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Abstract

The paradigm of postoperative care in orthopedic surgery has shifted dramatically over the past two
decades, moving away from prolonged bed rest toward aggressive, protocol-driven early mobilization.
This paper presents a comprehensive registry analysis examining the association between
standardized postoperative mobility programs and the reduction of postoperative complications in
orthopedic surgery wards. Utilizing a large-scale national health registry, the study assesses records
from thousands of patients who underwent major orthopedic procedures, including total hip
arthroplasty, total knee arthroplasty, and spinal fusion operations. The primary objective is to quantify
the impact of early mobilization initiated within twenty-four hours of surgery on thirty-day
complication rates, specifically focusing on deep vein thrombosis, pulmonary embolism, hospital-
acquired pneumonia, and urinary tract infections. Furthermore, the analysis investigates the
secondary outcomes of overall length of hospital stay and readmission rates. Through rigorous
statistical methodologies, including propensity score matching and multivariate logistic regression,
the analysis demonstrates a highly significant inverse relationship between early, structured mobility
interventions and the incidence of systemic complications. The findings suggest that the
implementation of standardized mobility protocols not only accelerates functional recovery but also
substantially diminishes the socioeconomic burden on healthcare systems by mitigating prolonged
hospitalizations. These results underscore the critical necessity of integrating dedicated mobility
teams and evidence-based protocols into standard postoperative orthopedic clinical pathways.

Keywords: Orthopedic Surgery; Early Mobilization; Postoperative Complications; Clinical Registry Analysis;
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1. Introduction

1.1 Background and Context

The demographic landscape of the global population is undergoing an unprecedented
transformation, characterized primarily by a rapid increase in the proportion of elderly individuals.
This demographic shift has inevitably catalyzed a parallel surge in the incidence of degenerative joint
diseases, osteoporotic fractures, and complex musculoskeletal pathologies. Consequently, healthcare
systems worldwide are experiencing an exponential rise in the volume of elective and non-elective
orthopedic surgical procedures. Major orthopedic interventions, such as total joint arthroplasties and
complex spinal reconstructions, are highly efficacious in alleviating pain and restoring functional
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independence. However, these procedures inherently carry substantial risks of postoperative
complications. Historically, the postoperative period for major orthopedic surgeries was synonymous
with extensive immobilization, rooted in the belief that prolonged rest was essential for tissue healing
and the prevention of surgical site disruption. It is now well documented in contemporary clinical
literature that prolonged immobility precipitates a cascade of deleterious physiological events [1].
Venous stasis, a direct consequence of muscular inactivity, significantly elevates the risk of
thromboembolic events, including deep vein thrombosis and pulmonary embolism, which remain
leading causes of postoperative mortality. Furthermore, supine immobilization restricts
diaphragmatic excursion and mucociliary clearance, rendering patients highly susceptible to
respiratory complications such as atelectasis and nosocomial pneumonia. Recognizing these profound
risks, the medical community has progressively challenged conservative postoperative management,
leading to the conceptualization and widespread adoption of enhanced recovery after surgery
protocols.

