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Abstract 

Introduction: the assessment of neuropsychological 
and behavioral disorders outcomes, functional 
outcomes and quality of life in traumatic brain 
injury victims. It was also to evaluate initial means 
of care provided to these patients. Finally, to study 
correlations between neuropsychological and 
behavioral disorders with demographic 
characteristics, injury severity, functional status 
and quality of life. Methods: it was a cross-sectional 
study including 50 patients with traumatic brain 
injury conducted in the physical medicine and 
rehabilitation department of Sfax. Memory 
disorders were tested by the mini mental state and 
the Glaveston orientation and amnesia tests. 
Executive functions were evaluated by the 
dysexecutive function scale. The psychological 
profile was evaluated using the hospital anxiety and 
depression scale and behavioral disorders were 
tested by the agitated behavior scale. Glasgow 
outcome scale has allowed the assessment of 
traumatic brain injury severity in terms of disability. 
Otherwise, functional capacity was measured by 
functional independence measure scale. Finally, 
health-related quality of life was measured using a 
generic measure (short-form-36) and the QOLIBRI 
scales. Results: abnormal executive functions were 
noted in 41 patients (82%) with a dysexcutive 
function average score of 33.20 ± 22.74. About 
psychological profile, depressive symptoms were 
found in 32 patients (64%). Moreover anxiety was 
noted in 20 patients (40%). Behavioral disorders 
such as aggressiveness and agitation were noted 
respectively in 32 (64%) and 8 patients (16%). The 
global social functional evolution was considered as 
unfavorable in 42% of the patients and favorable in 
58%. Regarding to functional independence 
measure scale, 92% of the victims showed 
impairment. Memory impairment and abnormal 
executive functions were statistically correlated 
with traumatic brain injury severity. Elementary 
brain injury lesions shown on computed 
tomography were correlated with memory 
disorders especially for temporal, cortical brain 
contusion and diffuse axonal injury. Our study 

showed that patients with severe memory 
impairment, abnormal executive functions and 
depressive mood had significant functional. 
Conclusion: the executive function disorders, 
depressed mood and the memory disorders seemed 
to be the most frequent among neuropsychological 
disorders in traumatic brain injury. We noted that it 
is so important to evaluate neuropsychological 
disorders in traumatic brain injury because they 
were underestimated. We have already started this 
experience despite the lack of means in our 
department. The evaluation of the executive 
function in addition to the classic 
neuropsychological assessment is essential to 
propose efficient means of rehabilitation. 

Introduction     

Traumatic brain injury (TBI) is a leading cause of 
death and disability worldwide. A proportion of 
severe TBI survivors, after prolonged hospital care, 
require long rehabilitation and may have long-term 
physical, cognitive, emotional and behavioral 
disorders [1]. Although most of the TBI patients 
recover well from motor disorder, but they keep 
severe neuropsychological and behavioral 
problems months or years after the original head 
trauma often called invisible disability [2]. All of 
those symptoms may affect every aspect of an 
individual´s life, social, family relationships, 
professional rehabilitation and even the quality of 
life [3]. Their diagnosis is relatively simple in severe 
forms especially in patients with massive cognitive 
deficits. However, in patients with apparent good 
recovery, these disorders can be underestimated 
and go unnoticed if they are not evaluated by 
specialized teams [4]. Therefore it is of great 
importance to identify those at risk for poorer long-
term outcomes. An adequate assessment of TBI 
must consider not only the results of 
neurotraumatic examination but also 
neuropsychological assessment with their social 
and professional repercussions. This will be very 
useful for the implementation of specific 
therapeutics and rehabilitative programs [5]. 
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Literature analysis is complicated by the fact that 
the evaluation of these disorders is not always 
standardized [4]. Adolescents and adults surviving 
moderate and severe TBI often experience long-
lasting complicated neuropsychological disorders 
including memory disorders, executive dysfunction, 
psychiatric disorders such as depression, anxiety, 
substance abuse, personality problems, and 
behavioral changes such as aggression and 
agitation [6]. It is generally considered that the 
recovery of cognitive, emotional and behavioral 
sequelae is carried out in the first six months [7] 
and that after one or two years their condition is 
stabilized. However, there is a lack of accurate 
information on the long-term neuropsychological 
outcome as well as its impact on social and 
occupational reintegration because few detailed 
and specific studies have been devoted to them. In 
fact, most of the studies devoted to this subject 
have an average of one to two years. More than five 
to ten years, only the patient´s family testament is 
available [8]. Data collection from the patient 
himself using standardized and detailed evaluation 
tests still very rare. 

The goals of our study were: the assessment of 
neuropsychological and behavioral disorders 
outcomes, functional outcomes and quality of life 
in Tunisian TBI victims. It was also to evaluate our 
initial means of care and to compare them with 
those used worldwide to identify insufficiency and 
to perform better care. Finally, to study 
correlations between: neuropsychological and 
behavioral disorders with demographic 
characteristics, injury severity, functional status 
and quality of life. 

Methods     

Procedure: it was a cross-sectional study including 
50 patients with moderate or severe TBI conducted 
in the physical medicine and rehabilitation 
department between January and July 2016. All 
patients were contacted by telephone. A minority 
was already followed in our department. We have 
established a data sheet for each patient. We 
collected through it; epidemiological data, clinical 

data, initial orientation post resuscitation, 
neuropsychological, behavioral and functional 
outcomes. Informations (Glasgow Coma scale, 
coma length, radiological aspects) were collected 
from reanimation folders. The data sheet was 
fulfilled by the physician himself. The patient was 
called to the average of 2 to 3 times in order to 
properly pass the large number of scales. 

Participants: for the present study, inclusion 
criteria were admission to a hospital for moderate 
(Glasgow Coma Scale (GCS) score, 9-12) or severe 
(GCS score, 3-8) TBI caused by a nonpenetrating 
trauma. Exclusion criteria were patients with 
aphasia, important pretraumatic neurologic, 
oncologic, or systemic impairments (spinal cord 
injury, psychiatric disorder, or cancer) that may 
interfere with TBI-related assessment of disability. 
All patients signed approved informed consent 
before entry into the study. 

Injury severity: traumatic brain injury severity was 
assessed clinically by the Glasgow Coma Scale (GCS) 
before intubation and coma length. All of the 
patients with TBI underwent brain computing 
tomography scan immediately after the trauma as 
part of the standard clinical evaluation. The nature, 
extent, and location of the traumatic lesions were 
classified on the basis of the traumatic coma data 
bank criteria (Marshall et al. 1983) [9]. Magnetic 
resonance imaging was not performed to all 
patients. In fact, it has been done in 14 patients; 
those who had delayed awakening post artificial 
ventilation or patients which computed 
tomography (CT) scan results needs further 
examination by MRI. 

