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Purpose: Myelomeningocele (MMC) is caused by incomplete 
neural tube development, affecting physical, cognitive and 
adaptive functioning. The aim of this study was to characterize 
women and men with problematic psychosocial adaptation 
with respect to cognitive functions and psychological 
symptoms. It was expected that cognitive functions, especially 
the executive functions, were mostly impaired. In addition, 
the clinical history, the neurological and the psychological 
functioning was investigated. Method: Twelve participants 
(six men, six women; age range 24–41 years) with MMC were 
recruited from TRS National Resource Centre for Rare Disorders. 
Inclusion criteria were (1) uncompleted upper secondary 
school, (2) unemployment and (3) lack of social relationships. 
The participants underwent a systematic clinical history, 
a clinical neurological examination, a neuropsychological 
assessment and questionnaires regarding cognitive and 
psychological functioning. Results: All participants had major 
neurological deficits and most of them had hydrocephalus 
and Chiari-II malformation. Cognitive deficits were present in 
a range of domains, especially the executive functions. The 
neuropsychological findings showed no obvious difference 
between men and women. Symptoms of psychopathology 
were more pronounced in women. The men were less capable 
to structure daily living. Conclusions: The neuropsychological 
findings disclosed that the executive functions were most 
impaired. Future research should be directed towards cognitive 
rehabilitation.

Keywords:  Chiari-II malformation, cognitive function, 
executive function, hydrocephalus, myelomeningocele, 
psychological symptoms, psychosocial problems,  
spina bifida

Background

Myelomeningocele (MMC) or spina bifida is a birth defect 
caused by incomplete neural tube development resulting in 

a protrusion of the spinal cord, nerve roots and meninges 
through an opening in the spine. The term MMC will be used 
in this article because it addresses the neurological anomaly. 
Motor, sensory and autonomous functions vary depending 
on the lesion level and the degree of involvement of neuronal 
structures [1].

Individuals with MMC have involvement of the entire 
central nervous system, causing a variety of brain abnormali-
ties. Hydrocephalus occurs in 95%, with 80%–90% requiring 
shunting [1]. Shunting restores the brain volume but does not 
repair the axonal and neuronal damage. Chiari-II malforma-
tion, a deformity of the brainstem and cerebellum, occurs in 
almost all births and dysgenesis of the corpus callosum in 
more than half of the patients [2]. These brain abnormalities 
have persisting effects on development, including problems in 
the neurological, cognitive and behavioural domains [2–4].

Typical cognitive impairments include problems with atten-
tion and high distractibility, memory, numerical and math-
ematical capacity, executive function and problem-solving 
skills. Executive functions are high-level cognitive functions 
that activate, organize, integrate and manage other func-
tions [5,6]. Both frontal lobe damage and disruption of white 
matter circuits between the prefrontal cortex and other areas 
of the brain can result in executive dysfunction in MMC.
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It is conceivable that executive deficits in patients with •	
myelomeningocele are decisive for problematic psy-
chosocial adaptation.
Cognitive rehabilitation should be considered for neu-•	
ropsychological impairments to improve psychosocial 
functioning and quality of life.
Gender differences in psychological functioning are •	
evident.
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Many patients with MMC have been observed to exhibit 
executive deficits such as difficulties with distractibility, 
organizing material, initiation and staying on task, working 
memory, set shifting, self-monitoring and emotional con-
trol  [1,6,7]. Planning, goal-directed behaviour and problem 
solving are also impaired [8].

Most of the studies addressing cognitive impairments have 
been conducted in children and adolescents  [1,8–13]. The 
general consensus is that overall patients with MMC have 
reduced cognitive functioning in a wide range of cognitive 
domains compared to healthy children.