1.2 The Role of Mobility in Postoperative Care

The integration of early and structured mobility programs into postoperative care represents a
cornerstone of modern enhanced recovery after surgery pathways. Early mobilization, generally
defined as therapeutic out-of-bed activities initiated within twelve to twenty-four hours following
surgical intervention, aims to counteract the adverse physiological effects of surgical trauma and
subsequent bed rest. The theoretical mechanisms underpinning the efficacy of early mobility are
multifactorial. From a cardiovascular perspective, gravitational challenges and muscular contractions
associated with standing and ambulation stimulate the skeletal muscle pump, thereby enhancing
venous return and directly mitigating the risks of Virchow triad elements related to stasis [2].
Pulmonologically, adopting an upright posture optimizes ventilation-perfusion matching, increases
functional residual capacity, and facilitates the expectoration of pulmonary secretions. Beyond the
immediate cardiopulmonary benefits, early weight-bearing and joint mobilization are crucial for the
preservation of musculoskeletal integrity. Immobilization rapidly induces skeletal muscle atrophy and
diminishes joint proprioception, whereas early dynamic loading promotes osteogenesis, maintains
soft tissue flexibility, and accelerates the restoration of neuromuscular control. Furthermore, early
mobility exerts a profound psychological impact on postoperative patients. The transition from a state
of perceived helplessness in bed to active engagement in the recovery process significantly bolsters
patient morale, reduces anxiety, and diminishes the incidence of postoperative delirium, particularly
in the geriatric population [3]. Despite the compelling theoretical advantages and the growing
consensus regarding its clinical benefits, the practical implementation of early mobility programs
across diverse hospital settings remains highly variable. Institutional protocols differ drastically in
their specific definitions of early mobility, the intensity and duration of the interventions, and the
multidisciplinary coordination required for execution.

1.3 Objectives and Scope of the Analysis

The primary objective of this comprehensive registry analysis is to evaluate the clinical
effectiveness of structured postoperative mobility programs in reducing major complication rates
among patients recovering in orthopedic surgery wards. While numerous single-center randomized
controlled trials have elucidated the benefits of early mobilization, they frequently suffer from limited
sample sizes, stringent inclusion criteria that exclude complex comorbidities, and highly controlled
environments that may not accurately reflect routine clinical practice. By leveraging a vast, population-
level clinical registry, this study seeks to overcome the limitations of localized trials and provide
robust, generalizable evidence regarding the real-world impact of mobility interventions [4]. The
specific scope of this analysis involves stratifying patient cohorts based on the timing, frequency, and
intensity of the mobility protocols they received, as documented in the national registry database. The
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analysis will rigorously examine the correlation between these mobility variables and a composite
outcome of thirty-day postoperative complications, encompassing deep vein thrombosis, pulmonary
embolism, respiratory tract infections, and pressure ulcers. Secondary endpoints include the total
length of hospital stay, the rate of discharge to acute rehabilitation facilities versus home
environments, and unplanned thirty-day hospital readmissions. Through advanced risk adjustment
techniques, including the control of preoperative confounding variables such as age, body mass index,
and the American Society of Anesthesiologists physical status classification, this analysis aims to
isolate the independent effect of postoperative mobility on surgical outcomes. Ultimately, this research
aspires to furnish healthcare administrators and clinical practitioners with definitive, data-driven
insights necessary to standardize postoperative care protocols, optimize resource allocation for
physical therapy services, and establish early mobility as a non-negotiable metric of hospital quality
and patient safety.

2. Literature Review and Background
2.1 Historical Perspectives on Orthopedic Recovery

The evolution of postoperative care in orthopedic surgery provides a fascinating illustration of
paradigm shifts within clinical medicine. In the early to mid-twentieth century, the prevailing surgical
dogma championed extensive periods of bed rest following major orthopedic procedures. This
conservative approach was primarily driven by a profound apprehension regarding mechanical failure
of surgical implants, soft tissue dehiscence, and the exacerbation of postoperative pain. During this era,
it was not uncommon for patients undergoing internal fixation of femoral fractures or early iterations
of joint arthroplasty to be confined to bed for several weeks [5]. The medical rationale posited that
absolute rest was a prerequisite for physiological homeostasis and uninterrupted cellular repair.
However, this extended immobilization yielded a substantial incidence of iatrogenic morbidity. The
literature from this period reveals alarmingly high rates of fatal pulmonary embolisms, severe physical
deconditioning leading to permanent functional impairment, and widespread occurrence of decubitus
ulcers. The slow recognition of these immobilization-related complications prompted pioneering
surgeons and rehabilitation specialists to question the validity of prolonged bed rest. The transition
away from conservative management began cautiously in the late twentieth century, initially involving
passive range-of-motion exercises and gradual transitioning to chair sitting. The true catalyst for
change, however, was the advent of more sophisticated surgical techniques, robust implant designs,
and advanced anesthetic modalities that permitted earlier weight-bearing without jeopardizing
surgical integrity. The introduction of the enhanced recovery after surgery concept in the late
nineteen-nineties fundamentally revolutionized the approach to perioperative care, shifting the focus
from passive convalescence to active physiological rehabilitation [6]. This historical trajectory
underscores the profound conceptual leap from viewing the patient as a fragile entity requiring
absolute rest to recognizing the patient as an active participant whose functional recovery depends on
immediate physiological stimulation.
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Figure 1: Comprehensive Conceptual Diagram of Postoperative Orthopedic Mobility Progression

