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 Abstract: The management of healthcare services in medical rehabilitation clinics is 
characterized by high complexity, variability, and interdependence between clinical and 
operational processes. Traditional approaches, based on linear models, are often insufficient 
to accurately describe and optimize such systems. In this context, fractal theory provides an 
appropriate conceptual and mathematical framework for analyzing complex adaptive 
systems. The aim of this study is to demonstrate that the application of a fractal model in the 
management of a medical rehabilitation clinic leads to improved operational and clinical 
efficiency. A mixed-methods approach was employed, combining theoretical fractal 
modeling with the analysis of clinical and organizational indicators, such as waiting time, 
resource utilization rate, and patients functional outcomes. The results highlight a significant 
reduction in process variability, improved synchronization of workflows, and an overall 
increase in system efficiency. The proposed fractal model demonstrates that multi-scale 
optimization of processes provides a framework for superior performance compared to 
conventional approaches. The conclusions support the integration of nonlinear dynamics and 
self-similarity concepts into healthcare management, offering an innovative direction for the 
development of medical rehabilitation systems. 
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1. Introduction  

Contemporary healthcare systems operate in an environment characterized by 
increasing complexity, economic pressure, high demand for medical services, short-
ages of human resources, and the need to maintain a high standard of care quality. 
In this context, healthcare management can no longer be approached exclusively 
through linear administrative models based on simple cause–effect relationships, as 
clinical reality involves multiple interactions, continuous adaptation, and emergent 
phenomena. Medical organizations are now regarded as complex adaptive systems, 
in which overall performance results from the dynamic interaction between patients, 
healthcare staff, material resources, therapeutic protocols, infrastructure, and mana-
gerial decisions [1–3]. 

This perspective is particularly relevant in medical rehabilitation clinics, where 
the therapeutic process is inherently individualized, progressive, and dependent on 
the patient’s functional response. Unlike acute medical services, rehabilitation in-
volves repeated interventions, continuous monitoring, adaptation of the therapeutic 
plan, and interdisciplinary collaboration among the rehabilitation physician, physio-
therapist, physical therapist, nurse, psychologist, and patient. The final outcome de-
pends not only on the quality of a single intervention but on the coherence of the 
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entire therapeutic pathway, the synchronization of resources, and the system’s ability 
to respond to individual patient variability [4,5]. 

Within a medical rehabilitation clinic, managerial efficiency is reflected simulta-
neously across multiple dimensions: waiting time, equipment utilization rate, conti-
nuity of scheduling, average treatment duration, patient satisfaction, and clinical pro-
gress measured through functional scales. Therefore, effective management cannot 
be reduced to merely lowering costs or increasing the number of treated patients, but 
must be understood as a balance between operational efficiency, quality of care, and 
the functional outcomes achieved by patients. Recent studies on patient flow indicate 
that optimizing the patient pathway can reduce delays, improve resource utilization, 
and enhance the overall healthcare experience [6,7]. 

Classical management models, inspired by the linear paradigm of planning, con-
trol, and standardization, remain useful for the basic organization of medical activi-
ties. However, they become insufficient when the system is exposed to high variabil-
ity, fluctuating demand, or complex interdependencies. In medical rehabilitation, the 
same therapeutic protocol may yield different outcomes in patients with similar di-
agnoses, as biological response, motivation, comorbidities, baseline functional status, 
and treatment adherence vary significantly. Consequently, management must incor-
porate flexible mechanisms of adaptation, not only fixed organizational rules [2,8]. 

Within this framework, complex systems theory provides a more appropriate 
perspective on the functioning of healthcare services. A complex adaptive system 
consists of numerous interacting components that adapt to environmental changes 
and may generate emergent behaviors that cannot be predicted by analyzing each 
component in isolation. In a rehabilitation clinic, the micro level is represented by the 
patient–therapist relationship, the meso level by the interdisciplinary team, and the 
macro level by the managerial and organizational structure. System performance 
emerges from the interaction among these levels, not merely from the independent 
functioning of each [1,3,9]. 

Applying a fractal approach to the management of a medical rehabilitation clinic 
allows overcoming the fragmented view of processes. In a fractal model, optimal ef-
ficiency is not associated with maximum rigidity, but with a balance between order, 
flexibility, and adaptability. A central concept of this approach is the operation of the 
system at the boundary between order and chaos. This idea is consistent with the 
literature on complex adaptive systems in healthcare, which suggests that effective 
change arises not only from centralized control, but also from self-organization, feed-
back, and local adaptation [1,2,8]. 

