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Executive Summary

We have modeled the injuries sustained by agents during crowd rioting scenario through semi-quantitative scoring system. Subsequently, the scores were calibrated and tested against the (different sets of) literature data. The project achieved a design, implementation and testing of Injury model using a selected paradigm of injury and damage.  Based on parameters such as type and size of the weapon, vulnerability of the person injured, and the body part affected, we have derived this model of the injury. 

The tests indicate that the model performance corroborates very well with the literature information.  

Having developed and tested the model, we recommend that: 

· The final fine tuning of the model be carried out using expert input

· The injury model be incorporated into the physiology model; and 

· The implementation of the model is carried out through look up tables. 

As an iterative model development process, we also recommend continued improvements to the injury model, time and resources permitting, particularly: 

· The time variation of the injury could also be calibrated against literature sources of information; and 

· The model uses standard severity description according to AIS/OIS model. Use of severity terms in the literature often differs from that in our model. Although have been translating these while comparing severities, the literature values have not been compiled into single scale.
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1 Introduction

1.1 Background

Professor Silverman and his team are developing storyworlds for rapid story generation-in this case, about crowd behavior - that should provide learning opportunities (discovery, feedback, rehearsal) about crowd control. This particular section, involving injury model, is part of this development process.  

1.2 Scope 

The objective was to model the injuries sustained by agents during crowd rioting scenario. The project achieved a design, implementation and testing of Injury using a selected paradigm of injury and damage.  

In the process, it attempted to answer questions such as: prevalent usage in the videogames industry (hit points), identifying a more appropriate approach, adding realistic PMFs that handle the types of injuries sustained by crowd members in Somalia (multiple bullet wounds may not always bring down a Civilian Male), and kicking and knifing wounds sustained by Italians, how the PMFs should be impacted, and whether the same approach be used on inanimate objects sustaining damage. 

2 Methodology

The project was carried out as a desktop exercise, relying primarily on the information available in the literature. The project work proceeded through the following phases:  

2.1 Problem Formulation

The initial phase was carried out during the in-class assignment and the midterm, and during the preparation of this proposal. However, additional literature review was carried out to study the implementation of the existing injury models.    

2.2 Design and Analysis of Injury/ Damage Models

Criteria for assessing the injuries were derived based on semi-quantitative risk assessment techniques. These were also related to the type of object causing the injury, the state of the agent (person) imparting the injury, vulnerability of the injured and other mitigating factors. The model is in the form of a matrix. In designing the injury models, the literature sources relating to safety/ risk analysis, medical and armed-forces literature were taken into account. In carrying out the design, the development process also took advantage of the new tank model provided by the crowd control team. 

The injury would typically be characterized by two parameters, namely: 

· Likelihood: Probability that an aggressive agent will unleash a weapon onto a given victim or property; and 

· Consequence of the injury/ damage: Given that the weapon has been used, the extent of the injury/ damage, expressed as the extent to which the injury is de-capacitating in victim agent, or damages the property. 

Likelihood combines both whether a weapon is used and whether the weapon hits the desired target. However, likelihood of injury would be handled by the game engine based on the intention of the user, and was not required to be addressed by the current model. 

The factors that potentially affect the injury are: 

· Aggressiveness and alertness of the crowd members causing the injury or damage, Vulnerability of the victim/ property

· The characteristics of the weapon involved

· The effort invested by the injurer (the one unleashing the weapon)

· Physical mitigating parameters such as distance

· Vulnerability of the victim

Consequence also included where the person or object was hit, for example stab-wound to the chest, gunshot wound to the head, or a rock through a window. 

2.3 Validation

The validation was carried out primarily by assessing the type of output produced against commonsense, social norms and expectations, and any literature sources (where available). 

2.4 Implementation

At the time of writing this, both the Environment Editor as well as the physiology models is still in the process of development. Therefore, implementation in the paradigm is held. The intention, however, was to incorporate the injury model into physiology model and thereby, into the agent’s world. 

2.5 Post-Implementation Monitoring

Not covered by the scope of this work. 

2.6 Reporting

The exercise culminated in the form of this report and a spreadsheet model of the injury. 

3 Reservoir Model (borrowed from another Research Assignment)

3.1 Context

This section, involving physiology model, was borrowed from the research work of one member of the team, and has been included here for the sake of continuity.   

3.2 Scope 

The objective is to develop a simplified model of the physiology of the agents. 

Particularly, the model that would address, or account for, the following issues: 

· Experience exertion on carrying out tasks; 

· Appropriately affected by sleep loss, intake of stimulants, food;

· Respond to environmental stimuli such as temperature; 

· Depict the effects of injury through O2 depletion and cranial pressure; 

· Allow for impacts depending on up to 5 weapon types (club/rock, knife, rubber bullet, small caliber, large caliber bullet) hitting in one of 3 areas of the body (head, body, limbs); 

The physiology model would provide two outputs, namely: 

· Overall Motive Capacity for kinesthetic

· Stress level for decision-making

3.3 Methodology

The approach we use consists of developing representation of the system and its components by describing, their properties and constraints in an abstract fashion. Given the nature of use for the model, the model itself does not have to have any one-to-one correspondence to physiology, but is required to capture the essential behaviors of the human. 

We have modeled the physiology using a coupled network of reservoirs a series of physiological reservoirs that maintain the level of stress the agent is experiencing as a result of its physical environment and the state of its body. 

The development of the model is iterative process. Different types of models have been explored in the past. Particularly, the model using coupled network of reservoirs has been favored because of its ability to depict the time variation of the physiological limitations, and due to the ‘tradition’ using reservoirs in the game development industry. 

The reservoirs parameters are based on valid Performance Moderator Functions (PMF). Alternative approaches are considered within this framework. 

The physiology reservoirs were calibrated to literature for sleep deprivation, nutrition (caloric digestion), and exertion based on the military website on forced marches at various temps, and impact of light/noise for flashbangs. The idea of the bladder is also being considered, but has yet to be incorporated. 

3.4 Reservoir Model

The purpose of the physiology model is to primarily output two measures of the condition of the agent, as listed below: 

· Input to Cognitive Ability

· Input to Motive Capacity

The agent’s physical state may undergo changes between decision cycles and this change is reflected at the very beginning of the new cycle.  “If the agent is dead, unconscious, or in shock, this will clearly have an affect on its cognitive as well as motive ability.  Less extreme physical states are important as well, however, as they help to determine the agent’s overall arousal”. 

3.5 Cognitive Performance

The levels of cognitive capacity are measured by coping style, which is related to Integrated Stress. The Integrated Stress, which is a composite stress, is generated by integrating the three distinct forms:

· Event Stress

· Time Pressure

· Effective Fatigue

The IS affects the cognitive ability, and hence determines the coping style. The Integrated Stress value is used to derive the agent’s coping style, or Ω level as shown in the Figure 3.1. All stress levels are expressed in comparable units and the integrated stress is estimated by linear addition.  Note that these three stressors are combined into an Integrated Stress value between 0 and 1, where .5 denotes peak arousal.  
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Figure 3.1- The Classic Performance Moderator Function is an Inverted-U (Silverman et.al., 2003a)

The details regarding cognitive capacity are described in Silverman et.al. (2003a), a summary of which is given below: 

Gillis and Hursh ( ) conducted an exhaustive literature review of stress and arousal.  Their research is some of the most valid in the field, and therefore, is adapted here with some modifications to account for how these three stress forms are derived. 

In particular, Event Stress, the emotional arousal derived from the actions that the agent has taken and witnessed recently, is derived by summing the magnitude of all of the emotions that the agent felt during the previous decision/action cycle.  

