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Series 1: General Principles of Surgical and
Trauma Care

Part 1.1: Principles of Surgical Assessment and Decision-Making
o Sub Part 1.1.1: Principles of surgical history and examination in trauma
o Sub Part 1.1.2: Principles of clinical decision-making under uncertainty

o Sub Part 1.1.3: Principles of informed consent in/emergency surgery

Part 1.2: Principles of Wound Healing and Surgical Asepsis
o Sub Part 1.2.1: Phases of wound healing
o Sub Part 1.2.2: Principles of surgical asepsis and infection prevention

o Sub Part 1.2.3: Principles of wound closure

Part 1.3: Principles of Perioperative Care
o Sub Part 1.3.1: Principles of fluid and electrolyte management
o Sub Part 1.3.2: Principles of nutrition in the surgical patient

o Sub Part 1.3.3: Principles of pain management

Part 1.4: Principles of Trauma Systems and Damage Control
o | Sub Part 1.4.1: Principles of trauma systems and triage
o Sub Part1.4.2: Principles of damage control surgery

o  Sub Part 1.4.3: Principles of team-based trauma care

Introduction
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Every surgical specialty covered elsewhere in your training rests on a shared foundation of
principles that apply regardless of which organ system or anatomical region is involved, and this
opening Series of Special Topics in Surgery sets out to make that shared foundation explicit.
From how a decision to operate is reached, through how a wound actually heals, to how a
hospital organises itself to receive an acutely injured patient, these principles cut across every
surgical specialty rather than belonging to any single one.

The aim of this Series is to equip you with a sound understanding of the principles-of surgical
assessment and decision-making, wound healing and surgical asepsis, perioperative care, and
trauma systems and damage control surgery. Mastering these general principles now gives you a
genuinely transferable foundation that will serve you across every subsequent Series.in this
course and, indeed, across the whole of surgical practice.

This Series opens with principles of surgical assessment and decision-making, moves through
wound healing and surgical asepsis and perioperative care, and closes with trauma systems
and damage control.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: describe the principles of surgical assessment and clinical decision-making

e SLO 1.2: discuss the principles of informed consent in emergency surgery

e SLO 1.3: describe the phases of wound healing

e SLO 1.4: discuss the principles of surgical asepsis and wound closure

e SLO 1.5: describe the principles of fluid, electrolyte, and nutritional management in the
surgical patient

e SLO 1.6: discuss the principles of pain management in surgical practice

e SLO 1.7: describe the principles of trauma systems and triage

e ' SLO 1.8: discuss the principles of damage control surgery and team-based trauma care
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1.1 Principles of Surgical Assessment and Decision-Making

1.1.1 principles of surgical history and examination in trauma

The same discipline, applied under time pressure

A thorough surgical history, covering the mechanism of injury, timing, associated symptoms,
and relevant past medical and medication history, remains just as essential in the trauma setting
as in elective practice, even though it must often be obtained rapidly and, where the patient
cannot provide it themselves, supplemented by information from paramedics, witnesses, or
accompanying family members.

Examination in the acutely injured patient follows a structured, prioritised sequence, addressing
immediately life-threatening problems first before proceeding to a more detailed secondary
survey, a principle that applies across every category of trauma regardless of the specific
mechanism or body region involved, and one that this Series willreturn to repeatedly in the
context of the polytraumatised patient covered later in'this course.

Fill in the blank: Trauma history taking is often supplemented by information from paramedics,
witnesses, or accompanying

1.1.2 principles of clinical decision-making under uncertainty

Deciding well when the full picture is not yet available

Surgical decision-making frequently occurs under genuine uncertainty, particularly in the acute
setting, where imaging.may be incomplete, the patient's full history is unavailable, or the clinical
picture is still evolving, and sound decision-making under these conditions relies on weighing
the available evidence, applying clinical judgement grounded in pattern recognition and
experience, and remaining willing to revise an initial working diagnosis as new information
emerges.

A structured approach, considering the differential diagnosis, the consequences of being wrong
in either direction; and the reversibility of any chosen course of action, helps guard against both
premature closure, settling on a diagnosis too early, and paralysis by excessive caution, and
experienced surgeons genuinely develop a calibrated sense of when further investigation is
warranted and when timely action, even with incomplete information, is the safer choice for the
patient.

Fill in the blank: Premature closure describes settling on a diagnosis too in the
decision-making process.
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1.1.3 principles of informed consent in emergency surgery

Preserving patient autonomy even when time is short

Informed consent requires that a patient understands the nature, purpose, risks, and alternatives
of a proposed procedure before agreeing to proceed, and, while this discussion must often be
considerably abbreviated in a genuine emergency compared with elective practice, the
underlying principle of respecting patient autonomy remains genuinely unchanged, and every
reasonable effort should still be made to communicate clearly even under significant time
pressure.

Where a patient lacks capacity to consent, whether from reduced conscious level, intoxication, or
the severity of their injury, and delay would be genuinely dangerous, treatment can proceed
under the principle of necessity, acting in the patient's best interests to preserve life or prevent
serious deterioration, though this exception must be applied carefully and should never be used
as a shortcut around genuine, achievable communication with a patient who does in fact retain
capacity.

Fill in the blank: Where a patient lacks capacity and delay would be dangerous, treatment can
proceed under the principle of
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Figure 1.1: A surgeon explaining a proposed emergency procedure to a patient before obtaining
consent.

Pilot questions 1.1

1. List the key elements of a trauma surgical history. (Linked to SLO 1.1)

2. Describe the prioritised sequence followed in trauma examination. (Linked to SLO 1.1)

3. Describe premature closure and paralysis by excessive caution as opposite decision-
making pitfalls. (Linked to SLO 1.1)

4. Define informed consent. (Linked to SLO 1.2)

5. Explain the principle of necessity in emergency treatment without consent. (Linked to
SLO 1.2)
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1.2 Principles of Wound Healing and Surgical Asepsis

1.2.1 phases of wound healing

A predictable, overlapping biological sequence

Wound healing progresses through four overlapping phases: haemostasis, occurring within
minutes of injury as platelets and clotting factors stem bleeding, inflammation, lasting several
days as immune cells clear debris and bacteria, proliferation, over the following weeks as new
tissue, blood vessels, and collagen are laid down, and remodelling, continuing for many months
as collagen reorganises and tensile strength gradually increases.

Understanding this normal sequence allows a clinician to recognise when healing is progressing
appropriately and, genuinely importantly, to identify when it has stalled or deviated from the
expected pattern, since factors such as infection, poor nutrition, diabetes, and smoking can each
disrupt this sequence at different stages, and recognising which phase appears disrupted can
meaningfully guide the specific intervention chosen to'support healing.

Fill in the blank: Wound healing progresses through haemostasis, inflammation, proliferation,
and

1.2.2 principles of surgical asepsis'and infection prevention

Keeping bacteria out of places they should never reach

Surgical asepsis, maintaining a sterile field free from microorganisms throughout a procedure,
rests on established principles including sterilisation of instruments, appropriate skin preparation,
sterile draping, and strict adherence to sterile technique by every member of the surgical team,
since a single breach at any point in this chain can introduce infection regardless of how
carefully every other step was performed.

Surgical site infection prevention extends beyond the operating theatre itself, including
appropriate preoperative antibiotic prophylaxis where indicated, careful glycaemic control,
maintaining normal body temperature during surgery, and meticulous postoperative wound care,
and the World Health Organization's surgical safety checklist, formally verifying key safety steps
before, during, and after every procedure, has meaningfully reduced surgical complications since
its widespread adoption.
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Fill in the blank: The World Health Organization's surgical safety checklist verifies key safety
steps before, during, and every procedure.

1.2.3 principles of wound closure

Matching the closure technique to the wound

Wound closure follows one of three intentions: primary intention, direct apposition of clean
wound edges, typically used for surgical incisions and clean lacerations, secondary intention,
allowing a wound to heal by granulation and re-epithelialisation without formal closure, used for
contaminated or infected wounds where primary closure would risk trapping infection, and
delayed primary closure, formally closing the wound several days after the initial injury once
the risk of infection has been genuinely reduced through interval wound care.

Choosing the correct closure intention depends on the wound's degree of contamination, the time
elapsed since injury, and the specific tissue involved, and applying the wrong closure technique,
most commonly attempting primary closure of a genuinely contaminated wound, carries a
significant risk of subsequent infection and wound. breakdown, making this a genuinely
consequential decision rather than a matter of surgeon preference alone.

Fill in the blank: Secondary intention allows a wound to heal by granulation without formal

Table 1.1: The four phases of wound healing

Phase Approximate timing Key process

Haemostasis Minutes after injury Platelet plug and clot formation

Immune cell clearance of debris

Inflammation First few days .
and bacteria

Proliferation Following weeks New tissue, vessel, and collagen

formation

Pilot questions 1.2

1. List the four phases of wound healing in order. (Linked to SLO 1.3)

2. Explain why recognising the disrupted phase of healing matters clinically. (Linked to
SLO 1.3)

3. Describe the key principles underlying surgical asepsis. (Linked to SLO 1.4)

4. Explain the purpose of the surgical safety checklist. (Linked to SLO 1.4)
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5. Distinguish primary from secondary intention wound closure. (Linked to SLO 1.4)

1.3 Principles of Perioperative Care

1.3.1 principles of fluid and electrolyte management

Keeping the internal environment stable

Surgical patients require careful attention to fluid and electrolyte balance, since surgery itself,
alongside blood loss, third-space fluid shifts, and the physiological stress response, can
meaningfully disrupt normal homeostasis, and appropriate intravenous fluid prescribing requires
considering the patient's baseline requirements, ongoing losses, and any pre-existing deficit,
rather than applying a single fixed fluid regimen indiscriminately to every patient.

Electrolyte disturbances, particularly of sodium and potassium, are common in the
perioperative period and can have serious consequences if unrecognised, including cardiac
arrhythmia from significant potassium derangement, making regular monitoring and prompt
correction a genuinely essential part of safe perioperative care, particularly in patients
undergoing major or prolonged surgical procedures:

Fill in the blank: Significant potassium derangement can cause serious cardiac

1.3.2 principlesiofmutrition in the surgical patient

Healing requires more than a well-executed operation

Nutritional status directly affects a surgical patient's ability to heal, fight infection, and recover
functional independence, and malnutrition, whether from chronic illness, reduced intake, or the
catabolic stress response to major surgery or trauma itself, is a genuinely under-recognised risk
factor for poor surgical outcomes that deserves proactive screening and management rather than
being addressed only once a complication has already developed.

Enteral nutrition, feeding via the gastrointestinal tract, is generally preferred over parenteral
nutrition, feeding directly into the bloodstream, wherever the gut is functional, given its lower
complication rate and the benefit of maintaining gut mucosal integrity, and early nutritional
support, rather than prolonged fasting, is now recognised as genuinely beneficial for recovery
across most surgical and trauma patients.
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Fill in the blank: Enteral nutrition is generally preferred over parenteral nutrition wherever the
gut is

1.3.3 principles of pain management

Comfort as a genuine clinical priority, not an afterthought

Effective pain management in surgical and trauma patients requires a structured, stepwise
approach, often described using the analgesic ladder, moving from simple analgesics through
weak and then strong opioids as required, alongside adjunct techniques such as regional nerve
blocks or epidural analgesia for appropriate procedures, since inadequately controlled pain has
genuine physiological consequences beyond simple discomfort, including impaired breathing
and delayed mobilisation.

Multimodal analgesia, combining several classes of analgesic acting through different
mechanisms, generally provides superior pain control with fewerside effects than relying on a
single agent alone, particularly high-dose opioids, and regular reassessment of pain using a
structured scoring tool allows the analgesic.plan to.be adjusted responsively rather than left static
regardless of how the patient's pain is actually evolving over the course of their recovery.

Fill in the blank: Multimodal analgesia combines several classes of analgesic acting through
different
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Figure 1.2: A dietitian reviewing a surgical patient's nutritional plan at the bedside.

Pilot questions 1.3

1.

Explain why fluid prescribing should be individualised rather than fixed. (Linked to SLO
1.5)

Describe a serious ¢onsequence of unrecognised potassium derangement. (Linked to SLO
1.5)

Explain why enteral nutrition is generally preferred over parenteral nutrition. (Linked to
SLO 1.5)

Describe the analgesic ladder approach to pain management. (Linked to SLO 1.6)
Explain the benefit of multimodal analgesia over a single agent alone. (Linked to SLO
1.6)
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1.4 Principles of Trauma Systems and Damage Control

1.4.1 principles of trauma systems and triage

Organising care before the patient even arrives

A trauma system, coordinating prehospital care, transport, and hospital-based treatment across a
defined region, aims to ensure that an injured patient reaches the facility best equipped to
manage their specific injuries within the shortest appropriate time, and established trauma
systems, directing the most severely injured patients preferentially to designated major trauma
centres, have been shown to meaningfully improve survival compared with less organised
systems of care.

Triage, the process of sorting patients by the urgency and severity of their condition, occurs both
at the scene of an incident and on arrival at hospital, and relies on structured, reproducible
assessment tools rather than subjective impression alone, ensuring that limited resources,
whether prehospital transport, trauma bay capacity, orimmediate surgical intervention, are
directed towards those patients who will benefit most urgently from them.

Fill in the blank: Triage relies on structured, reproducible assessment tools rather than
subjective alone.

1.4.2 principles of damage eontrol'surgery

Survival first, definitive repair later

Damage control surgery prioritises rapid control of haemorrhage and contamination over
definitive anatomical repair in the critically injured patient, deliberately accepting a shorter, less
complete initial operation to prevent the patient succumbing to the lethal combination of
hypothermia, acidosis, and coagulopathy, sometimes referred to as the lethal triad, that can
otherwise develop during a prolonged definitive procedure in an already physiologically
exhausted patient.

Following initial damage control surgery, the patient is transferred to intensive care for
physiological resuscitation and correction of the lethal triad before returning to theatre, often
within twenty-four to forty-eight hours, for definitive repair once genuinely stable, a staged
approach that has meaningfully improved survival in the most severely injured patients
compared with attempting complete definitive repair in a single, prolonged initial operation.

Fill in the blank: Damage control surgery aims to prevent the lethal triad of hypothermia,
acidosis, and
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1.4.3 principles of team-based trauma care

No single clinician manages a major trauma alone

Effective trauma care depends genuinely on coordinated team-based management, with a
clearly designated team leader, defined roles for each team member, and structured, closed-loop
communication ensuring that instructions are correctly received and actioned, since a chaotic,
poorly coordinated response to a critically injured patient, however individually skilled each
team member may be, meaningfully increases the risk of missed injuries and delayed treatment.

Simulation-based training, rehearsing trauma team dynamies and communication in a realistic
but consequence-free environment, has become an increasingly important component of trauma
team preparation, allowing teams to identify and address weaknesses in their coordination before
facing a genuine critically injured patient, and this structured, team-based approach closes the
loop back to the general principles of assessment and decision-making that opened this Series.

Fill in the blank: Structured, closed-loop communication ensures that instructions are correctly
received and

Table 1.2: Common trauma triage categories

Category Description Priority
Life-threatening injury,
Immediate salvageable with prompt Highest
treatment
Significant injury, treatment
Urgent can be briefly delayed Second
Delayed Minor injury, treatment can Lowest among the injured

wait safely

Pilot questions 1.4

1. Explain the purpose of an organised trauma system. (Linked to SLO 1.7)

2. Describe the purpose of triage. (Linked to SLO 1.7)

3. Describe damage control surgery and the lethal triad it aims to prevent. (Linked to SLO
1.8)
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4. Describe what typically happens after initial damage control surgery. (Linked to SLO
1.8)

5. Explain why team-based trauma care matters even when individual clinicians are highly
skilled. (Linked to SLO 1.8)

Series Summary

This opening Series built the general principles that underpin every surgical specialty covered in
this course. Part 1.1 covered surgical assessment, clinical decision-making, and informed
consent, while Part 1.2 turned to the phases of wound healing, surgical asepsis, and wound
closure. Part 1.3 covered the principles of perioperative fluid, nutritional, and pain management,
and Part 1.4 closed with trauma systems, triage, damage control surgery, and team-based trauma
care.

