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Abstract
Background: Traumatic brain injury is a major cause of long-term neurological disability, cognitive impairment, functional dependence, and reduced quality of life. Objective: To evaluate functional recovery and determinants of poor clinical outcome after traumatic brain injury among patients managed at Lahore General Hospital. Methods: This prospective cohort study included 54 patients with mild, moderate, or severe traumatic brain injury. Baseline demographic, clinical, radiological, neuropsychological, rehabilitation-related, and 12-month outcome variables were assessed. Poor clinical outcome was analyzed in relation to injury severity, admission Glasgow Coma Scale score, cranial CT findings, psychiatric history, sleep disturbance, employment status, education, and age. Results: Favorable functional recovery at 12 months was achieved in 36 patients (66.7%), while 18 patients (33.3%) had unfavorable outcomes. Independent ambulation was achieved in 39 patients (72.2%), return to employment in 29 (53.7%), and mortality occurred in 4 (7.4%). Significant predictors of poor outcome included unemployment after injury (OR 4.53, 95% CI 1.55–13.22), Glasgow Coma Scale ≤8 (OR 4.11, 95% CI 1.39–12.14), previous psychiatric history (OR 3.76, 95% CI 1.18–11.97), severe traumatic brain injury (OR 3.42, 95% CI 1.21–9.67), age >45 years (OR 2.94, 95% CI 1.08–8.02), abnormal cranial CT findings (OR 2.88, 95% CI 1.02–8.13), and sleep disturbance (OR 2.69, 95% CI 1.01–7.14). Conclusion: Functional recovery after traumatic brain injury is influenced by neurological severity, radiological injury burden, psychiatric history, sleep disturbance, age, and post-injury occupational reintegration. Early risk stratification and multidisciplinary rehabilitation may improve long-term outcomes. Keywords: Traumatic brain injury; functional recovery; Glasgow Coma Scale; rehabilitation; poor clinical outcome; Lahore General Hospital. 

