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Preface to the Fifth Edition


As in the previous edition more recent methods of internal fixation in the treatment of many fractures have been included, while the basics of conservative management and plaster cast techniques have been retained. This is considered to be important, particularly in situations where access to the wide variety of implants and imaging equipment required for many internal fixation procedures may be limited.


Several new fracture classifications have been detailed, and in many areas new thoughts on the management of some specific fractures have been reviewed and treatment suggestions modified. An appreciable number of drawings illustrating new implants and the techniques that they involve have been added.


There are also many new radiographs, CT scans and 3-D reconstructions, and in the continued quest to improve the clarity of reproduction, digital enhancements, judicious cropping, and the addition of arrows and dotted lines have been carried out on certain radiographs – or substitutions made.


In this edition a number of references, which have been considered to be of particular value have been included.


We hope that these changes will add to the value of this book.


Ronald McRae, Gourock 2008


Max Esser, Melbourne 2008
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Preface to the First Edition


This book has been written primarily for the medical student, and the introductory section assumes little prior knowledge of the subject. The second part, which deals with particular fractures, is set in places at a more advanced level; it is hoped that the book will thereby continue to prove of value to the student when he moves to his first casualty or registrar post.


In planning this volume, I have paid particular attention to two points. Firstly, the details of each fracture and a good deal of the introductory section have been arranged in a linear sequence. The material has been divided into small packets of text and illustration in order to facilitate comprehension and learning. These packets have been set out in a logical sequence which in most cases is based on the relative importance of the initial decisions which must be made in a case, and the order in which treatment procedures should be carried out. This format is in a few places restrictive, with an imbalance in the amount of information carried by either text or illustration. This must be accepted because of spatial and subject limitations. Generally, however, text and illustration will be found to complement one another. The text, although of necessity brief, is concise and, it is hoped, to the point.


Secondly, fracture treatment has been given in an uncommon amount of practical detail. As there is such a variety of accepted treatments for even the simplest of fractures, this has the danger of attracting the criticism of being controversial and didactic. This is far from my intention, and I have tried to avoid this in several ways. Firstly, as minor fractures and most children’s fractures (together forming the bulk of all fractures) are most frequently treated conservatively, the conservative approach I have employed for these injuries should on the whole receive general approval. Secondly, in the more controversial long bone fractures in adults, and in fractures involving joints, I have on the whole pursued a middle course between the extremes of conservative and surgical management. The methods I have singled out for description are those which I consider safest and most reliable in the hands of the comparatively inexperienced. Where alternative methods appear to me to be equally valid I have generally included these. To conceal my own whims I have not always placed these in the order of personal preference. In consequence, I hope that any offence given by the methods described will be restricted to the most extreme quarters.


R. M.










How to use this book


The basic principle of fractures and their treatment are dealt with in the first part of this book. The AO Classification of fractures (pp 22–24), Trauma scoring (pp 41–44) and the Mangled Extremity Severity Score (pp 51–52) may be noted but do not require detailed study by the undergraduate.


The second part of the book is arranged on a regional basis and may be used as a guide for the handling of specific fractures. Detailed study is not required by the undergraduate, but a superficial reading should consolidate knowledge of the basic principles, and indicate how they are applied in practice.


The following conventions are used in the illustrations and text:


Abbrevations



A= anterior



Illus. = illustrated



L = lateral or left



M = medial



N = normal



P = posterior



R = right



1 Where two sides are shown for comparison, the patient’s right side is the one affected.



2 As a general rule, when a procedure is being illustrated, the patient is shown for clarification in a lighter tone of grey than the surgeon and his assistants.



3 Where several conditions are described, and only one illustrated, the first mentioned is the one shown, unless followed by the abbreviation ‘Illus.’.



4 Most cross references within a chapter are made by quoting the relevant frame number. Elsewhere, page numbers are given.
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1 Initial definitions: Fracture: A fracture is present when there is loss of continuity in the substance of a bone. The term covers all bony disruptions, ranging from one end of the scale when (1) a bone is broken into many fragments (multifragmentary or comminuted fracture) to (2) hair-line and even microscopic fractures at the other. To the layman the word ‘fracture’ implies a more severe injury than a simple break in the bone, but in the strict medical sense there is no difference between these terms.







[image: image]

2 Open fractures: All fractures are either closed or open. In an open fracture there is a wound in continuity with the fracture, and the potential exists for organisms to enter the fracture site from outside. All open fractures therefore carry the risk of becoming infected. In addition, blood loss from external haemorrhage may be significant. (Note: the term ‘compound’ is still frequently used to describe a fracture which is open; the term ‘simple’, to describe a closed fracture, may lead to confusion, and is now largely abandoned.)
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3 Closed fracture: In a closed fracture the skin is either intact, or if there are any wounds these are superficial or unrelated to the fracture. So long as the skin is intact, there is no risk of infection from outside. (Blood-borne infection of closed fractures is extremely rare.) Any haemorrhage is internal.
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4 Dislocation: In a dislocation there is complete loss of congruity between the articulating surfaces of a joint. The bones taking part in the articulation are displaced relative to one another; e.g. in a dislocated shoulder the head of the humerus loses all contact with the glenoid. In the common anterior dislocation the head of the humerus is displaced anteriorly.
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5 Subluxation: In a subluxation, the articulating surfaces of a joint are no longer congruous, but loss of contact is incomplete. The term is often used to describe the early stages in a condition which may proceed to complete dislocation (e.g. in a joint infection or in rheumatoid arthritis).
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6 Sprain: A sprain is an incomplete tear of a ligament or complex of ligaments responsible for the stability of a joint; e.g. a sprain of the ankle is a partial tear of the lateral ligament and is not associated with instability (as distinct from a complete tear). The term sprain is also applied to incomplete tears of muscles and tendons.
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7 Causes of fracture: Direct violence (a): Fractures are caused by the application of stresses which exceed the limits of strength of a bone. Violence is the commonest cause. In the case of direct violence, a bone may be fractured by being struck by a moving or falling object, e.g. a fracture of the terminal phalanx of a finger by a hammer blow.
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8 Direct violence (b): A bone may also be fractured if it forcibly strikes a resistant object. For example, a fall on the point of the elbow may fracture the olecranon.
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9 Indirect violence: Very frequently fractures result from indirect violence.


A twisting or bending stress is applied to a bone, and this results in its fracture at some distance from the application of the causal force. For example, a rotational stress applied to the foot may cause a spiral fracture of the tibia. Indirect violence is also the commonest cause of dislocation.
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10 Fatigue fractures: Stresses, repeated with excessive frequency to a bone, may result in fracture. This mechanism is often compared with fatigue in metals which break after repeated bending beyond their elastic limit. The commonest of these fractures involves the second metatarsal – the march fracture (so called because of its frequency in army recruits).
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11 Pathological fractures (a): A pathological fracture is one which occurs in an abnormal or diseased bone. If the osseous abnormality reduces the strength of the bone then the force required to produce fracture is reduced, and may even become trivial. For example a secondary tumour deposit may lead to a pathological fracture of the subtrochanteric region of the femur – a common site.
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12 Pathological fractures (b): Pathological fractures may also occur at the site of simple tumours, e.g. a fracture of the humerus (a) in a child with a simple bone cyst (b). The commonest causes of pathological fracture are osteoporosis and osteomalacia.
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13 Fracture patterns and their significance: Hair-line fractures (a): Hair-line fractures result from minimal trauma, i.e. trauma which is just great enough to produce a fracture but not severe enough to produce any significant displacement of the fragments. Such fractures may be (1) incomplete or (2) complete.
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14 Hair-line fractures (b): These fractures may be difficult to detect on the radiographs, and where there are reasonable clinical grounds for suspecting a fracture, the rules are quite clear. 1. Additional oblique radiographic projections of the area may be helpful. 2. Do not accept poor quality films. 3. Films repeated after 7–10 days may show the fracture quite clearly (due to decalcification at the fracture site). 4. A CT scan may also help confirm the diagnosis.
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15 Hair-line fractures (c): Stress fractures are generally hair-line in pattern, and are often not diagnosed with certainty until there is a wisp of subperiosteal callus formation, or increased density at the fracture site some 3–6 weeks after the onset of symptoms. Where strongly suspected an MRI or bone scan may be helpful. Hair-line fractures generally heal rapidly requiring only symptomatic treatment: but the scaphoid and femoral neck are notable exceptions.
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16 Hair-line fractures (d): Radiograph of upper tibia of an athletic adolescent with a 7-week history of persistent leg pain. Previous radiographs were reported as normal. Note the coned view to obtain optimal detail and the incomplete hair-line fracture revealed by bone sclerosis and subperiosteal callus. A crepe bandage support only was prescribed, and the symptoms settled in a further 6 weeks.
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17 Greenstick fractures (a): Greenstick fractures occur in children, but not all children’s fractures are of this type. The less brittle bone of the child tends to buckle on the side opposite the causal force. Tearing of the periosteum and of the surrounding soft tissues is often minimal.
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18 Greenstick fractures (b): This radiograph illustrates a more severe greenstick fracture of the distal radius and ulna. Note that although there is about 45° of angulation at the fracture site, there is no loss of bony contact in either fracture. The clinical deformity is clearly suggested by the soft-tissue shadow.







[image: image]

19 Greenstick fractures (c): Reduction of a greenstick fracture is facilitated by the absence of displacement and by the intact tissues on the concavity of the fracture. Angulation may be corrected by supporting the fracture and applying pressure over the distal fragment (1 and 2). The elastic spring of the periosteum may however lead to recurrence of angulation (3). Particular attention must therefore be taken over plaster fixation and after care.
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20 Greenstick fractures (d): In the forearm in particular, where angulation inevitably leads to restriction of pronation and supination, some surgeons deliberately overcorrect the initial deformity (1). This tears the periosteum on the other side of the fracture (2). This reduces the risks of secondary angulation (3). Healing in all greenstick fractures is rapid.







[image: image]

21 Simple transverse fractures (a): Transverse fractures run either at right angles to the long axis of a bone (1), or with an obliquity of less than 30°. They may be caused by direct violence, when the bone fractures directly beneath the causal force (e.g. the ulna fracturing when warding off a blow (a)). They may also result from indirect violence when the bone is subjected to bending stresses by remotely applied force (e.g. a fracture of the forearm bones resulting from a fall on the outstretched hand (b)).
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22 Simple transverse fractures (b): The inherent stability of this type of fracture (illustrated by the model on the right) reduces the risks of shortening and displacement. In the tibia, as a result, weight bearing may be permitted at a comparatively early stage. On the other hand, the area of bony contact is small, requiring very strong union before any external support can be discarded. (NB: The term ‘simple’ used to describe this and the following fractures means that the fracture runs circumferentially round the bone with the formation of only two main fragments.)
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23 Simple oblique fractures (a): In an oblique fracture (1) the fracture runs at an oblique angle of 30° or more (O). Such fractures may be caused by (a) direct or (b) indirect violence. In simple spiral fractures (2) the line of the fracture curves round the bone in a spiral. Simple spiral fractures result from indirect violence, applied to the bone by twisting (torsional) forces (t).
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24 Simple oblique and spiral fractures (b): In spiral fractures, union can be rapid (1) as there is often a large area of bone in contact. In both oblique and spiral fractures, unopposed muscle contraction or premature weight bearing readily lead to shortening, displacement and sometimes loss of bony contact (2). [Note: In the AO Classification of Fractures (see later) simple spiral, oblique and transverse fractures are classified as Type A fractures.]
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25 In multifragmentary (comminuted) fractures there are more than two fragments. The spiral wedge fracture (1) is produced by torsional forces (t), and the bending wedge fracture (2) by direct (a) or indirect (b) violence. The fragment (B) is often called a butterfly fragment (because of its shape). With greater violence a fragmented (comminuted) wedge fracture (3) results. [All these fractures are in Type B in the AO Classification (see later) and their characteristic is that after reduction there is still bony contact between the main fragments (4)].
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26 In multifragmentary complex fractures (a further division of comminuted fractures) there is no contact between the main fragments after reduction. In complex spiral fractures (1) there are two or more spiral elements; in complex segmental fractures (sometimes called double fractures) (2) there is at least one quite separate complete bone fragment (S). In complex irregular fractures (3) the bone lying between the main elements is split into many irregular fragments. [All these fractures are classified as Type C in the AO Classification.]
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27 Multifragmentary fractures are generally the result of greater violence than is the case with most simple fractures, and consequently there is an increased risk of damage to neighbouring muscle, blood vessels and skin (1). The fractures tend to be unstable, and delayed union and joint stiffness are common. Segmental fractures are often difficult to reduce by closed methods, and direct exposure may threaten the precarious blood supply to the central segment. Non-union at one level is not uncommon in these fractures (2).







