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Introduction et Résumé 

Le traitement des fractures des os longs fait partie intégrante des tâches quotidiennes d’un service 

d’orthopédie et peut représenter une part importante de son activité. Le choix de la stratégie 

thérapeutique est influencé par de nombreux facteurs plus ou moins objectifs allant de l’expérience de 

l’opérateur aux recommandations basées sur des preuves scientifiques, en incluant des facteurs liés au 

patient et aux ressources du service. Cependant, la décision part toujours initialement de la fracture, 

qui est décrite, puis catégorisée et incluse dans une classification. Celle-ci sert de dénominateur 

commun aux lésions de même type, impliquant ainsi un traitement identique afin d’obtenir a priori un 

résultat optimal pour le patient.  

L’objectif de ce travail est de développer le concept de classification des fractures en soi, d’en 

identifier les caractéristiques, l’utilité et les limitations, et d’évoquer les pistes de développements 

futurs qui devraient permettre d’améliorer la prise en charge des patients victimes de fracture. 

 

Il semble naturel à l’esprit humain d’organiser les choses qu’il a nommées en groupes d’objets 

partageant des caractéristiques communes. Une telle organisation permet de simplifier le monde nous 

entourant dans le but de mieux le comprendre, de communiquer avec les autres et de guider nos 

actions.  

Tout aussi naturellement, les médecins décrivent et regroupent depuis toujours les fractures selon 

diverses systèmes de classification dont la structure hiérarchique inclut des types et sous-types. 

Chaque sous-type comporte l’intégralité des caractéristiques du type initial, plus quelques 

caractéristiques qui lui sont propres. Ces systèmes de classification de fractures visent quatre objectifs 

afin de se rendre idéaux pour le médecin.  

Premièrement, donner un nom descriptif à la fracture, afin de la différencier d’une autre et de savoir de 

quoi l’on parle. 

Deuxièmement, regrouper et ordonner les fractures ayant des caractéristiques communes. Les groupes 

ainsi définis peuvent être purement descriptifs, ou plus généralement comporter un ordre supposé ou 
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avéré de sévérité ou de complexité. Ainsi, la communication entre professionnels est simplifiée, et une 

base de travail pour la recherche est  mise en place. 

Troisièmement, prédire les résultats. Une classification atteignant cet objectif devrait permettre 

d’entrevoir a priori les résultats de l’évolution naturelle d’une fracture ou des traitements entrepris. 

Ceci serait d’un grand bénéfice pour le patient et son chirurgien, qui pourraient choisir le traitement 

optimal dès le diagnostic de la fracture. Cependant, aucun système de classification de fractures ne 

permet à l’heure actuelle de prédire avec fiabilité les résultats. 

Quatrièmement, corolaire du troisième objectif, guider les actions. Pour autant qu’une classification 

puisse prédire les résultats de façon fiable, et qu’elle ait certaines qualités (validité, fiabilité, 

reproductibilité) qui seront décrites ci-après, chaque position en son sein devrait impliquer le choix 

d’un traitement optimal et ainsi guider la prise de décision. Malheureusement, compte tenu de 

l’impossibilité de prédire les résultats et de l’influence d’une multitude d’autres facteurs sur 

l’évolution des fractures, aucune classification actuellement disponible n’atteint cet objectif. 

Malgré leurs limitations, les classifications de fractures ont une utilité évidente tant dans le domaine 

de la recherche que dans la pratique au quotidien, puisqu’il est possible de se faire une image mentale 

de la plupart des fractures sur la simple base de leur nom au cours d’une conversation, même sans 

radiographie à disposition. 

Quatre grands types de classifications peuvent être identifiés : les systèmes spécifiques aux fractures, 

les systèmes spécifiques aux patients, les systèmes génériques (dits « universels »), et les 

classifications concernant les atteintes des tissus mous associées aux fractures. 