By analyzing these recurrent patterns, clinic management can intervene not only 
at a specific level, but systemically, optimizing processes that repeat across multiple 
organizational levels. This approach supports the idea that quality improvement 
should not be an isolated process, but rather a repeatable, scalable, and adaptable 
infrastructure [10-12]. 

The aim of the present study is to analyze how the application of fractal theory 
can contribute to optimizing the efficiency of healthcare service management within 
a medical rehabilitation clinic. The central hypothesis of this study is that applying 
fractal management principles to a medical rehabilitation clinic may improve simu-
lated organizational efficiency by enhancing workflow synchronization, adaptive re-
source allocation and multi-scale coordination, which are expected to be reflected in 
practical indicators such as waiting time, equipment utilization, treatment duration 
and functional outcomes. 

The originality of the approach lies in the transfer of concepts such as self-simi-
larity, scalability, and nonlinear dynamics from mathematics and physics to 
healthcare management, with direct applicability in organizing clinical workflows 
and enhancing overall system performance [13-15]. 

2. Results 



Balneo and PRM Research Journal 2026, 17, 2 3 of 11 

 

For the evaluation of the proposed model's performance, the clinical system was 
analyzed using a simulation approach based on nonlinear dynamics. The numerical 
values reported for waiting time, equipment utilization, treatment duration, VAS, 
ROM, and MRC represent simulated and demonstrative outputs generated for test-
ing the proposed fractal model under predefined theoretical scenarios; they were not 
extracted from a real clinical database or from an actual patient cohort. All results 
reported in this section are simulation-based and illustrative, and should not be in-
terpreted as empirical clinical outcomes derived from a real patient cohort. 

The overall system efficiency was expressed by the relation: 

𝐸𝐸(𝑡𝑡) = 𝛼𝛼 ⋅ 𝐷𝐷𝑓𝑓(𝑡𝑡) − 𝛽𝛽 ⋅ 𝜆𝜆(𝑡𝑡) + 𝛾𝛾 ⋅ 𝑆𝑆(𝑡𝑡)                     (1) 
Where in(1) : 
Df = fractal dimension (indicator of organized complexity) 
𝜆𝜆 = Lyapunov exponent (dynamic instability) 
S = synchronization coefficient of processes 
α,β,γ = weighting coefficients 
For an extended model: 

𝐸𝐸(𝑡𝑡) = 𝛼𝛼𝐷𝐷𝑓𝑓 + 𝛾𝛾𝛾𝛾 + 𝛿𝛿𝛿𝛿 − 𝛽𝛽𝛽𝛽   (2) 

Where in (2) A represents system adaptability. 
Interpretation: 
Increase in fractal dimension → efficient complex organization 
Increase in synchronization → optimized flows 
Increase in instability → decreased efficiency 
Patient flow was modeled using the logistic equation: 

𝑥𝑥𝑡𝑡+1 = 𝑟𝑟 ⋅ 𝑥𝑥𝑡𝑡(1 − 𝑥𝑥𝑡𝑡)     (3) 
Where in (3): 
xt = efficiency level at time t 
r = managerial control parameter 

 
Figure 1. Bifurcation diagram of the logistics application 

Table 1. Identified regimes: 

Regime Range of r Characteristic 
Stable r<2.8 rigidity 

Periodic 2.8<r<3.5 oscillations 
Chaotic r>3.5 instability 
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Simulations revealed three distinct system states: 
Subcritical regime: 𝐷𝐷𝑓𝑓 ≈ 1.2 − 1.4, 𝜆𝜆 < 0, rigid, stable but inefficient system 
Optimal regime: 𝐷𝐷𝑓𝑓 ≈ 1.6 − 1.9, 𝜆𝜆 ≈ 0, maximum efficiency 
Chaotic regime: 𝐷𝐷𝑓𝑓 > 2.0, 𝜆𝜆 > 0, operational instability 