[image: image]

28 Impacted fractures: A fracture is impacted when one fragment is driven into the other (1). Cancellous bone is usually involved and union is often rapid. The stability of these fractures varies and is more implied than real. Displacement will occur if the fracture is subjected to deforming forces; e.g. without fixation, impacted femoral neck fractures frequently come adrift (2).
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29 Compression (or crush) fractures: Crush fractures occur in cancellous bone which is compressed beyond the limits of tolerance. Common sites are (1) the vertebral bodies (as a result of flexion injuries) and (2) the heels (following falls from a height). If the deformity is accepted, union is invariably rapid. In the spine, if correction is attempted, recurrence is almost invariable.
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30 Avulsion fractures (a): An avulsion fracture may be produced by a sudden muscle contraction, the muscle pulling off the portion of bone to which it is attached. Common examples include:



(1) Base of fifth metatarsal (peroneus brevis)



(2) Tibial tuberosity (quadriceps)



(3) Upper pole of patella (quadriceps)



(4) Lesser trochanter (iliopsoas)


(These are all AO Type A fractures.)
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31 Avulsion fractures (b): Avulsion fractures may also result from traction on a ligamentous or capsular attachment: these are often witness of momentary dislocation; e.g. (1) an abduction force may avulse the ulnar collateral ligament attachment, with spontaneous reduction. Late subluxation (2) is common with this (‘gamekeeper’s thumb’) and other injuries and is especially serious in the case of the spine.
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32 Depressed fracture: Depressed fractures occur when a sharply localised blow depresses a segment of cortical bone below the level of the surrounding bone. Although common in skull fractures, this pattern is only rarely found in the limbs. There the tibia in the upper third is probably most frequently affected. Healing is rapid; complications are dependent on the site.
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33 Fractures involving the articular surfaces of a joint: In partial articular fractures (1) part of the joint surface is involved, but the remainder is intact and solidly connected to the rest of the bone. (AO Type B fracture.) In complete articular fractures (2) the articular surface is completely disrupted and separated from the shaft. (AO Type C fracture.) When a fracture involves the articular surfaces, any persisting irregularity may cause secondary osteoarthritis (3). Stiffness is a common complication, and this may be minimised by early mobilisation.
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34 Fracture close to a joint: When a fracture lies close to a joint, stiffness may also be a problem due to tethering of neighbouring muscles and tendons by spread of callus from the healing fracture; e.g. in fractures of the femur close to the knee, the quadriceps may become bound down by the callus, resulting in difficulty with knee flexion.
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35 Fracture–dislocation: A fracture–dislocation is present when a joint has dislocated and there is in addition a fracture of one of the bony components of the joint. Illustrated is a fracture–dislocation of the shoulder, where there is an anterior dislocation with a fracture of the neck of the humerus. Injuries of this kind may be difficult to reduce and may be unstable. Stiffness and avascular necrosis are two common complications.
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36 Complicated fractures: A fracture is described as complicated if there is accompanying damage to major neighbouring structures. The diagram is of a complicated supracondylar fracture of the humerus. (Such an injury might also be described as a supracondylar fracture complicated by damage to the brachial artery.)
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37 Describing the level of a fracture (a): The anatomical divisions of a long bone include the epiphysis (E), the epiphyseal plate (EP), and the diaphysis or shaft (D). Between the latter two is the metaphysis (M). A fracture may be described as lying within these divisions, or involving a distinct anatomical part; e.g. (A) = fracture of the tibial diaphysis; (B) = fracture of the femoral neck; (C) = fracture of the greater trochanter; (F) = supracondylar fracture of the femur.
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38 Describing the level of a fracture (b): For descriptive purposes a bone may be divided arbitrarily into thirds. In this way (A) = fracture of the mid third of the femur; (B) = fracture of the femur in the distal third; (C) = fracture of the femur at the junction of the middle and distal thirds.


The level of a fracture in some cases may be made quite clear by an eponym; e.g. a Colles fracture (D) involves the radius, and occurs within an inch (2.5 cm) of the wrist.
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39 Describing the level of a fracture (c): In AO terminology, long bones are divided into three unequal segments: a proximal segment (1), a central diaphyseal segment (2), and a distal segment (3). The boundaries between these segments are obtained by erecting squares (S) which accommodate the widest part of the bone ends; in the special case of the femur the diaphysis is described as commencing at the distal border of the lesser trochanter.







[image: image]

40 Describing the deformity: If there is no deformity, i.e. if the violence which has produced the fracture has been insufficient to cause any movement of the bone ends relative to one another, then the fracture is said to be in anatomical position. Similarly, if a perfect position has been achieved after manipulation of a fracture, it may be described as being in anatomical position.
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41 Displacement (a): Displacement (or translation) is present if the bone ends have shifted relative to one another. The direction of displacement is described in terms of movement of the distal fragment. For example, in these fractures of the femoral shaft at the junction of the middle and distal thirds there is (1) no displacement, (2) lateral displacement, (3) posterior displacement, (4) both lateral and posterior displacement.
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42 Displacement (b): Apart from the direction of displacement, the degree must be considered. A rough estimate is usually made of the percentage of the fracture surfaces in contact; e.g. (1) 50% bony apposition (2) 25% bony apposition. Good bony apposition encourages stability and union.
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43 Displacement (c): Where none of the fracture surfaces is in contact, the fracture is described as having ‘no bony apposition’ or being ‘completely off-ended’. Off-ended fractures are 1. potentially unstable, 2. liable to progressive shortening, 3. liable to delay or difficulty in union, 4. often hard to reduce, sometimes due to trapping of soft tissue between the bone ends.
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44 Displacement (d): (1) Displacement of a spiral or oblique fracture will result in shortening. Displacement of transverse fractures (2) will result in shortening only after loss of bony contact. The amount of shortening may be assessed from the radiographs (if an allowance is made for magnification). Speaking generally, displacement, whilst undesirable, is of much less significance than angulation.
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45 Angulation (a): The accepted method of describing angulation is in terms of the position of the point of the angle; e.g. (1) fracture of the femur with medial angulation, (2) fracture of the tibia and fibula with posterior angulation. (Both are midshaft fractures.) This method can on occasion give rise to confusion, especially as deformity is described in terms of the distal fragment.
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46 Angulation (b): Equally acceptable, and perhaps less liable to error, would be to describe these fractures in the following way: (1) a fracture of the middle third of the femur with the distal fragment tilted laterally, (2) a fracture of the tibia and fibula in the middle thirds, with the distal fragment tilted anteriorly. This is also known as a recurvatum deformity.
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47 Angulation (c): Significant angulation must always be corrected for several reasons. Deformity of the limb will be conspicuous (1) and regarded (often correctly) by the patient as a sign of poor treatment. Deformity from displacement (2) is seldom very obvious. In the upper limb, function may be seriously impaired, especially in forearm fractures where pronation/supination may be badly affected (3).
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48 Angulation (d): In the lower limb, alteration of the plane of movements of the hip, knee or ankle may lead to abnormal joint stresses, leading to the rapid onset of secondary osteoarthritis.
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49 Axial rotation (a): A third type of deformity may be present; this is when one fragment rotates on its long axis, with or without accompanying displacement or angulation. This type of deformity may be overlooked unless precautions are taken and the possibility of its occurrence kept in mind.
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50 Axial rotation (b): Radiographs which fail to show both ends of the bone frequently prevent any pronouncement on the presence of axial rotation (1). When both ends of the fractured bone are fully visualised on one film, rotation may be obvious (2). The moral is that in any fracture both the joint above and the one below should be included in the examination.
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51 Axial rotation (c): Axial rotation may also be detected in the radiographs by noting (1) the position of interlocking fragments (displaced fracture with 90° axial rotation illustrated). If a bone is not perfectly circular in cross-section at the fracture site, differences in the relative diameters of the fragments may be suggestive of axial rotation (2). Axial rotation is of particular importance in forearm fractures.
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52 Open fractures: Open (compound) fractures are of two types: those which are open from within out, and others which are open from without in. In fractures which are open from within out, the skin is broached by the sharp edge of one of the bone ends. This may occur at the time of the initial injury, or later from unguarded handling of a closed fracture.
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53 Fractures open from within out: (1) The case may be first seen with bone obviously still penetrating the skin which may be tightly stretched round it. (2) More commonly, the fracture having once broken the skin promptly spontaneously reduces, so that what is seen is a wound at the level of the fracture.
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54 Technically open fracture: Occasionally the skin damage is minimal, with a small area of early bruising, in the centre of which is a tiny tell-tale bead of blood issuing from a puncture wound; this bead of blood reappears as soon as it is swabbed. The risks of infection are much less in open-from-within-out fractures than those from without in. This is especially so in the technically open fracture just described.
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55 Fractures open from without in (a): This type of injury is caused by direct violence; the causal force breaks the skin and fractures the underlying bone. Causes include injuries from falling objects (e.g. in the construction industry, mining, rock falls in mountaineering, etc.) and motor vehicle impacts.
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56 Open from without in (b): The risks of infection are greater in this type of open fracture as: (1) dirt and fragments of clothing, etc. may be driven into the wound, (2) the skin is often badly damaged; skin may even be lost. In either case, wound healing may be in jeopardy. Difficulty in closure must be anticipated.
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57 Open from without in (c): Here the skin and soft tissue damage may be more extensive (3) leading to oedema, compartment syndromes, problems with wound cover, and greater haemorrhage (4) and shock. The associated fractures are more frequently comminuted, leading to difficulty in reduction and fixation. There may be vascular and/or neurological complications. The initial assessment of any open fracture must consider neurovascular and significant muscle and tendon damage as well as the fracture itself.








SELF-TEST
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58 Describe the level and pattern of this child’s fracture.
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59 This is the radiograph of the tibia of a young man who was kicked whilst playing rugby. What is the pattern of fracture? What observations would you make regarding the detection of such a fracture?
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60 This is a radiograph of the elbow of an adult injured in a fall. There is obvious clinical deformity. What is the injury?
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61 This is a radiograph of the arm of a child severely crushed in a run-over road traffic accident. Describe the injury.
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62 What is the pattern of this injury?
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63 Describe this fracture. What problems might you anticipate with it?
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64 Describe the level and any angulation or displacement that you see in this fracture.
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65 Can you detect any abnormality in this AP radiograph of the wrist and forearm of a child?
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66 This is the radiograph of a patient who complained of pain in the side of the foot following a sudden inversion injury. Where is the fracture, and what is the pattern of injury?
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67 The history in this case is of pain in the back following a fall. What is the pattern of fracture?
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68 This radiograph is of the hip of an elderly lady who complained of pain after a fall. What deformity is present? Have you any observations to make regarding any factors contributing to the fracture?
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69 What is this pattern of fracture? What is the importance of accurate reduction in this case?
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70 What pattern of injury is illustrated in this thumb radiograph? What is its significance?
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71 This injury was sustained in a road traffic accident. Describe the pattern of injury and the deformity.











ANSWERS TO SELF-TEST






58 Transverse fracture of the tibia in the middle third. Simple transverse fracture of the tibia in the middle third (or simple transverse fracture of the tibial diaphysis). There is no significant displacement or angulation, and the fibula is intact. The fracture is of adult pattern and is not a greenstick fracture.



59 Hair-line fracture of the tibial diaphysis (or of the tibia in the lower mid-third). Coned-down views are often helpful; if the initial radiographs appear normal, they should be repeated after an interval if there is continued suspicion that a fracture is present. CT scans of the suspect area are also often useful.



60 Dislocation of the elbow. The radius and ulna are displaced laterally in relation to the humerus (and also posteriorly, although this is not shown on the single radiograph).



61 This injury cannot be anything but open as the right-angled angulation of the greenstick fracture of the radius (at the junction of its middle and lower thirds) indicates. The mottling of the soft-tissue shadows due to air is confirmatory. In addition, there is a greenstick fracture of the ulna in its middle third (note the posterior angulation) and dislocation of the elbow (the ulna appears lateral and the humerus AP). Both fractures are of the diaphysis.



62 Fracture dislocation of the shoulder. The head of the humerus is not congruous with the glenoid. Lateral to it is a large fragment of bone, the avulsed greater tuberosity of the humerus.



63 Segmental (double) fracture of the tibia (complex segmental fracture). The proximal fracture is virtually transverse and in the middle third. The distal fracture is also transverse and situated in the distal third. The fibula is fractured, and the tibia displaced medially. Bony apposition has probably been lost in the proximal fracture. Problems with reduction, fixation and non-union at one level are to be anticipated.



64 Fracture of the radius and ulna in the distal third. In the lateral projection, there is some slight anterior (volar) angulation (posterior (or dorsal) tilting) of the ulna. In the AP view, there is lateral (or radial) displacement of the distal fragments which are virtually off-ended. There is some medial (ulnar) angulation (or the distal fragments are tilted laterally). The radial fracture is oblique with a slight spiral element. The ulnar fracture is transverse.



65 There is a greenstick fracture of the radius. Note the ridging of the radius both medially and laterally just proximal to the epiphysis.



66 Fracture of the base of the fifth metatarsal. This is an avulsion fracture, produced by the peroneus brevis which is inserted into the fifth metatarsal base.



67 The radiograph shows deformity of the body of the first lumbar vertebra which has been reduced in height anteriorly. This is an anterior compression or crush fracture.



68 There is a simple oblique fracture of the proximal femur, running between the lesser and greater trochanters, with a coxa vara deformity (the distal femur is tilted medially). The hip is arthritic, and the disturbance in bone texture in the pelvis and femur is typical of Paget’s disease (i.e. this is a pathological fracture).



69 There is a simple oblique fracture of the fibula, which is displaced laterally, accompanied by the talus. The distal end of the fibula is tilted laterally (medial angulation). Unless accurately reduced, this fracture involving a joint is liable to lead to secondary osteoarthritis.



70 The small fragment of bone detached from the base of the proximal phalanx has been avulsed by the ulnar collateral ligament of the MP joint. It indicates that the thumb has been dislocated, and that there is potential instability at this level.



