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Abstract We believe a better way is needed to accurately

describe the spectrum of associated injuries that commonly

occur in conjunction with a radial head fracture. A review

of our institution’s experience with 333 radial head frac-

tures from 1997 to 2002 documented 88 (26%) associated

injuries. Based on this clinical experience, our goal was to

develop an accurate and comprehensive description of

associated injuries. A shorthand suffix method first recog-

nizes the type of radial head fracture with the traditional

Mason classification, followed by abbreviations designat-

ing the articular injuries, coronoid (c) and olecranon (o),

and the ligamentous injuries, lateral collateral ligament (l),

medial collateral ligament (m), and distal radioulnar joint

(d). The proposed system offers a logical and reproducible

(98%) extension of the current Mason fracture classifica-

tion to document the presence of additional articular and

ligamentous injuries. This provides an opportunity to

standardize the communication of fracture type with fur-

ther details of other injuries that ultimately can help with

better understanding of treatment outcome based on the

precise injury complex.

Introduction

Classification of fractures is useful for several reasons.

First, a classification may describe the anatomic charac-

teristics of a fracture or injury; second, it may provide

insight regarding the mechanism of injury; third, treatment

options may be considered based on the specific classifi-

cation; fourth, the prognosis may be correlated to the

classification of the injury; and fifth, communication of

management and outcomes can be standardized through

classification systems. The effectiveness of these goals is

predicated on the thoroughness by which the injury is

described.

Despite the recognized consequences of associated

lesions on treatment and outcome, no classification systems

or descriptions include this dimension of the injury.

Because associated injuries are so important to determine

treatment or provide input to suggest prognosis, we

developed a system of supplementing the accepted Mason

classification [22] to account for the additional compli-

cating injury.

Our objective, therefore, was to offer a means to

describe the associated fracture or ligament disruption.

This should provide the clinician with an expanded stan-

dardized tool to better describe the full extent of the injury.

This tool provides classification modifiers after the clini-

cian has made the appropriate diagnosis of the associated

injuries. Our intent is simply to more accurately describe

and communicate these associated injuries and thus pro-

vide a standard for reporting injury, management, and

outcome.
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Materials and Methods

We recently conducted a retrospective assessment of 372

radial head fractures in patients treated at our institution

from 1997 to 2002, 333 of which had occurred in adults

[41]. From this group, 118 (35%) had associated fractures

or ligamentous injuries of the elbow, wrist, or shoulder. Of

these 118 injuries with associated injury, 88 (26%) occur-

red in the elbow region (Table 1). A detailed assessment of

these 88 cases provides the basis of our proposed modifi-

cation to the Mason classification system. The frequency

and type of associated ligamentous and osseous injuries at

the elbow and the distal radioulnar joint were tabulated. A

simple intuitive method was developed to account for these

additional injuries. To determine the ease with which this

supplementary material could be communicated, we shared

the system with experienced surgeons and surgeons in

training. The associated injuries were illustrated in nine

representative examples and all scored the accuracy with

which the system was applied in these nine cases.

Our experience documented 45 elbow dislocations

concurrent with 14 coronoid fractures. Eighty-five of the 88

injuries (97%) involved the coronoid, olecranon, medial

and/or lateral collateral ligaments, and the distal radioulnar

joint. The remaining 3% consisted of fractures of the

capitellum and medial epicondyle.

The Mason classification was used to describe the radial

head fracture. This classification describes a Type I injury

as undisplaced and Type II as a single fragment involving

less than 33% of the head and displaced more than 2 mm or

a radial neck fracture with greater than 30� angulation.

Type III is a comminuted radial head fracture.

Using an approach similar to that adopted by the AO to

describe variations in fracture type, we attached a suffix to

the radial head fracture type to describe the associated

lesions present (Table 2). The suffix denotes the articular

injury (c = coronoid, o = olecranon), followed by the lig-

amentous injury (l = lateral collateral ligament,

m = medial collateral ligament, d = distal radioulnar

joint).

Thus, a comminuted fracture of the radial head, a Mason

Type III fracture, with an elbow dislocation but without

other injury is termed Type III lm (Fig. 1). This describes

the medial and lateral collateral ligament injury that occurs

with the dislocation and designates the comminuted radial

head fracture. Similarly, the designation of a Type II radial

head fracture with a coronoid fracture and dislocation is

termed Type II clm (Fig. 2). Although at first glance this

may seem awkward, the system is simple and allows des-

ignation of most (97%) of these associated injuries

documented from the review of the larger sample of 333

fractures. The capitellar fracture is so rare that it is not

included in the proposed system.

