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IV. Complexity

òThe Butterfly Effectó

A butterfly stirring the air 

today in Peking can transform 

storm systems next month in 

New York.
Gleick 1987
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Complexity òHaving stripped the study of complexity 

down to its bare essentials, and found the 

same deep truth underpinning things as 

diverse as earthquakes, the stock market and 

the movement of human populations, we 

discover that it is all built on networks, 

interconnections between the simple parts 

that make up a complex system.ó

Gribbin 2004
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Complex Systems

1. Consist of a large number of elements

2. The elements interact dynamically & are non-linear

3. The system changes with time (iterative)

4. Any element influences, & is influenced by, quite a few other 

elements

Cilliers 1998
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Complex Systems continuedé

5. Are usually open systems (they interact with their 

environment)

6. The system as a whole cannot be fully understood simply by 

analysing its components

7. The complexity emerges as a result of the patterns of 

interaction between the elements.
Cilliers 1998
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Steady States & Attractors

Kitano 2004
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Systems Biology

Systems Mathematical and computational modelling to gain 
Biology an understanding of complex biological processes at 

a whole-system scale.

Simulations Large, detailed models, taking into account all 
known biological information, capable of 
reproducing the behaviour of the system with high 
fidelity.

Model Able to identify effect of parameter manipulation 
Simplification on overall system behaviour (sensitivity analysis).

Hetherington 2006

http://www.butterflypictures.net/3-butterfly-pictures.html
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Complex Systems & Disease Classification

Disease The consequence of defects in a complex genetic 

Phenotype network operating within a dynamic 

environmental framework

Loscazio et al 2007
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V. Complexity & Clinical Reasoning

Problem Problem
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Multiple Hypothesis Categories

Pathology Pain

Dysfunction Environment

Health & PhysiologyGenetics
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Complex Problem Formation

Pain

Environment

Environment

Pathology Function

Health Physiology

Genetics

Problem
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Physical Activity, Neural Plasticity 

& Tendon Repair

Peak occurrence of new sprouting CGRP-positive nerve fibres 
occurs during the proliferative phase (weeks 2-4) in ruptured rat 
tendon.

Bring et al 2007 M. Lancaster 2008

Physical Activity, Neural Plasticity 

& Tendon Repair

Greatest new collagen organisation 
AND withdrawl of neural ingrowth 
(at week 4) occurs in active group.

Bring et al 2007
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Tendon Loading

Pain
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Problem
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Multiple Hypothesis

Categories

Pain
Environment                                  

Pathology  Function

Parallel 

Actions

Risk Assessment

Negotiation

Optimisation

Multiple Hypothesis Categories

& Parallel Actions
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Temporal Analysis

Decision- An integrated approach to time-critical decision 

theoretic making under uncertainty.

planning

Taking appropriate clinical action at appropriate 

points in time, where the effects of actions cannot 

be predicted with certainty.

Peek 1999
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Temporal Reasoning

Natural History

Risk Prognosis

Factors Reassessment

Injury

Prevention

Preclinical
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Sensitivity Analysis

Sensitivity Analysis of the sensitivity of a system to changes in 

Analysis the components.

Identifies the system components that have the 

greatest influence on the overall system output.
Yue 2006

Time Dependant

Sensitivity Analysis

Hu 2006
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Sensitivity Reasoning
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