Neuropsychological and behavioral disorders 
outcomes: cognitive, psychological and behavioral 
outcomes were evaluated. Memory disorders were 
performed by the Mini Mental State Examination 
(MMSE) [10] and the Glaveston Orientation and 
Amnesia (GOAT)[11] tests. Executive functions 
were evaluated by the dysexecutive function scale 
(DEX) [12]. The psychological profile was evaluated 
using the Hospital Anxiety and Depression Scale 
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(HAD) [13] and behavioral disorders were tested by 
the Agitated Behavior Scale (ABS) [14]. 

Functional outcomes: Glasgow Outcome Scale 
(GOS) [15] has allowed the assessment of  
TBI severity in terms of disability. Otherwise, 
functional capacity was measured by Functional 
Independence Measure scale (FIM) [16]. 

Quality of life: health-related quality of life was 
measured using a generic measure (short-form-36) 
and the QOLIBRI. The QOLIBRI scale compromises 
six items with one item selected from each domain 
of QOLIBRI (physical condition, cognition, 
emotions, function in daily life, personal and social 
life, and current situation and future 
prospects) [17]. Responses to each item were 
scored 1 ("not at all") to 5 ("very"), and the sum of 
all items was converted to a percentage, with 0% 
representing the lowest score and 100% the best 
score. The short-form 36 measures the following 
eight dimensions of health: physical functioning 
(PF), role physical limitations (RP), bodily pain (BP), 
general health (GH), vitality (VT), social functioning 
(SF), role emotional limitations (RE) and mental 
health (MH). All eight SF36 scales are standardized 
to range from 0 to 100 with the higher score 
indicating better health status. An overall score 
under 66, 6 indicate that quality of life is impaired. 
In our study, we used a validated Arabic version of 
SF36 scale [18]. 

Statistical analysis: data were analyzed using SPSS 
Statistics 21.0 for windows. Demographic data 
were presented as mean ± SD. Correlations 
between neuropsychological and behavioral 
disorders with epidemiological and clinical 
characteristics, functional outcomes and the 
quality of life were studied with Pearson´s rank 
correlation coefficient. Prognostic ability of coma 
length and Glasgow coma scale were also evaluated 
with the area under the receiver operating 
characteristic (ROC) curve. Cut-off values for the 
prediction of dichotomized outcomes were defined 
using the ROC curve. A p-value < 0.05 was 
considered statistically significant. Area under the 
curve of 0.8-1.0 was considered very well, area 

under the curve of 0.7-0.8 adequate, and area 
under the curve < 0.7 poor [19]. 

Results     

Epidemiological and clinical characteristic of the 
TBI patients: information on demographics and 
clinical characteristic of the sample was shown in 
Table 1. A total of 50 patients including 40 (80%) 
male and 10 (20%) female were enrolled with an 
average age of 32.19 ± 12.37. Patients were 
reviewed with an average follow up of 4 years. 
Regarding with etiology of head trauma, motor 
vehicle accidents were the most frequent in TBI 
patients (84%). Referring to the Glasgow coma 
scale (GCS) in patients during admission, 66% had a 
severe accident with a score < 8. The mean ± SD of 
coma length and days of hospitalization in intensive 
care unit were 13.98 ± 13.16 and 33.61 ± 13.16 days 
respectively. In the Marshall classification 
according to computed tomography Scan findings, 
58% of patients were in diffuse injury II class which 
corresponds to clear lesions in the scan or which 
have a mass effect and a midline shift < 5. 

Initial management and orientation post 
resuscitation characteristics: in our series, we 
found that only 2 patients (4%) were admitted in a 
private physical medicine and rehabilitation 
structure; there was no hospitalization in the 
physical medicine and rehabilitation department of 
Sfax which does not yet include any hospitalization 
bed. The remaining 96% returned to their homes 
directly after Intensive care unit hospitalization. 
Initial investigations showed that only 36% of these 
patients had an ambulatory follow up in our 
physical medicine and rehabilitation department. 
Their management consisted in botulism toxin 
injections (55%), physiotherapy (70%), ergotherapy 
(14%) and orthophony (11%). Otherwise, 60% 
escaped from any assessment and have been 
reintegrated into their families without follow-up. 
It should be noted that none of these patients have 
had a neuropsychological assessment. 

Neuropsychological and behavioral disorders 
outcomes: Table 2 shows neuropsychological and 
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behavioral disorders of the sample. Memory 
disorders were observed in 24 patients (48%) when 
evaluated by the mini mental state scale and in 17 
patients (34%) by the Glaveston orientation and 
amnesia scale. Abnormal executive functions were 
noted in 41 patients (82%) with a dysexecutive 
function average score of 33.20 ± 22.74. The most 
affected dimensions were intentionality and 
negative effect. About psychological profile, 
depressive symptoms were found in 32 patients 
(64%). Moreover anxiety was noted in 20 patients 
(40%). Behavioral disorders such as aggressiveness 
and agitation were noted respectively in 32 (64%) 
and 8 patients (16%). Severe agitation level was 
found in one patient (2%). 

Functional outcomes: according to the Glasgow 
outcome scale, the distribution is shown in Table 3. 
The global social functional evolution was 
considered as unfavorable (Glasgow outcome 
scale: 3-4) in 42% of the patients and favorable 
(Glasgow outcome scale: 1-2) in 58%. Regarding to 
functional independence measure scale, 92% of the 
victims showed impairment. Although often slight, 
at least one function has been affected. The 
functional independence measure scale ranged 
from 18 (6%) to 126 (8%) with a mean of 67.4 ± 4. 

Quality of life: about QOLIBRI scale, the overall 
score was of 46.05%. Patient satisfaction for 
thought, emotions, independence and social 
relations were respectively of 55.17%, 46.35%, 
43.43% and 42.9%. The patients discomfort tested 
in relation to their feelings and their physical 
condition were respectively of 43.66% and 51.52%. 
About short-form 36 scale, the overall score was of 
43.38. Impaired quality of life was observed in 76% 
of the patients. Table 2 showed score distributions 
for the short-form 36 subscales. 