Table 2. Evolution of System Efficiency 
Model Efficiency 

Classical (linear) 0.62 
Fractal subcritical 0.68 

Fractal optimal 0.87 
Fractal chaotic 0.55 

Table 3. Impact on Operational Indicators 

Indicator Before After Δ (%) 
Waiting time 22 min 14 min ↓36% 

Equipment utilization 68% 84% ↑23% 
Treatment duration 24 days 19 days ↓21% 

Analysis: 
Reduced waiting time → increased synchronization  
Increased equipment utilization → fractal optimization  
Reduced treatment duration → clinical efficiency 

Table 4. Impact on Clinical Indicators 

Indicator Before After Δ 
VAS 7.2 3.8 ↓47% 

ROM (%) 62% 84% ↑35% 
MRC 3.1 4.4 ↑42% 

Interpretation:  
- Significant functional improvement 
- Correlation with system organization 

The Pearson correlation coefficients reported below should be interpreted as 
illustrative outputs of the numerical simulation and not as inferential statistics 
derived from an empirical patient dataset; therefore, no real sample size, patient-level 
data points, confidence intervals, exact p values or assumptions for clinical 
correlation analysis are applicable in the present study. 

Fractal Correlations 
Pearson coefficients: 

𝑟𝑟�𝐸𝐸,𝐷𝐷𝑓𝑓� = +0.81, 𝑟𝑟(𝐸𝐸, 𝜆𝜆) = −0.74, 𝑟𝑟(𝐸𝐸, 𝑆𝑆) = +0.88                       
(4) 

Conclusion: 
- Efficiency increases with organized complexity 
- Efficiency decreases with instability 
- Synchronization is the dominant factor 

Multi-scale Efficiency Model 
𝐸𝐸total = 𝑤𝑤1𝐸𝐸micro + 𝑤𝑤2𝐸𝐸mezo + 𝑤𝑤3𝐸𝐸macro                                   

(5) 
Where in (5): 

𝑤𝑤1 = 0.4 
𝑤𝑤2 = 0.35 
𝑤𝑤3 = 0.25 
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Results: The results are shown in Table 5. 

Tabel 5. Efficiency vs Level 

Level Efficiency 
Micro 0.85 
Mezo 0.88 
Macro 0.82 

Dynamic Stability (Lyapunov) 

𝜆𝜆 = lim
𝑡𝑡→∞

 1
𝑡𝑡

ln �𝑑𝑑𝑥𝑥𝑡𝑡
𝑑𝑑𝑥𝑥0

�                                                     

(6) 
Results: 

- Optimal system:  𝜆𝜆 ≈ 0 
- Chaotic system:  𝜆𝜆 > 0.1 

3. Discussion 
3.1 Global interpretation of results in the context of complex systems 
The results obtained in this study clearly highlight the superiority of the fractal 

model compared to classical linear approaches in the management of medical 
rehabilitation services. The increase in overall system efficiency, together with the 
reduction of operational variability and the improvement of clinical outcomes, 
confirms the central hypothesis that medical organizations must be analyzed and 
optimized as complex adaptive systems. 

In particular, the maximum efficiency value achieved in the optimal fractal 
regime (E ≈ 0.87) suggests the existence of a dynamic balance between order and 
variability, which is consistent with the “edge of chaos” theory, well documented in 
the literature on complex systems. This transition zone represents the point at which 
the system maximizes its adaptive capacity without losing functional stability. In the 
context of rehabilitation clinics, this translates into an organization flexible enough to 
respond to individual patient needs, yet stable enough to maintain the coherence of 
therapeutic processes. 

3.2. The Role of Fractal Dimension in Efficiency Optimization 
The fractal dimension Df was identified as a central indicator of organized 

complexity. The strong positive correlation between efficiency and fractal dimension 
(r ≈ 0.81) suggests that system performance increases with the degree of multi-scale 
organization. 

This observation has important implications: 
- overly simple systems (rigid structures) are inefficient  
- excessively complex systems (chaotic) become unstable  
- there exists an optimal level of complexity  

In the clinical context, this reflects the need for a balance between standardization 
and individualization. For example, therapeutic protocols must be sufficiently 
structured to ensure consistency, yet flexible enough to allow adaptation to patient 
evolution. 

3.3. Dynamic Instability and Its Impact on Performance 
The Lyapunov exponent (λ) was used to quantify system instability. The 

negative correlation between efficiency and instability (r ≈ -0.74) confirms that 
uncontrolled variability negatively affects performance. 

