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Abstract
Background: Hip fracture surgery in older adults is frequently followed by incomplete functional recovery and adverse clinical outcomes. Objective: To evaluate predictors of functional recovery and poor clinical outcomes following hip fracture surgery in older adults at Mayo Hospital Lahore. Methods: This prospective cohort study included 154 older adults undergoing hip fracture surgery. Baseline demographic, clinical, psychosocial, perioperative, and rehabilitation-related variables were assessed. Outcomes included poor clinical outcome at follow-up, recovery of pre-fracture mobility, recovery of health-related quality of life, postoperative delirium, 30-day readmission, one-year mortality, Timed Up and Go performance, and functional status score. Predictors of poor outcome were analyzed using odds ratios with 95% confidence intervals. Results: The mean age was 78.6 ± 7.4 years, and 70.8% were female. Poor clinical outcome occurred in 37.7% of patients, while 50.6% recovered pre-fracture mobility and 53.2% recovered pre-fracture health-related quality of life. Frailty was the strongest predictor of poor outcome (OR: 2.84; 95% CI: 1.43–5.64; p=0.003), followed by cognitive impairment (OR: 2.31; p=0.035), depressive symptoms (OR: 2.12; p=0.041), and low social support (OR: 1.96; p=0.047). Rehabilitation adherence (OR: 0.46; p=0.026) and pre-fracture independent ambulation (OR: 0.41; p=0.014) were protective. Conclusion: Functional recovery after hip fracture surgery in older adults is influenced by frailty, cognition, psychological status, social support, rehabilitation adherence, and baseline mobility. Keywords: Hip fracture, older adults, functional recovery, frailty, rehabilitation, Mayo Hospital Lahore. 
Introduction
Hip fractures are among the most serious musculoskeletal injuries affecting older adults and are associated with substantial morbidity, mortality, long-term disability, and increased healthcare utilization worldwide (1). The global aging population has contributed to a rising incidence of fragility-related hip fractures, particularly among individuals with frailty, osteoporosis, impaired mobility, and multiple chronic comorbidities (2). Despite advances in surgical management and perioperative care, recovery following hip fracture surgery remains highly variable, with many older adults failing to regain pre-fracture functional independence and quality of life (3). Functional decline after hip fracture frequently results in prolonged institutionalization, recurrent hospitalization, reduced social participation, and elevated mortality risk, making postoperative recovery an important public health and geriatric rehabilitation concern (4).
Recovery after hip fracture is increasingly recognized as a multidimensional process influenced not only by surgical intervention but also by biological, psychological, functional, and social determinants (5). Previous literature has demonstrated that factors such as frailty, baseline physical performance, cognitive impairment, depression, nutritional deficiencies, and rehabilitation adherence substantially affect postoperative outcomes in elderly populations (6,7). Frailty in particular has emerged as a strong predictor of adverse postoperative outcomes, including delayed mobility recovery, complications, reduced quality of life, and increased mortality following hip fracture surgery (8). Similarly, impaired cognitive function and depressive symptoms may interfere with rehabilitation participation, self-care capacity, and postoperative functional adaptation, thereby limiting recovery potential (9). Psychosocial variables, including family support and perceived social connectedness, have also been associated with rehabilitation success and long-term mobility restoration among older adults recovering from hip fractures (10).
Postoperative rehabilitation plays a central role in optimizing functional recovery after hip fracture surgery. Evidence suggests that structured rehabilitation interventions incorporating progressive resistance training, balance exercises, gait retraining, and multidisciplinary geriatric management can improve postoperative mobility and physical functioning (11,12). However, rehabilitation outcomes vary considerably due to differences in patient adherence, baseline mobility status, comorbidity burden, and access to rehabilitative care (13). Several studies have emphasized that adherence to rehabilitation programs may be more influential than rehabilitation exposure alone, highlighting the importance of sustained patient engagement during postoperative recovery (14). Furthermore, delayed surgery, prolonged hospitalization, and poor pre-fracture ambulatory status have been associated with unfavorable recovery trajectories and persistent disability (15).