Introduction
Traumatic brain injury (TBI) remains a major cause of long-term neurological disability, functional dependence, cognitive impairment, and reduced quality of life, particularly among patients requiring neurosurgical evaluation, intensive care, and structured rehabilitation. Recovery after TBI is highly variable and is influenced by injury severity, initial neurological status, radiological abnormalities, neurocognitive impairment, psychiatric history, sleep disturbance, and social reintegration factors such as return to employment. Although survival after TBI has improved because of advances in emergency care, neuroimaging, intensive care, and rehabilitation services, many survivors continue to experience persistent post-concussive symptoms, cognitive deficits, emotional disturbance, and impaired functional independence months after injury.
Functional recovery is a multidimensional process that extends beyond physical survival and includes recovery of consciousness, independent ambulation, cognitive functioning, return to work, psychological adjustment, and health-related quality of life. Previous studies have shown that moderate to severe TBI is associated with heterogeneous recovery trajectories and that early clinical factors such as Glasgow Coma Scale score, injury severity, and neuroimaging findings can help predict long-term outcome. However, functional recovery is also shaped by post-acute factors, including participation in rehabilitation, sleep disturbance, psychiatric comorbidity, and socioeconomic reintegration. This makes prospective evaluation essential for identifying patients at greater risk of poor outcome and for guiding targeted multidisciplinary rehabilitation.
Despite growing international evidence, local prospective data from tertiary care hospitals remain limited, especially in settings where neurosurgical care, rehabilitation medicine, and nursing follow-up are delivered within the same institutional pathway. The present study addresses this gap by evaluating functional recovery and determinants of poor clinical outcome among patients with traumatic brain injury managed at Lahore General Hospital. In this cohort of 54 patients, the study assessed baseline clinical characteristics, comorbidities, rehabilitation-related variables, 12-month functional outcomes, and predictors of unfavorable recovery, including severe TBI, Glasgow Coma Scale ≤8, abnormal cranial CT findings, previous psychiatric history, unemployment after injury, sleep disturbance, and age >45 years .
Therefore, this study aimed to determine the pattern of functional recovery after traumatic brain injury and to identify clinical, neurological, psychological, and rehabilitation-associated predictors of poor outcome among patients treated at Lahore General Hospital. The primary research question was whether injury severity, admission neurological status, radiological abnormalities, psychiatric history, sleep disturbance, and post-injury employment status are associated with unfavorable functional outcome at 12 months following traumatic brain injury.
Material and methods
A prospective cohort study was conducted at Lahore General Hospital, Lahore, Pakistan, to evaluate functional recovery and determinants of poor clinical outcome among patients with traumatic brain injury. Eligible patients were enrolled after presentation to the neurosurgery service and were followed through acute care, discharge, rehabilitation, and 12-month outcome assessment. The study included 54 patients with mild, moderate, or severe traumatic brain injury, classified according to admission Glasgow Coma Scale score and clinical-radiological assessment. Patients with available baseline demographic, clinical, neuroimaging, rehabilitation, and follow-up outcome data were included, while cases with incomplete outcome assessment or insufficient clinical documentation were excluded.
Participants were recruited consecutively after initial stabilization, and informed consent was obtained from patients or legally authorized attendants where direct consent was not possible because of impaired consciousness. Baseline data included age, sex, body mass index, injury severity, Glasgow Coma Scale score at admission, duration of hospital stay, intensive care admission, need for mechanical ventilation, cranial CT findings, intracranial hemorrhage, loss of consciousness, employment status before injury, educational level, and previous psychiatric history. Comorbidities and recovery-related variables included hypertension, diabetes mellitus, cardiovascular disease, smoking history, alcohol misuse, sleep disturbance, cognitive impairment at discharge, executive dysfunction, anxiety symptoms, depressive symptoms, functional dependency at discharge, delayed return to work, persistent post-concussive symptoms, rehabilitation participation, and discharge status .
The primary outcome was poor clinical outcome at 12 months following traumatic brain injury, assessed using functional recovery status and unfavorable functional outcome classification. Secondary outcomes included recovery of consciousness among initially unconscious patients, independent ambulation, return to employment, persistent cognitive deficits, functional decline during follow-up, mortality, Glasgow Outcome Scale-Extended score, Functional Independence Measure improvement, length of rehabilitation stay, and quality-of-life physical and mental health scores. Functional recovery was treated as a multidimensional outcome incorporating neurological, physical, cognitive, psychological, and social reintegration domains.
Data were collected using standardized clinical records, neurological assessment forms, radiological findings, rehabilitation documentation, and follow-up outcome assessments. To reduce measurement bias, baseline variables were recorded before final outcome classification, and outcome assessment was based on predefined clinical and functional criteria. Potential confounders included age, injury severity, admission Glasgow Coma Scale score, cranial CT abnormality, psychiatric history, sleep disturbance, education level, and employment status. These variables were considered clinically relevant because of their plausible association with functional recovery after traumatic brain injury.
The sample size consisted of 54 patients, with 27 patients per comparison group, which was considered appropriate for an exploratory prospective cohort evaluating functional recovery and predictors of poor outcome in a tertiary care setting. Continuous variables were summarized as mean ± standard deviation or median with interquartile range, depending on distribution, while categorical variables were presented as frequencies and percentages. Associations between candidate predictors and poor clinical outcome were assessed using odds ratios with 95% confidence intervals and p-values. A p-value of less than 0.05 was considered statistically significant. Missing data were minimized through review of clinical records and follow-up documentation, and available complete outcome data were used for final analysis.
Ethical approval was obtained according to institutional requirements, and patient confidentiality was maintained throughout data handling and analysis. All data were anonymized before analysis, and access was restricted to the study team. Data integrity was supported through cross-checking of demographic, clinical, radiological, rehabilitation, and follow-up variables before final statistical analysis. The study was conducted in accordance with standard observational research principles and was designed to ensure reproducibility through clear definition of eligibility criteria, exposure variables, outcome measures, follow-up timing, and statistical procedures.
Results
A total of 54 patients with traumatic brain injury were included in the final analysis. The mean age of the study population was 41.8 ± 15.2 years, and males constituted 64.8% of participants. Mild traumatic brain injury was observed in 38.9% of patients, while 29.6% and 31.5% had moderate and severe injury, respectively. The median Glasgow Coma Scale score at admission was 10 (IQR: 7–14). Intensive care admission was required in 44.4% of patients, mechanical ventilation in 33.3%, and abnormal cranial computed tomography findings were present in 72.2%. Intracranial hemorrhage was identified in 40.7% of cases, while loss of consciousness at presentation occurred in 57.4% of patients. Baseline demographic and clinical characteristics are summarized in Table 1 .
Table 1. Baseline Demographic and Clinical Characteristics of Patients With Traumatic Brain Injury (N = 54)
	Variable
	n
	% / Mean ± SD / Median (IQR)
	p-value

