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Abstract

Background Standard postoperative care in lumbar spine surgery, historically reliant on
isolated surgical intervention and prolonged bed rest, is evolving into a comprehensive,
multidisciplinary paradigm. This transition is essential to counter the heightened surgical stress
and complication risks observed in an increasingly older patient population presenting with
multiple comorbidities.

Aim This comprehensive review evaluates the evidence surrounding holistic perioperative
management strategies and assesses their combined efficacy in improving clinical and

functional outcomes after lumbosacral procedures.
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Material and methods A comprehensive systematic literature search was conducted across
major academic databases, limiting inclusion to peer-reviewed, English-language studies
focusing on adult degenerative lumbar conditions. Data extraction and qualitative synthesis
were performed independently by two reviewers adhering to PRISMA guidelines.

Results The implementation of unified care protocols—combining resistance-based
prehabilitation, standardized ERAS pathways, targeted nutritional supplementation, and early
ambulation—significantly mitigates the physiological stress response. Concurrently,
addressing psychological factors like kinesiophobia and anxiety through cognitive interventions
lowers postoperative opioid dependence, shortens hospital stays, and reduces overall disability.
Conclusions Successful recovery after lumbar spine stabilization relies on a proactive,
biopsychosocial framework rather than isolated structural correction. Integrating physical,
metabolic, and psychological care is key to mitigating patient frailty and securing long-term

functional independence.
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Introduction

Lumbar spine surgery, encompassing procedures such as laminectomy and transforaminal
lumbar interbody fusion, serves as a critical intervention for chronic radiculopathy and
degenerative spinal conditions [1]. While effective for pain relief and functional improvement,
these procedures frequently impose significant surgical stress and carry substantial risks of
postoperative complications, particularly among an aging demographic with prevalent medical
comorbidities_[2,3]. Consequently, the traditional surgeon-centered model of care has
increasingly transitioned toward a holistic, multidisciplinary perioperative framework [4]. This
approach prioritizes proactive preoperative optimization—incorporating  structured
prehabilitation and comorbidity management—alongside meticulous intraoperative and

postoperative strategies to mitigate systemic stress and facilitate recovery [5,6]. By integrating
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diverse clinical components, ranging from nutritional support and psychological assessment to
early mobilization protocols, clinicians aim to bolster a patient’s physiological reserve, thereby
minimizing complication rates and fostering more predictable, favorable long-term functional
outcomes [7,8]. This review synthesizes the current evidence base regarding these holistic
perioperative strategies, evaluating their collective impact on optimizing recovery trajectories

following lumbar spine surgery.

Research Materials and Methods

A comprehensive systematic literature search was performed across major academic databases
to identify studies addressing perioperative optimization, including prehabilitation, nutritional
status, early mobilization, and psychological interventions specifically tailored to patients
undergoing lumbar spinal procedures. Inclusion criteria were strictly limited to peer-reviewed,
English-language studies evaluating these interventions, while conference abstracts, editorials,
and studies focusing on pediatric populations or non-lumbar pathologies were excluded to
maintain a rigorous focus on adult degenerative conditions. Data extraction and qualitative
synthesis were performed independently by two reviewers, adhering to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines to ensure a structured, objective
assessment of the clinical, psychological, and functional recovery outcomes consistently
reported across the selected literature.

Al

Artificial intelligence tools were used only for editorial support during manuscript
preparation. Their role was limited to linguistic refinement, structural polishing and
assistance in reducing repetition. Study selection, interpretation of findings, synthesis of
mechanisms and all final scientific conclusions remained under direct human control. Al

was not used to generate data or references

Epidemiology and Etiology of Conditions Requiring Lumbar Spine Surgery,

The prevalence of lumbosacral spine disorders, particularly degenerative disc disease,
continues to rise alongside the aging global population, with lumbar spinal fusion increasingly
utilized as a corrective intervention_[1]. These degenerative pathologies, including spinal
stenosis and herniated discs, impose a significant public health burden by driving progressive
declines in physical mobility and overall quality of life [2]. Beyond physical limitations, these
conditions are often intertwined with psychological distress; comorbid depression and anxiety
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are frequently observed in patients awaiting surgical intervention [9]. Furthermore, the presence
of underlying comorbidities—such as cardiovascular disease, malnutrition, and osteoporosis—
frequently complicates surgical candidacy, necessitating rigorous preoperative screening to
mitigate long-term complications_[4]. Consequently, the assessment of frailty has become an
essential clinical tool for predicting postoperative complications and gauging a patient’s
capacity to recover from complex procedures_[6,8]. Elevated preoperative frailty scores serve
as a critical prognostic indicator, often correlating with adverse clinical outcomes and
prolonged recovery trajectories in patients undergoing degenerative spine stabilization_[10]. In
response to the escalating incidence of conditions such as lumbar spinal stenosis and
degenerative spondylolisthesis, clinical practice has increasingly prioritized the refinement of
perioperative protocols to support this growing proportion of elderly patients with complex
medical needs_[2,6]. By systematically addressing these underlying vulnerabilities through
multidisciplinary care and rigorous preoperative optimization, clinicians aim to attenuate the
systemic surgical stress response, thereby reducing complication rates and fostering more

predictable, favorable recovery trajectories [4,8].

Most Common Lumbosacral Spine Surgeries

The surgical management of degenerative lumbar conditions primarily involves decompression
techniques and stabilization interventions. Decompression procedures, such as laminectomy
and discectomy, are commonly performed to alleviate nerve root impingement by removing
structures like herniated disc material or thickened ligamentum flavum. Conversely,
stabilization procedures like lumbar spinal fusion are typically indicated for cases of spinal
instability or severe degenerative spondylolisthesis, where restoring spinal alignment and
structural integrity is paramount [1]. Among these options, transforaminal lumbar interbody
fusion has emerged as a particularly prominent intervention for degenerative disc disease,
valued for its effectiveness in addressing both mechanical instability and persistent neurological
symptoms [1,2]. Ultimately, the selection of the most appropriate surgical modality depends on
the specific underlying pathology, patient anatomy, and the presence of concurrent degenerative
factors, highlighting the critical need for a tailored, evidence-based approach to ensure optimal

long-term functional recovery [11].
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Historical Approaches to Post-Operative Rehabilitation

Historically, postoperative care was characterized by extended periods of strict bed rest and
activity restriction, rooted in the concern that immobilization was necessary to protect the
surgical construct. However, this conventional approach frequently precipitated a spectrum of
secondary complications, including muscle atrophy, venous thromboembolism, hypostatic
pneumonia, and skin pressure injuries, which significantly hindered recovery and increased
morbidity, particularly in elderly populations_[12]. Moreover, the lack of early activity often
led to delayed functional rehabilitation and exacerbated the psychosocial distress linked to
prolonged hospitalization_[7,12]. In response, clinical practice has shifted from rigid
immobilization toward early mobilization protocols, which have demonstrated significant
benefits in reducing hospital length of stay, lowering complication rates, and improving both
performance-based and patient-reported outcomes_[7,12]. This paradigm shift underscores the
critical recognition that early ambulation, when implemented safely, is essential for optimizing

long-term functional independence following lumbar spine surgery [11,12].