You should now be able to describe and apply the general principles covered across all four Parts
of this Series, forming a transferable foundation for the rest of this course, meeting the outcomes
set for this Series. Series 2 turns next to the acutely injured, polytraumatised patient.

Glossary of Terms

o Damage control surgery: an abbreviated initial operation prioritising haemorrhage and
contamination control.

e Delayed primary closure: formal wound closure performed several days after injury
once infection risk is reduced.

o Informed consent: voluntary agreement to treatment based on understanding of risks,
benefits, and alternatives.

o Lethal triad: the combination of hypothermia, acidosis, and coagulopathy in the
critically injured patient.

e . Multimodal analgesia: pain management combining several analgesic classes acting
through different mechanisms.

o Primary intention: wound closure by direct apposition of clean wound edges.

e Secondary intention: wound healing by granulation and re-epithelialisation without
formal closure.

o Surgical asepsis: maintaining a sterile field free from microorganisms during a
procedure.
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o Surgical safety checklist: a formal verification of key safety steps before, during, and
after surgery.

e Trauma system: coordinated prehospital and hospital care across a region for injured
patients.

o Triage: the process of sorting patients by the urgency and severity of their condition.

e Wound healing: the biological process by which injured tissue repairs itself in
overlapping phases.

Concept Check Questions [Series 1]

Objective questions

1. Trauma history taking is often supplemented by information from paramedics, witnesses,
or accompanying . (Linked to SLO 1.1)
2. Wound healing progresses through haemostasis,.inflammation, proliferation, and
. (Linked to SLO 1.3)
3. Significant potassium derangement can cause serious cardiac . (Linked to SLO
1.5)
4. Damage control surgery aims to prevent the lethal triad of hypothermia, acidosis, and
. (Linked to SLO 1.8)
5. Triage relies on structured, reproducible assessment tools rather than subjective
alone. (Linked to SLO 1.7)

Short-answer questions

6. Explain the principle of neeessity in emergency treatment without consent. (Linked to

SLO 1.2)

Distinguish primary from secondary intention wound closure. (Linked to SLO 1.4)

Explain why enteral nutrition is generally preferred over parenteral nutrition. (Linked to

SLO.1.5)

9. Describe the analgesic ladder approach to pain management. (Linked to SLO 1.6)

10. Describe what typically happens after initial damage control surgery. (Linked to SLO
1.8)

Sl

Long-answer questions

11. Discuss the principles of surgical assessment, decision-making, and informed consent.
(Linked to SLO 1.1, 1.2)
12. Describe the phases of wound healing and the principles of surgical asepsis and wound
closure. (Linked to SLO 1.3, 1.4)
o
D
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13. Discuss the principles of fluid, nutritional, and pain management in the surgical patient.
(Linked to SLO 1.5, 1.6)

14. Describe the principles of trauma systems and triage. (Linked to SLO 1.7)

15. Discuss damage control surgery and team-based trauma care. (Linked to SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

1. Family.

2. Remodelling.
3. Arrhythmia.

4. Coagulopathy.
5. Impression.

Short-answer questions

6. When a patient lacks capacity and delay would be dangerous, treatment proceeds in the
patient's best interests to preserve life.

7. Primary intention directly apposes clean wound edges, while secondary intention allows
healing by granulation-without formal closure.

8. Enteral nutrition has a lower complication rate and maintains gut mucosal integrity
compared with parenteral feeding.

9. The analgesic ladder moves stepwise from simple analgesics through weak and then
strong opioids as required.

10. The patient is transferred to intensive care for resuscitation before returning to theatre for
definitive repair once stable.

Long-answer questions

11. Basic response: Assessment follows a structured, prioritised history and examination;
decision-making under uncertainty balances premature closure against excessive caution;
informed consent respects patient autonomy even when abbreviated in emergencies.

Value-added response: A value-added response notes that the principle of necessity
allows treatment without consent only when capacity is lacking and delay would be
dangerous.
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12. Basic response: Wound healing progresses through haemostasis, inflammation,
proliferation, and remodelling; surgical asepsis relies on sterilisation, draping, and
technique; wound closure follows primary, secondary, or delayed primary intention
depending on contamination.

Value-added response: A value-added response notes that the surgical safety checklist
has meaningfully reduced complications since its widespread adoption.

13. Basic response: Fluid and electrolyte management requires individualised prescribing
given surgical stress and losses; nutrition favours early enteral feeding where the gut is
functional; pain management uses a stepwise, multimodal approach.

Value-added response: A value-added response notes that malnutrition is an under-
recognised risk factor for poor surgical outcomes deserving proactive sereening.

14. Basic response: Trauma systems coordinate prehospital and hospital care to direct
patients to the most appropriate facility; triage sorts patients by urgency using structured,
reproducible tools rather than subjective impression.

Value-added response: A value-added response notes that organised trauma systems
have been shown to meaningfully improve survival compared with less organised
systems of care.

15. Basic response: Damage control surgery prioritises rapid haemorrhage and
contamination control over definitive repair to avoid the lethal triad; team-based care
relies on clear leadership, defined roles, and closed-loop communication.

Value-added response: A value-added response notes that simulation-based training
helps teams identify coordination weaknesses before facing a genuine critically injured
patient.

Answers to Pilot Questions [Series 1]

Part 1.1

1. Key elements include mechanism, timing, associated symptoms, and relevant past
medical and medication history.
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The sequence addresses immediately life-threatening problems first before a detailed
secondary survey.

Premature closure settles on a diagnosis too early, while excessive caution delays timely
action unnecessarily.

Informed consent is voluntary agreement based on understanding the nature, purpose,
risks, and alternatives of treatment.

Under necessity, treatment proceeds in the patient's best interests when capacity is
lacking and delay would be dangerous.

Part 1.2

The four phases are haemostasis, inflammation, proliferation, and remodelling.
Recognising the disrupted phase guides the specific intervention chosen to support
healing.

Principles include sterilisation, skin preparation, sterile draping, and strict adherence to
sterile technique.

The checklist formally verifies key safety steps before, during; and after every procedure.
Primary intention directly apposes wound edges, while secondary intention heals by
granulation without closure.

Part 1.3

Fluid needs vary with baseline requirements, ongoing losses, and pre-existing deficit, so a
fixed regimen is inappropriate.

Significant potassium derangement can cause serious cardiac arrhythmia.

Enteral nutrition has a lower complication rate and maintains gut mucosal integrity.

The analgesic ladder moves stepwise from simple analgesics through weak and then
strong opioids as needed.

Multimodal analgesia provides superior pain control with fewer side effects than a single
agent alone:

Part 1.4

A trauma system ensures an injured patient reaches the best-equipped facility within the
shortest appropriate time.

Triage sorts patients by the urgency and severity of their condition to direct limited
resources appropriately.

Damage control surgery prioritises rapid haemorrhage and contamination control to avoid
the lethal triad of hypothermia, acidosis, and coagulopathy.

The patient is transferred to intensive care for resuscitation before returning to theatre for
definitive repair.
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5. Poorly coordinated teams increase the risk of missed injuries and delayed treatment
regardless of individual skill.

References and Attributions [Series 1]

e Williams, N. S., Bulstrode, C. J. K., & O'Connell, P. R. (2018). Bailey and Love's Short
Practice of Surgery (27th ed.). CRC Press.

e American College of Surgeons (2018). Advanced Trauma Life Support Student Course
Manual (10th ed.). American College of Surgeons.

e World Health Organization (2009). WHO Guidelines for Safe Surgery. World Health
Organization.

e Sabiston, D. C., & Townsend, C. M. (2021). Sabiston Textbook of Surgery (21st ed.).
Elsevier.

Figures, Plates, Tables, and Boxes

e Figure 1.1: A surgeon explaining a proposed emergency procedure to a patient before
obtaining consent. Al-generated using the prompt: "Create a realistic clinical illustration
titled Obtaining Consent Before Emergency Surgery, showing a surgeon seated beside a
patient's bed, speaking with clear body language and gesturing towards a simple diagram,
emergency department setting. Clean clinical illustration style, no text."

e Table 1.1: The four phases of wound healing. Al-generated using the prompt: "Create a
clean reference table titled The Four Phases of Wound Healing, listing phase,
approximate timing, and key process. Simple clinical reference table style with outside
border."

o Figure 1.2: A dietitian reviewing a surgical patient's nutritional plan at the bedside. Al-
generated using the prompt: "Create a realistic clinical illustration titled Reviewing a
Surgical Patient's Nutritional Plan, showing a dietitian seated beside a hospital bed
discussing a feeding chart with a patient, ward setting. Clean clinical illustration style, no
text."

e  Table 1.2: Common trauma triage categories. Al-generated using the prompt: "Create a
clean reference table titled Common Trauma Triage Categories, listing category,
description, and priority. Simple clinical reference table style with outside border."

-
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Course code: SUG 607

Course title: Special Topics in Surgery

Course credit load: 2 Units

Series 2: The Acutely Injured, Polytraumatised
Patient

e Part 2.1: Primary Survey in the Polytraumatised Patient
o Sub Part 2.1.1: Airway and cervical spine control
o Sub Part 2.1.2: Breathing and ventilation assessment
o Sub Part 2.1.3: Circulation and haemorrhage control
o Part 2.2: Disability, Exposure, and Secondary Survey
o Sub Part 2.2.1: Disability: neurological assessment in trauma
o Sub Part 2.2.2: Exposure and environmental control
o Sub Part 2.2.3: Secondary survey
e Part 2.3: Haemorrhagic Shock and Resuscitation
o Sub Part 2.3.1: Classification of haemorrhagic shock
o SubPart2.3.2: Principles of trauma resuscitation
o Sub Part 2.3.3: Massive transfusion protocol
o Part 2.4: Specific Considerations in Polytrauma
o Sub Part2.4.1: Abdominal trauma in the polytraumatised patient
o Sub Part 2.4.2: Pelvic and long bone fracture in polytrauma

o Sub Part 2.4.3: Missed injury and tertiary survey

Introduction

Building directly on the general principles established in Series 1, this Series turns to the
specific, structured approach demanded by the acutely injured, polytraumatised patient,

r;j

a-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



someone with significant injuries affecting more than one body system simultaneously, where
the sequence and speed of assessment genuinely determines outcome. The systematic primary
and secondary survey approach at the heart of this Series is arguably the single most important
structured skill in the whole of trauma surgery.

The aim of this Series is to equip you with the ability to perform a structured primary survey
addressing airway, breathing, circulation, disability, and exposure, conduct a thorough secondary
survey, classify and manage haemorrhagic shock including massive transfusion, and recognise
the specific considerations relevant to abdominal, pelvic, and long bone injury in polytrauma,
alongside the tertiary survey that guards against missed injury.

This Series opens with the primary survey, moves through disability, exposure, and
secondary survey and haemorrhagic shock and resuscitation, and closes with specific
considerations in polytrauma.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 2.1: describe airway and cervical spine control in the polytraumatised patient
e SLO 2.2: describe the assessment of breathing and circulation in trauma

e SLO 2.3: describe disability assessment and exposure in trauma

e SLO 2.4: discuss the components of the secondary survey

e SLO 2.5: classify haemorrhagic shock

e SLO 2.6: describe the principles of trauma resuscitation and massive transfusion

e SLO 2.7: discuss abdominal, pelvic, and long bone injury in polytrauma

e SLO 2:8: describe the tertiary survey and the prevention of missed injury

2.1 Primary Suxvey in the Polytraumatised Patient

2.1.1 airway and cervical spine control

The first priority, every single time

Airway assessment is always the first priority in the primary survey, since an obstructed airway
kills faster than any other injury, and simple manoeuvres such as chin lift or jaw thrust,

suctioning of blood or debris, and, where necessary, definitive airway management through
intubation, are performed while simultaneously maintaining cervical spine control, since the
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mechanism of injury producing significant trauma frequently carries genuine risk of an
associated, potentially unstable cervical spine injury.

Manual in-line stabilisation of the cervical spine, or, once practical, a properly fitted rigid collar,
is maintained throughout airway management and indeed the remainder of the primary survey
until spinal injury has been confidently excluded, since careless neck movement during airway
manoeuvres in a patient with an undiagnosed unstable fracture can convert a manageable injury
into a devastating, permanent spinal cord injury.

Fill in the blank: Cervical spine control is maintained until spinal injury has been confidently

2.1.2 breathing and ventilation assessment
Confirming the airway is actually delivering oxygen

Breathing assessment follows immediately once theairway is secured, examining for adequate
respiratory rate and effort, chest wall symmetry, and auscultating for equal, bilateral breath
sounds, while actively looking for anddmmediately treating the specific life-threatening chest
injuries already discussed in an earlier course, tension pneumothorax, open pneumothorax,
massive haemothorax, and flail chest with significant pulmonary contusion.

Pulse oximetry provides a rapid, continuous measure of oxygen saturation, though it must be
interpreted alongside the clinical picture rather than in isolation, since a patient can deteriorate
significantly in respiratory effort before saturation drops meaningfully, particularly if
supplemental oxygen is already being administered, making ongoing clinical observation
genuinely as important as the numerical reading itself.

Fill in the blank: A patient can deteriorate significantly in respiratory effort before oxygen
drops meaningfully.

2.1.3 circulation and haemorrhage control
Finding and stopping the bleeding, fast

Circulation assessment examines pulse rate and character, blood pressure, capillary refill, and
skin.colour and temperature, alongside actively identifying and controlling any external
haemorrhage through direct pressure, wound packing, or a tourniquet for genuinely life-
threatening limb haemorrhage, since uncontrolled external bleeding remains one of the most
preventable causes of trauma death when addressed promptly and confidently.
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Internal haemorrhage, into the chest, abdomen, pelvis, or long bones, is not directly visible but
must be actively considered and searched for through examination and, where indicated, focused
imaging, since a haemodynamically unstable trauma patient without obvious external bleeding
should always prompt urgent evaluation for one of these internal sources rather than being
managed with fluid resuscitation alone while the actual source of bleeding remains unaddressed.

Fill in the blank: A tourniquet may be used for genuinely life-threatening limb
haemorrhage.

e ——

-
i
-
-

=3

_—

e 4 “

e
. = .
- ke 2 _ P B
‘llnl.::..' " : il
= -:llu..f A P
o] .
L < T '.“Aﬁ‘fd

Figure 2.1: A trauma team securing the airway while maintaining manual in-line cervical spine
stabilisation.

Pilot questions 2.1

o Explain why airway is always the first priority in trauma assessment. (Linked to SLO 2.1)

o Describe how cervical spine control is maintained during airway management. (Linked to
SLO2.1)

o List the life-threatening chest injuries actively sought during breathing assessment.
(Linked to SLO 2.2)

o Explain a limitation of relying on pulse oximetry alone. (Linked to SLO 2.2)

e Describe how external haemorrhage is controlled in the primary survey. (Linked to SLO
2.2)
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2.2 Disability, Exposure, and Secondary Survey
2.2.1 disability: neurological assessment in trauma
A rapid neurological snapshot within the primary survey

Disability assessment within the primary survey involves a rapid neurological evaluation,
typically using the Glasgow Coma Scale already covered in an earlier course, alongside pupillary
examination and a quick assessment of gross limb movement, providingan essential baseline
against which any subsequent change can be measured and prompting further, more detailed
neurological assessment where an abnormality is identified.

