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Abstract 

 

Acute bony injuries to the hand and wrist are very common and are seen on a daily basis in 

the radiological practice. They do not only occur in high-energy trauma’s, but relatively 

‘simple’ falls can lead to many different fractures and dislocations. At the level of the wrist, 

distal radius fractures are by far the most common. With exception of fractures of the ulnar 

styloid (often with distal radius fractures), isolated distal ulna fractures are uncommon.  

More serious injuries to the wrist include complicated fracture dislocation injuries like 

perilunate dislocations or lunate dislocation. At carpal level, scaphoid fractures are the most 

common followed by fractures of the dorsal side of the triquetrum. The scaphoid fractures are 

the most important ones to recognize because of the potential devastating effect of the 

complications of missed scaphoid fractures like e.g. pseudarthrosis or avascular necrosis. The 

metacarpals often fracture. Fractures of the base of the thumb are common, together with 

the subcapital fracture of the 5th metacarpal. In the fingers we encounter many different types 

of fractures, often in avulsions reflecting underlying soft tissue pathology (e.g. Mallet finger). 

Dislocations are common in the fingers predominantly in the PIP joints. From an imaging 

standpoint conventional radiography is always the initial imaging examination. Complex 

(intra-articular) fractures, fracture-dislocation injuries and strong clinical suspicion of 

radiographically occult fractures need to be further evaluated and is predominantly used for 

decision making regarding treatment. CT is the primary imaging modality of choice for the first 

two. In the latter, MRI can be preferable, but this depends upon the clinical suspicion and the 

local situation in your hospital.  
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Radius injuries 

 



Distal radius fractures are the most common fractures in the wrist1-3.  In the elderly population 

it is, after hip fracture, the 2nd most common fracture2. Although distal radius fractures are 

encountered at any age there are 2 age peaks in which they are more frequently seen: 10-14 

years old adolescents and in adults after 50 years of age3.  They are usually caused by a fall on 

an outstretched hand (‘FOOSH’) with the wrist most of the times in hyperextension.  There 

are many different types of intra- and extra-articular fractures designated by different 

eponyms like Colles fracture, Barton fracture, Smith fracture, Chauffeur’s fracture etc. There 

is controversy about the use of these eponyms. Most of the eponyms are from physicians who 

described the fracture for the first time but most of these fractures were described before the 

discovery of X-rays. Therefore, it is difficult to state whether ithe fracture that bears their 

name is in fact the fracture that they described clinically4.  Nevertheless, the eponyms are still 

widely used in daily clinical practice. It would be better to classify fractures according to a 

(reproducible) classification system but therein lies a problem. There is no widely accepted 

classification system for distal radius fractures. There are up till now more than 20 different 

classification systems described (e.g. Frykman, Melone, AO).  There are several reports that 

assessed intra- and interobserver reliability of the most commonly used classification systems 

and in general they found low numbers for reproducibility and outcome after treatment2,5-8.  

If there is any need to classify, it would be useful to use the same classification system as the 

surgeons use, otherwise classifying becomes a goal on its own without any benefits to the 

patient or surgeon.  Therefore, it is preferable to provide an accurate and complete 

description of the fracture morphology. There are several factors that have to be assessed 

when describing the morphology of a distal radius fracture (Table 1)9-10. Some of the 

features are more important than others and there seems to be a better consensus amongst 

surgeons (compared to which classification system to use) which patients have to be operated 

upon and which can be treated conservatively. Especially in young patients, it is unclear and 

inconclusive if surgery will lead to a better outcome compared to conservatively treated 

patients.  

 

Initial imaging after a fall on the hand/wrist is always standard radiography. PA and lateral X-

rays have to be made in 2 orthogonal planes. The value of correctly made plain films cannot 

be underestimated. They should be made according to strict protocol to eliminate pro-

supination in the lower arm to avoid wrong diagnoses, e.g. when the position of the distal ulna 



is assessed and called abnormal. (Sub) luxation of the distal ulna is sometimes called on 

improperly made plain films (especially on the lateral view) which will disappear if repeat films 

are made with ‘true’ lateral views in which the diaphysis of the radius and ulna are properly 

superimposed (FIGURE) (Fig.1). The latter can only be achieved if a lateral view is made 

with the shoulder in 00  abduction and 900 flexion in the elbow with the medial side of the 5th 

finger flat on the x-ray table. Additional views are somewhat controversial although it is 

recommended by the ACR appropriateness criteria to add a 3rd view and possibly even a 4th 

view, the 450 semipronated oblique view and the semisupinated oblique view respectively11.  

The initial survey when looking for a fracture is the assessment of the integrity of the cortices 

of the bones. Subtle fracture lines are sometimes seen in only 1 plane. The trabecular bony 

structure has to be evaluated, fractures can present themselves as small, usually somewhat 

linear, lucent or sclerotic configurations within the marrow cavity (FIGURE). With regards to 

the soft tissues, the pronator fat pad sign, in which the normal sharp outline of the pronator 

quadratus on the palmar aspect of the wrist is lost, can be indicative of a fracture although 

this sign has a high specificity but a low sensitivity for distal radius fractures12. 

 

Table 1. Important factors to evaluate in distal radius fractures 

 

1. Extra-articular or intra-articular fracture 

2. Radial inclination (coronal plane – PA view) 

3. Radial height (coronal plane – PA view) 

4. Palmar or dorsal angulation of the distal part of the radius (sagittal plane – lateral 

view) 

5. Ulnar variance 

6. Is it a ‘simple’ fracture or is there comminution? 

7. Involvement of the sigmoid notch – congruence of the Distal Radio-Ulnar Joint (DRUJ) 

8. Presence or absence of ulnar styloid fractures. 

9. 9.Intra-articular step-off  

 

Radial inclination is the angle of the distal radial surface compared to a line perpendicular to 

the diaphysis of the radius, it is measured on an PA view (FIGURE). A normal inclination ranges 

between 21-25 degrees10. The radial height, also measured on PA radiograph, is the distance 



between 2 parallel lines drawn perpendicular to the long axis of the radius (FIGURE). The 1st 

line is drawn from the radial styloid, the 2nd at the level of the ulnar aspect or ulnar edge of 

the lunate fossa. Its range lies between 8-14 mm10. The palmar or dorsal angulation is 

measured on a lateral radiograph by a line between the volar and dorsal lip of the radius 

perpendicular to the long axis of the radius (FIGURE). The distal radial articular surface almost 

always displays a palmar angulation of approximately 11 degrees10.  Ulnar variance can be 

measured in different ways; the “normal” ulnar variance can basically only be assessed in the 

non-injured wrist13.  Assuming that most patients are fairly symmetrical, the ulnar variance of 

the non-injured wrist can give an idea of the normal ulnar variance before the fracture was 

sustained. 