Time pressure is based on time-dependent action that the agent may have elected to pursue in previous ticks.  

Effective Fatigue is derived from the level of the agent’s energy tank. 

3.6 Motive Performance

We identified 5 levels of motive capacity, namely: 

· Healthy, 

· Slowed and Dazed, 

· Limping Badly, 

· Incapacitated, and 

· Dead. 

Some of these lead over time in the reservoir to others (e.g., incapacitated will lead to bleeding out and then death) while others might have a natural recovery interval (eg, dazed and slowed fades over time). 

3.7 Reservoir Model

The agent’s physiology is based around an energy reservoir, or tank.  As the agent’s desired arousal and magnitude of physical exertion change, the agent opens and closes a valve at the bottom of the tank that releases the energy to be used for those tanks.  The agent is bound by the flow of energy out of the tank.  For example, if the supply of energy in the tank is quite low, the flow out of the tank may not be sufficient to support a particular energy intensive task. 

The reservoirs currently in use are: 

· Exertion, 

· Nourishment, 

· Injury, 

· Sleep, and

· Environmental Conditions (such as Temperature, Noise, Light and Humidity)

A virtual stomach refills the energy tank based on the agent’s rate of digestion.  When the agent’s sleep falls below a critical threshold, a second valve in the tank of energy is opened. 
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Figure 3.2: Physiology Module (Silverman et.al. 2003)

This preliminary model is elegant and simple, but does not have any correspondence with the physiology in the component level. 

This model is being refined to reflect the reality more closely. There is always a trade off between the level of detail and the resemblance to reality. One such attempt is given below. This model attempts to capture different environmental conditions and injury types to different parts of the body. The model also allows for separate reservoirs for capturing O2 depletion, intracranial pressure and cardiac output, and allows for at least two three types of injury. 

It also allows for stimulations such as khat, which promotes amphetamine-like stimulatory effects resulting in increased rate of energy expenditure and increased alertness (PMF Addendum). In the above model, stimulant modulates the Actual Expenditure valve of the Energy Store. Other negative effects modulate the wasteful expenditure valve of the energy reservoir. 

However, the difficulties with this model are that: 

· It is difficult to calibrate and predict the performance; especially given that the pieces are calibrated in parts. The calibration of the model as a system is beyond the scope of the work; 

· The model is computationally expensive, especially in crowd of agents having detailed physiology; 

· Several coupled tanks also introduce instability effects; and 

· A complex model such as this, may conceptually capture more information, but may not mathematically provide significant advantage, as the data driving the models would be limiting. 
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Figure 3.3: Physiology Module Iteration 2

3.8 Further Revision to above Physiology Model – Model with Look up Tables

Development of a model is an interactive process. Due to the complexity of the above model, we propose to revise the above model as follows: 

We propose to strike a balance by including the necessary components in the aggregated form, but providing the differing parameters through a look up table. The abstract tank model still plays the central role, but multiple separate tanks may not be necessary to represent injury, environmental effects etc. These effects and the parameters are controlled by the list of parameters to look up and use for the simplified aggregated model. The following injury model illustrates this. Therefore, we propose to strike a balance by including the necessary components in the aggregated form, but providing the differing parameters through a look up table. The abstract tank model still plays the central role, but multiple separate tanks may not be necessary to represent physiological details, which are provided by the parameters set by look up table. These parameters will be calibrated against the literature values. These effects and the parameters are controlled by the list of parameters to look up and use for the simplified aggregated model. 
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Figure 3.4: Physiology Module Iteration 3

Providing information through look up table, significantly reduces computational complexities, and frees the data input from the detailed tank model. The level of physiology is likely to be appropriate for our purpose.  

The following injury model illustrates this. 

4 Formulation of the Injury Model

The injury model fits into the physiology model as one of the input, and primarily affects the motive capacity of the agent. Often motive capacity is normal for an average agent and does not interfere with the decision-making or coping style, and the decision making process is governed by the three stresses described before. 

However, a serious trauma event could over-ride decision making based on normal physiology, by limiting the physical capacity. An agent still with consciousness could decide to continue fighting, based on his/ her emotions, coping style and arousal etc, but may be limited by his/ her physical capacity as to what one can do. 

We have carried out a detailed literature search for obtaining a simplified model of the trauma. It was found that an injury to the body, in a conflict situation, could be broadly characterized by the following factors: 

SI 
= 
f (Wt, Wc, R, B, E, V, t)  

------------ (1)

Where: 

SI: Severity of the injury

Wt: Weapon type & capacity

Wc: Weapon capacity

R: Distance from the source/ injurer

B: Part of the body affected

E: Effort by the source/ injurer (taken as full effort). For simplicity sake, the effort by the injurer may be assumed to be constant at full effort to cause the maximum intended injury. 

V: Vulnerability of the injured (highly vulnerable, if old & infirm, and less vulnerable if young & healthy)

t: Time

Each of these factors was incorporated based on a semi-quantitative scoring system, whose values have their basis in the medical literature. Ideally, the scoring system itself must be supported by basic principles of decision sciences, and preferably find a backing in the literature. 

The possible domains for these parameters are as follows: 

· Weapon Type {Club/Rock, Knife, Rubber Bullet, Small Caliber, Bullet Large Caliber Bullet, Explosion}

· Area of Impact in the Body {Head, Trunk, Limbs} 

· Distance from the source {Close Proximity, Moderate, Far}. Note that some injuries would be inflicted only in the close range.

The assessment of injuries was carried out through review of literature information for each type of injuries, selecting/ devising scoring scales, and identification, and assessment of likelihoods and consequences of injury from each weapon type. 

Note that the assessment of likelihood of impact, once the weapon is launched or used, will be determined by the engine.

The project was carried out as a desktop exercise, relying primarily on the information found in the literature and that given by Professor Clarke. 

5 Survey and Analysis of existing Scoring Systems

Having studied a repertoire of scoring systems that categorize injuries, we have extracted suitable aspects for modeling the injuries for our purpose. 

5.1 Abbreviated Injury Scale (AIS) and Organ Injury Scale (OIS)

AIS and OIS are two anatomical scoring systems, which share many similarities (Moore et.al. 1989). 

In both the schemes, injuries are ranked on a scale of 1 to 6, with scores increasing with increasing severity. These scores should not, however, be regarded as uniform scales of injury. 

Figure 5.1: Abbreviated Injury Scale (AIS)

	Score
	Severity Description

	1
	Minor

	2
	Moderate

	3
	Serious

	4
	Severe

	5
	Critical

	6
	Un-survivable


As the names suggest AIS generically describe injuries to individual, while OIS involves individual organs and has descriptions of the injuries for all major organs (Moore et.al. 1989, 1990, 1992, 1994). 

Although these scores are not meant to provide estimations of comprehensive measures of severity, the score is both ideal and useful in categorizing injuries. 

The 5-level motive capacity could be fitted into this scale with minor modification as follows: 

Figure 5.2: Adopted AIS for Measuring Motive Capacity

	Score
	Severity Description
	Resulting Motive Capacity

	0
	None
	Healthy

	1
	Minor
	Minor, but ignorable

	2
	Moderate
	Slowed and Dazed

	3
	Serious
	Limping Badly

	4
	Severe
	Incapacitated

	5
	Critical
	Incapacitated, Dying

	6
	Un-survivable
	Dead


The AIS is monitored by a scaling committee of the Association for the Advancement of Automotive Medicine. The OIS was developed by Organ Injury Scales of the American Association for the Surgery of Trauma. 