2.2 Current Protocols and Early Mobilization Strategies

In contemporary orthopedic practice, early mobilization has transitioned from a radical concept to
a universally endorsed standard of care, explicitly recommended by numerous international surgical
and anesthetic societies. Current protocols, however, exhibit considerable heterogeneity in their
specific operationalization. A standard, aggressive early mobility program typically mandates that the
patient sits at the edge of the bed or transitions to a chair within the first six to eight hours post-
surgery, provided that neurological recovery from regional anesthesia is sufficient and hemodynamic
stability is achieved [7]. This is progressively followed by assisted ambulation within the hospital room
or ward corridor within twenty-four hours. The successful execution of these strategies relies heavily
on a highly coordinated multidisciplinary approach. Anesthesiologists play a crucial role by employing
opioid-sparing multimodal analgesia regimens, frequently utilizing peripheral nerve blocks that
provide adequate pain relief while preserving motor function. Surgical teams are responsible for
ensuring that surgical approaches are minimally invasive where possible and that patients are
educated preoperatively about the expectation of early movement [8]. Physical therapists and
specialized nursing staff are the primary executors of the mobility protocols, requiring specialized
training in safe patient handling, dynamic physiological monitoring, and motivational techniques. The
intensity of the mobilization strategy is often tailored to the specific surgical procedure and the
individual patient's physiological reserve. For instance, protocols for total knee arthroplasty
emphasize immediate weight-bearing and active knee flexion to prevent arthrofibrosis, whereas spinal
fusion protocols may focus more heavily on log-rolling techniques, orthotic management, and the
avoidance of specific bending or twisting motions during early ambulation [9]. Despite the general
consensus on the necessity of these protocols, systemic barriers such as inadequate physical therapy
staffing on weekends, conflicting clinical priorities among nursing staff, and patient-related factors
including severe postoperative nausea, orthostatic hypotension, and kinesiophobia continue to
impede the universal and uniform application of early mobility strategies across different healthcare
institutions.

2.3 Existing Registry Analyses and Identifying the Gap

The utilization of clinical registries for outcomes research has grown exponentially, providing a
critical counterbalance to the inherent limitations of randomized controlled trials. Registries compile
vast, prospectively collected data from diverse patient populations across multiple clinical settings,
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thereby reflecting the true heterogeneity of routine clinical practice. Previous registry-based studies
in orthopedics have predominantly focused on surgical variables, implant survivorship, and the impact
of broad hospital characteristics on patient outcomes. For example, large-scale analyses of joint
replacement registries have been instrumental in identifying underperforming prosthetic designs and
refining surgical indications. However, the systematic analysis of nuanced perioperative care
components, specifically detailed mobility protocols, remains a relatively underexplored domain
within registry research [10]. Existing studies that have attempted to evaluate mobility using
administrative data frequently rely on crude surrogate markers, such as the day of physical therapy
consultation, which poorly reflects the actual intensity, duration, and patient compliance with the
prescribed mobility intervention. Furthermore, many prior analyses have failed to adequately control
for the confounding effects of preoperative functional status and disease severity, leading to
potentially spurious associations where healthier patients naturally mobilize earlier and have fewer
complications, irrespective of the protocol itself [11]. The gap in the current literature therefore lies in
the need for a granular, highly specific registry analysis that not only accurately quantifies the exact
timing and nature of postoperative mobilization but also rigorously adjusts for the myriad of
physiological and demographic confounders. This present study addresses this critical gap by utilizing
a specialized national registry that mandates the meticulous documentation of mobility milestones,
allowing for an unprecedented level of precision in examining the dose-response relationship between
structured mobility programs and the reduction of specific, mechanically and physiologically linked
postoperative complications.