 

There seems to be a trend towards more surgical treatment of distal radius fractures although, 

like mentioned previously, there is no general consensus about the optimal treatment. The 

age of the patient plays an important role and in general it can be said that the younger the 

patient the more likely it is that he/she will be operated upon. Extra-articular fractures with 

acceptable closed reductions will usually be treated conservatively. Intra-articular fractures 

are more commonly operated upon even after acceptable closed reductions especially in 

patients under 65 years of age. Severely comminuted or displaced fractures are almost always 

treated surgically. Operative treatment usually consists of volar plating with locking plates. 

Closed reduction with percutaneous pinning (CRPP) is usually reserved for fractures in children 

and it not commonly used in adults. In intra-articular fractures, the size of the gap in the 

articular surface of the radius is considered to be of importance. It is for this reason (and in 

severely comminuted and displaced fractures) that more and more patients receive follow-up 

imaging after X-ray in which Computed Tomography (CT) or alternatively Cone Beam CT is the 

preferred method of choice. MRI does not play an important role in the evaluation of distal 

radius injuries unless there is clinical suspicion of accompanying injuries to the soft tissues like 

the scapho-lunate (SL) ligament or Triangular Fibrocartilage Complex (TFCC). Nevertheless, 

distal radius fractures are detected sometimes when a patient is referred for MRI for clinical 

suspicion of occult scaphoid fracture (FIGURE). 

 

 

 



 

Colles fracture  

 

The most common distal radius fracture is the Colles fracture, which was named after the 

Scottish surgeon who described this fracture in 1814. The eponym is usually used to describe 

an extra-articular metaphyseal distal radius fracture in which the distal part is tilted dorsally. 

It can consist of a simple fracture line or it could be comminuted, however, the articular 

surface is usually not involved although sometimes in a typical Colles-like fracture there can 

be extension of a fracture line to the articular surface. There is loss of radial inclination and 

height, dorsal angulation of the distal part and often there is an accompanying fracture of the 

ulnar styloid (FIGURE). Conventional radiography usually suffices for diagnosis. 

Treatment consists usually of 4-6 weeks cast immobilization after successful reduction of the 

fracture. In younger patients however, especially when there is comminution at the dorsal 

side with bone loss, operative treatment is more common, because of an expected high 

likelihood of a loss of reduction in these patients.  

 

Smith fracture  

 

The Smith fracture is named after the Irish surgeon Smith who described this fracture in 1847. 

It is a similar fracture as the Colles fracture but in Smith fracture the distal part of the radius 

is tilted in a palmar direction, hence it is sometimes referred to as a reversed Colles fracture. 

It is less common than Colles fracture.  The eponym is predominantly used (as in Colles 

fracture) to describe an extra-articular fracture. There is loss of radial inclination and height 

with palmar tilt of the distal part of the radius (FIGURE). The same therapeutic principles apply 

as for the Colles fractures. Comminution and bone loss in Smith fractures is -however- located 

on the palmar side.  

 

 

 

Barton fracture  

 



Barton fractures are seen in 2 different forms: palmar or dorsal Barton fracture. They are 

named after the American surgeon Barton who described the fracture in 1838. It is an intra-

articular fracture of the distal radius of either the palmar or dorsal rim with associated 

displacement of the carpus which usually maintains its normal relation to the displaced 

fragment. They are uncommon but operative treatment is often necessary in these fractures, 

hence the need for cross-sectional imaging after plain films to establish the degree of 

dislocation and to assess the articular gap. The width of the articular gap and the step-off in 

the articular surface are the most important prognostic factors in these fractures.  A step-off 

of 2 mm is generally considered the cut-off point (Table 1)  There appears to be a good 

consensus that a larger step-off and gap is an absolute indication for surgery especially in 

patients under 65 years of age6. Depending upon the type and extension of the fracture and 

the size of the displaced fracture fragment the radial inclination and height could be partially 

preserved (FIGURE x2).  

 

Chauffeur’s fracture  

 

The chauffeur fracture is an oblique intra-articular fracture of the styloid process of the radius. 

The name chauffeurs’ fracture is derived from the period that cars were started with crank-

handles. If the car back-fired during the crank the handle was forced backwards into the palm 

of the hand which gave rise to the typical fracture. It is sometimes referred to as the 

Hutchinson fracture after the British surgeon Hutchinson who described this fracture in 1866. 

The loss of radial inclination and height and the amount of angulation of the distal part varies 

(FIGURE).  Treatment can be either conservative or operative depending upon the dislocation 

of the fracture fragment and the congruity of the radial articular surface in which the same 

rules apply as mentioned earlier.  

 

Die-punch fracture  

 

A die-punch fracture is an uncommon fracture of the ulnar-sided articular surface of the distal 

radius (‘lunate fossa’) with an intact radial styloid process. It arises from an axial loading on 

the distal radius in which the lunate bone is driven into the distal radius.  The radial inclination 

and height are only disturbed at the level of the depressed fragment of the lunate fossa 



(FIGURE).  Die-punch fractures are almost always operated upon unless the depression of the 

lunate fossa is less than 2 mm.  