71 There is a fragmented wedge fracture of the tibial diaphysis. There are four fragments, and the main butterfly fragment of a bending wedge fracture remains in contact and alignment with the main distal fragment. There is a segmental (double) fracture of the fibula. Both fractures are in the middle third. Soft tissue shadows indicate, as might be anticipated, that this is an open fracture. There is lateral angulation (i.e. the distal fragment is tilted medially). During the taking of the AP and lateral radiographs there has been some alteration of position of the fracture: note that in the lateral projection there is considerable axial rotation (the foot is lateral, but the upper tibia is almost in the AP plane). Axial rotation is not a feature of the AP projection.
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72 Types of epiphyses: There are two types of epiphyses: (1) pressure epiphyses (epiphyses), which form part of the articulating surfaces of a joint, and (2) traction epiphyses (apophyses), which lie at muscle insertions, are non-articular and do not contribute to the longitudinal growth of the bone.
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73 Traction epiphyses ctd: Injuries to the traction epiphyses are nearly always avulsion injuries. The sites commonly affected include: (1) the base of the fifth metatarsal, (2) the tibial tuberosity, (3) the calcaneal epiphysis. Traction injuries are probably the basic cause of Osgood Schlatter’s and Sever’s disease (2 and 3). Other sites include the lesser trochanter, ischium and the anterior iliac spines.
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74 Pressure epiphyses (a): Pressure epiphyses are situated at the ends of the long bones and take part in the articulations. The corresponding epiphyseal plates are responsible for longitudinal growth of the bone. (Circumferential growth is controlled by the periosteum.)


Note: (1) epiphysis, (2) epiphyseal plate, (3) metaphysis, (4) diaphysis.
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75 Pressure epiphyses (b): Within the epiphyseal plate (1) is a layer of active cartilage cells (2). The newly formed cells undergo hypertrophy. Calcification and transformation to bone occur near the metaphysis (3). When there is an epiphyseal separation, it occurs at the weakest point, the layer of cell hypertrophy (4). The active region (2) remains with the epiphysis.
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76 Pressure epiphyses (c): The metaphyseal side of the plate is nourished by vessels from the shaft (M). In the tibia (1) the epiphysis is supplied by extra-articular vessels. Vessels to the femoral head (2) lie close to the joint space and epiphyseal plate (P). There is a variable (up to 25%) contribution from the ligamentum teres. Epiphyseal displacements may lead to avascular necrosis or growth arrest. The head of radius is similarly at risk. (C) = capsule, (A) = articular cartilage.
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77 Epiphyseal plate injuries (Salter and Harris Classification):



Type 1: The whole epiphysis is separated from the shaft.



Type 2: The epiphysis is displaced, carrying with it a small, triangular metaphyseal fragment (the commonest injury).



Type 3: Separation of part of the epiphysis.



Type 4: Separation of part of the epiphysis, with a metaphyseal fragment.



Type 5: Crushing of part or all of the epiphysis.
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78 Type 1 injuries (a): The epiphysis is separated from the shaft without any accompanying fracture. This may follow trauma in childhood (illustrated is a traumatic displacement of the distal femoral epiphysis) or result from a birth injury. It may occur secondary to a joint infection, rickets or scurvy. Reduction by manipulation is usually easy in traumatic lesions, and the prognosis is good unless the epiphysis lies wholly within the joint.
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79 Type 1 injuries (b): An endocrine disturbance is thought to be an important factor in the common forms of slipped upper femoral epiphysis. Avascular necrosis is not uncommon, especially if forcible reduction is attempted after a delay in diagnosis. Growth arrest is seldom a problem (as it occurs in adolescence towards the end of growth, and as most femoral growth is at the distal end).
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80 Type 2 injuries: The epiphysis displaces, carrying with it a small triangular fragment of the metaphysis (illustrated here in the distal femur). It is caused by trauma and is the commonest of epiphyseal injuries. Its highest incidence is in early adolescence. Growth disturbance is relatively uncommon. Reduction must be early – it becomes difficult after 48 hours by closed methods.
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81 Type 3 injuries: Part of the epiphysis is separated. Accurate reduction is necessary in this type of injury to restore the smoothness and regularity of the articular surface. The prognosis is generally good unless the severity of the initial displacement has disrupted the blood supply to the fragment. The lower and upper tibial epiphyses are most commonly affected (note separated portion of tibial epiphysis behind lateral malleolus).
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82 Type 4 injuries: Separation of part of the epiphysis with a metaphyseal fragment. The lateral condyle of the humerus is most commonly affected and must be accurately reduced – open reduction is usually necessary. Failure of reduction leads to bone formation in the gap and marked disturbance of growth.
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83 Type 5 injuries: Crushing or other damage to the epiphyseal plate. This radiograph of a child who was dragged along the road by a car shows the medial malleolus, part of the epiphyseal plate and the adjacent tibia have been removed by abrasion. (The tibia is also fractured.) The epiphyseal plate may also be crushed in severe abduction and adduction injuries of the ankle.
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84 Growth disturbances (a): If growth is arrested over part of the epiphyseal plate only, there will be progressive angulatory deformity affecting the axis of movement of the related joint. There will be a little overall shortening. This radiograph shows the tilting of the plane of the ankle joint which occurred in the last case, with deformity of the foot and ankle. In the elbow, injuries of this type may lead to cubitus varus or valgus.
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85 Growth disturbances (b): If the whole epiphyseal plate is affected, growth will be arrested, leading to greater shortening of the bone. The final result will depend on the age at which epiphyseal arrest occurred, and the epiphysis involved; obviously the younger the child the greater is the growth loss. Arrest of one epiphysis in paired bones will lead to joint deformity. In the case illustrated, the radial epiphysis on the right has suffered complete growth arrest following a displaced lower radial epiphysis. The ulna has continued to grow at its usual rate; its distal end appears prominent on the dorsum of the wrist, and there is obvious deformity and impairment of function in the wrist. The normal left side is shown for comparison.
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86 Fracture healing: As a result of the injury, (1) the periosteum may be completely or partly torn, (2) there is disruption of the Haversian systems with death of adjacent bone cells, (3) there may be tearing of muscle, especially on the convex side of the fracture, and damage to neighbouring nerves and blood vessels, (4) the skin may be broached in compound injuries, with risk of ingress of bacteria.
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87 Fracture haematoma (a): Bleeding occurs from the bone ends, marrow vessels and damaged soft tissues, with the formation of a fracture haematoma which clots. (A closed fracture is illustrated.)
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88 Fracture haematoma (b): The fracture haematoma is rapidly vascularised by the ingrowth of blood vessels from the surrounding tissues, and for some weeks there is rapid cellular activity. Fibrovascular tissue replaces the clot, collagen fibres are laid down and mineral salts are deposited.
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89 Subperiosteal bone: New woven bone is formed beneath the periosteum at the ends of the bone. The cells responsible are derived from the periosteum, which becomes stretched over these collars of new bone. If the blood supply is poor, or if it is disturbed by excessive mobility at the fracture site, cartilage may be formed instead and remain until a better blood supply is established.
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90 Primary callus response: This remains active for a few weeks only (1). There is a much less vigorous formation of callus from the medullary cavity (2). Nevertheless, the capacity of the medulla to form new bone remains indefinitely throughout the healing of the fracture.
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91 Bridging external callus (a): If the periosteum is incompletely torn, and there is no significant loss of bony apposition, the primary callus response may result in establishing external continuity of the fracture (‘bridging external callus’). Cells lying in the outer layer of the periosteum itself proliferate to reconstitute the periosteum.
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92 Bridging external callus (b): If the gap is more substantial, fibrous tissue formed from the organisation of the fracture haematoma will lie between the advancing collars of subperiosteal new bone. This fibrous tissue may be stimulated to form bone (‘tissue induction’), again resulting in bridging callus. The mechanism may be due to a change of electrical potential at the fracture site or to a (hypothetical) wound hormone.
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93 Bridging external callus (c): If the bone ends are offset, the primary callus from the subperiosteal region may unite with medullary callus. The net result of the three mechanisms just described is that the fracture becomes rigid, function in the limb returns and the situation is rendered favourable for endosteal bone formation and remodelling.
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94 Endosteal new bone formation (a): If there is no gap between the bone ends, osteoclasts can tunnel across the fracture line in advance of ingrowing blood vessels and osteoblasts which form new Haversian systems. Dead bone is revascularised and may provide an invaluable scaffolding and local mineral source. This process cannot occur if the fracture is mobile.







[image: image]

95 Endosteal new bone formation (b): The formation of new cortical bone, with re-establishment of continuity between the Haversian systems on either side, cannot occur if fibrous tissue remains occupying the space between the bone ends. If this is present, it must be removed and replaced with woven bone. This is generally achieved by ingrowth of medullary callus which remains active through the healing phase.




96.Endosteal new bone formation (c): Where the bone ends are supported by rigid internal fixation, there is no functional requirement for external bridging callus: as a result external bridging callus may not be seen, or be minimal. Healing of the fracture occurs slowly through the formation of new cortical bone between the bone ends. It is therefore essential that internal fixation devices are retained until this process is complete.


Remodelling: After clinical union, new Haversian systems are laid down along the lines of stress. In areas free from stress, bone is removed by osteoclasts. Eventually little trace of external bridging callus will remain. The power to remodel bone in this way is great in children, but not so marked in the adult. In a child, most or all traces of fracture displacement (including even off-ending) will disappear. There is also some power to correct angulation, although this becomes progressively less as the child approaches adolescence. Any axial rotation, however, is likely to remain. In the adult, there is virtually no correction of axial rotation or angulation. It is, therefore, important that axial rotation deformity is always corrected, and that angulation, particularly in adults, should not be accepted.


Bone morphogenic protein (BMP): These make up a family of proteins which have osteogenic properties. More than 16 (BMP 1–16) have been identified: they have been purified, cloned and sequenced into human recombinant forms. They function by inducing mesenchymal cells to transform – first into cartilage and then into bone cells. They may produce and mineralise osteoid, influence angiogenesis, and play a part in bone remodelling. They may also have a role to play in articular cartilage repair.


Their clinical application is being appraised. It has been found that dosage is important: too low, and the effect is minimal, and too high a dose may lead to osteoclastic activity. To maintain a suitable local concentration and prevent rapid absorption, BMPs are used with a carrier, the commonest of which are collagen based; unfortunately most carriers result in an immunogenic response which may cause problems; so there is continued research in developing more effective carriers. BMPs may also be delivered by gene therapy, either directly to the tissues so that the host cells are transfected, or by transfection of cultured cells which are then implanted locally. However, the safety of viral vectors must be established before they can be used clinically.


Early clinical trials have shown that in the presence of adequate environmental conditions (biomechanical stability, soft tissue coverage and adequate vascularity) the value of BMPs in accelerating healing in open tibial fractures, tibial non-unions, and bone defects seems clear.


97.The classification of fractures There is no fracture of any bone which has escaped an attempt at classification. Sometimes this has been done on the basis of region and pattern, sometimes through a concept of the stresses to which the bone has been subjected, and usually with an eye on some understanding of the severity of the injury and its prognosis. Unfortunately not everyone has the same ideas regarding the relative importance of the various factors concerned, and as time progresses and knowledge expands the number of classifications that exist has been continuing to grow.


The result is that in nearly every area there is a wealth of classifications, usually with grades, degrees or numbers attached to the originator’s name. This bewilders the newcomer, and causes much confusion in those who are attempting to assess the results of various treatments, as the injuries classified by one author may not be easily compared with those described by another. There is too the problem of how to ascribe certain fractures which have been inconsiderate enough to adopt a pattern that does not quite fit within the classification.


No surgeon is able to master the wealth of classifications outside his own specialist area; and for purposes of communication, as far as single injuries are concerned, a fracture is described mainly by its site and pattern, along the lines already detailed. In such circumstances classifications are only mentioned if they have become familiar through long usage, and in some cases classifications of this type may be archaic.


After many years’ work the AO Group have evolved a classification which aims to encompass all fractures, actual or theoretical, and is of particular value for research purposes.









THE AO CLASSIFICATION OF FRACTURES OF LONG BONES


The following points should be noted:



1 This is not a classification of injuries: it is a classification of fractures.



2 It does not include dislocations, unless they have an associated fracture.



3 It does not differentiate between undisplaced and displaced fractures of the shafts of the long bones (but it does so in the case of certain fractures of the bone ends).



4 It does not give any indication of the relative frequency of particular fractures.



5 The sorting of fractures (beyond the area of the bone involved) depends on the AO Group’s assessment of the severity of the fracture; this they define as ‘the morphological complexity, the difficulty in treatment, and the prognosis’. In areas this may reflect a preference for the use of internal fixation rather than conservative methods of treatment.



6 The classification results in an alpha-numeric code which is suitable for computer sorting, and which allows for research purposes (e.g. in assessing the results of any treatment, wherever carried out) the comparison of like with like.



7 Because of the format, it is not descriptive in a verbal sense, and is not suitable for conveying information about the nature of an individual fracture (e.g. over the telephone).



8 The AO Classification has been criticised as having poor interobserver reliability, being too complex, and having little predictive value. The classification of fractures of the distal radius and the proximal femur has been described as being particularly poor. Nevertheless it is supported by the Orthopaedic Trauma Association for Coding and Classification; and besides this, one of the reasons for its inclusion in this book is because of its great value in drawing attention to the enormous range of fractures to which each bone is subject.





[image: image]

98 The principles of the AO classification: 1. The AO classification for long bone fractures may be grasped by likening it to an X-ray storage system, with numbered blocks of filing cabinets: one block for each bone.


Within each block, each filing cabinet (which is also numbered) represents a particular area of each bone: cabinet number 1 stores fractures of the proximal segment, number 2 the diaphysis or shaft, and number 3 the distal segment. In the case of the tibia, there is a fourth cabinet to deal with fractures of the malleoli. (The junction between the segments is determined in the way described on p. 10, Frame 39.) When a fracture bridges the junction between two segments, the segment under which it is classified is determined by the site of the mid-point of the line of the fracture. In practice therefore, a two-digit code determines the Location of a fracture: e.g. under 22- would be stored all fractures of the shafts of the radius, or the ulna, or of both these bones.