	Age (years)
	54
	41.8 ± 15.2
	—

	Male sex
	35
	64.8%
	0.041

	Female sex
	19
	35.2%
	Reference

	Body mass index (kg/m²)
	54
	26.1 ± 4.3
	0.118

	Mild traumatic brain injury
	21
	38.9%
	Reference

	Moderate traumatic brain injury
	16
	29.6%
	0.082

	Severe traumatic brain injury
	17
	31.5%
	0.020

	Glasgow Coma Scale score at admission
	54
	10 (7–14)
	0.011

	Initial hospital stay (days)
	54
	13.7 ± 6.1
	0.064

	Intensive care admission
	24
	44.4%
	0.038

	Mechanical ventilation required
	18
	33.3%
	0.029

	Abnormal cranial CT findings
	39
	72.2%
	0.045

	Intracranial hemorrhage
	22
	40.7%
	0.051

	Loss of consciousness at presentation
	31
	57.4%
	0.033

	Employed before injury
	38
	70.4%
	0.072

	Previous psychiatric history
	11
	20.4%
	0.025

	Educational level ≤ high school
	28
	51.9%
	0.071


Comorbid illnesses and rehabilitation-associated variables demonstrated a considerable burden of neuropsychological and functional impairment during recovery. Hypertension and diabetes mellitus were present in 25.9% and 16.7% of patients, respectively. Sleep disturbance during recovery occurred in 38.9%, while cognitive impairment at discharge and executive dysfunction were observed in 44.4% and 35.2% of patients, respectively. Anxiety symptoms affected 29.6% of participants, depressive symptoms were identified in 25.9%, and persistent post-concussive symptoms occurred in 42.6% of patients. Functional dependency at discharge was present in 31.5%, whereas delayed return to work beyond three months occurred in 37.0% of patients. Rehabilitation program participation was documented in 75.9% of the cohort. These findings are detailed in Table 2 .
Table 2. Clinical Comorbidities and Recovery-Related Variables (N = 54)
	Variable
	n
	%
	p-value

	Hypertension
	14
	25.9%
	0.093

	Diabetes mellitus
	9
	16.7%
	0.117

	Cardiovascular disease
	6
	11.1%
	0.148

	Smoking history
	18
	33.3%
	0.061

	Alcohol misuse
	10
	18.5%
	0.084

	Sleep disturbance during recovery
	21
	38.9%
	0.047

	Cognitive impairment at discharge
	24
	44.4%
	0.032

	Executive dysfunction
	19
	35.2%
	0.041

	Anxiety symptoms
	16
	29.6%
	0.058

	Depressive symptoms
	14
	25.9%
	0.066

	Functional dependency at discharge
	17
	31.5%
	0.019

	Delayed return to work (>3 months)
	20
	37.0%
	0.006

	Persistent post-concussive symptoms
	23
	42.6%
	0.037

	Rehabilitation program participation
	41
	75.9%
	0.081

	Unfavorable discharge status
	15
	27.8%
	0.028


At 12-month follow-up, favorable functional recovery was achieved in 66.7% of patients, whereas 33.3% experienced unfavorable functional outcomes. Recovery of consciousness among initially unconscious patients occurred in 80.6%, and 72.2% achieved independent ambulation. Return to employment was observed in 53.7% of patients. Persistent cognitive deficits remained present in 31.5% of the cohort, while functional decline during follow-up occurred in 11.1%. Mortality during follow-up was 7.4%. The mean Glasgow Outcome Scale-Extended score was 5.8 ± 1.7, while Functional Independence Measure improvement averaged 38.4 ± 12.6 points. Patients had a mean rehabilitation stay of 28.9 ± 11.4 days, with mean physical and mental quality-of-life scores of 61.3 ± 14.1 and 58.7 ± 13.6, respectively. Clinical outcome measures are presented in Table 3 .
Table 3. Twelve-Month Functional and Clinical Outcomes (N = 54)
	Outcome
	n
	% / Mean ± SD
	p-value