Although substantial international research has explored prognostic factors affecting hip fracture recovery, important gaps remain in understanding how these multidimensional predictors interact within resource-variable healthcare systems, particularly in South Asian tertiary-care settings. Most existing studies have been conducted in high-income countries with established geriatric rehabilitation infrastructures, limiting generalizability to developing healthcare environments (16). Evidence from Pakistan regarding predictors of postoperative recovery after hip fracture surgery in older adults remains scarce, despite increasing life expectancy and growing orthopedic burden among elderly populations. Local tertiary-care institutions such as Mayo Hospital Lahore manage a high volume of geriatric orthopedic trauma cases, yet prospective evidence evaluating functional recovery and determinants of poor outcomes within this setting is limited.
Understanding the combined influence of frailty, cognitive impairment, depressive symptoms, social support, baseline mobility, and rehabilitation adherence is essential for identifying high-risk patients and developing targeted multidisciplinary interventions aimed at improving postoperative recovery. Early recognition of modifiable risk factors may facilitate individualized rehabilitation planning, improve mobility restoration, reduce readmissions, and enhance health-related quality of life among older adults recovering from hip fracture surgery (17). Moreover, evaluating recovery predictors in a prospective cohort framework may strengthen causal inference and provide clinically applicable evidence for perioperative geriatric care optimization.
Therefore, this study aimed to evaluate predictors of functional recovery and poor clinical outcomes following hip fracture surgery in older adults treated at Mayo Hospital Lahore. The study further sought to assess the influence of frailty, cognitive impairment, depressive symptoms, social support, rehabilitation adherence, baseline ambulatory status, and perioperative factors on postoperative recovery outcomes in elderly patients undergoing hip fracture surgery (18). 
Material and methods
A prospective cohort study was conducted in the Department of Orthopedic Surgery at Mayo Hospital Lahore, affiliated with King Edward Medical University, Lahore, Pakistan, to evaluate predictors of functional recovery and poor clinical outcomes among older adults undergoing hip fracture surgery. The study was carried out over a defined recruitment and follow-up period during which eligible postoperative patients were consecutively enrolled and prospectively followed after surgical management of hip fracture. A prospective observational design was selected to establish temporal relationships between baseline clinical, psychosocial, and rehabilitation-related factors and subsequent postoperative recovery outcomes in elderly patients. The study methodology was designed and reported in accordance with Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations for cohort studies.
Older adults aged 60 years and above who underwent surgical treatment for hip fracture and were admitted to the orthopedic surgery unit during the study period were considered eligible for inclusion. Hip fractures included femoral neck, intertrochanteric, and subtrochanteric fractures confirmed radiologically and managed surgically according to institutional orthopedic protocols. Patients with pathological fractures secondary to malignancy, polytrauma, terminal illness, severe communication impairment precluding assessment, or refusal to participate were excluded from the study. Participants were recruited consecutively following postoperative stabilization to minimize selection bias and improve representativeness of the study population. Written informed consent was obtained from all participants or their legally authorized attendants prior to enrollment.
Baseline demographic, clinical, perioperative, psychosocial, and rehabilitation-related data were collected using a structured standardized proforma through direct patient interviews, caregiver interviews, medical record review, and clinical assessment. Baseline variables included age, sex, body mass index, pre-fracture mobility status, ambulatory independence, requirement for walking aids, frailty status, comorbidities, time to surgery, and duration of hospital stay. Clinical comorbidities including hypertension, diabetes mellitus, cardiovascular disease, chronic kidney disease, and cognitive impairment were documented from patient history and hospital records. Frailty assessment was performed using validated geriatric frailty assessment criteria incorporating functional reserve, weakness, fatigue, and mobility limitations. Cognitive impairment was evaluated using a standardized cognitive screening approach appropriate for elderly orthopedic patients, while depressive symptoms were assessed through validated geriatric psychological screening measures. Functional social support was evaluated using structured patient-reported assessment methods addressing emotional and practical caregiving support during recovery.
Postoperative rehabilitation exposure and adherence were prospectively monitored throughout follow-up. Rehabilitation participation included inpatient physiotherapy, gait training, strengthening exercises, mobility retraining, and prescribed home-based rehabilitation programs according to institutional rehabilitation protocols. Rehabilitation adherence was operationally defined as regular compliance with prescribed rehabilitation sessions and home exercise recommendations during follow-up. Baseline ambulatory status was categorized according to independent ambulation or requirement for assistive walking devices prior to fracture occurrence. Surgical timing was calculated as the interval between hospital admission and operative intervention, while prolonged surgical delay was categorized as surgery performed more than 48 hours after admission.