In each cabinet all the radiographs for a single location of fracture are divided into fracture Types (represented by the three drawers); the least severe go in drawer A (Type A), those of intermediate severity in B (Type B fractures), and the most severe in C (Type C). Some of the criteria used to differentiate between the three types of fracture have already been indicated (Frames 25, 26, 33) but see Footnote.


Any type of fracture can be put in one of three groups (represented by folders, and numbered 1–3). The methods of selection are again described later. Within each group fractures may be further sorted into subgroups (represented by partitions). Each of these subgroups has a numerical representation (.1,.2,.3). [If an even more detailed classification is needed, fractures within each subgroup can have added qualifications. These can be described by a single number (or two numbers separated by a comma) added in parentheses after the main coding. The first digit in the range 1–6 is used to amplify the description of a fracture’s location and its extent, while the second is purely descriptive. The number 7 is reserved to describe partial amputations, 8 for total amputation, and 9 for loss of bone stock.]


As an example of the AO classification, a simple oblique fracture of the proximal part of the femoral shaft distal to the trochanters would be coded 32–A2.1 as follows:
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– = separator between location and type



A = the type: A is the least severe type of fracture, with two bone fragments only



2 = the group: Group 2 includes all oblique fractures



1 = the subgroup: subgroup 1 includes fractures in the proximal part of the diaphysis where the medullary cavity is wider than in the more central part of the bone.


Footnote: the criteria employed in sorting fractures into their appropriate types, groups and subgroups are given in a little more detail in the section on Regional Injuries.
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99 Classification of open fractures (a): The classification of Gustilo et al is well established and in common use. It is a practical classification which relates well to the common patterns of injury and their prognosis. Three types are described, with the third being subdivided to allow a more precise grading.



Type I: An open fracture with a wound which is (a) less than 1 cm and (b) clean.



Type II: An open fracture with a wound which is (a) more than 1 cm long and (b) which is not associated with extensive soft tissue damage, avulsions, or flaps.



Type IIIA: An open fracture where there is adequate soft tissue coverage of bone in spite of (a) extensive soft tissue lacerations or flaps or (b) high energy trauma irrespective of the size of the wound.



Type IIIB: An open fracture with extensive soft tissue loss, with periosteal stripping and exposure of bone. Massive contamination is usual.



Type IIIC: An open fracture associated with an arterial injury which requires repair.





100.Classification of open fractures (b): The AO Group use separate classifications for closed and open skin injuries and for injuries to muscle; they employ a separate fourth classification for nerve and vascular injuries. The classification is more complex and is given here for completeness:Skin lesions in closed fractures (Integuments, Closed):



IC1 = Skin undamaged



IC2 = Contusion of skin



IC3 = Local degloving



IC4 = Extensive (but closed) degloving



IC5 = Skin necrosis resulting from contusion.


Skin lesions in open fractures (Integuments, Open):



IO1 = Skin broken from within out



IO2 = Skin broken from without in, with contused edges but less than 5 cm in length



IO3 = In excess of 5 cm of skin broken, with devitalised edges and local degloving



IO4 = Full thickness contusion, abrasion, skin loss



IO5 = Extensive degloving.


Muscle and tendon injuries in fractures:



MT1 = No muscle injury



MT2 = Local muscle injury, one muscle group only



MT3 = Extensive muscle injury with involvement of more than one group



MT4 = Avulsion or loss of entire muscle groups, tendon lacerations



MT5 = Compartment syndrome; Crush syndrome.


Neurovascular injuries in fractures:



NV1 = No neurovascular injury



NV2 = Isolated nerve injury



NV3 = Isolated vascular injury



NV4 = Combined neural and vascular injury



NV5 = Sub-total or total amputation.


Note that for data storage purposes the above AO soft-tissue classifications are appended to their alpha-numeric fracture classification; e.g. a segmental fracture of the tibia in which there was a small skin wound, no obvious muscle damage, but an associated drop foot would be classified 42–C2/IO2–MT1–NV2: this is not a classification for committing to memory!


Note the very approximate correlations between the Gustilo and AO classifications:



Gustilo Type I equivalent to IO1



Gustilo Type II equivalent to IO2



Gustilo Type IIIA equivalent to IO3



Gustilo Type IIIB equivalent to IO4



Gustilo Type IIIC equivalent to IO3–5 + NV2.
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How to diagnose a fracture









1 History


In taking the history of a patient who may have a fracture, the following points may prove to be helpful, especially when there has been a traumatic incident.



1 What activity was being pursued at the time of the incident (e.g. taking part in a sport, driving a car, working at a height, etc.)?



2 What was the nature of the incident (e.g. a kick, a fall, a twisting injury, etc.)?



3 What was the magnitude of the applied forces? For example if a patient was injured in a fall, it is helpful to know how far he fell, if his fall was broken, the nature of the surface on which he landed, and how he landed; trivial violence may lead one to suspect a pathological fracture: severe violence makes the exclusion of multiple injuries particularly important.



4 What was the point of impact and the direction of the applied forces? In reducing a fracture, one of the principle methods employed is to reduplicate the causal forces in a reverse direction. If a fracture occurs close to the point of impact, additional remotely situated fractures must be excluded.



5 Is there any significance to be attached to the incident itself? For example, if there was a fall, was it precipitated by some underlying medical condition, such as a hypotensive attack, which requires separate investigation?



6 Where is the site of any pain, and what is its severity?



7 Is there loss of functional activity? For example, walking is seldom possible after any fracture of the femur or tibia; inability to weight bear after an accident is of great significance.



8 What is the patient’s age? Note that while a young person may sustain bruising or a sprain following moderate trauma, an incident of comparative magnitude in an older patient may result in a fracture.









Diagnosis


In some cases the diagnosis of fracture is unmistakable, e.g. when there is gross deformity of the central portion of a long bone or when the fracture is visible as in certain compound injuries. In the majority of other cases, a fracture is suspected from the history and clinical examination, and confirmed by radiography of the region.
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2 Inspection (a) Begin by inspecting the limb most carefully, comparing one side with the other. Look for any asymmetry of contour, suggesting an underlying fracture which has displaced or angled.
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3 Inspection (b) Look for any persisting asymmetry of posture of the limb, for example, persisting external rotation of the leg is a common feature in disimpacted fractures of the femoral neck.
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4 Inspection (c) Look for local bruising of the skin suggesting a point of impact which may direct your attention locally or to a more distant level. For example, bruising over the knee from dashboard impact should direct your attention to the underlying patella, and also to the femoral shaft and hip.
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5 Inspection (d) Look for other tell-tale skin damage. For example (A) grazing, with or without ingraining of dirt in the wound, or friction burns, suggests an impact followed by rubbing of the skin against a resistant surface. (B) Lacerations suggest impact against a hard edge, tearing by a bone end, or splitting by compression against a hard surface.
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6 Inspection (e) Note the presence of: (C) skin stretch marks, (D) band patterning of the skin, suggestive of both stretching and compression of the skin in a run-over injury, (E) pattern bruising, caused by severe compression which leads the skin to be imprinted with the weave marks of overlying clothing. Any of these abnormalities should lead you to suspect the integrity of the underlying bone.
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7 Inspection (f) If the patient is seen shortly after the incident, note any localised swelling of the limb (1). Later, swelling tends to become more diffuse. Note the presence of any haematoma (2). A fracture may strip the skin from its local attachments (degloving injury); the skin comes to float on an underlying collection of blood which is continuous with the fracture haematoma.
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8 Inspection (g) Note the colour of the injured limb, and compare it with the other. Slight cyanosis is suggestive of poor peripheral circulation; more marked cyanosis, venous obstruction; and whiteness, disturbance of the arterial supply. Feel the limb, and note the temperature at different levels, again comparing the sides. Check the pulses, and the rapidity of pinking-up after tissue compression.
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9 Tenderness (a) Look for tenderness over the bone suspected of being fractured. Tenderness is invariably elicited over a fracture (1), but tenderness will also be found over any traumatised area, even though there is no underlying fracture (2). The important distinguishing feature is that in the case of a fracture tenderness will be elicited when the bone is palpated on any aspect (3).
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10 Tenderness (b) In eliciting tenderness, once a tender area has been located the part should be palpated at the same level from another direction. For example, in many sprained wrists, tenderness will be elicited in the anatomical snuff-box – but not over the dorsal and palmar aspects of the scaphoid, which are tender if a fracture is present.
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11 Palpation The sharp edge of a fracture may be palpable. Note also the presence of localised oedema. This is a particularly useful sign over hair-line and stress fractures. The development of oedema may, however, take some hours to reach detectable proportions.
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12 Other signs If the fracture is mobile, moving the part may produce angulation or crepitus from the bone ends rubbing together. In addition, the patient will experience severe pain from such movement. These signs may be inadvertently observed during routine examination of the patient, but should not be sought unless the patient is unconscious and the diagnosis is in doubt.







13 Radiographic examination In every case of suspected fracture, radiographic examination of the fracture is mandatory. Radiographs of the part will generally give a clear indication of the presence of a fracture and provide a sound basis for planning treatment. In the case where there is some clinical doubt, radiographs will reassure patient and surgeon and avert any later medicolegal criticism.


Radiographers in the United Kingdom receive thorough training in the techniques for the satisfactory visualisation of any suspect area, but it is essential that they in turn are given clear guidance as to the area under suspicion. The request form must be quite specific, otherwise mistakes may occur. At its simplest, the request must state both the area to be visualised and the bone suspected of being fractured. It is desirable to include the joints above and below the fracture. It need hardly be stressed that a thorough clinical examination should precede the completion of the radiographic request if repetition and the taking of unnecessary films are to be avoided.


The following table lists some of the commonest errors made in the filling in of request forms
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14 The standard projections: These are an anteroposterior (AP) and lateral. Ideally the beam should be centred over the area of suspected fracture, with visualisation of the proximal and distal joints. This is especially important in the paired long bones where, for example, a fracture of the tibia at one level may be accompanied by a fibular fracture at another
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15 Comparison films: Where there is some difficulty in interpreting the radiographs (e.g. in the elbow region in children where the epiphyseal structures are continually changing, or where there is some unexplained shadow, or a congenital abnormality) films of the other side should be taken for direct comparison
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16 Oblique projections In the case of the hand and foot, an oblique projection may be helpful when the lateral gives rise to confusion due to the superimposition of many structures. Such oblique projections may have to be specifically requested when they are not part of an X-ray department’s routine
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17 Localised views Where there is marked local tenderness, but routine films are normal, coned-down localised views may give sufficient gain in detail to reveal for example a hair-line fracture: if such films are also negative, the radiographs should be repeated after an interval of 10–14 days if the symptoms are persisting (see also Hair-line Fractures in Ch. 1/Frame 13)
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18 Stress films (a) Stress films can be of value in certain situations: (i) When a complete tear of a major ligament is suspected, e.g., where the lateral ligament of the ankle is thought to be torn, radiographs of the joint taken with the foot in forced inversion may demonstrate instability of the talus in the ankle mortice. (Local or general anaesthesia may be required in fresh injuries.)
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19 Stress films (b) (ii) Stress films may also be used where there is some doubt as to stability of a uniting fracture. They may also be employed where the possibility of refracture arises.











Other visualisation techniques






1 CT (CT) scans


These can show tissue slices in any plane, but characteristically in median sagittal, parasagittal, coronal, and most importantly, transverse planes. The last projection cannot be readily obtained with plain X-rays, and can often provide useful additional information which is not otherwise available. In addition, in the CT scan there is a greater range of grey scale separation, allowing a greater differentiation of tissue types. It is of particular value in:



• Vertebral fractures, to show the relationship between bony fragments and the spinal canal



• Acetabular floor fractures, to clarify the degree of disturbance of the articular surface



• Pelvic fractures, to show the number of elements involved and their relationship. In some cases it may be possible to display and rotate informative 3-D reconstructions



• In calcaneal and other fractures involving joints, to visualise the position of the elements and the degree of joint disturbance.









2 AP and lateral tomography


In this X-ray technique the tube and film are rotated (or slid) in opposite directions during the exposure. Their position relative to one another and the part being examined determines the tissue slice being clearly visualised. The results are inferior to those obtained by CT scanning, but may be helpful if the latter is not available.









3 Technetium bone scans


Technetium tagged methylene diphosphate (99Tcm-methylene diphosphate (MDP)) can be used 48 hours after an injury to demonstrate bone activity at a fracture site, and confirm the presence of a fracture when other methods of detection have failed.









4 MRI scans


These avoid any exposure to X-radiation and produce image cuts as in CT scans with a greater ability to distinguish between different soft-tissues. In the trauma field they are of particular value in assessing neurological structures within the skull and spinal canal, and meniscal and ligamentous structures about the knee and shoulder.









5 Bone scanning with SPECT (single-photon-emission computed tomography)


This allows physiological assessment of bone by identifying areas of increased osteoblastic activity. It is highly sensitive.









6 Ultrasound


Ultrasound imaging is of great sensitivity and of value in assessing the presence of fluid (e.g. blood) within the abdominal cavity in the patient with multiple injuries; it may also be helpful in elucidating injuries to the quadriceps tendon, the patellar ligament and the Achilles tendon.