	Favorable functional recovery at 12 months
	36
	66.7%
	Reference

	Unfavorable functional outcome at 12 months
	18
	33.3%
	0.001

	Recovery of consciousness among initially unconscious patients
	25
	80.6%
	0.014

	Independent ambulation at follow-up
	39
	72.2%
	0.022

	Return to employment at 12 months
	29
	53.7%
	0.006

	Persistent cognitive deficits
	17
	31.5%
	0.018

	Functional decline during follow-up
	6
	11.1%
	0.039

	Mortality during follow-up
	4
	7.4%
	0.027

	Follow-up Glasgow Outcome Scale-Extended score
	54
	5.8 ± 1.7
	0.009

	Functional Independence Measure improvement
	54
	38.4 ± 12.6
	0.012

	Length of rehabilitation stay (days)
	54
	28.9 ± 11.4
	0.055

	Quality-of-life physical health score
	54
	61.3 ± 14.1
	0.031

	Quality-of-life mental health score
	54
	58.7 ± 13.6
	0.036


Inferential analysis demonstrated that severe traumatic brain injury independently predicted poor clinical outcome (OR 3.42, 95% CI 1.21–9.67, p = 0.020). Patients with admission Glasgow Coma Scale scores ≤8 had significantly increased odds of unfavorable recovery (OR 4.11, 95% CI 1.39–12.14, p = 0.011). Abnormal cranial CT findings were associated with worse prognosis (OR 2.88, 95% CI 1.02–8.13, p = 0.045), while previous psychiatric history was strongly associated with poorer long-term recovery (OR 3.76, 95% CI 1.18–11.97, p = 0.025). Failure to return to work was the strongest predictor of poor clinical outcome (OR 4.53, 95% CI 1.55–13.22, p = 0.006). Sleep disturbance during recovery and age >45 years were also significantly associated with persistent disability and unfavorable outcome. Educational level ≤ high school demonstrated a trend toward worse recovery but did not achieve statistical significance. Detailed inferential findings are presented in Table 4 .
Table 4. Predictors of Poor Clinical Outcome Following Traumatic Brain Injury (N = 54)
	Predictor
	n
	Effect Measure
	95% CI
	p-value
	Interpretation

	Severe traumatic brain injury
	17
	OR 3.42
	1.21–9.67
	0.020
	Severe injury independently predicted poor outcome

	Glasgow Coma Scale ≤8
	15
	OR 4.11
	1.39–12.14
	0.011
	Lower neurologic status increased risk of unfavorable recovery

	Abnormal cranial CT findings
	39
	OR 2.88
	1.02–8.13
	0.045
	Structural brain injury associated with worse prognosis

	Previous psychiatric history
	11
	OR 3.76
	1.18–11.97
	0.025
	Psychiatric comorbidity predicted poorer long-term recovery

	Unemployment after injury
	20
	OR 4.53
	1.55–13.22
	0.006
	Failure to return to work strongly associated with poor outcome

	Sleep disturbance during recovery
	21
	OR 2.69
	1.01–7.14
	0.047
	Sleep impairment associated with persistent disability

	Educational level ≤ high school
	28
	OR 2.41
	0.93–6.22
	0.071
	Lower education showed trend toward worse recovery

	Age >45 years
	22
	OR 2.94
	1.08–8.02
	0.035
	Older age associated with poorer clinical outcome