The primary outcome of the study was poor clinical outcome following hip fracture surgery, defined through combined assessment of postoperative functional status, mobility recovery, and health-related quality of life at follow-up evaluation. Secondary outcomes included recovery of pre-fracture mobility, recovery of pre-fracture health-related quality of life, postoperative delirium, 30-day hospital readmission, one-year mortality, Timed Up and Go test performance, and postoperative functional status scores. Functional mobility assessment was performed using standardized geriatric mobility evaluation techniques, including the Timed Up and Go test measured in seconds. Functional recovery status was evaluated using validated postoperative functional assessment scales appropriate for elderly hip fracture populations. Outcome assessments were conducted at predefined postoperative follow-up intervals by trained investigators using standardized evaluation procedures to ensure measurement consistency and minimize observer bias.
Several methodological strategies were implemented to reduce bias and confounding. Consecutive patient recruitment minimized selection bias, while standardized data collection instruments and predefined operational definitions improved measurement reliability. Data collectors received uniform training regarding assessment procedures and study variable documentation. Potential confounding variables including age, sex, baseline ambulatory status, comorbidity burden, frailty, cognitive impairment, and rehabilitation adherence were identified a priori based on previous literature and clinical plausibility. Multivariable statistical modeling was subsequently used to adjust for clinically relevant confounders during inferential analysis. Internal consistency checks and routine data verification procedures were performed throughout data collection to ensure accuracy and completeness of the study database.
The sample size was determined using prevalence estimates and effect-size assumptions derived from previous literature evaluating postoperative recovery outcomes among elderly hip fracture patients (19,20). A final sample of 154 participants was considered sufficient to provide adequate statistical power for detecting clinically meaningful associations between predictor variables and postoperative outcomes while accounting for potential attrition during follow-up. All collected data were coded, entered, cleaned, and analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. Continuous variables were summarized using means and standard deviations or medians with interquartile ranges according to distribution characteristics, while categorical variables were reported as frequencies and percentages. Inferential analysis included chi-square testing, independent sample t-testing, and multivariable logistic regression analysis to identify independent predictors of poor clinical outcomes following hip fracture surgery. Variables demonstrating clinical relevance or statistical significance during univariate analysis were entered into multivariable regression models. Adjusted odds ratios with 95% confidence intervals were calculated, and statistical significance was defined at a two-tailed p-value of less than 0.05. Model adequacy and regression assumptions were assessed before final interpretation of results. Missing data were minimized through prospective follow-up and verification procedures, and incomplete observations were handled using appropriate case-wise analytical methods.
Ethical approval for the study was obtained from the Institutional Review Board and Ethical Review Committee of King Edward Medical University and Mayo Hospital Lahore prior to study initiation. The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Participant confidentiality and anonymity were maintained throughout the study by assigning coded identifiers and restricting data access to authorized research personnel only. All study procedures adhered to institutional ethical standards governing human subject research and geriatric clinical investigations (19,20). 
Results
A total of 154 older adults who underwent hip fracture surgery were included in the final analysis. The mean age of participants was 78.6 ± 7.4 years, and females constituted 70.8% of the study population. Pre-fracture independent ambulation was reported in 55.8% of patients, whereas 44.2% required walking assistance before fracture occurrence. Baseline frailty was identified in 46.8% of participants. The median time to surgery was 28.0 hours (IQR: 18.0–42.0), while the mean duration of hospital stay was 9.4 ± 4.8 days. Detailed baseline demographic and perioperative characteristics are presented in Table 1.
Table 1. Baseline Demographic and Clinical Characteristics of Study Participants (n = 154)
	Variable
	n
	% / Mean ± SD / Median (IQR)

