A Self-Directed Learning Module 

Technical Skills Program 

Queen’s University 

Department of Emergency Medicine 

[image: image1.jpg]Cal

es




Introduction

Ligamentous injuries of the wrist and carpal bone fractures are a relatively common problem encountered in the Emergency Department (ED). Failure to recognize and appropriately manage these injuries can lead to chronic pain and instability of the wrist joint. Unfortunately, because of the complexity of wrist anatomy, these injuries can be easily missed on the ED radiograph. Detection of these injuries requires a careful and systematic approach to the radiographs. 

Objectives

By the end of this learning module you should have a systematic approach to radiographs of the wrist and be able to identify the common patterns of wrist injury. 

The carpal bones
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Approach to the radiograph

These 9 steps are intended to provide you with a comprehensive, systematic approach that you should use when evaluating all radiographs of the wrist. 

Step 1: Obtain needed views

The standard radiographic examination of the wrist uses three of four views; a posteroanterior (PA), a lateral, a pronation oblique, and a supination oblique view. Ensure that you have at least three views of the wrist. In situations where a scaphoid fracture is suspected, a magnified view of the scaphoid with the wrist in ulnar deviation is taken as well. 
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 Step 2: The joint spaces

On the PA radiograph, the radiocarpal joint (1), the midcarpal joint (2), and the carpometacarpal joints (3) are seen in profile. The apposing joint margins should appear parallel and approximately 1-2 mm apart. Significant widening (4) of any of these joint spaces suggests a displacement of one of the bones. 
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Step 3: The PA arcs

Look at the three arcs formed by the articular margins of the carpal bones in the PA view. Disruptions in these arcs are suggestive of subluxation or dislocation of one of the carpal bones. Note in the PA radiograph of the wrist below that arcs 2 and 3 are disrupted. This is because there is a dislocation of the lunate bone. 
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Step 4: Examine the bones

Individual bones should be carefully inspected for cortical disruption (1) or linear lucencies (2) which would be indicative of a fracture. As well, the density of the bones should be compared. Increased density (3) will occur in cases of avascular necrosis. 
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Step 5: The 'radial line'

Next, inspect the lateral view. A line drawn through the middle of the radius along its longitudinal axis should approximately bisect the lunate and the capitate. Displacement of the capitate away from this line is called a perilunate dislocation, and displacement of the lunate away from this line is called a lunate dislocation (1). 
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Step 6: The lateral arcs

On the lateral view, the apposing joint margins of the capitate, lunate, and radius should form four parallel arcs. In addition to the line through the radius discussed in step 5, you should also look for disruptions of these arcs. Disruption of these arcs is another marker for dislocation of one of the carpal bones. Note: on the lateral radiograph furthest to the right, the joint margin of the capitate is not aligned with the joint margin of the lunate. This is called a perilunate dislocation of the capitate. 
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Step 7: The soft tissues

Inspect the dorsal soft tissues of the wrist on the lateral view. Avulsion fractures of the triquetrum, the second most commonly fractured carpal bone after the scaphoid, may appear as a small fragment of bone sitting dorsal to the carpal bones. 
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Step 8: The oblique view

The pronation oblique view demonstrates the articulation between the trapezium and the trapezoid, as well as the scaphotrapezium, the scaphocapitate and the lunocapitate joints. Inspect the joint surfaces and individual bones for evidence of fracture. 
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Step 9: The scaphoid view

If included in the radiographic series, review the magnified view of the scaphoid, looking for cortical breaks or linear lucencies which would indicate a fracture. The following radiograph shows a subtle lucency through the waist of the scaphoid which represents a fracture. 
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Fractures


The following carpal fractures are listed in descending order of frequency - Scaphoid, Triquetrum, Trapezium, Pisifrom, Hamate, Capitate. 


Fractures of either the Lunate bone or the Trapezoid bone are quite rare, and therefore have not been included in this list. 

Scaphoid fracture

This 35 year old female patient fell from her bike and suffered a hyperextension of her wrist. There was considerable swelling and tenderness in the anatomic snuffbox. Note on the oblique radiograph that there is a lucent line representing a fracture through the waist of the scaphoid bone. The scaphoid bone is the most commonly fractured carpal bone, accounting for 50-60% of all carpal injuries. 