Holistic Perioperative Strategies

Holistic care in lumbar spine surgery represents a fundamental shift from traditional, surgeon-
centered models toward an integrated, patient-centric framework that addresses individual
physiological, nutritional, and psychological vulnerabilities_[4,9]. This comprehensive
approach necessitates sustained multidisciplinary coordination across the preoperative,
intraoperative, and postoperative phases to mitigate the systemic surgical stress response, which
is a known driver of postoperative morbidity [2,6]. By integrating tailored, multimodal
interventions—including structured prehabilitation, personalized nutritional support, and
optimized early mobilization protocols—clinicians aim to bolster patient functional reserve,
thereby reducing complication rates and fostering more predictable, favorable recovery
trajectories_[4,8]. This collaborative model, involving surgeons, anesthesiologists, and
specialized rehabilitation therapists, ensures that every patient receives a personalized
management plan that directly targets specific clinical deficits, ultimately enhancing the overall

quality of care and long-term functional outcomes _[4,11].
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Prehabilitation

Prehabilitation functions as a proactive, multimodal intervention designed to enhance a patient's
physiological reserve and functional capacity prior to the surgical insult_[8]. This holistic
strategy integrates tailored physical exercise programs, nutritional optimization, and behavioral
interventions—aimed at mitigating anxiety and bolstering cognitive function—to address the
frailty and comorbidities that often complicate recovery in lumbar spine patients_[4,8]. While
the clinical evidence base for prehabilitation in spine surgery remains in development compared
to other surgical disciplines, it offers significant potential to attenuate the systemic
physiological stress response, thereby reducing postoperative complications [2,8]. By bridging
the interval between the initial surgical decision and the procedure itself, this multidisciplinary
approach optimizes baseline health, facilitating a more robust transition to early postoperative
mobilization and improving long-term outcomes_[4,8]. Clinicians can further customize these
protocols by using validated frailty assessments to identify patient-specific deficits, ensuring a
more coordinated and personalized perioperative pathway [8]. Central to these effective
protocols is progressive resistance training, which serves to bolster core musculature and

improve spinal stability and endurance ahead of the surgical intervention.

Enhanced Recovery After Surgery (ERAS) Protocols

The Enhanced Recovery After Surgery protocol marks a paradigm shift in spinal surgery,
moving toward a structured, multidisciplinary perioperative care pathway aimed at attenuating
the surgical stress response to accelerate functional recovery [2,4]. By standardizing care across
preoperative, intraoperative, and postoperative phases, ERAS systematically addresses
physiological and psychosocial vulnerabilities—such as malnutrition, glycemic dysregulation,
frailty, and uncontrolled comorbidities—that frequently complicate the recovery trajectory
[2,6,8]. Core components of these pathways include evidence-based preoperative counseling,
optimized nutritional support, and multimodal analgesia strategies designed to minimize opioid
reliance [4,6]. Furthermore, the seamless integration of multidisciplinary teams—comprising
surgeons, anesthesiologists, and physical therapists—facilitates coordinated care that prioritizes
early postoperative ambulation. This unified approach consistently contributes to reduced

hospital length of stay, lower complication rates, and enhanced patient-reported outcomes [4,7].