Correlations study 

Correlations between neuropsychological and 
behavioral disorders with demographic and 
clinical characteristics: the study of correlations 
between neuropsychological, behavioral troubles 
and demographic, clinical variables showed that 

there is no correlation between memory disorders, 
executive functions, depressive mood and age. 
However, there was correlations between memory 
disorders and the education level (p = 0.047, r = 
0.28), between aggression and male sex (p < 0.01, r 
= 0.7). Memory impairment and abnormal 
executive functions were statistically correlated 
with the TBI severity evaluated by initial Glasgow 
coma scale and the coma length (Table 3). 
However, neither psychological disorders such as 
depression, anxiety, nor behavior disorders such as 
agitation were correlated with the injury severity. 
Receiver operating characteristic analysis showed 
that the area under the ROC curve for coma length 
to help distinguish mini mental state <23 Vs. Mini 
mental state >23 was 0.86 (95%, CI 0.478-0.926). 
Area under the ROC curve for Glasgow coma scale 
to help distinguish mini mental state <23 Vs. Mini 
Mental State > 23 was 0.60 (95%, CI 0.444-0.773). 
Cut-off values for coma length and Glasgow coma 
scale were defined. For coma length, the cut-off 
value (mean) for memory impairment was 6.5 days 
with a sensitivity of 95% and specificity of 65%. For 
Glasgow coma scale, the cut-off value (mean) for 
memory impairment was 7.5 with a sensitivity of 
86% and specificity of 75%. The ROC curves are 
displayed in Figure 1 and Figure 2 

Correlations between neuropsychological and 
behavioral disorders with radiological aspects: 
there were correlations between the elementary 
brain injury lesions shown on CT and memory 
disorders (MMS) especially for temporal (p = 0.039, 
r = 0.38), cortical brain contusion (p = 0.045, r = 
0.31) and diffuse axonal injury (p = 0.047, r = 0.28). 
Furthermore, frontal contusions lesions were 
correlated with behavior disorders such as 
agitation (p = 0,046, r = 0.29). The highest 
dysexecutive function scores were associated with 
frontal contusions and diffuse axonal injury but 
there were not significant correlations. In our 
study, the extent of computed tomography lesions 
mentioned by the Marshall classification was not 
correlated with memory impairment severity, 
neither with the achievement of executive function 
nor with behavior disorders. Lobar white matter 
abnormalities shown in magnetic resonnance 
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imaging were correlated with memory disorders 
with (p<0.01, r = 0.43). 

Correlations between neuropsychological and 
behavioral disorders with functional outcomes: 
our study showed that patients with severe 
memory impairment, abnormal executive functions 
and depressive mood had significant functional 
dependence as well as a poor overall evolution with 
respective correlation coefficients shown on 
Table 4. A significant correlation was found 
between the functional status (FIM) and the overall 
evolution (GOS) (p< 0.01, r = -0.9). 

Correlations between neuropsychological and 
behavioral disorders with quality of life: depressed 
mood and abnormal executive function were 
significantly correlated with QOLIBRI scale (p<0.01, 
r = -0.4; p = 0.045, r = -0.57). There were no 
significant correlations between QOLIBRI and the 
other variables (age, sex, education level, injury 
severity, memory disorders). Otherwise, memory 
disorders, executive dysfunction and depressed 
mood were significantly correlated with the short-
form 36 scale with respective correlation 
coefficients shown on Table 4. 

Correlations between quality of life and functional 
outcomes: a significant correlation was found 
between the functional status measured by the the 
(functional independence measure scale) and the 
quality of life (P <0.01, r = 0.6). In fact patients who 
were more dependant (having the lowest 
functional independence measure score) had a 
poorer quality of life. The global social-functional 
evolution measured by Glasgow Outcome Scale 
was correlated to the QOLIBRI scale (P<0.01, r = -
0.68) and to the (short form 36) scale (p<0.01, r = -
0.64). 

Discussion     

In our study, the assessment of TBI patients 
confirmed the persistence of cognitive, affective 
and behavioral difficulties 4 years after the TBI. The 
executive function disorders, the depressed mood 
and the memory disorders seemed to be the most 

frequent among neuropsychological disturbances. 
Memory and executive function impairment were 
correlated to injury severity evaluated by Glasgow 
coma scale, coma length and radiological factors 
(temporal, cortical lesions and diffuse axonal 
injuries). These disturbances, often 
underestimated, have a negative impact on the 
long term overall evolution and the quality of life. 
All patients have benefited for the first time of 
neuropsychological assessment and only thirty six 
percent of them had an ambulatory follow up in our 
polymyalgia rheumatica (PMR) department. 

Initial management and orientation post 
resuscitation: none of our patients have benefited 
from cognitive assessment and only 36% of them 
having neuroorthopedic visible sequelae were 
addressed to our physical medicine and 
rehabilitation unit. The received care consists 
mainly of botulinism toxin injections and 
physiotherapy. This may be explained by the fact 
that there was no hospitalization bed in the 
physical medicine and rehabilitation public 
department of Sfax despite administrative requests 
since 1994. We noted also the lack of interest for 
cognitive impairment assessment in TBI patients in 
our practice due to the unavailability of specialized 
teams. So patients with apparent good recovery 
escaped from any neuropsychological assessment 
and are reintegrated into their families without 
follow-up. A study conducted in Tlemcen (Algeria) 
about a cohort of 377 severe TBI (in 2009 and 2010) 
found that only 10 patients were admitted to 
physical medicine and rehabilitation structure. This 
was due to the limited number of places [20]. 
Bosserelle [21] studied a cohort of 122 serious TBI 
in Ile de France (from 2005 to 2007) and found that 
hospitalization in a physical medicine and 
rehabilitation structure concerned 60% of these 
patients. The remaining 40% escape any 
assessment of cognitive impairment and didn´t 
have a follow up (35% return directly to their 
homes and 5% have an unknown trajectory). This 
discrepancy between the number of TBI and the 
number of visits to rehabilitation is reported by 
several studies, notably Bedjaoui [22]. Thus the 
care pathways of TBI is quite random; It depends 
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not only of the patient´s clinical condition but 
especially on the availability or not of beds in the 
physical medicine and rehabilitation structures. 
The management of the higher functions disorders 
(language, attention, memory...) is a real problem 
due to the unavailability of qualified personnel for 
this type of rehabilitation. 