Blood glucose measurement is also routinely performed at this stage, since hypoglycaemia can
produce a reduced conscious level that is entirely reversible with prompt treatment and must
never be overlooked or attributed automatically to head injury alone, particularly in a patient
where the mechanism or clinical picture leaves genuine diagnostic uncertainty about the cause of
altered consciousness.

Fill in the blank: Blood glucose measurement identifies hypoglycaemia, a reversible cause of
reduced conscious

2.2.2 exposure and environmental control
Seeing everything, while protecting against a new problem

Exposure involves fully undressing the patient to allow complete examination for injuries that
might otherwise be missed, since clothing can conceal significant wounds, and this step, while
sometimes uncomfortable for the patient, is a genuinely essential part of thorough trauma
assessment that should never be skipped for the sake of speed or modesty alone.

Environmental control, actively preventing hypothermia through warmed fluids, blankets, and
a warmed environment, immediately follows exposure, since a fully exposed trauma patient is at
genuine risk of rapidly developing hypothermia, itself a component of the lethal triad already
discussed in relation to damage control surgery, making this an essential paired step rather than
an optional afterthought.

Fill in the blank: A fully exposed trauma patient is at genuine risk of rapidly developing
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2.2.3 secondary survey
A thorough head-to-toe examination, once primary survey is complete

The secondary survey, a systematic head-to-toe examination performed once the primary survey
is complete and any immediately life-threatening problems have been addressed, includes a
detailed history, often structured using a standard mnemonic covering allergies, medications,
past history, last meal, and events surrounding the injury, alongside comprehensive examination
of every body region in a consistent, reproducible order.

This thorough, systematic approach genuinely reduces the risk of missing a significant injury,
since a patient with an obvious, dramatic injury can easily distract attention from a second, less
visually striking but equally important injury elsewhere, and the discipline of completing a full
secondary survey regardless of how the primary survey findings-might seem to already explain
the clinical picture is a genuinely important habit for any trauma clinician to develop.

Fill in the blank: A dramatic, obvious injury can easily distract attention from a second, less
visually striking but equally important

Table 2.1: Components of the trauma secondary survey

Component Focus Example

Histo Structured mnemonic-based | Allergies, medications, past
ry history history, last meal, events

. ) ) Scalp, face, neck, chest,
Head to toe examination Systematic, consistent order ..
abdomen, pelvis, limbs, back
. Targeted investigations as Imaging, laboratory tests,
Adjuncts o & £TE, 10 Y
indicated further specific assessment

Pilot questions 2.2

1.. Describe the disability assessment performed in the primary survey. (Linked to SLO 2.3)

2. Explain why blood glucose is routinely checked during disability assessment. (Linked to
SLO 2.3)

3. Explain the purpose of exposure in trauma assessment. (Linked to SLO 2.3)

4. Explain why environmental control immediately follows exposure. (Linked to SLO 2.3)

5. Describe the structure and purpose of the secondary survey. (Linked to SLO 2.4)
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2.3 Haemorrhagic Shock and Resuscitation

2.3.1 classification of haemorrhagic shock
Estimating blood loss from the physiological response

Haemorrhagic shock is classified into four classes according to the estimated percentage of
blood volume lost and the corresponding physiological response, with class one, up.to fifteen
percent blood loss, producing minimal physiological change, and class four, over forty percent
blood loss, producing profound hypotension, tachycardia, and significantly reduced conscious
level, representing an immediately life-threatening degree of haemorrhage.

This classification, while a genuinely useful teaching framework, must be applied with
appropriate clinical judgement, since young, physiologically fit patients can compensate
remarkably well for significant blood loss before showing overt signs of shock, meaning a
seemingly stable set of vital signs should never be used alone to‘exclude significant ongoing or
recent haemorrhage in a trauma patient with a genuinely suggestive mechanism of injury.

Fill in the blank: Class four haemorrhagic shock represents blood loss over forty percent, an
immediately life- degree of hacmorrhage.

2.3.2 principles of trauma resuscitation
Restoring circulation without worsening the underlying problem

Trauma resuscitation aims to restore adequate tissue perfusion while avoiding the specific
harms that overly aggressive fluid administration can cause, including dilution of clotting factors
and disruption of an early, protective clot at the site of injury, a concept sometimes described as
permissive hypotension, deliberately accepting a somewhat lower blood pressure than normal
until definitive haemorrhage control is achieved, in appropriately selected patients without
significant head injury.

Balanced resuscitation, using blood products in preference to large volumes of crystalloid fluid
wherever significant haemorrhage is suspected, reflects growing evidence that early blood
product administration, rather than delayed transfusion after substantial crystalloid has already
been given, produces genuinely better outcomes in significantly haemorrhaging trauma patients,
a meaningful shift in practice from earlier resuscitation approaches.

Fill in the blank: Permissive hypotension deliberately accepts a lower blood pressure until
definitive haemorrhage is achieved.
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2.3.3 massive transfusion protocol
A structured, rapid response to catastrophic blood loss

A massive transfusion protocol, a predefined, structured pathway for rapidly delivering large
volumes of blood products in a fixed ratio, typically approximating whole blood composition,
activates automatically once specific clinical criteria suggesting massive haemorrhage are met,
avoiding the genuine delay that would otherwise occur if blood products had to be requested and
prepared individually as the clinical situation continued rapidly evolving.

Alongside blood product administration, tranexamic acid, an antifibrinolytic agent, is
administered early in appropriately selected significantly bleeding trauma patients, since
evidence has shown a genuine survival benefit when given within the first few hours of injury,
though this benefit diminishes and can even reverse if administration is delayed significantly
beyond this early window, underlining the genuine time-sensitivity of this'specific intervention.

Fill in the blank: Tranexamic acid's survival benefitdiminishes if administration is delayed
significantly beyond the early

Table 2.2: Classification of haemorrhagie shock

Class Blood loss Key physiological feature

Class | Up to 15 percent Minimal physiological change
Tach i 1

Class II 15 to 30 percent achycardia, narrowed pulse
pressure

Class Il to IV 30.to over 40 percent Marked hypotension, reduced

conscious level

Pilot questions 2.3

1. Describe the four classes of haemorrhagic shock in general terms. (Linked to SLO 2.5)

2. “Explain why young, fit patients can be misleading when assessed for haemorrhagic
shock. (Linked to SLO 2.5)

3. Describe permissive hypotension and its rationale. (Linked to SLO 2.6)

4. Explain the principle of balanced resuscitation. (Linked to SLO 2.6)

5. Explain the time-sensitivity of tranexamic acid administration. (Linked to SLO 2.6)

-
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2.4 Specific Considerations in Polytrauma
2.4.1 abdominal trauma in the polytraumatised patient
A hidden source of major blood loss

Abdominal trauma in the polytraumatised patient can be a genuinely significant, occult source
of haemorrhage, since the abdomen can accommodate a very large volume of blood before
becoming clinically obviously distended, and examination alone is notoriously unreliable,
particularly in a patient with reduced conscious level or distracting injuries elsewhere, making
focused imaging, typically ultrasound or computed tomography depending on the patient's
stability, a genuinely essential part of assessment.

Management of significant abdominal trauma ranges from observation with serial reassessment
for stable patients with minor solid organ injury, to urgent surgical exploration for the
haemodynamically unstable patient with confirmed or strongly suspected significant intra-
abdominal haemorrhage, reflecting the same individualised decision-making principle already
emphasised throughout this course, weighing the specific injury pattern against the patient's
overall physiological trajectory.

Fill in the blank: The abdomen can accommodate a very large volume of blood before
becoming clinically obviously

2.4.2 pelvic and long bone fracture in polytrauma
Fractures that can themselves cause life-threatening bleeding

Pelvic fracture, particularly an unstable fracture pattern, can cause genuinely life-threatening
haemorrhage from disrupted pelvic venous plexuses and, less commonly, arterial injury, and
early application of a pelvic binder, a circumferential compression device, reduces pelvic
volume-and can meaningfully reduce ongoing haemorrhage, making this a genuinely important
early intervention in any polytrauma patient with a suspected significant pelvic injury.

Long bone fractures, particularly of the femur, can also produce significant blood loss into the
surrounding thigh tissue, and appropriate splinting, both reducing pain and limiting ongoing
blood loss by restoring approximate bone alignment and reducing movement at the fracture site,
is'a genuinely important early intervention alongside broader resuscitation, illustrating how
orthopaedic injury management and haemorrhage control are genuinely intertwined in the
polytraumatised patient rather than sequential, separate concerns.
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Fill in the blank: A circumferential pelvic binder reduces pelvic and can
meaningfully reduce ongoing haemorrhage.

2.4.3 missed injury and tertiary survey
A final, deliberate safety net

Missed injury remains a genuine and recognised risk in polytrauma care, even with careful
primary and secondary surveys, since a critically injured, sedated, or distracted patient can easily
have a significant injury overlooked amid the urgency of managing more immediately life-
threatening problems, and studies have consistently shown that missed injuries are more
common than clinicians might initially assume.

The tertiary survey, a repeat, thorough examination performed within twenty-four hours of
admission, once the patient is more stable and any distracting acute problems have been
addressed, is specifically designed to identify any injury missed during the initial assessment,
and this structured, deliberate final safety check closes the loop on the systematic approach to
polytrauma care that has run through this entire Seties.

Fill in the blank: The tertiary survey is a repeat, thorough examination performed within
twenty-four of admission.

Figure 2.2: A clinician applying a pelvic binder to control suspected pelvic fracture
haemorrhage.
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Pilot questions 2.4

1. Explain why abdominal trauma can be a hidden source of significant haemorrhage.
(Linked to SLO 2.7)

2. Describe the role of a pelvic binder in managing a suspected pelvic fracture. (Linked to
SLO 2.7)

3. Explain why long bone splinting is relevant to haemorrhage control. (Linked to SLO 2.7)

4. Explain why missed injury remains a genuine risk even with careful assessment. (Linked
to SLO 2.8)

5. Describe the purpose and timing of the tertiary survey. (Linked to SLO 2.8)

Series Summary

This Series worked through the structured, systematic approach to the acutely injured,
polytraumatised patient. Part 2.1 covered the primary survey, airway and cervical spine control,
breathing, and circulation, while Part2.2 turned to disability, exposure, and the thorough
secondary survey. Part 2.3 covered the classification of haemorrhagic shock and the principles of
resuscitation and massive transfusion, and Part 2.4 closed with specific considerations in
abdominal, pelvic, and long bone injury, and the tertiary survey guarding against missed injury.

You should now be able to perform a structured primary and secondary survey, classify and
manage haemorrhagic shock, and recognise the specific considerations relevant to polytrauma,
meeting the outcomes set for this Series. Series 3 turns next to mass casualty management.

Glossary of Terms

1. Balanced resuscitation: using blood products in preference to large-volume crystalloid
in significant haemorrhage.

2./ Disability assessment: rapid neurological evaluation within the trauma primary survey.

Exposure: fully undressing a trauma patient to allow complete examination for injury.

4. Haemorrhagic shock: shock resulting from significant blood loss, classified into four

(8]

severity classes.
5. Massive transfusion protocol: a structured pathway for rapidly delivering large volumes

of blood products.
P
D
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6. Missed injury: a significant injury not identified during initial trauma assessment.

7. Pelvic binder: a circumferential compression device used to control pelvic fracture
haemorrhage.

8. Permissive hypotension: deliberately accepting a lower blood pressure until
haemorrhage control is achieved.

9. Primary survey: the initial, prioritised assessment of airway, breathing, circulation,
disability, and exposure.

10. Secondary survey: a systematic head-to-toe examination following the primary survey.

11. Tertiary survey: a repeat examination within twenty-four hours to identify missed
injury.

12. Tranexamic acid: an antifibrinolytic agent given early in significant trauma
haemorrhage.

Concept Check Questions [Series 2]

Objective questions

o Cervical spine control is maintained until spinal injury has been confidently
(Linked to SLO 2.1)

e A tourniquet may be used for genuinely life-threatening limb haemorrhage.
(Linked to SLO 2.2)

o Class four haemorrhagic shock represents blood loss over forty percent, an immediately

life- degree of haemorrhage. (Linked to SLO 2.5)

e Permissive hypotension deliberately accepts a lower blood pressure until definitive
haemorrhage is achieved. (Linked to SLO 2.6)

e A circumferential pelvic binder reduces pelvic and can meaningfully reduce

ongoing haemorrhage. (Linked to SLO 2.7)
Short-answer questions

1.. List the life-threatening chest injuries actively sought during breathing assessment.
(Linked to SLO 2.2)

Describe the disability assessment performed in the primary survey. (Linked to SLO 2.3)
Describe the structure and purpose of the secondary survey. (Linked to SLO 2.4)
Explain the principle of balanced resuscitation. (Linked to SLO 2.6)

Describe the purpose and timing of the tertiary survey. (Linked to SLO 2.8)

AP N

Long-answer questions

-
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Discuss the primary survey, covering airway, cervical spine control, breathing, and
circulation. (Linked to SLO 2.1, 2.2)

Describe disability assessment, exposure, and the components of the secondary survey.
(Linked to SLO 2.3, 2.4)

Discuss the classification of haemorrhagic shock and the principles of trauma
resuscitation and massive transfusion. (Linked to SLO 2.5, 2.6)

Describe the specific considerations in abdominal, pelvic, and long bone injury in
polytrauma. (Linked to SLO 2.7)

. Discuss the risk of missed injury and the role of the tertiary survey. (Linked to SLO 2.8)

Answers to Concept Check Questions [Series 2]

Objective questions

11
12
13
14

Short-

16.

17.

18.

19.

20.

. Excluded.
. External.
. Threatening.

. Control.
15.

Volume.
answer questions

The injuries are tension pneumothorax, open pneumothorax, massive haemothorax, and
flail chest with significant contusion.

Disability assessment uses the Glasgow Coma Scale, pupillary examination, and gross
limb movement assessment.

The secondary survey is a systematic head-to-toe examination with structured history,
aiming to identify all injuries.

Balanced resuscitation prioritises blood products over large-volume crystalloid in
significant haemorrhage.

The tertiary survey is a repeat examination within twenty-four hours to identify any
mjury missed initially.

Long-answer questions

21.

Basic response: Airway assessment is first priority alongside cervical spine control;
breathing assessment identifies life-threatening chest injuries; circulation assessment
identifies and controls external haemorrhage while considering internal sources.
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Value-added response: A value-added response notes that a seemingly stable patient can
still be significantly bleeding internally, so vital signs alone should never exclude major
haemorrhage.

22. Basic response: Disability assessment includes Glasgow Coma Scale, pupils, and blood
glucose; exposure allows complete examination while environmental control prevents
hypothermia; the secondary survey is a systematic head-to-toe examination with
structured history.

Value-added response: A value-added response notes that a dramatic obvious injury can
distract from a second, equally important injury elsewhere.

23. Basic response: Haemorrhagic shock is classified into four classes by estimated blood
loss; resuscitation uses permissive hypotension and balanced resuscitation with blood
products; massive transfusion protocol delivers blood products rapidly in fixed ratio.

Value-added response: A value-added response notes that tranexamic acid's survival
benefit diminishes if given beyond the early time window after injury.

24. Basic response: Abdominal trauma can be an occult source of major haemorrhage
requiring imaging; pelvic fracture requires early binder application; long bone fracture
requires splinting to reduce blood loss.