AIS score can also be used for multiple injuries through Injury Severity Scores (ISS). When multiple injuries occur, each injury is assigned an AIS score and is allocated to one of six body regions (Head, Face, Chest, Abdomen, Extremities (including Pelvis), and External). Only the highest AIS score in each body region is used. The 3 most severely injured body regions have their score squared and added together to produce the ISS score. The ISS score takes values from 0 to 75. If an injury is assigned fatal AIS of 6, the ISS score is automatically set to 75. The ISS score is virtually the only anatomical scoring system in use and correlates linearly with mortality, morbidity, hospital stay and other measures of severity. By squaring, AIS increases any error in AIS scoring. The scoring also does not weigh injuries to different body regions. Besides, many different injury patterns can yield the same ISS score, but can give different results. 

None of the anatomical scoring systems can adequately characterize the injuries, and are not very useful, as a triage tool. However, they do provide a neat scale for describing our injuries. 

5.2 Trauma, Glasgow and TRISS Scores

The Trauma, Glasgow and TRISS are three related scoring systems, which are estimated in a sequence. 

5.2.1 Glasgow Coma Score (GCS)

The GCS represents the neurological state of the victim, and is scored between 3 and 15, 3 being the worst, and 15 the best. It is composed of three parameters (Chi et.al. 1996), as described below. 

Figure 5.3: Glasgow Coma Score

	Type of Response
	Description of Response
	Score

	
	Spontaneous
	4

	
	To Voice
	3

	Eye Opening
	No Pain
	2

	
	None
	1

	
	Oriented
	5

	
	Confused
	4

	Verbal Response
	Inappropriate Words
	3

	
	Incomprehensive Words
	2

	
	None
	1

	
	Obeys Commands
	6

	
	Localized Pain
	5

	
	Withdraw Pain
	4

	Motor Response
	Flexion
	3

	
	Extension
	2

	
	None
	1


5.2.2 Trauma Score or Revised Trauma Score (RTS)

Trauma score is a physiological scoring system that is one of the most widely used and most endorsed (by emergency medical personnel, American Trauma Society) with high inter-rater reliability and demonstrated accuracy in predicting death. (Chi et. al., 1996 and Champion et. al., 1989). The Trauma Score carries out assessments of respiratory and circulatory systems through its own scoring system. And for assessing neural system the scheme uses Glasgow Coma Score, incorporating the Glasgow Coma scores within itself. 

Higher score indicates greater likelihood of survival. 

Figure 5.4: GCS as part of Trauma Score

	Type of Response
	Description of Response
	Score

	
	Spontaneous
	4

	
	To Voice
	3

	Eye Opening
	No Pain
	2

	
	None
	1

	
	Oriented
	5

	
	Confused
	4

	Verbal Response
	Inappropriate Words
	3

	
	Incomprehensive Words
	2

	
	None
	1

	
	Obeys Commands
	6

	
	Localized Pain
	5

	
	Withdraw Pain
	4

	Motor Response
	Flexion
	3

	
	Extension
	2

	
	None
	1


Figure 5.5: Revised Trauma Score (RTS)

	Type of Response
	Description of Response
	Score

	
	10-24
	4

	
	24-35
	3

	Respiratory Rate
	>36
	2

	(/ min)
	1-9
	1

	
	None
	0

	
	Normal
	1

	Respiratory Expansion
	Retractive
	0

	
	Normal
	2

	Capillary Refill
	Delayed
	1

	(mmHg)
	None
	0

	
	> 89 
	4

	
	70-89
	3

	Systolic Blood Pressure
	50-69
	2

	
	0-49
	1

	
	No Pulse
	0


In this scheme, the scores are numerically added. 

5.2.3 Revised Trauma Score

The Revised Trauma Score (RTS), named after its revision in 1989, is similar, but has been further simplified. 

Figure 5.6: Revised Trauma Score (RTS)

	Respiratory Rate

(/min)
	Systolic BP

(mmHg)
	Glasgow Coma
	Score

	10-29
	>89
	13-15
	4

	>29
	76-89
	9-12
	3

	6-9
	50-75
	6-8
	2

	1-5
	1-49
	4-5
	1

	0
	0
	3
	0


The consolidated RTS score is estimated as follows: 

RTS = 0.9368 GCS + 0.7326 SBP + 0.2908 RR SI 

------------ (2)

Values for the RTS are in the range 0 to 7.8408. The RTS is heavily weighted towards the Glasgow Coma Scale to compensate for major head injury without multisystem injury or major physiological changes. A threshold of RTS < 4 has been proposed to identify those patients who should be treated in a trauma centre, although this value may be somewhat low. The RTS correlates well with the probability of survival. 

5.2.4 Trauma Score - Injury Severity Score (TRISS)

TRISS determines the probability of survival (Ps) of a patient from the ISS and RTS using the following formulae: 
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Where 'b' is calculated from: 
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Figure 5.7: Factors for TRISS Score

	Constant
	Description
	Blunt
	Penetrating

	b0
	The coefficients b0 - b3 are derived from multiple regression analysis of the Major Trauma Outcome Study (MTOS) database. 
	-0.4499
	-2.5355

	b1
	
	0.8085
	0.9934

	b2
	
	-0.0835
	-0.0651

	b3
	
	-1.7430
	-1.1360


If the patient is less than 15, the blunt coefficients are used regardless of mechanism. 

	AgeIndex
	Age < 54 years
	0

	
	Age >= 55 years
	1


5.2.5 Summary

The scoring system, however, requires diagnostic or assessment of trauma before scoring is assigned. The scheme is best for that purpose. 

5.3 Mangled Extremity Severity Score (MESS)

MESS is a simple rating scale for lower extremity trauma, based on skeletal/soft-tissue damage, limb ischemia, shock, and age (Johansen et al. 1990). MESS is useful in selecting trauma victims whose irretrievably injured lower extremities warrant primary amputation. Although there is controversy surrounding predictive power of MESS, it is nonetheless a useful score our purposes. In both the prospective and retrospective studies, a MESS score of greater than or equal to 7 had a 100% predictable value for amputation. 

Figure 5.8: Mangled Extremity Severity Score

	Skeletal / soft-tissue injury
	 Score

	Low energy (stab; simple fracture; pistol gunshot wound)
	1

	Medium energy (open or multiple fractures, dislocation)
	2

	High energy (high speed RTA or rifle GSW)
	3

	Very high energy (high speed trauma + gross contamination)
	4

	Limb ischaemia
	 

	Pulse reduced or absent but perfusion normal
	1*

	Pulseless, paraesthesias, diminished capillary refill
	2*

	Cool, paralysed, insensate, numb
	3*

	Shock
	 

	Systolic BP always > 90 mm
	0

	Hypotensive transiently
	1

	Persistent hypotension
	2

	Age (years)
	 

	< 30
	0

	30-50
	1

	> 50
	2

	* Score doubled for ischaemia > 6 hours
	 </tbody>


5.4 Red Cross Wound Classification for Bullets

One of the difficulties with using a diagnostic scoring system for assessing the injuries is that it requires detailed examination of symptoms. This approach is ideal for medical personnel, but may not be helpful to characterize the injury from the point of view of the injurer or the game system. This information has to come from medical database of information, which relates type of weapons and the severity of the injuries. One such classification is Red Cross Wound Classification. 

The wound database of the International Committee of the Red Cross was installed in January 1991 and originates from a system of data collection originally designed to give the organization an indication of activities of its independent hospitals. All patients wounded in war who have been admitted to the Red Cross hospitals of Quetta (Afghan border of Pakistan), Kabul and Khandahar (Afghanistan), Khao I Dang (Cambodian border of Thailand), Butare (Rwanda), Novi Atagi (Chechenia), and Lokichokio (Sudanese border of Kenya) have routinely had a data form filled out on their death or discharge from surgical wards. 