Cognitive impairment: there is growing evidence 
that a history of TBI places individuals at greater risk 
for cognitive decline across the life [23]. Among 
cognitive changes seen after TBI, it was found that 
memory disorders and executive function disorders 
had been predominant. In our study, memory 
disorders were frequently found after head trauma. 
They were one of the most frequent complaints of 
TBI. Prevalence of memory disorders vary greatly 
depending on the population group and series. This 
is due to the different means of assessment. In our 
series, memory disorders were maintained 4 years 
after TBI in 24 patients (48%) when evaluated by 
the mini mental state scale and in 17 patients (34%) 
by the Glaveston orientation and amnesia scale. 
This is likely due to the specificity of Glaveston 
orientation and amnesia test to evaluate memory 
disorders in TBI [24]. Mac Allister [25] reported a 
prevalence of 40 to 60% of memory and attention 
deficits 1-3 months after mild TBI. Levin [26] 
reported that 30-50% of severe TBI still had several 
memory impairment years after the head trauma. 
Executive dysfunction is among the most common 
and disabling aspects of cognitive impairment 
following TBI, and may include deficits in reasoning, 
planning, concept formation, mental flexibility. In 
our study; its frequency was even higher than 
memory disorders. The assessment of executive 
function disturbance is difficult due to the lack of 
sensitivity and specificity of traditional 
neuropsychological tests. Many frontal scales were 
used to evaluate dysexecutive syndrome such as 
bevioural assessment of the dysexecutive 
syndrome (BADS), Batterie Rapide d´Efficience 
Frontale (BREF). Due to the unavailability of theses 
batteries, dysexecutive function questionnaire was 
used in our study. The cognitive deficits vary 
depending on the severity of the injury. In our 
series, ROC analysis showed that coma length was 

a very good predictor of memory disorders. 
Patients who experienced more than 6.5 days of 
coma seemed to be more likely to develop memory 
disorders after a mean follow-up of 4 years of 
moderate to severe TBI. In contrast GCS was 
considered as a poor predictor of memory 
impairment (area under the ROC curve < 0.7). 

The relationship between TBI severity and 
neuropsychological deficits has been studied up to 
10 years after injury [27]. Most available research 
shows that individuals with uncomplicated, 
moderate TBI typically recover to baseline levels of 
cognitive functioning within 1 to 3 months after 
injury and are expected to have a favorable long-
term outcome [28]. Prolonged recovery course has 
been associated with more severe acute injury 
indicators (e.g. Glasgow coma scale, coma length or 
initially more severe symptoms) [29]. Levin [26] 
reported that long lasting memory disorders 
depends on coma length. Patients, who 
experienced less than 10 days of coma, seemed to 

have returned to a normal level between the 12th 

and 24th month. Previous studies have consistently 
found an association between fronto-temporal 
damage typical of TBI and cognitive deficits [30]. In 
our study, the analysis of correlations between 
cognitive impairment and the elementary brain 
injury lesions showed that memory disorders were 
correlated to temporal, cortical brain contusion and 
traumatic axonal injury. Similar results were found 
in previous studies [31]. Besides, we found that 
lobar white matter abnormalities shown in 
magnetic resonnance imaging were correlated with 
memory disorders. This fact was demonstrated in a 
study using diffusing tensor imaging technique [32]: 
the moderate to severe TBI subjects demonstrated 
reduced white matter integrity, relative to controls. 

It has been established that executive functions are 
sensitive primarily to damage of the frontal lobe, 
including dorsolateral, orbital, and medial 
structures of the prefrontal cortex [33]. Other 
studies [34,35] have shown that the severity of the 
executive functions disorders was more related to 
the extent of the diffuse axonal lesions than to the 
direct lesions of the frontal systems. In our study; 
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diffuse axonal injuries and frontal contusions were 
associated to highest dysexecutive function scores 
but no statistical correlations were found. In our 
series, the extent of computed tomography lesions 
mentioned by the Marshall classification was not 
correlated with memory impairment severity, 
neither with the achievement of executive 
dysfunction. A similar result was found by Levin et 
al. [36]. Nevertheless, Mataró et al. reported that 
there was a relationship between the acute 
intracranial lesion diagnosis according to the 
Marshall computed tomography classification and 
neuropsychological results at 6 months post-
injury [37]. Among epidemiological characteristics 
studied, cognitive troubles did not have a 
correlation to age or sex. Furthermore, these 
troubles were hard felt in patients with low level of 
education. These results are similar to those of 
Alaoui [38]. Otherwise, he found that problems in 
capacity to plan and concept disorganization were 
significantly higher in women. 

Psychiatric and behavioral disorders: psychiatric 
disorders are common following TBI and including 
depression, anxiety, and psychosis, as well as other 
maladaptive behaviors and personality changes. 
The published rates of psychiatric disorders in 
patients with TBI are 14-77% for depression, 3-28% 
for generalized anxiety disorder and 2-17% for 
behavior disorders [39]. The main findings of our 
study are that depression was the most frequent 
psychiatric diagnosis observed in 64% of the 
patients after a mean follow up of 4 years. Our 
findings are in line with earlier reports of high rates 
of major depression after TBI [40]. MC Mauri et al. 
observed depression in 62.5% of the patients after 
one month, 50% after three months, and 43.75% 
after six months. Furthermore, depression has 
been observed not only soon after TBI, but also 
throughout a 30-year follow-up [41]. Like 
others [42], we found that the occurrence of 
psychiatric disorders was not significantly related 
to the severity of the brain injury. Although, further 
studies found a significant relationship between 
trauma severity and the presence of more severe 
psychiatric symptoms; thus demonstrating that the 
severity of TBI may cause a worsening of psychiatric 

symptomatology and of other neurobehavioral 
difficulties [25]. Behavioral disorders are part of the 
clinical spectrum of head trauma and are defined 
by visible reactions of a person in response to his 
environment. Significant changes in character, 
anger and aggression were observed in our study. 
Aggressiveness was a common symptom especially 
in males observed in 64% of patients. Agitation was 
less frequent, found in 16% of TBI in which 1 patient 
(2%), have had a severe agitation level according to 
the agitated behavioral scale. These behavior 
disorders may affect 50 to 70% of brain trauma 
victims [43]. 