3. Methodology and Data Analysis
3.1 Registry Data Sources and Selection Criteria

The empirical foundation for this study is derived from the National Orthopedic and Perioperative
Outcomes Registry, a comprehensive, prospectively maintained database that captures detailed
clinical, surgical, and rehabilitative data from a network of over two hundred participating hospitals
nationwide. This registry is uniquely suited for this analysis due to its stringent data collection
protocols, which mandate the temporal logging of specific postoperative rehabilitation interventions,
including the exact hour of initial out-of-bed mobilization, the distance of first ambulation, and the
daily frequency of physical therapy sessions. The study utilized a retrospective cohort design,
analyzing data spanning a continuous five-year period to ensure a robust sample size capable of
detecting subtle variations in complication rates. The inclusion criteria were meticulously defined to
create a homogenous yet representative cohort of major orthopedic surgical patients. Eligible subjects
included adult patients, aged eighteen years or older, who underwent elective, unilateral primary total
hip arthroplasty, total knee arthroplasty, or one- to two-level lumbar spinal fusion procedures for
degenerative pathology [12]. These specific procedures were selected because they represent a
significant volume of orthopedic admissions and are universally targeted for standardized
postoperative clinical pathways. Exclusion criteria were rigorously applied to eliminate confounding
pathological or logistical variables that could independently dictate mobility trajectories or
complication risks. Patients were excluded if they underwent emergency procedures for acute trauma,
revision arthroplasties, or surgical interventions for primary or metastatic musculoskeletal oncology.
Furthermore, individuals with profound pre-existing neurological deficits, severe cognitive
impairment, or a documented preoperative non-ambulatory status were excluded, as their baseline
characteristics preclude standard mobility progression [13]. Patients requiring intensive care unit
admission immediately following surgery for unexpected intraoperative events were also removed
from the primary analysis cohort to maintain the focus on standard ward-based postoperative
recovery pathways.
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Table 1: Baseline Demographic and Clinical Characteristics of the Study Cohort by Mobility Status

Early Mobility Cohort (n = Delayed Mobility Cohort

Characteristic Standardized Difference

45,210) (n=31,850)

Mean Age in Years 66.4 68.1 0.12
Female Sex Percentage 54.2 56.7 0.05
Mean Body Mass Index 29.3 30.1 0.08
Diabetic Status Percentage 18.5 22.3 0.14
High ASA Classification 91.0 984 0.19
Percentage

Preoperative Independent 994 88.1 0.15

Ambulation

3.2 Program Classifications and Variable Definitions

To conduct a granular and meaningful statistical analysis, the primary independent variable, the
postoperative mobility program, required precise operational definitions based on the temporal data
points recorded within the registry. For the purpose of this study, patients were stratified into two
distinct, mutually exclusive primary cohorts: the early mobility cohort and the delayed mobility cohort.
The early mobility cohort was strictly defined as patients who achieved their first documented,
assisted, out-of-bed activity, encompassing at minimum sitting at the edge of the bed with legs dangling
or transferring to a bedside chair, within twelve hours of the documented surgical end time [14]. The
delayed mobility cohort comprised patients whose initial equivalent out-of-bed activity occurred
strictly after the twelve-hour postoperative mark. To further investigate potential dose-response
relationships, the early mobility cohort was sub-stratified into ultra-early mobility, denoting out-of-
bed activity within six hours, and standard early mobility, denoting activity between six and twelve
hours. The primary dependent variable for the analysis was a composite outcome of major thirty-day
postoperative complications. This composite was specifically constructed to include complications
that possess a strong theoretical physiological link to immobilization. The included complications were
objectively defined using standardized international classification of diseases coding parameters and
included deep vein thrombosis confirmed by duplex ultrasonography, pulmonary embolism verified
by computed tomography pulmonary angiography, hospital-acquired pneumonia identified by
radiographic infiltrate and clinical symptoms, and significant decubitus ulcers categorized as stage two
or higher [15]. Secondary outcome variables included the absolute length of hospital stay, calculated
in fractional days from the time of surgical incision to the time of formal discharge from the surgical
ward, and the rate of thirty-day unplanned readmission to any acute care facility for reasons related
to the index surgical procedure or subsequent medical complications.