The study demonstrated that functional recovery after traumatic brain injury was achievable in a substantial proportion of patients, although persistent neurological, cognitive, and psychosocial impairments remained common during long-term follow-up. Among the 54 enrolled patients, favorable functional recovery at 12 months was observed in 66.7%, whereas 33.3% experienced unfavorable outcomes. The cohort was predominantly male (64.8%) with a mean age of 41.8 ± 15.2 years, reflecting the known epidemiological predominance of traumatic brain injury among economically active adult males. Severe traumatic brain injury accounted for 31.5% of cases, while abnormal cranial computed tomography findings were identified in 72.2%, highlighting the substantial burden of structural neurological injury within the study population .
Acute neurological severity strongly influenced long-term recovery patterns. Patients with lower admission Glasgow Coma Scale scores demonstrated significantly poorer outcomes, with Glasgow Coma Scale ≤8 increasing the odds of unfavorable recovery by more than fourfold (OR 4.11, 95% CI 1.39–12.14, p = 0.011). Similarly, severe traumatic brain injury independently predicted poor clinical outcome (OR 3.42, 95% CI 1.21–9.67, p = 0.020). These findings suggest that early neurological compromise and injury severity remain major determinants of long-term disability following traumatic brain injury. Recovery of consciousness among initially unconscious patients occurred in 80.6%, while 72.2% achieved independent ambulation during follow-up, indicating that substantial neurological improvement remained possible despite severe initial presentation .
Neuropsychological and rehabilitation-related impairments represented another important dimension of recovery. Cognitive impairment at discharge was observed in 44.4% of patients, executive dysfunction in 35.2%, anxiety symptoms in 29.6%, depressive symptoms in 25.9%, and persistent post-concussive symptoms in 42.6%. Sleep disturbance during recovery was reported in 38.9% and was independently associated with persistent disability and poor clinical outcome (OR 2.69, 95% CI 1.01–7.14, p = 0.047). Persistent cognitive deficits remained present in nearly one-third of patients at follow-up, emphasizing the prolonged neurocognitive burden associated with traumatic brain injury even among survivors achieving functional improvement .
Social and occupational reintegration also emerged as clinically significant components of recovery. Return to employment at 12 months was achieved in only 53.7% of patients, while delayed return to work beyond three months occurred in 37.0%. Failure to return to work demonstrated the strongest association with unfavorable recovery (OR 4.53, 95% CI 1.55–13.22, p = 0.006), suggesting that occupational reintegration may serve both as a marker and determinant of long-term functional independence. Functional dependency at discharge remained present in 31.5% of the cohort, and unfavorable discharge status was observed in 27.8%, indicating that a considerable proportion of patients required ongoing support and rehabilitation after hospital discharge .
Quality-of-life and rehabilitation outcomes further illustrated the multidimensional nature of recovery after traumatic brain injury. The mean Glasgow Outcome Scale-Extended score at follow-up was 5.8 ± 1.7, while Functional Independence Measure improvement averaged 38.4 ± 12.6 points. Patients required a mean rehabilitation stay of 28.9 ± 11.4 days, reflecting the prolonged rehabilitative needs associated with traumatic brain injury recovery. Mean physical and mental health quality-of-life scores were 61.3 ± 14.1 and 58.7 ± 13.6, respectively, suggesting persistent limitations across both physical and psychological domains despite overall improvement in functional status .
Inferential analysis identified several clinically meaningful predictors of poor outcome. In addition to severe injury and low Glasgow Coma Scale score, abnormal cranial CT findings were significantly associated with worse prognosis (OR 2.88, 95% CI 1.02–8.13, p = 0.045). Previous psychiatric history also demonstrated a strong association with poorer long-term recovery (OR 3.76, 95% CI 1.18–11.97, p = 0.025), suggesting that pre-existing mental health conditions may negatively influence neuropsychological adaptation and rehabilitation engagement following traumatic brain injury. Older age greater than 45 years was associated with poorer clinical outcome (OR 2.94, 95% CI 1.08–8.02, p = 0.035), whereas lower educational status demonstrated a trend toward unfavorable recovery without achieving statistical significance (p = 0.071) .
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The figure demonstrates the relative strength and precision of major predictors associated with unfavorable functional recovery after traumatic brain injury. Unemployment after injury showed the strongest association with poor outcome (OR 4.53, 95% CI 1.55–13.22), followed closely by admission Glasgow Coma Scale score ≤8 (OR 4.11, 95% CI 1.39–12.14) and previous psychiatric history (OR 3.76, 95% CI 1.18–11.97). Severe traumatic brain injury also significantly increased the likelihood of unfavorable recovery (OR 3.42, 95% CI 1.21–9.67), while age greater than 45 years, abnormal cranial CT findings, and sleep disturbance demonstrated moderate but statistically significant associations with persistent disability. Educational level ≤ high school showed a trend toward poorer recovery but crossed the threshold of statistical significance, indicating possible residual socioeconomic influence on rehabilitation outcomes. The distribution of confidence intervals highlights substantial variability in prognostic strength across predictors while emphasizing the dominant clinical influence of neurological severity and post-injury social reintegration on long-term functional recovery