Functional outcomes: the Glasgow outcome score 
was proposed in order to class patient´s outcome in 
terms of mortality, functionality, and economic 
reintegration. Bosserelle [21] found in his cohort 
(one year after a severe TBI): 2% in vegetative state, 
38% Glasgow outcome scale 3.41% Glasgow 
outcome scale 2, and 19% had good recovery 
(Glasgow outcome scale: 1). According to an 
evaluation made 4 years after TBI, Darnoux [44] 
found that: 30% were Glasgow 0utcome scale 
1.39% were Glasgow outcome scale 2 and 31% 
were Glasgow outcome scale 3. In our series, 4% of 
TBI were classified as Glasgow outcome scale 4.38% 
Glasgow outcome scale GOS 3.28% Glasgow 
outcome scale 2 and 30% had good recovery 
(Glasgow outcome scale 1). In our study, 
Correlations between different neuropsychological 
disorders and functional outcomes showed that 
patients who had memory impairment, abnormal 
executive functions and depressive mood were 
more dependent on the functional aspects and had 
a poor overall evolution. Several studies support 
the view that cognitive impairment functions 
affects long-term functional status after acute 
cerebral attacks such as TBI [45]. Cognitive 
disorders are the major cause of disability after TBI. 
Victims of TBI will be characterized mainly by a 
global slowdown with difficulties to learn, to 
concentrate, to show mental flexibility [38]. 
Attention and executive functions are the main 
causes of disability after head trauma and regularly 
lead to complaints from patients and families [46]. 
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Quality of life: traumatic brain injury (TBI) affects 
many domains of life, and impacts the quality of life 
experienced by the injured person [47]. The 
QOLIBRI instrument was developed specifically for 
persons after TBI [48]. In recent years QOLIBRI has 
become an important outcome variable after 
TBI [49] alongside the more traditional outcome 
measures. In our study, the overage of patients was 
dissatisfied with their quality of life several years 
after the TBI. The most affected dimensions were 
feeling and social relations. Earlier studies  
have shown that QoL after TBI is linked to changes 
in emotional status [50], neurobehavioral 
disturbances and cognitive impairments [51]. In our 
study depression was found to be the strongest 
predictor of impaired quality of life (QOLBRI scale). 
This can be explained by the bad socio-economic 
conditions with a lack of human and material aids 
for therapeutic management, despite that the 
constant presence of the family members to 
provide moral and material support [52]. The 
strong association between the QOLIBRI and 
emotional state was expected on the basis of the 
theoretical model and the analysis of the 
international data and from previous research [53]. 
Functional outcome measured by GOS was 
significantly correlated to the QOLIBRI and to the 
Short Form 36. A similar finding has been reported 
in some previous research [40] and suggests  

Conclusion     

In summary, a history of TBI was associated with 
increased risk of cognitive, affective and behavioral 
difficulties years after the original head trauma in 
Tunisian TBI patients. Executive dysfunction, 
depressed mood and memory disorders were the 
most frequent among neuropsychological 
disturbances. These disorders are a major source of 
disability, they have a negative impact on the long 
term overall evolution and even the quality of life. 
These neuropsychological disorders were 
underestimated in our population. In fact none of 
our patients have benefited from cognitive 
assessment and only those having neuroorthopedic 
visible sequelae, were addressed to our physical 

medicine and rehabilitation department. In our 
physical and rehabilitation team we are convinced 
that is necessary to implement means of screening, 
and specific therapeutic and rehabilitation 
programs. We have already started this experience 
despite the lack of means in our department. 
Further studies with larger cohorts will be needed 
to better understand the pathophysiology of such 
troubles and to establish a better management. 

What is known about this topic 

 Traumatic brain injury is a leading cause of 
death and disability worldwide; 

 Although most of the traumatic brain injury 
patients recover well from motor disorder, 
but they keep severe neuropsychological 
and behavioral problems months or years 
after the original head trauma often called 
invisible disability. 

What this study adds 

 An adequate assessment of traumatic brain 
injury patients must consider not only the 
results of neurotraumatic examination but 
also neuropsychological assessment with 
their social and professional repercussions; 

 In our study we tried to evaluate and to 
understand the pathophysiology of such 
troubles. This will be very useful for the 
implementation of specific therapeutics and 
rehabilitative programs; 

 We tried also to evaluate our initial means 
of care and to compare them with those 
used worldwide to identify insufficiency and 
to perform better care. 

Competing interests     

The authors declare no competing interests. 

Authors’ contributions     

Doctors Elleuch Mohamed Habib, Ghroubi Sameh, 
Chelly Hedi, Alila Samar and Feki Islem contributed 
to the design and implementation of the research, 
to the analysis of the results and to the writing of 

https://www.panafrican-med-journal.com


Article  
 

 

Ghroubi Sameh et al. PAMJ - 38(346). 11 Apr 2021.  -  Page numbers not for citation purposes. 10 

the manuscript. All the authors have read and 
agreed to the final manuscript. 

Tables and figures     

Table 1: demographic and clinical characteristic of 
the TBI patients 
Table 2: neuropsychological, behavioral, functional 
outcomes and quality of life 
Table 3: correlations between injury severity 
(Glasgow coma scale and coma length), memory 
disorders and executive function 
Table 4: correlations between neuropsychological 
disorders, functional outcomes and quality of life 
Figure 1: ROC curve showing the correlation 
between the coma length and MMS (AUC  =  0.86; 
Se  =  95%, Sp  =  65%; p <0.01) 
Figure 2: ROC curve showing the correlation 
between the Glasgow Coma Scale and MMS (AUC  
=  0.60; Se  =  86%, Sp  =  75%; p <0.01) 

References     

1. Rosenfeld JV, Maas AI, Bragge P, Morganti-
Kossmann MC, Manley GT, Gruen RL. Early 
management of severe traumatic brain injury. 
Lancet. 2012;380(9847): 1088-98. PubMed| 
Google Scholar 

2. Chevignard M, Taillefer C, Picq C, Pradat-Diehl 
C. Evaluation écologiques des fonctions 
exécutives chez un patient traumatisé crânien. 
Ann Readapt Med Phys. 2008;51(2): 74-83. 
Google Scholar 

3. Mazaux JM, Masson F, Levin HS, Alaoui P, 
Maurette P, Barat M. Long-term 
neuropsychological outcome and loss of social 
autonomy after traumatic brain injury. 
Archives of Physical Medicine and 
Rehabilitation. 1997;78(12): 1316-20. 
PubMed| Google Scholar 

4. Vallat-Azouvi C. Quels outils 
neuropsychologiques privilégier dans le bilan 
d´expertise. Rev Neurol. 2007;163(4): 210. 

5. Azouvi P, Joseph PA, Pélissier J, Pellas F. Prise 
en charge des traumatisés cranio-
encéphaliques De l´éveil a la réinsertion. Paris: 
Masson. 2007. 

6. Azouvi P, Peskine A, Vallat- Azouvi C, Couillet J, 
Asloun S, Pradat-Diehl P. Les troubles des 
fonctions exécutives dans les 
encéphalopathies post-traumatique et post 
anoxique, In: Godefroy O, editor. Fonctions 
exécutives et pathologies neurologiques et 
psychiatriques. Marseille: Solal. 2007: 65-92. 

