions and functional inde-
pendence in children with MMC**'%%,

Self-care, mobility and social function were strongly related
to each other and social function was moderately related to
quality of life. Sibinski et al.*® investigated the relationship
between the quality of life and the overall physical function in



patients with MMC. They found no association between spinal
deformity and self-perception, motivation and physical func-
tion. They reported that patients with more severe scoliosis
had a lower quality of life, which, in turn, was also related to
the age of the patients. The present study found moderate rela-
tionships between age and quality of life, self-care and social
function, which agrees with the results of Sibinski et al.*.

The relationship between cognitive performance
and functional independence

Cognitive performance was moderately related to all the
domains of the PEDI: self-care, mobility and social function.
The PEDI has previously been used in studies with children
with MMC. It was found to be related to the lesion level*,
which was also found in the present study, with moderate
relationships between the lesion level and self-care and social
function domains and a strong correlation between lesion
level and mobility.

The PEDI has also been shown to be related to ambula-
tory and cognitive performances®. More functional patients
had better cognitive performance, executive and visuospa-
tial skills"”. Barf et al.* showed that cognitive performance
was strongly correlated with all sub items of the Functional
Independence Measure. The same results were obtained in
the present study, because, as mentioned before, the cogni-
tive performance, measured by Raven's matrices, was moder-
ately related to all domains of the PEDI.

Verhoef et al.** concluded that only hydrocephalus and
the lesion level determined the ambulation capacity, the abil-
ity to transfer and self-care. We found that the lesion level
was strongly related to the motor function and mobility and
we found a moderate relation between motor function and
self-care. Hydrocephalus influenced motor and cognitive
functions negatively. Also, lower functional outcomes were
observed for the hydrocephalus group, which agrees with the
study of Verhoef et al.
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self-care and mobility. According to our findings, patients with
severe lesions and poor outcomes can have a higher quality of
life if they have an adequately-developed social function.

As limitations, the GMFM has not been validated spe-
cifically for patients with MMC, although some studies have
used this instrument with this population with good respon-
siveness and usability. Our sample included a broad variety of
ages and outcomes, which provides generality to the results.

Gross motor function, cognition, functional indepen-
dence and quality of life showed moderate and strong cor-
relations. These aspects should further be evaluated to
allow more accurate assessment and better outcomes in
patients with MMC.
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