Value-added response: A value-added response notes that orthopaedic injury
management and haemorrhage control are genuinely intertwined in polytrauma rather
than sequential concerns.

25. Basic response: Missed injury remains a genuine risk even with careful assessment,
particularly amid urgent management of more immediately life-threatening problems; the
tertiary survey is a repeat examination within twenty-four hours to catch any missed

injury.

Value-added response: A value-added response notes that studies consistently show
missed injuries are more common than clinicians might initially assume.
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Answers to Pilot Questions [Series 2]

Part 2.1
1. Airway is first priority because an obstructed airway kills faster than any other injury.
2. Manual in-line stabilisation or a rigid collar is maintained throughout airway
management.
3. Tension pneumothorax, open pneumothorax, massive haemothorax, and flail chest are
actively sought.
4. Saturation can remain normal despite worsening respiratory effort, particularly with
supplemental oxygen.
5. External haemorrhage is controlled with direct pressure, wound packing, or a tourniquet
for limb bleeding.
Part 2.2
6. Disability assessment uses the Glasgow Coma Scale, pupillary examination, and gross
limb movement assessment.
7. Blood glucose identifies hypoglycaemia, a reversible cause of reduced conscious level
that must not be missed.
8. Exposure allows complete examination for injuries that clothing might otherwise conceal.
9. A fully exposed patient is at genuine risk of rapidly developing hypothermia, part of the
lethal triad.
10. The secondary survey is a systematic head-to-toe examination with a structured history,
performed once life-threatening problems are addressed.
Part2.3
11. Classesrange from class one with minimal change to class four with profound
hypotension and reduced conscious level.
12. Young, fit patients can compensate well before showing overt signs, masking significant
blood loss.
13. Permissive hypotension accepts a lower blood pressure to avoid disrupting an early
protective clot before haemorrhage control.
14. Balanced resuscitation uses blood products in preference to large-volume crystalloid in
significant haemorrhage.
15. Tranexamic acid's survival benefit diminishes, and can even reverse, if given beyond the

early hours after injury.
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Part 2.4

The abdomen can accommodate a large volume of blood before becoming obviously
distended, making examination unreliable.

A pelvic binder reduces pelvic volume and can meaningfully reduce ongoing
haemorrhage.

Splinting reduces movement at the fracture site, limiting ongoing blood loss into the
thigh.

A critically injured or sedated patient can easily have an injury overlooked amid urgent
management of other problems.

The tertiary survey is a repeat examination within twenty-four hours of admission to
identify any missed injury.
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Figures, Plates, Tables, and Boxes

I.

-

Figure 2.1: A trauma team securing the airway while maintaining manual in-line cervical
spine stabilisation. Al-generated using the prompt: "Create a realistic clinical illustration
titled Airway Management with Cervical Spine Control, showing two trauma team
members at a patient's head, one performing airway management and the other holding
manual in-line neck stabilisation, emergency department setting. Clean clinical
illustration style, no text."

Table 2.1: Components of the trauma secondary survey. Al-generated using the prompt:
"Create a clean reference table titled Components of the Trauma Secondary Survey,
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listing component, focus, and example. Simple clinical reference table style with outside
border."

3. Table 2.2: Classification of haemorrhagic shock. Al-generated using the prompt: "Create
a clean reference table titled Classification of Haemorrhagic Shock, listing class, blood
loss, and key physiological feature. Simple clinical reference table style with outside
border."

4. Figure 2.2: A clinician applying a pelvic binder to control suspected pelvic fracture
haemorrhage. Al-generated using the prompt: "Create a realistic clinical illustration titled
Applying a Pelvic Binder, showing a clinician wrapping a circumferential pelvic binder
device around a trauma patient's hips on a resuscitation trolley, emergency department
setting. Clean clinical illustration style, no text."

-
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Series 3: Mass Casualty Management

Part 3.1: Principles of Mass Casualty Incidents
o Sub Part 3.1.1: Defining and classifying mass casualty incidents
o Sub Part 3.1.2: Command and control structure

o Sub Part 3.1.3: Scene organisation and safety

Part 3.2: Triage in Mass Casualty
o Sub Part 3.2.1: Principles of mass casualty triage
o Sub Part 3.2.2: Triage systems and categories

o Sub Part 3.2.3: Re-triage and dynamic reassessment

Part 3.3: Resource Management and Hospital Response
o Sub Part 3.3.1: Hospital major incident planning
o Sub Part 3.3.2: Surge capacity and resource allocation

o SubPart 3.3.3: Communication in mass casualty events

Part 3.4: Special Considerations in Mass Casualty
o / Sub Part 3.4.1: Blast and chemical, biological, radiological, and nuclear incidents
o Sub Part 3.4.2: Psychological impact and support

o Sub Part 3.4.3: Post-incident review and preparedness

Introduction

Everything covered so far in this course has addressed the care of a single, or at most a small
number, of injured patients, but this Series turns to a fundamentally different clinical and
organisational challenge, an event producing more casualties than the immediately available
resources can manage using normal working methods. Mass casualty management demands a

rp
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shift from individual patient-focused care towards population-level resource allocation, a
genuinely different way of thinking that this Series introduces systematically.

The aim of this Series is to equip you with an understanding of the principles of mass casualty
incidents, command and control structures, the specific triage systems used in this setting,
hospital major incident planning and surge capacity, and the special considerations, including
blast and chemical, biological, radiological, and nuclear incidents, alongside the psychological
impact and post-incident review process that follows any significant mass casualty event.

This Series opens with the principles of mass casualty incidents, moves through triage in mass
casualty and resource management and hospital response, and closes‘with special
considerations in mass casualty.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 3.1: define and classify mass casualty incidents

e SLO 3.2: describe the command and control structure at a mass casualty incident

o SLO 3.3: discuss scene organisation and safety at a mass casualty incident

e SLO 3.4: describe the pringiples and systems of mass casualty triage

e SLO 3.5: discuss re-triage and dynamic reassessment

e SLO 3.6: describe hospital major incident planning and surge capacity

e SLO 3.7: discuss special considerations in mass casualty management, including blast
and CBRN incidents

e SLO 3.8: describe the psychological impact of mass casualty events and the post-incident
review process

3.1 Principles.of Mass Casualty Incidents

3.1.1 defining and classifying mass casualty incidents

When demand genuinely outstrips normal capacity

A mass casualty incident is defined not by an absolute number of casualties but by whether the

number and severity of casualties genuinely exceeds the resources normally available to manage
them using standard working methods, meaning a mass casualty incident for a small rural facility
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might involve considerably fewer casualties than one for a large urban trauma centre with
substantially greater baseline capacity.

Mass casualty incidents are broadly classified by cause, natural, such as an earthquake or flood,
or manmade, such as a transport collision, industrial accident, or deliberate act of violence, and
by scale, with a compensated incident being one that local resources, appropriately mobilised,
can ultimately manage, while an uncompensated incident genuinely requires external assistance
from neighbouring regions or national resources to manage effectively.

Fill in the blank: A mass casualty incident is defined by whether casualties exceed resources
normally available using standard working

3.1.2 command and control structure
Clear leadership prevents chaos from compounding tragedy

Effective mass casualty response depends on a clearly established command and control
structure, typically organised in tiers, with'strategic command setting overall objectives and
policy, tactical command coordinating:the practical response at the scene, and operational
command directing individual teams and resources on the ground, a hierarchical structure
ensuring that decisions are made at the appropriate level without either paralysing central
bottlenecks or fragmented, uncoordinated local decision-making.

A designated medical incident commander, distinct from the overall scene commander who is
often from the emergency services rather than a clinician, coordinates the specific medical
response, working closely with other agencies present, and this clear, unambiguous medical
leadership structure is essential, since a mass casualty scene with multiple clinicians
independently attempting to direct the medical response inevitably produces confusion,
duplicated effort, and, ultimately, worse outcomes for casualties.

Fill in the blank: A designated medical incident commander coordinates the specific medical
at a mass casualty scene.

3.1.3 scene organisation and safety
Structuring physical space before treating a single casualty

Physical scene organisation typically establishes distinct zones, including a hot zone containing
the immediate hazard where only appropriately trained and protected personnel may enter, a
warm zone for decontamination or initial triage adjacent to the hazard, and a cold zone,
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genuinely safe, where casualty treatment and onward transport are organised, a structured spatial
approach preventing responders themselves from becoming additional casualties.

Scene safety is assessed continuously throughout the response, not merely at the outset, since
hazards can evolve, structures can become further unstable, or a secondary device or hazard,
genuinely a recognised risk in some deliberate incidents, can emerge after the initial event,
meaning ongoing situational awareness and a genuine willingness to withdraw or reassess if
circumstances change is a core, non-negotiable principle of safe mass casualty response.

Fill in the blank: Scene safety is assessed continuously throughout the response, since hazards
can over time.

COMHAND

Figure3.1: An incident commander coordinating the medical response from a designated
command post:

Pilot questions 3.1

e  Define a mass casualty incident. (Linked to SLO 3.1)

e Distinguish a compensated from an uncompensated mass casualty incident. (Linked to
SLO 3.1)

e Describe the three tiers of command and control at a mass casualty incident. (Linked to
SLO 3.2)

o Explain why a single, clear medical incident commander is essential. (Linked to SLO 3.2)
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e Describe the hot, warm, and cold zones established at a mass casualty scene. (Linked to
SLO 3.3)

3.2 Triage in Mass Casualty

3.2.1 principles of mass casualty triage
A genuinely different mindset from everyday clinical triage

Mass casualty triage differs fundamentally from the individual patient triage already covered in
an earlier Series of this course, since the underlying goal shifts from doing the greatest good for
the individual patient in front of the clinician to doing the greatest good for the greatest number
of casualties across the entire incident, a genuinely difficult ethical and practical shift that
requires specific training and mental preparation to apply effectively under the pressure of an
actual event.

This shift means that, in a genuine mass casualty scenario, a casualty with an overwhelming
injury unlikely to survive even with maximal available resources may be triaged as lower priority
than in normal individual patient care, since expending limited resources on this single, unlikely-
to-survive casualty would come at the direct cost of several other casualties who could genuinely
be saved with the same resources, @ difficult but genuinely necessary utilitarian principle
underlying this specific triage approach.

Fill in the blank: Mass casualty triage aims to do the greatest good for the greatest
across the entire incident.

3.2.2 triage systems and categories
Rapid, simple, reproducible sorting under pressure

Mass casualty triage systems, such as the widely used simple triage and rapid treatment
approach, rely on rapid, simple physiological assessment, typically respiratory rate, capillary
refill or pulse, and mental status, deliberately avoiding time-consuming detailed examination, to
sort casualties into standard categories usually coded by colour: red for immediate, life-
threatening injuries requiring urgent intervention, yellow for urgent but not immediately life-
threatening injuries, green for minor, walking wounded casualties, and black or grey for those
who are deceased or deemed unlikely to survive even with treatment.
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This colour-coded system provides a rapid, universally recognisable common language across
different responding agencies and personnel, genuinely essential when multiple organisations
with different training backgrounds must coordinate seamlessly at the same incident, and the
deliberate simplicity of the assessment criteria, though seemingly crude compared with detailed
clinical examination, is a genuine strength rather than a limitation in this specific, time-critical
context.

Fill in the blank: Simple triage and rapid treatment uses respiratory rate, capillary refill or pulse,
and mental

3.2.3 re-triage and dynamic reassessment

A single triage decision is never the final word

Re-triage, repeating the triage assessment at multiple points as a casualty moves through the
response system, from initial scene triage through to arrival at ateceiving hospital, is a genuinely
essential principle, since a casualty's condition can change significantly over time, either
deteriorating or, with initial treatment, impfoving,and a single, static triage category assigned
early in the incident should never be treated asjpermanently fixed regardless of how the
casualty's condition subsequently evolves.

This dynamic, repeated reassessment also allows correction of the inevitable errors that occur
during the rapid, deliberately simplified initial triage process, since even experienced responders
will occasionally over- or under-triage a casualty under the genuine time pressure and chaos of a
real mass casualty scene, and building this expectation of correction into the system, rather than
treating the first triage decision as infallible, genuinely improves overall casualty outcomes.

Fill in the blank: Re-triage allows correction of the inevitable errors that occur during the rapid,
deliberately simplified initial triage

Table 3.1: Simple triage and rapid treatment colour categories

Colour Category Description

Life-threatening injuries

Red Immediate . . .
requiring urgent intervention

Significant injuries, treatment

Yellow Urgent can be briefly delayed

Walking wounded, minor

QGreen Minor Co. .
injuries
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Pilot questions 3.2

1. Explain how mass casualty triage differs from everyday individual patient triage. (Linked
to SLO 3.4)

2. Describe the assessment criteria used in simple triage and rapid treatment. (Linked to
SLO 3.4)

3. List the standard colour-coded triage categories. (Linked to SLO 3.4)

4. Explain the value of a colour-coded system across multiple responding agencies. (Linked
to SLO 3.4)

5. Explain why re-triage is a genuinely essential principle. (Linked to SLO 3.5)

3.3 Resource Management and Hospital Response
3.3.1 hospital major incident planning
Preparing the hospital before the patients arrive

Hospital major incident planning establishes a predefined, rehearsed response activated once a
mass casualty incident is declared, including rapid mobilisation of additional staff, reorganisation
of physical space to accommodate a surge of casualties, and a structured triage and treatment
area established at the hospital entrance to rapidly sort and prioritise arriving casualties before
they are distributed to appropriate treatment areas within the hospital.

A genuinely effective hospital major incident plan requires regular rehearsal through simulated
exercises, since a plan that exists only on paper and has never been practised is considerably less
effective than one that hospital staff have genuinely trained on, and identifying gaps or
weaknesses through this rehearsal process before a genuine incident occurs is far preferable to
discovering them for the first time during an actual, unfolding emergency.

Fill in the blank: A hospital major incident plan requires regular rehearsal through simulated

3.3.2 surge capacity and resource allocation
Stretching finite resources across genuine excess demand

Surge capacity, a hospital's ability to expand its normal treatment capacity temporarily to
manage a sudden influx of casualties, involves rapidly discharging suitable existing inpatients
where safely possible, cancelling non-urgent elective activity to free operating theatre and staff

-
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capacity, and, where available, opening additional physical space not normally used for clinical
care, reflecting the genuinely temporary, exceptional nature of this expanded capacity.

Resource allocation during a mass casualty response, whether blood products, operating theatre
time, intensive care beds, or specific specialist staff, must be actively and continuously managed
by a designated resource coordinator rather than left to individual clinical teams competing
informally for the same finite resources, since uncoordinated, competitive resource us¢ across
multiple simultaneous casualties genuinely worsens overall outcomes compared with centrally
coordinated allocation.

Fill in the blank: Uncoordinated, competitive resource use across multiple casualties genuinely
worsens overall

3.3.3 communication in mass casualty events
The genuine glue holding a chaotic response together

Clear, structured communication between the scene and receiving hospitals, and between
different departments and teams within the hospital itself, is genuinely essential to an effective
mass casualty response, since receiving hospitals need accurate, timely information about the
number and severity of incoming casualties to prepare appropriately, and a genuine breakdown
in this communication chain can leaye a hospital unprepared for a surge that has, in fact, already
been anticipated and reported from the scene.

Standardised communication protocols and dedicated communication channels, kept genuinely
separate from routine hospital communication systems that may themselves become
overwhelmed during a major incident, help maintain this essential information flow under
pressure, and regular exercises that specifically test communication pathways, not just clinical
response, helpidentify weaknesses in this genuinely critical, though sometimes
underappreciated, component of overall mass casualty preparedness.

