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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. 

  

Key words 

lumbar spine surgery, perioperative optimization, prehabilitation, early mobilization, ERAS. 

 

 

 

 

 

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 

https://dummy-citation.com/citation?d=z%3AzVlbaBzXGZZcJy00UEgpsdsmPRDc2o12tRdZF%2FcSS3JcK5Ei2atESZxAz8ycmTnWzJzNOTOSNk%2FuFQp5CG0ppXloHkoh9PIaDAkpBEr7VPqQ0NBCS0mf8lAIDSkVofn%2BM7OXWWutmPVDwCvv7Jz5r9%2F%2Fn%2FN%2F8%2B1rE7cFkXJ5qvS1ickrbR6Ih7PYEdptLCz4SstAJkfjtudfkEEY4ZMarJP2EakSAwFHPMdRe9cmjvqhoAX797%2F3t6P%2FmJiY8CLhp%2FtnT3z1HbpyU9XeP3v2qf%2F8DhdiV3ppuH%2F2%2BJsv070BvRMHCDxbe%2F%2FXV0cIXPz%2BH%2BiiK7D13BKtHBQons5UKjpHX1x0TKq5m7Il7m4HWmWJd4adE4FIhIY3O4J50ijtCW2Y8lkaChZBBNfMtGWCu8LVghth78TKkZFMO4wnHns64%2FY7noqkL%2Bh%2FEUFO1GFtSBZJaqpsNZflZwaBYybTgdAdJo0V19Yy5riMRRoqz6qHrlQmAdQOWFg2qGvuV1iodsWO0FNWGMmWLo8Y%2FBXGMPxpI1eCcWOUK3kqPLYr05DF%2FIqCsMKUkBvmCJHAh2QbS1JF1oeqHXZgcqRymW7Ik0AYJhOrq%2FBzipRkkTUYdxBaYaTmTgTXlEGmug7ESjvSQ7CmmKvidgSZFkhT0CWTKebjMsjElI2r2EsFJHlYmuzwSBhXJK6ospVcdxs6EVu4mXmQtwsHZZwb7olU6JiCtBsipEIzkcBwF3e1cBVChcz5WNPz3sggkT7MSVKkTcZtjVUeM7DH%2BEANJY1sUlkKw%2FMADCeZnfw6mz3NOoIThCLvVB5mEyqdViIkKOomMEdBla3ZfJszbJPyRn7AUK2iCKqLpciyy%2BBBgsSREcjYAApslkWiDIDUM0Na9HYQEQ0wwlkbLpQEAWvQQJsovUtBLBnGeMoUggdd6a5i1nRA%2BBxPOfx2o8zLkRmrQPN2KF2bzX5qKVA9FMoEjSTOjbcWueSfSyj0tYoRRVxolUgX8PfsI5Qj7UHjA4dkTSa42oH9hCG2CwQDTyJA43oGD%2BESGOmBb4qWaz5wTXaW8FllWwhUZBQTAFxmS6Vbm0Xmp%2FqeDSJ4ClFKAmQbITYpRxDKwCd4MwO3BLBOepu1isc7cIx7sTQ26lgq4LS3q%2FT2tYlPh7zoWJ3J45shEqxFG0hC3I2rpQMMUlp9qU16KLwB51Qh8CwzWHQQdov1o7DalVRl69nh1QR1QEZM7c1wdERy2FUZEBeKqN1vpeWYHWjXISUUcddFkxMewCmCRq0xW6nVYzSMFAEXegXgo02OZyg0ba5GqGxE9Dw%2BQFizOjMrEPxMTIpUppHYu%2B9BlWmqKpi0rqn7ccIkaxWOkSOX0Ha4dkN%2FR8EW8al2T9tqbyuVtANdolaJDQ19BTnawC%2FHJ%2B8LI977HtGTSGWGh8wPaOtLeExP%2BD6PZdTxtkhCAPwk3gZC5aE1CLtFjlwnLkp8H7nwIdUTuBxyNXLdJrTl65wnxKhVzqrM1wRPhCQ3GbVQPGF3jdzAlkxHK3ZbWZKv87dE8kwoR1p4vmehv4ZuFI1c6axmxbpWKJ2uah%2Fb3Ybnv%2BtKD0ea211Pyb3P1mvVen1%2BdtrUm7X6fKXWqAFM8%2FWZShNd2Emu4q9JviXrczMLlbmFhcfcmAdXmrWZuebsbGOmDrQIYEfsbW%2F1f%2FTasfTCZmNulv5Bwjp%2F94rFnIXsFUAWWqBsFshIggzIcEQStzMnkgZ9P0fwpHUqWZJqDVW3jMrQPNpGMwFcXfGIjvYeDNO0bc5MT19RRldUgl1cVB2JjuVh26TlVfSraWoo29M40U2PdjYwmZN22hTDba5T6UZiE5eTqDeh%2FIdk4g3%2BLFIeRR2sjVyJfrnUWcbRKj3WxOHDR7unNrGFhmbynz9XFJpzWGs%2F%2BcClxdapXifBHnKzvcFH%2B5Wu%2BQ7S63sqRoXCSG
