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Abstract

The present study assessed the effectiveness of a 12-week cognitive rehabilitation program in improving
cognitive functions for people who have suffered traumatic brain injury (TBI). To conduct this study, 40 patients
with TBI were selected using purposive sampling from hospitals in Lahore, Pakistan, and divided into 2 groups
based on random assignment. One group was named as the experimental group (n=20) and received cognitive
rehabilitation in addition to their standard medical care. The other group served as the control group (n=20)
and received only standard medical care. Participants in both groups were assessed on Mini-Mental State
Examination (MMSE) to assess their level of cognitive impairment at baseline and at post intervention levels.
The main findings from this research showed there were statistically significant improvements in the
intervention group's performance when assessed on the MMSE at post intervention level, specifically in the
domains of Registration, Attention, Memory, and Language, but not in Orientation domain. There were no
statistically significant pre-post differences for the control group's scores on the assessed cognitive domains.
This research provides evidence that structured cognitive rehabilitation is beneficial for improving cognitive
functions in patients with TBI and therefore emphasizes the importance of cognitive rehabilitation in Pakistan’s
neurorehabilitation practice
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Introduction

Traumatic Brain Injury (TBI) is an injury to the brain caused by concussions,
contusion, or diffuse axonal injury (Giza & Hovda, 2014). Global reports state that TBI is one
of the largest global health problems, primarily in low- and middle-income countries, where
there are limited protections for road safety and workplace injuries (Righy et al., 2025). The
severity of TBI can fall anywhere on a spectrum from mild concussion to severe injury
resulting in lasting disability or death (Menon et al., 2010). Not every blow to the head will
lead to a TBI; however, if the brain's ability to function has been altered, a person may
demonstrate cognitive, emotional, and behavioral changes. The extent of these changes will
vary, according to the location and pathways within the brain that were affected by the injury
(Menon et al., 2010).
Current State of Health Care for Patients with TBI in Pakistan

TBI is becoming an increasingly significant global health issue. James et al. (2016)
estimated that the worldwide standardized incidence rate of TBI was approximately 259 per
100,000 people. The South Asian region, which includes Pakistan, represents a substantial
proportion of the overall global TBI burden. However, large gaps exist in our knowledge
regarding TBI victims in Pakistan that limit our ability to understand and assist TBI
survivors. Currently, there are no nationwide records of TBI percentage per year available.
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Therefore, most of the information that can be accessed regarding TBI victims has come from
hospital admissions data or from few studies based on specific regional areas or a hospital. A
study conducted at a tertiary care hospital identified that 73% of the 5546 patients with head
injuries suffered from mild TBIs. Among them, 39 % brain injuries were due to road traffic
accidents and 32% were due to accidental falls. Yet the record represents only patients with
hospital admission excluding those who never saw a doctor or received treatment (Yaqoob et.
al, 2021). In addition, most studies only report short term treatment outcomes. Little to no
published information is currently available regarding the long-term cognitive outcomes in
TBI patients in Pakistan. As a result, it is difficult for both researchers and clinicians to
accurately evaluate the number of TBI patients who develop chronic disabilities or evaluate
the overall effectiveness of various rehabilitation techniques. Most available studies are only
concerned with the diagnosis and treatment of acute TBI such as skull fractures and
hemorrhages. For example, in a recent report of sub-arachnoid hemorrhage & associated
outcomes, the cognitive functioning of the patient after a month was not evaluated (Qadir
etal., 2024).

Cognitive Impairment Following TBI

Neurological disorders including TBI are often associated with neurocognitive deficits
(e.g., Fatima, 2019a,b; Fatima & Sharif, 2019; Iftikhar et al., 2025). Depending on the
severity and cause of the injury, cognitive functioning may be severely impaired in some
situations or only slightly affected in others (Maas et al., 2017). Cognitive impairment refers
to impaired capacities in diverse cognitive domains including attention focusing, decision-
making, language, memory, and visuospatial abilities (Lees et al., 2014). Fatima and Zubair
(2025) describe 6 neurocognitive domains that are likely to be impaired due to clinical
neurological conditions. These domains include orientation, attention concentration,
language, memory, visual abilities, and executive functioning. These cognitive functions have
significant implications for general wellbeing, quality of life, and other important life
outcomes (Fatima, Hassan et al., 2024; Fatima, Jamil et al., 2019; Fatima, Mehmood et al.,
2022; Meher et al., 2024). Impairment of neurocognitive functions leads to complications in
daily life functioning (Fatima & Zubair, 2025). Hence, it is important to develop cognitive
rehabilitation programs focusing on improvement of cognitive functions in patients with TBI.
Menon et al., (2010) describe that depending on the nature of the damage, a TBI may also
manifest as cognitive slowing, difficulty recalling information, emotional instability, or
changes in language and communication abilities. After experiencing TBI, many people face
cognitive challenges in focusing attention, following directions, remembering facts, and
communicating effectively. They may show an inability to deal with stress, a slower rate of
processing, and inability to make decisions.