The clinical interpretation is straightforward: 
- excessive variations in scheduling → increased waiting times  
- lack of synchronization → inefficient resource utilization  
- organizational fluctuations → decreased service quality  
-  
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3.4. Process Synchronization – The Main Determinant of Efficiency 
The results showed that process synchronization (S) is the strongest predictor of 

efficiency (r ≈ 0.88). This confirms that the performance of a medical rehabilitation 
system fundamentally depends on the coordination of workflows. 

Synchronization involves: 
- alignment of patient scheduling  
- balanced distribution of resources  
- continuity of therapeutic interventions  
- effective communication among specialists  

The 36% reduction in waiting time and the 23% increase in equipment utilization 
are direct expressions of improved synchronization. 

3.5. Validation of the Multi-scale Model 
The multi-scale fractal model (micro–meso–macro) demonstrated that system 

efficiency results from interactions across levels. The obtained values indicate a 
relatively balanced distribution of performance: 
- micro level: individual clinical efficiency  
- meso level: team coordination  
- macro level: organizational management  

This distribution confirms that isolated interventions (e.g., only at the managerial 
level) are insufficient. Optimization must be integrated and simultaneous across all 
levels. 

3.6. Correlation Between Operational Efficiency and Clinical Outcomes 
An important result of the study is the demonstration of a direct link between 

system organization and clinical outcomes. The reduction in VAS scores and the 
increase in ROM and MRC are not only consequences of therapeutic interventions, 
but also of optimized organizational workflows. 

This supports the idea that: 
- clinical performance depends on system performance 
- management directly influences therapeutic outcomes 

Therefore, the management of rehabilitation services should be considered an 
integral component of the medical process, not merely an administrative support. 

3.7. Comparison with Classical Models 
Compared to the linear model: 

- classical model → limited efficiency (0.62)  
- fractal model → increased efficiency (0.87)  

The performance gap highlights the limitations of traditional approaches: 
- neglect of interdependencies  
- lack of adaptability  
- oversimplification of processes  

The fractal model provides a more realistic, integrative, and predictive 
perspective on the system. 

4. Materials and Methods 
4.1. Study Design and Conceptual Framework 
The study was designed as a theoretical–applied research with an 

interdisciplinary character, integrating concepts from complex systems theory, 
nonlinear dynamics, and healthcare management. This study is a theoretical–applied 
simulation study based on fractal modeling. The reported clinical and organizational 
indicators are illustrative parameters used to evaluate the proposed model. The 
adopted approach aligns with the modern paradigm according to which medical 
organizations are complex adaptive systems, characterized by interdependence, 
emergence, and self-organization [15-17]. 

Methodologically, the research included: 
- fractal mathematical modeling  
- numerical simulation of the system  
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- statistical analysis of indicators  
- comparative evaluation (classical model vs. fractal model).  

The study was structured into four distinct levels: (1) the theoretical fractal model, 
which defines the conceptual relationships between efficiency, fractal dimension, 
Lyapunov exponent, synchronization and adaptability; (2) simulation results, 
generated under predefined theoretical scenarios; (3) a demonstrative calculation 
example, based on assumed parameter values; and (4) future empirical validation, 
which was not performed in the present study and would require real rehabilitation-
clinic data, patient-level indicators and prospective or retrospective clinical 
observation. 

4.2. Modeling the Clinical System as a Fractal System 
The clinical system was conceptualized as a multi-scale fractal structure, 

organized on three levels: 
𝑆𝑆 = �𝑆𝑆micro , 𝑆𝑆meso , 𝑆𝑆macro �                                                    

(7) 
Where in (7): 
𝑆𝑆micro:  patient-therapist interaction 
𝑆𝑆meso:  multidisciplinary team 
𝑆𝑆macro: organizational management 
Self-similarity principle: 

𝑆𝑆micro ∼ 𝑆𝑆meso ∼ 𝑆𝑆macro                                                      
(8) 

This relationship (8) indicates that the same organizational patterns are present 
across all levels. 