	Age, years
	154
	78.6 ± 7.4

	Female sex
	109
	70.8%

	Male sex
	45
	29.2%

	Body mass index, kg/m²
	154
	25.1 ± 4.3

	Pre-fracture independent ambulation
	86
	55.8%

	Required walking aid before fracture
	68
	44.2%

	Baseline frailty present
	72
	46.8%

	Time to surgery, hours
	154
	28.0 (18.0–42.0)

	Length of hospital stay, days
	154
	9.4 ± 4.8


Clinical comorbidities and rehabilitation-related variables are summarized in Table 2. Hypertension was the most common comorbidity, affecting 61.0% of participants, followed by cardiovascular disease (33.1%) and diabetes mellitus (27.3%). Cognitive impairment was observed in 25.3% of patients, while depressive symptoms were present in 30.5%. Vitamin D deficiency was identified in 53.9% of participants. Low functional social support was reported by 36.4% of patients. Postoperative rehabilitation services were received by 78.6% of the cohort, and 65.6% demonstrated adherence to prescribed rehabilitation programs.
Table 2. Clinical Comorbidities and Rehabilitation-Related Variables
	Variable
	n
	%

	Hypertension
	94
	61.0%

	Diabetes mellitus
	42
	27.3%

	Cardiovascular disease
	51
	33.1%

	Chronic kidney disease
	28
	18.2%

	Cognitive impairment
	39
	25.3%

	Depression symptoms
	47
	30.5%

	Vitamin D deficiency
	83
	53.9%

	Low functional social support
	56
	36.4%

	Postoperative rehabilitation received
	121
	78.6%

	Adherent to rehabilitation program
	101
	65.6%


Postoperative clinical outcomes are shown in Table 3. Poor clinical outcome at follow-up was observed in 37.7% of patients. Recovery of pre-fracture mobility and health-related quality of life was achieved in 50.6% and 53.2% of participants, respectively. Postoperative delirium occurred in 11.7% of patients, while 13.6% required hospital readmission within 30 days. One-year mortality was reported in 16.9% of the cohort. The mean Timed Up and Go test duration was 21.8 ± 8.6 seconds, and the mean postoperative functional status score was 64.2 ± 18.5.
Table 3. Postoperative Clinical Outcomes Following Hip Fracture Surgery
	Outcome
	n
	% / Mean ± SD