If undisplaced, these fractures are managed with a thumb spica cast which immobilizes the wrist and the thumb. If displaced, they require urgent orthopedic consultation for reduction. Failure to recognize and appropriately manage these fractures can result in avascular necrosis of the scaphoid bone and/or non-union of the fracture. These can lead to chronic pain and instability of the wrist. 

If a patient has tenderness in the area of the anatomic snuffbox, but no fracture is apparent on x-ray, he/she should be immobilized in a thumb spica cast and instructed to return for repeat x-rays in 2 weeks. With healing, there is reabsorption of bone along the fracture line, making it more visible at 2 weeks. 
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More examples: 
Fractures of the scaphoid bone can be very subtle and even missed on the initial radiograph. The first radiograph below shows a fractured scaphoid appearing as a small break in the cortex. The second radiograph shows a fracture appearing as an irregular lucent line through the waist of the scaphoid. The third radiograph shows a very subtle fracture appearing as a fine, irregular lucency through the waist. 
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Occasionally, patients can present with snuffbox tenderness after a fall on an outstretched hand, and will have no radiographic abnormalities. These patients should be placed in a thumb spica cast for 2 weeks and return for repeat radiography. If a fracture is present, it will usually be apparent on repeat films because of reabsorption of bone along the fracture site. 

Triquetrum fracture

This patient suffered a fall on his outstretched hand and complained of pain in the wrist area. He had tenderness on the dorsum of his wrist just distal to the ulna. Note on the lateral radiograph there is a small fragment of bone floating dorsally over the carpal bones. 

These fractures usually represent ligamentous avulsion injuries. They are managed with a forearm cast and follow-up with an orthopedic surgeon or hand specialist. They tend to heal well and complications are rare. 
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Trapezium fracture

This patient has suffered a forced hyperextension of her thumb. She had pain with movement of her thumb and tenderness in the anatomic snuffbox. The PA and oblique films demonstrate a displaced fracture of the trapezium. 

Fractures of the trapezium require prompt referral to an orthopedic or hand specialist. Undisplaced fractures can be managed with a thumb spica cast for 6 weeks. Displaced fractures require anatomic reduction and stabilization. 
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Pisiform fracture

This patient had pain on the ulnar aspect of his wrist after catching a baseball with his bare hands. On examination, he had tenderness at the base of his hypothenar eminence. The PA radiograph shows a subtle fracture of his pisiform. 
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Lateral and oblique radiographs from the same patient: 
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Another example of a pisiform fracture is shown below. A wide, lucent line is visible on the PA radiograph running through the pisifrom bone (indicated by arrows). Unlike the first example which was very subtle, this fracture is much easier to appreciate. Together, these two examples of fractures illustrate the great variation in radiographic appearance that is possible. 
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Hamate fracture

This patient struck a hard object with his fist. He presented with pain on wrist motion and tenderness at the base of his fifth metacarpal. Note on the PA radiograph that a lucent line through the ulnar surface of his hamate bone is visible. 

These fractures are managed with a forearm cast and referral for orthopedic follow-up. 
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Capitate fracture

This 25 year old male received a blow across the back of his wrist with a blunted sword. Pain and tenderness were noted along the dorsal aspect of the wrist. Fractures of the capitate, scaphoid, and hamate bones are visible on the PA and oblique radiographs as lucent lines running through the bones. 

In general, capitate fractures should be immobilized and referred to an orthopedic surgeon or hand specialist as a high priority case due to the severity of this injury. 
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Dislocations
Scapholunate dislocation

This patient suffered a fall on an outstretched hand. She presented with tenderness on the dorsal surface of her wrist just distal to Lister's tubercle (distal dorsal radius). The PA radiograph shows widening (greater than 3mm) of the joint space between the lunate and scaphoid bones. This results from rupture of the scapholunate interosseous ligament in the setting of forceful extension of the wrist. 

Patients with this injury require prompt referral to an orthopedic or hand specialist for either closed or open reduction. Failure to recognize and appropriately manage this injury can result in carpal instability and chronic pain. 
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Lunate dislocation

This 25 year old male fell while riding his motorcycle. He presented with severe pain and swelling of his wrist. There was tenderness on both the dorsal and volar aspects of his wrist. Note that on the PA radiograph the midcarpal joint space is interrupted by the lunate overlapping the capitate. On the lateral radiograph, the lunate is displaced in a volar direction from its usual position of articulation with the radius and capitate. 

These injuries require emergency orthopedic or hand specialist consultation for reduction. 