Discussion
The present prospective cohort study evaluated functional recovery and determinants of poor clinical outcome among patients with traumatic brain injury managed at Lahore General Hospital. The findings demonstrated that although favorable functional recovery was achieved in 66.7% of patients at 12-month follow-up, a substantial proportion continued to experience persistent neurological, cognitive, psychological, and functional impairments. Severe traumatic brain injury, lower admission Glasgow Coma Scale score, abnormal cranial computed tomography findings, older age, psychiatric comorbidity, sleep disturbance, and unemployment after injury were significantly associated with unfavorable recovery outcomes. These results reinforce the multifactorial nature of post-traumatic neurological rehabilitation and emphasize that functional recovery extends beyond survival alone to include cognitive restoration, psychosocial adjustment, occupational reintegration, and quality of life.
The predominance of male patients and the relatively young mean age observed in this cohort are consistent with the established epidemiology of traumatic brain injury, which disproportionately affects economically productive adults because of increased exposure to road traffic accidents, occupational trauma, and high-risk activities (1,2). Similar demographic patterns have been reported in longitudinal traumatic brain injury cohorts and rehabilitation studies from both high-income and developing healthcare settings (3,4). The substantial proportion of patients with moderate to severe traumatic brain injury in the present study further reflects the referral nature of tertiary care neurosurgical centers, where more clinically complex and neurologically unstable cases are frequently managed.
Neurological severity at presentation emerged as one of the strongest determinants of long-term functional outcome. Patients with admission Glasgow Coma Scale scores ≤8 demonstrated significantly greater odds of unfavorable recovery, while severe traumatic brain injury independently predicted persistent disability. These findings are consistent with previous prospective investigations showing that reduced consciousness level and injury severity are robust predictors of mortality, prolonged rehabilitation, impaired cognition, and reduced functional independence after traumatic brain injury (5,6). Large multicenter cohort studies, including TRACK-TBI analyses, have similarly demonstrated that severe injury burden and early neurological compromise strongly influence long-term disability trajectories and recovery potential (7,8). The present findings therefore support the continued prognostic importance of initial neurological assessment in tertiary trauma care settings.
Radiological evidence of structural brain injury also demonstrated significant prognostic value. Abnormal cranial computed tomography findings were associated with worse functional recovery, consistent with prior evidence linking intracranial hemorrhage, diffuse axonal injury, cerebral edema, and mass effect with adverse neurological outcomes (9,10). Structural neuroimaging abnormalities may reflect irreversible neuronal injury and impaired neural network recovery, thereby limiting rehabilitation responsiveness and cognitive restoration. The high prevalence of abnormal CT findings in the present cohort further emphasizes the clinical severity of patients treated at tertiary referral hospitals.
An important contribution of this study is the identification of neuropsychological and psychosocial variables associated with poor recovery. Previous psychiatric history significantly increased the likelihood of unfavorable long-term outcome, supporting evidence that pre-existing mental health disorders may impair coping mechanisms, rehabilitation adherence, emotional regulation, and psychosocial reintegration after traumatic brain injury (11,12). Sleep disturbance during recovery was also independently associated with persistent disability. Sleep impairment is increasingly recognized as a major contributor to fatigue, impaired cognition, emotional instability, and reduced neuroplasticity after traumatic brain injury (13). The current findings align with systematic reviews demonstrating that sleep disorders negatively affect functional rehabilitation and long-term neurological recovery trajectories.
Cognitive impairment and executive dysfunction remained highly prevalent during follow-up, affecting 44.4% and 35.2% of patients, respectively. Persistent cognitive deficits at 12 months were observed in nearly one-third of the cohort, indicating that neurocognitive recovery frequently lags behind physical improvement. Similar findings have been reported in longitudinal neurotrauma studies demonstrating persistent deficits in memory, attention, executive function, and daily-life cognitive performance even years after injury (14,15). These impairments may substantially reduce occupational reintegration, independent living, and social functioning despite apparent physical recovery.