 

Pediatric fractures 

 

Fracture patterns in children and young adolescents differ from that in adult patients14,15. The 

bones in children are more flexible compared to adults and the weakest part of the bone is 

usually the physeal plate. There are 4 types of fractures identified in children:  

 

1. Torus or buckling fractures 

2. Greenstick fractures 

3. Bowing fractures (‘Plastic deformation’) 

4. Epiphysiolysis (Salter-Harris) fractures 

 

In torus or buckle fractures there is, usually (semi) circumferential, buckling of the cortex of 

most often the distal radius (FIGURE). It differs from greenstick fractures, in which there is a 

cortical breakthrough of the bone on one side with preserved integrity of the opposite cortex 

(FIGURE).  If the breakthrough of the cortex is bi-cortical it is simply called a fracture.  Bowing 

fractures are diagnosed when there is an abnormal configuration or alignment of a bone 

without visible cortical disruption or breakthrough. It is, however, often accompanied by a 

fracture of the accompanying bone (e.g. in the lower arm bowing of the radius is usually 

accompanied by an ulna fracture) (FIGURE). Fractures involving the epiphysis and physis are 

called and classified as Salter-Harris fractures; they are only seen in individuals in which the 

growth plate is still open. They are quite common in the distal radius. They are classified 

according to severity in 5 types. They are at risk of premature closure of the physeal plate 

especially in the more severe types (FIGURE).  The most common are Salter-Harris type 2 

fractures in which the epiphysis is displaced together with a small part of the fractured 

metaphysis. Children are usually treated conservatively. More dislocation and angulation can 

be permitted in the growing individual compared to adults due to the remodeling capacity of 

growing bones14. Only in cases with severe dislocation and unsatisfactory results after closed 

reduction, operative treatment is necessary. Usually, to be as non-invasive as possible, this is 



done by CRPP. Operative treatment is usually also applied to very distal antebrachial complete 

fractures because these can be very unstable.  

 

 

Ulna injuries 

 

Isolated fractures of the distal ulna at the level of the wrist are rare. More proximal, in the 

lower arm, ulnar fractures are not uncommon. Most common fractures or injuries to the ulna 

in the lower arm are:  

 

1. Isolated ulnar diaphyseal fracture (‘nightstick fracture’). 

2. A fracture of the ulna and radius together as antebrachial fracture (often pediatric). 

3. The Monteggia injury in which there is a fracture of the distal ulna diaphysis together 

with a dislocation in the proximal radio-ulnar joint.  

4. The Galeazzi injury in which there is a fracture of the mid- to lower diaphysis of the 

distal radius combined with a dislocation of the distal ulnar head from the DRUJ 

(FIGURE). 

5. Ulnar styloid fractures usually combined with distal radius fractures.  

 

A Galeazzi injury is not frequently seen; posttraumatic instability of the DRUJ with 

(sub)luxation is most common due to injuries of the Triangular Fibrocartilage Complex (TFCC) 

or to the styloid process of the ulna to which the TFCC attaches.  If, in a posttraumatic patient, 

there is suspicion of a (sub)luxation of the DRUJ, one always however needs to make sure that 

the whole lower arm is imaged with X-ray to exclude an injury to the more proximal radius.  

Fractures of the most distal part of the ulna are almost always to the ulnar styloid. They are 

very commonly seen in patients with distal radius fractures and in cases of (greater arc) 

perilunate fracture dislocations (see combined injuries). Surgical repair is almost never 

indicated because even non-union of these fractures do not seem to affect clinical outcome16.  

 

 

 

Carpal injuries 



 

Carpal fractures are seen in isolation or in complex fracture-dislocation injuries. Isolated carpal 

fractures are most common in the proximal carpal row, most often in the scaphoid and 

secondly to the triquetrum17,18. Isolated lunate and pisiform fractures are not often seen. In 

the distal carpal row fractures of the trapezium are sometimes seen accompanying scaphoid 

injuries or in isolation. Trapezoid, capitate and hamate fractures in isolation are rare. Initial 

imaging in suspicion of carpal fractures is with conventional imaging but the individual carpal 

bones are often difficult to assess because of their complex shape and because of their 

position in between the other carpals. After X-ray, (CB)CT is the primary imaging modality in 

case of strong suspicion of a fracture but in patients with persistent wrist pain with equivocal 

findings at clinical examination, MRI is also a very valuable tool to detect occult (micro) 

fractures or bone bruise19. It has already been demonstrated in many studies that there is a 

substantially number of occult fractures detected on MRI in patients who are previously 

diagnosed as having a ‘wrist sprain’ or ‘wrist contusion’21.  

 

 

Scaphoid 

 

Scaphoid fractures are quite common after a FOOSH. It is the most common fracture of the 

carpal bones, up to 70 % of cases18.  Standard 2-view wrist radiographs are usually not 

sufficient to detect scaphoid fractures. 2 additional views have to be made to increase the 

sensitivity of plain films which is notwithstanding low23 (FIGUREx2).  The clinical presentation 

has to be the decisive factor for treatment in case of negative X-rays. After a period of 7-10 

days the patient has to be re-examined clinically. In case of persistent pain in the region of the 

scaphoid, additional imaging has to be performed. Repeated plain films are, in our opinion, 

not useful. It is not to be expected that there will be sufficient bone resorption in this limited 

time to demonstrate the fracture line. If the fracture line is seen after this period on plain films 

it is almost certainly due to a minor difference in rotation when making the plain films, in 

which the fracture line is in the same plane as the x-ray beam  and therefore demonstrated. 

In our opinion, MRI or CT has to be made to confirm the diagnosis of scaphoid fracture or 

possible other fractures. MRI is in this respect superior over CT. MRI can also rule out the 

presence of a scaphoid fractures contrary to CT which can only rule in fractures24. Whilst 



initially there were strong objections against cross-sectional imaging as a 2nd step instead of 

repeating plain films for reasons of increase in costs, it has been sufficiently demonstrated 

that cross-sectional imaging is cost effective25-27. It has also been demonstrated that many 

patients who are diagnosed as having a ‘wrist sprain’, actually do have a large number of occult 

bone and soft tissue injuries)21.  That scaphoid fractures are not seldomly missed is also 

demonstrated by the fact that quite often the complications (e.g. pseudarthrosis, avascular 

necrosis) are seen on plain films of patients who weeks to months after a trauma keep 

complaining of wrist pain (FIGURE). The results of these complications can be devastating in 

young patients. Therefore, we recommend a more liberal use of (CB)CT and MRI to detect 

fractures or other lesions in the wrist in post-traumatic patients with persistent pain. 