https://dummy-citation.com/citation?d=z%3A7VdNbxzHEV0mSJxzchGCJGgggIIAu6tdfoSkc0goyrL8JRGiYZ0MuLe7ZqbFnu5xdw%2FJvcn2wb%2BJ%2F8eAjwYM%2B2D44lfds0vSIn2xjxQgajhTXR%2Bv6r1qfXYx%2Bn3lg6mNe4M%2B7X2i5RtvP6KaHAWZzCmJ2BlHQptIMpIwTgV%2BiHgSXaBTackpEtJp0cqlWJDyLcxpYaxJ8OBqIaPoyHcWVjVNxaFv8Xw%2BOI59qCks82FfVRREIGuoEos%2BDd6iCCaeGHw6M6kpTt6qkHWKInlhKUZyIjUkumYZjbe%2BNkpaYdpOqgSv6yCpCb6vG9EaZ1pp7RJVnMrIZSZSjTOf9ojGtZBrJOrSyEb5Uz7bBV8H2UYcTqaWiXJWwjt4kVVCdpyBJmWQghNIbxV2Kh4HaWyCHTKNsSWHzH2fOgowa0UKUsOpd0g6eW%2FxsQJkwXj8KF3IsSIMk6lQHBtPxYcISOcJ7vhANQRBV7RRiADsOjsYo6qc43XQY6%2BAJ%2FBFe3KkIXHjKlL5N8ZiazbR6E4LwCWauhzzkTOylv8lS0M9gNkrgxKUj2ntuvEIiXNok6vRPTZL8MaOMVSqkUiF2ygRTJ8W0JUMJCqpeIYA3%2FGy7ZIH9Hz42jhya6zsymB0DTmflp1RmKZwQiEfGGD5L7cnEKqjMY7zpDFuK9AuOzN0gOdx1Z%2B1eR4Y0QGoXHKOqm8ly1Q8pKVHnUOQMcA4I2Q8BkS1Q8dxAgNj%2BQzj0cWlAl4FRRO9LR3hVIxD93iac8x11jgkkRveS9UYsHEBlnF3MwEwYpk%2FU3EUqJErSno3FmeNQX%2Ba3HvdM%2BY3zBtqVWATKMAN5GBojDZSrQZoPHDeUWWS6KAeLpUJuIniK9wwuNwk2GFUr6bF6mJ7DQpmIrMFnVMAo9Az16eQSQJ%2FHbxzr4ZiOLMFPJ0aH3CmBfh9gJfUyHRFWGIZIxxSK5FBNzhqpq5cQEYgZZd6MRVPvSN8Y4kZF37LJMH5%2FEwVU1Gx%2B9cqyfS%2FVn2gVhrwMHYyYHJzzjIEyFpWsZ87YAZ03geMnAa6jjTz3UThcGjoEZ0aOgPYK9RyvfKGmZ6sWwN3l%2FCh6wseoqvTj1qG4RzYf20ogarvg6I4iY3vLcOOtoYisqAyPK4UcNLKE1Z%2FRmLNGOQajcak4cONQwKyZ%2BG4lhO3MPaMdlYKKDEaWSiB%2FhV5y7VntsrXsBykGzqM7zeM3VrazwxELWAPGtafPrBkQK56jdXhUWtiCS3t4AkwqMxKJJWJcrUaFrCpPvPh5GL0Z8Ri5VbpbrXerda71Xq3Wu9W691qvVutv2a14hOQiqQfYVvUm7PNncl83gKChEGg8I6r%2FMXoD7XsU%2BNDfGXLvnqMvz7o%2BXRrl0yMPW1QMgmu%2F%2FUuoOcVAayfUh%2F8mucHjiLSKatvWZ1627d075%2FdOtT7HlvAh4vRhumwPp9LV9PF6HdYJSGmI7z5S2Nlebr3D8vHgsH%2BRVZfwkw72bJ5VcnW2GX9gW%2FwArqHIXT0UMZW6uAtjV63tc9lC2XCHAXpyoGKXzlz2wkkt5BmMH3MqqtuNT0KmIhiag8lN4uxP5zedqA%2B8tZUJ7Ic0QdatreZqie%2BKWbmEbIlK9693e0x9QsK6HHJpIF4Jt814ulwpILOHunqO2V0vBj9UWlvzv82n03ns%2F3dB9LJ6ezqn929XSyQhXuFn9F9bmZ7%2B3uT7f3NuZnvbO1O5nhSraxfbs339ua7O5vb2w10G4NB5ycvLl%2FqrjW62dre2tmebW7D1zP5%2Fcs8UHkeX2Ie55PZ3mS2g967ukfvIeRt1y%2BsiYCyjOdGrvX87%2B%2BbDoOtfEriBUhimC33%2BREcj3XsF9i7DMkJxMAoS1B42gC3yFfvGaevviYsE7uErVUGEvRweeh7l%2B7dT9jOud%2BkX%2BBOGsvrj4fp%2F2J1hzq41AWWp59tNqxcXvHrS%2B
https://dummy-citation.com/citation?d=z%3A7VnNbxxJFXd2xS4XkIBLQLAqCSloJc9kej5ie5EAx84Hycax4mhzQqKmurq77OqqTlW17dlT2D0g%2FqSIG%2BLM38ABiSMSWkBoheD3qrvnw%2FagRQRpkZxDZqa76tX7%2BL33fvX8yeuNtzPrVK7Mu%2FJlbYOcvf3sN79muzoUts4L5itlJPO1y6WbMeWZzDIpgjqVTBnmZFoLZXJWcfziJmWqrJw9pUdZbbDOGq6ZDzzUfpOpQBK491YoHmTKzlQoWG24ELIKfKpnrFA41OGlZzZjwpaVVoKTHOwPRe2ZkUJ6ryCSTqEVThbSeFIJX20lsT3%2BwIc0gdkqqFJ9HIX0YdtBXUpnIckpf8IyLoJ1HrJ5YIIbsgCPmLYm7wXpymg8dNDM1gHHQbOCQ%2FxUSixOcYLKlExhnRG6TkmpkmtTB6foxE0Idamyp9yLWnPHUuUl93KTWR%2BgrXXWK9jm6yncZIRkNb0kX5bWSVL4cNkqLxwOplNoCR57crH6mDSQp6SPkL0pDkAsDPQ%2FJQXhPRYs9DI8l6yUabQHxlg3VSn0hFEkrnVVt6TZSE6Rpoi6Ca3Mqi8WQV943OPTk2Oxn2VWa3tGCq9giQx7UuuA471QiLLhAFiQvGy15xWEclHI6BxRADedGimAJ3AgNvAMNs7xiR3BCqsbtcpL4oU1mXTkIgglu7LahQICoKzShCmYaC3iZSI%2BETrJMmdLxgXi5GGCBHQhtrU8JoBkpAvXmhUWNga4R0uTA9qAMII666dn1p283vhGwRFkB8dcZ9l1ll1n2RvOMk0I97BqH2Lz4WB4pzcYldAmIG%2Bk%2B6nJ7OuNr%2BS8RtY5%2F0o3GLwfoZkO%2B6OJVN7X8i0ZVNBSP7r76Ig9Q7Tlmc9OrQagv6ZJmlPTmtD8q9cbb6WGlxKfWcZLpWf5PjdKai9zoMjkuxrWP%2Bynzmq5cXm1PELAimZt9oSbYxvWLc0eGzmVul276wstZ%2BvW5s8LWwKwrRJ7eOmsWbe6eFwX3PkT1Sw%2FfqJEwaVmj9aqXX7EIY%2F39qyA4M5UaMf25Vr9D1CQEOe4WD2yXlYFu7f2iOw%2BdwoAbWS3Kq11476S01YPdRfnQJMHreis4P4wzT4TKvUIvkitOv92MugPk8Gd28fTY993p2f94bg%2FGOARYDw1r%2FC%2FN79Qw9Fwp7eTbE8K1AVkvzw%2FeTEeD7aS4dZkJ0mrUqXFaGdnMNoe0san%2FLPjiJ8Iv2PAb9IbDHuDpAAI8holYSpNWdVTrTySoUHjjWjK%2Bfc%2BVBXSVtgQ2AulteKlZ7fo64kyPkfVCrOKLD7hLiih5XP8vIG8lzZ7rEy6%2FFgiM%2FQMa7VQyK67sz1bm%2FD14GSblOkLNCMfn978bYP18x%2BtVL%2BnS7WcHaFhIZ0oF9F97um2Lx3FMnPUlIQs2EoJ%2F%2BnrjXey1JZIN5yPmsfH0T77UCKbC3YkULiQohKlXKfNkulwK64pnlAxhEw8y54nyc5o0Pjm%2FT2q7Fxssl0jPeqIVzxWBTo7VsmnbZWUXqCWf%2F7jP%2F2z%2F5ONjY0Cbls6KB1uDSaNyFtRpNU2R2mDpObnvHd0mrxBayaDnfj87KGq4pH3ZVk7dp%2B4QO2WVP%2Fb735%2FperjO3F%2F3jr8zak2SLYb1c7fu%2BDfQ2IbqEpAbol%2BM1fxr%2F9gX0TFlCD7VVE7ff5%2BEULlP7h9G9nXty6%2FvTYBT4gofYR2C%2BTduHw3effBvswlannbpSMG21ZPzMDRl4hTcJRTpCx109ik%2BAxUglDCUhgem1Ds7h7N3VYaq3LZZ3vEhOT5BT5Gmy0ImUMj0kpmDOW%2FldbQG4VXkWRFIfcyaB0iFdDUjgxYD7p2MYNRgFyEbEt%2FqHO1h4QCbAmsrETrB7MBSVMGiCQzgxSFUS%2Frthtebs9oyLmjklGCZOTUXiPpsgZSmtZNGqRoquRXcIV5L%2B8TBJUOWAdN