FilLin the blank: Dedicated communication channels are kept genuinely separate from routine
systems. that may themselves become
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Figure 3.2: Hospital staff mobilising additional.resourees in response to a declared major
incident.

Pilot questions 3.3

Describe the key elements of hospital major incident planning. (Linked to SLO 3.6)
Explain why regular rehearsal of the major incident plan matters. (Linked to SLO 3.6)
Describe surge capacity and how it is achieved. (Linked to SLO 3.6)

Explain why centrally coordinated resource allocation is preferred over informal
competition between teams. (Linked to SLO 3.6)

5. Explain the importance of dedicated communication channels during a mass casualty
event. (Linked to SLO 3.6)

b=

34 Special Considerations in Mass Casualty

3.4.1 blast and chemical, biological, radiological, and nuclear incidents

\,— ‘J
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Hazards that demand genuinely specific precautions

Blast injuries produce a distinctive pattern of trauma, combining primary blast injury from the
pressure wave itself, particularly affecting gas-containing organs such as the lungs and bowel,
secondary injury from projectiles and debris, tertiary injury from the casualty being thrown by
the blast force, and quaternary injury encompassing burns and other miscellaneous effects, a
genuinely complex combination requiring specific clinical awareness beyond standard trauma
assessment alone.

Chemical, biological, radiological, and nuclear incidents, collectively abbreviated as CBRN
incidents, require specific decontamination procedures before casualties can safely entera
healthcare facility, and appropriate personal protective equipment for responders, since
managing these specific hazards inappropriately risks contaminating responders and healthcare
facilities themselves, potentially converting a manageable incident into a considerably larger,
compounded crisis affecting the very system meant to respond to it.

Fill in the blank: CBRN incidents require specific déecontamination procedures before casualties
can safely enter a healthcare

3.4.2 psychological impact and suppeort
Injuries that do not show up on any'scan

Mass casualty incidents produce significant psychological impact, both on surviving casualties
and on the responders and clinicians involved in managing the event, with acute stress reactions
common in the immediate aftermath and a proportion of those affected going on to develop more
persistent conditions such as post-traumatic stress disorder, making psychological first aid and
structured, ongoing support a genuinely essential, though sometimes underappreciated,
component of'the overall response rather than an optional addition once physical injuries are
addressed.

Psychological first aid, providing practical, compassionate support and connecting affected
individuals with further resources where needed, differs deliberately from formal psychological
debriefing techniques, some of which have actually been shown to potentially worsen outcomes
if applied inappropriately in the immediate aftermath of trauma, underlining the genuine
importance of using evidence-based approaches to psychological support rather than assuming
any intervention delivered with good intentions is automatically beneficial.

Fill in the blank: Formal psychological debriefing has actually been shown to potentially
worsen outcomes if applied after trauma.
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3.4.3 post-incident review and preparedness
Learning deliberately from every response, successful or not

A structured post-incident review, conducted once the immediate response has concluded,
systematically examines what worked well and what did not across every stage of the response,
from initial scene management through to hospital surge response and communication,
generating specific, actionable learning points that genuinely feed into updated planning and
future training rather than being filed away and forgotten once the immediate crisis has passed.

This deliberate cycle of planning, rehearsal, response, and structured review is genuinely
continuous rather than a single, one-time exercise, since mass casualty preparedness that stops
evolving after initial planning inevitably becomes outdated as circumstances; resources, and
recognised threats change over time, and this continuous improvement principle closes the loop
back to the systematic, structured thinking that has run through every Series of this course.

Fill in the blank: The cycle of planning, rehearsal, response, and structured review is genuinely
rather than a single exercise.

Table 3.2: Comparing chemical, biological, radiological, and nuclear hazard categories

Hazard type Example agent Key initial precaution
. Toxic industrial or warfare Decontamination before

Chemical i

agent hospital entry

. . ) Isolation and infection control
Biological Infectious pathogen release
measures
. . Radioactive material Radiation monitoring and

Radiological or nuclear o

exposure shielding

Pilot questions 3.4

1. "Describe the four categories of blast injury. (Linked to SLO 3.7)

2. Explain why CBRN incidents require specific decontamination procedures. (Linked to
SLO 3.7)

3./ Describe psychological first aid and how it differs from formal debriefing. (Linked to
SLO 3.8)

4. Explain why formal psychological debriefing is not always recommended. (Linked to
SLO 3.8)

5. Describe the purpose and content of a structured post-incident review. (Linked to SLO

3.8)
f;:?
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Series Summary

This Series shifted focus from individual patient care to the population-level challenge of mass
casualty management. Part 3.1 covered the definition and classification of mass casualty
incidents, command and control, and scene organisation, while Part 3.2 turned to the specific
principles and systems of mass casualty triage and the importance of re-triage. Part 3.3 covered
hospital major incident planning, surge capacity, and communication, and Part 3.4 closed with
blast and CBRN incidents, psychological impact, and post-incident review.

You should now be able to define, organise for, and respond to a mass casualty incident, apply
mass casualty triage principles, and describe hospital response and the special considerations
covered across all four Parts, meeting the outcomes set for this Series. Series 4 turns next to the
principles of fractures.

Glossary of Terms

1. Blast injury: trauma from an explosion, comprising primary, secondary, tertiary, and
quaternary components.

2. CBRN incident: a chemical, biological, radiological, or nuclear incident requiring
specific precautions.

3. Command and control: the hierarchical leadership structure coordinating a mass
casualty response.

4. Compensated incident: a mass casualty incident manageable with appropriately
mobilised local resources.

5. Hot zone: the area of a mass casualty scene containing the immediate hazard.

6. Mass casualty incident: an event where casualties exceed resources normally available
to-manage them

7. Post-incident review: a structured review examining what worked well and what did not
after a response.

8. Psychological first aid: practical, compassionate support provided to those affected by a
traumatic event.

9. 'Re-triage: repeating triage assessment at multiple points as a casualty's condition
evolves.

10. Simple triage and rapid treatment: a rapid, colour-coded mass casualty triage system
based on simple physiological criteria.

11. Surge capacity: a hospital's ability to temporarily expand treatment capacity for a
sudden casualty influx.
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12. Uncompensated incident: a mass casualty incident requiring external assistance beyond
local resources.

Concept Check Questions [Series 3]

Objective questions

e A mass casualty incident is defined by whether casualties exceed resources normally

available using standard working . (Linked to SLO 3.1)
o Simple triage and rapid treatment uses respiratory rate, capillary refill or pulse, and
mental . (Linked to SLO 3.4)

e A hospital major incident plan requires regular rehearsal through simulated
(Linked to SLO 3.6)

o CBRN incidents require specific decontamination procedures before casualties can safely
enter a healthcare . (Linked to SLO 3:7)

o The cycle of planning, rehearsal, response, and structured review is genuinely
rather than a single exercise. (Linked to.SLO 3.8)

Short-answer questions

1. Distinguish a compensated from an uncompensated mass casualty incident. (Linked to
SLO 3.1)

List the standard colour-coded triage categories. (Linked to SLO 3.4)

Explain why re-triage is a genuinely essential principle. (Linked to SLO 3.5)

Describe surge capacity and how it is achieved. (Linked to SLO 3.6)

Describe the four categories of blast injury. (Linked to SLO 3.7)

kb

Long-answer questions

6./ Discuss the definition and classification of mass casualty incidents and the command and
control structure used to manage them. (Linked to SLO 3.1, 3.2, 3.3)

7. “Describe the principles and systems of mass casualty triage, including re-triage. (Linked
to SLO 3.4, 3.5)

8. Discuss hospital major incident planning, surge capacity, and communication. (Linked to
SLO 3.6)

9. Describe blast injury and the special considerations relevant to CBRN incidents. (Linked
to SLO 3.7)

10. Discuss the psychological impact of mass casualty events and the post-incident review
process. (Linked to SLO 3.8)

-

a-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



Answers to Concept Check Questions [Series 3]

Objective questions

11. Methods.
12. Status.

13. Exercises.
14. Facility.

15. Continuous.

Short-answer questions

16. A compensated incident can be managed with local resources, while an uncompensated
incident requires external assistance.

17. The categories are red, yellow, green, and black or grey.

18. A casualty's condition can change significantly over time, so a static triage category
should never be treated as final.

19. Surge capacity is a hospital's ability to temporarily expand treatment capacity, achieved
through discharge, cancelling elective activity, and opening additional space.

20. The categories are primary, secondary, tertiary, and quaternary blast injury.

Long-answer questions

21. Basic response: A mass casualty incident occurs when casualties exceed normally
available resources, classified by cause and by compensated or uncompensated scale;
command and centrol is organised in strategic, tactical, and operational tiers with a
designated:medical incident commander.

Value-added response: A value-added response notes that scene organisation into hot,
warm, and cold zones protects responders from becoming additional casualties.

22. Basic response: Mass casualty triage aims for the greatest good for the greatest number
rather than individual patient priority; simple triage and rapid treatment uses rapid
physiological criteria and colour coding; re-triage repeats assessment as conditions
evolve.

Value-added response: A value-added response notes that re-triage also corrects the
inevitable errors of rapid initial triage under time pressure.
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23. Basic response: Hospital planning establishes a rehearsed response with mobilisation
and reorganisation; surge capacity expands treatment capacity temporarily; clear,
dedicated communication channels maintain information flow between scene and
hospital.

Value-added response: A value-added response notes that centrally coordinated
resource allocation outperforms informal competition between clinical teams.

24. Basic response: Blast injury comprises primary, secondary, tertiary, and quaternary
components; CBRN incidents require specific decontamination and protective equipment
to avoid contaminating responders and facilities.

Value-added response: A value-added response notes that inappropriate CBRN
management risks converting a manageable incident into.a considerably larger crisis.

25. Basic response: Psychological impact affects both casualties and responders, managed
with psychological first aid rather than formal'debriefing; post-incident review
systematically examines the whole response to generate actionable learning.

Value-added response: A value-added response notes that mass casualty preparedness is
a continuous cycle of planning, rehearsal, response, and review rather than a one-time
exercise.

Answers to Pilot Questions [Series 3]

Part 3.1

1. <A mass casualty incident occurs when casualties exceed resources normally available to
manage them.

2. A compensated incident can be managed locally, while an uncompensated incident
requires external assistance.

3. The tiers are strategic, tactical, and operational command.

4. A single, clear commander avoids confusion and duplicated effort from multiple
independent decision-makers.

5. The hot zone contains the hazard, the warm zone is for decontamination or initial triage,
and the cold zone is genuinely safe for treatment.
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Part 3.2

6. Mass casualty triage aims for the greatest good for the greatest number, rather than
individual patient priority.

7. Criteria include respiratory rate, capillary refill or pulse, and mental status.

Categories are red, yellow, green, and black or grey.

*®

9. A colour-coded system provides a universally recognisable common language across
different responding agencies.

10. Re-triage corrects for changing casualty condition and the inevitable errors of rapid initial
assessment.

Part 3.3

11. Key elements include rapid staff mobilisation, physical reorganisation, and structured
entrance triage.

12. Rehearsal identifies gaps before a genuine incident oceurs, rather than discovering them
during an actual emergency.

13. Surge capacity expands treatment capacity‘through discharge, cancelling elective activity,
and opening additional space.

14. Centrally coordinated allocation avoids unceordinated competition that worsens overall
outcomes across casualties.

15. Dedicated channels maintain essential information flow when routine systems may
themselves become overwhelmed.

Part 3.4

1. The categories are primary, secondary, tertiary, and quaternary blast injury.

2. Inappropriate handling risks contaminating responders and healthcare facilities
themselves.

3. Psychological first aid provides practical, compassionate support, differing from formal
debriefing techniques.

4. Some debriefing approaches have been shown to potentially worsen outcomes if applied
inappropriately soon after trauma.

S. Thereview systematically examines what worked and what did not, generating actionable
learning for future planning.
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Figures, Plates, Tables, and Boxes

1. Figure 3.1: An incident commander coordinating the medical response from a designated
command post. Al-generated using the prompt: "Create a realistic clinical illustration
titled Mass Casualty Incident Command Post, showing a medical incident commander
wearing a high-visibility tabard coordinating responders using a radio at a command post
near an outdoor incident scene. Clean clinical illustration style, no text."

2. Table 3.1: Simple triage and rapid treatment colour categories. Al-generated using the
prompt: "Create a clean reference table titled Simple Triage and Rapid Treatment Colour
Categories, listing colour, category, and description. Simple clinical reference table style
with outside border."

3. Figure 3.2: Hospital staff mobilising additional resources in response to a declared major
incident. Al-generated using the prompt: "Create a realistic clinical illustration titled
Hospital Major Incident Response, showing several hospital staff members moving
equipment and beds to reorganise a ward area, staff wearing identification tabards, busy
hospital corridor setting. Clean clinical illustration style, no text."

4. Table3.2:.Comparing chemical, biological, radiological, and nuclear hazard categories.
Al-generated using the prompt: "Create a clean reference table titled Comparing
Chemical, Biological, Radiological, and Nuclear Hazard Categories, listing hazard type,
example agent, and key initial precaution. Simple clinical reference table style with
outside border."
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Series 4: Principles of Fractures

Part 4.1: Fracture Classification and Description
o Sub Part 4.1.1: Defining and classifying fractures by pattern
o Sub Part 4.1.2: Open versus closed fractures

o Sub Part 4.1.3: Describing a fracture on imaging

Part 4.2: Fracture Healing
o Sub Part 4.2.1: Stages of fracture healing
o Sub Part 4.2.2: Factors affecting fracture healing

o Sub Part 4.2.3: Delayed union, non-union, and malunion

Part 4.3: Principles of Fracture Management
o Sub Part 4.3.1: Principles of fracture reduction
o Sub Part 4.3.2: Methods of fracture immobilisation

o Sub Part 4.3.3: Indications for surgical fixation

Part 4.4: Complications of Fractures
o / Sub Part 4.4.1: Early complications of fractures
o Sub Part 4.4.2: Compartment syndrome

o Sub Part 4.4.3: Late complications of fractures

Introduction

A broken bone is among the most common injuries any trauma clinician will encounter, and this
Series turns to the principles of fractures, the shared framework of classification, healing,
management, and complications that applies regardless of which specific bone is involved.
Understanding these general principles thoroughly means that the specific management of any
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individual fracture, wherever it occurs in the skeleton, becomes a matter of applying a familiar,
well-understood framework rather than learning an entirely new approach each time.

The aim of this Series is to equip you with the ability to classify and describe fractures
accurately, understand the stages and factors affecting fracture healing, describe the principles of
fracture reduction, immobilisation, and surgical fixation, and recognise and manage the early and
late complications that fractures can produce, including the genuine surgical emergency of
compartment syndrome.

This Series opens with fracture classification and description, moves through fracture
healing and principles of fracture management, and closes with complications of fractures.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 4.1: classify fractures by pattern

e SLO 4.2: distinguish open from closed fractures

e SLO 4.3: describe how to accurately describe a fracture on imaging

e SLO 4.4: describe the stages of fracture healing

e SLO 4.5: discuss factors affecting fracture healing and describe delayed union, non-
union, and malunion

e SLO 4.6: describe the principles of fracture reduction and immobilisation

e SLO 4.7: discuss the indications for surgical fixation of fractures

e SLO 4.8: describe the complications of fractures, including compartment syndrome

4.1 Fracture Classification and Description
4.1.1 defining and classifying fractures by pattern

Reading the mechanism from the shape of the break

A fracture is a break in the structural continuity of bone, and fractures are classified by the
pattern of the break, which itself often reflects the mechanism of injury: a transverse fracture, a
break perpendicular to the long axis of the bone, typically results from a direct bending force,
while an oblique fracture, angled across the bone, and a spiral fracture, angled with a twisting
component, typically result from a rotational force applied to the limb.

-
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A comminuted fracture, where the bone breaks into more than two fragments, typically results
from high-energy trauma and carries a genuinely worse prognosis for straightforward healing
compared with a simple two-fragment fracture, while a greenstick fracture, an incomplete
break where one side of the bone bends and the other cracks, is characteristic of the more pliable
bone found in children and is essentially not seen in the more brittle bone of adults.

Fill in the blank: A comminuted fracture, where bone breaks into more than two fragments,
typically results from high- trauma.

4.1.2 open versus closed fractures
A distinction that fundamentally changes management

A closed fracture describes a fracture where the overlying skin remains intact, while an open
fracture, previously termed a compound fracture, describes/a fracture communicating with a
break in the overlying skin, creating a direct pathway for bacterial contamination from the
external environment into the fracture site, a distinction carrying genuinely major implications
for both immediate management and infection risk.

Open fractures require prompt wound assessment and photography, appropriate antibiotic
prophylaxis administered as early as possible, and, depending on the degree of wound
contamination and soft tissue injury,uirgent surgical debridement, since the risk of deep bone
infection, a genuinely serious and potentially limb-threatening complication, rises considerably
the longer definitive wound management is delayed following an open fracture injury.

Fill in the blank: An open fracture creates a direct pathway for bacterial from the
external environment.

4.1.3 describing a fracture on imaging
A structured vocabulary for a structured assessment

Accurately describing a fracture on imaging follows a structured approach, identifying the
specific bone and precise anatomical location involved, the fracture pattern already discussed,
whether the fracture is displaced, meaning the fragments are no longer in normal anatomical
alignment, and, where displaced, characterising the specific direction and degree of
displacement, angulation, and any rotation present.

This structured, consistent vocabulary allows clear, unambiguous communication between
clinicians, whether discussing a case over the telephone, documenting in the medical record, or
planning surgical management, and developing fluency in this specific descriptive language is a
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genuinely important, foundational skill that underlies effective, safe communication throughout
the whole of orthopaedic and trauma practice.

Fill in the blank: A displaced fracture is one where the fragments are no longer in normal
anatomical

Fracture Patterns

Transverse Oblique Fracture Spiral Fracture Comminuted
Fracture Fracture
Transverse Oblique Spiral Comminuted
Fracture Fracture Fracture Fracture

Figure 4.1: A labelled comparison of transverse, oblique, spiral, and comminuted fracture
patterns.

Pilot questions 4.1

o Distinguish a transverse from an oblique fracture. (Linked to SLO 4.1)

e Describe acomminuted fracture and its typical mechanism. (Linked to SLO 4.1)

o Distinguish an open from a closed fracture. (Linked to SLO 4.2)

¢ Explain why open fractures require prompt wound assessment and antibiotic prophylaxis.
(Linked to SLO 4.2)

o Listthe elements included in a structured description of a fracture on imaging. (Linked to
SLO 4.3)

4.2 Fracture Healing

4.2.1 stages of fracture healing

-
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A predictable biological sequence, applied to bone

Fracture healing progresses through four overlapping stages: haematoma formation,
immediately after injury as bleeding at the fracture site forms a clot providing an initial scaffold,
soft callus formation, over the following days to weeks as fibrous and cartilaginous tissue
bridges the fracture, hard callus formation, as this soft callus is progressively replaced by
woven bone, and remodelling, continuing for many months as the woven bone reorganises into
stronger, mature lamellar bone along the lines of mechanical stress.

Understanding this sequence allows a clinician to interpret serial imaging appropriately,
recognising the expected appearance of callus formation at each stage and identifying when
healing appears to be progressing more slowly than expected, a genuinely useful clinical skill
given that the specific timeline of expected healing varies considerably depending on the specific
bone involved, the patient's age, and the fracture pattern itself.

Fill in the blank: Hard callus is progressively replaced by mature, bone during the
remodelling stage.

4.2.2 factors affecting fracture healing
Why some fractures heal faster, or worse, than others

Local factors affecting fracture healing include the adequacy of blood supply to the fracture site,
the degree of soft tissue injury, the presence of infection, and the amount of movement at the
fracture site, since excessive movement disrupts the delicate healing callus, while systemic
factors include the patient's age, with children healing considerably faster than adults, nutritional
status, smoking, and certain medical conditions such as diabetes, each capable of meaningfully
slowing the healing process.

Recognising these modifiable and non-modifiable factors allows a clinician to identify patients at
particular risk of impaired healing and to actively address whichever factors are genuinely
modifiable, such as smoking cessation counselling or optimising diabetic glycaemic control,
alongside appropriate immobilisation, rather than passively waiting to discover a healing
problem only once it has already become clinically apparent.

Fill in the blank: Excessive movement at the fracture site disrupts the delicate healing
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4.2.3 delayed union, non-union, and malunion
When healing does not follow the expected course

Delayed union describes fracture healing that is progressing more slowly than the expected
timeframe for that specific bone and fracture pattern but has not yet stopped altogether, while
non-union describes complete cessation of the healing process, with no further progress towards
union evident even on extended follow-up, a genuinely important distinction since non-union
generally requires active intervention rather than simply further waiting.

Malunion describes healing that has occurred, but with the bone fragments united in an
unsatisfactory anatomical position, whether through inadequate initial reduction or displacement
occurring during the healing process itself, and, depending on the specific degree and functional
impact of the deformity, malunion may require corrective surgery, an osteotomy, to restore
acceptable alignment and function for the patient.

Fill in the blank: Non-union describes complete cessation of the healing process with no further
progress towards

Table 4.1: The four stages of fracture healing

Stage Approximate timing Key process
lot f } dine initial
Haematoma formation Immediately after injury Clot formation providing initia
scaffold
. Fi rtilagi ti
Soft callus formation Days to weeks lpro.us and cartilaginous tissue
bridging
Hard callus formation Weeks to months Replacement of soft callus with
woven bone

Pilot questions 4.2

1. “List the four stages of fracture healing in order. (Linked to SLO 4.4)

2. Explain why understanding the stages of healing helps interpret serial imaging. (Linked
to SLO 4.4)

3./ List local and systemic factors affecting fracture healing. (Linked to SLO 4.5)

4. Distinguish delayed union from non-union. (Linked to SLO 4.5)

5. Describe malunion and when corrective surgery may be needed. (Linked to SLO 4.5)

-
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4.3 Principles of Fracture Management

4.3.1 principles of fracture reduction
Restoring alignment before it is allowed to heal wrongly

Fracture reduction, restoring displaced fracture fragments to an acceptable anatomical
alignment, can be achieved through closed reduction, manipulating the fragments.externally
without a surgical incision, or open reduction, directly exposing and repositioning the fragments
surgically, with the choice between these two approaches guided by the specific fracture pattern,
degree of displacement, and whether closed manipulation alone is likely/to achieve and maintain
an acceptable position.

Adequate analgesia or anaesthesia is essential before attempting fracture reduction, both for
genuine patient comfort and to allow the surrounding muscles to relax sufficiently for successful
manipulation, since attempting reduction against actively contracted, unrelaxed muscle is both
distressing for the patient and considerably less likely to achieve a satisfactory anatomical result
on the first attempt.

Fill in the blank: Adequate analgesia allows surrounding muscles to relax sufficiently for
successful fracture

4.3.2 methods of fracture immeobilisation

Holding the reduced position while healing proceeds

Following reduction, immobilisation maintains the fracture in an acceptable position while
healing proceeds, achieved through methods including plaster casting, functional bracing, or, for
certain fractures, traction, with the specific method chosen depending on the fracture's location,
stability, and the degree of ongoing support required to prevent displacement recurring during
the healing process.

Immobilisation must balance adequate fracture stability against the genuine risks of prolonged
immobilisation itself, including joint stiffness, muscle wasting, and, in more severe cases,
pressure sores from a poorly fitted cast, meaning the immobilisation period and method chosen
should always be the minimum genuinely necessary to achieve satisfactory healing rather than
applied indefinitely as a matter of routine caution.

Fill in the blank: Prolonged immobilisation risks joint stiffness, muscle wasting, and, in severe
cases, pressure
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4.3.3 indications for surgical fixation
When holding the position externally is simply not enough

Surgical fixation, using implants such as plates, screws, or intramedullary nails to hold a
fracture in position internally, is indicated when closed reduction cannot achieve or maintain
acceptable alignment, when a fracture involves a joint surface requiring precise anatomical
restoration to preserve future joint function, or when early mobilisation is genuinely important,
such as in an elderly patient with a hip fracture where prolonged immobility itself carries
significant risk.

The choice of specific fixation method, whether internal fixation with plates and screws or an
intramedullary nail, or external fixation, using pins connected to an external frame, depends on
the specific fracture pattern, the condition of the surrounding soft tissue, and the presence or
absence of significant contamination, since certain circumstances, such as‘ heavily
contaminated open fracture, favour external fixation as a genuinely safer initial option before
considering definitive internal fixation once the wound is better controlled.

Fill in the blank: Certain heavily contaminated fractures favour external fixation as a genuinely
safer initial

i

o

Figure 4.2: A clinician applying a plaster cast following closed fracture reduction.
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Pilot questions 4.3

1. Distinguish closed from open reduction. (Linked to SLO 4.6)

2. Explain why adequate analgesia matters before attempting fracture reduction. (Linked to
SLO 4.6)

3. List methods of fracture immobilisation. (Linked to SLO 4.6)

4. List the indications for surgical fixation of a fracture. (Linked to SLO 4.7)

5. Explain why a heavily contaminated open fracture might favour external over internal
fixation initially. (Linked to SLO 4.7)

4.4 Complications of Fractures
4.4.1 early complications of fractures

Problems arising in the hours to days after injury

Early complications of fractures include significant local haemorrhage, particularly relevant in
fractures of large bones such as the femur or pelvis where genuinely substantial blood loss can
occur, nerve or vascular injury from direct damage by displaced fracture fragments, and, less
commonly, fat embolism syndrome; presenting with breathlessness, confusion, and a
characteristic petechial rash, typically occurring within one to three days following a long bone
fracture.

Recognising these early complications promptly requires active, deliberate assessment beyond
simply confirming the fracture itself, including formal documentation of distal neurovascular
status both before and after any manipulation or immobilisation, since a change in neurovascular
findings following an intervention should always prompt urgent reassessment rather than being
attributed automatically to the immobilisation device itself without further, active investigation.

Fill in the blank: Fat embolism syndrome presents with breathlessness, confusion, and a
characteristic petechial

4.4.2 compartment syndrome
A genuine limb-threatening surgical emergency

Compartment syndrome, raised pressure within a closed fascial compartment compromising
the blood supply to the muscles and nerves contained within it, is a genuine surgical emergency
most commonly associated with fractures of the tibia or forearm, presenting classically with pain

-
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disproportionate to the apparent injury, particularly pain on passive stretching of the muscles
within the affected compartment, a specific finding that should never be dismissed as simple
postoperative or post-injury discomfort.

The other classical signs, pallor, paraesthesia, paralysis, and pulselessness, are typically late
findings, and waiting for their appearance before considering the diagnosis represents a
genuinely dangerous delay, since irreversible muscle and nerve damage can occur within hours
of onset, meaning urgent fasciotomy, surgically releasing the affected compartments, must be
performed on clinical suspicion alone rather than waiting for these late, confirmatory signs to
develop.

Fill in the blank: Compartment syndrome presents classically with pain disproportionate to the
apparent

4.4.3 late complications of fractures
Consequences that can emerge long after the fracture has united

Late complications of fractures include the delayed union, non-union, and malunion already
discussed earlier in this Series, alongside avascular necrosis, death of bone tissue from
disrupted blood supply, particularly relevant in fractutes affecting bones with a precarious blood
supply such as the femoral head or scaphoid, and post-traumatic osteoarthritis, accelerated
joint degeneration following a fracture involving the joint surface.

Complex regional pain syndrome, a poorly understood condition producing disproportionate,
persistent pain, swelling, and functional impairment following an injury, including fracture, is a
further recognised late complication, and, while its precise underlying mechanism remains
genuinely incompletely understood, early recognition and appropriate multidisciplinary
management, including physiotherapy and pain specialist input, meaningfully improve the
prospects for eventual recovery.

Fill in the blank: Avascular necrosis is particularly relevant in fractures affecting bones with a
precarious blood

Table 4.2: Comparing early and late complications of fractures

Complication Typical timing Key clinical feature

Pain disproportionate to injury,

Compartment syndrome Hours after injury .
worse on passive stretch

One to three days after Breathlessness, confusion,

Fat embolism syndrome injury petechial rash
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Pain and joint dysfunction from

Avascular necrosis Months to years after injury bone death

Pilot questions 4.4

1. List the early complications of fractures. (Linked to SLO 4.8)

2. Describe fat embolism syndrome and its typical timing. (Linked to SLO 4.8)

3. Explain why pain disproportionate to injury is a key early sign of compartment
syndrome. (Linked to SLO 4.8)

4. Explain why the classical late signs of compartment syndrome should not be awaited
before treatment. (Linked to SLO 4.8)

5. Describe avascular necrosis and its relevance to specific fracture locations. (Linked to
SLO 4.8)

Series Summary

This Series covered the general principles underlying every fracture, regardless of the specific
bone involved. Part 4.1 covered fracture classification and pattern, open versus closed fractures,
and structured imaging description, while Part 4.2 turned to the stages of fracture healing and the
factors that can disrupt this process. Part 4.3 covered the principles of fracture reduction,
immobilisation, and surgical fixation, and Part 4.4 closed with the complications of fractures,
including the genuine surgical emergency of compartment syndrome.

You should now be able to classify and describe fractures, understand their healing process,
describe their management, and recognise and manage their complications, meeting the
outcomes set for this Series. Series 5 turns next to dislocations and fracture-dislocations.

Glossary of Terms

1.© Avascular necrosis: death of bone tissue from disrupted blood supply.

2. Comminuted fracture: a fracture where the bone breaks into more than two fragments.

3. Compartment syndrome: raised pressure within a closed fascial compartment
compromising blood supply.

4. Delayed union: fracture healing progressing more slowly than expected but not yet
stopped.
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5. Fasciotomy: surgical release of a fascial compartment to relieve compartment syndrome.