The knowledge about how executive dysfunction influences 
psychosocial functioning in the adult population is relatively 
sparse. However, a study by Zukerman et al. [14] demonstrated 
that executive functions could predict several adult milestones, 
such as leaving home, attending college and engaging in a 
romantic relationship. As such, executive functions seem to be 
essential abilities for living independently and managing social 
and academic demands. Executive functioning and memory 
have also been positively correlated with everyday physi-
cal activity and functional independence in adolescents and 
young adults with MMC [15]. In addition, clinical experience 
and studies show that many of the patients have reduced qual-
ity of life, are at risk of being unemployed, socially isolated and 
lack daily structures. Patients with MMC are at greater risk of 
depressed mood, low self-worth and suicidal ideation [16,17]. 
Findings from our previous study indicated that the visual–
spatial and executive functions were especially important for 
psychosocial adaptation in young men [18].

The aim of this study was to characterize women and men 
with problematic psychosocial adaptation with respect to cog-
nitive functions and psychological symptoms. It is expected 
that the executive functions are mostly impaired. In addition, 
it was investigated whether there are differences between men 
and women with regard to clinical history and neurological 
functioning.

Methods

Participants
All the participants were recruited from TRS National 
Resource Centre for Rare Disorders, Sunnaas Rehabilitation 
Hospital, which offers life-long services on medical, psycho-
logical, social and educational issues. The centre is often con-
tacted by young and middle-aged adults with MMC because 
of sparse follow-up after the age of 18 years in the ordinary 
Norwegian health care system. Many of the patients live in the 
rural, sparsely populated districts where medico-social care 
systems are rare, do not finish school, are not able to find a job 
and live alone in apartments just receiving the basal health 
care by public nurses and general practitioners. In many 
instances, TRS can be an important place for these patients to 
receive medical and social input. By the start of the study in 
January 2007, a total number of 250 patients over the age of 
18 years were registered. In the period between January 2007 
and December 2008, 65 patients between the age of 18 and 
45 years (40 women, 25 men) contacted TRS because of vari-
ous medical and psychosocial reasons. Out of this population, 

a study group was selected by using the following inclusion 
criteria:

Uncompleted upper secondary school (education in 1.	
Norway is mandatory for all children aged 6–16 years)
Unemployment (i.e. not having had a paid job, either full-2.	
time or part-time during the last 3 years)
Lack of social relationships (e.g. living alone, absence of 3.	
close friends, deficiency to engage in any form of play, 
recreational or leisure activity)

 All these criteria had to be fulfilled by the participants to be 
included into the study. These criteria were chosen because 
they seemed to be relevant for the quality of psychosocial 
adjustment. Twelve of these 65 patients (six men, six women; 
age range 24–41 years, mean 32 years, SD 5.7) fulfilled the 
inclusion criteria.

Procedure
The participants were divided into two groups, one with men 
and one with women. Both groups stayed for 5 days at the 
centre. The participants underwent a clinical history address-
ing mobility, sensory function, types of stoma, orthopaedic 
surgery, hydrocephalus and other neurological diagnoses, and 
living factors. A complete clinical neurological examination 
was done. All participants underwent 2 hours of neuropsy-
chological assessment with a fixed order of the tests.

Measures
The neuropsychological tests were paper and pencil based. 
These tests are well described in the literature. A brief 
description is provided in Table I, which summarizes the 
neuropsychological test battery and the measured cognitive 
domains. The neuropsychological assessment intended to 
cover the following cognitive functions: verbal (vocabulary, 
abstract verbal reasoning) and performance skills (spatial 
perception, non-verbal abstract problem solving), visual-
motor coordination, and a number of executive functions 
such as working memory, mental flexibility and inhibition. 
The executive functions were measured by different tests. 
Inhibition of automatic responding was assessed with Stroop 

Table I.  Neuropsychological test battery and cognitive domains measured.
Type of 
neuropsychological test Cognitive function
Wechsler Abbreviated 
Scale of Intelligence 
(WASI)

Verbal (vocabulary, abstract verbal reasoning) 
and performance skills (spatial perception, 
nonverbal abstract problem solving)

Grooved Pegboard 
(Halstead Reitan)

Visual-motor coordination

Letter-number 
sequencing (WAIS-III)