 
Figure 2. Patient workflow in a medical facility 

4.3. Parameters and Indicators Analyzed 
4.3.1. Operational Indicators 

𝑇𝑇wait = ∑  𝑁𝑁
𝑖𝑖=1  𝑡𝑡𝑖𝑖
𝑁𝑁

                                                              
(9) 

Where in (9): 
𝑇𝑇wait = average waiting time 
𝑡𝑡𝑖𝑖 = individual waiting time 

𝑈𝑈 =
𝑇𝑇util 

𝑇𝑇total 
× 100                                                          (10) 

Where in (10): 
U = equipment utilization 
4.3.2. Clinical Indicators 
VAS (pain) 
ROM (range of motion) 
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MRC (muscle strength)                 
𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 = 𝑉𝑉𝑉𝑉𝑆𝑆initial − 𝑉𝑉𝑉𝑉𝑆𝑆final                                           (11) 

𝑅𝑅𝑅𝑅𝑀𝑀improvement =
𝑅𝑅𝑅𝑅𝑀𝑀final −𝑅𝑅𝑅𝑅𝑀𝑀initial 

𝑅𝑅𝑅𝑅𝑀𝑀initial 
× 100                           (12) 

4.3.3. Satisfaction Indicators 

𝑆𝑆global = ∑  𝑛𝑛
𝑖𝑖=1  score𝑖𝑖

𝑛𝑛
                                                    (13) 

4.4. Fractal Mathematical Model of Efficiency 
System efficiency was modeled as: 
𝐸𝐸 = 𝛼𝛼𝐷𝐷𝑓𝑓 − 𝛽𝛽𝛽𝛽 + 𝛾𝛾𝛾𝛾                                                     (14) 

Where in (14): 
𝐷𝐷𝑓𝑓 = fractal dimension 
𝜆𝜆 = Lyapunov exponent 
𝑆𝑆 = synchronization 
Extended model: 
𝐸𝐸 = 𝛼𝛼𝐷𝐷𝑓𝑓 + 𝛾𝛾𝛾𝛾 + 𝛿𝛿𝛿𝛿 − 𝛽𝛽𝛽𝛽                                               (15) 
Where in (16): 
𝐴𝐴 = adaptability. 
In the present version of the study, Df, λ, S and A were treated as theoretical and 

simulation-based parameters, not as variables extracted from real rehabilitation-
clinic time series; the weighting coefficients were selected a priori for demonstrative 
modeling purposes, and the proposed efficiency model has not yet been externally 
validated on an empirical clinical dataset. 

 
Figure 3. The fundamental difference between a linear (classical) and a nonlinear/fractal 

model in complex systems. 

4.5. Calculation of the Fractal Dimension 
The fractal dimension was estimated using the box-counting method: 

𝐷𝐷𝑓𝑓 = lim
𝜖𝜖→0

  log 𝑁𝑁(𝜖𝜖)
log (1/𝜖𝜖)

                                                         (16) 

Where in (16): 
𝑁𝑁(𝜖𝜖) = number of boxes required for coverage 
4.6. Calculation of the Lyapunov Exponent 

𝜆𝜆 = lim
𝑡𝑡→∞

 1
𝑡𝑡

ln �𝛿𝛿𝑥𝑥𝑡𝑡
𝛿𝛿𝑥𝑥0

�                                                         

(17) 
Interpretation of (17): 
𝜆𝜆 < 0 : stable system 
𝜆𝜆 = 0 : equilibrium 
𝜆𝜆 > 0 : chaos 
4.7. Modeling Patient Flow (Logistic Equation) 
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𝑥𝑥𝑡𝑡+1 = 𝑟𝑟𝑥𝑥𝑡𝑡(1 − 𝑥𝑥𝑡𝑡)                                                        
(18) 

Where in (18): 
𝑥𝑥𝑡𝑡 = efficiency 
𝑟𝑟 = managerial intensity 
4.8. Multi-scale Efficiency Model 

𝐸𝐸total = ∑  3
𝑖𝑖=1 𝑤𝑤𝑖𝑖𝐸𝐸𝑖𝑖                                                           

(19) 
Where in (19): 
𝑤𝑤𝑖𝑖 = weights 
Example: 

𝐸𝐸total = 0.4𝐸𝐸micro + 0.35𝐸𝐸meso + 0.25𝐸𝐸macro                               
(20) 

4.9. Analysis Methodology 
The following methods were used: 
descriptive statistics (mean, SD) 
Pearson correlations: 

𝑟𝑟 = ∑  (𝑥𝑥𝑖𝑖−𝑥𝑥‾)(𝑦𝑦𝑖𝑖−𝑦𝑦‾)
𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦

                                                    (21) 

numerical simulations 
comparative analysis 
4.10. Calculation Example (Demonstrative) 
Assuming: 