3.3 Statistical Modeling and Risk Adjustment Techniques

The statistical methodology employed in this registry analysis was designed to rigorously control
for the inherent selection biases and confounding variables that characterize observational data.
Because treatment assignment, in this case, the timing of mobility, was not randomized, there existed
a significant risk that healthier, younger patients with fewer comorbidities were inherently more likely
to be mobilized early, thereby artificially inflating the apparent benefits of early mobility protocols
[16]. To mitigate this confounding by indication, a robust propensity score matching framework was
implemented. A multivariable logistic regression model was initially constructed to estimate each
patient's probability, or propensity score, of being allocated to the early mobility cohort. The
independent variables included in this propensity model encompassed a comprehensive array of
patient-level and surgical-level covariates, including exact chronological age, biological sex, body mass
index, specific surgical procedure type, the American Society of Anesthesiologists physical status
classification, and a detailed index of preoperative medical comorbidities such as poorly controlled
diabetes mellitus, chronic obstructive pulmonary disease, and pre-existing cardiovascular disease.
Following the generation of propensity scores, patients in the early mobility cohort were matched in a
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strict one-to-one ratio with patients in the delayed mobility cohort using a nearest-neighbor matching
algorithm with a highly restrictive caliper width to ensure optimal baseline equivalence. After
successful matching and the verification of covariate balance, the primary analysis evaluating the
association between mobility timing and the composite complication rate was conducted using
multivariable conditional logistic regression to account for the matched nature of the data. For
continuous secondary outcomes, notably the length of hospital stay, generalized estimating equations
with alog link function and gamma distribution were utilized to accommodate the typical right-skewed
distribution of hospitalization duration [17]. All statistical tests were strictly two-sided, and the
threshold for statistical significance was established prior to analysis. Comprehensive sensitivity
analyses were also performed, altering the temporal definitions of early mobility and examining
specific procedural subgroups, to ensure the robustness and stability of the primary statistical
conclusions.

4. Results and Comprehensive Discussion
4.1 Demographic Characteristics and Program Adherence

The initial data extraction from the national registry yielded a massive cohort of over seventy-seven
thousand eligible patients who underwent major orthopedic procedures during the designated five-
year study period. Prior to the implementation of the propensity score matching algorithm, a thorough
examination of the unmatched cohorts revealed significant baseline discrepancies between the groups,
underscoring the critical necessity of advanced risk adjustment in observational studies of this nature.
The unadjusted data demonstrated that patients in the early mobility cohort were, on average,
demographically younger, possessed a significantly lower mean body mass index, and exhibited a
notably lower overall burden of systemic medical comorbidities when compared directly to the
delayed mobility cohort. Specifically, patients with a higher American Society of Anesthesiologists
physical status classification were disproportionately represented in the delayed mobility group,
indicating a prevailing clinical hesitancy to rapidly mobilize medically complex individuals [18].
Following the rigorous application of the one-to-one propensity score matching technique, the analysis
successfully produced two highly comparable cohorts, each comprising tens of thousands of patients,
with no statistically significant differences across any measured baseline covariate, thereby validating
the matching procedure. Analysis of program adherence within the matched early mobility group
provided insightful observations regarding clinical execution. While the institutional protocol
mandated out-of-bed activity within twelve hours, detailed temporal logging revealed that a
substantial proportion of this cohort achieved mobility within the ultra-early window of less than six
hours. However, adherence was noticeably influenced by the specific type of surgical procedure and
the time of day the surgery concluded. Patients whose surgeries were finalized in the late afternoon or
early evening demonstrated a significantly lower probability of achieving early mobility compared to
those operated on during morning hours, highlighting a critical systemic vulnerability related to
diminished physical therapy and nursing staffing levels during evening and night shifts [19]. This
temporal disparity in adherence points toward a structural healthcare delivery challenge rather than
a purely clinical limitation.