The Red Cross Wound Classification permits documentation of the effects of missiles and explosions on people (Coupland 1991). It is an anatomical classification alone and does not include a physiological variable. 

The wound database of the International Committee of the Red Cross was installed in January 1991 and originates from a system of data collection originally designed to give the organization an indication of activities of its independent hospitals. 

This classification has been used for: 

· Documenting the incidence of bullet disruption in armed conflict, 

· Documenting the categories of wounds caused to civilians by hand grenades, and

· Establishing the size of wounds inflicted by conventional weapons. 

5.4.1 Classification Key

Wounds are graded from the scores for entry, exit, and cavity to denote size and so reflect energy transfer. In addition, it has scores indicating visibility of bullet fragments (M). The V and M scores do not influence the computing of the grade. 

The classification is based on six factors that can be scored for any wound. 

Figure 5.9: Classification Key

	Score
	Description

	M
	Whether bullets or bullet fragments are visible in a radiograph and is relevant to this study

	V, vital structure
	Are brain, viscera, or major vessels injured? Is there breach of dura, pleura, or peritoneum? 

V=0 if they are not injured

V=1 if they are. 

	E, entry
	Estimate the maximum diameter of the entry wound in centimeters

	X, exit
	Estimate the maximum diameter of the exit wound in centimeters (X=0 if no exit)

	C, cavity
	Can the cavity of the wound take two fingers before surgery? This may be obvious before operation or be established only after skin incision. For chest or abdomen wounds it refers to the wound of the chest or abdominal wall. 

C=0 if cavity cannot take two fingers

C=1 if it can

	F, fracture
	Is there a fracture?

F0=no fracture

F1=simple fracture, hole, or insignificant comminution

F2=clinically significant comminution

	M, metallic body
	Are bullets or bullet fragments visible on radiography?

M=0 if there are no metallic bodies

M=1 if there is one metallic body

M=2 if there are two or more metallic bodies


5.4.2 Grading of wounds

Figure 5.10: Grading of wounds

	Grade 1
	Skin wounds of <10 cm (E+X<10) without a cavity (C0) and without a comminuted fracture (F0 or F1)

	Grade 2
	Skin wounds of <10 cm (E+X<10) with a cavity (C1) or comminuted fracture (F2)

	Grade 3
	Skin wounds of 10 cm (E+X10) with a cavity (C1) or comminuted fracture (F2)


5.4.3 Summary Example

Although the correlation between grade and energy transfer or between grade and type of weapon is not precise, the grades are generally useful to our purpose. Some examples are as follows. 

Figure 5.11: Summary Example for Bullet Wounds
	Hand Guns
	Inflict grade 1 wounds and transfer up to 500 J of energy

	.6 Bullets from Shotguns fired at close range
	Invariably cause wounds of grade 3 and are associated with transfer of more than 1500 J of energy

	.6 Military rifles
	Can inflict all grades of wound


6 Consolidated Model 

The key characteristics of the information and scope that drove the modeling process included: 

Due to the simplicity desired, we have avoided mechanistic models of the injury process.

The literature evidence in each type of injury varied in format and content (apples and oranges);  

There was no adequate data for inducing data driven models through data mining. The data was also sparse; 

Besides, the literature data was proceeding from symptoms to severity through physiology. For example, there were also a number of scoring systems, most of which assessed the injury from the triage point of view. These dealt well with the order as below: 
	Injury ( Symptoms ( Diagnosis ( Severity


This approach is appropriate for triage or emergency medicine, but posed additional complexity of including a predictive physiology models, if these were to be directly included. On the other hand, our modeling requirements would significantly simplify, if the model relates the weapons and the accident/ assault event to the severity.  

	Weapon {Type, Capacity}, User Characteristics, Victim Characteristcs  ( Severity


Therefore, we proceeded to develop an assessment model based on semi-quantitative assessment of the injuries. 

The modeling process involved: 

· Collating diverse information from the literature; and

· Abstracting and integrating this information into a single knowledge base

However, we were also keen to ensure that the predictions from the models reflected the reality, and therefore needed to corroborate with the literature. Unlike majority of the semi-quantitative scoring systems, our model was tested against literature information. 

From equation (1), complete injury model could be described as: 

SI 

= 
f (Wt, Wc, R, B, E, V, t)  
----------- (1)

It was assumed that the injurer uses full effort. For the weapon types chosen, it is also reasonable to assume that the distance effect was considered to play a role in the likelihood of injury occurring rather than the severity. Similarly for stones/ rocks, the injury is unlikely to be much meaningful, if the distances were large. However, the distance effects might have to be considered, if weapons such as microwave or explosions were to be chosen. 

SI(t) 

= 
f (Wt, Wc, B, t) 

------------ (5)

SI(t) 

=
SI0 * ψ(t)


------------ (6)

Where: 

SI0: Time independent component (severity at the time of injury occurring)

ψ(t): Time variation factor

For example, knife and club injuries are unlikely to occur beyond immediate vicinity. For gun injuries too, unless extremely large distances are considered (beyond game arena), the severity is unlikely to be affected by distance. 

Figure 6.1: Accounting for Distance Effect – Whether severity is a concern at this distance

	
	 
	Range (m)
	 (1=Yes & 0 =No)
	 

	Weapon Type
	1
	5
	50
	500

	 
	Short
	Medium
	Long
	V_Long

	Club
	1
	0
	0
	0

	Gun
	1
	1
	1
	1

	Knife
	1
	0
	0
	0

	Rock
	1
	0
	0
	0

	Rubber Bullet
	1
	1
	1
	1


SI0: 

=
SWt * SWc * SB * SV

------------ (7)
The time variation will be dealt with separately in a subsequent section. Our current calibration efforts deal with the time independent component. 

The semi-quantitative scores (after calibration) used in modeling SI0 are as follows: 

Figure 6.2: Weapon Type Scores

	Weapon Type
	Score (SWt)

	Club
	85

	Gun
	100

	Knife
	70

	Rock
	40

	Rubber Bullet
	40


Figure 6.3: Weapon Capacity Scores

	Capacity
	Score (SWc)

	Large
	20

	Medium
	18

	Small
	15


Figure 6.3: Body Part Scores

	Body Part
	Score (SB)

	Head
	50

	Limbs
	25

	Trunk
	40


Figure 6.4: Vulnerability Scores

	Vulnerability
	Score (SV)

	Old/ Infirm
	1.2

	Young / Healthy
	1.1


Figure 6.5: Overall Scores & Classification

	Score
	Severity Description
	Resulting Motive Capacity
	Score Range (SI0)

	
	
	
	From 
	To

	0
	None
	Healthy
	0 
	0

	1
	Minor
	Minor, but ignorable
	0 ≤
	< 20000

	2
	Moderate
	Slowed and Dazed
	20000 ≤
	< 40000

	3
	Serious
	Limping Badly
	40000 ≤
	< 60000

	4
	Severe
	Incapacitated
	60000 ≤
	< 80000

	5
	Critical
	Incapacitated, Dying
	80000 ≤
	< 100000

	6
	Un-survivable
	Dead
	100000 ≤
	≤ 120000


7 Testing & Validation of the Injury Model

7.1 General 

Having developed a scoring system, we proceeded to test and validate the performance of the model against: 

· Consistency checks: Checking the logic and calculations involved in the model; 

· Commonsense Checks: Testing against the common sense; and

· Literature Corroboration: Testing & validating the model on the literature data and scoring systems from literature.  

Where possible, the scores were first calibrated with one set of literature data, and then tested against the (different sets of) data. 

7.2 Summary Test Results

In order to test the model proposed, selected output of the model was compared with the literature findings to confirm the validity of the output of the model. The randomly selected outputs compared are outputs for the trunk with the large and medium gun, large and small knife and large and small club. 