7. Bond MR, Brooks DN. Understanding the 
process of recovery as a basis for the 
investigation of rehabilitation for the brain 
injured. Scand J Rehabil Med. 1976;8(3-4): 127-
33. Google Scholar 

8. Brooks DN, Campsie L, Symington C, Beattie A, 
Mac Kinlay W. The five years outcome of 
severe blunt head injury: a relative´s view. J 
Neurol Neurosurg Psychiatry. 1986;49(7): 764-
70. PubMed| Google Scholar 

9. Marshall LF, Marshall SB, Klauber MR, Van 
Berkum Clarck M, Eisenberg H et al. The 
diagnosis of head injury requires a 
classification based on computed axial 
tomography. J Neurotrauma.1992;9(1): 287-
92. PubMed| Google Scholar 

10. Folstein MF, Folstein SE, McHugh PR. Mini 
Mental State. A pratical method for grading the 
cognitive state of patients for the clinician. J 
Psychiatr Res. 1975;12(3): 189-98. PubMed| 
Google Scholar 

11. Levin HS, O´Donnell VM, Grossman RG. The 
Galveston Orientation and Amnesia Test: a 
practical scale to assess cognition after head 
injury. J Nerv Ment Dis. 1979;167(11): 675-84. 
PubMed| Google Scholar 

12. Burges PW. Theory and methodology in 
executive function research; in: Rabbitt P 
theory and methodology of frontal executive 
function. UK: Psychology Press. 1997;81-116. 
Google Scholar 

13. Zigmond AS, Snaith RP. The hospital anxiety 
and depression scale. Acta Psychiatr Scand. 
1983;67(6): 361-70. PubMed| Google Scholar 

https://www.panafrican-med-journal.com
javascript:%20PopupFigure('FigId=2')
javascript:%20PopupFigure('FigId=2')


Article  
 

 

Ghroubi Sameh et al. PAMJ - 38(346). 11 Apr 2021.  -  Page numbers not for citation purposes. 11 

14. Corrigan JD. Development of a scale for 
assessment of agitation following  
traumatic brain injury. J Clin Exp 
Neuropsychol.1989;11(2): 261-77. PubMed| 
Google Scholar 

15. Jennett B, Bond M. Assessment of outcome 
after severe brain damage. Lancet. 
1975;1(795): 480-4. PubMed| Google Scholar 

16. Tinetti ME. Performance-oriented assessment 
of mobility problems in elderly patients. J Am 
Geriatr Soc. 1986;34(2): 19-26. PubMed| 
Google Scholar 

17. Von Steinbüchel N, Wilson L, Gibbons H, 
Hawthorne G, Hofer S, Schmidt S et al. Quality 
of life after brain injury (QOLIBRI)-scale validity 
and correlates of quality of life. J Neurotrauma. 
2010;27(7): 1157-65. Google Scholar 

18. Allouche C. L´indice SF36 de la qualité de vie: 
traduction en langue arabe et étude des 
qualités métrologiques. Th D Med, Sfax. 2007. 

19. Diaz-Arrastia R, Wang KKW, Papa L, Sorani MD, 
Yue JK, Puccio AM et al. Acute biomarkers of 
traumatic brain injury: relationship between 
plasma levels of ubiquitin C-terminal 
hydrolase-L1 and glial fibrillary acidic protein. J 
Neurotrauma. 2014;31(1): 19-25. PubMed| 
Google Scholar 

20. Minaire P. Pathologie de l´immobilité. Ann 
Readap Méd Phys. 1986;28: 409-24. 

21. Le Gall C, Lamothe G, Mazaux JM, Muller F, 
Debeillex X. Programme d'aide à la réinsertion 
sociale et professionnelle de jeunes adultes 
cérébrolésés: résultats à cinq ans du réseau 
UEROS-Aquitaine. Ann Readapt Med Phys. 
2007;50(1): 5-13. Google Scholar 

22. Bedjaoui M. La rééducation des traumatisés 
crâniens sévères. Etude rétrospective à propos 
de 98 cas. Th D Med, Oran. 1986. 

23. Kalmar K, Novack T, Nakase-Richardson R, 
Sherer M, Frol A, GordonW et al. Feasibility of 
a brief neuropsychological test battery during 
acute inpatient rehabilitation after TBI. Arch 
Phys Med Rehabil. 2008; 89(5): 942-9. 
PubMed| Google Scholar 

24. Levin HS, O´Donnell VM, Grossman RG. The 
Galveston orientation and amnesia test: a 
practical scale to assess cognition after head 
injury. J Nerv Ment Dis. 1979;167(11): 675-84. 
PubMed| Google Scholar 

25. Mauri MC, Paletta S, Colasanti A. Clinical and 
neuropsychological correlates of major 
depression following post-traumatic brain 
injury, a prospective study. Asian Journal of 
Psychiatry. 2014;12: 118-24. PubMed| Google 
Scholar 

26. Levin HS. Memory deficit after closed head 
injury. J Clin Exp Neuropsychol. 1990;12(1): 
129-53. PubMed| Google Scholar 

27. Andrea S Vincent, Tresa M Roebuck-Spencer, 
Alison Cernich. Cognitive changes and 
dementia risk after traumatic brain injury: 
implications for aging military personnel. 
Alzheimer´s & Dementia. 2014;10(3): 174-87. 
PubMed| Google Scholar 

28. Belanger HG, Vanderploeg RD. The 
neuropsychological impact of sports-related 
concussion: a meta-analysis. J Int Neuropsych 
Soc. 2005;11(4): 345-57. PubMed| Google 
Scholar 

29. McCrea M, Guskiewicz K, Randolph C, Barr WB, 
Hammeke TA, Marshall SW et al. Incidence, 
clinical course, and predictors of prolonged 
recovery time following sport-related 
concussion in high school and college athletes. 
J Int Neuropsych Soc. 2013;19(1): 22-33. 
PubMed| Google Scholar 

30. Mauri MC, Paletta S, Colasanti A, Miserocchi G, 
Altamura AC. Clinical and neuropsychological 
correlates of major depression following post-
traumatic brain injury, a prospective study. 
Asian J Psychiatr. 2014;12: 118-24. PubMed| 
Google Scholar 

31. Christodoulou C, Deluca J, Ricker JH, Madigan 
NK, Bly BM, Lange G et al. Fuctional magnetic 
resonance imaging of working memory 
impairment after traumatic brain injury. J Int 
Neuropsychol Soc. 2001;71(2): 161-68. 
PubMed| Google Scholar 

https://www.panafrican-med-journal.com


Article  
 

 

Ghroubi Sameh et al. PAMJ - 38(346). 11 Apr 2021.  -  Page numbers not for citation purposes. 12 

32. MarilynKraus F, Teresa S, Benjamin P, Caughlin 
Corey J, WalkerJohn A, Sweeney Deborah M. 
Little White matter integrity and cognition in 
chronic traumatic brain injury: a diffusion 
tensor imaging study. Brain. 2007;130(10): 
2508-19. PubMed| Google Scholar 

33. 33.Fuster JM. The Prefrontal cortex-an update: 
time Is of the essence. Neuron. 2001;30(2): 
319-33. PubMed| Google Scholar 

34. Anderson CV, Bigler ED, Blatter DD. Frontal 
lobe lesions,diffuse damage, and neuropsy 
hological functioning in traumatic brain-
injured patients. J Clin Exp Neuropsychol. 
1995;17(6): 900-8. PubMed| Google Scholar 

35. Azouvi P, Peskine A, Vallat-Azouvi C. Les 
troubles des fonctions exécutives dans les 
encéphalopathies posttraumatiques et 
postanoxique. In: Godefroy O. Fonctions 
exécutives et pathologies neurologiques et 
psychiatriques. Marseille: Solal. 2008;65-92. 