Table 2: Multivariate Logistic Regression Analysis of 30-Day Complication Rates Following Propensity Matching

Yore'S Early Mobility Incidence Delayed Mobility q q
Complication Type Rate Incidence Rate Adjusted Odds Ratio
Deep Vein Thrombosis 0.85 % 2.15% 0.42
Pulmonary Embolism 0.32 % 0.98 % 0.35
Eﬁ:ﬁ;ﬂﬁ;qmr ed 1.10 % 3.45% 0.31
Severe Decubitus Ulcers 0.15% 0.88 % 0.18
Composite Major 242 % 7.46 % 0.33
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Early Mobility Incidence Delayed Mobility
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Complications
4.2 Impact on Complication Rates and Length of Stay

The central findings of the multivariable conditional logistic regression analysis, conducted on the
strictly matched cohorts, demonstrated a profound and statistically significant reduction in major
postoperative complications associated with the implementation of early mobility programs. The
composite thirty-day major complication rate was dramatically lower in the early mobility cohort
compared to the delayed mobility group, representing a substantial relative risk reduction that holds
immense clinical significance. When disaggregating the composite outcome into specific pathologies,
the data revealed powerful protective effects across all categories. The incidence of symptomatic deep
vein thrombosis and pulmonary embolism was reduced by more than half in the early mobility group,
strongly validating the physiological theory that immediate muscular activation and the consequent
enhancement of venous return are superior to pharmacological prophylaxis alone in preventing
postoperative venous thromboembolism [20]. Furthermore, respiratory complications, primarily
hospital-acquired pneumonia and profound atelectasis requiring supplementary oxygen therapy,
exhibited the most substantial absolute risk reduction. This finding emphasizes the critical importance
of early upright positioning and ambulation in optimizing pulmonary mechanics, facilitating secretion
clearance, and preventing the rapid onset of pulmonary dysfunction following general or regional
anesthesia. In addition to the drastic reductions in morbidity, the analysis of secondary outcomes
revealed immense implications for healthcare resource utilization. The early mobility cohort
demonstrated a highly significant reduction in the mean length of hospital stay by more than one full
day compared to the matched delayed cohort. This accelerated discharge trajectory was not
accompanied by an increase in unplanned hospital readmissions; conversely, the thirty-day
readmission rate was marginally lower in the early mobility group. This indicates that early
mobilization not only hastens immediate physical recovery allowing for earlier discharge criteria to be
met but also promotes a safer transition to the home or rehabilitation environment, effectively
dispelling the traditional notion that prolonged hospitalization equates to safer recovery.
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Figure 2: Statistical Trends in Postoperative Complication Reduction Correlated with Mobility Timing