Pitfalls


A number of fractures are missed with great regularity – sometimes with serious consequences. You should always be on the look-out for the following:



1 An elderly patient who is unable to weight bear after a fall must be examined most carefully. The commonest cause by far is a fracture of the femoral neck, and this must be eliminated in every case. If the femoral neck is intact, look for a fracture of the pubic rami. Note that, on the rare occasion, a patient with an impacted fracture of the femoral neck may be able to weight bear, albeit with pain.



2 If a car occupant suffers a fracture of the patella or femur from a dashboard impact, always eliminate the presence of a silent dislocation of the hip.



3 If a patient fractures the calcaneus in a fall, examine the other side most carefully. Bilateral fractures are extremely common, and the less painful side may be missed.



4 If a patient complains of a ‘sprained ankle’ always examine the foot as well as the ankle. Fractures of the base of the fifth metatarsal frequently result from inversion injuries, and are often overlooked. The mistake of not performing a good clinical examination in these circumstances is compounded by requesting radiographs of the ankle (which do not show the fifth metatarsal bone).



5 In the unconscious patient, injuries of the cervical spine are frequently overlooked. It pays to have routine screening films of the neck, chest and pelvis in the unconscious patient.



6 Impacted fractures of the neck of the humerus are often missed, especially when one view only is taken. Conversely, in children, the epiphyseal line is often wrongly mistaken for fracture.



7 Posterior dislocation of the shoulder may not be diagnosed when it should be at the initial attendance. This is because the humeral head comes to lie directly behind the glenoid, and is not detected if only a single AP projection is taken. If there is a strong suspicion of injury, and especially if there is deformity of the shoulder, a second projection is essential if no abnormality is noted on the AP film. (Two views should be taken routinely in all injuries, but in many departments the shoulder, for no good reason, is excluded from this rule.)



8 Apparently isolated fractures of either the radius or ulna should be diagnosed with caution. The Monteggia and Galeazzi fracture–dislocations are still frequently missed. In the same way, it is unwise to diagnose an isolated fracture of the tibia until the whole of the fibula has been visualised; fracture of the tibia close to the ankle is, for example, often accompanied by fracture of the fibular neck.



9 At the wrist, greenstick fractures of the radius in children are often overlooked due to lack of care in studying the radiographs.



10 In adults, fractures of the radial styloid or Bennett’s fracture may be missed or treated as suspected fractures of the scaphoid. Complete tears of ulnar collateral ligament of the MP joint of the thumb are frequently overlooked, sometimes with severe resultant functional disability.












Treatment of fractures






Primary aims


The primary aims of fracture treatment are:



1 The attainment of sound bony union without deformity



2 The restoration of function, so that the patient is able to resume his former occupation and pursue any athletic or social activity he wishes.


To this might be added ‘as quickly as possible’ and ‘without risk of any complications, whether early or late’. These aims cannot always be achieved, and in some situations are mutually exclusive. For example, internal fixation of some fractures may give rapid restoration of function, but at the expense of occasional infection. The great variations that exist in fracture treatment are largely due to differences in interpretation of these factors and their relevance in the case under consideration; they are in constant flux, with on the one hand the development of more sophisticated methods of fracture fixation and new antibiotics, and on the other the emergence of antibiotic resistant organisms.









Resuscitation


If a limb fracture is a patient’s sole injury, resuscitation is less frequently required, so that it is often possible to proceed with treatment without undue delay (although unfitness for anaesthesia may sometimes upset this ideal). If, however, a fracture is complicated by damage to other structures, or involvement of other systems, then treatment of the fracture usually takes second place. Immediate action must be taken to correct any life-endangering situation which may be present or anticipated.






Advanced trauma life support (ATLS)


It is recognised that a well-organised trauma team can give the best treatment to a severely injured patient. The core trauma team will normally consist of ten staff: a team leader, an anaesthetist and his assistant, a general surgeon, an orthopaedic surgeon, an emergency department physician, two nurses, a radiographer, and a note-taker (scribe). Each member has his own specific areas of responsibility. The team leader should not normally touch the patient, but orchestrate the team.


Additional staff will include porters, blood bank staff including a haematologist, and a biochemist. A neurosurgeon, thoracic surgeon, plastic surgeon, and radiologist should also be available at short notice.


To maintain such a team with its equipment makes heavy demands, and is only possible in a few hospitals which have the necessary workload and resources. In most situations, especially away from large centres, smaller teams are involved and assessment and management follow a more linear approach (as adopted below).












Initial management


Some general principles in the initial management of cases of multiple injuries are well established, and may be summarised with the mnemonic ABCDE(F)






A = Airway






1 Any blood, mucus or vomit must be removed from the upper respiratory passages by suction or swabbing. Dentures should be looked for and extracted. In the more minor situations, respiratory obstruction may be avoided by support of the jaw, a simple airway, and turning the patient on his side.



2 An endotracheal tube may have to be passed:


• in the unconscious patient with an absent gag reflex



• where inhalation of mucus or vomit has already taken place (or is suspected), for clearing of the respiratory passages under vision



• where there is bleeding from the upper airway



• for the more effective management of cases where there is respiratory difficulty or evidence of hypoxia, e.g. in cases of flail chest. Where there is need for intubation in a patient when a cervical spine injury is suspected, the procedure should be carried out with great care, avoiding excessive cervical spine extension; naso-tracheal intubation should be used. Confirm placement by auscultation (and/or by a radiograph).












B = Breathing






1 Ventilate with 100% oxygen. Check the breath sounds. After intubation assess the arterial blood gas levels so that if these remain impaired the appropriate steps may be taken (e.g. reviewing the diagnosis and noting the situations described below).



2 An open chest wound must be immediately covered to reduce the risks of tension pneumothorax. A vaseline gauze dressing, covered with a swab, and firmly secured to the skin with broad adhesive tape is usually quite adequate in the emergency situation.



3 If there is evidence of a tension pneumothorax (hyper-resonance and decreased breath sounds on the affected side, or tracheal shift to the other), or of pneumothorax or haemothorax, the appropriate chest cavities should be drained by intercostal catheters connected to water seal drains. A routine radiograph of the chest will usually confirm the diagnosis, but if this remains in doubt, the chest should be tapped in the fifth interspace in the mid-axillary line.



4 If there is evidence of paradoxical respiration due to flail rib segments, blood gas levels should be estimated. Normal values are given below:


pO2 75–100 mmHg



pCO2 35–45 mmHg



pH 7.38–7.44



Oxygen content 15–23%



Oxygen saturation 95–100%



Bicarbonate 22–25 millequivalent/L





Slight impairment of respiratory function may be managed by giving oxygen by inhalation and analgesics with caution. When the blood gas levels are seriously disturbed, and especially in the presence of a concurrent head injury, some form of assisted respiration is usually the best method of management.









C = Circulation






1 Any severe external haemorrhage must be brought under rapid control. This can almost always be achieved with local padding or packing along with firm bandaging. The use of a tourniquet is best avoided except in the rarest of circumstances; then one should be used only in circumstances where its retention for excessive periods cannot occur. A tourniquet must be properly applied; too little pressure will increase the blood loss by preventing venous return, and too great a pressure will endanger underlying nerves. A pneumatic tourniquet should always be applied in preference to any other type.



2 Remove blood for grouping and crossmatching, and the establishment of base-line parameters including haemoglobin and haematocrit.



3 Set up two large bore (14–16 gauge) intravenous lines, performing if necessary a rapid cut-down and insertion of a large bore intravenous cannula under vision.



4 Make an assessment of the circulatory state. Initially the blood pressure and pulse are the most useful familiar guides to the state of the circulation, but note that tachycardia and a low blood pressure may sometimes be absent in those suffering from hypovolaemic shock, requiring the exercise of clinical judgement. The need for replacement depends on an assessment of loss and the circulatory state. The amount and type of replacement is dependent on the nature and extent of the loss. The rate of infusion is largely determined by the response to replacement.






Classification of haemorrhage


a 70 kg male has a circulatory volume of 5 L of blood (equivalent to 25 units of packed red blood cells).



Class I loss of up to 15% of blood volume (equivalent to 4 units of packed red cells) normally does not cause a change in blood pressure or pulse.



Class II loss of 15–30% of blood volume (equivalent to 4–8 units of packed red cells) normally leads to tachycardia, but no significant disturbance of the blood pressure.



Class III loss of 30–40% of blood volume (about 2 L in a 70 kg man) results in tachycardia and lowering of the blood pressure.



Class IV loss of more than 40% of blood volume leads generally to severe tachycardia and lowering of the blood pressure.









Estimating blood loss


The following list gives a crude guidance in anticipating potential blood loss:



• Closed fracture of the femoral shaft: 1 L



• Open book fractures of the pelvis: 2–3 L (potentially much greater where there is a sacroiliac disruption)



• Intra-abdominal haemorrhage: 2–3 L



• Haemothorax: 1–2 L



• Closed head injury: blood loss is insubstantial and hypotension does not occur unless the patient is close to death.



5 If there is blood loss accompanied by tachycardia or hypotension rapidly run in crystalloids (such as normal saline or Ringer-lactate). (In children, give 20 ml/kg body weight initially, and up to 60 ml/kg). Use of warmed solutions has been shown to reduce mortality and help preserve the haemostatic mechanisms, and should be routine. If the response is inadequate after 2 litres, other measures will be required. These include the administration of packed red blood cells or whole blood, and possibly surgery (see later). Temporary splintage of limb fractures will reduce local haemorrhage whether the fracture is open or closed.



(Note that crystalloids are poorly retained in the intravascular space. Some prefer the use of plasma or synthetic colloids which do not suffer from this disadvantage, but others claim that these have no advantage in the trauma setting. Fresh frozen plasma does have the advantage of covering any tendency to hypofibrinogenanaemia and factor V and factor VII deficiencies, but takes 20–30 minutes to thaw. Two units of fresh frozen plasma should be given where bleeding is continuing and there are coagulation factor deficiencies present.)












D = Drugs, Allergies, Disabilities


Carry out a rapid screening of the patient, and note any information (e.g. on warning cards, bracelets or lockets, or from relatives) of any relevant problem.









E = Eating and Exposure


Obtain if possible information on the patient’s intake of fluids and solids in case general anaesthesia is required. Where applicable, remove clothing to allow inspection of the entire patient to avoid overlooking any additional injuries.









F = Foley Catheter


In cases of multiple injury, and where no urinary tract damage is suspected, insert a catheter to allow monitoring of urinary output (and hence the adequacy of the blood pressure in maintaining renal function).












Further resuscitation and assessment






Screening films


At an early stage in the assessment of a patient with multiple injuries, screening films of the cervical spine, the chest and the pelvis should be obtained. Where there is the possibility of an abdominal injury with intrabdominal haemorrhage an ultrasound examination should be carried out. If the circumstances dictate and allow, the opportunity may be taken at this stage to arrange an X-ray examination of any limb injury, or any injury to the skull or facial bones.









Fluid replacement:


If the patient fails to be stabilised by the administration of crystalloids, then blood will be required.


Normally blood will also be required if the haemoglobin falls below 9 gd/l; note the following points:



• If the patient is exsanguinated, and will die unless blood is administered immediately, give two units of Group O Rhesus negative blood pending supply of cross-matched blood which ideally should become available not more than 20 minutes after the patient’s blood sample is submitted to the blood bank.



• Thereafter, or if the situation is less acute, administer cross-matched packed red cells. If bleeding continues, then whole blood becomes more appropriate.


The volume of the replacement required can vary enormously, and therefore must be judged by the response: see the following flow chart (Fig. 2.1) for a summary of replacement management.
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Fig 2.1 Flow chart summarising fluid replacement management











Assessing the response to replacement:


There is varying opinion on the best methods of assessing the stability of the circulation and the success of resuscitation. In all, the degree and maintenance of a positive response to treatment is more important than the reading of isolated values. Many methods are advocated including the following:



1 Pulse and blood pressure. In spite of some unreliability, these remain the most valuable guides. The initial aim should be to restore the pulse rate to less than 140, and to obtain a blood pressure in excess of 90 mm systolic and rising.



2 Urinary output. Aim at 0.5 ml/kg body weight per hour in an adult (i.e. 6 mL every 10 minutes in a 70 kilo man) and 1.0 ml/kg body weight in a child (i.e. twice the rate per kg).



3 Central Venous Pressure (CVP). This allows the monitoring of atrial filling pressures. (Normal value = less than 10 mmHg.)



4 Haemoglobin. If the Hb level reaches 10 g/dL and remains there, further blood is not usually required. (Below 9 g/dL, blood will usually be required, and virtually invariably below 7 g/dL. When the Hb lies between 7 and 10 g/dL, and there is doubt, the PvO2 and ER (see below) may be helpful in defining transfusion requirements). In the absence of continuing bleeding, one unit of packed red blood cells would be expected to raise the Hb level by 1 g/dL.


Less common investigations include:



5 Pulmonary artery pressure (PAP): A pulmonary artery catheter allows the measurement of pulmonary artery pressure and has been particularly advocated in the elderly patient. (Normal values: systolic 15–28 mmHg; diastolic = 5–16 mmHg.)



6 Pulmonary capillary wedge pressure (PCWP): (Normal value, mean = 6–12 mmHg.)



7 Cardiac output: (Normal value = 4–7 L/min.)



8 Cardiac index (CI): This represents the circulating blood volume per minute. (Normal value = 2.8–4.2 L/min.)



9 Systemic vascular resistance (SVR): (Normal value = 11–18 mmHg.)



10 Arterial-alveolar oxygen difference (AaDO2)




11 Peripheral/body core temperature difference (deltaT). This gives a useful assessment of prolonged shock.



12 Mixed venous partial pressure of oxygen (PvO2): This is a guide to the tissue oxygen supply and is normally 6 kPa, 45 mmHg. If the patient’s condition is stable no treatment is indicated until a critical level of 3 kPa, 23 mmHg is reached.