Neuroplasticity and Cognitive Rehabilitation

Cognitive rehabilitation is used to support the recovery of cognitive abilities that have
been affected as a result of trauma to the head due to TBI, stroke, multiple sclerosis, or any
other neurological condition. Cognitive rehabilitation develops, enhances, and maintains
cognitive functions by using specific activities and structured exercises to improve attention,
memory, language, reasoning, and problem solving (Cicerone et al., 2019). Cognitive
rehabilitation also helps individuals regain their independence enabling them to return to their
normal daily activities with improved confidence.

The basis for cognitive rehabilitation is the principle of neuroplasticity; the brain's
ability to reorganize itself and create new neural connections throughout life. The ability of
the brain to reorganize allows it to learn new experiences, skills, and recover from brain
injury (Mateos-Aparicio & Rodriguez-Moreno, 2019; Pekna et al., 2012). The structure and
function of the brain are not permanent and undergo changes as the brain responds to new
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challenges. Once the brain learns to respond to a specific challenge, the brain will establish
new pathways to improve the efficiency of that response, through repeated practice and
stimulation. Thus, the ability of the brain to adapt through neuroplasticity provides the means
to regain cognitive functions, such as attention, memory, and language, following an injury,
such as TBI. When an individual practices certain cognitive rehabilitation exercises
repeatedly over time, the brain will learn to process that information more efficiently than
before, thereby compensating or providing support for the impaired brain region. Evidence
from existing research highlights the importance of cognitive rehabilitation for improved
brain functions at all levels from the molecular level of brain chemistry to levels of
communication within and among the brain's higher order systems (Cicerone et al., 2019).

Interventions incorporating neuroplasticity principles have been shown to be most
effective when tailored specifically to the patient's needs determined on the basis of severity,
cognitive baseline, and age. Using tailored rehabilitation plan, recipients of cognitive
rehabilitation therapy build their cognitive capacities through repeated, systematic stimulation
of their Cerebral Cortex to learn adaptive strategies to compensate for cognitive deficits
(Cappa et al., 2011). Such rehabilitation strategies can be restorative or compensatory
(Reinkensmeyer et al., 2016). Restorative rehabilitation targets the restoration of the
compromised brain functions. Such adaptive techniques help patients adapt in important
activities and life responsibilities (Cheeran et al., 2009). Compensatory interventions focus on
enhancing patients’ ability to use tools and aids to supplement their disabilities in order to
adjust in their lives. Pashang et al. (2021) provide evidence of the effectiveness of cognitive
rehabilitation based on a quasi-experimental study for improved cognitive capacities in
patients with stroke. Moreover, Vafa et al. (2024) also support the efficacy of cognitive
rehabilitation based on a quasi-experimental research design that both computer-based and
conventional-based therapy are effective for improving memory in neurological patients.
Objective and Hypothesis

Based on the reviewed literature, the objective of the study is the efficacy assessment
of cognitive rehabilitation for decreasing the level of cognitive impairment following brain
injury. Specifically, it aims to determine if structured cognitive rehabilitation exercises have
an impact on decreasing the cognitive impairments in TBI patients, and if formal intervention
improves functioning in neurocognitive domains of orientation, registration,
attention/calculation, recall (memory), and language among TBI survivors.