Working memory

Trail making Test 
(Halstead Reitan)

Mental flexibility

Stroop Test (D-KEFS) Inhibition
Behaviour Rating 
Inventory of Executive 
Function (BRIEF-A)

Executive functions (inhibition, shift, 
emotional control, self-monitoring, initiative, 
working memory, planning/organizing, task 
monitoring, organizing of materials)

D-KEFS, Delis-Kaplan Executive Function System; WAIS-III, Wechsler Adult Intel-
ligence Scale III.
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Inhibition Delis-Kaplan Executive Function System in which 
words are printed in dissonant ink color and participants 
are instructed to name the colour of the ink instead of the 
more automatic response of reading the word [19]. To assess 
attention and working memory, the letter-number sequenc-
ing from Wechsler Adult Intelligence Scale III was used [20]. 
Here the participant has to repeat a sequence (e.g. Q-1-B-3-
J-2) but place the numbers in numerical order and then the 
letters in alphabetical order. Mental flexibility was assessed 
with Trails B (Trail making Test), requiring rapid alternation 
between letters and numbers to connect them in order [21]. In 
addition, the following test was used: Wechsler Abbreviated 
Scale of Intelligence (WASI)  [22]. The WASI is designed to 
be a brief intelligence assessment that yields Full Scale IQ, 
Verbal IQ and Performance IQ estimates. The Grooved 
Pegboard  [23] was also used. The Grooved Pegboard is a 
manipulative dexterity test consisting of 25 holes with ran-
domly positioned slots. Pegs with a key along one side must 
be rotated to match the hole before they can be inserted. This 
test requires more complex visual-motor coordination than 
most pegboard tests.

Questionnaires were used to assess everyday function that 
is not typically captured by laboratory tests. Behaviour Rating 
Inventory of Executive Function (BRIEF-A) assesses cognitive 
functions associated with executive functioning in the areas of 
inhibition, shift, emotional control self-monitoring, initiative, 
working memory, planning/organizing, task monitoring and 
organization of materials  [24]. To document self-reported 
psychological problems and symptoms of psychopathology, 
the Symptom Checklist 90-R was used [25].

Statistical analysis
Concerning the results from the neuropsychological tests, no 
statistical analyses other than frequencies have been conducted 
because of the small sample size. Features from the clinical his-
tory, the living factors, clinical findings and the self-reported 
executive difficulties and psychological problems have been 
tested using contingency tables and the Pearson chi-squared 
test for men and women to check whether there were signifi-
cant gender-specific differences. A p value of 0.05 or less was 
considered statistically significant.

Ethics
The project was approved by the Regional Ethic Committee 
for Medical Research Ethics, South-Eastern Norway. Written 
consent was obtained from the participants.

Results

Clinical history
Features from the clinical history are summarized in 
Table  II. MMC levels were between T10 and S1, indicating 
the upper level of the neurological deficit, either motor or 
sensory. Hydrocephalus was present in 92% of the subjects 
and Chiari-II malformation in 75%. All the participants were 
incontinent, either performing clean intermittent catheteriza-
tion or needing urostomy. Pressure sores have at some point 
been a complication in 92% (grades 3 and 4). In all participants, 

at least one kind of orthopaedic surgery was performed. 
The features showed no significant differences for men and  
women.

The clinically important living factors are given in Table III. 
Fifty-eight percent of the participants had a normal sleeping 
pattern (11 pm to 6 am), but five of the six men had a nearly 
inversed sleeping pattern, meaning that they were mostly 
sleeping during daytime. This finding was statistically signifi-
cant. Forty-two percent of the participants had a body mass 
index above 30, which means obesity.

Clinical findings
Findings from the clinical examination are listed in Table IV. 
Half of the participants were unable to walk and a third could 
only walk a few steps with technical aids. All the participants 
had reduced or missing sensibility on the legs, nystagmus and 
impaired fine motor functioning of the hands. These findings 
were similar for men and women.