36. Levin HS, Gary HE Jr, Eisenberg HM, Ruff RM, 
Kreutzer J, High WM Jr et al. Neurobehavioral 
outcome 1 year after severe head injury. 
Experience of the traumatic coma data bank. J 
Neurosurg 1990;73(5): 699-709. PubMed| 
Google Scholar 

37. Mataró M, Poca MA, Sahuquillo J, Pedraza S, 
Ariza M, Amorós S. Neuropsychological 
outcome in relation to the traumatic coma 
data bank classification of computed 
tomography imaging. J Neurotrauma. 
2004;18(9): 869-79. PubMed| Google Scholar 

38. Alaoui P, Mazaux JM, Masson F, Vecsey J, 
Destaillats JM, Maurette P et al. Devenir 
neuropsychologique et comportementaux des 
traumatisés crâniens. Ann Réadap Méd Phys. 
1998;41(4): 171-81. Google Scholar 

39. Stocchetti N, Zanier ER. Chronic impact of 
traumatic brain injury on outcome and quality 
of life: a narrative review. Crit Care. 
2016;20(1): 148. PubMed| Google Scholar 

40. Deb S, Lyons I, Koutzoukis C, Ali I, McCarthy G. 
Rate of psychiatric illness 1 year after traumatic 
brain injury. Am J Psychiatry. 1999;156(3): 374-
78. PubMed| Google Scholar 

41. Koponen S, Taiminen T, Portin R, Himanen L, 
Isoniemi H, Heinonen H, Hinkka S, Tenovuo O. 
Axis I and II psychiatric disorders after 
traumatic brain injury: a 30-year follow-up 
study. Am J Psychiatry. 2002;159(8): 1315-32. 
PubMed| Google Scholar 

42. Jorge RE, Robinson RG, Moser D, Tateno A, 
Crespo-Facorro B, Arndt S. Major depression 
following traumatic brain injury. Arch Gen 
Psychiatry. 2004;61(1): 42-50. PubMed| 
Google Scholar 

43. Annoni JM, Gramigna S, BogousslavskyJ. 
Troubles du comportement d´origine 
neurologique. Arch Neurol Psychiatr. 
2002;153: 354-60. Google Scholar 

44. Darnoux E, Jourdan C, Bayen E, Azerad S, Ghout 
I, Aegerter P et al. Évaluation du handicap et de 
la qualité de vie 4 ans après un traumatisme 
crânien sévère en Île-de-France: une étude 
prospective de cohorte. Ann Phys Rehabil Med. 
2011;54(1): 20-1. Google Scholar 

45. Guise E, Leblanc J, Feyz M, Lamoureux J. 
Prediction of the level of cognitive functional 
independence in acute care following 
traumatic brain injury. Brain Inj. 2005;19(13): 
1087-93. PubMed| Google Scholar 

46. Coyette F. Quelques considérations sur la 
réeducation des troubles de la mémoire après 
traumatisme crânien, In: Azouvi P, Joseph PA, 
Pélisser J, Pellas F Prise en charge des 
traumatisés cranio-encéphaliques: de l´éveil à 
la réinsertion. Paris: Masson. 2007;94-106. 

47. Dijkers M. Quality of life after traumatic brain 
injury: a review of research approaches and 
findings. Arch Phys Med Rehab. 2004;85(4-2): 
21-35. PubMed| Google Scholar 

48. von Steinbüchel N, Wilson L, Gibbons H, 
Hawthorne G, Höfer S, Schmidt S et al. Quality 
of life after brain injury (QOLIBRI)-scale 
development and metric properties. J 
Neurotrauma 2010;27(7): 1157-65. PubMed| 
Google Scholar 

https://www.panafrican-med-journal.com


Article  
 

 

Ghroubi Sameh et al. PAMJ - 38(346). 11 Apr 2021.  -  Page numbers not for citation purposes. 13 

49. von Steinbüchel N, Richter S, Morawetz C, 
Riemsma R. Assessment of subjective health 
and health-related quality of life in persons 
with acquired or degenerative brain injury. 
Curr Opin Neurol. 2005;18(6): 681-691. Google 
Scholar 

50. Corrigan JD, Bogner JA, Mysiw WJ, Clinchot D, 
Fugate L. Life satisfaction after traumatic brain 
injury. J Head Trauma Rehabil. 2001;16(6): 
543-555. PubMed| Google Scholar 

51. Koskinen S. Quality of life 10 years after a very 
severe traumatic brain injury (TBI): the 
perspective of the injured and the closest 
relative. Brain Inj.1998;12(8): 631-48. 
PubMed| Google Scholar 

52. Kozlowski O, Pollez B, Thevenon A, 
Dhellemmes P, Rousseaux M. Outcome and 
quality of life after three years in a cohort of 
patients with severe traumatic brain injury. 
Ann Readapt Med Phys. 2002;45(8): 466-73. 
PubMed| Google Scholar 

53. von Steinbüchel N, Wilson L, Gibbons H, 
Hawthorne G, Hofer S, Schmidt S et al. Quality 
of life after brain injury (QOLIBRI)-scale validity 
and correlates of quality of life. J Neurotrauma. 
2010;27(7): 1157-65. PubMed| Google Scholar 

https://www.panafrican-med-journal.com


Article  
 

 

Ghroubi Sameh et al. PAMJ - 38(346). 11 Apr 2021.  -  Page numbers not for citation purposes. 14 

Table 1: demographic and clinical characteristic of the TBI patients 

Characteristics TBI, n = 50 

Age, n (%) 32.19±12.37 

[15-35] 30(60%) 

[36-45] 16(32%) 

≥46 4(8%) 

Gender, n (%)   

Male 40(80%) 

Female 10(20%) 

Education level, n (%)   

Primary 26(52%) 