6. Fat embolism syndrome: breathlessness, confusion, and rash following long bone
fracture.

7. Malunion: fracture healing with the bone united in an unsatisfactory anatomical position:

8. Non-union: complete cessation of fracture healing with no further progress towards
union.

9. Open fracture: a fracture communicating with a break in the overlying skin.

10. Post-traumatic osteoarthritis: accelerated joint degeneration following a fracture
involving the joint surface.

11. Reduction: restoring displaced fracture fragments to an acceptable anatomical alignment.

12. Surgical fixation: using implants to hold a fracture in position internally or externally.

Concept Check Questions [Series 4]

Objective questions

e A comminuted fracture, where bone breaks inte more than two fragments, typically
results from high- trauma. (Linked to SLO 4.1)

e An open fracture creates a direct pathway for bacterial from the external
environment. (Linked to SLO4.2)

e Non-union describes complete cessation of the healing process with no further progress

towards . (Linked to SLO 4.5)
o Certain heavily contaminated fractures favour external fixation as a genuinely safer initial
. (Linked'to SLO 4.7)

o Compartment syndrome presents classically with pain disproportionate to the apparent
. (Linked to SLO4.8)

Short-answer questions

Distinguish a transverse from an oblique fracture. (Linked to SLO 4.1)

List local and systemic factors affecting fracture healing. (Linked to SLO 4.5)
Distinguish closed from open reduction. (Linked to SLO 4.6)

List the indications for surgical fixation of a fracture. (Linked to SLO 4.7)

Explain why the classical late signs of compartment syndrome should not be awaited
before treatment. (Linked to SLO 4.8)

gy > By

Long-answer questions

6. Discuss the classification and description of fractures, including open versus closed
fractures. (Linked to SLO 4.1, 4.2, 4.3)
P
S
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7. Describe the stages of fracture healing and the factors that can lead to delayed union,
non-union, or malunion. (Linked to SLO 4.4, 4.5)

8. Discuss the principles of fracture reduction, immobilisation, and the indications for
surgical fixation. (Linked to SLO 4.6, 4.7)

9. Describe compartment syndrome and explain why it is considered a genuine surgical
emergency. (Linked to SLO 4.8)

10. Discuss the early and late complications of fractures. (Linked to SLO 4.8)

Answers to Concept Check Questions [Series 4]

Objective questions

11. Energy.

12. Contamination.
13. Union.

14. Option.

15. Injury.

Short-answer questions

16. A transverse fracture is perpendicular to the bone's long axis, while an oblique fracture is
angled across it.

17. Local factors include blood supply, soft tissue injury, and infection; systemic factors
include age, nutrition, smoking, and diabetes.

18. Closed reduction manipulates fragments externally, while open reduction directly
exposes and repositions them surgically.

19. Indications include failure of closed reduction, joint surface involvement, and the need
for early mobilisation.

20. Late signs indicate irreversible damage may already be occurring, since damage can
occur within hours of onset.

Long-answer questions

21. Basic response: Fractures are classified by pattern, transverse, oblique, spiral, or
comminuted, and by open or closed status, with imaging description covering bone,
location, pattern, and displacement.

Value-added response: A value-added response notes that open fractures require prompt
antibiotic prophylaxis and debridement given the direct route for bacterial contamination.

-
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22. Basic response: Healing progresses through haematoma formation, soft callus, hard
callus, and remodelling; local and systemic factors can disrupt healing, producing
delayed union, non-union, or malunion.

Value-added response: A value-added response notes that non-union generally requires
active intervention rather than continued waiting, unlike delayed union.

23. Basic response: Reduction restores alignment through closed or open techniques;
immobilisation maintains position while balancing stiffness and pressure risks; surgical
fixation is indicated when closed methods fail or joint surfaces are involved.

Value-added response: A value-added response notes that immobilisation duration
should always be the minimum genuinely necessary rather than applied indefinitely.

24. Basic response: Compartment syndrome is raised pressure within a closed compartment
compromising blood supply, presenting with pain disproportionate to injury, requiring
urgent fasciotomy on clinical suspicion alone:

Value-added response: A value-added response notes that waiting for late signs such as
pulselessness represents a genuinely dangerous delay, since damage can occur within
hours.

25. Basic response: Early complications include haemorrhage, nerve or vascular injury, and
fat embolism syndrome; late complications include non-union, malunion, avascular
necrosis, and post-traumatic osteoarthritis.

Value-added response: A value-added response notes that complex regional pain
syndrome, though poorly understood, benefits from early multidisciplinary management.

Answers to Pilot Questions [Series 4]

Part 4.1

1. A transverse fracture is perpendicular to the bone's axis, while an oblique fracture is
angled across it.

2. A comminuted fracture breaks into more than two fragments, typically from high-energy
trauma.
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3. A closed fracture has intact overlying skin, while an open fracture communicates with a
skin break.
4. Prompt assessment and antibiotics reduce the risk of deep bone infection from bacterial
contamination.
5. Elements include the bone, location, pattern, displacement, angulation, and rotation.
Part 4.2
6. The four stages are haematoma formation, soft callus formation, hard callus formation,
and remodelling.
7. Understanding expected timing helps recognise when healing is progressing more slowly
than expected.
8. Local factors include blood supply and infection; systemic factors include age, nutrition,
and smoking.
9. Delayed union is progressing slowly but ongoing, while non-union has completely
stopped.
10. Malunion is healing in an unsatisfactory position, sometimes requiring corrective
osteotomy.
Part 4.3
11. Closed reduction manipulates externally, while open reduction directly exposes
fragments surgically.
12. Adequate analgesia allows muscle relaxation, improving the chance of successful
manipulation.
13. Methods include plaster casting, functional bracing, and traction.
14. Indications include failed closed reduction, joint surface involvement, and need for early
mobilisation.
15. External fixation avoids implanting hardware into a contaminated wound, reducing
infection risk initially.
Part 4.4
1. Early complications include haemorrhage, nerve or vascular injury, and fat embolism
syndrome.
2.  Fat embolism syndrome presents with breathlessness, confusion, and petechial rash,
typically one to three days after injury.
3. Disproportionate pain, especially on passive stretch, is an early, reliable sign before other
findings develop.
4. Trreversible damage can occur within hours, so waiting for late signs risks permanent

limb damage.
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5. Avascular necrosis is bone death from disrupted blood supply, particularly relevant to the
femoral head and scaphoid.

References and Attributions [Series 4]
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Figures, Plates, Tables, and Boxes

1. Figure 4.1: A labelled comparison of transverse, oblique, spiral, and comminuted fracture
patterns. Al-generated using the prompt: "Create a clean, accurate labelled educational
diagram titled Fracture Patterns, showing four side-by-side illustrations of a long bone
with a transverse fracture, an oblique fracture, a spiral fracture, and a comminuted
fracture, each clearly labelled. Educational anatomical diagram style, no photographic
content."

2. Table 4.1: The four stages of fracture healing. Al-generated using the prompt: "Create a
clean reference table titled The Four Stages of Fracture Healing, listing stage,
approximate timing, and key process. Simple clinical reference table style with outside
border."

3. Figure 4.2: A clinician applying a plaster cast following closed fracture reduction. Al-
generated using the prompt: "Create a realistic clinical illustration titled Applying a
Plaster Cast, showing a clinician wrapping plaster bandage around a patient's forearm to
immobilise a reduced fracture, treatment room setting. Clean clinical illustration style, no
text."

4. Table 4.2: Comparing early and late complications of fractures. Al-generated using the
prompt: "Create a clean reference table titled Comparing Early and Late Complications
of Fractures, listing complication, typical timing, and key clinical feature. Simple clinical
reference table style with outside border."
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Course code: SUG 607

Course title: Special Topics in Surgery

Course credit load: 2 Units

Series 5: Dislocations and Fracture-Dislocations

o Part 5.1: Principles of Joint Dislocation
o Sub Part 5.1.1: Defining and classifying dislocation
o Sub Part 5.1.2: Mechanism and pathology of dislocation
o Sub Part 5.1.3: Clinical presentation of dislocation
e Part5.2: Common Peripheral Joint Dislocations
o Sub Part 5.2.1: Shoulder dislocation
o Sub Part 5.2.2: Elbow dislocation
o Sub Part 5.2.3: Finger and patellar dislocation
o Part 5.3: Major Joint and Axial Dislocations
o Sub Part 5.3.1: Hipdislocation
o Sub Part 5.3.2: Knee dislocation
o Sub Part 5.3.3: Fracture-dislocations
o Part 5.4: Management and Complications of Dislocation
o /Sub Part 5.4.1: Principles of closed reduction of dislocation
o " Sub Part 5.4.2: Indications for surgical management of dislocation

o Sub Part 5.4.3: Complications of dislocation

Introduction

This final Series turns to dislocations, injuries in which the articulating surfaces of a joint lose
their normal contact entirely, a genuinely distinct category of injury from the fractures covered in
Series 4, though the two frequently occur together as a fracture-dislocation demanding
management of both problems simultaneously. Recognising a dislocation promptly and reducing
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it safely is a skill every trauma clinician must possess, since prolonged joint displacement risks
lasting damage to surrounding structures.

The aim of this Series is to equip you with the ability to define and classify dislocation, describe
its mechanism and clinical presentation, describe the common peripheral joint dislocations of the
shoulder, elbow, finger, and patella, discuss major joint dislocations of the hip and knee
alongside fracture-dislocations, and describe the principles of closed reduction, the indications
for surgical management, and the complications of dislocation.

This Series opens with the principles of joint dislocation, moves through common peripheral
joint dislocations and major joint and axial dislocations, and closes with management and
complications of dislocation.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 5.1: define and classify dislocation

e SLO 5.2: describe the mechanism and clinical presentation of dislocation
e SLO 5.3: describe shoulder, elbow, and finger or patellar dislocation

e SLO 5.4: discuss hip and knee dislocation

e SLO 5.5: describe fracture-dislocations

e SLO 5.6: describe the principles of closed reduction of dislocation

e SLO 5.7: discuss the indications for surgical management of dislocation
e SLO 5.8: describe the complications of dislocation

5.1 Principles.of Joint/Dislocation
5.1.1 defining and classifying dislocation
A complete loss of normal joint contact

A dislocation describes complete loss of contact between the normally articulating surfaces of a
joint, distinguishing it from a subluxation, a partial loss of contact where the joint surfaces
remain in some degree of continued contact, a distinction carrying genuine relevance to both
severity and the specific management approach required for the injury.
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Dislocations are classified according to the direction the distal bone moves relative to the
proximal joint surface, such as an anterior or posterior shoulder dislocation, and according to
whether the dislocation is a first-time, traumatic event or a recurrent dislocation, occurring
repeatedly in a joint rendered unstable by previous injury, a distinction with genuine relevance to
both the likely underlying pathology and the eventual management strategy chosen.

Fill in the blank: A subluxation is a partial loss of joint contact, unlike a dislocation, where
contact is completely

5.1.2 mechanism and pathology of dislocation
Force overcoming the joint's normal restraints

Dislocation occurs when an applied force exceeds the restraining capacity of the joint capsule,
ligaments, and surrounding muscles that normally maintain joint stability,@and the specific
mechanism, whether a direct blow, a fall onto an outstretched limb, or a forced rotational
movement, varies by joint and typically produces a characteristic; recognisable pattern of
associated soft tissue damage that experienced clinicians learn to anticipate.

The underlying pathology accompanying a dislocation extends well beyond the joint surfaces
themselves, typically including tearing of the joint capsule and supporting ligaments, and, in
certain joints, characteristic associated injuries, such as a Bankart lesion, a tear of the labrum
accompanying anterior shoulder dislocation, that carry direct relevance to the risk of subsequent
recurrent instability if not appropriately addressed.

Fill in the blank: A Bankart lesion is a tear of the labrum accompanying anterior shoulder

5.1.3 clinical presentation of dislocation
A joint that looks, and functions, unmistakably wrong

Dislocation typically presents with severe pain, an obviously deformed joint contour visible on
inspection, and complete loss of normal joint movement, since the patient is genuinely unable to
move the affected joint through any meaningful range given the loss of normal articulating
contact, a presentation that is frequently visually striking and clinically obvious even before any
imaging is obtained.

Neurovascular assessment distal to the dislocated joint is a genuinely essential part of the clinical
examination, since the displaced bone ends can directly compress or stretch adjacent nerves and
blood vessels, and documenting this neurovascular status both before and after any reduction
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attempt, exactly as already emphasised for fractures in the previous Series, is essential to detect
any change attributable specifically to the reduction manoeuvre itself.

Fill in the blank: Documenting neurovascular status both before and after reduction detects any
change attributable to the reduction

Anterior Shoulder Dislocation
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Figure 5.1: A labelled anatomical diagram of an anterior shoulder dislocation.
Pilot questions 5.1

o Distinguish-a dislocation from a subluxation. (Linked to SLO 5.1)

o Explain the significance of recurrent dislocation. (Linked to SLO 5.1)

e Describe the mechanism by which dislocation typically occurs. (Linked to SLO 5.2)

o [ Describe a Bankart lesion and its relevance. (Linked to SLO 5.2)

o Explain why neurovascular assessment is essential before and after reduction. (Linked to
SLO 5.2)

5.2 Common Peripheral Joint Dislocations

5.2.1 shoulder dislocation
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The most commonly dislocated major joint

Shoulder dislocation, most commonly anterior in direction, is the most frequently dislocated
major joint in the body, reflecting the shoulder's genuinely wide range of motion achieved at the
cost of relative bony instability, and typically results from a fall onto an outstretched hand or a
forced external rotation and abduction of the arm, presenting with the arm held in slight
abduction and external rotation, unable to be brought across the body.

Axillary nerve injury, presenting as reduced sensation over the regimental badge area of the
lateral shoulder and weakness of shoulder abduction, is a specifically recognised complication of
anterior shoulder dislocation given the nerve's close anatomical relationship to the joint, and this
nerve should be specifically, deliberately tested and documented as part of the neurovascular
assessment for every shoulder dislocation.

Fill in the blank: Axillary nerve injury presents with reduced sensation over the regimental
badge area of the lateral

5.2.2 elbow dislocation
The second most common major joint dislocation

Elbow dislocation, typically posteriot in direction, is the second most commonly dislocated
major joint, usually resulting froma fall onto an outstretched hand with the elbow in extension,
and, given the close proximity of the brachial artery and median and ulnar nerves to the joint,
careful neurovascular assessment of the distal limb is genuinely essential both before and after
any reduction attempt.

Terrible triad injury, a specific and genuinely more complex combination of elbow dislocation
with associated fractures of the radial head and coronoid process, carries a considerably worse
prognosis for eventual joint stability and function than a simple dislocation alone, and
recognising this specific combination on imaging is genuinely important since it typically
requires surgical rather than purely conservative management.

Fill in the blank: Terrible triad injury combines elbow dislocation with fractures of the radial
head and coronoid

5.2.3 finger and patellar dislocation
Common, often straightforward, but not to be dismissed

Finger dislocation, most commonly affecting the proximal interphalangeal joint, is a genuinely
common sporting and everyday injury, typically reducing readily with gentle traction, though the
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joint should still be assessed for associated ligamentous injury or a small avulsion fracture
following reduction, since an unrecognised, unstable ligamentous injury can lead to chronic joint
instability if simply dismissed as a straightforward, fully resolved dislocation.

Patellar dislocation, almost always lateral in direction, typically occurs in adolescents and
young adults, often with a twisting movement on a planted foot, and, while it can sometimes
reduce spontaneously as the knee straightens, formal assessment for an associated osteochondral
fracture and underlying anatomical predisposing factors, such as patellar maltracking, is
genuinely important given the meaningful risk of recurrent dislocation this injury carries:

Fill in the blank: Patellar dislocation is almost always in direction.

Table 5.1: Comparing common peripheral joint dislocations

Joint Typical direction Specific associated risk
Shoulder Anterior Axillary nerve injury
Elbow Posterior Brachial artery or nerve injury,

terrible triad

Osteochondral fracture,

Patella Lateral ) .
recurrent dislocation

Pilot questions 5.2

1. Describe the typical mechanism and presentation of anterior shoulder dislocation.
(Linked to SLO 5.3)
2. Describe axillary nervetesting in shoulder dislocation. (Linked to SLO 5.3)

3. Describe terrible triad injury and its significance. (Linked to SLO 5.3)

4. Explain why a reduced finger dislocation should still be assessed further. (Linked to SLO
5.3)

5. Describe the typical direction and population affected by patellar dislocation. (Linked to
SLO 5.3)

5.3 Major Joint and Axial Dislocations

5.3.1 hip dislocation

-
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A genuine orthopaedic emergency

Hip dislocation, most commonly posterior, typically results from a high-energy mechanism such
as a road traffic collision, classically when the knee strikes the dashboard, transmitting force
along the femur to dislocate the hip, and presents with the affected limb held in a characteristic
shortened, flexed, adducted, and internally rotated position, a recognisable posture that
experienced clinicians learn to identify at a glance.