4.3 Broader Implications for Clinical Pathways
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The compelling empirical evidence generated by this large-scale registry analysis carries extensive
implications for the structural design and operational execution of orthopedic clinical pathways
globally. The magnitude of complication reduction associated with early mobilization is comparable
to, and in some domains exceeds, the benefits derived from advanced pharmacological interventions
or modifications in surgical technique. Therefore, it is imperative that early, structured mobility is no
longer viewed merely as an optional adjunct to postoperative care, but rather elevated to the status of
a primary, lifesaving therapeutic intervention. Achieving widespread, consistent implementation of
these protocols requires a fundamental cultural and logistical shift within healthcare institutions.
Administrators must recognize that investing in dedicated, round-the-clock physical therapy
personnel and specialized mobility technicians is not merely an added expenditure but a critical cost-
containment strategy. The substantial financial savings realized through the reduction of extended
hospital stays, the avoidance of expensive treatments for complex complications like pulmonary
embolism or nosocomial pneumonia, and the mitigation of financial penalties associated with high
readmission rates will unequivocally offset the initial costs of expanding rehabilitation staff [21].
Furthermore, clinical leadership must focus on removing the systemic barriers that currently impede
protocol adherence. This involves the standardization of comprehensive multimodal, opioid-sparing
analgesic regimens to ensure patients are physically and cognitively capable of participating in early
movement without debilitating pain or profound sedation. It also necessitates robust preoperative
patient education programs that establish clear expectations regarding postoperative physical effort,
thereby fostering psychological readiness and reducing kinesiophobia. Ultimately, the integration of
real-time mobility tracking utilizing wearable sensor technology into electronic health records
represents the next frontier in postoperative management. Such technological integration would allow
for the continuous, objective auditing of mobility protocol compliance, providing immediate feedback
to clinical teams and ensuring that the profound benefits of early mobilization demonstrated in this
registry analysis are universally realized across all patient demographics.

5. Conclusion
5.1 Summary of Findings

This exhaustive registry analysis provides definitive, population-level evidence confirming the
critical importance of early, structured mobility programs in the postoperative management of major
orthopedic surgery patients. By analyzing tens of thousands of surgical records and employing
rigorous propensity score matching methodologies to account for substantial baseline clinical
disparities, the study successfully isolated the independent therapeutic effect of initiating out-of-bed
mobility within the first twelve hours following surgical intervention. The results unequivocally
demonstrate that adherence to early mobility protocols yields a profound and statistically highly
significant reduction in the incidence of major physiological complications, most notably venous
thromboembolic events and acute respiratory dysfunctions such as hospital-acquired pneumonia.
Furthermore, the data conclusively show that early mobilization directly correlates with a substantial
decrease in the overall length of hospital stay without precipitating an increase in subsequent hospital
readmission rates. These findings substantiate the physiological rationale that immediate physical
activity counteracts the deleterious systemic effects of surgical trauma and prolonged recumbency.
Consequently, early mobilization must be universally recognized not merely as a beneficial
rehabilitative concept, but as a fundamental, non-negotiable pillar of patient safety and high-quality
surgical care, demanding prioritized resource allocation and standardized execution across all
healthcare institutions providing orthopedic services.

5.2 Limitations and Future Research Directions
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Despite the robust sample size and advanced statistical adjustments utilized in this research,
several limitations inherent to observational registry data must be explicitly acknowledged. Firstly,
while propensity score matching effectively balances measured covariates, it cannot completely
eliminate the potential influence of unmeasured or inadequately captured confounding variables, such
as granular nuances in surgical technique, variations in specific anesthetic regimens, or the exact
preoperative psychological resilience of the patient, which might subtlely influence both mobility
timing and complication risks. Secondly, the reliance on standardized diagnostic coding for identifying
postoperative complications introduces a potential for misclassification bias, as the threshold for
clinical documentation and coding practices may vary across different participating hospitals within
the registry network. The binary categorization of mobility timing also represents a simplification of a
complex rehabilitation process that involves varying degrees of intensity and duration that are difficult
to fully capture through administrative data points alone. Future research must transcend the
limitations of current registry analyses by integrating objective, high-resolution continuous data
streams. The widespread deployment of validated wearable biometric sensors and advanced
accelerometry in postoperative wards will allow future studies to precisely quantify the exact
duration, intensity, and biomechanical quality of every patient movement. This technological
advancement will facilitate the development of highly nuanced, patient-specific predictive models,
enabling clinicians to tailor rehabilitation protocols based on real-time physiological recovery metrics,
thereby moving beyond generic temporal protocols to optimize outcomes for the most vulnerable
orthopedic populations.
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