https://dummy-citation.com/citation?d=z%3A7VZNbxxFEN0k4uMCEjc4gPoUKZJ3Pbu24ywHwLFjgoOTKI6Sc09PzXR5e7qH7p61N6dEnPhJFjfEmd%2FAP%2BASwQEheD2zThzCShxyzGV3p7f61XvVr6rn2dngSuk8V2zfo%2B9aF2lx5cFPP4odE7VrKy1Cw5ZEaH1FfiE4CCpLUpHnJNgKT0Wr2FaikXiSthBcN97N01LZWsQ5K40IUcY2rAmOCUGG4BTLSIU44ahFa6VS1ESZm4XQjKQefwbhSqFc3RhWMuFgf9RtEJYUhcCATFlShCdNNiRK%2BOkawvbuAV9ko3BN5JqfdCAjaLvb1uQdkDyHmSilis4HYMsolLRJAZaEcbYaRvJ1Jx4cjHBtRDow0xLwORGCC2TgkqmAOqtMWyRStTS2jZ5TxjWA%2BoLdXAbVGulFwYFkoDXhQgRb511gaAttjjJZRaJNf6Za1s5TInz%2FoqqgPBKnLCkEyyGVmJ8kBjRPfBQNcyTAWVjwnyeCqJ6IDrysrEjUVHR6IMb5nAvwhKgEtyzVeUi%2FMRWFrO64KcP21Vq8PPSXFQ%2F4Dqmw2C9KZ4w7SYRf8VISdtiaiPRBMU7ZShgskqyX7GUDUKk0dcVRGr45p1HAeAoJsUGW0PjCn9gRnXKmp1W%2FBq%2BcLcmnEgE06SpbHzUAQJZN8hQkOofzsp0%2FcXQkSu9qIRXOKUACwbqAXSrvGoBE4iKNEdpBY0R5DNkK1oaFcaiLUXHi%2FOxs8JGWOGSPwrztsrdd9rbL3nCXmeTwAFV7gK0m2eT6MNuowSaib8h%2FY0t3Nninki26zoenpvfgfmfNYjLa2CIOoaXLFDkaMgc3D47EA5w2nYRy7gwM%2FYFJaJ7zNrn5h7PB5cLKmvBdlrJms6j2pGUygSq4yFY7BupvjwrvDA1ej6YjHJjuY8tDaY9dXBVa3rGUk1nG7gRtaLEqtnqoXQ3DLkns4k%2Fv7KpofafV0ocZ9%2BHHh6y0JCMOVtKuH0ngyeGuUwA%2Blwp2Yo9W8r%2BLgYRz7oL5wAVqtLi1MkW5Lz3DoD32ktLKMu4x5UsefBN5wOTrJXSpZbhflM8VFwGHrwrHp5%2BMs9FknF1fP86Pw8jPT0aTzVGWYQk2zu1TfAb7jCcbk%2BlwOr6xpTEX0P10Onu8uZltjyfbW9Nx0dRc6I3pNNu4MUkb78nnx51%2FOvsdw35bw2wyzMYaJqhajIScbN20ueGAZujdeKmTcvrpt9ygbZWLUTxmY1jWQVxNP2dsQ4WpFRdNUjyTPrIy9BCPl9D35Mo7bIuLy4TOMAvEGsXorpuLXdfa%2BGH0tGzK4jEuo9Ctfvxz7%2FXTL16ZfvcuzHJxhAsL7ZR6EbfPLbO8l466MXPUj4QyuoZV%2BP5s8G5ZuBrthvyYeXKz0%2BduE7pZiyOFwYUWJYxyU%2FQh%2BWS7i9GHaRgCE2vlw%2FF4upH1tbm2mya7VGtix1LAHAksu6mQcndT8t5ySlJQmOV%2Ffvnb36OvBoOBRtkuJCom29lWD3m1g3TGVRhtQOofX9wd50zeoJqtbNqtn9zmpku5T3XrxX56F2j9Bep%2F%2FPLrf1LfvN7tr5YFf3PUsvGNntrpZ%2F%2Bq7%2F30toGpBOfWuG9eUPz9L%2FF%2FKBbJsu%2Br1pvTazrGJny%2Bvo7uGzlfra9swFl6UXqE6xbOu%2FQP
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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. 