	Poor clinical outcome at follow-up
	58
	37.7%

	Recovered pre-fracture mobility
	78
	50.6%

	Recovered pre-fracture health-related quality of life
	82
	53.2%

	Postoperative delirium
	18
	11.7%

	30-day readmission
	21
	13.6%

	1-year mortality
	26
	16.9%

	Timed Up and Go, seconds
	154
	21.8 ± 8.6

	Functional status score at follow-up
	154
	64.2 ± 18.5


Inferential analysis identified several significant predictors of poor clinical outcome after hip fracture surgery, as presented in Table 4. Frailty was independently associated with significantly increased odds of poor postoperative recovery (OR: 2.84; 95% CI: 1.43–5.64; p = 0.003). Cognitive impairment also demonstrated a significant association with poor clinical outcome (OR: 2.31; 95% CI: 1.06–5.02; p = 0.035). Similarly, depressive symptoms increased the likelihood of unfavorable postoperative recovery by more than twofold (OR: 2.12; 95% CI: 1.03–4.38; p = 0.041). Patients reporting low functional social support had significantly higher odds of poor recovery outcomes (OR: 1.96; 95% CI: 1.01–3.82; p = 0.047). In contrast, adherence to postoperative rehabilitation programs was protective against poor clinical outcomes and reduced the odds of unfavorable recovery by approximately 54% (OR: 0.46; 95% CI: 0.23–0.91; p = 0.026). Pre-fracture independent ambulation also demonstrated a protective association with postoperative recovery (OR: 0.41; 95% CI: 0.20–0.83; p = 0.014). Although surgical delay greater than 48 hours showed a trend toward poorer outcomes, the association did not achieve statistical significance (OR: 1.78; 95% CI: 0.78–4.05; p = 0.170).
Table 4. Multivariable Inferential Analysis of Predictors of Poor Clinical Outcome
	Predictor
	n
	Effect Measure
	95% CI
	p-value