13 Extraction ratio (ER): This is the ratio of oxygen consumption to oxygen delivery, and normally is around 25%. It equals
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, where CaO2 = arterial oxygen and CvO2 = venous oxygen.














Complications of blood replacement






1 Hypocalcaemia. Transfused blood contains citrate which binds the patient’s ionised calcium. Usually this is not a problem as the healthy liver can metabolise (to bicarbonate) the citrate in one unit of blood in 5 minutes. Where transfusion rates are rapid, however, excessive calcium binding may itself lead to hypotension, and also to tetany. To avoid citrate toxicity it has been common practice to give 1 g of calcium chloride (or 4 g calcium gluconate) for every 4 units of blood administered. It is recommended as better practice to avoid the administration of calcium unless there are clinical or biochemical indications (e.g. by the assessment of the ionised calcium levels).



2 Hyperkalaemia. This is not usually a problem unless very large amounts of blood are transfused. It is more usual to find hypokalaemia as the metabolic activity of the red cells begins and the tissues begin to take up potassium. Attempts at correction are only indicated if the serum electrolytes or the ECG are disturbed.



3 Acid/base disturbances. After large transfusions any residual disturbance is dependent on the quality of tissue perfusion, the rate of administration, and the effectiveness of citrate metabolism in the liver. The need for correction is determined by regular serum sampling.



4 Defects of clotting. It has been suggested that 8 units of platelet concentrate, and 2 units of fresh frozen plasma should be transfused routinely with every 12 units of packed red blood cells (1 unit (50 mL) of platelet concentrate should raise the platelet count by 10 000). Nevertheless, during the administration of large replacements it is preferable that there should be regular monitoring of the platelet count, prothrombin time, partial prothromboplastin time, and fibrinogen levels, and appropriate replacements given only where clearly indicated. (Fresh frozen plasma should be given if the prothrombin or partial prothromboplastin exceed 1.5 times the control levels. Cryoprecipitate (1–1.5 units) is given for fibrinogen levels less than 0.8 g/L.)



5 Transmission of disease. The risks of HIV and hepatitis B transmission are small (said to be in the order of 1 in 200 000 in the US), but are higher in the case of hepatitis C (circa 1 in 5000). Septic reactions are rare, but commoner with platelet concentrates which are stored at room temperature.



6 Reactions. Acute haemolytic reactions from mismatched blood require immediate cessation of blood administration and a full investigation which should include a haematocrit to check for the presence of haemolysis, culture of the patient’s and donor’s blood to exclude bacterial contamination, repeat cross-matching, a full blood count and examination of red cell morphology, and a Coomb’s test. The donor blood should be returned to the blood bank and advice sought from the haematologist regarding any further investigation thought desirable. All aspects should be rigorously documented. The urinary output must be carefully monitored while an attempt is made to obtain a brisk diuresis. Severe reactions can occur from 30 mL of mismatched blood, are life threatening, and may require dialysis.



Non-haemolytic reactions, often with severe associated urticaria, usually occur after administration of larger quantities of whole blood or packed cells, and may often be controlled with intravenous benadryl. Washed red cells may be given if further transfusion is required.









Persisting circulatory instability


Where rapid, appropriate transfusion fails to control the situation, the commonest cause is continued bleeding. In most cases the site is obvious.



1 External haemorrhage accompanying limb injuries should be readily controlled if this has not already been done.



2 Continuing blood loss from intrathoracic injuries should be obvious. Assuming that a haemothorax has been diagnosed and treated by the insertion of a chest drain, the quantity and rate of loss may be evaluated by monitoring the volumes in the collection bottle(s). This may be used to assess the need for exploration to control persisting haemorrhage.



3 Massive bleeding from within the abdominal cavity usually requires immediate laparotomy, but it is essential to be sure that the bleeding is not from the pelvis. (An unstable fracture of the pelvis and a negative abdominal ultrasound would be a contraindication for laparotomy.)



The commonest causes of intra-abdominal haemorrhage are tearing of the liver, spleen or mesentery, and all are potentially amenable to surgery.



4 Haemorrhage accompanying fractures of the pelvis. This is most common in unstable fractures involving the sacroiliac joints; the bleeding may be from the pelvic plexus of veins or from damage to the iliac arteries. In the first instance, especially if there is little sacroiliac disruption, an external pelvic fixator should be employed, and replacement efforts renewed. If the sacroiliac joint is disrupted and the situation fails to resolve, a (posterior) C-clamp should be applied. If circulatory instability persists, then exploration may be needed as a last resort. Diffuse bleeding from the pelvic venous plexus is generally best controlled by packing. On rare occasions selective embolisation or ligature of the iliac arteries may be necessary.



5 Haemorrhage from the urinary tract is seldom very severe, but nevertheless may be a problem. It should be suspected if there is a haematuria or some other indication (such as the presence of a fracture of the pelvis of appropriate pattern). The diagnosis may be clarified by an intravenous pyelogram, a cystogram, or a urethrogram.









Priorities of treatment


The presence of other matters of importance may well have been noted in the initial survey, but their management may have to be deferred until resuscitation is under way. Note the following:






Head injury






1 Where there is a head injury the following procedures should be followed:


(a) The unconscious patient should be intubated to minimise the risks of cerebral hypoxia.



(b) A complete neurological examination must be carried out and the results charted, using a suitable set of protocols (such as the Glasgow Coma Scale, see below); the examination should be repeated at regular intervals. Of particular significance is (i) a history of a post-traumatic lucid interval; (ii) a history of progressive deterioration in the level of consciousness; (iii) focal neurological signs; (iv) a rising blood pressure and falling pulse rate.




Glasgow Coma Scale


A patient is defined as being comatose if he does not open his eyes, if he does not obey commands, and if he does not utter recognisable words. The severity of the coma may be assessed by assigning a value to the eye, motor and verbal responses, and summing these. By repeating the examinations at regular intervals progress may be monitored, and any deterioration (suggesting intracranial complications) recognised at an early stage.









	Variable

	Score






	Eye-opening (E)

	 






	 Spontaneous

	4






	 To speech

	3






	 To pain

	2






	 Nil

	1






	Best motor response (M)

	 






	 Obeys

	6






	 Localises

	5






	 Withdraws

	4






	 Abnormal flexion

	3






	 Extensor response

	2






	 Nil

	1






	Verbal response

	 






	 Oriented

	5






	 Confused conversation

	4






	 Inappropriate words

	3






	 Incomprehensible sounds

	2






	 Nil

	1







The coma score = E+M+V, with a value of 3 being the worst possible response, and 15 the best. A value of less than 7 indicates severe coma, 8–12 moderate, and 13–14 mild. Severe injuries are infrequent, and most patients who develop haematomas requiring surgery are classified as moderate or minor on admission.









(c) Where there is evidence of increased intracranial pressure further investigation with a CT scan should be carried out. If an extradural haematoma is discovered its immediate evacuation should be undertaken. If a subdural haematoma is found this should be also promptly removed. If there is evidence of diffuse cerebral oedema, surgery is contraindicated, and an infusion of a hyperosmolar solution of Mannitol may be commenced. Where appropriate, monitoring of the intracranial pressure may be carried out using a catheter inserted into the lateral ventricle.





As far as the treatment of fractures accompanying a head injury is concerned, the following points should be noted. Where the head injury requires urgent investigative procedures or operative intervention (for example an extradural haemorrhage with deterioration in the level of consciousness) this will take priority over the local treatment of most fractures. A combined procedure may often be planned with advantage but certainly in all cases some estimate should be made as to when definitive treatment of the fracture is likely to be possible. Depending on that interval there is the choice of a variety of initial procedures which may include the application of sterile dressings or light packing of open wounds, supporting an injured limb with sandbags or an inflatable splint in such a position that the distal circulation is maintained, or the use of light temporary plaster splintage.



2 Where there is a head injury in which the immediate prognosis is hopeless any temporary splintage of the fracture should be retained but no fresh treatment planned.



3 Where no active neurosurgical treatment is contemplated and the prognosis regarded as very poor but not absolutely hopeless, it is usually possible to devise some simple measures to give reasonable support to the injured part but at the same time permitting more definitive treatment in the near future should unexpected improvement occur.









Cardiac tamponade: intrathoracic rupture of the aorta


Prompt drainage of an intrapericardial haematoma may be a life-saving measure and aortic rupture may not be immediately fatal. Widening and squaring-off of the mediastinal shadow on the chest radiographs, and cardiac distress should alert suspicion of these injuries. Further investigation may be required by echocardiography, angiography or CT scan. Thoracotomy may be required (with by-pass facilities in the case of intrathoracic rupture of the aorta). Thoracotomy may also be indicated where there is a tracheal, bronchial or oesophageal injury, or a penetrating injury to the mediastinum.









Visceral complications


Most require exploration and surgical correction. Injury to the liver, spleen and kidneys may give rise to severe intra-abdominal haemorrhage. Haemorrhage may also follow mesenteric tears and ruptures of the stomach and intestine with which the problems of perforation are also associated. Intra-abdominal haemorrhage is best diagnosed by ultrasound. Perforation may be suspected in the absence of bowel sounds and where there is loss of liver dullness. Plain lateral recumbent abdominal radiographs may be of some help, but peritoneal lavage is often invaluable: the presence of bile or digestive contents may be diagnostic. CT scans are sometimes helpful, especially in diagnosing injuries to the pancreas. Rupture of the diaphragm is often missed in cases of blunt abdominal trauma. Its presence may be concealed if there is an accompanying chest injury. Diagnosis may require chest films taken while a contrast medium is administered by nasogastric tube. In the case of the urinary tract, examination of the urine for blood; an intravenous pyelogram and cystogram, and in certain pelvic fractures a urethrogram may also be employed (see Complications of Pelvic Fractures).









Eye and facio-maxillary injuries


Perforating injuries of the eye and major facial injuries require immediate surgery at the beginning of the primary period. Minor facial soft tissue injuries and fractures may be delayed till later during the primary period. Unstable facial fractures are generally stabilised during the primary period, with major reconstructive procedures being delayed until facial swelling has subsided.









Spinal fractures


Where there is an unstable fracture with no neurological involvement, or incomplete neurological involvement, stabilisation of the fracture is essential during the primary period to prevent deterioration. Where there is evidence of progressive neurological involvement (e.g. from compression of the cord by bone or disc fragments), surgery is also indicated in the primary phase. (See under spine p. 251.)









Vascular injuries


In the presence of continuing blood loss or ischaemia, further investigation may be required prior to exploration if the nature and extent of any injury is not apparent. (See p. 104.)












Evaluation of patients with multiple injuries






Trauma scoring; hospital trauma index; injury severity score; damage control orthopaedics


Several systems have been developed in an attempt to assess the severity of injuries. These may be used as an alert for the need for prompt and expert treatment; they may give an indication of the prognosis; and over a period they may be used statistically to evaluate the performance of a team, unit or hospital, or to draw attention to some injury pattern where treatment efforts might be profitably concentrated.


The two main systems in use are the Abbreviated Injury Scale (AIS), and the Hospital Trauma Index (HTI). Both classifications are largely comparable, and for normal working purposes grade injuries into five degrees of severity:



0 = None



1 = Minor



2 = Moderate



3 = Major, but not life-threatening



4 = Severe, life-threatening, but survival probable



5 = Critical, survival uncertain.


Where the injury is isolated (i.e. the case is not one of multiple injuries), there is no problem and the grade into which the injury falls is used as required.


Where there are multiple injuries the addition of the values obtained from the AIS or HTI tables does not give an accurate indication of severity, being overly pessimistic regarding outcome. It has been found, however, that if the grade figures are manipulated, a figure is reached which can be used with some measure of accuracy as a prognostic indicator in cases of multiple injury.


In practice, the patient’s three worst injuries are assessed and the relevant grade numbers are each squared before being added together. If several injuries lie within the same area, only the worst is selected. The break point for the resultant sum is in the area of 50. The following points may be noted:



• Score < 10: death rare in any patient under the age of 50 years.



• Score 10–20: mortality 4–30%, depending on age.



• Score > 50: only rare survival, and only in exceptional circumstances and with prompt treatment by specialised staff. In this group nearly all the deaths occur within the first week, and half within the first hour.



In all groups the mortality rate rises with age; for example when the score lies between 10 and 19, the mortality rate in the 70+ year age group is more than 8 times the rate for those under 50 years. The effects of age are somewhat paradoxically most noticeable when the injury severity scores are comparatively low.



• Score 10–15: the response to treatment of cases within this band does most to throw light on the evaluation of the standard of medical care offered by any team or department. Cases within this group are sufficiently ill to be adversely affected by poor care; but they are not so ill that no matter how expert the treatment they cannot survive.









Summary of hospital trauma index


Six areas must be considered when using this method of assessment: respiratory, cardiovascular, nervous system, abdominal, extremities, skin and subcutaneous. A seventh area of complications can be included for assessments, which are made at a late stage.