Hip dislocation is considered a genuine orthopaedic emergency requiring urgent reduction,
ideally within six hours of injury, given the significant risk of avascular necrosis of the femoral
head from disruption of its precarious blood supply, a risk that rises considerably the longer
reduction is delayed, making prompt recognition and urgent management of this specific
dislocation genuinely time-critical rather than something that can safely wait for a routine
assessment slot.

Fill in the blank: Posterior hip dislocation presents with the limb held shortened, flexed,
adducted, and internally

5.3.2 knee dislocation
A rare but genuinely limb-threatening injury

Knee dislocation, a genuinely rare but potentially devastating injury given the complete
disruption of multiple major knee ligaments this typically requires, carries a significant, well-
recognised risk of associated popliteal artery injury given the artery's fixed anatomical position
immediately behind the joint, making urgent, active vascular assessment an absolute priority in
the management of any suspected knee dislocation.

Notably, someknee dislocations spontaneously reduce before the patient reaches hospital,
meaning a joint that appears grossly normal on arrival does not necessarily exclude a genuine
dislocation having occurred, and the specific mechanism and degree of instability found on
examination should raise clinical suspicion regardless of the joint's current, possibly already-
reduced, appearance, prompting the same urgent vascular assessment as an actively dislocated
joint would demand.

Fill in the blank: Some knee dislocations spontaneously before the patient reaches
hospital.
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5.3.3 fracture-dislocations
When both problems occur together

A fracture-dislocation describes the combination of a fracture and a dislocation occurring at the
same joint simultaneously, a genuinely more complex injury than either a simple fracture or a
simple dislocation alone, since the fracture component itself can complicate reduction, and
successful reduction may require specific technique modifications or, frequently, surgical rather
than closed management to address both components adequately.

Fracture-dislocations carry a genuinely worse prognosis for eventual joint function than either a
simple fracture or dislocation in isolation, reflecting the combined soft tissue and bony injury
involved, and recognising this specific combination on imaging, rather than focusing attention on
only the more visually obvious of the two components, is essential to planning genuinely
appropriate management addressing the whole injury pattern rather than only part of it.

Fill in the blank: A fracture-dislocation carries a genuinely worse for joint function
than either injury alone.

I
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Pilot questions 5.3

1. Describe the typical mechanism and clinical posture of posterior hip dislocation. (Linked
to SLO 5.4)

2. Explain why hip dislocation requires urgent reduction. (Linked to SLO 5.4)

3. Explain why vascular assessment is a priority in suspected knee dislocation. (Linked to
SLO 5.4)

4. Explain why a normal-appearing knee does not necessarily exclude a dislocation having
occurred. (Linked to SLO 5.4)

5. Define fracture-dislocation and explain why it carries a worse prognosis than either injury
alone. (Linked to SLO 5.5)

5.4 Management and Complications of Dislocatieh
5.4.1 principles of closed reduction of dislocation
Restoring the joint promptly and gently

Closed reduction of a dislocations manipulating the joint back into its normal anatomical
position without a surgical incision, should generally be attempted promptly once the diagnosis
is confirmed, since prolonged dislocation increases the risk of complications including
neurovascular compromise and progressive soft tissue damage, and adequate analgesia and,
where appropriate, procedural sedation or muscle relaxation are essential to allow gentle,
controlled manipulation without causing further injury.

Following successful reduction, confirmation through both clinical assessment, restored normal
joint contour and range of movement, and imaging, alongside repeat neurovascular assessment,
is genuinely essential, and the joint is typically immobilised for a period afterwards to allow the
stretched or torn supporting structures to heal, with the specific duration and method of
immobilisation depending on the particular joint and the severity of the associated soft tissue

injury.

Fill in the blank: Adequate analgesia and, where appropriate, procedural sedation allow gentle,
manipulation during reduction.

-
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5.4.2 indications for surgical management of dislocation
When closed methods alone are simply not enough

Surgical management of dislocation is indicated when closed reduction cannot be achieved
despite adequate analgesia and technique, when the dislocation is associated with a significant
fracture requiring separate fixation, such as in a fracture-dislocation, when there is sighificant
associated soft tissue injury requiring direct surgical repair, such as a major ligament rupture, or
when recurrent instability develops following an initially successful closed reduction.

The specific surgical approach and technique chosen depends genuinely on the particular joint
involved and the precise pattern of associated injury, and, as with fractures already discussed in
the previous Series, the decision to proceed with surgical rather than purely conservative
management requires careful, individualised weighing of the specific injury pattern against the
patient's overall functional demands and expectations.

Fill in the blank: Surgical management is indicated for significant associated soft tissue injury
requiring direct surgical

5.4.3 complications of dislocation
Consequences that can follow even a successfully reduced joint

Early complications of dislocation include neurovascular injury, already discussed in relation to
specific joints throughout this Series, and, less commonly, an open dislocation where the joint
communicates with a break in the overlying skin, carrying the same significant infection risk
already discussed in relation to.openfractures and requiring similarly urgent wound management
and antibiotic prophylaxis.

Late complications include recurrent instability, particularly relevant following shoulder and
patellar.dislocation given the anatomical factors already discussed, stiffness, from prolonged
immobilisation or the soft tissue healing process itself, and post-traumatic osteoarthritis,
accelerated joint degeneration following the initial cartilage and joint surface injury, a genuine
long-term consequence that underlines why dislocation, despite often appearing dramatically
resolved once successfully reduced, can carry lasting implications for the affected joint well
beyond the initial acute injury.

Fill in the blank: Recurrent instability is particularly relevant following shoulder and
dislocation.
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Table 5.2: Comparing early and late complications of dislocation

Complication Timing Example
Neurovascular injury Early AXIHaW JIeTve or pop liteal
artery injury
. e R t shoul 11
Recurrent instability Late ecurrent shoulder or gegllar

dislocation

Accelerated degeneration of the

Post-traumatic osteoarthritis | Late ..
affected joint

Pilot questions 5.4

1. Explain why closed reduction should be attempted promptly once diagnosis is confirmed.
(Linked to SLO 5.6)

Describe what should be confirmed following successful reduction. (Linked to SLO 5.6)
List the indications for surgical management of dislocation. (Linked to SLO 5.7)
Distinguish early from late complications of dislocation. (Linked to SLO 5.8)

Nk

Explain why recurrent instability is particularly relevant following shoulder and patellar
dislocation. (Linked to SLO 5.8)

Series Summary

This final Series.covered dislocations, from the general principles through to specific joints and
their management. Part 5.1 covered the definition, classification, mechanism, and clinical
presentation of dislocation, while Part 5.2 turned to common peripheral joint dislocations,
shoulder, elbow, finger, and patella. Part 5.3 covered major joint and axial dislocations, hip,
knee, and fracture-dislocations, and Part 5.4 closed with the principles of reduction, indications
for surgery, and complications of dislocation.

You should now be able to define, classify, and describe dislocation across all four Parts of this
Series, meeting the outcomes set for this Series. Across the full course, Series 1 covered general
principles of surgical and trauma care, Series 2 covered the acutely injured, polytraumatised
patient, Series 3 covered mass casualty management, Series 4 covered the principles of fractures,
and this Series has closed the course with dislocations and fracture-dislocations, together
forming a comprehensive foundation in special topics in surgery.

-
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Glossary of Terms

1. Avascular necrosis: death of bone tissue from disrupted blood supply, a risk of delayed
hip dislocation reduction.

2. Axillary nerve injury: nerve injury associated with anterior shoulder dislocation.

Bankart lesion: a tear of the labrum accompanying anterior shoulder dislocation.

4. Closed reduction: manipulating a dislocated joint back into position without a surgical
incision.

[98)

5. Dislocation: complete loss of contact between the normally articulating surfacesof a

joint.

Fracture-dislocation: a fracture and dislocation occurring together at the same joint.

Open dislocation: a dislocation communicating with a-break in the overlying skin.

Post-traumatic osteoarthritis: accelerated joint degeneration following joint injury.

Recurrent dislocation: a dislocation occurring repeatedly in a joint rendered unstable by

previous injury.

10. Recurrent instability: repeated episodes of joint instability following an initial
dislocation.

11. Subluxation: a partial loss of contact between joint surfaces.

12. Terrible triad injury: elbow dislocation combined with radial head and coronoid
process fractures.

A

Concept Check Questions [Series 5]

Objective questions

e A subluxation is a partial loss of joint contact, unlike a dislocation, where contact is

completely . (Linked to SLO 5.1)

» | Axillary nerve injury presents with reduced sensation over the regimental badge area of
the lateral . (Linked to SLO 5.3)

o Posterior hip dislocation presents with the limb held shortened, flexed, adducted, and
internally . (Linked to SLO 5.4)

e A fracture-dislocation carries a genuinely worse for joint function than either

injury alone. (Linked to SLO 5.5)
o Recurrent instability is particularly relevant following shoulder and
dislocation. (Linked to SLO 5.8)

ol
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Short-answer questions

Describe a Bankart lesion and its relevance. (Linked to SLO 5.2)
Describe terrible triad injury and its significance. (Linked to SLO 5.3)
Explain why hip dislocation requires urgent reduction. (Linked to SLO 5.4)

b=

Explain why vascular assessment is a priority in suspected knee dislocation. (Linked to
SLO 5.4)
5. List the indications for surgical management of dislocation. (Linked to SLO.5.7)

Long-answer questions

6. Discuss the definition, classification, mechanism, and clinical presentation of dislocation.
(Linked to SLO 5.1, 5.2)

7. Describe shoulder, elbow, and finger or patellar dislocation. (Linked to SLO 5.3)

Discuss hip and knee dislocation and fracture-dislocations. (Linked to SLO 5.4, 5.5)

9. Describe the principles of closed reduction and the indications for surgical management
of dislocation. (Linked to SLO 5.6, 5.7)

10. Discuss the complications of dislocation. (Linked to SLO 5.8)

o

Answers to Concept Check Questions [Series 5]

Objective questions

11. Lost.

12. Shoulder.
13. Rotated.
14. Prognosis.
15 Patellar.

Short-answer questions

-

16. A Bankart lesion is a labral tear accompanying anterior shoulder dislocation, relevant to
recurrent instability risk.

17. Terrible triad injury combines elbow dislocation with radial head and coronoid fractures,
typically requiring surgery.

18. Urgent reduction reduces the risk of avascular necrosis from disrupted femoral head
blood supply.
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19. The popliteal artery's fixed position behind the knee makes it vulnerable to injury during
dislocation.

20. Indications include failed closed reduction, associated fracture, significant soft tissue
injury, and recurrent instability.

Long-answer questions

21. Basic response: Dislocation is complete loss of joint contact, classified by direction. and
first-time versus recurrent status; it occurs when force exceeds joint restraints, presenting
with deformity, pain, and loss of movement.

Value-added response: A value-added response notes that neurovascular assessment
before and after reduction is essential to detect any change from the manoeuvre itself.

22. Basic response: Shoulder dislocation is most commonly anterior with axillary nerve risk;
elbow dislocation is typically posterior with vascular and terrible triad risk; finger and
patellar dislocations are common but require assessment for associated injury.

Value-added response: A value-added response notes that patellar dislocation carries a
meaningful risk of recurrence given underlying anatomical predisposing factors.

23. Basic response: Hip dislocation is a genuine emergency given avascular necrosis risk;
knee dislocation carries significant popliteal artery injury risk and can spontaneously
reduce; fracture-dislocations combine both injuries with worse prognosis.

Value-added response: A value-added response notes that a normal-appearing knee does
not exclude a dislocation having occurred and later spontaneously reduced.

24. Basic response: Closed reduction uses adequate analgesia and gentle manipulation,
followed by confirmation and immobilisation; surgery is indicated for failed closed
reduction, associated fracture, significant soft tissue injury, or recurrent instability.

Value-added response: A value-added response notes that the decision for surgery
requires individualised weighing of injury pattern against functional demands.

25. Basic response: Early complications include neurovascular injury and open dislocation;
late complications include recurrent instability, stiffness, and post-traumatic
osteoarthritis.

Value-added response: A value-added response notes that dislocation can carry lasting
implications for the joint well beyond apparent successful reduction.
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Answers to Pilot Questions [Series 5]

Part 5.1

1. A dislocation is complete loss of joint contact, while a subluxation is only partial loss.

2. Recurrent dislocation reflects joint instability from previous injury, affecting
management strategy.

3. Dislocation occurs when applied force exceeds the restraining capacity of the joint's
supporting structures.

4. A Bankart lesion is a labral tear accompanying anterior shoulder dislocation, relevant to

instability risk.
5. Neurovascular assessment detects any change attributable specifically to the reduction
manoeuvre.
Part 5.2

6. Anterior shoulder dislocation typically follows.a fall onto an outstretched hand,
presenting with the arm held abducted and externally rotated.

7. Axillary nerve testing checks sensation over the regimental badge area and shoulder
abduction strength.

8. Terrible triad injury combines dislocation with radial head and coronoid fractures,
typically requiring surgery.

9. Associated ligamentous injury or avulsion fracture should be excluded even after
apparently successful reduction.

10. Patellar dislocation is almost always lateral, typically affecting adolescents and young
adults.

Part 5.3

11. Posterior hip dislocation typically follows a dashboard injury, with the limb shortened,
flexed, adducted, and internally rotated.

12. Urgent reduction reduces the risk of avascular necrosis from disrupted femoral head
blood supply.

13. The popliteal artery's fixed position behind the knee makes it vulnerable during
dislocation.

14. Some knee dislocations spontaneously reduce before hospital arrival, so a normal joint
does not exclude the injury.

15. A fracture-dislocation combines both injuries, carrying worse prognosis given the
combined soft tissue and bony damage.

-
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Part 5.4

. Prompt reduction reduces the risk of neurovascular compromise and progressive soft

tissue damage.

Restored joint contour and movement should be confirmed clinically, with imaging and
repeat neurovascular assessment.

Indications include failed closed reduction, associated fracture, significant soft tissue
injury, and recurrent instability.

Early complications include neurovascular injury and open dislocation; late
complications include instability and arthritis.

Anatomical factors in these joints predispose to recurrent instability following the initial
dislocation.
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Figures, Plates, Tables, and Boxes

I.
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Figure 5.1: A labelled anatomical diagram of an anterior shoulder dislocation. Al-
generated using the prompt: "Create a clean, accurate labelled anatomical diagram titled
Anterior Shoulder Dislocation, showing the shoulder joint with the humeral head
displaced anteriorly and inferiorly out of the glenoid fossa, with structures clearly
labelled. Educational anatomical diagram style, no photographic content."

Table 5.1: Comparing common peripheral joint dislocations. Al-generated using the
prompt: "Create a clean reference table titled Comparing Common Peripheral Joint
Dislocations, listing joint, typical direction, and specific associated risk. Simple clinical
reference table style with outside border."

a-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



3. Figure 5.2: The characteristic limb position of a posterior hip dislocation. Al-generated
using the prompt: "Create a realistic clinical illustration titled Posterior Hip Dislocation
Posture, showing a patient lying on an examination trolley with the affected leg visibly
shortened, flexed, adducted, and internally rotated, clinical examination setting. Clean
clinical illustration style, no text."

4. Table 5.2: Comparing early and late complications of dislocation. Al-generated using the
prompt: "Create a clean reference table titled Comparing Early and Late Complications
of Dislocation, listing complication, timing, and example. Simple clinical reference table
style with outside border."
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