For this purpose, the golden hour rule was not included, since there was insufficient literature to consolidate the results. Below is the comparison table of the selected weapons:

Figure 7.1: Summary Test Results

	Weapon
	Model Output (for trunk)
	Expected Output from Literature Review

	Medium gun
	Critical/Severe
	Critical

	Large gun
	Critical/Critical
	Critical

	Small knife
	Serious/Serious
	Serious

	Large knife
	Severe/Severe
	Severe

	Large club
	Critical/Severe
	Moderate/Severe/Critical

	Small club
	Severe/Serious
	Mild/moderate/Severe


For guns, it was postulated from the literature in the gun injuries section that “rapid incapacitation may occur with massive bleeding from major blood vessels or the heart.  Our model should then reflect a critical wound when the agent is shot in the trunk with a large gun.  Likewise, it should come close with a medium weapon.” Hence the output of the model seems to agree with the literature output of critical state.

For knives, it was shown from the literature review in the knife injuries section that “although injury to the trunk has low mortality rate, nevertheless it has a high likelihood of being seriously injured. With larger knives, the mass is not as negligible as the smaller knives, and also since they are larger, they are more capable of more severe injury than smaller knives since internal organs are more easily injured with larger knives.” Hence the output of the model seems to agree with the literature output of severe and critical states.

For clubs, it was shown once again from the literature review in the club/stone section that “there is equal likelihood of being mild, moderate, or severe.” And with larger clubs, there is equal likelihood of being moderate, severe, or critical, due to greater energy transfer with larger mass. This seems to be a quite reasonable comparison with the output of the model and the literature review.

7.3 Detailed Test Results

The following table illustrates how the model performance compares to the literature. 

Figure 7.2: Testing Random Cases

	Model Example
	Exogenous Prediction

	Wt = Gun

Wc = Small

Body Part = Limbs

Vulnerability = Young & Healthy

Severity = Serious

Motive Capacity = Limping Badly

Time Variance = Deteriorating
	Both commonsense and literature corroborates to this. A firearm is quite powerful and should easily fracture bone.  The smallest muzzle velocity found for a gun was 815 feet/sec or 240 m/s (website?) and velocity of 65 m/s is sufficient to fracture bone (Gugala and Lindsey 2003)   If a bone in fractured in a limb, limping is necessarily going to follow.  So, a shot to the limbs is going to be “serious” (limping badly).  

	Wt = Gun

Wc = Large/ Medium

Body Part = Head

Vulnerability = Young /Healthy or Old/ Infirm

Severity = Unsurvivable/ Critical

Motive Capacity = Dead/ Incapacitated & Dying

Time Variance = Deteriorating
	So, regardless of age, gunshot wounds to the head from large or medium guns should be un-survivable/ critical (dead/ dying) and wounds inflicted by a smaller gun should be at least critical (Karger, 1995).  



	Wt = Gun

Wc = Large

Body Part = Trunk

Vulnerability = Young /Healthy or Old/ Infirm

Severity = Critical

Motive Capacity = Dead/ Incapacitated & Dying

Time Variance = Deteriorating
	Also, according to Karger (1995), rapid incapacitation may occur with massive bleeding from major blood vessels or the heart.  Our model should then reflect a critical wound when the agent is shot in the trunk with a large gun.  

According to ICRC score, this is typically grading 3 wounds, with smaller types also present in addition. 



	Wt = Gun

Wc = Large

Body Part = Trunk

Vulnerability = Young /Healthy or Old/ Infirm

Severity = Severe

Motive Capacity = Incapacitated 

Time Variance = Deteriorating
	According to Krager, it should come close to critical for a medium bullet injury on the trunk.   

	Wt = Rubber Bullet

Wc = Medium

Body Part = Trunk

Vulnerability = Young /Healthy or Old/ Infirm

Severity = Moderate

Motive Capacity = Slowed & Dazed 

Time Variance = Stable
	This is almost the intended effect for rubber bullets, except that one would hope that the effect would be more improving than stable.  In reality, rubber bullets can injure. Although literature reports that it has “equal likelihood of being mild, moderate or severe”, the scales are different.  In this scale, any penetrating injury would be regarded as severe, even if the depth of penetration were small.  


The subsequent sections describe the injuries in detail, and further test random cases of injuries generated by the model. 

8 Physiology of Injury

8.1 Primary Physiological Measures of Injury

The performance of body pertaining to trauma situation may be described by one of the following factors: 

· O2 Delivery

· Hemoglobin content

· O2 saturation

· Cardiac output

· Intracranial Pressure

· Fracture

· Hemorrhage

O2 delivery is dependent on the following factors: 

O2 Delivery = k [Hemoglobin]  * [O2_Satn] * [Cardiac_Output]

[Hemoglobin]  = Constant

Rules of Thumb or Face Validity Ranges proposed by Dr Clarke as well as confirmed in the literature are: 

Figure 8.1: Metrics for Physiological Condition Assessment

	Parameter
	Range
	Mean
	Critical 

	[O2_Satn]
	90% - 70%
	80%
	<70%

	[Cardiac_Output]
	BP 120/80 - 90/60 
	93
	90/60

	Intracranial Pressure (ICP)
	<20 mmgHg
	---
	>20 mmg Hg 

> 20 minutes


8.2 Intracranial Pressure

ICP intracranial pressure is the pressure within the rigid skull. 

CBF cerebral blood flow is the flow of blood through the brain, important for delivery of oxygen and removal of "waste" products. 

The principle constituents within the skull are brain (80%), blood (12%) and CSF (8%). The total volume is 1600ml. The skull is thus a rigid fluid filled box. If the volume of the contents of a rigid fluid-filled container increase, the pressure inside will rise considerably unless some fluid is able to escape. So it is with the skull and brain within it. 

The brain is only able to withstand very short periods of ischaemia, unlike the kidney, liver or muscle. Thus cerebral blood flow must be maintained to ensure a constant delivery of oxygen and glucose as well as the removal of "waste" products. Maintenance of cerebral blood flow depends on a balance between the pressure within the skull, intracranial pressure (ICP) and the arterial pressure of the blood. It is important to maintain a constant blood flow. Thus when blood pressure falls, physiological mechanisms attempt to maintain flow to prevent ischaemia. This process is autoregulation. 

If the brain enlarges, some blood or CSF must escape to avoid a rise in pressure. If this should fail, or be unable to occur there will be a rapid increase in ICP from the normal range (5-13 mmHg). If there is an increase in the volume of either the brain or blood the normal initial response is a reduction in CSF volume within the skull. CSF is forced out into the spinal sac. Thus the pressure within the skull, ICP, is initially maintained. If the pathological process progresses with further increase in volume, venous blood and more CSF is forced out of the skull. 

8.3 Hemorrhage

The following sections describe results from both acute hemorrhage models developed by Neuman et.al. (1996), in steady/unperturbed states, and in states of varying degrees of hemorrhage.

	Loss Type
	Effect

	Small Slow Loss: 20cc/min of blood is removed from the systemic venous compartment over 20 minutes, with a total blood loss of 400cc. 


	Starting at steady-state, systolic pressure drops slightly to a stable value of about 114mmHg, while diastolic pressure increases slightly.  Heart rate increases to about 87 beats/min. Mean arterial pressure is about 91.71mmHg, slightly less than the unperturbed value of 93.3mmHg. Baroreflex occurs. 

	Large Slow Loss: 60cc/min of blood is removed from the systemic venous compartment over 50 minutes, with a total blood loss of 3000cc. 
	Results in a systemic arterial pressure of about 110/80 mmHg, and a heart rate of about 95 beats/min.  Baroreflex occurs.