Neuropsychological findings
The neuropsychological test results are summarized in 
Table V. Executive functions and visual-motor coordination 
were most impaired. Ninety-two percent of the participants 

Table II.  Features from the clinical history.

Clinical history
Men  

(n = 6)
Women  
(n = 6)

Total  
n (%)

MMC level T10 – S1 T11 – L5 T10 – S1
Tethered cord
  Surgical treated

5
2

4
2

9 (75)

Hydrocephalus 6 5 11 (92)
  Shunt
  Third ventriculostomy
  ≥3 shunt revisions

5
1
5

4
0
3

9 (75)
1 (8)
8 (67)

Arnold–Chiari malformation (ACM)
  Surgical treated ACM

4
1

5
0

9 (75)

Epilepsy 1 1 2 (17)
Clean intermittent catheterization 4 3 7 (58)
Urostomy 4 3 7 (58)
Colostomy 0 1 1 (8)
Appendicostomy 2 1 3 (25)
Reduced sexual function 4 5 9 (75)
Pressure sores 5 6 11 (92)
Latex allergy 3 3 6 (50)
Orthopaedic surgery 6 6 12 (100)
Orthopaedic aids 2 3 5 (42)

Table III.  Clinically important living factors.

Living factors
Men  

(n = 6)
Women  
(n = 6)

Total  
n (%) p value

Sleep period 11 pm to 6 am 1 6 7 (58) 0.003
Obesity (body mass index >30) 1 4 5 (42) n.s.
Smoking 1 1 2 (17) n.s.
Alcohol abuse 1 0 1 (8) n.s.
Physiotherapy 3 3 6 (50) n.s.
Driving 4 3 7 (58) n.s.
n.s., not significant.
The last column presents p values for significant gender differences.
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had reduced mental flexibility, 58% had an impaired ability 
to inhibit impulses and 42% had reduced working memory. 
All the participants had difficulties with visual-motor coor-
dination. Minor impairments were found in other cognitive 
domains: 25% had reduced spatial perception, 17% reduced 
abstract verbal reasoning and one participant had difficulties 
with non-verbal abstract problem solving. None of the par-
ticipants had impaired vocabulary. Although not having been 
statistically analysed, the neuropsychological findings showed 
no obvious difference between men and women. To visualize 
deficits in the executive function in relation to the other cog-
nitive domains, a ratio between executive performance and 
non-executive was calculated. The men and women below 
cut-off range had a ratio of 1.3 and 1.2, respectively. Above 
cut-off these ratios were 0.4 or lower.

The self-reported executive difficulties are listed in Table VI. 
The T-scores are based on comparison to the normative sample 
that comprised 1050 self-reports and 1200 informant reports, 
with higher scores reflecting greater difficulties experienced 
by the individual. Clinically elevated is defined as a T-score 
of 65 or greater in keeping with instructions in the BRIEF-A 
manual [24]. At least half of the participants described prob-
lems with shift (e.g. disturbed by unexpected changes in 
routine), working memory, organization of materials (e.g. 
lose things), initiative, planning/organization (e.g. trouble 
prioritizing activities) and task monitoring (e.g. trouble fin-
ishing tasks). These difficulties did not differ significantly for 
men and women.

Self-reported psychological problems
Self-reported psychological problems and symptoms of psy-
chopathology are shown in Table VII. Altogether, the men 
reported 10 symptoms and the women 16 symptoms. Some 
of the symptoms were more frequent than others: Three of 
six women had somatization symptoms, i.e. somatic distress, 
and phobic anxiety symptoms. This latter symptom was 

Table IV.  Clinical findings.