	Frailty present
	72
	OR 2.84
	1.43–5.64
	0.003

	Cognitive impairment
	39
	OR 2.31
	1.06–5.02
	0.035

	Depression symptoms
	47
	OR 2.12
	1.03–4.38
	0.041

	Low social support
	56
	OR 1.96
	1.01–3.82
	0.047

	Rehabilitation adherence
	101
	OR 0.46
	0.23–0.91
	0.026

	Pre-fracture independent ambulation
	86
	OR 0.41
	0.20–0.83
	0.014

	Time to surgery >48 hours
	31
	OR 1.78
	0.78–4.05
	0.170


Overall, the findings demonstrated that postoperative recovery following hip fracture surgery among older adults was substantially influenced by multidimensional factors involving frailty status, cognitive health, psychological well-being, rehabilitation adherence, and baseline functional mobility. Frailty emerged as the strongest independent predictor of poor clinical outcome, while adherence to rehabilitation programs and preserved pre-fracture ambulation significantly improved postoperative recovery outcomes. 
The baseline demographic and perioperative characteristics of the study participants are summarized in Table 1. A total of 154 older adults who underwent hip fracture surgery were included in the analysis, with a mean age of 78.6 ± 7.4 years. Female patients constituted the majority of the cohort (70.8%), reflecting the increased burden of fragility-related hip fractures among elderly women. The mean body mass index was 25.1 ± 4.3 kg/m². Before fracture occurrence, 55.8% of participants were independently ambulatory, whereas 44.2% required walking assistance, indicating substantial baseline functional variability within the study population. Frailty was present in 46.8% of participants, suggesting a considerable proportion of physiologically vulnerable elderly patients. The median time from admission to surgery was 28.0 hours (IQR: 18.0–42.0), while the average hospital stay was 9.4 ± 4.8 days, demonstrating moderate perioperative hospitalization duration among postoperative hip fracture patients.
Clinical comorbidities and rehabilitation-related variables are detailed in Table 2. Hypertension was the most prevalent comorbidity, affecting 61.0% of participants, followed by cardiovascular disease in 33.1% and diabetes mellitus in 27.3% of patients. Chronic kidney disease was identified in 18.2% of the cohort. Cognitive impairment was present in 25.3% of patients, while depressive symptoms were observed in 30.5%, highlighting the substantial neuropsychological burden among elderly hip fracture patients. More than half of the participants (53.9%) had vitamin D deficiency, and 36.4% reported low functional social support during recovery. Postoperative rehabilitation services were received by 78.6% of patients; however, only 65.6% demonstrated adherence to prescribed rehabilitation programs, indicating a clinically important gap between rehabilitation availability and sustained participation.
Postoperative clinical outcomes are presented in Table 3. Poor clinical outcome at follow-up occurred in 37.7% of participants, indicating that more than one-third of elderly patients experienced unfavorable postoperative recovery following hip fracture surgery. Recovery of pre-fracture mobility was achieved in 50.6% of patients, while 53.2% regained their pre-fracture health-related quality of life. Postoperative delirium developed in 11.7% of participants, and 13.6% required hospital readmission within 30 days after discharge. One-year mortality was reported in 16.9% of the cohort, reflecting the substantial long-term health burden associated with hip fracture among older adults. Functional mobility assessment demonstrated a mean Timed Up and Go duration of 21.8 ± 8.6 seconds, suggesting persistent mobility limitation in many participants during follow-up. The mean postoperative functional status score was 64.2 ± 18.5, indicating moderate overall functional recovery across the study population.
Inferential analysis findings are summarized in Table 4. Frailty emerged as the strongest independent predictor of poor clinical outcome following hip fracture surgery, increasing the odds of unfavorable recovery by nearly threefold (OR: 2.84; 95% CI: 1.43–5.64; p = 0.003). Cognitive impairment was significantly associated with poor postoperative recovery and doubled the likelihood of adverse outcomes (OR: 2.31; 95% CI: 1.06–5.02; p = 0.035). Similarly, depressive symptoms were associated with significantly impaired functional recovery (OR: 2.12; 95% CI: 1.03–4.38; p = 0.041). Patients with low functional social support demonstrated approximately twofold increased odds of poor clinical outcome (OR: 1.96; 95% CI: 1.01–3.82; p = 0.047). In contrast, adherence to rehabilitation programs significantly reduced the likelihood of poor postoperative recovery by 54% (OR: 0.46; 95% CI: 0.23–0.91; p = 0.026). Pre-fracture independent ambulation also showed a protective association, reducing the odds of poor outcome by nearly 59% (OR: 0.41; 95% CI: 0.20–0.83; p = 0.014). Although delayed surgery beyond 48 hours demonstrated a trend toward poorer postoperative outcomes, the association did not reach statistical significance (OR: 1.78; 95% CI: 0.78–4.05; p = 0.170). Collectively, these findings indicate that postoperative recovery following hip fracture surgery in older adults is strongly influenced by multidimensional factors involving frailty, cognitive status, psychosocial health, and rehabilitation adherence. 
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Figure 1. Adjusted Recovery Risk Profile According to Major Clinical Predictors Following Hip Fracture Surgery in Older Adults