Table 1. Associated injury involving the elbow in 88 patients by

injury type

Associated injury Mason fracture type

I II III

Lateral collateral ligament 7 6 22

Medial collateral ligament 0 3 2

Medial collateral ligament +

lateral collateral ligament

2 4 14

Elbow dislocation 8 8 29

Fractures at elbow* 16 20 42

Distal radioulnar joint 1 1 8

Number of patients� 17 (8%) 23 (50%) 48 (75%)

Total fractures 223 46 64

* Excludes the radial head fracture; �multiple injuries in some

patients.

Table 2. Comprehensive classification of radial head fracture with

description of associated injuries*

Radial head fracture

(Mason) type

Associated injury suffixes

I–III Articular

injuries

c = coronoid fracture

o = olecranon fracture

Ligamentous

injuries

m = medial collateral ligament

l = lateral collateral ligament

d = distal radioulnar disruption

* The suffixes are used in the order shown (for examples, see Figs. 1

and 2).

Fig. 1 The diagram illustrates an elbow injury consisting of a Mason

Type III radial head fracture and dislocation, which is termed Type III

lm, indicating injury to the medial (m) and lateral (l) collateral

ligaments with a comminuted radial head fracture (III).
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The next step was to attain some sense of the ease with

which this modification may be applied to the Mason

system. Nine radial head fractures with associated disor-

ders were presented using a written description and graphic

illustration to 18 board-certified surgeons and to nine

orthopaedic residents in the fourth and fifth years of

training. There were 22 associated injuries complicating

the nine radial head fractures. The complete injury was

clearly illustrated for each radial head fracture. The sur-

geons were asked to describe the associated injuries using

the shorthand descriptive methodology described. After

one 10-minute description of the system, the ease of which

the system could be learned and applied was documented.

We consulted with a statistician experienced in vali-

dating clinical measurement instruments. After review of

this methodology, it was concluded this study was similar

to simply grading an objective multiple-choice test.

Therefore, it did not have features that required interob-

server or intraobserver validation.

Results

Eleven of 18 board-certified surgeons and six of nine res-

idents scored a perfect 22 of 22. Nine missed accurately

categorizing one lesion and one surgeon incorrectly

described two injury patterns. Overall, there were 594

(22 · 27) possibilities for accurate description. Of these

594, 583 (98%) of the associated injuries were recognized

correctly by the residents and established surgeons after

one discussion and exposure to the proposed system.

Discussion

A review of the literature reveals the first classification of

radial head fractures was described by Speed [38] in 1924

who made a distinction between complete and incomplete

fractures of the head and neck. All subsequent classifica-

tion systems have focused on the fracture type with

virtually no mention of associated trauma [5, 14, 16, 22].

Mason [22] did suggest treatment options according to

fracture type: Type I was to be treated nonoperatively;

Type II might be treated nonoperatively or the radial head

could be resected, depending on fragment size; and the

radial head should be resected in Type III fractures [22].

Associated lesions are recognized [16] to influence

treatment of the radial head fracture [11, 12, 34, 40].

Outcome not only depends on the fracture type but also on

associated lesions to the elbow and wrist [6, 12, 33, 35, 39].

Although not included in the Mason classification [22],

Johnston [17] recognized implications of the fracture dis-

location, which subsequently was termed a Type IV

fracture. Hotchkiss [14] suggested changes to the Mason

classification emphasizing consideration of treatment

options to specific types of fracture, essentially leaving the

Mason classification unchanged as Table 3 shows

Hotchkiss’ classification. Although mentioned, associ-

ated lesions were not specifically considered in this

scheme. Morrey [25, 26] emphasized the importance of the

Fig. 2 A diagram illustrates a Mason Type II fracture with disloca-

tion and coronoid fracture described as a Type II clm injury.