Method

Research Design and participants

The study uses repeated measure research design to evaluate the effectiveness of
cognitive rehabilitation. A total sample of forty patients with traumatic brain injury were
selected using purposive sampling strategy from neurology wards of different hospitals.
Participants were randomly assigned to two groups including experimental and control
groups with twenty participants in each group. In control group there were twenty
participants. Inclusion criteria were set to include adult patients between 18-60 years of age,
both genders, and experiencing traumatic brain injury within the past six months. Their
demographic characteristics have been presented in Table 1.
Assessments
Demographics Information sheet

Participants reported their demographics on a structured demographics form including
items about their demographic, educational, professional, and personal variables. Also, the
form included items asking for the clinical history of the patient. educational background.
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Cognitive Impairment

For assessment of general cognitive impairment, Mini Mental State Examination
(MMSE) was used (Awan et al., 2015). The MMSE is an 11-item assessment questionnaire
assessing level of general cognitive impairment in participants. It assesses cognitive
impairment in six cognitive facets tapping orientation, attention, memory, language, and
visual skills. The current study had used its Urdu version (Awan et al., 2015). The assessment
measure is widely used in the research and clinical settings in Pakistan (Fatima & Batool,
2024; Iftikhar et al., 2025). The composite score by adding domains scores provides a
maximum likely score of 30 representing no cognitive impairment and the lower scores
represent higher cognitive impairment.

Table 1
Sample Demographics for the Two Groups
Variables Control group (n=20) Intervention group (n=20)
M (SD) F (%) M (SD) F (%)
Gender
Men 4(20) 525%)
Women 16(80) 15 (75%)
Age in Years 46.50 (12.35) 46.85 (7.63)
Education in Years 8.80 (5.006) 8.80 (5.66)
Type of Brain Injury
Concussion 11 (55 %) 10 (50 %)
Contusion 3 (15 %) 5 (25 %)
Diffuse Axonal Injury 6 (30 %) 525%)
Affected Hemisphere
Left 12 (60 %) 525 %)
Right 8 (40 %) 15 (75 %)
Time since Injury in months 77.10 (23.75) 69.65 (22.89)
Family History of TBI
Yes 12 (60 %) 10 (50 %)
No 8 (40 %) 10 (50 %)
Psychiatric History
Yes 525 %) 2 (10 %)
No 15 (75 %) 18 (90 %)
Procedure

Ethical approval for the study was obtained from the Departmental Advisory
Committee, Department of Humanities, COMSATS University Islamabad. Then, a cognitive
rehabilitation intervention was designed spanning for a 12-week period. Effectiveness of the
rehabilitation exercises was assessed on all six cognitive domains in improving the cognitive
functioning in the sample. After initial formalities, participants were selected from different
hospitals. Participants and their attendants were briefed about the study duration. Only those
participants were included in the study who consented to participate in this intervention study
and agreed to attend the study sessions for 12 weeks. After obtaining their consent, the
participants were randomly assigned to control and experimental groups. Participants in both
groups were assessed on MMSE in addition to a demographic sheet at baseline level of
assessment. After baseline assessment, participants in the experimental group received
cognitive rehabilitation intervention in addition to their regular medical treatment for 12
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weeks. The participants in the control group received only regular medical treatment. After
12 weeks, participants in both groups were reassessed on MMSE at post intervention level.
The study observed all ethical considerations including study approval from university,
informed consent from participants, and briefing about the study to them. Anonymity of their
data was ensured. All participants were thanked for their voluntary participation in the
intervention study.

Data Analysis and Results

Data set was analyzed using SPSS V23.0. Initially, data was screed for coding errors
and outliers. Descriptive statistics were calculated for demographics and study variables at
pre and post assessment levels. Then, repeated measure t test was analyzed to compare level
of cognitive function at pre and post assessment. Pre-post analysis was conducted for both
groups.

The results in Table 2 represent the level of cognitive impairment at baseline
assessment for both groups in all domains. It is evident from the Table 2 that participants in
both groups showed comparable levels of cognitive impairment at the baseline level before
the start of intervention.