The adjusted recovery-risk analysis demonstrated substantial heterogeneity in postoperative recovery trajectories among older adults following hip fracture surgery. Frailty showed the strongest adverse association with poor clinical outcome, increasing postoperative recovery risk by nearly threefold (OR: 2.84; 95% CI: 1.43–5.64), followed by cognitive impairment (OR: 2.31) and depressive symptoms (OR: 2.12). Low functional social support was also independently associated with elevated odds of impaired recovery (OR: 1.96), emphasizing the importance of psychosocial determinants in postoperative rehabilitation. In contrast, adherence to rehabilitation programs reduced the likelihood of poor recovery by approximately 54% (OR: 0.46), while pre-fracture independent ambulation demonstrated the strongest protective effect, lowering adverse outcome risk by nearly 59% (OR: 0.41). The distribution of adjusted odds ratios illustrates a clinically meaningful interaction between baseline physiological vulnerability and modifiable rehabilitation-related factors, suggesting that targeted multidisciplinary rehabilitation strategies may substantially improve postoperative recovery outcomes among frail elderly hip fracture patients. 
Discussion
Recovery following hip fracture surgery among older adults is a complex and multidimensional process influenced by physiological reserve, psychological health, baseline functional capacity, and postoperative rehabilitation engagement. The present prospective cohort study evaluated predictors of functional recovery and poor clinical outcomes among elderly patients undergoing hip fracture surgery at Mayo Hospital Lahore and demonstrated that frailty, cognitive impairment, depressive symptoms, and low social support were independently associated with adverse postoperative recovery, whereas rehabilitation adherence and preserved pre-fracture ambulation exerted significant protective effects. These findings emphasize that postoperative outcomes after hip fracture surgery are not solely dependent on surgical intervention but are strongly shaped by broader geriatric, psychosocial, and rehabilitation-related determinants.
Frailty emerged as the strongest independent predictor of poor clinical outcome in the present study, increasing the odds of adverse postoperative recovery by nearly threefold. This observation is consistent with previous studies reporting that frailty is associated with delayed functional recovery, prolonged hospitalization, increased dependency, and higher mortality following hip fracture surgery among older adults (21,22). Frailty reflects reduced physiological reserve and impaired stress-response capacity, which may compromise postoperative mobility restoration, rehabilitation participation, and overall recovery potential. Zhao et al. demonstrated that frail older adults undergoing hip fracture surgery experienced significantly poorer quality-of-life outcomes and increased postoperative complications compared with non-frail patients (21). Similarly, Araiza-Nava et al. identified frailty as a major prognostic determinant of both short- and long-term functional recovery after hip fracture (22). The current findings therefore reinforce the importance of routine frailty screening during perioperative orthopedic assessment and support the integration of geriatric co-management models within hip fracture care pathways.
Cognitive impairment was also significantly associated with unfavorable postoperative recovery in the present cohort. Older adults with impaired cognitive status demonstrated more than twofold increased odds of poor clinical outcome after surgery. Cognitive dysfunction may interfere with rehabilitation participation, treatment adherence, gait retraining, and postoperative self-care capacity, thereby limiting functional recovery. Previous investigations have similarly demonstrated that cognitive impairment contributes to delayed mobility recovery, increased institutionalization, and poorer rehabilitation outcomes after hip fracture surgery (23,24). Psychological factors additionally played a substantial role in postoperative recovery trajectories. Depressive symptoms were independently associated with impaired functional recovery, supporting previous evidence suggesting that depression negatively affects rehabilitation engagement, motivation, physical activity levels, and perceived quality of life among elderly orthopedic patients (25). Auais et al. reported that psychological distress significantly influences health-related outcomes following hip fracture and recommended incorporation of mental health assessment into postoperative rehabilitation strategies (25). These findings collectively highlight the necessity of multidisciplinary postoperative management incorporating cognitive and psychological evaluation in addition to orthopedic treatment.
Social support demonstrated a clinically meaningful association with postoperative recovery in the current study. Patients reporting low functional social support experienced significantly poorer recovery outcomes compared with those receiving adequate assistance and caregiving support. Recovery after hip fracture surgery often requires sustained family involvement, mobility assistance, emotional encouragement, and adherence facilitation during rehabilitation. Inadequate social support may contribute to social isolation, reduced rehabilitation participation, and diminished recovery confidence among elderly individuals. Zhu et al. similarly reported that stronger social support was associated with improved rehabilitation outcomes and enhanced postoperative mobility among older adults recovering from hip fracture surgery (26). These findings suggest that postoperative rehabilitation planning should incorporate social and caregiver-related assessments to identify vulnerable patients who may require additional community or institutional support during recovery.