Clinical findings
Men  

(n = 6)
Women  
(n = 6) Total n (%)

Ambulation    
  Without technical aids 1 1 2 (17)
  With technical aids 2 2 4 (33)
  Unable 3 3 6 (50)
Reduced/missing leg sensibility 6 6 12 (100)
Scoliosis (>20 degrees) 3 3 6 (50)
Reduced visual field 2 0 2 (17)
Nystagmus 6 6 12 (100)
Impaired fine motor function 6 6 12 (100)

Table V.  Quantitative distribution of performance across different cognitive domains and gender.
Range Below cut-off Lower normal Normal Upper normal

 
Impaired N (%) 

Percentile % <5 5–34 35–65 >66
Gender M W M W M W M W
Cognitive domain  
Executive functions          
  Inhibition 4 3 1 1 — 2 1 — 7 (58)
  Mental flexibility 5 6 1 — — — — — 11 (92)
  Working memory 3 2 1 3 2 1 — — 5 (42)
Vocabulary — — 1 2 1 2 4 2 0 (0)
Abstract verbal reasoning 1 1 1 3 2 — 2 2 2 (17)
Spatial perception 1 2 5 1 — 3 — — 3 (25)
Nonverbal abstract problem solving 1 — 3 3 2 2 — 1 1 (8)
Visual motor coordination 6 6 — — — — — — 12 (100)
Ratio executive/non-executive performance 12/91.3 11/91.2 3/100.3 4/90.4 2/50.4 3/70.4 1/60.2 0/50  
M, men; W, women.
Cognition is defined as impaired when performance level is <5th percentile (see bold numbers).

Table VII.  Self-reported psychological problems and symptoms of 
psychopathology (Symptom Checklist-90-R).

Symptom scales
T-score >63 N (%) above  

cut-off p valueMen Women
Somatization 1 3 4 (33) n.s.
Obsessive-compulsive 4 2 6 (50) n.s.
Interpersonal sensitivity 1 2 3 (25) n.s.
Depression 1 2 3 (25) n.s.
Anxiety 1 1 2 (17) n.s.
Hostility 0 0 0 n.s.
Phobic anxiety 0 3 3 (25) 0.05
Paranoid ideation 1 1 2 (17) n.s.
Psychoticism 1 2 3 (25) n.s.
Sum of symptoms 10 16  n.s.
Global severity index 1 2 3 (25) n.s.
n.s., not significant.
Cut-off is defined when T-score is >65. The sum of symptoms describes how many of 
the above listed symptoms were totally present for men and women. The last column 
presents p values for significant gender differences.

Table VI.  Self-reported executive difficulties for men and women 
(Behaviour Rating Inventory of Executive Function).

Executive functions
T-score >65 N (%) above 

cut-offMen Women
Inhibit 2 0 2 (17)
Shift 4 3 7 (58)
Emotional control 1 1 2 (17)
Self-monitor 0 0 0 (0)
Initiate 3 3 6 (50)
Working memory 3 4 7 (58)
Plan/organize 3 3 6 (50)
Task monitor 3 3 6 (50)
Organization of materials 4 3 7 (58)
Cut-off is defined when T-score is >65, indicating executive difficulties.
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statistically significant. Four of the six men had obsessive 
compulsive symptoms. The Global Severity Index, a measure 
of overall psychological distress, showed that two women and 
one man had scores above cut-off.

Discussion

The main purpose of this study was to examine adults with 
MMC with problematic psychosocial adaptation and to check 
whether this was associated with executive dysfunction. The 
participants were severely impaired by neurological deficits 
and cognitive difficulties. Features from the clinical his-
tory and clinical findings showed no significant differences 
between men and women.

As expected, our results revealed that executive functions 
such as inhibition, mental flexibility and working memory were 
reduced in both men and women. It can be argued that these 
findings explain why these participants experience difficulties 
with regard to education, work and social relationships.

Studies have shown that long-term deficits in adaptive 
functioning are common among children and adolescents 
with MMC and hydrocephalus. Poor adaptation during child-
hood and adolescence places individuals at risk for continued 
difficulties in adulthood, such as underemployment, unem-
ployment, limited independence, reduced self-esteem and 
dependence on federal and state support programs [6]. Many 
of these adults are unable to live independently, and relatively 
few work in professional occupations [26–28].