	Large Fast Loss: 1000cc/min of blood is removed from the systemic venous compartment over 3.6 minutes, with a total blood loss of 3600cc.
	Systemic arterial blood pressure fell to 103mmHg and diastolic fell to 74mmHg.  Heart rate increased until the baroreflex no longer affected the system.  Bradycardia causes heart rate to decline after this point until settling at a steady-state value of about 93 beats/min.  Irrespective of bleeding rate, blood pressure attains the same steady-state value after hemorrhage.  Heart rate increases faster with a more rapid bleeding rate.  

	Extreme Loss: 150cc/min of blood is removed from the systemic venous compartment over 30 minutes, with a total blood loss of 4500cc.
	Continues the vasovagal trend.  With a reduction of 30% initial volume, heart rate decreases once again. Systolic pressure settles to about 88.5mmHg, diastolic to about 62.4mmHg, heart rate to 90.7 beats/min.  Mean arterial pressure is 71.1mmHg. 


9 Club/ Stone

Club, stones injuries are a different kind of injuries. It does not always affect Dr. Clarke’s equation we have seen about Oxygen delivery = [hemoglobin] x [oxygen saturation] x [cardiac output]. It can however, make you seriously incapacitated or triggers severe injuries.  

Implicitly we could guess that an old man would be less likely to amortize a potential injury. But the real reason is the following: “plasticity of younger bones tends to diminish fracturing; older individuals not only may have less plastic bones (higher proportion of secondary osteons) but may also have decreased bone density, such as osteoporosis, which may predispose to easier fracturing”. 

So for our project I would simplify things by introduce two variables “Young” and “Old”.

Then we can assume that same forces might have different impacts on different parts of the body. For instance, if you came to give the same beat (same weight and speed for the object, so you would have the same force) but you target someone’s fingers (small extremity) using a golf club (small extremity) and you use a flat piece of wood on someone back you will have different consequences. 
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 “The larger the area impacted by the blunt force, the more the energy of the impact is dispersed, and the lesser the injury Blunt force to flat surface such as chest or back will cause lesser injury than similar blunt force to a narrower, more angulated, or rounder region which allows less force dissipation”.

Also, we have to take into consideration that the duration of the impact can influence the outcome. Since impulse = force * time, trying to expand as much as you can, this energy output will lessen the chances of injury. 

“When force is applied over a longer period of time, injury is usually less than when same force is applied in a shorter time; i.e. there is more time for absorption of energy with a longer duration of force application, with concomitant ability of bone to deform rather than shatter”.

But we will consider here that the previous is to some extent related to force dispersion. This will not be included in finale figure. 

So here our three different clubs (large, medium, small) will symbolizes a combination of force, energy delivered, size of the club (how wide is the area that is going to injure the person).

Another interesting but hardly measurable natural likelihood to get injured would be diseases related to bones or skin that might influence the outcome: the following chart symbolizes the relative importance of disease to the intensity of the trauma and the age.  
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By convention let’s take the following four outputs reservoir:

· Healthy, 
· Slowed and Dazed, 
· Limping Badly, 

· Incapacitated, and
· Dead. 
Testing of the model via blunt injuries:

	Body Part
	Qualitative Severity

	Head, Neck, Face
	One possibility of un-survivable, but potentiality of recovery

	Trunk
	Equal likelihood of being mild, moderate or severe, but potentiality of recovery

	Extremities
	Equal likelihood of being mild, moderate or severe, but potentiality of recovery


The results seems homogeneous to what we have previously stated.

The young and healthy character amortizes better the shock. Different clubs and body parts have dramatic different outcomes (from moderate to death). Also the output 2 does not contradict the literature and Dr. Clarke’s comments. 

10 Rubber Bullet Injuries

10.1 General

Rubber-coated bullets are intended to inflict superficial painful injuries to deter rioters. Sometimes, they do cause unintended injuries. 

The study, published this week in The Lancet medical journal, examined the effects of rubber-coated bullets used by the Israeli police force during riots by Israeli Arabs in northern and central Israel in early October 2000. 

MA/RA 88 bullet is composed of 15 rubber balls with a metal core, each weighing 17 g, with a calibre of 1·7 cm. The missile is stored in a special canister mounted on the muzzle of the assault rifle. Its muzzle velocity is 78 m/s and muzzle kinetic energy 33 J/cm2, with an effective range of 30-80 m. When fired, the bullets form a circle with a diameter of 7 m at a range of 50 m. The bullets produce a low energy of impact and are therefore recommended by the manufacturer (TAAS) for control of groups of rioters with minimum potential of physical injury, but with substantial psychological impact. 

10.2 Severity

Given that bullet hits the given body part, the likelihood of being injured mildly, moderately or severely (Conditional Probabilities): 

	Body Part
	Mild_Total_Pcnt
	Moderate_Total_Pcnt
	Severe_Total_Pcnt

	Head, Neck, Face
	34%
	34%
	31%

	Trunk
	34%
	37%
	28%

	Extremities
	65%
	32%
	3%


Given that bullet hits the given body part, the likelihood of being injured mildly, moderately or severely:
	Body Part
	Qualitative Severity

	Head, Neck, Face
	Equal likelihood of being mild, moderate or severe

	Trunk
	Equal likelihood of being mild, moderate or severe

	Extremities
	2/3 Likelihood of being mild. 1/3 likelihood of being moderate or 0/3 likelihood of being severe (negligible)


Although literature reports that it has “equal likelihood of being mild, moderate or severe”, the scales are different.  Any penetrating injury would be regarded as severe, even if the depth of penetration is small.  

11 Knife Injuries

In their paper, O’Callaghan et. al. (1999) studied the dynamics of stab wounds and the force required to break through different layers of the body.

From the study, it appears from the results that skin provides the greatest resistance to penetration, the mean penetration force being 49.5 N. In addition, considerable secondary resistance forces were found when the knife was stabbed into the tissues underlying the skin. 

Figure 11.1: Tissue Penetrated Vs Force
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Fig. 11.2. Penetration of skin, subcutaneous fat and muscle. 
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Fig. 11.4. Penetration of subcutaneous fat and muscle. 
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Fig. 11.3. Penetration of subcutaneous fat. 
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Fig. 11.5. Penetration of muscle only. 


Figure 11.2 shows the force–time profile recorded for penetration of the instrumented knife Into the skin, subcutaneous fat and skeletal muscle combination with the initial peak, corresponding to the resistance of skin to penetration, of 55 N (at t=0.08 s). Figure 11.3 shows that subcutaneous fat resists penetration until a force of magnitude 2 N is attained implying that deep penetration of fat tissue means very little in terms of force. For both subcutaneous fat and muscle, a peak resistive force of magnitude 2 N is observed in Figure 11.4, followed by a resistive force of 35 N when the knife penetrate the muscle layer. Finally the layer of subcutaneous fat was removed and the resistive force for muscle only recorded (Figure 11.5): the peak resistive force of 37 N was consistent with the values obtained in the previous tissue combinations. 

In a study of cardiac stab wounds done by Harris et. al. (1999), patients admitted to the hospital were classified into four groups:

· group I, no vital signs (23 patients); 

· group II, agonal (systolic blood pressure [SBP] remains < 90 mm Hg, 33 patients); 

· group III, compensated shock (SBP remains > 90 mm Hg, 29 patients); and 

· group IV, stable (43 patients). 

