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Abstract
BACKGROUND: Progress has been made in developing systems of care that strives to minimize traumatic brain 
injury (TBI)-related morbidity and mortality. As the TBI survivors, one’s might be experienced cognitive function 
disorders that affect their quality of life.

AIM: We sought to investigate the changes of cognitive function in patients with mild or moderate TBI.

METHODS: This was a prospective study on 80 patients with mild and moderate TBI who had undergone surgery; 
79 patients included in the study and one patient excluded due to incompletion of cognitive tasks. We assessed the 
cognitive function using a combination of mini-mental state examination (MMSE), digit span (DS), and constructional 
praxis (CP) tests. The correlations between clinical variables and neuropsychological tests were analyzed.

RESULTS: In this study, majority of the patients were male (77.2%) with the mean of age 28.4 years, ranging from 
15 to 74 years, predominantly was a young adult (15–20 years, 32.9%). In this series, majority of the patients had 
moderate TBI (69.6%). Most of the patients (55.7%) had 12 or more education years. MMSE examination revealed 
that 6.3% and 2.5% of patients had mild- and moderate-cognitive disturbances, respectively, significantly correlated 
with age (p = 0.049) and educational level (p = 0.008). From DS tests, 13.9% patients had attention disorders 
and significantly correlated with age (p = 0.015), educational level (p = 0.000), and the severity of TBI (p = 0.018). 
From CP tests, 24.1% and 5.1% had mild- and moderate-disturbances, respectively, significantly correlated with the 
severity of TBI (p = 0.025) and the type of intracranial lesion (p = 0.009).

CONCLUSIONS: We found (using a combination of MMP, DS, and CP test) cognitive impairment more frequently 
in patients with moderate TBI, older age, and low education level, hence, emphasized the importance of holistic 
neuropsychological assessments and neurological rehabilitation for adequate management of patients with TBI.
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Introduction

Head injuries have varying meanings or 
terminology. According to Field JH in 1976, brain injury is 
a trauma that causes the risk of damage to the brain [1]. 
Ommaya et al., 2002, defines a brain injury as the result 
of external mechanical forces affecting the cranium 
and intracranial contents that can cause temporary or 
permanent disruption, functional disability, or inability to 
adapt psychosocially [2]. Further explanation, traumatic 
brain injury (TBI) is an external mechanical force and 
not a degenerative or congenital disorder affecting 
the brain that may cause permanent or temporary 
damage to cognitive, physical, and psychosocial 
functions; related to diminishing or changing levels of 
consciousness [3], [4].

Faried et al., in his 2017 study, at Dr. Hasan 
Sadikin Hospital (RSHS), Bandung, from January 2012 
to December 2017, there were 9006 cases of TBI with 
6783 males (75.32%) and 2223 females (24.68%). The 
number of patients in each category (mild, moderate, 

and severe) was 5846 (64.91%), 2111 (23.44%), and 
1049 (11.65%), respectively, with 2444 cases (27.15%) 
had intracranial hemorrhage lesions and 1105 cases 
(12.27%) were managed surgically, with overall 
mortality rate 1.88% (170) [5]. Taking into consideration 
of variability in TBI cases, a comprehensive 
neuropsychological assessment is needed to allow a 
systematic analysis of patients` cognitive functions. At 
present, the TBI management has shifted not only to 
save lives but also to improve the quality of life after the 
injuries [6].

The cognitive function can be interpreted as a 
sublime human function consisting of various complex 
mental processes for thinking, speech, behavior, and 
planning. Cognitive function has five main domains 
that can be measured, namely, attention, memory, 
language, Visuospatial, and executive functions. The 
cognitive function provides an overview of the level 
of intellectual functions. Impaired cognitive function is 
a decrease in intellectual ability that can be examined 
using the neuropsychological test. The cognition domain 
in patients with TBI is expected to be disturbed if the 
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results are lower than the normal value. The utilization 
of mini-mental state examination (MMSE), digit span 
(DS), and constructional praxis (CP) test objectively 
provides a whole picture regarding the scale of cognitive 
impairment in patients with TBI [7]. Systematic evaluation 
of neuropsychological assessments, namely, MMSE, 
DS, and CP, will help to monitor neuropsychological 
profiles in patients with TBI.

Methods

This was a single-institution prospective study 
and had been approved by our institution ethical committee 
(ethical approval No. LB.02.01/X.6.5/103/2019). We 
included mild- and moderate-TBI patients with surgical 
intervention, not under medication, aged 15–75 years-
old, fully alert Glasgow Coma Scale (GCS) 15 at 
the test was done with written informed consent. 
Patients with multiple injury, epilepsy, dementia, and 
mental illness prior TBI or incompletion of cognitive 
assessment were excluded from the study. Patient data 
were collected from January to August 2019; 80 mild- 
to moderate-TBI patients who had undergone surgery, 
79 patients included, and we excluded one patient due 
to incompletion of cognitive assessment. All subjects 
filled a questionnaire of sociodemographic and medical 
record. The cognitive function was assessed using the 
following tests:

MMSE

MMSE evaluates the global status of cognitive 
function, including attention, temporal and spatial 
orientation, naming, memory, writing, and copy, 
following verbal and written commands [8].