Secondary 18(36%) 

High school 6(12%) 

Employment status, n (%)   

Professional activity 36(72%) 

Primary level or student 9(18%) 

Unemployed 5(10%) 

Injury mechanism, n (%)   

Motor vehicle accident 42(84%) 

Domestic accident 1(2%) 

Aggression 3(6%) 

Other 4(8%) 

Injury severity (GCS), n (%)   

GSC 8-12 17(34%) 

GSC <8 33(66% 

Coma length 13.98±13.16 days 

Days in ICU 33.61±13.16 days 

Time since injury, n (%)   

<1years 2(4%) 

1 to <2 years 5(1%) 

2 to <4 years 8(16%) 

4-15 years 35(70%) 

Average follow up (years) 4 

CT scan, n (%)   

Cerebral contusion 29(58%) 

Subarachnoid hemorrhage 28(56%) 

Subdural hematoma 19(38%) 

Diffuse axonal lesions 18(36%) 

Extradural hematoma 16(32%) 

Marshall score, n (%)   

Class I 3(6%) 

Class II 30(60%) 

Class III 1(2%) 

Class IV 13(26%) 

Class V 3(6%) 

MRI results: lesions location, n (%)   

Corpus callosum 8(16%) 

White matter 6(12%) 

Brainstem 5(10%) 

Basal ganglia 3(6%) 

Internal/external capsule 3(6%) 

Thalamus 2(4%) 

Cerebellum 1(2%) 

TBI: traumatic brain injury, GCS: Glasgow coma scale, ICU: intensive care unit, CT: computing tomography, MRI: magnetic resonance imaging 
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Table 2: neuropsychological, behavioral, functional outcomes and quality of life 

Scale Value 

MMS<23, n (%) 24(48%) 

Mild: 20<MMS<23 11(45.8%) 

Moderate:n10≤MMS≤20 8(33.3%) 

Severe: MMS<10 5(20.8%) 

GOAT≤75, n (%) 17(34%) 

Moderate: 66≤GOAT≤ 75 10(58.8%) 

Severe: GOAT<66 7 (41.1%) 

Mean DEX score 33.20±22.74 

Intentionality (%) 49% 

Negative affect (%) 57% 

Positive affect (%) 28% 

Inhibition (%) 27% 

Executive memory (%) 38% 

HAD-D≥11, n (%) 32(64%) 

HAD-A≥11, n (%) 20(40%) 

ABS≥22, n (%) 8(16%) 

Mild: 22≤ABS≤ 28 3(6%) 

Moderate: 29≤ABS≤35 4(8%) 

Severe: ABS≥ 35 1(2%) 

GOS   

GOS: 1-2 29(58%) 

GOS: 3-4 21(42%) 

Mean FIM score 67.4±41.2 

FIM = 18 (n, %) 3(6%) 

FIM = 126(n, %) 4(8%) 

Overall qolibri score (Mean, %) 46.05±21.76 

Overall SF36 score 
43.38±16.8 38(76%) 

Overall score<66, 6 (n, %) 

PHS score 48.09±19.11 

MHS score 38.67±17.71 

MMS: mini mental state, GOAT: Galveston orientation and amnesia test, DEX: dysexecutive questionnaire, 
ABS: agitated behavior scale, GOS: Glasgow outcome scale, FIM: functional independence measure, QOLIBRI: 
finish quality of life after brain injury; SF 36: short form-36, PHS: physical health summary score, MHS: mental 
health summary score 
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Table 3: correlations between injury severity (Glasgow coma scale and coma length), memory disorders and 
executive function 

  GCS 

P,R   Coma length P,R 
GCS≤8 (N = 33) 

GCS [9-12] (N = 
17) 

  MMS MMS<23 (N = 24) 19 5   P = 0.043 R 
= 0.28 

21.79±15.34   P<0.01 R = -
0.43 MMS>23 (N = 26) 14 12 6.77±3.25 

GOAT GOAT≤75 (N =  17) 15 2 P<0.01 R = 
0.41 

24.41±16.34   P<0.01 R = -
0.49 GOAT>75 (N =  33) 18 15 8.61±6.66 

DEX   
39.9±20.73 19.37±20.86 

P<0.01 R = -
0.40 

  
P<0.01 R = 
0.40 

MMS: mini mental state, GOAT: Galveston orientation and amnesia, DEX: Dysexecutive questionnaire 

 

Table 4: correlations between neuropsychological disorders, functional outcomes and quality of life 

  GOS P,R FIM P,R QOL % P,R SF36 P,R 

GOS (1-2) (N 
= 29) 

GOS(3-4) (N 
= 21) 

    

  MMS MMS<23 
(N = 24) 

8 16   P<0.01 
R = -
0.42 

44.60±29.68 
  P<0.01 
R = 0.43 

43.5±21.2 

  NS 
20   4 

  P<0.01 
R = 0.48 MMS>23 

(N = 26)   
21 5 92.17±37.47 44.2±23.1 18 8 

  GOAT GOAT≤75 
(N =  17) 

5 12   P<0.01 
R = -
0.48 

42.58±26.02 
  P<0.01 
R = 0.51 

39.7±24.7 

  NS 
15 2 

P<0.01 
R = -0.4 GOAT>75 

(N =  33)   
24 9 82.48±40.3 41.5±22.9 23 10 

DEX 

28.41±21.8     37.17±23.03 
P<0.01 
R = 0.52 

  
P<0.01 
R = -
0.48 

  
P = 
0.045 R 
= -0.57 

  
P = 
0.034 R 
= -0.36 

HAD HAD-
D≥11 (N = 
32) 

13 19 
  P = 
0.03 R = 
0.32 

56.7±42.45 
  P = 
0.017 R 
= -0.56 

37.6±21.4   

  P<0.01 
R = -0.4 

26 6 
  P<0.01 
R = -
0.39 HAD-

D<11 (N = 
18) 

16 2 68.18±38.86 48.5±23.6 12 6 

MMS: mini mental state, GOAT: Galveston orientation and amnesia test, DEX: Dysexecutive questionnaire, 
HAD: hospital anxiety and depression, GOS: Glasgow outcome scale, FIM: functional independence measure, 
QOL: QOLIBRI, SF36: short- Form 36, NS: non significative 
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Figure 1: ROC curve showing the correlation 
between the coma length and MMS (AUC  =  0.86; 
Se  =  95%, Sp  =  65%; p <0.01) 

 

 

Figure 2: ROC curve showing the correlation 
between the Glasgow Coma Scale and MMS (AUC  
=  0.60; Se  =  86%, Sp  =  75%; p <0.01) 
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