Respiratory












	1

	(minor)

	Chest discomfort – minimal findings






	2

	(moderate)

	Simple rib or sternal fracture, chest wall contusion with pleuritic pain






	3

	(major)

	Multiple rib or first rib fracture, haemothorax, pneumothorax






	4

	(severe)

	Open chest wound, flail chest, tension pneumothorax with normal BP, simple laceration of diaphragm






	5

	(critical)

	Acute cyanotic respiratory failure, aspiration, tension pneumothorax with lowered BP, complicated laceration of diaphragm














Cardiovascular












	1

	(minor)

	Less than 500 mL blood loss (less than 10% blood volume) with no change in perfusion






	2

	(moderate)

	Blood loss of 500–1000 mL (10–20% blood volume), decreased skin perfusion but normal urinary output, myocardial contusion with normal BP






	3

	(major)

	Blood loss of 1000–1500 mL (20–30% blood volume), decreased skin perfusion, slight decrease in urinary output, tamponade, BP 80 mmHg






	4

	(severe)

	Blood loss 1500–2000 ml (30–40% blood volume), decreased skin perfusion, urinary output less than 10 mL per hour, tamponade, conscious, BP less than 80 mmHg






	5

	(critical)

	Blood loss in excess of 2000 mL (40–50% loss of blood volume), restless, coma, cardiac contusion or arrythmia, BP unrecordable. (Note that the previously described classification of haemorrhage into four grades has been slightly altered for this 5 point scoring system.)














Nervous system












	1

	(minor)

	Head injury with or without scalp laceration, but no loss of consciousness or skull fracture






	2

	(moderate)

	Head injury with unconsciousness of under 15 minutes, skull fracture, cervical pain with minimal findings, one facial fracture






	3

	(major)

	Head injury with coma of more than 15 minutes, depressed skull fracture, cervical spine fracture or dislocation with positive neurological findings, multiple facial fractures






	4

	(severe)

	Head injury with coma in excess of 1 hour or with positive neurological findings, cervical spine fracture or dislocation with paraplegia






	5

	(critical)

	Head injury with coma and no response to stimuli up to 24 hours, cervical spine fracture or dislocation with quadriplegia














Abdominal












	1

	(minor)

	Mild abdominal wall, flank or back pain with tenderness but no peritoneal signs






	2

	(moderate)

	Acute flank, back or abdominal discomfort and tenderness, fracture of a seventh to twelfth rib






	3

	(major)

	Isolated injury to liver (minor), small bowel, spleen, kidney, body of pancreas, mesentery, ureter, urethra, fractures of ribs 7–12






	4

	(severe)

	Two major injuries: of rupture of the liver, bladder, head of pancreas, duodenum, colon, (large) of mesentery






	5

	(critical)

	Two severe injuries: crushing of liver; major vascular, including thoracic or abdominal aorta, vena cava, iliacs, hepatic veins














Extremities












	1

	(minor)

	Minor sprain or fracture not involving a long bone






	2

	(moderate)

	Closed fracture of humerus, clavicle, radius, ulna, tibia, fibula, involvement of a single nerve






	3

	(major)

	Multiple moderate fractures, open moderate, closed femur, stable pelvis, major dislocation, major nerve injury






	4

	(severe)

	Two major long bone fractures, open fracture of femur, crushing or amputation of limb, unstable pelvic fracture






	5

	(critical)

	Two severe or multiple major fractures














Skin and subcutaneous












	1

	(minor)

	Less than 5% burns, abrasions, contusions, lacerations






	2

	(moderate)

	Burns of 5–15%, extensive contusions, avulsions 8–15 cm, lacerations totalling 30 cm in length






	3

	(major)

	Burns of 15–30%, avulsions of 30 cm






	4

	(severe)

	Burns of 30–45%, avulsion of leg or arm






	5

	(critical)

	Burn of 45–60%














Complications












	1

	(minor)

	Minor wound infection, atelectasis, cystitis, superficial thrombo-phlebitis, temperature of > 38.5 °C






	2

	(moderate)

	Major wound infection, atelectasis, pyelonephritis, septic or deep thrombo-phlebitis, temperature of >38.5 °C






	3

	(major)

	Intraperitoneal abscess, pneumonia, anuria or oliguria with raised serum urea, jaundice, less than 6 units of gastrointestinal (GI) haemorrhage, respiratory distress syndrome for less than 1 day






	4

	(severe)

	Septicaemia, empyema, peritonitis, pulmonary embolism with normal BP, renal failure with dialysis of less than 1 week, more than 6 units of GI haemorrhage, less than 3 days of respiratory distress syndrome






	5

	(critical)

	Septicaemia with fall in BP, pulmonary embolism with fall in BP, renal failure for 7–40 days, GI haemorrhage of more than 12 units, respiratory arrest, more than 3 days of respiratory distress syndrome on ventilator










Example


A man aged 30 years has been admitted after being injured in a gas explosion. He was rendered unconscious for about half an hour, but skull films show no fracture and there is no sign of any intracranial damage. He has 35% superficial burns of the face, chest and abdomen. Radiographs of the chest have confirmed multiple rib fractures with a one-sided pneumothorax, but there is no immediate respiratory difficulty. He has also sustained a closed fracture of the left tibia.






Injury Severity Score












	Nervous system 3

	square = 9






	Skin 4

	square = 16






	Respiratory 3

	square = 9






	Extremities 2

	square = 4.







Only the three most severe injuries are summed, so that the Injury Severity Score would be 34. Age in this case is not a further disadvantage, but nevertheless he will require prompt, expert treatment; with this, his chances of survival are good. In treating him priority would be given to the management of his chest injury (e.g. by confirming the presence of a good airway, administering oxygen, inserting a chest drain, and estimating the blood gases) and by prevention or treatment of oligaemic shock (e.g. by removal of blood for grouping, cross-matching, assessment of haemoglobin and haematocrit; and by the establishment of a good intravenous line, with monitoring of a pulse, blood pressure, and urinary output (after insertion of a catheter)). The tibial fracture should be splinted at an early stage to help relieve pain and reduce local haemorrhage. The progress of the head and chest injuries will require careful monitoring and the fluid replacement programme carefully carried out. The large area that has been burned will in itself demand heavy and appropriate fluid replacement.


Once the emergency procedures have been instituted and the immediate situation brought under control, thought can be given to how to deal with the burns and the limb injury; this will be dictated by the exact nature of both these injuries.


















Damage control orthopaedics


While the immediate, definitive treatment of a fracture is normally aimed for, this approach may have to be modified in some cases of multiple injury. The initial trauma (the so-called ‘first hit’) is responsible for a systemic inflammatory response which is followed by a period of recovery mediated by a counter, antiinflammatory reaction. Surgery, especially if prolonged and involving an additional soft-tissue assault (the ‘second hit’) will add to the systemic inflammatory response which in some cases may prove overwhelming, resulting in perhaps adult respiratory distress syndrome (ARDS), multiple organ dysfunction syndrome (MODS) and even death. In addition, an excessive antiinflammatory response may result in severe immunodepression, with adverse effects including increased susceptibility to infection. Put simply, the insult of extensive surgery added to the effects of the initial injury may be beyond the patient’s capacity for survival.


The principle of damage control orthopaedics has been developed to accommodate these circumstances. At its heart lies the view that where there is a perceived risk of ARDS or MODS, multiple, traumatic and prolonged procedures should initially be avoided; fractures should be temporarily splinted using closed methods or simply applied external fixators and definitive surgery deferred until the patient is deemed sufficiently fit to withstand its additional stresses.






Patients at risk


There is no scoring system which can be completely relied upon to determine when damage control orthopaedics should be employed, but the general view is that this should be followed not only in clearly defined areas (see later) but in borderline cases. Some of those cases which fall into the latter category have been described1 and are listed below:



1 Polytrauma without a chest injury, but with an injury severity score (see p. 40) in excess of 40



2 Polytrauma with a chest injury and an injury severity score of more than 20



3 Polytrauma with an associated abdominal injury



4 Cases where radiographs of the chest show bilateral lung contusions



5 Cases where the mean pulmonary artery pressure is 24 mm or more, or where there is an increase of 6 mm during surgery



6 A pH of more than 7.4



7 A temperature of less than 35 °C



8 An operation time in excess of 90 minutes



9 Transfusion of more than 10 units of packed cells



10 Femoral fracture in a multiply injured patient and bilateral femoral fractures. In the case of single femoral fracture with an associated chest injury the decision must be made on an individual basis.



11 Pelvic ring fractures with associated severe haemorrhage.



12 Polytrauma in a geriatric patient.









Patient assessment


A system for dividing orthopaedic trauma cases into four groups, depending on their clinical condition, has been devised.2



1 The patient is stable, and unless there are any of the complications listed above should proceed to total definitive fracture care



2 The patient is borderline: see below



3 The patient is unstable. Damage control orthopaedics should be followed until it is judged to be safe to proceed to definitive treatment



4 The patient is in extremis. External splintage should be applied and the patient transferred from the emergency room to intensive care.









Treatment of borderline cases






1 Control of haemorrhage and if necessary thoracic decompression



2 After the emergency room work-up, a reappraisal should be made. The following may be included:


• Estimation of arterial blood gases



• Performance of focused assessment sonography for trauma



• Assessment of intake/output ratio



• Assessment of inflammatory response. C-reactive protein has been shown to be of lesser value than interleukin IL-6






3 Decide whether the case is stable or unstable. If stable, proceed to total care; if unstable, practise damage control orthopaedics.









Damage control orthopaedics principles






1 Appropriate fracture splintage may include conservative splintage methods (such as casts, bandaging and slings, off-the-shelf braces, etc) and simply applied external fixators.



2 Multiple external fixators are often more appropriate than protracted intramedullary nailings. (However it should be noted that fracture spanning fixators carry the risk of pin-track infections, with later the additional possibility of deep infections if intramedullary nailing is carried out subsequently. These risks are minimised if the duration of fixator use is restricted, and if the pin sites are away from later intended surgical incisions.)



3 In the case of extensive wounds, contamination must be avoided, and in many cases a vacuum dressing (e.g. using the Vac® system) confers many benefits (see p. 49–50).



4 In penetrating abdominal injuries complicated by severe liver haemorrhage, abdominal packing followed later by a limited rapid laparotomy and pack removal, usually offer improved chances of survival.



5 Operating time may be reduced if there are multiple operating teams.


Following these measures the ideal time for performing major secondary procedures depends on the patient’s recovery from the initial trauma. It would seem that surgery between days 2 and 4 carries greater risks than between days 6 and 8.















TREATMENT OF THE FRACTURE


The initial stages are clear:



1 Undue movement at the fracture site should be prevented by the use of temporary splintage till radiographic and any other examination is complete. This will reduce pain and haemorrhage and minimise the chances of a closed fracture becoming open. In the case of the lower limb, support with pillows and sandbags may be adequate. In both the upper and the lower limbs inflatable splints are invaluable.



2 If the deformity is so great that the skin overlying a fracture or dislocation is seriously endangering the viability of the overlying skin, it is usually advisable to do something to correct this; in many cases gentle repositioning of the distal part of the limb is sufficient; the use of Entonox may be required.



3 If the fracture is an open one, a bacteriological swab should be taken and the wound covered with sterile dressings. Firm bandaging may be required if brisk bleeding is continuing. If a photograph (e.g. a polaroid or digital photograph with an immediate print-out) is taken of the wound prior to covering it, this will eliminate the need for the removal of dressings for repeated inspection by other members of staff.



Antibiotic therapy should be commenced immediately; the choice of therapy is dependent on the current status of bacterial flora in wound infections occurring in the particular local situation.



4 The fracture should be fully assessed by clinical and radiological examination: the site, pattern, displacement and angulation should be noted. Involvement of the skin, and damage to related structures such as important nerves or blood vessels should be assessed.



With this information the following key decisions must be made:


(a) Does the fracture require reduction?



(b) If reduction is required, how is it planned to carry this out?



(c) What support is required till union occurs?



(d) If the fracture is open, how will this influence treatment?



(e) Does the patient require admission to hospital, and what rehabilitation will be required?





If reduction is required, Apley’s summary of ‘reduce, maintain, rehabilitate’ is apposite.


Some observations about these decisions will be made in sequence.






1 Does the fracture require reduction?


It is obvious that an undisplaced fracture does not require reduction, but unfortunately one still sees fractures in anatomical position subjected to manipulation, although only rarely are they displaced as a result of this.


If a fracture is only slightly displaced, reduction may nevertheless be highly desirable, as for example in fractures involving the ankle joint, where even slight persisting deformity may lead to the development of osteoarthritis. In other situations, some displacement may often be accepted, depending on: (a) the site involved, (b) where good remodelling may be anticipated (especially in children), (c) if the patient is very old, when the risks of anaesthesia, etc., may be considered to outweigh a problematical improvement.


If the fracture is appreciably angled or rotated, reduction is generally essential for cosmetic and functional reasons (but see under appropriate fractures).









2 If the fracture requires reduction, how is it planned to carry this out?






(a) The commonest method is by the application of traction, followed by manipulation of the fracture, under general anaesthesia. General anaesthesia has most to offer in terms of muscle relaxation, duration and overall versatility, but for minor procedures regional anaesthesia and intravenous diazepam are popular and useful measures, with the advantage that waiting time may be reduced.



(b) Continuous traction may be used to achieve a reduction in fractures of the femur and fracture dislocations of the cervical spine. It is used less commonly for a number of other fractures.



(c) Open reduction of the fracture is carried out:


(i) as an obvious part of the treatment of an open fracture, i.e. debridement of the wound exposes the fracture which may be reduced under vision,



(ii) where conservative methods have failed to give a satisfactory reduction,



(iii) where it is considered that the best method of supporting the fracture involves internal fixation, and exposure of the fracture is a necessary part of that procedure.