DS

DS is subtest of Wechsler Adult Intelligence 
Scale-Third Edition (WAIS-III) [9]. DS evaluates the 
attention and working memory, testing of a number 
repetition constituted DS forward and DS backward.

3-D CP

Is a broad concept which has been applied 
to a number of different types of activities [10]. These 
activities share common characteristics, they require 
the patient to assemble, join, or articulate parts to form 
a single unitary structure.

We analyzed the correlations between 
clinical variables and neuropsychological tests among 
patients. We used Microsoft Excel 2010 and SPSS 
ver. 23.0 (Armonk, NY: IBM Corp., 2013) for statistical 

analysis. The statistical significance was considered at 
p < 0.05.

Results

The clinical characteristics

The clinical characteristics, including age, 
gender, educational level, time to surgery, length of stay 
(LOS), severity, lesion type, and location was presented 
in Table 1. There were 61 male patients (77.2%) and 
18 female patients (22.8%), predominantly in young 
adults (mean = 28.4 years old, range between 15 and 
74 years old).

Table 1: The characteristics of the subjects
Characteristics n = 79 Percentage
Gender

Male 61 77.2
Female 18 22.8

Age
<20 years old 26 32.9
20–30 years old 24 30.4
31–40 years old 18 22.8
41–50 years old 4 5.1
51–60 years old 4 5.1
>60 years old 3 3.8

Education
Elementary school 3 3.8
Junior high school 23 29.1
Senior high school 44 55.7
Collage 9 11.4

Time to surgery
2–24 h 56 70.9
24–48 h 9 11.4
>48 h 14 17.7

LOS
<7 days 22 27.8
7–14 days 52 65.8
>14 days 5 6.3

Severity of TBI   
Mild 24 30.4
Moderate 55 69.6

Lesion
EDH 37 46.8
Compressed fracture 17 21.5
Intracerebral 6 7.6
SDH 13 16.5
Mix 6 7.6

Location of the lesion
Frontal 26 32.9
Occipital 3 3.8
Parietal 30 38.0
Temporal 11 13.9
Mix 9 11.4

LOS: Length of stay, TBI: Traumatic brain injury, EDH: Epidural hemorrhage, SDH: Subdural hemorrhage.

In this study, we obtained that age has a 
significant correlation with cognitive function on MMSE 
(p = 0.049) and DS test (p = 0.015); Pearson correlation 
coefficients were used; on the other hand, age is not 
correlated with CP test (p = 0.093). Our results suggest 
that the older the patient’, the probability of having 
cognitive impairment increases.

To observe a potential protective role 
of educational background in TBI-associated 
cognitive deficits, patients were divided into four 
groups – elementary (6 years), junior high school 
(9 years), senior high school (12 years), and 
colleague (≥12 years). Three (3.8%) patients had 
accomplished basic education (6 years of formal 
education), 23 (29.1%) patients had 9 years of 
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formal education, 44 (55.7%) patients had 12 years 
of education, and 9 (11.4%) patients had ≥12 years 
of education. Significant differences were found in 
MMSE (p = 0.008) and DS (p = 0.000), but not in 
CP (p = 0.121); our results showed that the lower 
educational background was more likely to have 
cognitive impairment.

There was no statistically significant correlation 
between cognitive function and time to surgery, and also 
LOS. The majority of patients (56 of 79) were operated 
<24 h after the insult. Most of the patients (52 of 79) were 
hospitalized between 7 and 14 days, with the shortest 
was 4 days and the longest was 22 days. Of the 79 
subjects, there were 24 (30.5%) mild TBI cases and the 
remaining 55 (69.6%) moderate TBI cases. The most 
common type of lesion was epidural hemorrhage (EDH), 
which was found in 37 cases (46.8%) of the patients. In 
this study, the majority of the lesions were in the parietal 
(38%) followed by the frontal (32.9%) regions.

Correlation between cognitive functions 
with severity of TBI

The four main domains of cognitive function 
consist of input, storage, processing (selecting, 
combining, linking data in several ways), and output so 
that (1) receptive function refers to the ability to choose, 
obtain, classify, and integrate information; (2) memory 
and learning refers to information storage and recall; (3) 
thinking includes mental organization and reorganization 
of the information; and (4) expressive function is the 
way in which information is communicated or done. 
Although each function includes a different class of 
behavior, they always work together and depend on 
each other [11].