One of the most clinically significant findings of the present study was the protective role of rehabilitation adherence. Although postoperative rehabilitation services were received by the majority of participants, only two-thirds adhered consistently to prescribed rehabilitation programs. Patients demonstrating rehabilitation adherence had approximately 54% lower odds of poor clinical outcome compared with non-adherent individuals. Previous evidence has consistently emphasized the importance of structured rehabilitation interventions, including progressive resistance exercises, gait retraining, and multidisciplinary physiotherapy, in restoring mobility and reducing postoperative disability after hip fracture surgery (27,28). Yau et al. further demonstrated that adherence to exercise programs substantially improves functional recovery and physical performance among community-dwelling older adults after hip fracture (29). The present findings therefore suggest that rehabilitation effectiveness depends not merely on rehabilitation availability but also on sustained patient participation and compliance. Strategies aimed at improving adherence, including individualized rehabilitation planning, caregiver involvement, tele-rehabilitation support, and structured follow-up, may substantially enhance postoperative outcomes in elderly orthopedic populations.
Pre-fracture independent ambulation also emerged as a significant protective factor against poor clinical outcome. Patients who were independently ambulatory before fracture occurrence experienced substantially better postoperative recovery trajectories compared with those requiring walking assistance prior to injury. Baseline mobility status likely reflects underlying physiological reserve, musculoskeletal strength, balance function, and overall health status, all of which influence postoperative rehabilitation potential. Previous studies have similarly identified pre-fracture gait speed and functional independence as important predictors of postoperative mobility restoration and long-term survival after hip fracture (30,31). The current findings reinforce the importance of baseline functional assessment during perioperative evaluation and may assist clinicians in identifying high-risk patients requiring intensified rehabilitation support.
Although delayed surgery beyond 48 hours demonstrated a trend toward poorer postoperative outcomes, the association did not achieve statistical significance in the present study. Nevertheless, several previous studies have reported that surgical delay may increase complication risk, prolong hospitalization, and impair recovery among elderly hip fracture patients (32). The absence of statistical significance in the current analysis may be related to sample size limitations, institutional surgical prioritization practices, or confounding clinical variables influencing surgical timing. Further multicenter investigations with larger cohorts may help clarify the independent contribution of operative delay to postoperative recovery outcomes within resource-variable healthcare settings.
The present study has important clinical implications for geriatric orthopedic care. The findings support a multidimensional recovery model in which frailty, cognitive function, psychological well-being, social support, and rehabilitation adherence collectively influence postoperative outcomes following hip fracture surgery. Early identification of high-risk individuals may facilitate individualized postoperative rehabilitation planning and targeted multidisciplinary interventions aimed at improving mobility restoration and quality of life. Integration of geriatric assessment services, mental health screening, caregiver education, and structured rehabilitation adherence programs into routine orthopedic care pathways may substantially improve postoperative outcomes among older adults recovering from hip fracture surgery.
Several limitations should be considered while interpreting the study findings. First, the study was conducted at a single tertiary-care institution, which may limit generalizability to other healthcare settings or populations. Second, although multivariable analysis was performed, residual confounding from unmeasured clinical or socioeconomic variables cannot be completely excluded. Third, rehabilitation adherence was partly dependent on patient-reported compliance, which may introduce reporting bias. Fourth, the observational design precludes definitive causal inference despite prospective follow-up. Nevertheless, the prospective cohort methodology, comprehensive multidimensional assessment, and clinically relevant outcome evaluation strengthen the validity and applicability of the study findings.
Overall, the present study contributes important regional evidence regarding predictors of postoperative recovery after hip fracture surgery among older adults in a tertiary-care South Asian setting. The findings underscore the critical role of multidisciplinary geriatric rehabilitation strategies and highlight the importance of addressing frailty, psychological health, cognitive status, social support, and rehabilitation adherence to optimize functional recovery following hip fracture surgery in elderly populations. 
Conclusion
In conclusion, postoperative recovery following hip fracture surgery among older adults is strongly influenced by multidimensional clinical, psychological, functional, and rehabilitation-related factors. The present prospective cohort study demonstrated that frailty, cognitive impairment, depressive symptoms, and low functional social support were significant independent predictors of poor clinical outcome, whereas adherence to rehabilitation programs and preserved pre-fracture independent ambulation were associated with improved postoperative recovery. These findings emphasize the importance of comprehensive geriatric assessment and multidisciplinary postoperative management strategies that extend beyond surgical treatment alone. Early identification of high-risk patients and implementation of individualized rehabilitation interventions may enhance mobility restoration, improve functional independence, reduce adverse postoperative outcomes, and optimize health-related quality of life among older adults recovering from hip fracture surgery. The study further highlights the need for integrated orthopedic, geriatric, psychological, and rehabilitative care models within tertiary healthcare settings to improve recovery outcomes in elderly hip fracture populations. 
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