 

 

Triquetrum 

 

The triquetrum is the 2nd most common fracture seen in the proximal carpal row, up to 18 %18. 

It almost always involves an avulsion injury at the dorsal side of the bone. Mechanisms of 

injury could be an avulsion (of the ligaments), impaction (by the ulnar styloid) or shearing (by 

the proximal pole of the hamate). A fracture of the triquetrum body is much less common; 

they are most often the result of high energy trauma or complex perilunate fracture-

dislocation injuries. A 3rd fracture of the triquetrum is the palmar cortical fracture, but this is 

very rare17,19. The dorsal fractures are often and best seen on a lateral radiograph of the wrist 

(FIGURE).  Body fractures and palmar fractures can be difficult to detect on either PA or lateral 

plain films because of superposition of the pisiform (PA) or other carpal bones (lateral).  

Additional oblique views could be helpful in these cases, but the sensitivity overall is relatively 

low. In case of suspicion of a fracture of the (body) of the triquetrum with negative X-rays a 

CT has to be considered.  

 

Pisiform and lunate 

 

Both isolated lunate and pisiform fractures are rare17-20. Lunate fractures can occur in trauma 

situations where there is axial compression of the capitate against the lunate or in complex 



perilunate dislocation injuries. They can also occur in late stage Kiënbock’s disease in which 

the lunate can collapse.  

 

Pisiform fractures occur due to a direct blow against the palmar ulnar aspect of the wrist (e.g. 

like in a hyperextension injury). Although these fractures are sometimes seen on PA plain films 

it can be difficult to detect them. Specific views (piso-triquetral joint view or carpal tunnel 

view) can be made to increase fracture conspicuity. (CB)CT is -hwover- more sensitive for 

detection (FIGURE).  

 

 

Trapezium and trapezoid 

 

Isolated fractures of the trapezium are rare17-20. The trapezium can be involved in patients 

who sustain an injury to an abducted thumb often then in combination with a fracture to the 

thumb. They are also sometimes seen in patients who are suspected of scaphoid fractures or 

in patients with distal radius fractures. Isolated fractures of the trapezoid are exceedingly 

rare18. The trapezoid is so well protected within the wrist that fractures almost never occur in 

isolation although they could be involved in severe fracture-dislocation injuries. The position 

of the trapezium compared to the trapezoid makes it easier to detect a fracture of the former 

compared to the latter. Special views that are used for the thumb can also be used to evaluate 

the trapezium (e.g. Bett’s view). However, in case of suspicion of a fracture of either (especially 

with negative X-rays), CT is the imaging modality of choice. For the trapezium it is 

recommended performing a CT even if the fracture is obvious at radiography to unravel the 

fracture pattern more in detail.  Figure? 

 

Capitate 

 

Isolated capitate fractures are uncommon, accounting for approximately 1-2 % of all carpal 

fractures17-20 (FIGURE); they usually occur in greater arc perilunate dislocation injuries (see 

further). The head of the capitate is sometimes fractured together with the scaphoid in which 

there is no apparent dislocation of the carpus; it is however believed to be a subtype of 

perilunate dislocation injury in which the alignment of the carpal bones is restored during the 



end-stage of the trauma so that it is not obvious on imaging during presentation. This is the 

so-called ‘scapho-capitate’ fracture syndrome (FIGURE). In these cases, it can occur that the 

fragmented head of the capitate has rotated 180 degrees resulting in alignment between the 

fragment and the rest of the body of the capitate is lost. If there is any suspicion on plain films 

that i the capitate is involved, subsequent imaging with (CB)CT is mandatory. The distal part 

of the capitate can be involved in carpo-metacarpal fracture-dislocation injuries but this is 

uncommon.  

 

Hamate 

 

The hamate bone is involved in two distinct fracture patterns: isolated hook fractures or 

fractures of the body or distal portion in carpometacarpal-fracture dislocations of the 4th and/ 

or 5th metacarpal17-20. Hook fractures are typically seen during sports activities in which there 

is a direct blow of a club (golf), racquet (tennis of squash) or bat (cricket) against the hook of 

the hamate. It is often occult on plain films and in cases of strong clinical suspicion  (CB)CT is 

warranted (FIGURE).  Fractures of the body of the hamate are more common. Fractures of the 

base of the 4th and 5th metacarpal are not uncommon and because of their articulation with 

the hamate and because of the increased mobility at this level (compared to the 2nd or 3rd 

carpometacarpal joints) rotational forces combined with axial forces are responsible for the 

injury. Very careful evaluation of the carpometacarpal joints at this level in case of fractures 

of the base of the 4th and 5th metacarpal is necessary, and dislocation is not seldomly missed. 

In case of any doubt a CT has to be made in which the sagittal reformats are the most helpful 

(FIGURE).  

 

 

 

Combined injuries 

 

The stability of the wrist is derived from the osseous geometry of the distal radius and ulna 

together with the intricate shape of the different carpal bones together with a large number 

of soft tissues of which the intrinsic and extrinsic ligaments are the most important ones. 

Isolated dislocation of carpal bones is therefore exceedingly rare. Usually carpal dislocations 



are either accompanied by a fracture or fractures or several carpal bones dislocate together. 

An important concept for understanding the combined bony-ligamentous injuries is that of 

the greater and lesser arc28,29. These are specific vulnerable zones around the wrist-carpus in 

which most of the severe combined bony-ligamentous injuries occur. The greater arc 

describes a virtual line around the lunate where fractures together with ligament injuries 

occur (radius, ulna, scaphoid, trapezium, capitate, hamate and triquetrum). The lesser arc is a 

similar line around the lunate bone but in these injuries only ligament injuries occur between 

the lunate and the surrounding carpal bones without fractures.  Combined (ligamentous and 

bony) injuries to the wrist and carpus are usually greater arc injuries or perilunate-fracture 

dislocation injuries. In lesser arc injuries there is a perilunate dislocation without fracture 

(rare) or the lunate can dislocate in isolation with a normal alignment of the other carpal 

bones, but this is even rarer (FIGURE). The nomenclature is not always clear in the literature. 