https://dummy-citation.com/citation?d=z%3A7VpLbyRHHbdhIdyQiJCSAKEkRB5kZjzjGb82iKztzWaT7MOsF4wiRaK6urq71t1dnapujyenJREgbnwNJL7AShw48hWQOHBA4sABKUqEkIXg96%2Fq7pnxzmBW7CEHr%2Fbh7qn6P3%2F%2F5%2BxHj1a%2BFKda8FKbRyurDwoeyztVFkgj1nd2Im1UrPIrWRFGN1WcpPhTWpxT7orSuQWBL4RBoE8frVyJEkkHzt74x5%2Bu%2FHllZSVMZVSeXfvu9z%2BhJ1Hq4uzatfc%2F%2FT0e5FiFZXJ27fk%2F%2Fo4%2Bm%2BG7soDgtf6%2FfvtwCcHdX%2FyBHhqCh7%2Feo5OzBOUHlS7l5MpvdgNbGi5KtsfFcWx0lYdX2XUZy1waaHMiWaisNqE0lumIlYlkKUhww2yhcnwqhZHcSvdJpgOVqnLCeB6yDyrufsatVEWS%2FpUp6KQTVoCyzEvbY7c8raiyMByzlYmlmTBlHbnCqIzjMZNlokPHHrxKlcdgOyPhvECNuK%2BzRI%2FliTQdR4xoK8FTBn2ltQx%2FFfCVZNxaLRQvZcjGqkxYxh9oEKtFSbhlgZQ5dMiPcaTUJH2ii2QCkVPtaYqE57G0TOWOV61nh5hUqRMYn8C00irDgxSqaQtPNQpk2gQqhLE6TOisSEHTAakDXirvsAiPcSU7zq7ytJSgFOJofsJTaYXMheyxtz3vAjxhW6hZhaA3hoIq84KHspQmIyONE5hUGiZzCC7wqZFCw1TwXIQzrfZWxbmKIE5ewm0qKwxOhcxCHhsBNeQ0kklXJQT3BjjvZPbKD9jmBptIThBKw1e9mW2iTdlN4aC0caBHQY%2Fddv62V9l98hvpAUGNTlOwro%2FCy4JBgxyOIyHgsRkUOC%2FLXFsAqRVDOfROYBEDMEJZZy6EBAFrVkDnKDMmI84JxnjJNIwHXuVYMyc6IHydlxx6i7QKPTIzHRteJEo4b05dS4ZqUahyJJLMC%2B8kEqSfIBRGRmewIh6MzpUA%2FEN3hXxkQnB88wKvqRxPJ5CfMMTGQDDwJGMkrg9xCY%2FASAu%2BDh03fOaZ5JzDZ48dwVCp1UwCcJULlSY2a893pprNIrgDK%2BUxvA0T25LDCPPAJ3gzC7UksE58h%2F1uyCdQjIeZss7qOCqhdDjW5vjRyrMJrzPWZPX5%2BwkcbGQBJMHuVhgVAIPk1kgZW14Ib8C51DA8qywOLcJufX4ZVhtKPXa3ujiawA7IyCi9WY6MSAoLXQFxiUyLaSqdt9lCuS4IoZQLgSQnQ4BTxuv99c1uf5AhYZQwuDRvA3xU5HiFQDP2YYrIhkVv4A8QNuyNNiWMX8lVWaoylaevvaMrQ1EFke4ayn6cMMkOa8VIkXtIO9yIJDrRkEV%2BtWi53WpLqaIKdI9SJQoa8gp8dIA3z6%2B%2BlqS8%2FTmlm3BlhUv2V1T6cp7RjSjimUon4RFRiIGfPDyAqUKkBulK5NJz8ocKPy89%2BK5uCe4nXC89dx%2Fc%2FLngPbnsVHBL%2BTPxewnRzZcdlO%2B5quEFPFTlcsbisMr9uehI5h8maqmEN1oJo9vIRunSk8Gtqj53mKigYR2h3B2E0WdChWhpvixCrU5fGPR7g8H25podDPuD7W5%2FvQ8wbQ9G3SGycJA%2FxN82%2F5kabI12uls7Oz8RGY8fDPujreHm5vpoALRIYEeeHh9NX4ZFpsJkuL61Sb9B4S7%2F7IHDnIPsA0AWXMBsE8jI4wrICGSeFVWQKou87xG86pTK95S%2BjajbR2QYnh4jmQCuQv7IpKfvJGVZ2Ktraw%2B0NV2do4rLXqCQsUKUTTreQ75ao4RyvIaObm25srGtgnJSkA2PuSmVSOV9PK4i3qSO3lV5OPtaljxNJzibCoV8uTfZR2tVPjdE8xEh3VOaOEJCs%2F71N%2BpACy5K7a%2B8eW%2F38NU2k6CGPGluiJB%2BlbAfw71RqDNEKIREieIjZ0x9U%2FIU9w8FiCGHyEiB
https://dummy-citation.com/citation?d=z%3A7VnNbxxJFXd2xS4XkIBLQLAqCSloJc9kej5ie5EAx84Hycax4mhzQqKmurq77OqqTlW17dlT2D0g%2FqSIG%2BLM38ABiSMSWkBoheD3qrvnw%2FagRQRpkZxDZqa76tX7%2BL33fvX8yeuNtzPrVK7Mu%2FJlbYOcvf3sN79muzoUts4L5itlJPO1y6WbMeWZzDIpgjqVTBnmZFoLZXJWcfziJmWqrJw9pUdZbbDOGq6ZDzzUfpOpQBK491YoHmTKzlQoWG24ELIKfKpnrFA41OGlZzZjwpaVVoKTHOwPRe2ZkUJ6ryCSTqEVThbSeFIJX20lsT3%2BwIc0gdkqqFJ9HIX0YdtBXUpnIckpf8IyLoJ1HrJ5YIIbsgCPmLYm7wXpymg8dNDM1gHHQbOCQ%2FxUSixOcYLKlExhnRG6TkmpkmtTB6foxE0Idamyp9yLWnPHUuUl93KTWR%2BgrXXWK9jm6yncZIRkNb0kX5bWSVL4cNkqLxwOplNoCR57crH6mDSQp6SPkL0pDkAsDPQ%2FJQXhPRYs9DI8l6yUabQHxlg3VSn0hFEkrnVVt6TZSE6Rpoi6Ca3Mqi8WQV943OPTk2Oxn2VWa3tGCq9giQx7UuuA471QiLLhAFiQvGy15xWEclHI6BxRADedGimAJ3AgNvAMNs7xiR3BCqsbtcpL4oU1mXTkIgglu7LahQICoKzShCmYaC3iZSI%2BETrJMmdLxgXi5GGCBHQhtrU8JoBkpAvXmhUWNga4R0uTA9qAMII666dn1p283vhGwRFkB8dcZ9l1ll1n2RvOMk0I97BqH2Lz4WB4pzcYldAmIG%2Bk%2B6nJ7OuNr%2BS8RtY5%2F0o3GLwfoZkO%2B6OJVN7X8i0ZVNBSP7r76Ig9Q7Tlmc9OrQagv6ZJmlPTmtD8q9cbb6WGlxKfWcZLpWf5PjdKai9zoMjkuxrWP%2Bynzmq5cXm1PELAimZt9oSbYxvWLc0eGzmVul276wstZ%2BvW5s8LWwKwrRJ7eOmsWbe6eFwX3PkT1Sw%2FfqJEwaVmj9aqXX7EIY%2F39qyA4M5UaMf25Vr9D1CQEOe4WD2yXlYFu7f2iOw%2BdwoAbWS3Kq11476S01YPdRfnQJMHreis4P4wzT4TKvUIvkitOv92MugPk8Gd28fTY993p2f94bg%2FGOARYDw1r%2FC%2FN79Qw9Fwp7eTbE8K1AVkvzw%2FeTEeD7aS4dZkJ0mrUqXFaGdnMNoe0san%2FLPjiJ8Iv2PAb9IbDHuDpAAI8holYSpNWdVTrTySoUHjjWjK%2Bfc%2BVBXSVtgQ2AulteKlZ7fo64kyPkfVCrOKLD7hLiih5XP8vIG8lzZ7rEy6%2FFgiM%2FQMa7VQyK67sz1bm%2FD14GSblOkLNCMfn978bYP18x%2BtVL%2BnS7WcHaFhIZ0oF9F97um2Lx3FMnPUlIQs2EoJ%2F%2BnrjXey1JZIN5yPmsfH0T77UCKbC3YkULiQohKlXKfNkulwK64pnlAxhEw8y54nyc5o0Pjm%2FT2q7Fxssl0jPeqIVzxWBTo7VsmnbZWUXqCWf%2F7jP%2F2z%2F5ONjY0Cbls6KB1uDSaNyFtRpNU2R2mDpObnvHd0mrxBayaDnfj87KGq4pH3ZVk7dp%2B4QO2WVP%2Fb735%2FperjO3F%2F3jr8zak2SLYb1c7fu%2BDfQ2IbqEpAbol%2BM1fxr%2F9gX0TFlCD7VVE7ff5%2BEULlP7h9G9nXty6%2FvTYBT4gofYR2C%2BTduHw3effBvswlannbpSMG21ZPzMDRl4hTcJRTpCx109ik%2BAxUglDCUhgem1Ds7h7N3VYaq3LZZ3vEhOT5BT5Gmy0ImUMj0kpmDOW%2FldbQG4VXkWRFIfcyaB0iFdDUjgxYD7p2MYNRgFyEbEt%2FqHO1h4QCbAmsrETrB7MBSVMGiCQzgxSFUS%2Frthtebs9oyLmjklGCZOTUXiPpsgZSmtZNGqRoquRXcIV5L%2B8TBJUOWAdN
https://dummy-citation.com/citation?d=z%3A7VdNbxzHEV0mSJxzchGCJGgggIIAu6tdfoSkc0goyrL8JRGiYZ0MuLe7ZqbFnu5xdw%2FJvcn2wb%2BJ%2F8eAjwYM%2B2D44lfds0vSIn2xjxQgajhTXR%2Bv6r1qfXYx%2Bn3lg6mNe4M%2B7X2i5RtvP6KaHAWZzCmJ2BlHQptIMpIwTgV%2BiHgSXaBTackpEtJp0cqlWJDyLcxpYaxJ8OBqIaPoyHcWVjVNxaFv8Xw%2BOI59qCks82FfVRREIGuoEos%2BDd6iCCaeGHw6M6kpTt6qkHWKInlhKUZyIjUkumYZjbe%2BNkpaYdpOqgSv6yCpCb6vG9EaZ1pp7RJVnMrIZSZSjTOf9ojGtZBrJOrSyEb5Uz7bBV8H2UYcTqaWiXJWwjt4kVVCdpyBJmWQghNIbxV2Kh4HaWyCHTKNsSWHzH2fOgowa0UKUsOpd0g6eW%2FxsQJkwXj8KF3IsSIMk6lQHBtPxYcISOcJ7vhANQRBV7RRiADsOjsYo6qc43XQY6%2BAJ%2FBFe3KkIXHjKlL5N8ZiazbR6E4LwCWauhzzkTOylv8lS0M9gNkrgxKUj2ntuvEIiXNok6vRPTZL8MaOMVSqkUiF2ygRTJ8W0JUMJCqpeIYA3%2FGy7ZIH9Hz42jhya6zsymB0DTmflp1RmKZwQiEfGGD5L7cnEKqjMY7zpDFuK9AuOzN0gOdx1Z%2B1eR4Y0QGoXHKOqm8ly1Q8pKVHnUOQMcA4I2Q8BkS1Q8dxAgNj%2BQzj0cWlAl4FRRO9LR3hVIxD93iac8x11jgkkRveS9UYsHEBlnF3MwEwYpk%2FU3EUqJErSno3FmeNQX%2Ba3HvdM%2BY3zBtqVWATKMAN5GBojDZSrQZoPHDeUWWS6KAeLpUJuIniK9wwuNwk2GFUr6bF6mJ7DQpmIrMFnVMAo9Az16eQSQJ%2FHbxzr4ZiOLMFPJ0aH3CmBfh9gJfUyHRFWGIZIxxSK5FBNzhqpq5cQEYgZZd6MRVPvSN8Y4kZF37LJMH5%2FEwVU1Gx%2B9cqyfS%2FVn2gVhrwMHYyYHJzzjIEyFpWsZ87YAZ03geMnAa6jjTz3UThcGjoEZ0aOgPYK9RyvfKGmZ6sWwN3l%2FCh6wseoqvTj1qG4RzYf20ogarvg6I4iY3vLcOOtoYisqAyPK4UcNLKE1Z%2FRmLNGOQajcak4cONQwKyZ%2BG4lhO3MPaMdlYKKDEaWSiB%2FhV5y7VntsrXsBykGzqM7zeM3VrazwxELWAPGtafPrBkQK56jdXhUWtiCS3t4AkwqMxKJJWJcrUaFrCpPvPh5GL0Z8Ri5VbpbrXerda71Xq3Wu9W691qvVutv2a14hOQiqQfYVvUm7PNncl83gKChEGg8I6r%2FMXoD7XsU%2BNDfGXLvnqMvz7o%2BXRrl0yMPW1QMgmu%2F%2FUuoOcVAayfUh%2F8mucHjiLSKatvWZ1627d075%2FdOtT7HlvAh4vRhumwPp9LV9PF6HdYJSGmI7z5S2Nlebr3D8vHgsH%2BRVZfwkw72bJ5VcnW2GX9gW%2FwArqHIXT0UMZW6uAtjV63tc9lC2XCHAXpyoGKXzlz2wkkt5BmMH3MqqtuNT0KmIhiag8lN4uxP5zedqA%2B8tZUJ7Ic0QdatreZqie%2BKWbmEbIlK9693e0x9QsK6HHJpIF4Jt814ulwpILOHunqO2V0vBj9UWlvzv82n03ns%2F3dB9LJ6ezqn929XSyQhXuFn9F9bmZ7%2B3uT7f3NuZnvbO1O5nhSraxfbs339ua7O5vb2w10G4NB5ycvLl%2FqrjW62dre2tmebW7D1zP5%2Fcs8UHkeX2Ie55PZ3mS2g967ukfvIeRt1y%2BsiYCyjOdGrvX87%2B%2BbDoOtfEriBUhimC33%2BREcj3XsF9i7DMkJxMAoS1B42gC3yFfvGaevviYsE7uErVUGEvRweeh7l%2B7dT9jOud%2BkX%2BBOGsvrj4fp%2F2J1hzq41AWWp59tNqxcXvHrS%2B
https://dummy-citation.com/citation?d=z%3A7VjLbxxJHbazYeECCCGkDQioC8uGtcfz8GsC2vUjCYmTbExs1igSh%2Bru6u6yq6t6q6o9npwCCCRu%2FBtI%2FAMWHBDiwIk7EgfuHJBQlj1YK%2Fh%2B1T3jseORExE4RUrs6Z6q3%2Fvxff7p8cwbqbEyk%2Fqz4qPKeDF849EffsvWlc9NleXMlVIL5iqbCTtk0jGRpiL28lAwqZkVSRVLnbGS44nrhMmitOaQXqWVxjmjuWLOc1%2B5OSY9SeDOmVhyLxI2kD5nleZxLErPIzVkuYRSiy8dMymLTVEqGXOSg%2Fs%2BrxzTIhbOSYgkLXTCilxoRybhoykFrocH%2FBLaM1N6WcgnQUgLvn1QFcIaSLLSHbCUx95YB9ncs5hr8gCvmDI6m%2FfCFsF52KCYqTzUwbKcQ3wkBA4n0CBTKRJ4p2NVJWRUwZWuvJWkcQ5CbSLNIXdxpbhliXSCOzHHjPOw1ljjJHxzVYQw6Viwir6kWBbGCjJ4e9IrF1soJi10BK8dhVg%2BIQvEIdkTi%2FkICpALDfsPyUBEj3kDuzTPBCtEEvyBM8ZGMoGdcIrENaEaHakvUlCEzoNtsZL6bCxOk34acYffjgKL%2Byw1SpkBGXymlsixB5XyUO9iiSxrjgLzgheN9byEUB7nIgQnzlE3IzMSFF4MhbjAU%2Fg4rk%2Fc8CY2qjareE58bHQqLIUIQsmvtLI%2BhwAYKxXVFFw0BvnSoT6ROsFSawrGY%2BTJwQWB0oXYxvPQAIKRLVwplhv46BEeJXSG0kYJI6nDVjIw9uB45ks5R5ItAvO6y1532esue8VdpqjCHby6CbFZt91dnm%2F3Cljj0TfC3tWpOZ75TMYrdJ11T1Vdg7dDaSbdVm9JSOcqcUV46ZVQWxtbO%2BwRsi0GLj00CgX9eUXSrIwqquZfHs9cSTQvBH6nKS%2BkGmY3uZZCOZGhinS2ruD9nVZijRIzz58WO0hYXp9NH3C9b%2Fy0o%2Bk9LSKhmrPrLldiOO1stpubAgXbGLGJL63R007n96qcW3cg6%2BP7D2Scc6HY1lSziw855PH5TRND8MhVWMduiqn2f4CBhDyHw3LLOFHm7NZUFeltbiUKtJbdmDQ1jDeliBo75Ab0wJLvN6LTnLvtJH0Wy8Qh%2BXFi5NG1TrvV7bSXF%2Fajfdeyh4NWd7HVbuMVyjjST%2FHT6Z%2FIbq%2Fbn%2B93VpdyzAV0vzg62FtcbK90uitL%2FU5SFjLJe%2F1%2Bu7fapYsP%2BbP9UD%2Bh%2FPZRfkvz7e58u5OjCLIKIyESuiirSEmHZqircTa4cvT1%2B7JE28bGe7YnlZK8cOxt%2BnggtcswtfywJI8PuPUyVmIXj7Poe2HSe1Ink68FOkMNcVbFEt21Mdw0lfZf8FY0TZnsYRm58PatP9a1fvTemen3cGKWsx0sLLQT9SK2zy3V7KWdMGZ26pGQelPK2P3seObNNDEF2g36MfP4YvDP3BHo5pztxBhcaFGBUa6S%2BkjUXQln8gc0DCET79LdTqffa9exub5Jk53Hc2xdC4c54iQPU4F0hyn5sJmSwsWY5Sfv%2F%2BPfrbWZmZkcYZtQlHRX2ku1yLeDSKNMhtEGSfXjeHeMLHmF3iy1%2B%2BH94I4sg8rboqgsu01YoLITpn%2Fy579daPricrifNQF%2Fdaa1O6u1aUffOBffbUIbmEqo3AL7Zmzivz5lL2JiQiX7ubiy6uh67n3pbiwsoPtaxmYLUxvwgIDSh1i3qLxZGtbKYEEai07ZL2EIUEUkbNzt9xvWcrUok%2FQO4IzCf48Wn5XhCu1UkJsrSRSZo%2BOZq2ku6MDJ%2B5%2F89SpFOFEi9Sdr3%2FreP%2BkJG6A8WVv78bPf40EMZOLzk7Vrf%2FkdfTehN8yecwLX2p%2F%2B5ukUgeu%2F%2BBM9jATu%2FGqDTk4KbDjX1V%2BvN8CQbfD4IANw0skNjNNMYHHVTYkRgzWF0NC%2BQ5oYFl
https://dummy-citation.com/citation?d=z%3A7VrriyRX2Z81G6O88L7wipB4PaIm2WS6p29zS0R3djab3c1exp2JqwHR01Wnus5OVZ1Knarp6aCwGi%2BIooIoil%2F85AUEvwiyICIi4gf%2FgXgBFUFFUVCDl%2FX2e845Vd3V0%2B1k3RUVNmgy3X3qOc95rr%2Ffc%2Brpawt3DiLl8Vxl1xaOXEn5QFwo4r7IvJVuO1CZHMjkaJz6wWk5CCP8P9dYJ80jUiX6I9cWnuf3%2B2r%2F2sLRIBS04PobfvHhT%2F9wYWHBj0SQXz%2F%2Bqs%2Ff8XV88nKVXj9%2B9mf30QcxlH4eXj%2B%2B84nX0MeJfV%2FwnARerQQ%2BFsb0oRL48S%2FRx5sR%2BPPPsAmBj3zxa585XODx7re%2BiVUzj3z6t1u0Vylw87vPHq8LfOEsDZ%2F97F8nBL72Q3eNBb7x6o%2FfPiHwxI%2B%2BQh9vTOCrPvdnOqUT%2BMsXk0pjDb984xrWBF66fLou8INTNrxhgd%2B4sybwe%2B%2B4SQ23G2t1DSkAbkrgJ3cnw2bzuz%2B4ySPv3PHAZGBvPvOH5yLwb1ffSSJmCjz1p7qGv%2F0nwubz%2FzPOlJ1nPkY%2FjZ3ytn%2FChpMCHz%2B5VXeKSZybEfilp%2BtH%2FvJUcXiheLJQuRjdGbDNkxuLzBPZnvR4xHypPcazPMxUGnGdjx5m589sL7JYJjLmUTRiMtnjWu4JpotsIDJacB4S4iLKZax8yOAJjwZCS%2F4w29o8eWqRpUrnIpMqq%2B8joGw8wnKfBYVGVcX6c2dq6yNoyzPsic995Y%2BqhTtmYZ7xRKNac6gHoXNXv9msFvt5JmLBIo7fsXx6XZNtqlhlfenLfMQ2tBZaxyLJjYanBY%2FykF1McUr5lGkCbAv%2Fwe%2BaDUPFisQX2UAxEeFcxj6pTCorMRXkImEhxw8qDwVMUe0lhV7EOi9kXMMwvC9yoRlZi2e%2BVDC3V0Q4F2wmuBY4iE6FJ4038ASkwWIplhilVAAVoAp%2BTEv9fHgjk8lgSidPJblMCmyWK1jDy0g8WSHREhLoASM8HME8kRpIj2mYUGuG2PCEz7AdLTA27I9KuTiM2HMW1rnMC9MxmUpzPIKdxB6PCvjA2JX7vpVoda2bhY6XIhrpUNhIZizNhEoh21j4kUsb2%2FhG5cpTEbt%2Fh%2FcjwTrHmuwM6SXhFw5lzBGs9B9f%2FZRmofVkzKEznGEdCs1SE3HQrzQP%2FsyEX3jCiMik3iU9KDjHKkDdNEJEmyM2ey227Y5udLPmLjXUEPdkISGTadhaJGRgRK8VHXCkQ6ZZJHdFFQXIzDkxoPrwKcL0fmP8mMOEEhG4fwzWj9WucXbO8wIiEp55KpfeEuORp0KYqiAJPBGx5Pi5yDNYW1EGlY%2BQZ1Qfzi68hg3mSIiU8TQRvMl2YI6NGAHi8YRtK08KKALTbCRCw1QNFy0akeehiGgZOAstIlMk4hya0jcUeBBlooXOAhG85qqpHBkiHHikFYwSkTkonmTCtEJSV0ZudlqLnfZid2UR3jgF61ZZQFmK%2BNH4gAeHEkFQjzYspjW%2B9FmichYLkRsFXcR4UBKKwmQKXoWyZZjDhzGeDmxF2YN8SsShyBA5fFegsPhDle1eW3hRyMmo8PToyOMnuLc7yBTqxkPskSTkCWXUJeEpCEX5Qb3I2LYLxfspnI4xhDSfqLSu6lItlYhC%2BBkFIYUlOGyM6HWxXeUxIpdi2xTgrNwIyz1KQCr5xSCsZRhKMdXh8UeKi3oCTB5ZN%2BspCW1hApRc7AkdEPveLsoSWR5uU%2BgykINIqJelRTaydsez5sCoNSbzUK7gO13A1HiazlbmWUomlThGE2vpNMI%2FiegYdFqd5Ua7HVOh49giO5MEiqA%2FL7B3pq9GMk7x6CmTe3672W0JqXUhjgrUrUjsP0ChfoaOmJgAxoZnVYEPESm0bdR2Pgr2FPqP%2BN%2B02uxcxS8kdd5LPBkINH