	Dislocated: 
	 
	 
	Normal (for comparison): 
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	Normal (for comparison): 
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	Dislocated:  
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Perilunate dislocation

This patient suffered a fall from a ladder and experienced severe hyperextension of his wrist. He presents with severe pain and swelling of his wrist. The PA radiograph demonstrates a displaced fracture through the waist of the scaphoid. The lateral radiograph demonstrates a perilunate dislocation in which the capitate is displaced dorsally from its usual position of articulation with the lunate. 

These injuries require emergency orthopedic or hand specialist consultation for reduction. 
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Carpo-metacarpal dislocation

This patient struck a heavy object with his fist. He presented with swelling and tenderness on the dorsal aspect of his wrist. The PA radiograph shows the bases of the 4th and 5th metacarpals overlapping the hamate. The lateral radiograph shows the 5th metacarpal dislocated from its articulation with the hamate bone. 

These injuries are usually managed with closed reduction followed by immobilization in an ulnar gutter splint. They should be seen by an orthopedic surgeon or hand specialist for follow-up. 
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Avascular necrosis

Although cases of avascular necrosis may be identified by x-ray, they are generally best diagnosed by MRI. 

Avascular necrosis of the lunate

The etiology of avascular necrosis of the lunate (Kienbock's disease) is not clear. It is thought to be due to single or repetitive trauma to the lunate which impairs its blood supply. Note on the PA and oblique radiographs that the lunate bone appears more opaque than the surrounding carpal bones. 

These injuries should be immobilized with a thumb spica cast and referred to an orthopedic surgeon or hand specialist for follow-up. 
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Avascular necrosis of the scaphoid

The PA radiograph below shows a scaphoid bone that is more dense than the surrounding bone and has a non-union fracture through its waist. Non-union and avascular necrosis are complications which can occur if the injury is missed, not adequately immobilized, or not immobilized for a sufficient length of time. These complications can lead to chronic pain and instability of the wrist. 
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Cases

Work through the following cases with the following approach in mind: 

1. Obtain the needed views

2. Examine the joint spaces

3. Examine the PA arcs

4. Examine the carpal bones

5. Examine the 'radial line'

6. Examine the lateral arcs

7. Examine the soft tissues

8. Examine the oblique view

9. Examine the scaphoid view (if applicable)

Case 1

A 40 year old female presents to the emergency department complaining of wrist pain after a fall. Movement of the wrist causes pain. There is normal sensation and capillary refill distally. She has tenderness on the ulnar aspect of her wrist in the area of the base of the 5th metacarpal. Her radiograph is shown below: 
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Question

What is the most likely diagnosis? 
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	Triquetrum fracture 
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	Hamate fracture 
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	Pisiform fracture 
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	Scaphoid fracture 
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	Trapezium fracture 


Incorrect. 

Correct. There is a subtle fracture of the ulnar corner of the hamate. 
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Incorrect. 

Incorrect. 

Incorrect. 

Case 2

A 30 year old female presents to the emergency department complaining of wrist pain after slipping on a patch of ice and breaking her fall with her hands, palms down, wrists in extension. There is normal sensation and capillary refill distally. She has tenderness in the area indicated by the arrow below. Her radiograph is provided. 
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Question

What is the most likely problem? 
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	Fractured lunate 
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	Scapholunate dissociation 
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	Fractured pisiform 
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	Fractured scaphoid. 


Incorrect. 

Incorrect. 

Incorrect. 

Correct. There is a lucent line through the waist of the scaphoid, representing a fracture. 
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Case 3

A 25 year old male presents to the emergency department complaining of pain on movement of his thumb. He was struck on the tip of his thumb by a basketball during a game. He has normal sensation and capillary refill distally. There is very limited range of motion of his first carpometacarpal joint and marked tenderness at the base of his first metacarpal. His radiograph is shown below. 
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Question

What is the most likely diagnosis? 
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	Avascular necrosis of the scaphoid 
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	Carpo-metacarpal dislocation 
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	Trapezoid fracture 
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	Trapezium fracture 
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	Triquetrum fracture 


Incorrect. 

Incorrect. 

Incorrect. 

Correct. 
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Case 4

A 30 year old female presents to the emergency department with a painful swollen wrist after a fall. She landed in such a way as to hyperextend her wrist. There is normal sensation and capillary refill distally. She has limited range of motion of her wrist and is very tender on the dorsal aspect of her wrist just distal to Lister's tubercle. Her radiograph is provided below. 
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Question

The patient probably has: 
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	A fracture of the triquetrum. 
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	A dislocated lunate. 
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	Scapholunate dissociation. 
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	No abnormalities on x-ray. 