Lunate dislocations are sometimes also referred to as perilunate dislocation. The position of 

the capitate is in our opinion leading. If there is a normal longitudinal alignment of the capitate 

towards the distal radius with abnormal position of the lunate, we refer to the injury as a 

lunate dislocation. If there is an abnormal alignment of the capitate, we refer to the injury as 

perilunate dislocation injury.  The dislocation of the carpus in perilunate dislocations is almost 

always dorsal, palmar dislocation is very rare. In cases of lunate dislocation, the lunate is 

displaced palmar towards the carpal tunnel. The injuries in greater arc injuries are named after 

the involved fractured bones e.g. in case of a dorsal perilunate dislocation with a fracture of 

the scaphoid it is called trans-scaphoid dorsal perilunate dislocation (FIGURE). These complex 

injuries always need surgery and preoperative cross-sectional imaging is mandatory .  

Detection of these injuries is primarily done on conventional radiographs. A relatively easy 

method to evaluate the position of the carpal bones and their relation to the distal radius and 

ulna and towards each other are Gilula’s lines30,31. These are 3 virtual parallel concave lines 

that can be drawn along the bones in the wrist and carpus. The 1st line is drawn along the 

proximal surface of the proximal carpal row. The 2nd line is drawn along the distal surface of 

the proximal carpal row and the 3rd line is drawn along the proximal surface of the distal carpal 

row (FIGURE). The lines should be parallel and uninterrupted. Any disturbance in the normal 

configuration of these lines can be an indication of malposition of one or more of the carpal 

bones. If, at conventional imaging there is suspicion of a fracture or malposition , a CT should 

be considered as  additional imaging tool for further evaluation of the wrist and to find an 



explanation for the abnormal radiograph if this is not directly apparent from the radiograph 

itself or if there is any doubt about malposition of any bone.  

 

 

Metacarpal injuries 

 

Metacarpal fractures are common in daily clinical practice32. The base of the 1st metacarpal 

and the subcapital fracture of the distal 5th metacarpal are the most common33,34.  

  

The base of the 1st metacarpal is injured either due to the direct fall on the hand or due to an 

axial trauma to the thumb with the metacarpal in a mild flexed position. Fractures of the base 

of the thumb can be categorized in 4 types35: 

 

1. Extra-articular 

2. Intra-articular, Bennett type 

3. Intra-articular, Rolando type 

4. Intra-articular, comminuted 

 

Extra-articular fractures can often be managed conservatively with immobilization if the 

position of the thumb after reduction (or already initially) is in a satisfying position. If the 

angulation in the fracture is severe (usually an angulation of more than 300), operative 

treatment is often applied usually pinning with K-wires or mini-plates (FIGURE).  

 

Intra-articular fractures are in general unstable due to the action of different tendons 

(adductor pollicis, abductor pollicis longus, extensor pollicis longus) and ligaments to the 

proximal fragment and to the distal part of the metacarpal36.  

A Bennett fracture, described by Bennett in 1882, is an intra-articular two-part fracture 

dislocation in which the distal 1st metacarpal is subluxated dorsally, radially, and proximally by 

the pull of the abductor pollicis longus. The volar oblique ligament and the dorsal ligament 

complex are important stabilizers of the thumb base. In Bennett fractures, the ligaments 

remain attached to the undisplaced volar fragment36 (FIGURE Bennet # MDN 9645179). 



The less common Rolando fracture, described by Rolando in 1910, is a 3-part intra-articular 

fracture dislocation in which there is a Y or T shaped fracture pattern. The diaphysis is 

separated from the epiphysis by a transverse fracture whilst the epiphysis is separated into 

palmar and dorsal or radial and ulnar fragments due to the vertical intra-articular fracture 

(FIGURE #MDN 0578547/9122473). 

Although a reduction of a Bennett fracture could be fairly easy, it is difficult to maintain a post-

reduction anatomical position. Therefore, these fractures are almost always treated 

operatively with K-wire pinning or less common screw osteosynthesis or mini-plates.  This 

applies even more so to Rolando fractures in which the individual fragments also undergo 

their own dislocation leading to an incongruent joint surface which is associated with an 

unfavorable outcome (i.e. osteoarthritis). These fractures are therefore also operated upon 

as are comminuted fractures. The treatment goals are restoration of the articular congruity, 

maintaining of the metacarpal length and to avid narrowing of the 1st webspace35,36.  

Imaging of thumb base injuries is initially with conventional radiographs in which 3 views are 

recommended: AP, lateral and an oblique view for better visualization of the 

trapezometacarpal joint. If there is any doubt about intra-articular involvement CT is 

recommended. Bennett fractures usually do not require CT because the size of the ulnar 

fragment can usually be assessed on plain films but for Rolando and comminuted fractures CT 

for pre-operative planning is useful for the assessment of the size and position of the different 

fragments.  

 

At the level of the head of the 1st metacarpal the most common lesion that we encounter is 

to the Ulnar Collateral Ligament (UCL). Although this is a predominantly soft tissue injury they 

can be accompanied by small bony avulsions. These injuries are common in sports (‘skiers 

thumb’) and are caused by forceful abduction of the thumb. If, at the level of the 1st 

metacarpal head, we encounter a small avulsion at the ulnar side we have to suspect an injury 

of the UCL. Depending upon the clinical situation, US would be the next step in imaging. This 

is predominantly indicated to rule out a Stener lesion, in which there is interposition of the 

aponeurosis of the adductor polices in between the distal and proximal part of the UCL 

preventing it from healing. These lesions are usually treated surgically (FIGURE).  

 



The subcapital fracture of the 5th metacarpal is almost always the result of a blow against a 

hard object with a clenched fist, hence the term boxer’s fracture which- however- rarely 

occurs in professional boxers because of their proper training and punching technique in 

which the 2nd metacarpal is more stressed and more at risk than the 5th.  of the term fighter’s 

fracture is preferred because it is most usually seen in people who are not trained to use their 

fists in fighting32. These fractures are usually stable, more stable than proximal diaphyseal 

fractures. Excessive volar angulation of the head of the metacarpal is the major concern in 

these fractures. Treatment of these subcapital fractures is mostly conservative. The more 

proximal the fracture, the more instability, the greater is the likelihood that the fracture needs 

surgical treatment32,34 (FIGURE MDN 7457758/0155613). 