The table below summarizes the mortality of each group: 

Figure 11.6: Mortality for Different Groups

	
	Group I
	Group II
	Group III
	Group IV

	Mortality
	30%
	9%
	0%
	0%


This clearly shows that statistically, lethal cardiac stab wounds are not very common. Of the 128 patients observed, only 23 patients (18%) were classified as group I, and even within group I, mortality was only 30%.  Including the ones from group II, the total mortality was 7.8% (10 patients out of 128 patients). 

In another study, autopsies performed in the Institute of Legal Medicine, University of Wuerzburg, during the period 1971–2000 (n=9487) were reviewed retrospectively. In 503 consecutive homicides and 175 cases with lethal stabbing injuries, 13 intracranial stab wounds (7.4% of all stab injuries, 0.14% of all autopsies) were found. From these 13 cases, 6 cases showed non-lethal and 4 cases lethal brain injuries, 3 cases involved only penetration of the skull without injury to the brain parenchyma. This can be formulated into the following table: 

Figure 11.7: Severity Distribution for Head Injuries

	
	Injury Percentage
	Mortality

	Head injury
	7.4%
	30.8%


The force needed to perforate the skin was roughly 49.5 N, but this study shows that force of about 5x higher (255 N) is needed to perforated the temporal region and force of about 11x higher (540 N) is needed in the parietal region. However, since the impact on targets in experimental knife attacks are postulated to be within the range of 1000-2000 N, intracranial knife penetration can be expected if the blade is sharp and rigid, and the force created by the assailant high and the head of the victim fixed.

It can argued that since the mass of the weapon is negligibly small and so requires to be thrust onto a very small surface area, and that any movement of the skull relative to the stab direction would probably prevent skull penetration and cause the knife to be deflected.  However, if the impact force is high enough, severe intracranial penetration can occur.  

This means, if either the assailant is strong enough, or the knife is large, such that the mass is not negligible, severe injury can occur. 

In a study of stab wounds to the back and the flank, it was found that significant injuries are infrequent. Since the retroperitoneal structures at risk are well protected by dense layers of muscles, ribs, and the spine, visceral or vascular injury were uncommon compared with anterior abdominal stab wounds. 

The back was defined as the area extending from the tip of the scapula to the iliac crests and medial to the posterior axillary line. The flank was defined as the area extending from the sixth intercostal space to the iliac crest, between the anterior and posterior axillary lines

Two hundred three patients with stab wounds to the back and flank were identified during the study period. All patients survived to discharge. Forty-three patients (21%) had significant injuries. This can be translated as follow:  

· Mortality (0%)

· Likelihood of severe injury (21%)

· Likelihood of mild or moderated injury (79%)

In summary, all of the above information can be formulated as follows: 

Figure 11.8: Likelihood and Severity Distribution for Various Parts of the Body

	Body Part
	Likelihood of Injury
	Mortality

	Head
	7.4%
	30.8%

	Trunk
	92.6%
	7.8%

	Extremities
	
	0%


This seems to be in agreement with the reported 40% incidence of non-injurious penetrating stab wounds in assault cases. 

Based on the above table we were able to determine the likelihood the different injury severities for knife wounds. 

Figure 11.9: Likelihood and Severity Distribution for Various Parts of the Body

	Body Part
	Severity

	Head
	Severe

	Trunk
	7.8% Severe, 92.1% likelihood of being mild, moderate

	Extremities
	Mild


The following points must be reflected in our model: 

· Incapacitation may occur with stab wounds to the brain regardless of age.

· In addition, although injury to the trunk has low mortality rate, nevertheless it has a high likelihood of being seriously injured.

· With larger knives, the mass is not as negligible as the smaller knives, and also since they are larger, they are more capable of more severe injury than smaller knives since internal organs are more easily injured with larger knives. Therefore it is necessary to incorporate the severity of injury caused by different sizes of knife. 

12 Bullet Injuries

Bowyer et al. (1993) did a study of Gulf war wounds and the application of the Red Cross wound classification.  Recall wounds are graded by the amount of tissue damage: Grade 1, Grade 2, and Grade 3.  Here and in Coupland (1992) there are also typed by the structures involved soft tissue (ST), fractures (F), vital organ (V), and both fracture and vital organs (VF).  So, the wound categories from most severe are 3-VF, 2-VF, 3-V, 1-VF, 2-V, 3-F, 1-V, 2-F, 3-ST, 1-F, 2-ST, and 1-ST.  Bowyer and Coupland compiled data on bullet injuries in conflict and their Red Cross scores.  The combined results are below. 

Figure 12.1: Combined Bullet Injury – Structural & Tissue Damage

	 
	Grade
	 

	Type
	1
	2
	3
	Total

	ST
	22
	10
	5
	37

	F
	18
	26
	5
	49

	V
	7
	9
	1
	17

	VF
	6
	9
	1
	16

	Total
	53
	54
	12
	119


The 12 categories were grouped in pairs and matched with the abbreviated injury scale so 3-VF and 2-VF are grouped as “un-survivable”, 3-V and 1-VF as “critical”, and so on.  Based on the above table we were able to determine the likelihood the different injury severities for bullet wounds. 

Figure 12.2: Combined Bullet Injury – Structural & Tissue Damage

	Red Cross Score
	AIS
	AIS Description
	Likelihood (%)

	1-ST and 2-ST
	1
	Minor
	26.89

	1-F and 3-ST
	2
	Moderate
	19.33

	1-V and 2-F
	3
	Serious
	27.73

	2-V and 3-F
	4
	Severe
	11.76

	3-V and 1-VF
	5
	Critical
	5.88

	3-VF and 2-VF
	6
	Un-survivable
	8.40


In order for our model to be valid for gunshot wounds it must reflect the following points:

Incapacitation may occur with gunshot wounds to the brain and upper cervical cord (Karger, 1995) cited in 

http://medlib.med.utah.edu/WebPath/TUTORIAL/GUNS/GUNBLST.html).  So, regardless of age, gunshot wounds to the head from large and medium guns should be un-survivable and wounds inflicted by a smaller gun should be at least critical.  

Also, according to Karger (1995), rapid incapacitation may occur with massive bleeding from major blood vessels or the heart.  Our model should then reflect a critical wound when the agent is shot in the trunk with a large gun.  Likewise, it should come close with a medium weapon.  

A firearm is quite powerful and should easily fracture bone.  The smallest muzzle velocity found for a gun was 815 feet/sec or 240 m/s (website?) and velocity of 65 m/s is sufficient to fracture bone (Gugala and Lindsey 2003)   If a bone in fractured in a limb, limping is necessarily going to follow.  So, a shot to the limbs is going to be “serious” (limping badly).  

13 The “Golden Hour”

13.1 Main Idea

Notice that in the Final Figure we have two outputs Output1 referring to the state immediately after the injury and Output2 the state after an hour. This little change was made to account for Dr. Clarke statement about what he calls the Golden Hour: the gravity of an injury can quickly evolve in an hour. So for example a gun shot (or knife injury) will have always a “golden hour score” superior than 1 (because we want the injury to get more severe) because of the bleeding. But we will have cases where an injury will automatically tend to heal. For instance, a Rubber Bullet with a small capacity will have this tendency to auto heal. Nevertheless some “golden hour score” can remain the same (in these cases we assume that injury does not get bad but cannot auto cure. 

We will implement the same idea with different type of injuries. The following chart summarizes these different golden values.

Figure 13.1: Golden Hour Scores

	 
	"Golden hour" Score

	ClubLarge
	2

	ClubMedium
	1

	ClubSmall
	0.8

	GunLarge
	5

	GunMedium
	4

	GunSmall
	2

	KnifeLarge
	2

	KnifeMedium
	1.2

	KnifeSmall
	0.8

	RockLarge
	1.5

	RockMedium
	1.1

	RockSmall
	0.7

	RubberBulletLarge
	1.3

	RubberBulletMedium
	1

	RubberBulletSmall
	0.5


Also here we will not consider our usual equation about O2 delivery, Intracranial Pressure but rather potential Fractures and more rarely Hemorrhage. 