Incorrect. 

Incorrect. 

Correct. The scapholunate joint space is abnormally wide (>3mm), thus indicating a scapholunate dissociation. 
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Incorrect. 

Case 5

A 45 year old male presents with a 3 month history of wrist pain which is getting progressively worse. He cannot recall an injury to his wrist. He has normal sensation and capillary refill distally. There is pain with extension of the wrist and tenderness on the dorsal aspect of his wrist just distal to Lister's tubercle. An x-ray of his wrist reveals the following: 
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Question

The most likely diagnosis is 
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	avascular necrosis of the lunate. 
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	a fracture of the triquetrum. 
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	a fracture of the scaphoid. 
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	a dislocation of the lunate. 


Correct. The lunate is more dense than the other bones, suggesting avascular necrosis. 
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Incorrect. 

Incorrect. 

Incorrect. 

Case 6

A 30 year old male presents complaining of wrist pain after falling from a motorcycle. Any movement of his wrist causes severe pain. He has normal sensation and capillary refill distally. He has tenderness on the volar and dorsal aspects of his wrist. His radiograph is provided below.
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Question

What is the most likely diagnosis? 
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	Lunate dislocation 
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	Perilunate dislocation. 
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	Lunate fracture. 
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	Capitate fracture 
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	No carpal bone abnormality. 


Correct. Remember that the lunate (and capitate) should lie with the long axis of the radius. 
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Case 7

A 50 year old male presents with a long history of wrist pain. He recalls an injury to his wrist several years ago for which he did not seek medical attention. He has limited movement of his wrist and tenderness in the anatomic snuffbox. X-ray reveals the following:
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Question
What is the most likely diagnosis? 
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	Scapholunate dissociation 
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	Avascular necrosis of the scaphoid 
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	Trapezoid fracture 
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	Trapezium fracture 


Incorrect. 

Correct. The scaphoid appears more dense, and has an unhealed fracture through the waist. 
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Incorrect. 

Incorrect. 

Case 8

This 30 year old male punched a wall during an argument. He presents with pain and tenderness on the dorsal ulnar aspect of his wrist. There is normal sensation and capillary refill distally. His x-ray reveals the following: 
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Question

What injury has the patient likely sustained? 
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	Perilunate dislocation 
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	Lunate dislocation 
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	Triquetrum fracture 
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	Scaphoid fracture 
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	Carpo-metacarpal dislocation 


Incorrect. 

Incorrect. 

Incorrect. 

Incorrect. 

Correct. As illustrated below, one of the metacarpals is dorsally dislocated from its normal carpal bone articulation. 
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Case 9

This 35 year old female was in a motor vehicle crash. She presents with severe pain and limitation of wrist movement. She is very tender on the dorsal aspect of her wrist. There is normal sensation and capillary refill distally. Her radiograph is shown below. 
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Question

The likely cause of her pain is: 
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	A fractured triquetrum 
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	A fractured hamate 
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	A perilunate dislocation 
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	A dislocated lunate 


Incorrect. 

Incorrect. 

Correct. While the lunate is lined up with the radius, the capitate is not - indicating a perilunate dislocation. 
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Incorrect. 

Case 10

This 40 year old male presents with wrist pain that began after a fall. He has pain with movement of the wrist and is tender on the dorsal aspect of his wrist just distal to the ulnar styloid. His distal sensation and capillary refill are normal. His x-ray is shown below. 
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Question

What is the most likely diagnosis? 
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	Trapezium fracture 
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	Trapezoid fracture 
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	Triquetrum fracture 
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	Lunate dislocation 
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	No carpal bone abnormalities 


Incorrect. 

Incorrect. 

Correct. The arrow below points to a small fragment of bone sitting dorsal to the location of the triquetrum. 
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Incorrect. 

Incorrect. 

Credits

Congratulations! 

You have now completed the Carpal Bones module. 
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License 

This module is licensed under the Creative Commons Attribution Non-Commercial No Derivatives license. The module may be redistributed and used provided that credit is given to the author and it is used for non-commercial purposes only. The contents of this presentation cannot be changed or used individually. For more information on the Creative Commons license model and the specific terms of this license, please visit creativecommons.ca. 
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