 

Fractures of the other metacarpals are most commonly seen due to a direct trauma against 

the hand. The fracture type can reflect the trauma mechanism. ‘Simple’ horizontal fractures 

through the diaphysis are the result of a direct trauma whereas in oblique or spiral fractures 

torsional forces were also applied to the bones. This is also true for fractures of the base of 

the 4th and 5th metacarpal in which there are usually also significant rotational forces involved. 

Metacarpal diaphyseal fractures are usually stable and can be treated conservatively. 

Horizontal fractures are more unstable than oblique or spiral fractures. In the latter however, 

there are more rotational deformities so close evaluation of the finger distal to the fracture is 

needed. Excessive palmar angulation of the distal part (because of traction of the interosseous 

muscles) and the shortening and/or rotation in the metacarpals in oblique fractures are the 

most important factors that have to be taken into consideration when deciding conservative 

or operative treatment32,34.  

Fractures of the base of the 4th and or 5th metacarpal are not uncommon. Careful evaluation 

of the plain films is mandatory to evaluate the carpometacarpal joints; if there is any doubt 

about carpometacarpal dislocation or involvement of the hamate or capitate bone, (CB)CT is 

recommended (see section on carpal injuries).  There is an intra-articular fracture of the base 

of the 5th metacarpal which resembles the Bennett fracture of the thumb and is sometimes 

referred to as reversed Bennett fracture (or baby Bennett)32.  Part of the base of the 5th 

metacarpal on the radial side maintains its normal articulation with the hamate whilst the 

more distal part of the metacarpal is prone to subluxation proximally and dorsally due to 

traction of the extensor carpi ulnaris tendon making it an inherently unstable fracture.  



 

Dislocations at metacarpophalangeal level 

 

Dislocations at metacarpophalangeal level are not common37. The MCP joints are relatively 

protected against these injuries due to their position in the hand and they are more stable 

than the other finger joints. They derive their stability from the flexor tendons, the lumbrical 

muscles, a volar plate, collateral ligaments and deep transverse intermetacarpal ligaments. 

There are only case reports about these injuries and although they are described in any finger, 

the index finger seems to be most often involved, followed by the thumb (FIGURE). 

 

Finger injuries 

 

The most common fractures in the hand after distal radius fractures are phalangeal fractures, 

although there is a slight difference in distribution amongst men and woman and between 

different age groups, the former being more common in females and the latter slightly more 

common in men33,38. Etiology is slightly different among age. Children are more at risk possibly 

because they are in the exploratory phase of their life making the fingers more vulnerable to 

trauma14. In adolescents finger injuries often occur during sports activities14. Sports 

participation and falls account for most injuries in adults39. When assessing finger fractures 

several features are of importance. Clinical assessment is predominantly focused on 

deformities in the coronal and sagittal plane. Another very important clinical assessment is 

the absence or presence of significant rotation in the finger between proximal and distal which 

can occur predominantly in oblique or spiral fractures14,39.  Radiologically distinction has to be 

made between extra- and intra-articular fractures. In the pediatric population the most 

important differentiation is whether or not the growth plate is involved. In addition to 

fractures, joint dislocations are commonly seen in the fingers in the proximal interphalangeal 

(PIP) and less common in the distal interphalangeal (DIP) joints. These can occur with and 

without fractures.  

Conventional radiographs usually suffices for evaluation of finger injuries. CT is rarely 

performed and only reserved for some selected cases of intra-articular fractures in which 

surgery is contemplated depending upon the position and size of the bony fragments and the 



amount of disturbance of the articular surface. MRI does not have a significant role in the 

acute setting for bone evaluation.  

Conventional radiographs should ideally be made in 3 planes: AP, lateral and oblique40. 

Evaluation of fractures is usually straigthforward  although it can be difficult sometimes to 

assess the degree of angulation in fractures at the base of the proximal phalanges due to 

superposition of the other bones. Intra-articular fractures can involve the base of the 

proximal, middle and distal phalanges involving respectively the MCP, PIP and DIP joints. 

Another type of intra-articular fractures are fractures of the heads/condyles of the proximal 

and middle phalanx, involving respectively the PIP and DIP joints.  Diaphyseal fractures are 

seen in all 3 phalanges but more common in the proximal phalanx. In the distal phalanx we 

encounter tuft fractures.   

 

Proximal phalanx and PIP joint 

 

Angulation in base and mid proximal phalanx fractures is usually apex palmar because of the 

different contributions of the soft tissues to the different fragments. The lumbricals and 

interossei attach to the proximal part of the phalanx, will flex this part, and the central slip 

attachment of the extensors pulls the distal part in extension32 (FIGURE). Extra-articular 

subcapital or neck fractures are very rare in adults but not uncommon in children. Intra-

articular condyl fractures of the proximal phalanx can be classified in 3 types: type 1, stable 

fractures without displacement, type 2, unicondylar unstable and type 3, bicondylar unstable. 

Treatment of proximal phalanx fractures is usually conservative. Operative treatment is 

reserved for some cases in which there is severe comminution, instability, unsatisfactory 

position after reduction, open or complicated fractures or fractures which are accompanied 

by severe soft tissue injuries. Operative treatment can be done with CRPP, mini plates or mini 

screws.  

Dislocations in the PIP joint are almost always with displacement of the middle phalanx 

dorsally (FIGURE). Volar dislocations are rare. Both dislocations can occur with and without 

fractures to respectively the volar and dorsal lip of the base of the midphalanx.  Special 

attention has to be given to the soft tissues at the palmar side of the PIP joint e.g. the volar 

plate. Although we can safely assume that the volar plate will be ruptured in these cases, 

fractures are not always seen. Suspicion of volar plate lesions are however very commonly 



seen on radiographs without a dislocated PIP joint and present themselves as small avulsion 

fractures at the level of the palmar base of the midphalanx (FIGURE). Volar plate avulsions can 

also be detected by ultrasound.  