In this study, we assessed the cognitive 
performance using: MMSE, DS, and CP. Based on 
MMSE, most subjects were within the normal limit, but 
there were 5 (6.3%) and 2 (2.5%) patients experiencing 
cognitive impairment in mild- and moderate-TBI, 
respectively. Based on the DS test of 79 patients, 
11 (13.9%) subjects had attention problems. Based 
on CP test, the majority of patients were normal, 
but there were 19 (24.1%) and 4 (5.1%) patients 
who experienced mild- and moderate-disruption, 
respectively (Table 2).

The correlation between MMSE score with 
TBI was not significant (p = 0.187). On the other hand, 
the correlation between DS with TBI was significant 
(p = 0.018). From the analysis of CP, the degree of 
head injury had a significant correlation (p = 0.025) with 
the occurrence of mild- and moderate-disturbances.

Correlation of each cognitive function (DS, 
MMSE, and CP) with TBI lesions and locations

The correlation between DS score with type of 
TBI lesions (p = 0.460) or locations (p = 0.649) were not 
significant. The correlation between MMSE score with type 
of TBI lesions (p = 0.225) or locations (p = 0.926) were not 
significant; Pearson correlation coefficients were used.

We observed a significant correlation between 
the type of lesions and cognitive function disorder 
based on CP test (p = 0.009); EDH has a predominantly 
cognitive impairment based on CP test, whereas, in 
depressed fracture, there was no cognitive impairment. 
The locations of the lesion itself, somehow, were not 
related to cognitive function disorder based on CP 
test (p = 0.159). The intracranial lesion locations that 
had the highest percentage of cognitive impairment, 
based on CP test, are in the parietal region, whereas in 
lesions located in the occipital, post-traumatic cognitive 
impairment was not found (Table 3).

Table 2: Correlation between cognitive functions with severity 
of traumatic brain injury
Cognitive functions Traumatic brain injury (%) p-value

Mild (n = 24) Moderate (n = 55)
MMSE (%)

Normal (n = 72; 91.1) 24 (100.0) 48 (87.3) 0.187
Mild (n = 5; 6.3) 0 (0.0) 5 (9.1)
Moderate (n = 2; 2.5) 0 (0.0) 2 (3.6)

Digit span (%)
Normal (n = 68; 86.1) 24 (100.0) 44 (80.0) 0.018*
Attention disorder (n = 11; 13.9) 0 (0.0) 11 (20.0)

Constructional praxis (%)
Normal (n = 56; 70.9) 22 (91.7) 34 (61.8) 0.025*
Mild (n = 19; 24.1) 2 (8.3%) 17 (30.9)
Moderate (n = 4; 5.1) 0 (0.0%) 4 (7.3)

MMSE: Mini-mental state examination; *Significant.

Table 3: Correlation of DS, MMSE, and CP with TBI lesions and 
locations

DS (%) p-value
Normal (n = 68) Attention disorder (n = 11)

Lesion
Epidural hemorrhage 30 (44.1) 7 (63.6) 0.460
Depress fracture 17 (25.0) 0 (0.0)
Intracerebral hemorrhage 5 (7.4) 1 (9.1)
Subdural hemorrhage 11 (16.2) 2 (18.2)
Mix 5 (7.4) 1 (9.1)

Location
Frontal 24 (35.3) 2 (18.2) 0.649
Occipital 3 (4.4) 0 (0.0)
Parietal 24 (35.3) 6 (54.5)
Temporal 9 (13.2) 2 (18.2)
Mix 8 (11.8) 1 (9.1)

MMSE (%)
Normal (n = 72) Mild (n = 5) Moderate (n = 2)

Lesion
Epidural hemorrhage 34 (47.2) 3 (60.0) 0 (0.0) 0.225
Depress fracture 17 (23.6) 0 (0.0) 0 (0.0)
Intracerebral hemorrhage 5 (6.9) 0 (0.0) 1 (20.0)
Subdural hemorrhage 11 (15.3) 1 (20.0) 1 (20.0)
Mix 5 (6.9) 1 (20.0) 0 (0.0)

Location
Frontal 24 (33.3) 1 (20.0) 1 (50.0) 0.926
Occipital 3 (4.2) 0 (0.0) 0 (0.0)
Parietal 26 (36.1) 3 (60.0) 1 (50.0)
Temporal 11 (15.3) 0 (0.0) 0 (0.0)
Mix 8 (11.1) 1 (20.0) 0 (0.0)

CP (%)
Normal (n = 56) Mild (n = 19) Moderate (n = 4)

Lesion
Epidural hemorrhage 25 (44.6) 11 (57.9) 1 (25.0) 0.009*
Depress fracture 17 (30.4) 0 (0.0) 0 (0.0)
Intracerebral hemorrhage 5 (8.9) 0 (0.0) 1 (25.0)
Subdural hemorrhage 8 (14.3) 4 (21.1) 1 (25.0)
Mix 1 (1.8) 4 (21.1) 1 (25.0)

