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ABSTRACT:

Objectives: This study aims to evaluate the visual search function in mild traumatic brain injury (mTBI) patients compared to normals using crossword puzzles of varying complexity. It focuses on analyzing the time taken to complete these tasks to assess cognitive performance and search efficiency in mTBI patients.

Methods: A cross-sectional study was conducted among 88 mTBI patients and 88 age-matched controls. Participants completed three levels of crossword puzzles easy, medium, and hard while cognitive function was assessed using the Montreal Cognitive Assessment (MoCA). Ocular health was ensured through a series of examinations. The time taken to complete the tasks was measured in seconds.

Results: mTBI patients demonstrated significantly longer completion times across all puzzle difficulties compared to normals, indicating impaired visual search function. In Task 1, the mTBI group averaged 109.63 seconds, while normals took 41.38 seconds. Task 2 completion time was 311.58 seconds for mTBI patients, compared to 194.36 seconds for normals. Task 3 results showed 410.67 seconds for mTBI patients and 283.85 seconds for controls.

Conclusion: mTBI patients exhibit significant deficits in visual search performance, suggesting the need for cognitive rehabilitation targeting search tasks. These findings highlight the cognitive challenges faced by mTBI patients, particularly in tasks that require focused visual attention.









INTRODUCTION: 
Trauma to the brain caused by an external force can lead to serious and sometimes fatal consequences. This is referred to as TBI. Millions of individuals worldwide are impacted by this kind of injury every year, which is a leading cause of mortality and permanent disability. TBI affects people of any age and at any point in their lives. While young people commonly suffer traumatic brain injuries (TBIs) from violent crimes and car accidents, children are more vulnerable to falls and sports-related injuries. Because their mobility and balance deteriorate with age, falls are more common among the elderly, making them more vulnerable. As a result, TBI poses a significant public health issue that needs to be addressed for all demographic groups (1).
TBI can arise from various events, including falls, car crashes, violent crimes, sports-related injuries, and whiplash from abrupt movements. These occurrences have the potential to seriously harm the brain, resulting in multiple disorders related to vision that impact both the afferent and efferent visual systems. The brain's capacity to absorb sensory input for vision is hampered by TBI, which can result in problems like double or blurry vision. TBI can also impact efferent pathways, which are in charge of regulating eye coordination and motions. This may lead to issues with focusing, eye tracking, and general stability of vision. Such interruptions can seriously impair a person's capacity to carry out daily tasks and successfully navigate their surroundings (2).
The global burden of TBI is particularly pronounced in low- and middle-income countries where road safety measures and healthcare infrastructure may be insufficient (12). An estimated one million head injuries in India are thought to end in death each year, out of an estimated two million instances. Road traffic accidents (60%) and fall-related injuries (20–25%) are the main causes of these head injuries, followed by assaults (10%) (3). About 34% of people engaged in traffic accidents have ocular injuries, and 15% of these cases result in significant vision loss. In addition, a large percentage of TBI patients about 59% have visual dysfunctions, including loss of visual acuity, photophobia, and other severe visual abnormalities (4). Given the high frequency of visual problems following TBI, these results emphasize the urgent need for better prevention and treatment measures to address the pervasive impact of TBI in India.
TBI patients frequently experience irregularities in stereopsis, photophobia, color vision impairment, and visual acuity loss, all of which have a substantial negative impact on their quality of life. Visual field abnormalities, such as hemianopia, in which half of the visual field is lost, and quadrantanopia, in which a quarter of the visual field is damaged, are frequently associated with TBI (13). Furthermore, patients may have inadequate accommodation, which impairs their ability to focus their eyes. Other typical symptoms include crippling headaches that don't go away, nausea, and vomiting. More severe symptoms of TBI include seizures, inability to wake from sleep, and pupil dilation in one or both eyes, which require emergency medical intervention (14).
Based on their Glasgow Coma Scale (GCS) ratings, individuals with TBI are divided into three groups: mild, moderate, and severe. A mTBI is indicated by a GCS score of 13 to 15, which may cause temporary disorientation or loss of consciousness. Moderate TBI is indicated by a score between 9 and 12, which is characterized by more severe neurological impairments and prolonged unconsciousness. GCS values between 3 and 8, which indicate considerable neurological impairment, extended unconsciousness, and often necessitate intense medical intervention, are used to identify severe TBI (5). The GCS is an essential tool for determining the extent of brain damage and guiding TBI patients' proper treatment plans.
As a systematic method to evaluate and characterize the state of consciousness in patients with head trauma, the GCS assesses three primary responses: verbal reaction, muscular response, and eye opening. Depending on the component, each answer is graded on a scale from 1 to 4 or 5 (6). Healthcare practitioners can assess the degree of brain dysfunction and choose the best course of treatment by combining the scores from these responses. In emergency situations, the GCS is frequently used to rapidly evaluate neurological health, track alterations in patient condition, and guide decisions about the degree of care necessary for TBI patients (7).
This scale was created to help medical practitioners assess patients' levels of brain dysfunction. The scale guarantees that various medical professionals may consistently and accurately measure and compare the degree of impairment by offering a standardized technique of assessment (15). It assists in assessing the degree of brain injury, which is important in deciding on the best course of treatment and prognosis. The scale can also be used to track alterations in a patient's state over time, assisting in the modification of therapeutic interventions.
The perceptual task of visual search involves locating a particular stimulus, referred to as the target, in a visual array that contains other stimuli, referred to as distractors. This requires cognitive processing and attention as it uses the visual system to distinguish the target from nearby non-target objects (8). In everyday tasks like navigation, item recognition, and decision-making, visual search is essential and greatly enhances cognitive and perceptual efficiency (9). Word search puzzles are recognized as a valid way to measure visual search performance, providing an engaging and structured task for individuals to find words within a grid of letters. This method has been utilized in both research and therapeutic contexts (11).
The cognitive demands of visual search tasks increase with the number of distractors and the similarity between the target and non-target objects (16). Visual search performance is not only a reflection of sensory perception but also a marker of cognitive processes such as attention, memory, and decision-making. Recent studies emphasize the role of task difficulty and environmental factors, such as distractions, in modulating search efficiency (17). These findings have profound implications for both clinical assessments and interventions aimed at improving cognitive function in TBI patients (18). Understanding the underlying mechanisms of visual search can offer insights into the broader cognitive deficits observed in TBI and guide rehabilitation strategies aimed at enhancing visual-cognitive integration (19).