Les systèmes spécifiques aux fractures décrivent les fractures touchant une zone anatomique bien 

particulière et exclusive. La classification de Schatzker, par exemple, décrit les fractures du plateau 

tibial, et ne peut s’appliquer qu’à cette localisation anatomique précise. 

Les systèmes spécifiques aux patients s’appliquent à une certaine catégorie de patients, tels que les 

enfants ou les patients atteints de cancers, mais sans restriction de localisation anatomique. Un bon 

exemple est la classification de Salter-Harris qui décrit les fractures pédiatriques touchant les plaques 

de croissance, quel que soit l’os concerné. 
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Le seul système universel actuellement disponible est celui de l’AO (Arbeitsgemeinschaft für 

Osteosynthesefragen). L’objectif d’un tel système est de classer les fractures de n’importe quel os en 

appliquant toujours la même méthodologie logique. Il s’agit d’un système de codage alphanumérique 

dont chaque élément donne une information incluant l’os considéré, le segment touché, et le type de 

fracture avec éventuellement des précisions sur des sous-types. L’avantage est de permettre de classer 

toutes les fractures possibles avec un seul système, en évitant l’écueil des éponymes, toutefois au prix 

d’une certaine complexité et d’un manque d’aspect instinctif. 

Enfin, les classifications des lésions des tissus mous associées aux fractures permettent de décrire le 

traumatisme subit par les tissus avoisinant l’os, sans décrire la fracture elle-même. Il s’agit 

d’informations complémentaires importantes pour la prise en charge et le pronostic, qui viennent 

s’ajouter à une autre classification décrivant la fracture en elle-même. Les plus connues sont la 

classification de Gustilo et Anderson des fractures ouvertes, et celle de Tscherne des fractures fermées. 

 

En tant qu’outils de travail, un système de classification doit avoir sept qualités afin qu’il soit idéal, et 

non pas rendu inutile par des défauts qui lui sont inhérents. 

La validité est la capacité du système à décrire précisément le véritable état de la chose observée. Il 

s’agit ici de la corrélation entre la classification et la réalité de la fracture. Celle-ci n’étant pas 

accessible en raison des biais de l’observation, il s’agit donc de comparer l’outil en question avec un 

gold-standard. Cet étalon n’est toutefois pas toujours facilement disponible. 

La reproductibilité est définie par le fait qu’une fracture donnée soit classée toujours de la même façon 

par différents observateurs. On parle aussi de fiabilité inter-observateur. 

 La répétabilité implique quant à elle qu’un même observateur classe la même fracture toujours de la 

même façon à plusieurs occasions différentes. On parle également de fiabilité intra-observateur. 

La tout-inclusivité et l’exclusivité mutuelle impliquent que chaque fracture possible peut être classée 

dans une et une seule catégorie de la classification relative. Un système est imparfait si une fracture ne 

peut pas y être classée, ou si elle peut se trouver dans deux catégories en même temps. 

Finalement, la logique et l’utilité clinique se définissent d’elles-mêmes. Un système qui ne serait pas 

logique ne serait que source de confusion, et l’absence d’utilité clinique le rendrait simplement inutile. 
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En raison de la difficulté de mesurer sa validité, un système de classification devrait avoir au moins de 

hauts degrés de fiabilité intra- et inter-observateurs. La méthode la plus simple pour mesurer ces 

paramètres est de déterminer l’accord brut, c'est-à-dire le pourcentage de fois où les observateurs sont 

tombés d’accord dans leurs évaluations. S’ils sont concordants sur 75 cas au cours de 100 évaluations, 

l’accord brut est donc de 75%. La limite de cette méthode est qu’elle ne prend pas en compte le facteur 

chance, le fait que les observateurs aient pu être d’accord par chance. Ainsi, un nouvel outil a été 

introduit, le facteur statistique Kappa (κ), qui mesure l’accord au-delà du facteur chance. 