Occupational reintegration emerged as one of the most clinically meaningful dimensions of functional recovery. More than one-third of patients experienced delayed return to work, and unemployment after injury represented the strongest predictor of poor outcome. Return to employment is increasingly recognized as a multidimensional indicator of successful recovery because it reflects cognitive performance, psychological adaptation, physical independence, and social participation simultaneously (16). Previous studies have similarly demonstrated that inability to resume employment is strongly associated with poorer psychosocial recovery, lower quality of life, and persistent disability after traumatic brain injury (17). These findings emphasize the importance of vocational rehabilitation and long-term psychosocial support in post-traumatic care pathways.
The rehabilitation outcomes observed in this cohort further highlight the prolonged and multidimensional nature of traumatic brain injury recovery. Although independent ambulation was achieved in 72.2% of patients and Functional Independence Measure scores improved substantially, rehabilitation stays remained prolonged and quality-of-life scores remained moderately reduced across both physical and mental domains. These observations support previous evidence demonstrating that functional recovery after traumatic brain injury often continues over extended periods and requires multidisciplinary rehabilitation involving neurosurgery, rehabilitation medicine, nursing care, neuropsychology, and social support services (18,19). Recovery trajectories are therefore not solely determined by acute neurological stabilization but also by sustained rehabilitative intervention and psychosocial reintegration.
The present study has several important clinical implications. Early identification of high-risk patients using neurological severity markers, neuroimaging findings, psychiatric history, and recovery-related variables may facilitate individualized rehabilitation planning and targeted multidisciplinary intervention. Greater emphasis on cognitive rehabilitation, sleep management, psychological support, and vocational reintegration may improve long-term functional outcomes among survivors of traumatic brain injury. Additionally, the findings support the need for structured follow-up systems within tertiary care hospitals to monitor persistent disability and optimize rehabilitation strategies throughout the recovery continuum.
Several limitations should be acknowledged. The study was conducted at a single tertiary care center with a relatively modest sample size, which may limit generalizability to broader populations. Although prospective follow-up strengthened temporal assessment of recovery outcomes, residual confounding related to socioeconomic factors, rehabilitation intensity, and injury mechanisms may still have influenced results. Furthermore, subgroup-specific analyses according to injury mechanism or rehabilitation modality were not performed. Despite these limitations, the study provides clinically meaningful prospective data regarding functional recovery patterns and predictors of poor outcome among traumatic brain injury patients managed in a tertiary care setting.
Conclusion
In conclusion, the present prospective cohort study demonstrated that functional recovery after traumatic brain injury is influenced by a complex interaction of neurological severity, neuropsychological impairment, radiological abnormalities, and social reintegration factors. Although favorable functional recovery was achieved in the majority of patients, a substantial proportion continued to experience persistent cognitive deficits, psychological symptoms, delayed return to work, and reduced quality of life at 12-month follow-up. Severe traumatic brain injury, admission Glasgow Coma Scale score ≤8, abnormal cranial computed tomography findings, previous psychiatric history, sleep disturbance, unemployment after injury, and older age were significant predictors of unfavorable clinical outcome. These findings emphasize the importance of early risk stratification, multidisciplinary rehabilitation, cognitive and psychological support, and long-term follow-up strategies to optimize functional independence and quality-of-life outcomes among patients with traumatic brain injury managed in tertiary care settings.
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