https://dummy-citation.com/citation?d=z%3A7VrriyRX2Z81G6O88L7wipB4PaIm2WS6p29zS0R3djab3c1exp2JqwHR01Wnus5OVZ1Knarp6aCwGi%2BIooIoil%2F85AUEvwiyICIi4gf%2FgXgBFUFFUVCDl%2FX2e845Vd3V0%2B1k3RUVNmgy3X3qOc95rr%2Ffc%2Brpawt3DiLl8Vxl1xaOXEn5QFwo4r7IvJVuO1CZHMjkaJz6wWk5CCP8P9dYJ80jUiX6I9cWnuf3%2B2r%2F2sLRIBS04PobfvHhT%2F9wYWHBj0SQXz%2F%2Bqs%2Ff8XV88nKVXj9%2B9mf30QcxlH4eXj%2B%2B84nX0MeJfV%2FwnARerQQ%2BFsb0oRL48S%2FRx5sR%2BPPPsAmBj3zxa585XODx7re%2BiVUzj3z6t1u0Vylw87vPHq8LfOEsDZ%2F97F8nBL72Q3eNBb7x6o%2FfPiHwxI%2B%2BQh9vTOCrPvdnOqUT%2BMsXk0pjDb984xrWBF66fLou8INTNrxhgd%2B4sybwe%2B%2B4SQ23G2t1DSkAbkrgJ3cnw2bzuz%2B4ySPv3PHAZGBvPvOH5yLwb1ffSSJmCjz1p7qGv%2F0nwubz%2FzPOlJ1nPkY%2FjZ3ytn%2FChpMCHz%2B5VXeKSZybEfilp%2BtH%2FvJUcXiheLJQuRjdGbDNkxuLzBPZnvR4xHypPcazPMxUGnGdjx5m589sL7JYJjLmUTRiMtnjWu4JpotsIDJacB4S4iLKZax8yOAJjwZCS%2F4w29o8eWqRpUrnIpMqq%2B8joGw8wnKfBYVGVcX6c2dq6yNoyzPsic995Y%2BqhTtmYZ7xRKNac6gHoXNXv9msFvt5JmLBIo7fsXx6XZNtqlhlfenLfMQ2tBZaxyLJjYanBY%2FykF1McUr5lGkCbAv%2Fwe%2BaDUPFisQX2UAxEeFcxj6pTCorMRXkImEhxw8qDwVMUe0lhV7EOi9kXMMwvC9yoRlZi2e%2BVDC3V0Q4F2wmuBY4iE6FJ4038ASkwWIplhilVAAVoAp%2BTEv9fHgjk8lgSidPJblMCmyWK1jDy0g8WSHREhLoASM8HME8kRpIj2mYUGuG2PCEz7AdLTA27I9KuTiM2HMW1rnMC9MxmUpzPIKdxB6PCvjA2JX7vpVoda2bhY6XIhrpUNhIZizNhEoh21j4kUsb2%2FhG5cpTEbt%2Fh%2FcjwTrHmuwM6SXhFw5lzBGs9B9f%2FZRmofVkzKEznGEdCs1SE3HQrzQP%2FsyEX3jCiMik3iU9KDjHKkDdNEJEmyM2ey227Y5udLPmLjXUEPdkISGTadhaJGRgRK8VHXCkQ6ZZJHdFFQXIzDkxoPrwKcL0fmP8mMOEEhG4fwzWj9WucXbO8wIiEp55KpfeEuORp0KYqiAJPBGx5Pi5yDNYW1EGlY%2BQZ1Qfzi68hg3mSIiU8TQRvMl2YI6NGAHi8YRtK08KKALTbCRCw1QNFy0akeehiGgZOAstIlMk4hya0jcUeBBlooXOAhG85qqpHBkiHHikFYwSkTkonmTCtEJSV0ZudlqLnfZid2UR3jgF61ZZQFmK%2BNH4gAeHEkFQjzYspjW%2B9FmichYLkRsFXcR4UBKKwmQKXoWyZZjDhzGeDmxF2YN8SsShyBA5fFegsPhDle1eW3hRyMmo8PToyOMnuLc7yBTqxkPskSTkCWXUJeEpCEX5Qb3I2LYLxfspnI4xhDSfqLSu6lItlYhC%2BBkFIYUlOGyM6HWxXeUxIpdi2xTgrNwIyz1KQCr5xSCsZRhKMdXh8UeKi3oCTB5ZN%2BspCW1hApRc7AkdEPveLsoSWR5uU%2BgykINIqJelRTaydsez5sCoNSbzUK7gO13A1HiazlbmWUomlThGE2vpNMI%2FiegYdFqd5Ua7HVOh49giO5MEiqA%2FL7B3pq9GMk7x6CmTe3672W0JqXUhjgrUrUjsP0ChfoaOmJgAxoZnVYEPESm0bdR2Pgr2FPqP%2BN%2B02uxcxS8kdd5LPBkINH
https://dummy-citation.com/citation?d=z%3A7VhNbyRHGZ7dVRIuICGEFA5AnaKs5PleezwosHjXNvvlXcteYiHlQE13dXfZ1VVNVbXHk1OAE%2F%2BCv2FxQYgDJ34D%2F4BLAoeIj%2Bet7h7PeOywKFaUgw8eT1dXvfW%2Bz%2Fu8X%2FOb89a9xFiZSv2O%2BFVpvJi9vb3DrZqx3Eykko57aTSTjnEWGauFdd5owUzCdnTGdSRidiAicyrsjPHEC8sOS5vS0%2Fs7B1uH9xnXMR0XOjKl5Sn2J0YpM5U6Za6QmitWWAM5pRWuw56YqYCwNSZOZYxD4SrpHZN5oUQutJ9rpGQuPeTRDT4TVjCOP21wgc0hNi0hQUktHMMBU3hJqwWuiazEk9Ed9jqDIM2thdRTwSxuFVPGZQ653kAJrkruBcm%2F0Ajyq4UkEZEnBcUqZBdWCoVdJL0219UAYZMSOvUZSXCez9ZYYQBvIWptIgObZRTkObwUNlgGFdoT7gjJUkMy5BAEBfYBnrYVhbGEiyk9JBCou4CeeSu5cuz9hERz62WkhLsPQ7gPNwE8YAklRSQTGZFXvImMurBP6nZmYISHEUu2AinA7rwtIw83xstvgdYEa8Ddsym5yQVEAhMshEaqdMEZL%2BErSCljCZcFvaQ%2BxSmZwgXBx5dZANU4y0sF15oYWkkNBp7iddCKJEw5qFNdAbNpv77KW3Njg4LAyVSnYhF3QHCHKxwcl6ZkRBCcGq7asbSVJasi1xiRD1TGW1wOHtDNNYVq%2F3GVIvh8lrMpPinEFATB001AtOfemMMUfC3OmidQGSZLvsZyPgPGcQmCLtMqnFjkEgO%2FRIc9haw4lpWyVQBRoDYsh1Mbg4G6RYiDYysU%2FELmsWkmoGJDLkicE%2BF%2FhkeHHWVSBbShVR2Y%2BCeIxJwpHp0EZi6oGwtAkROJQnSecQQn1jjE0NZpJqPsi5wPucAgRwzWoQ2tgOsSl4lWgsVAldCtI5lA4PmkVHXoW5OHbYlEurwU1HQUBmHRyYkC13DWZaZUMcAJp4hZiNmSQolNjT1p3iMthaQEp06gUQZktRPala5yxhok0H0WhktAspwASXSTBP2sqG7GI%2FkAtixzl95lZlqBf6EeogxsrCMXXxOQRvsr8nhMep%2B3vpPxCdIC9LmtK7d15bau3NaV27pyW1e%2BRF2BeyLhoNM2qJYOeoP1dr%2BfQ194A0XkqU7MeeutlJc%2BM9Z9glReQOld%2FBkbDzrjTSGdK8U94aVX4vgJvO6zCO5JTo0qc%2FFOMZf1woDVxp637sgC9eWA61Sct%2B5CT4C%2Fj5V3P8oUb74qOmflpMQRh7Hqbqx5TvuThOdSzdJH5FNonsJZOnlhSgkrrFGitbr5%2BAgaTDGWZTCS9svXmcmRcY461ZEk424%2FTj6LZOzOW29HsZFn3%2Bv3OsPhuNfN5kaNesNebzyIpZvoT%2FDp9K%2FlYDAYtce94SDKeXo8GK%2BPNzdHG%2BNhBioBbHF2cnSxGBe5jLNhfzgYbm5sQsIr%2FtlxQDA44HjQ64%2FbvVG7vwkodFoCionQeVEGHjX%2BuBPMO%2BvsUUKFkEgiZaA4ztg2Jk%2FK%2BvvVAaLMU43E7EsvTuBv1JdI%2FNyqsw8y7wv3o253Op128riQHUR%2Fd25Ld9QddseDbhEnD5EaKYP9uL%2B%2BMRyN1gejcerKCTETAJ%2FUBeo1Hu9glzDJc6njxWUEtlIz7FURtQGPZo9Nqf27rzxIQrQEFY8QPK5a%2FqBi0tkvjih5P6X6ItjOYkWv2p69pbZHs50mOx2C4%2FisIv4h22Iv513DQUhOCYJcRu638HMSgwVSQ7eJjPmDAKupOMwOI%2BRKxIZAHKm42jIZjMKebE%2FEMsI9WEte9xE2vcolP1xttrYWmy20NMaKzx%2F%2B%2Fd8f%2Fb7VamUAckF8PBg92AiC0nr%2FzenYHw9rHe8%2F5jaWPFpjW8g4gNdJHvII3YnKo9iruizMtf38u3