3 What support is required until union of the fracture occurs?






(a) Non-rigid methods of support


Arm slings, bandages and adhesive strapping may be used, and serve some of the following purposes:



(i) Firm support, in the form, for example of crepe bandaging or circular woven bandaging, may help to limit swelling and oedema, and restrict the spread of haematoma.



(ii) Slings are often employed for elevation purposes, especially to limit gravitational swelling of the hand and fingers in upper limb injuries.



(iii) Pain may be relieved by the restriction of movement.



(iv) By restriction of limb movement, forces acting on the bone ends may be reduced to a level at which relative movement is unlikely, or insufficient to interfere with healing. This applies particularly to impacted fractures.









(b) Continuous traction


Traction may be maintained for several weeks, while holding a fracture in reduction. Fractures of the femoral shaft may be treated by this method. Traction may be effected through the skin (skin traction) by, for example, adhesive strapping, or through bone (skeletal traction) by, for example, a Steinman pin.









(c) Plaster fixation


Plaster of Paris, generally in the form of plaster-impregnated bandages, is the commonest method of supporting a fracture. The plaster is carefully moulded to fit the contours of the limb, and the quick-setting properties of the plaster allow the limb to be held without undue strain in the correct position until setting has occurred. For a plaster to achieve its purpose, care must be taken over its application and subsequent supervision. A disadvantage of plaster splints is that they soften if they are allowed to become wet. There are a number of plaster substitutes now available to overcome this problem, but none as yet combine the unique properties of plaster with moderate cost.









(d) Use of K-wires


Kirschner wires may be used to hold bone fragments or subluxations in alignment after their reduction (e.g. in conjunction with an image intensifier). Additional splintage, e.g. using a cast, may be required.









(e) Internal fixation


Internal fixation is indicated:



(i) Where a fracture cannot be reduced by closed methods (e.g. a fracture of the tibia with soft tissue between the bone ends or many fractures of the forearm bones)



(ii) Where a reduction can be achieved but it cannot be satisfactorily held by closed methods (e.g. fractures of the femoral neck, and certain shaft fractures of the tibia, femur and humerus)



(iii) Where a higher quality of reduction and fixation is required than can be obtained by closed methods (e.g. some fractures involving articular surfaces)



(iv) In some cases of fractures of the pelvis and femur it is thought that the risks of acute respiratory distress syndrome (ARDS), fat embolism and other serious post-injury complications may be reduced by early operative stabilisation of the fractures. (Respiratory function is improved when the patient can sit up, reducing abdominal pressure on the diaphragm with the risks of atelectasis; less analgesia is required for fracture pain, with less respiratory depression resulting.) In damage control orthopaedics, preliminary external fixation of long bone fractures will allow the patient to sit up and move around in bed.


If damage control is not required, the present aim is the definitive fixation of all major limb fractures as the patient’s general condition will allow, and preferably as part of the initial treatment on the day the injuries are sustained.


In addition, there is a controversial area where the risks of internal fixation in a particular set of circumstances are outweighed, in the experience and opinion of the surgeon in charge, by the advantages.


Some of the factors involved may include:



• The possibility of achieving and maintaining a high quality reduction. In some shaft fractures of long bones it is possible to stabilise the fracture using an intramedullary nail or rod, inserted from the end of the bone, without disturbance of the fracture haematoma,



• Earlier mobilisation of joints, with less risk of permanent stiffness, disuse osteoporosis, etc.



• Earlier discharge from hospital, and earlier return to full function (including work, athletic activities, etc.).


Some of the disadvantages of internal fixation are:



• The possibility of introducing infection. The consequences may be serious (e.g. chronic bone infection with non-union, which may sometimes necessitate amputation).



• Internal fixation techniques require a degree of mechanical aptitude and experience on the part of the surgeon if the occasional serious failure is to be avoided.



• To cover a wide range of fracture situations, a fairly formidable number of instruments and fixation devices will be required.



• As, on the whole, the time under anaesthesia is much longer than when conservative measures are employed, the patient’s general condition and health is of greater concern: the services of an expert anaesthetist are more frequently required.


The methods of achieving internal fixation include the use of a wide range of devices (screws, nails, plates, etc.) – see pages 74–79.









(e) External skeletal fixation


With this method the bone fragments are held in alignment with pins inserted percutaneously. Two common methods of placing the pins are used; in one, each pin is passed through the skin and a bone fragment, and exits through the skin on the other side. More commonly, a cantilever system is used, with rigid pins which are screwed into a bone fragment and protrude from one side of the limb only. One to six pins are fixed in each bone fragment. The fracture is reduced with the pins in situ (at open operation, or by using an image intensifier). The pins are then held in proper relation to one another by a rigid external support. The ends of the pins are normally connected together with clamps; in emergency situations plaster bandages may be used for this purpose.


Such systems are of particular value in the management of open fractures where the state of the skin and other factors may make the use of internal fixation devices undesirable. Cantilever (one-sided) systems give the best access for the dressing of open wounds.


In the Ilizarov method of external fixation, control of the major fragments of the shaft of a bone is obtained by fine wires passed through skin and bone, and held under tension on metal toroidal frames encircling the limb. Two or more frames are used for each major fragment, and these are held in alignment by threaded spacers.


Hybrid systems (such as the Sheffield system) are of particular value in treating fractures of the ends of long bones involving the related joints. Wires under tension are held in an Ilizarov type frame which is linked to pins inserted in the shaft.


The use of external fixators is sometimes followed, even in the case of closed fractures, by pin track infections. The quality of the fixation is also dependent on the pins remaining tight in the bone, and there is some risk of non-union.









(f) Cast bracing


Cast-bracing techniques are sometimes employed some weeks after the initial conservative management of a fracture. The method is used particularly in the treatment of fractures of the femur and tibia. In the case of fractures of the femur, one method employs two supports – one for the thigh and one for the leg below the knee – linked together by hinges at the side of the knee. Sufficient fixation may be achieved thereby to allow early ambulation.









(g) Plastic splints


A number of off-the-shelf plastic splints are available for the immediate or delayed support of certain fractures (e.g. of the humeral shaft), and have hygienic advantages. Some incorporate hinges.












4 If the fracture is open, how will this influence treatment?


The following points will require separate consideration:



(a) As debridement of the wound will almost certainly be needed, general anaesthesia and theatre facilities are essential. Pulsatile lavage may be used to reduce the amount of bacterial contamination, bearing in mind the adage ‘the solution to pollution is dilution’.



(b) In every case, potential difficulty in skin closure and cover of the fracture must be anticipated, and at least one possible line of treatment worked out prior to the patient being taken to theatre.



(c) If the wound is badly contaminated, and the skin damage substantial, the use of large implants is discouraged. The wider stripping of the tissues required for the insertion of some internal fixation devices may disseminate any infecting organisms and cause further (albeit local) tissue damage. The presence of inert material in the tissues may act as a nidus for infection, so that it is difficult for any local infection to be overcome. The bulk of an internal fixation device may make wound closure more difficult, and subsequent swelling is more likely to lead to sloughing of devitalised skin over any prosthesis. If intramedullary nailing is to be employed, reaming of the medullary canal should be minimal or avoided.



If wound contamination is judged to be slight, and if good cover of the fracture can be obtained, internal fixation of the fracture is often carried out where it is felt to contribute to the chances of union and a successful outcome. Where there is much tissue damage, and the risks of infection are high, the use of an external fixator should be considered.



(d) In an appreciable number of cases the application of negative pressure to a wound can have considerable benefits which include reduced frequency of dressings and operating room sessions; as the system is closed, reduced risks of acquiring hospital infections; control of swelling and oedema, and the reduction of the size of the wound so that the area requiring secondary skin grafting may be reduced or eliminated; safe removal of wound fluids and toxins; lowered analgesic requirements, greater patient mobility and decreased wound healing time. Total negative pressure (TNP) may be achieved efficiently without the tendency to loss of pressure or leakages using the Vac® system.



(e) Open fractures are usually associated with greater damage to surrounding soft tissues than is found in closed fractures. Postoperative swelling is invariable, is often severe, and may lead to circulatory impairment in the limb. Special precautions must be taken over the type of splintage used, and the limb must be elevated. Admission for observation of the patient and of the limb circulation is almost invariably required.



In some cases there is serious elevation of pressure within the closed fascial compartments of the limb giving rise to one or several recognised compartment syndromes: these may be suspected on clinical grounds, and be confirmed by manometry. (In performing this an electronic transducer-tipped catheter gives the most accurate results.) In those situations where the clinical findings are difficult to assess (e.g. in the unconscious patient or in the presence of multiple injuries), and where particular compartments are at risk, continuous prophylactic monitoring may have to be considered. In weighing up the findings, the diastolic blood pressure should be taken into account. A differential pressure (diastolic blood pressure minus the intracompartmental pressure) of 30 mm of Hg or less is regarded as an indication for surgical decompression (by fasciotomy). (See also p. 374.)



(f) As a rule, open fractures are associated with greater violence, more initial deformity and more direct soft-tissue damage. Neurological and vascular damage is more common, and should be looked for; if found, then the appropriate additional treatment will be required.



(g) The majority of open fractures have microbial contamination which may be of both gram-negative and gram-positive organisms. The risk of the development of infection is closely related to the degree of soft tissue injury. There are special risks from organisms acquired from farmyards, fresh water contamination, and hospital environments (e.g. Clostridium perfringens, Pseudomonas aeruginosa, penicillin-resistant staphylococci). It is considered that the duration of antibiotic courses should be short to reduce the risks of the emergence of resistant strains. Swabs should be taken from wounds on admission.



Gustilo et al recommend the following: for Type I fractures, a single dose of 2.0 g of cephalosporin on admission followed by 1.0 g every 6–8 hours for 48–72 hours; for Type II or Type III injuries, gram-negative and gram-positive prophylaxis is necessary; as well as cephalosporin in the previously recommended dosage, the patient should be given aminoglycosides (tobramycin), 1.5 mg/kg body weight on admission, and 3.0–5.0 mg/kg body weight daily thereafter in divided doses. This must be adjusted if there is renal insufficiency. If there is risk of clostridial infection, 10 million units of penicillin should also be given. If any secondary procedure (e.g. internal fixation, delayed wound closure) is being performed, the antibiotic courses should be repeated.



Attention should also be paid to tetanus prophylaxis.



If wound contamination is judged to be slight, antibiotics may or may not be given, depending to some extent on the assessment of the particular circumstances of the case and of unit policy. (See Ch. 4 for details of local treatment.)



(h) In the most severe open injuries, where there is perhaps much comminution of bone, extensive crushing of muscle, gross wound contamination and neurological damage, primary amputation may have to be considered.


The decision to amputate is not an easy one to make, especially in a climate where success in the re-attachment of severed limbs is not unusual. Nevertheless it must be borne in mind that even with the most sophisticated techniques, requiring perhaps many operations spread over months or years, there may be ultimate failure; when amputation is then carried out, and an artificial limb fitted, the rapidity of the patient’s rehabilitation may tempt the previously demoralised patient to wish that the decision to amputate had been made at the beginning.


Such an irrevocable line of treatment should not of course be suggested to a patient without the backing of a second, independent, senior opinion. In coming to a decision it may be helpful to consider some of the assessment systems which have been devised for this situation, such as the Mangled Extremity Severity Score3 This scheme has been devised to give a quantitative assessment of the severity of injury to a limb, and to offer a guide in making the difficult decision as to whether it is worth striving to save a limb or to minimise losses and advise a primary amputation.


In applying the scheme, four factors are considered and the scores for each are added together to obtain a total. A score of 7 suggests that amputation must be seriously considered, although it must be stated that in a number of cases with a reading of 7 or more a limb has been salvaged. On the other hand, as might be expected, a score of less than 7 does not necessarily guarantee that amputation may not eventually be required.


The scoring emphasises the great importance of the early restoration of good tissue perfusion.



1 The skeletal/soft-tissue injury:


• Low energy injury (stab wound; closed fracture; low velocity gunshot wound) 1



• Medium energy injury (open fracture; multiple fractures, dislocation) 2



• High energy injury (shotgun wound; high velocity gunshot wound; crush injury) 3



• Very high energy injury (as above, but with gross contamination, soft tissue avulsion) 4






2 Limb ischaemia


• Pulse reduced or absent, normal perfusion:



less than 6 hours 1



more than 6 hours 2



• Pulseless; paraesthesiae; reduced capillary refill:



less than 6 hours 2



more than 6 hours 4



• Cool, paralysed, insensate limb:



less than 6 hours 3



more than 6 hours 6






3 Shock


• BP more than 90 mm 0



• Transient hypotension 1



• Persistent hypotension 2






4 Age


• < 30 years 0



• 30–50 years 1



• > 50 years 2








Examples






(a) A man aged 25 years involved in a road traffic accident 3 h previously is found to have an open fracture of the tibia, with reduced tissue perfusion and absent distal pulses; he is normotensive. The Mangled Extremity Severity Score would be 4 (age score = 0, open tibial fracture = 2; circulatory impairment = 2; shock = 0), so that other things being equal, primary amputation would not be considered, but an aggressive attempt to save the limb should be made (e.g. by fixation of the fracture and arterial reconstruction).



(b) A man of 60 years is brought in with a gunshot fracture of the femur sustained 8 h previously. The limb is cold and paralysed, and the sensation absent. There is transient hypotension. The Mangled Extremity Severity Score would be 12 (age = 2; gunshot wound = 3; ischaemia = 6; shock = 1) and primary amputation would be advised.












5 Does the patient require admission to hospital?


In most cases the decision is an easy one, being related to the seriousness of the injury, the nature of the treatment and the need for continuous observation. The main criteria for admission very frequently overlap, and include the following:
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