INCLUSION AND EXCLUSION CRITERIA: 
Participants diagnosed with mild traumatic brain injury (mTBI) were included if they met clinical diagnosis criteria based on established medical protocols. Normals were selected as controls if they had no history of neurological disorders or visual impairments. All participants provided informed consent prior to participation. Exclusion criteria included a history of severe traumatic brain injury, neurological conditions such as epilepsy or stroke, and significant visual impairments not corrected by glasses or contact lenses. Participants with psychiatric disorders that could influence cognitive performance, those who had undergone ocular surgery within the past six months, or individuals unable to complete the tasks due to physical or cognitive limitations were also excluded from the study.





METHODS:


This study aimed to evaluate visual search performance in individuals with mild traumatic brain injury (mTBI) compared to a control group of age-matched normals. A total of 176 participants were recruited, comprising 88 individuals diagnosed with mTBI and 88 normals without any history of neurological disorders or visual impairments.
Prior to the visual search tasks, all participants underwent a pre-task assessment to establish baseline cognitive and ocular function. This included administering the Montreal Cognitive Assessment (MoCA) to evaluate cognitive abilities, followed by a thorough ocular examination, which encompassed vision refraction and a slit lamp evaluation to ensure no underlying visual issues that could affect performance.
The primary visual search tasks consisted of English crossword puzzles categorized into three levels of difficulty: easy, medium, and hard. Each participant completed all three types of puzzles to assess their visual search efficiency across varying complexities. The tasks were conducted in a well-lit room to minimize external distractions. During the hard puzzle task, audio distractors were introduced to evaluate participants' performance under conditions of distraction, simulating real-world challenges.
Completion times for each puzzle, as well as the accuracy of the answers provided, were meticulously recorded. These metrics served as indicators of visual search efficiency. Data were then subjected to statistical analyses to compare the performance outcomes between the mTBI and normal groups to measure the differences in completion times and accuracy rates, with a significance level set at p < 0.05 to determine statistical relevance.
This rigorous methodological framework aimed to ensure the reliability and validity of the findings, allowing for a comprehensive understanding of how mild traumatic brain injury impacts visual search functions.
Statistical Analysis
The statistical analysis, conducted using R software, indicated significant differences in the performance metrics between the two groups across all task difficulty levels. The results consistently showed that mTBI patients took longer to complete each level of the visual search task, confirming that the impairment in visual search efficiency is strongly associated with mild traumatic brain injury.