Executive deficits are a frequent sequel of traumatic and 
other types of acquired brain injury and have detrimental 
effects in many domains, from impeding return to work, to 
straining social relationships and increasing dependence upon 
others [29]. Furthermore, specific cognitive, academic, voca-
tional and linguistic skills are of little benefit if the individual 
cannot efficiently use them in real life [5]. Executive functions 
enable individuals to account for short- and long-term conse-
quences of their actions and to plan for those results [30,31]. 
It allows individuals to make real-time evaluations of their 
actions and make necessary adjustments if those actions are 
not achieving the desired result [32]. Therefore, it is conceiv-
able that also the executive deficits in patients with MMC are 
decisive for problematic psychosocial adaptation.

A recent study investigated executive function as a mediat-
ing variable for the functional independence of adolescents 
with MMC aged 12–21 years [6]. This study was based on an 
ecological model which suggests that multiple factors such 
as executive functioning, adolescent resilience and family 
resourcefulness influence the adaptation outcomes in adoles-
cents with MMC [11]. One of the findings was that executive 
function was significantly correlated with the functional inde-
pendence and self-management outcome in terms of self-care 
and mobility, and it was concluded that executive functioning 
at least partially mediated the impact of neurological sever-
ity on functional independence. The study was limited by the 
small sample and the cross-sectional design, which prevented 
further understanding of the causality suggested in the model. 
The authors recommended further studies, which should 
include a longitudinal component and direct training of the 

executive functioning. In addition, it was postulated that 
executive dysfunction is likely to become progressively more 
problematic in early adulthood because of the increased need 
for independent problem solving [6]. Our study had a some-
what opposite design with the psychosocial problems as the 
basis for the inclusion and not the effect of risk factors such 
as executive functioning − and it has the same shortcoming 
of being limited by the small sample and the cross-sectional 
design (see below) − but it supports that the association 
between psychosocial maladjustment and executive dysfunc-
tion is also present in adults.

With regard to the self-reported executive difficulties, both 
men and women reported difficulties in executive function-
ing. Other studies have also used BRIEF as a method of mea-
suring executive functioning, suggesting that this rating scale 
is applicable for identifying executive functioning [14,33,34]. 
Mahone et al. [33] studied a small sample of adolescents with 
MMC and found high levels of parent-reported problems 
with initiation, working memory, planning/organization, self-
monitoring, metacognition and emotional control. Zukerman 
et al. [14] found that mother or teacher behavioural reports 
of adolescents’ executive functioning were significant predic-
tors for leaving home, romantic relationship experience and 
number of friends.

In our study, the objective findings of executive dysfunc-
tion were even more pronounced compared to the self-re-
ported problems. This may be a result of limited awareness of 
own difficulties. In literature, there is evidence that subjective 
evaluation of cognitive functioning does not always predict 
objective test performance [35]. Hence, in clinical practice it 
may not be sufficient asking the patients about their execu-
tive difficulties; they also have to be tested to develop realistic 
plans to improve psychosocial functioning.

Self-reported psychological problems
Internalizing symptoms such as depression and anxiety have 
so far mainly been investigated in children and adolescents 
with MMC [12,13]. It has been found that emerging adults, 
like their younger counterparts, are at risk for depressive 
symptoms and anxiety  [12]. A longitudinal follow-up of 
children aged 8–15 years with MMC matched with controls 
revealed that pre-adolescent differences between groups were 
maintained for several adjustment variables, indicating that 
adolescents have enduring academic and attention problems 
and difficulties with social development. On the other hand, 
women with MMC were found to be at risk for an exacer-
bation of social difficulties and negative perceptions of their 
physical appearance [13]. The authors of this study assert that 
the developmental trajectories may change in early adult-
hood and emphasize that gender-based research is needed, 
because some components of intervention may need to be 
gender specific. Interestingly, the self-reported psychological 
problems and symptoms of psychopathology in our study also 
revealed some gender differences. Twice as much of the men 
reported obsessive compulsive symptoms when compared to 
the women. On the other hand, half of the women reported 
both somatization and phobic anxiety symptoms, whereas 
only one man reported somatization symptoms. The anxiety 
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symptoms showed a significant gender difference. From the 
general population, it is known that women tend to report 
more psychological distress than men  [36]. However, the 
reason why the women reported more symptoms of phobic 
anxiety and the men obsessive compulsive symptoms is not 
known. It could be possible that a large number of medical 
interventions during lifetime create gender-specific reactions. 
The study design and the small number of participants do 
not permit to conclude on these matters, but this could be an 
interesting area for future investigation.