Table 2
Level of Cognitive Impairment at Baseline Assessment for the Two Groups
Dependent Variables Control Group Experimental Group
(n=20) (n=20)
M (SD) M(SD)
Registration 1.85(0.93) 1.60 (0.94)
Attention 1.55 (0.68) 1.35(1.08)
Memory 0.65 (0.48) 0.75 (0.71)
Language 3.40 (1.31) 3.85(1.30)
Orientation 3.25(1.16) 2.85(1.18)

After baseline assessment, only experimental group received cognitive rehabilitation
intervention. Following the rehabilitation sessions, both the experimental and control groups
were reassessed on MMSE for level of cognitive improvement. The pre-post differences in
level of cognitive impairment were assessed using repeated measure t test in SPSS. The t-
tests were analyzed for the two groups. The results have been presented in Table 3.
The findings from Table 3 showed that participants in the experimental group showed a
significant improvement in cognitive functioning in 4 out of 5 assessed cognitive domains.
Their scores improved at post assessment level on registration, attention, memory, and
language but not on orientation. For control group, no significant improvement was observed
in any of the assessed cognitive domains. They scored similarly at post assessment level on re
registration, attention, memory, and language. Unexpectedly, at post assessment level, their
scores worsened on orientation domain.
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Table 3
Pre-Post Differences Assessing Level of Cognitive Functioning for the Two Groups

Baseline- Post-assessment

assessment
Groups M (SD) M (SD) tdf=19) p-value
Control group
Registration 1.85(0.93) 1.75(.85) 0.81 0.43
Attention 1.55 (0.68) 1.50 (1.05) 0.23 0.81
Memory 0.65 (0.48) 0.90 (0.71) -1.75 0.96
Language 3.40(1.31) 3.70 (1.71) - 0.86 0.40
Orientation 3.25(1.16) 2.65(1.23) 2.11 0.04
Experimental group
Registration 1.60 (0.94) 2.10(.96) -2.36 0.03
Attention 1.35 (1.08) 2.60 (1.09) -5.48 0.001
Memory 0.75 (0.71) 1.05 (0.75) -2.34 0.03
Language 3.85(1.30) 4.90 (1.33) -2.98 0.00
Orientation 2.85(1.18) 3.00 (1.21) -0.69 0.50

Discussion

The aim of this research was to evaluate whether cognitive rehabilitation had an
impact on improving cognitive functions following TBI. Cognitive ability was measured pre-
and post-intervention with a standardized measure of cognitive function that assessed general
cognitive performance of participants. For those who received cognitive rehabilitation, there
was a marked increase in cognitive functions post-rehabilitation in comparison to the control
group participants, who exhibited little to no pre-post differences. As such, the results of this
study indicate that cognitive rehabilitation is effective for improving overall cognitive
functioning after sustaining a TBI, as supported by numerous studies demonstrating that
cognitive recovery after TBI can be optimized through structured therapeutic programming
(Cicerone et al., 2019; Johansson & Tornmalm, 2012).

Specific findings from the study showed that participants in the intervention group
reported significant improvement compared to the control group in attention at post
intervention level. This supports the idea that cognitive rehabilitation is an effective approach
to enhancing attentional control following TBI. Cognitive deficits related to attention are
among the most prevalent cognitive impairments as a result of TBI and may have a
detrimental effect on both daily life. The findings support the literature on benefits of targeted
attention retraining programs on selective, sustained, and divided attention for individuals
with brain injury, which have received significant attention from researchers (Ponsford et al.,
2014). The results of these studies have been duplicated in South Asian clinical environments,
providing further evidence that attention-related cognitive rehabilitation techniques can be
used effectively in various cultural contexts (Iftikhar et al., 2025; Waqar et al., 2022).

In addition, the rehabilitation exercises produced a marked improvement in the
memory function among participants in the intervention group. Individuals with TBI
commonly experience memory impairment, which can be aided by developing compensatory
strategies and improving memory function through the practice of memory techniques. The
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findings of this study support the previous findings of meta-analyses and systematic reviews
that indicate that cognitive rehabilitation assists in improving short-term and working
memory via cognitive strategies, practice, and the use of cognitive exercises (Cicerone et al.,
2011). Additionally, evidence from the Pakistani studies suggests that structured cognitive
rehabilitation programs can enhance post-traumatic memory performance even within
limited-resource clinical settings (Naeem et al., 2022; Rathore & Mansoor, 2016).