Results
1. Visual Search Task Performance
The comparison of visual search performance between mTBI patients and normal individuals revealed significant differences in the time taken to complete crossword puzzles across all levels of difficulty (easy, medium, and hard).
For the Easy crossword puzzle, mTBI patients took an average of 99.56±26.021 secs, whereas the normal group completed the same task in an average of 42.33±11.78 secs The difference in task completion time between the two groups was statistically significant (p < 0.05).
For the medium difficulty puzzle, the mTBI group took 329.51±28.37 secs on average, while the normal group took 197.78±27.91 secs again, a significant difference was noted between the two groups (p < 0.05), indicating a reduced visual search speed in mTBI patients.
For the hard crossword puzzle, mTBI patients required significantly more time, averaging 395.46±31.13 secs, compared to the normal group’s average of 270.85±29.271 secs The presence of audio distractions during this task further increased the time taken by both groups, but the impact was more pronounced in mTBI patients (p < 0.05).
The findings suggest that the difficulty level of the task directly influenced the performance of both groups, with mTBI patients showing a marked reduction in their ability to efficiently complete visual search tasks, particularly under more complex conditions.
2. Cognitive Assessment (MoCA Scores)
The Montreal Cognitive Assessment (MoCA) scores also showed a significant disparity between the two groups. The mTBI group had an average MoCA score of 26.415, whereas the normal group scored significantly higher with an average of 29.275 (p < 0.05). This difference in cognitive performance may explain the impaired visual search function observed in the mTBI group. Lower MoCA scores in mTBI patients suggest a reduction in cognitive abilities, particularly in areas such as attention, concentration, and executive function, which are critical for visual search tasks.


3. Comparison of Performance Across Puzzle Difficulty Levels
The time taken to complete each puzzle increased progressively with task complexity for both groups. However, the increase in time was much more significant for mTBI patients. This trend indicates that individuals with mTBI struggle to handle tasks that require higher cognitive demand, particularly when additional distractions are present (e.g., audio distractors during the hard task).
Table 1: Comparison of Visual Search Task Completion Time (in seconds)
	Descriptive Statistics of Completion Time of Tasks (with Shapiro Wilk’s Test)

	 
	Group
	Min.
	Max.
	M
	SD
	W
	p

	MoCA
	Control
	27.000
	30.000
	29.275
	1.060
	0.649
	< .001

	
	mTBI
	26.000
	27.000
	26.415
	0.499
	0.627
	< .001

	Visual Search Tasks

	Task 1
	Control
	23.000
	86.000
	42.333
	11.782
	0.905
	< .001***

	
	mTBI
	66.000
	154.000
	99.561
	26.021
	0.877
	< .001***

	Task 2
	Control
	136.000
	242.000
	197.784
	27.912
	0.932
	0.006**

	
	mTBI
	245.000
	359.000
	329.512
	28.377
	0.857
	< .001***

	Task 3
	Control
	219.000
	321.000
	270.843
	29.271
	0.921
	0.002**

	
	mTBI
	302.000
	476.000
	395.463
	31.135
	0.878
	< .001***











Table 2: MoCA Scores Comparison Between mTBI and Normal Groups
	Group
	Mean MoCA Score (± SD)
	p-value