Location
Frontal 22 (39.3) 2 (10.5) 2 (50.0) 0.159
Occipital 3 (5.4) 0 (0.0) 0 (0.0)
Parietal 18 (32.1) 11 (57.9) 1 (25.0)
Temporal 9 (16.1) 2 (10.5) 0 (0.0)
Mix 4 (7.1) 4 (21.1) 1 (25.0)

*Significant. DS: Digit span, MMSE: Mini-mental state examination, CP: Constructional praxis, 
TBI: Traumatic brain injury.
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Discussion

In our study, the proportion of our patient was 
composed mainly by male as many as 61 (77.2%) and 
18 women (22.8%) patients; with a mean age of 28.4 
years, ranging from 15 to 74 years with the highest 
age group of 15-20 years (32.9%). The distribution of 
patient’s age in our study is consistent with what was 
stated by Taylor et al., in 2017, that head trauma is more 
common in male and in young adults [12]. Most of the 
patient (55.7%) had 12 or more years of education and 
(69.6%) had moderate TBI.

Cognitive disorders due to TBI are a source of 
morbidity in individual, family members, and also the 
community. Disturbances in attention, memory, and 
executive function are the most common neurocognitive 
disorders of all degrees of TBI. Disturbances in attention 
and memory are complicated problems because the 
interference from this basic cognitive function can disturb 
executive function and communication [13]. As far as 
we know, our study is the first attempt to observe the 
incidence of cognitive impairment (using a combination 
of MMSE, DS, and CP test) following in patients with 
surgically-treated TBI in Indonesian population.

In this study, we found a significant correlation 
between the severity of TBI and cognitive performance, 
particularly based on DS and CP tests; patients with 
moderate TBI are more likely to have a higher risk of 
cognitive impairment. Goldstein FC, in 2001, reported 
that in a patient with age more than 50 years old, the 
low GCS values and the presence of intracranial 
pathological lesions are strongly associated with 
cognitive outcomes, while the duration of post-traumatic 
amnesia and decreased consciousness has no 
meaningful consequence for cognitive outcomes [14].

We found that age had a significant correlation 
with post-traumatic cognitive function, particularly on 
DS and MMSE tests. Overall, younger ages are more 
protected to post-traumatic cognitive impairment. In 
2013, Kinsella reported at 3 months following mild TBI, 
older adults are at risk of poor cognitive performance, 
but this is substantially accounted for by pre-existing 
cognitive status to injury or the general negative effects 
of multi-system trauma [15].

We also found that an educational background 
may influence in cognitive function in a patient with TBI. 
In agreement with our findings, Sumowski et al. observed 
that a higher level of education attenuated the TBI 
deleterious effects [16]. Moderate to severe TBI patients 
and higher education performed better in cognitive 
functions; as observed by Leary et al., years of education 
were associated with measures of memory, learning, 
working memory, and processing speed in TBI patients 
[17]. Education is one of the factors that constitute 
the so-called “cognitive reserve,” a protective factor 
associated with better TBI outcome [17]. Other studies 
also indicated that educational background influences the 

cognitive outcome. Cardoso et al., in 2018, conducted a 
study of 53 mild TBI patients (ages 19–64 years) and 
compared with 28 control populations to assess post-
traumatic cognitive function-assessed with an MMSE, 
DS, Frontal Assessment Battery, and Visual Memory Test 
– in the acute phase (under 24 h); the results in mild TBI 
patients have worse cognitive performance compared 
with controls and patients with lower levels of education 
have higher levels of cognitive impairment [18].

In this study, we found that intracranial lesion, 
especially EDH, is associated with worse post-traumatic 
cognitive function assessed using CP test. An EDH 
often disturbs brain function because of compression, 
although there is generally little intrinsic brain damage. 
If compression is relieved in time, full recovery will more 
likely occur. Miotto et al., in 2010, conducted a cognitive 
impairment study in patients with mild- and moderate-
TBI; patients with the frontotemporoparietal intracranial 
lesions have the heaviest cognitive impairment related 
to memory and executive function [19].

Conclusions

In this study (using combination of MMP, DS, and 
CP test), we showed that moderate TBI patients present 
with more deficits of cognitive function versus mild TBI 
patients, episodic memory, and executive function in 
particular. Time to surgery and LOS have less influence 
during the period. In contrast, the age and educational 
background influence the cognition; the younger of age 
and the higher level of education have the protection 
roles; emphasize the importance of complementing the 
clinical exams and neuroimaging using investigational 
tools for holistic neuropsychological assessments and 
effort to preserved functions for adequate managing 
such as rehabilitation programs.
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