Participants who received the intervention had a more significant improvement in
language compared to their control group counterparts. These findings agree with other
studies indicating that cognitive rehabilitation focused on improving language abilities
enhanced individuals’ ability to communicate effectively and use functional language after
acquiring a brain injury (Brady, et al., 2016). The results also correlate with numerous studies
from local rehabilitation facilities demonstrating that rehabilitation programs that focus on
communication abilities and early intervention have been found to be beneficial to the
recovery of individuals’ ability to communicate (Rathore, et al., 2019). Based on the principle
of neuroplasticity, cognitive improvements following rehabilitation exercises are not an
unexpected finding. Neuroplasticity explains that brain retains the capability of
reorganization and forming new neural connections post-injury. Exercising the brain through
cognitive rehabilitation will produce activity-dependent functional neuroplasticity through
repeated cognitive engagement, strategies learned, and exposure to their environment.
Evidence shows that when training is based on tasks, improving cortical reorganization and
functional recovery occurs (Kleim & Jones, 2008; Robertson & Murre, 1999). The findings
from the current study validate and support the relevance of theories of neuroplasticity
concerning the recovery of the brain.

Limitations, Strengths, and Future Recommendations

This study is among the first few organized research studies conducted to examine the
effectiveness of cognitive rehabilitation on TBI survivors in Pakistan. There are not much
neurocognitive rehabilitation services available or research being done in Pakistan (Ishtiag et
al., 2022; Khan et al., 2023). Therefore, this study provides initial evidence for the efficacy of
rehabilitation aimed at improving cognitive abilities. These rehabilitation exercises may help
to better improve TBI survivors' attention, memory, and language skills. This study also
demonstrated that cognitive rehabilitation programs could successfully be implemented
within hospitals in Pakistan.

Several limitations should be acknowledged in this study. The first limitation is the
small sample size in each group limiting the generalizability of the findings. The second
limitation is that the cognitive improvements assessed in this study were measured only at the
post intervention level and long-term sustainability of cognitive gains could not be
established. The third limitation is associated with participants’ dropout rate due to various
reasons including socioeconomic barriers, travel difficulties, and lack of awareness about the
potential benefits of rehabilitation programs (Siddiqui et al., 2014; Yaqoob et al., 2021).
Additionally, accessibility to standardized cognitive rehabilitation programs and cultural
adaptation of these standardized programs is another point which needs consideration and
attention of future researchers and clinicians.

Overall, this study is important because it represents a significant step for establishing
the potential benefits that cognitive rehabilitation can provide for TBI survivors in Pakistan.
By understanding and addressing these suggestions, state of cognitive rehabilitation programs
at Pakistan will be improved and lead to better quality of life of people affected by TBI.
Implications

The implications of this study are very valuable to clinical practice, future research,
and policy regarding TBI rehabilitation in Pakistan. The results of this research demonstrate
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that structured cognitive rehabilitation programs can improve cognitive functioning. The
study has shown that including cognitive rehabilitation methods as part of the regular
treatment plan for individuals who have sustained traumatic brain injuries may help
individuals recover and regain critical cognitive functions and subsequently improve their
ability to live independently and do their daily tasks. Moreover, this information can also
assist hospitals and rehabilitation centers in their effort to launch systematic cognitive
rehabilitation subunits for better improvement of patients with neurological conditions.
Furthermore, there needs to be adequate provision for training and capacity-building for
professionals involved in TBI rehabilitation. Hospitals and rehabilitation centers should
incorporate structured cognitive rehabilitation programs and train professionals working in
neurocognitive recovery to better meet the needs of this population and alleviate gaps
identified in the literature (Ishtiaq et al., 2022; Khan et al., 2023). Additionally, rehabilitation
programs must consider barriers related to literacy levels, language preferences, and financial
considerations so that rehabilitation services are accessible to all traumatic brain injury
patients, including those who reside in rural areas and/or have lower-income levels. Given
that the efficacy of specific tailored interventions for improved cognitive functioning is
established from past intervention studies (Iftikhar et al., 2025; Mahmood et al., 2025; Saif et
al., 2025), specific modules targeting specific neurocognitive domains may incorporate
culturally congruent elements to enhance its efficacy.

Conclusion
This research investigated the effectiveness of cognitive rehabilitation for

improvement of cognitive functions following TBI. In general, the study findings showed

that cognitive rehabilitation intervention improved cognitive functions in patients with TBI
patients at post-assessment level. The patients with TBI receiving intervention showed
significant improvement in specific cognitive domains including registration, attention,
memory, and language. Based on the findings, it is recommended that healthcare
professionals working with TBI patients may make it to provide cognitive rehabilitation to
TBI patients as part of their standard treatment procedure. Future studies should provide
evidence of the longer-term efficacy of cognitive rehabilitation for TBI patients.
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