	mTBI Patients
	26.415
	< 0.05

	Normal Group
	29.275
	< 0.05
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Interpretation of Results
This research highlights the significant difference in visual search efficiency between individuals with mild traumatic brain injury (mTBI) and those without. By using crossword puzzles of varying complexity, the study reveals that mTBI patients consistently take longer to complete the tasks compared to normals, suggesting impaired visual search function. The results provide a valuable insight into how mTBI affects attention and cognitive processing, particularly in tasks that require visual scanning and target identification. The findings are crucial for understanding the broader impact of mTBI on everyday cognitive tasks and could guide future interventions aimed at improving visual and cognitive performance in affected individuals.
Discussion:
This study provides significant insight into the impaired visual search function in patients with mild traumatic brain injury (mTBI), highlighting important cognitive deficits compared to normal individuals. By using crossword puzzles of varying difficulty as the primary visual search task, this study offers a unique and practical approach to understanding the cognitive challenges faced by mTBI patients in everyday scenarios. The results demonstrate that mTBI patients exhibit slower task completion times, especially with increasing task difficulty, supporting the hypothesis that visual search efficiency is notably compromised in this population. The results of this study are consistent with previous research highlighting cognitive and visual processing impairments in mTBI patients¹. Numerous studies have demonstrated that individuals with mTBI experience significant delays in tasks that require focused attention, quick decision-making, and efficient visual search strategies². In our study, mTBI patients took significantly longer to complete all tasks, even those of lower difficulty, compared to the normal group. This supports the notion that mTBI affects core cognitive functions essential for visual search tasks, such as attention, executive function, and processing speed³. These findings further substantiate earlier work indicating that mTBI patients struggle with visual tasks that involve locating, identifying, and processing visual stimuli in a timely manner⁴. The differences in performance between the mTBI group and normal individuals remained statistically significant across all levels of task difficulty, underscoring the persistent nature of visual search deficits post-injury. The slower performance of mTBI patients in the visual search task can be attributed to impairments in both attention and processing speed, which are frequently reported in mTBI studies⁵. Attention deficits are well-documented in mTBI, particularly in tasks requiring sustained and divided attention⁶. In this study, mTBI patients likely found it challenging to sustain attention throughout the tasks, particularly with the more complex puzzles, which required greater cognitive effort. This would result in longer completion times as they struggled to maintain focus and filter out distractions⁷. Processing speed, another key cognitive domain affected by mTBI, plays a critical role in visual search tasks. Individuals with slower processing speed often take longer to interpret and act upon visual stimuli, leading to delays in task completion⁸. This aligns with our findings, where mTBI patients exhibited significantly slower performance in all tasks compared to normal individuals, suggesting that mTBI interferes with the brain's ability to process information efficiently. The use of crossword puzzles as a tool to evaluate visual search function is a strength of this study. Crossword puzzles offer a cognitively engaging and relatable method for assessing visual search, requiring participants to scan, identify, and fill in words based on clues⁹. This approach simulates real-world tasks where individuals must process complex visual information while integrating cognitive elements, such as word retrieval and problem-solving. The clear and consistent differences in performance between the mTBI and normal groups across varying levels of puzzle difficulty reinforce the robustness of the method used in this study¹⁰. Moreover, the task-based approach of this study allows for the controlled assessment of visual search performance in a standardized environment. Participants underwent normal ocular examinations prior to the visual search tasks, ensuring that any observed differences in performance were attributable to cognitive impairments rather than vision problems¹¹. This enhances the validity of the findings, as cognitive impairments related to mTBI were isolated and measured effectively. The findings of this study have significant clinical implications. Visual search is a critical component of daily functioning, and impairments in this area can affect an individual's ability to perform basic tasks such as reading, navigating unfamiliar environments, or identifying objects in cluttered scenes¹². mTBI patients, as demonstrated in this study, may face considerable difficulties in these everyday tasks due to their impaired visual search efficiency. This highlights the importance of incorporating visual search assessments into the routine evaluation of mTBI patients, as it provides a clearer understanding of the specific cognitive challenges they face¹³. Moreover, these findings underscore the need for targeted interventions aimed at improving attention and processing speed in mTBI patients. Cognitive rehabilitation programs designed to enhance visual search strategies and speed of information processing have the potential to mitigate the functional impairments observed in mTBI patients¹⁴. Such interventions could greatly improve patients' quality of life by reducing the impact of cognitive deficits on their daily activities. This study adds valuable data to the growing body of literature on mTBI-related cognitive impairments. While many studies have explored the effects of mTBI on attention and executive function, this research stands out by focusing specifically on visual search performance using a practical, task-based approach¹⁵. The results provide clear evidence of the deficits experienced by mTBI patients in visual search tasks, supporting the notion that mTBI affects multiple cognitive domains essential for efficient visual functioning¹⁶. Additionally, this study addresses a gap in the literature regarding the use of cognitively demanding tasks to assess visual search performance in mTBI. By incorporating crossword puzzles of varying difficulty, this study not only confirms the existence of cognitive deficits in mTBI patients but also emphasizes the varying levels of difficulty these patients experience depending on the complexity of the task¹⁷. This nuanced understanding of how task complexity impacts visual search performance is crucial for developing tailored interventions that address the specific needs of mTBI patients.

Study Limitations and Future Research:
While this study provides valuable insights into the visual search deficits in mTBI patients, future research should explore the use of dynamic tasks that better represent real-life visual search challenges. Crossword puzzles, though practical, may not fully capture the complexity of everyday visual environments. Expanding future studies to include such tasks could enhance the understanding of visual search impairments. Moreover, while the MoCA questionnaire helped assess cognitive deficits, incorporating additional cognitive assessments in future research would offer a more comprehensive view of the cognitive impairments associated with mTBI.
Conclusion:
In conclusion, this study strongly supports the hypothesis that mTBI significantly impairs visual search performance, particularly in tasks requiring sustained attention and quick processing. These deficits, demonstrated across all levels of task difficulty, underscore the impact of mTBI on cognitive functioning and highlight the need for targeted cognitive interventions. Future research should continue to explore the specific mechanisms underlying these impairments and develop effective rehabilitation strategies to improve the quality of life for mTBI patients²¹.
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Task Conditions


Normal  Room illumination


Audio distractor during hard task only 
Cognitive Assessment


MoCA (Montreal Cognitive Assessment for both groups before Task)



Data Collected


Time raken to complete puzzles (Completion time) for  each task is measured in seconds


Statistical Analysis


Software: R


Comparison of puzzle completion times between mTBi and normal groups 

Study design


Cross sectional study


Participants


mTBI Group : 88 Participants


Normal Group : 88 Participants
  Source : Outpatient Department Sri Ramachandra Hospital


Pre screening test


Ocular Examinations: Vision refraction , Slit lamp examination


Word search  Task


Visual Search Task: Crossword puzzles (Easy Task, Medium Task, Hard Task)
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