𝐷𝐷𝑓𝑓 = 1.8 
𝜆𝜆 = 0.02 
𝑆𝑆 = 0.9 

𝐸𝐸 = 0.5(1.8) − 0.3(0.02) + 0.4(0.9)
𝐸𝐸 = 0.9 − 0.006 + 0.36 = 1.254

                                     

(22) 
Normalized (22) is: 

𝐸𝐸norm ≈ 0.87                                                               
(23) 

5. Conclusions 
5.1. Reinterpretation of Results within the Adaptive Complex Systems Paradigm 

The findings of the present study should be interpreted with caution, as they are 
derived from a theoretical and simulation-based fractal model rather than from a 
validated empirical clinical dataset. The increase in simulated efficiency from 0.62 to 
0.87 suggests that fractal organization may represent a promising conceptual 
framework for optimizing operational flows and potentially improving clinical 
outcomes in rehabilitation services. However, these results do not constitute 
definitive clinical evidence and require further validation using real-world 
rehabilitation-clinic data, clearly defined patient samples, observation periods and 
standardized outcome measures. The significant increase in overall efficiency (from 
0.62 to 0.87) demonstrates that organizing the system according to fractal principles 
provides a framework for the simultaneous optimization of operational flows and 
clinical outcomes. 

This observation is consistent with the theory that efficient biological and 
organizational systems operate in an intermediate regime between order and chaos, 
known as the “edge of chaos.” At this critical point, the system exhibits an optimal 
combination of stability and flexibility, allowing rapid adaptation to changes without 
losing internal coherence. 
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In the context of rehabilitation clinics, this optimal regime translates into: 
continuous adaptation of the therapeutic plan flexibility in scheduling optimization 
of resource utilization 
5.2. Fractal Dimension as an Organizational Biomarker 

One of the most relevant findings of the study is the identification of the fractal 
dimension (Df) as an indicator of organizational efficiency. The strong positive 
correlation between Df and efficiency suggests that systems with coherent multi-
scale organization are more performant. 

From a theoretical perspective, the fractal dimension reflects: the degree of 
organized complexity the level of process interconnectivity the capacity for self-
organization 

The clinical interpretation of this result indicates that: overly simplified systems 
(hyper-standardized) become rigid excessively complex systems (disorganized) 
become inefficient there exists an optimal level of functional complexity 

This idea supports the need for a balanced approach between standardized 
protocols and individualized adaptation. 
5.3. Controlled Instability – The Role of the Lyapunov Exponent 

The Lyapunov exponent (λ) enabled the evaluation of the system’s dynamic 
stability. The results indicate that maximum efficiency is achieved when: 

𝜆𝜆 ≈ 0                                                                 (24) 
This suggests the existence of a controlled instability, which is essential for 

system adaptation. 
Interpretation: 

𝜆𝜆 < 0 → rigid system, reduced adaptability 
𝜆𝜆 > 0 → chaotic system, loss of control 
𝜆𝜆 ≈ 0 → optimal balance 
In practice, this means that: 
a completely rigid clinic cannot respond to patient needs 
a chaotic clinic becomes inefficient 
an adaptive clinic maximizes performance 
5.4. Process Synchronization - A Central Optimization Mechanism 
The synchronization coefficient (𝑆𝑆) proved to be the strongest determinant of 

efficiency. This finding confirms that the performance of medical systems depends 
fundamentally on the coordination of operational flows. 

The reduction of waiting time and the increase in equipment utilization are direct 
consequences of this synchronization. 

The proposed model demonstrates that system efficiency is an emergent function 
of the interaction between the following levels: 

𝐸𝐸total = 𝑤𝑤1𝐸𝐸micro + 𝑤𝑤2𝐸𝐸meso + 𝑤𝑤3𝐸𝐸macro                                  
(25) 

The results from (25) confirm that: efficiency is an emergent phenomenon, 
organized complexity is beneficial, synchronization is the main determinant, and 
optimal systems operate at the boundary between order and chaos. 

Efficiency is no longer the result of process simplification, but rather of their 
organization into a complex, adaptive, and synchronized structure. 

The proposed model provides: a realistic description of the system 
an optimization tool 
a foundation for future developments 
Future Research Directions 
The model can be further extended through validation using real-world dat, 

integration of artificial intelligence, development of multi-agent models and fractal 
analysis of patient flow. 
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