13.2 Summery Table with the Golden Hour

	Figure 13.1: Summary Table
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14 Accounting for Time Variation of Severity

As we have stated previously our injury reservoir will work in the following manner: The injury reservoir is full when the person is totally healthy. It decrease at the rate of e(-K1*T) and increase at the rate of 1-e(-K2*T).  Our purpose for output 2 was to find our K2.

We first thought that Output 2 would by itself represent a good way for model injury after an hour but, the linear way it was doing so was bothering us (usually injuries are model in an exponential way). 

In our model without reservoir we assume that the combination of Weapon Type and Weapon Capacity assigns a “golden hour score” (these values are by convention positive and chosen via assumption) to hour model and this score will determine (via multiplication) the value of output 2 (an hour after the injury). So, if this “golden hour score” is above 1 then the injury gets worse with time. Likewise, if it is below 1, then the injury will tend to auto heal (example of rubber bullet of small caliber on the head creates temporary dizziness but with no consequences). 

So we thought that a way to convert these golden hour score’s that we came with, could be converted to the other model (the one with the injury reservoir) by just subtracting 1 to  our golden hour score: K2 = 1 - golden hour score.

So that in the recovery part of the model if the golden hour score was below 1 (there is some recovery), then K2 is positive and 1-e(-K2*T) > 0 (the reservoir is being filled up).

Likewise, if the golden hour score was above 1 (there is no recovery), then K2 is negative and 1-e(-K2*T) < 0 (as T -> inf.) (The reservoir keeps draining).

But unfortunately we did not have time to find literature about this research potential but we thought that would be interesting to study open up to that topic.

So as a summery we will have the following:

SI standing for Severity injury;

SI(t) = SI0 * ψ(t)

With ψ(t) = e–(1-GH)t

It must be noted that the estimation of golden hour is at the best indicative of the direction. That is whether the condition of the injured is likely to: 

· Deteriorate, 

· Stay put, or 

· Improve. 

The numerical values are for illustration only and have not yet been tested. 

15 Conclusions

We have modeled the injuries sustained by agents during crowd rioting scenario through semi-quantitative scoring system. Based on parameters such as type and size of the weapon, vulnerability of the person injured, and the body part affected, we have derived this model of the injury. The project achieved a design, implementation and testing of Injury model using a selected paradigm of injury and damage.  Subsequently, the scores were calibrated and tested against the (different sets of) literature data. 

The tests indicate that the model performance corroborates very well with the literature information.  

16 Recommendations

Having developed and tested the model, we recommend that: 

· The final fine tuning of the model be carried out using expert input such as that of Dr Clarke;

· The injury model be incorporated into the physiology model; and 

· The implementation of the model is carried out through look up tables.

As an iterative model development process, we also recommend continued improvements to the injury model, time and resources permitting, particularly: 

· The time variation of the injury could also be calibrated against literature sources of information; 

· The model uses standard severity description according to AIS/OIS model. Use of severity terms in the literature often differs from that in our model. Although have been translating these while comparing severities, the literature values have not been compiled into single scale. 
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Appendix I:  Injury Model

Appendix II:  Injury Details - Miscellaneous

RANGES FOR HEMORRHAGE

From Neuman (1996) in its entirety

RM = Dr. Robert McNamara          |

TS = Dr. Thomas Santaro             |                    all of the Medical College of 

ST = Dr. Stanley Trooskin             |                                  Pennsylvania





         Systolic Arterial Pressure
Percentage Loss       

RM
TS
ST
Range

10




120
120
110
110-120

20




100
120
100
100-120

30




90
110
90
90-110

40




80
90
60
60-90

50




70
70
60
60-70

60




65
60
52
52-65

Smith and Kampine:95
Percentage Loss       

Mean Arterial Pressure

5-10





small change 

15-20





80-90 mmHg

20-30





60-80 mmHg

30-40





50-70 mmHg

Wounded to Dead Ratio in Conflicts

Mortality associated with use of weapons in armed conflicts, wartime atrocities, and civilian mass shootings: literature review, Robin M Coupland, surgeon,  David R Meddings, epidemiologist.  

	Table 1. Numbers of people wounded and killed by conventional weapons in conflicts during or after second world war as reported in medical literature

	
	Source
	Year
	Wounded
	Killed
	Wounded to killed ratio

	
	United States

	Second world war (Italy)2
	1944-5
	76 351
	27 953
	 2.7

	Vietnam (Marine Corps)3
	1964-73
	51 399
	12 944
	 4.0

	Panama4
	1989
	   325
	    25
	13.0

	Mogadishu raid3
	1993
	    70
	    18
	 3.9

	United Kingdom

	Malaya (rifles)5
	1952-3
	   388
	   204
	 1.9

	Northern Ireland (British army)6
	1970-80
	  1700
	   300
	 5.7

	  Low velocity bullets
		    362
	    13
	27.8

	  High velocity bullets
		   169
	    75
	 2.2

	Northern Ireland (explosions only)7
	1970-84
	   612
	   216
	 2.8

	Israel

	Lebanon8
	1982
	  1599
	   351
	 4.5

	Croatia

	Former Yugoslavia9
	1991-2
	    78
	    15
	 5.2


	


	Table 2. Numbers of people wounded and killed in civilian mass shootings as reported in medical literature

	
	Mass shooting
	Year
	Wounded
	Killed
	Wounded to killed ratio

	
	St Valentine's Day massacre23
	1929
	1
	6
	0.17

	Katyn Forest massacre14
	1940
	0
	4143
	0

	Houston25
	1963
	44
	14
	3.14

	Wah Mee massacre25
	1983
	0
	13
	0

	San Diego McDonald's19
	1984
	11
	21
	0.52

	Palm Bay21
	1987
	14
	6
	2.33

	Melbourne19
	1987
	19
	7
	2.71

	Melbourne19
	1987
	5
	9
	0.55

	Hungerford18
	1987
	13
	17
	0.76

	Sydney19
	1991
	0
	7
	0

	Killeen massacre22
	1991
	40
	24
	1.67

	Fairchild20
	1994
	22
	5
	4.4

	Case report24
	1996
	1
	3
	0.33


	


	Table 3. Numbers of people wounded and killed in incomplete and unverified selection of military incidents from January 1996 to end of 1998, as reported by BBC radio's World Service

	
	Incident
	Wounded
	Killed
	Wounded to killed ratio

	
	1996
			
	Mogadishu (fighting)
	400
	100
	4.0

	Israel/Lebanon (bombing)
	400
	100
	4.0

	Saudi Arabia (US Airbase bomb)
	160
	19
	8.4

	Jakarta (fighting/riots)
	90
	2
	45.0

	Sri Lanka (shelling/bombing)
	100
	30
	3.3

	Kashmir (grenade incident)
	20
	1
	20.0

	Israel/Palestine (fighting)
	435
	55
	7.9

	Nouth Korean submarine (fighting)
	0
	21
	0

	Copenhagen (antitank missile)
	17
	2
	8.5

	1997
			
	Tel Aviv (bomb)
	30
	4
	7.5

	Sri Lanka (fighting, Tamil casualties)
	70
	80
	0.87

	Peru (raid on Japanese embassy)
	0
	14
	0

	Karachi (fighting/riot control)
	22
	2
	11.0

	1998
			
	Uganda (fighting)
	12
	4
	3.0

	Freetown (airstrike)
	28
	4
	7.0

	Sri Lanka (fighting, government casualties)
	200
	35
	5.7
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