AI 

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. AI 

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 

https://dummy-citation.com/citation?d=z%3ArVhdbBxXFbZLqAoFBAik8iP1oiqNnXrXO7u2d%2B0o1Imd0CRN6mbdBhFAvTtzZ%2BfaM3On987Y3rwQgpDywAsFVSAeigBBJZ76grDEAyjhpTzxkDyiKg%2F8PKC%2BUAkpBfU7d2b2x7GbuK6UrHdm7v3OOd859ztn9rvbYx%2FthsrlqdLbY%2BNrCe%2BKC1nUEZo7vtKyK%2BNDUeL5z8huEOJ%2FarBK2g1SxeaV7bGHvE5HbW2PHfIDQQvuPv2%2F7iNXx8bGvFD46d3FMz%2FZpCs3VcndxZXvTDJciE3ppcHdxaVb7y7icsjq2H4B3zqG7wPA25%2F548EAnz%2FxLCEMAH9JDh8E8BffHgG89Rd6dgDAix9J6GLg4aMH5PCid20U8PoBObz45x%2B%2FNAK49fMHAdxsvrUHYPvJX1OMfcBfXSH8%2FXr4EmEUgNcfGk7Kl%2F%2F6eaqi%2FQGeXV6l0igA%2F%2FW5kSwf%2FcL%2BAUc8XD375GhSWgcF%2FG1rFPB1Yvs%2BgItf%2BtRNslsAPvHovymTRchH3hxOyuKfvvogJ%2BU%2F3%2F%2F9UJaf%2BMTxAYef%2FliF0EvA1eNv7gAc3z3kj9OuPuD0wMPDf%2Fv6SNncfn1HYe8XcOLv%2FxhRm1uv7ijs%2FQI%2B9XZGbAwAf3ZAwOp%2FDw1zuHT7yA61GRcvZyoVvUPXVyDhIk4N25RpwIzYEFqwUG0KzTrcXWcJlzHbDBTzFItVyrQwiYo9ltJlbDLdlS4PWaoFTyMLhIbBGneu%2FmiORSpOA8OYr2EOz8IeC%2FgG4OED18wkMhaMIITusYln2%2B1Jdtn5VpXhG5PYB%2FdhDcgegxNpIJgKPTiWqCQLbethHK5gaUe4KpJxl8Em%2FMcFbDNu7CaY1IichdIHHI%2BZlkYYdrlOpnJXrC8Iw88MoQbYKSIBx7wSJFImtQ4hiCyVobyCZ9Z5G3%2BilSu8TIupnEjONE%2Fhr8%2BcRrV12JLiia6I4UoqwQHzpFmnD8GNYF4miFEJ%2BkyWCC3RdNOejVroyBCO8H3h0tZKLAy8b0yxGQSwCt%2FSXmKdMJnr0jNrmiyOEN13Ecxq0eXaI8JcnnCXbMH8ptLrUywWmVahyuMyvShJVWSmLNMsFN1pWxbkvYpgI83pTzeFiNnMrF3WrB%2B2f7VIsAA8HV1SuigcEbtigZ0GCQG78eoVXDOfLhR9XYyyKlysppo5bFkkXNuaovCfETwEr0sc6W0LvSER6RQ7d%2BN3PVfcfE1eYS8W0wicbruBUuHQrsGG89nN10LO2jffSNdvvsHOqRu%2FiVARL8QgVhvwUC6ZYquZXhc9VoezbhaCIeCdF550QeYHAVqhGqzbkmiVoRNLtLUnEUPKTnV7SSoBc1ZlmiLB4guUjv4hqdfqM5OsMb%2FQYgbhGp%2FjxOOBG8rYJkxlKaofOUY%2BNY9h0tcqYs4c3ZifPcwuz06xORTO85kwxFfMJZUEqj4ppODO1Z8ysZWg2vLxjnEfVWhPJWoYB8ukVGHQgICnuUBoZA3FWRxIlANtiFQH5wTEUc4GhyiHxnaYBa8o5Sbc8aj4tsc%2BG%2FAOwbtp7%2BF%2Fnii%2BspMoua5WGbBPbeAMooYqHZwbj3k85RafJAaBWGFCpdMqHB9DUulnIb6iVqNcM%2FCPnEmlVQxQrAWskquFpthw9xapKnuus5afRWPPH5cRwaQBjoJJMw8H1%2FJveiYVZBSJgWxosSHFZq5jZZboYHNtH474IGP4sIFs5AlA4C4ODzi2GhGJlFc4CqRnYAn8l6kbpKqKeivvYTd2BMoz7AT8SvPCcpxWA9TBuxCOQPCJxFRLtABKLejuBmwl66Dm2QSL2XHWnG9MTrFLokPb2y7QXVE%2Bqjt41HahzKa41WjM4hYZL5YuIz8IIH%2Faakza5FEaTZWdRsGnJCHEnyz9kbEbZh7sF%2FI%2FILQgM9e%2FlzOe11nJiB
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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]. 
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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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