 

Middle phalanx and DIP joint 

 

The middle phalanges are the least common involved in fractures40. Like in proximal phalanges 

fracture can involve the base, shaft and condyles. In fractures of the middle phalanx the 

deformity and dislocation patterns are less predictable due to counterforces between the 

central slip of the extensor and the 2 terminal slips of the flexor digitorum superficialis (FDS)32. 

A special rare type of fracture-dislocation of the base is the so-called pilon fracture-dislocation 

in which an axial force splits the base of the midphalanx in which the fragments are displaced 

to the palmar and dorsal side and in which there is shortening of the midphalanx. Although 

these injuries are generally operated upon because of the unstable nature of the injury, in 

general there is no good consensus about which middle phalanx base fractures need to be 

operated upon41,42. Dislocations of the DIP joint are not very commonly seen. Avulsions at this 

level are frequently seen however (see section distal phalanx). 

 

Distal phalanx 

 

In distal phalanx fractures there are no deformity causing forces and usually there is no 

significant deformation or dislocation besides that due to the trauma itself32. Fractures can 

involve the base, the diaphysis or the tuft. It usually involves crush injuries or axial loading 

traumata. A special type of injury is the so-called Seymour fracture in children14. It involves 

the physeal plate and is therefore a Salter-Harris fracture, most often a SH-type 2. It is the 

result of forced hyperflexion of the distal phalanx. It is a complicated, open fracture with injury 

to the nailbed on the dorsal side and dorsal apex angulation in the fracture. There is a certain 

number of avulsions that are seen from the distal phalanx at the level of the DIP joint.  The 

most common is the avulsion of the dorsal base of the distal phalanx in the so-called Mallet 

finger40,43. A Mallet finger results from a forced hyperflexion of the DIP joint leading to an 

injury of the insertion of the extensor tendon (FIGURE). They can be pure tendinous or with a 

bony avulsion which is best seen on a lateral radiograph. Treatment is conservative with a 



Mallet splint which prevents flexion in the DIP joint. Another avulsion at the palmar base of 

the distal phalanx is seen in the Jersey finger43. The trauma mechanism is hyperextension of 

the DIP joint, resulting in an avulsed fragment at the inserion of the flexor digitorum 

profundus. In contrast to the Mallet finger these lesions are very often treated operatively. 

Fingertip injuries are common especially to the soft tissues. In more severe cases radiographs 

are made to exclude bony injuries which is most common to the tuft. Fractures can be 

transverse, longitudinal, comminuted or there can be partial amputation (FIGURE). 

 

 

 

Conclusions 

 

Acute bony lesions in the wrist and hand are extremely common in daily clinical practice. In 

the distal upper extremity, distal radius fractures are the most ubiquitous often with 

concomitant fracture of the ulnar styloid process. Isolated distal ulna injuries are rare. At 

carpal level, scaphoid fracture is the most common followed by the triquetrum as 2nd most 

common fracture. Isolated fractures of the other carpal bones are uncommon but can be seen 

in complex fracture-dislocation injuries. In the metacarpals, the thumb and 5th finger are most 

often fractured. In the thumb this is usually an intra-articular fracture of the base whilst in the 

5th finger it is usually a subcapital fracture. In the fingers, a multitude of different fractures are 

seen in all phalanges. Additionally, dislocations are common in the fingers, most often of the 

PIP joint. MCP and DIP dislocations are relatively rare. Small periarticular avulsions are 

common in the fingers and are a reflection of underlying soft tissue pathology e.g. UCL injury 

in the thumb and avulsion of the extensor in a Mallet finger.  

 

 

 

References 

 

1. Court-Brown CM, Caesar B. Epidemiology of adult fractures: a review. Injury 

2006;37:691-697 

 



2. Mauck MB, Swigler CW. Evidence-based review of distal radius fractures. Orthop Clin 

N Am 2018;49:211-222 

 

3. Corsino CB, Reeves RA, Sieg RN. Distal radius fractures. In: StatPearls (Internet). 

Treasure Island (FL): StatPearls Publishing; 2020 Jan 

 

4. Caldwell RA, Shorten PL, Morrell NT. Common upper extremity fracture eponyms: a 

look into what they really mean. J Hand Surg Am 2019;44:331-334 

 

5. Waever D, Madsen ML, Rolfing JHD, Borris LC, Henriksen M, Nagel LL, Thorninger R. 

Distal radius fractures are difficult to classify. Injury 2018;49:S29-S32 

 

6. Mulders MAM, Rikli D, Goslings JC, Schep NWL. Classification and treatment of distal 

radius fractures: a survey among orthopaedic trauma surgeons and residents. Eur J 

Trauma Emerg Surg 2017;43:239-248 

 

7. Andersen DJ, Blair WF, Steyers CM Jr, Adams BD, El-Khouri GY, Brandser EA. 

Classification of distal radius fractures: an analysis of interobserver reliability and 

intraobserver reproducibility. J Hand Surg Am 1996;21:574-582 

 

8. Kural C, Sungur I, Kaya I, Ugras A, Erturk A, Cetinus E.  Evaluation of the reliability of 

classification systems used for distal radius fractures. Orthopedics 2010;33:801 

 

9. Goldfarb CA, Yin Y, Gilula LA, Fisher AJ, Boyer MI. Wrist fractures: what the clinician 

wants to know. Radiology 2001;2019:11-28 

 

10. Porrino JA, Maloney E, Scherer K, Mulcahy H, Ha AS, Allan C. Fracture of the distal 

radius: epidemiology and premanagement radiographic characterization. AJR 

2014;203:551-559 

 

11. ACR Appropriateness criteria. https://acsearch.acr.org/docs/69418/Narrative/ 

 



12. Loesaus J, Wobbe I, Stahlberg E, Barkhausen J, Goltz JP. Reliability of the pronator fat 

pad sign to predict the severity of distal radius fractures. World J radiol 2017;28:359-

364 

 

13. Kox LS, Jens S, Lauf K, Smithuis FF, Van Rijn RR, Maas M. Well-founded practice or 

personal preference: a comparison of established techniques for measuring ulnar 

variance in helathy children and adolescents. Eur Radiol 2020;30:151-162 

 