Table 3. Hotchkiss [14] expansion of the Mason classification [22] of radial head fractures emphasizing the need for and type of intervention by

fracture type*

Fracture type Fracture description Type of intervention

I Non/minimally displaced head or neck fracture \ 2 mm displacement or marginal No mechanical block

Nonoperative management

II Displaced fracture ([ 2 mm) of the head or neck (angulated) Possible mechanical block

Open reduction with internal fixation

III Severely comminuted fracture of the head and neck Not reconstructible

Excision for movement

* No recognition for associated injury is provided; Adapted and published with permission from: Hotchkiss RN. Displaced fractures of the radial

head: internal fixation or excision? J Am Acad Orthop Surg. 1997;5:1–10.
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associated injuries recommended an additional consider-

ation by dividing all radial head fractures into simple and

complex depending on the presence or absence of associ-

ated lesions (Fig. 3). This distinction was offered to better

reflect the increasing awareness of the biomechanical

function of the radial head [9, 30] the results of resection

[28], effectiveness of prosthetic replacement [3] and the

prognostic impact of other fractures and ligament injuries

[3, 39]. Details of how the spectrum of additional injuries is

described were not proposed.

Neither the Mason [22] nor the Hotchkiss [14] classifi-

cation addresses decision making in the context of

concurrent injury. It is accepted a concurrent ligament

injury with a badly comminuted radial head is the ideal

indication of prosthetic replacement [8, 12, 13, 30, 37].

Data exist to suggest a comminuted radial head fracture

with an associated medial collateral ligament lesion should

be addressed by open reduction and internal fixation or, if

this is not possible, by prosthetic replacement of the radial

head [7, 8, 18, 21, 24, 27]. If there are no additional

injuries, resection still is considered appropriate manage-

ment by some [2, 15, 19, 42]. Describing this injury either

with or without the ligament injury is essential to under-

stand the basis of the treatment rendered.

Our proposal does not suggest how to make the diag-

nosis of associated injury or how the injury complex should

be treated. The literature already provides this information,

relying principally on MRI and computed tomography

reconstruction to delineate soft tissue and articular injuries,

respectively [4, 10, 20, 23, 31]. However, once the full

extent of the injury is diagnosed, the present proposal

offers a logical and systematic process of describing the

broad spectrum of articular and ligamentous disease in

conjunction with the accepted Mason classification of the

type of radial head fracture. The proposed description

makes no attempt to offer insights to treatment. The pre-

ferred management of the various combinations of osseous

and ligamentous injuries is now emerging and being doc-

umented in the literature [1–3, 8, 11, 12, 14, 24, 25, 29, 30,

32, 34–36, 40]. Our interpretation of the current thinking

regarding management of radial head fractures with asso-

ciated injuries is summarized as follows.

Whenever possible, the radial head should be preserved

or replaced if there is an associated ligamentous or articular

injury involving the elbow or the distal radioulnar joint.

When possible, open reduction and internal fixation is

preferable over prosthetic replacement. Prosthetic

replacement is recommended when the radial head cannot

be reliably fixed. Fractures of the radial head must be

addressed and its function preserved with fractures

involving greater than 50% of the coronoid. However, the

intent of this article is not to describe the complex array of

fractures or their treatment. The intent is to provide a

descriptive basis of the abnormalities once the extent of the

injury is known. In so doing, treatment and outcome can be

described more accurately in a standardized fashion based

on the full extent of the injury.

In addition, the proposed system excluded 3% of asso-

ciated injuries. To address these 3% would require a degree

of complexity not justified by the enhanced complexity of

the proposed system. Finally, for the sake of clarity and

simplicity, we did not include a method to describe whe-

ther and how the additional injuries were or could be

treated. The proposed system can be extended easily to

reflect such information; however, we think it would add to

the complexity of the communication and concept and thus

it is not included in this manuscript.

The proposed method of injury description was designed

to be intuitive, thus minimizing the need for formal

memorization because 98% of associated injuries were

correctly documented with one orientation session. Fur-

thermore, the system is comprehensive but not all-

inclusive: it accurately accounts for 85 of the 88 (97%)

radial head fractures and associated elbow injuries in our

series. If injuries are described in the manner proposed, it

provides a basis for evaluation, treatment, and communi-

cation. Therefore, we believe this proposal offers a

valuable basis and foundation for future treatment

recommendations.
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Fig. 3 The diagram depicts the evolution of the current classification

system. The broad designation of complicated or uncomplicated is

expanded to recognize the ligamentous and articular injuries that

potentially may complicate any of the Mason I to III types of radial

head fractures. MCL = medial collateral ligament; LCL = lateral

collateral ligament; DRUJ = distal radioulnar joint.
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