Early Mobilization

Early mobilization is grounded in the physiological necessity to counteract the deleterious
effects of prolonged recumbency—such as orthostatic intolerance and skeletal muscle
catabolism—by promoting systemic perfusion and neurological activation_[7,12]. This
proactive approach facilitates the restoration of neuromuscular function and improves
pulmonary clearance, effectively mitigating serious postoperative complications, including
hypostatic pneumonia and venous thromboembolism_[12]. Safe implementation relies on a
standardized, interdisciplinary assessment that carefully calibrates the patient’s comorbidities
against the biomechanical requirements of the spinal repair_[11]. By utilizing tailored,
algorithm-based protocols, clinical teams can systematically guide patients through a
progressive transition from supervised in-bed conditioning to independent ambulation, thereby
aligning recovery with functional milestones and optimizing the postoperative hospital
experience_[11].

Nutritional Supplementation

Adequate nutritional status is a cornerstone of surgical recovery, providing the metabolic
substrates necessary for collagen synthesis and tissue repair. Because preoperative malnutrition
is prevalent in lumbar spine surgery patients and is independently associated with higher risks
of surgical site infections, medical complications, and prolonged hospital stays, routine
screening is imperative [13, 14, 15]. Clinical optimization—utilizing validated indices such as
serum albumin levels and comprehensive metabolic profiles—enables targeted, evidence-based
supplementation that can effectively attenuate the surgical metabolic stress response [16, 17].
Research demonstrates that focused perioperative nutritional support not only fosters faster
physiological recovery but also reduces overall and wound-related complication rates, thereby
maximizing the efficacy of subsequent rehabilitation_[18,19]. By integrating these nutritional
protocols into the perioperative pathway, surgical teams can mitigate the effects of patient
frailty and improve long-term functional independence following lumbar spinal procedures
[16,17].

Physiotherapy

Targeted physiotherapy interventions are essential for restoring biomechanical integrity and

muscle function, with a particular focus on recruiting deep core stabilizers, including the
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transversus abdominis and multifidus muscles. These programs typically follow a structured,
phased approach, starting with low-load activation—such as gentle stabilization in supine or
prone positions—to promote foundational stability while minimizing postoperative pain_[20].
As recovery progresses, protocols incorporate more demanding strengthening, balance training,
and functional movements to address biomechanical deficits stemming from the underlying
pathology and the surgical intervention_[21,22]. By tailoring these interventions to the patient's
functional status and specific surgical technique, clinical teams can systematically enhance
spinal loading tolerance, optimize posture, and facilitate a safer, more efficient return to
activities of daily living [22]. Although the optimal timing and modality of formal rehabilitation
remain areas of active investigation, structured early-stage mobilization and progressive
resistance training are well-supported, correlating with improved functional outcomes and

increased physical activity levels during the recovery trajectory [21,23].

Psychological Approach

The integration of psychological care is crucial, as preoperative anxiety and depression are
significant predictors of poorer functional recovery and heightened pain sensitivity_[24, 25].
These psychological vulnerabilities, frequently manifested through pain catastrophizing—the
tendency to ruminate on and magnify the perceived threat of pain—and kinesiophobia, the fear
of movement, can profoundly undermine the physiological benefits of successful surgical
intervention_[26,27]. Given that elevated preoperative anxiety and depression scores correlate
with increased postoperative disability, prolonged pain intensity, and diminished patient
satisfaction, systematic screening using validated tools—such as the Hospital Anxiety and
Depression Scale and the Pain Catastrophizing Scale—is essential [28,29]. To mitigate these
deleterious effects, multidisciplinary teams increasingly incorporate psychosocial
interventions, including cognitive behavioral therapy, pain coping skills training, and structured
patient education, to foster self-efficacy, encourage adaptive cognitive framing, and reduce
reliance on postoperative opioids_[26, 29, 30]. By addressing these modifiable psychological
factors alongside physical and nutritional status, clinicians can adopt a genuinely holistic,
biopsychosocial approach that optimizes the perioperative journey and enhances long-term
quality of life for patients undergoing lumbar spinal procedures [26, 29].
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Conclusions

This review synthesizes the multifaceted evidence supporting a biopsychosocial approach,
demonstrating that long-term functional recovery is not merely a consequence of mechanical
spinal stabilization, but a synergistic outcome of integrated physical, nutritional, and
psychological care [17, 26, 29]. By prioritizing preoperative optimization—encompassing
targeted nutritional supplementation, structured physiotherapy, and early psychological
screening—clinicians can effectively mitigate the deleterious effects of perioperative stress,
frailty, and pain catastrophizing_[16, 18, 19]. Transitioning from traditional, reactive care
models to proactive, evidence-based perioperative pathways fosters improved patient-reported
outcomes, such as reduced disability and persistent pain, while enhancing the sustainability of
surgical success_[7,11]. Ultimately, adopting this holistic framework shifts the clinical focus
from purely anatomical restoration to comprehensive functional preservation, fundamentally

enhancing the quality of life for patients undergoing lumbar spinal procedures [22, 27, 31].
Future Perspectives

Future research should prioritize the development of predictive, multi-domain algorithms that
integrate demographic, physiological, and biopsychosocial recovery trajectories to create
highly personalized, patient-specific care plans_[32]. By utilizing machine learning to
synthesize large, heterogeneous datasets—including preoperative psychological metrics, frailty
indices, and real-time data from wearable sensing devices—such models enable clinicians to
identify patients at risk of delayed functional recovery or specific complications with greater
precision [32, 33]. Furthermore, integrating multi-modal, longitudinal data into these predictive
frameworks shifts clinical decision-making beyond static patient-reported outcome measures
toward a dynamic, data-driven paradigm_[32]. By leveraging these analytical capabilities,
multidisciplinary teams can systematically tailor perioperative interventions to an individual’s
unique risk profile, thereby maximizing long-term functional independence and holistically
optimizing surgical outcomes for an increasingly complex and heterogeneous patient
population [32, 33].
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