14. Liao JCY, Chong AKS. Pediatric hand and wrist fractures. Clin Plastic Surg 2019;46:425-

436 

 

15. Bae DS. Pediatric distal radius and forearm fractures. J Hand Surg Am 2008;33:1911-

1923 

 

16. Kim JK, Kim J, Koh Y. Management of distal ulnar fracture combined with distal radius 

fracture. J Hand Surg Asian Pac 2016;21:155-160 

 

17. Suh N, Ek ET, Wolfe SW. Carpal fractures. J Hand Surg Am 2014;39:785-791 

 

18. Christie BM, Michelotti BF. Fractures of the carpal bones. Clin Plastic Surg 2019 

46:469-477 

 

19. Mahmood B, Lee SK. Carpal fractures other than scaphoid in the athlete. Clin Sports 

Med 2020;39:353-371 

 

20. Pan T, Logters TT, Windolf J, Kaufmann R. Uncommon carpal fractures. Eur J Trauma 

Emerg Surg 2016;42:15-27 

 

21. Murthy NS, Ringler MD. MR imaging of carpal fractures. Magn Reson Imaging Clin N 

Am 2015;23:405-416 

 

22. Bergh TH, Lindau T, Bernardshaw SV, Behzadi M, Soldal LA, Steen K, Brudvik C. A new 

definition of wrist sprain after findings in a prospective MRI study. Injury 

2012;43:1732-1742 



 

23. Blum A, Sauer B, Detreille R, Zabel JP, Pierrucci F, Witte Y, Dap F. The diagnosis of 

recent scaphoid fractures: a review of the literature. J Radiol;88:741-759 

 

24. Carpenter CR, Pines JM, Schuur JD, Calfee RP, Raja AS. Adult scaphoid fracture. Acad 

Emerg Med 2014;21:101-121 

 

25. Dorsay TA, Major NM, Helms CA. Cost-effectiveness of immediate MR imaging versus 

traditional follow-up for revealing radiographically occult scaphoid fractures.  AJR 

2001;177:1257-1263 

 

26. Bergh TH, Steen K, Lindau T, Soldal LA, Bernardshaw SV, Lunde L, Lie SA, Brudvik C. 

Costs analysis and comparison of usefulness of acute MRI and 2 weeks of cast 

immobilization for clinically suspected scaphoid fractures. Acta Orthopaedica 

2015;86:303-309 

 

27. Patel NK, Davies N, Mirza Z, Watson M. Cost and clinical effectiveness of MRI in 

occult scaphoid fractures: a randomized clinical trail. Emerg Med J 2013;30:202-207  

 

28. Mayfield JK, Johnson RP, Kilcoyne RK. Carpal dislocations; pathomechanics and 

progressive lunar instability. J Hand Surg 1980;5:226-241 

 

29. Scalcione LR, Gimber LH, Ho AM, Johnston SS, Sheppard JE, Taljanovic MS. Spectrum 

of carpal dislocations and fracture-dislocations: imaging and management. AJR 

2014;203:541-550 

 

30. Peh WC, Gilula LA. Normal disruption of carpal arcs. J Hand Surg Am 1996;21:561-566 

 

31. Najarian R, Nourbakhsh A, Capo J, Tan V. Perilunate injuries. Hand 2011;6:1-7 

 

32. Cotterell IH, Richard MJ. Metacarpal and phalangeal fractures in athletes. Clin Sports 

Med 2015 34;69-98 

 

33. Van Onselen EB, Karim RB, Hage JJ, Ritt MJ. Prevalence and distribution of hand 

fractures. J Hand Surg Br 2003;28:5:491-495 



 

34. Padegimas EM, Warrender WJ, Jones CM, Ilyas AM. Metacarpal neck fractures: a 

review of surgical indications and techniques. Arch Trauma Res 2016;23:e32933 

 

35. Liverneaux PA, Ichihara S, Hendriks S, Facca S, Bodin F. Fractures and dislocation of 

the base of the thumb metacarpal. J Hand Surg 2015;40E(1):42-50 

 

36. Brown MT, Rust PA. Fractures of the thumb metacarpal base. Injury, 

https://doi.org/10.1016/j.injury.2020.07.053 

 

37. Dinh P, Franklin A, Hutchinson B, Schnall S, Fassola I. Metacarpophalangeal joint 

dislocation. J Am Acad Orthop Surg 2009;17:318-24 

 

38. Karl JW, Olsen PR, Rosenwasser MP. The epidemiology of upper extremity fractures 

in the United States, 2009. J Orthop Trauma 2015;29:e242-244 

 

39. Taghinia AH, Talbot SG. Phalangeal and metacarpal fractures. Clin Plastic Surg 

2019;46:415-423 

 

40. Wieschhoff GG, Sheehan SE, Wortman JR, Dyer GSM, Sodickson AD, Patel KI, Khurana 

B. Traumatic finger injuries: what the orthopedic surgeon wants to know. 

Radiographics 2016;36:1106-1128 

 

41. Caggiano NM, Harper CM, Rozental TD. Management of proximal interphalangeal 

joint fracture dislocations. Hand Clin 2018;34:149-165 

 

42. Janssen SJ, Molleman J, Guitton TG, Ring D. What middle phalanx base fracture 

characteristics are most reliable and useful for surgical decision-making? Clin Orthop 

Relat Res 2015;473:3943-3950 

 

43. Weintraub MD, Hansford BG, Stilwill SE, Allen H, Leake RL, Hanrahan CJ, Chan BY, 

Soltanolkotabi M, Kobes P, Mills MK. Avulsion injuries to the hand and wrist. 

Radiographics 2020;40:163-180 

 

https://doi.org/10.1016/j.injury.2020.07.053


Mahabir RC, Kazemi AR, Cannon WG, Courtemanche DJ.  Pediatric hand fractures: a review. 

Pediatr Emerg Care 2001;17:153-156 

 

 

 

 

 

 

 

 

 

 

 

 

Pierre-Jerome C, Moncayo V, Albastaki U, Terk MR. Multiple occult wrist bone injuries and 

joint effusions: prevalence and distribution on MRI. Emerg Radiol 2010;17:179-184 

 

 