Living factors and clinical history
In the following, some aspects of the living factors and clini-
cal history will be discussed with regard to executive dysfunc-
tion. Inversed sleeping pattern was only reported by men. 
This finding was significant. To our knowledge, little is known 
about this field and the reasons for this gender difference. 
Sleeping problems in MMC often present as sleep apnea as 
a consequence of Chiari-II malformation  [37]. In our par-
ticipants, Chiari-II malformation was more frequent among 
women, so this cannot explain the difference. The lacking 
ability to maintain a normal day rhythm could be caused by 
a deficiency in structuring and organizing. However, the test 
results of these executive functions did not reveal any differ-
ences between men and women. Hence, we have no plausible 
explanation for the gender difference of the inversed sleeping 
pattern. It is apparent that inversed sleep may cause a couple 
of problems, concerning both the biological rhythm and 
social adjustment.

Almost half of the participants, mostly women, were obese. 
Obesity may be caused by paresis and executive dysfunction, 
such as reduced inhibition. However, neither of these features 
showed a gender difference. Perhaps hormonal factors are 
playing a role. Elevated obesity rates among adults, particu-
larly in women, have been reported before [38].

There was a high lifetime prevalence of pressure sores. Also 
here, executive dysfunction may play a role. A previous study 
reported among others memory problems as a significant risk 
factor to develop pressure sores [39].

Limitations and directions for future research
There are several limitations to the present study. The sample 
size is small. This limitation is hard to surmount because the 
number of persons with MMC in this target group is small 
in Norway. It would have been desirable to examine an age-
matched control group with better psychosocial adaptation, 
but this was also difficult because of the widespread location 
of the persons with MMC. The neuropsychological tests and 
questionnaire were selected to focus on the executive func-
tions. Because of time restrictions, a limited number of tests 
were allowed. As a consequence, the neuropsychological eval-
uation is somewhat limited, especially in the area of attention 
and memory. Nevertheless, the results are useful and in accor-
dance with the clinical relevant deficiencies in this patient 
group. Neuropsychological assessment should be conducted 
more often to better understand clinical and psychosocial 
needs in the adult MMC population. Similar to most of the 
other studies conducted thus far, the present study also used a 

cross-sectional design that fails to establish a causal relation-
ship between psychosocial problems and cognitive deficits.

Clinical implications
To date, research efforts have mainly focused on categoriz-
ing cognitive impairments in MMC and not on cognitive 
rehabilitation. Cognitive rehabilitation can be defined as a 
process whereby people with brain injury work together with 
professional staff to alleviate cognitive deficits to function as 
adequately as possible [40]. The effectiveness of cognitive reha-
bilitation is well documented for patients with stroke and trau-
matic brain injury [41–43]. Future research should be directed 
towards cognitive rehabilitation for these impairments to 
improve psychosocial functioning and quality of life. We are 
currently doing a study where we are examining the effects of a 
theoretically grounded cognitive rehabilitation programme on 
patients with MMC who experience executive difficulties.

Conclusion

The participants with problematic psychosocial adaptation 
were characterized by impaired executive functions, such as 
mental flexibility, inhibition of impulses and working memory. 
Self-reported executive difficulties were less pronounced than 
the objective findings. The men reported less psychopathologi-
cal symptoms than women, but had more problems with struc-
turing daily living. Future research should be aware of gender 
differences and directed towards cognitive rehabilitation.
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