Κ est désormais le coefficient statistique le plus utilisé afin d’évaluer la fiabilité des systèmes de 

classification de fractures actuels. Il présente toutefois des limitations, notamment dans son 

interprétation. Son intervalle de valeur va de -1 à 1, avec -1 correspondant à un désaccord total, 0 à un 

accord dû uniquement à la chance, et +1 à un accord total. Il n’y a cependant pas de valeurs limites 

mathématiquement définies entre ces trois bornes afin d’évaluer la qualité de l’accord, même s’il 

semble logique que plus haut est le κ, meilleur est l’accord. Différents auteurs ont donc choisi 

arbitrairement des valeurs limites de qualité de κ, sans qu’il y ait  de consensus global. 

 

De nombreux chercheurs ont donc évalué la fonctionnalité des différentes classifications de fractures, 

tout d’abord en termes de fiabilité intra- et inter-observateurs. L’étape suivante aurait été d’évaluer 

leur utilité clinique, ce qui n’a malheureusement pas pu être fait puisque, hormis quelques rares 

exceptions, la plupart de ces classifications obtiennent des scores de fiabilité tout à fait décevants. Où 

se situe le problème, pourquoi y a-t-il si peu de classifications fiables ? 

Tout d’abord, certaines classifications comportent des défauts inhérents de conception, telle que la 

classification des fractures du plateau tibial de Hohl et Moore, qui n’est pas tout-inclusive. Certaines 

fractures ne pouvant y être classées, les examinateurs choisissent la catégorie la moins fausse plutôt 

que la meilleure, ce qui crée de l’imprécision et de la variabilité. Un autre problème de conception 

survient lorsque la classification est basée sur des paramètres non radiologiques tels que la qualité 

osseuse, ou la stabilité de la fracture ou des implants. Ces paramètres sont très délicats à évaluer, 

notamment en raison de l’absence de critères radiologiques objectifs le permettant. De l’incertitude et 

de la variabilité en découlent ainsi. 
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La complexité d’un système de classification est un autre facteur que l’on pourrait raisonnablement 

considérer comme source de problème. Un système plus complexe devrait être plus difficile à 

comprendre et donc amener l’observateur à hésiter dans ses choix lors du processus de classification. 

Cela n’est toutefois pas vérifié, puisque certaines classifications complexes ont une meilleure fiabilité 

que d’autres plus simples, et que les essais de simplification de classifications complexes n’ont pas 

procuré d’amélioration de fiabilité. 

De même, il pourrait apparaître logique que l’expérience de l’observateur joue également un rôle dans 

la fiabilité de la classification de fractures. Cependant, de nombreuses études ont montré que cela n’est 

pas le cas, et que ce facteur n’a pas d’influence sur la fiabilité d’une classification. 

Finalement, s’il semble évident que la qualité des examens radiographiques devrait influencer la 

capacité d’un observateur à classer correctement une fracture, notamment si les lignes de fracture sont 

difficilement identifiables, plusieurs études ont montré que l’amélioration de la qualité des 

radiographies standards, voire même l’identification préalable des traits de fracture sur celles-ci, ne 

permet pas d’atteindre un κ satisfaisant. Contrairement au CT 2D qui ne permet pas non plus 

d’améliorer la fiabilité des classifications, l’utilisation de technologies plus avancées telles que la 

reconstruction 3D de CT et la stéréo-visualisation de CT 3D permet une amélioration significative de 

la fiabilité de classification des fractures ainsi traitées. Il reste néanmoins à déterminer si les coûts et le 

temps accrus liés à ces technologies ont un intérêt clinique pour les patients, et économique pour les 

prestataires de soins. 

 

Les classifications de fractures actuelles sont confrontées à de nombreuses limitations qui les 

empêchent de remplir convenablement deux de leurs principaux rôles : guider les actions et en prédire 

les résultats. Ceci jette ainsi un doute sur de nombreuses études recommandant un certain traitement 

ou implant en se basant sur la classification de la fracture concernée. Malgré tout, nous continuons 

d’utiliser ces classifications dans notre pratique quotidienne car il n’y a tout simplement pas de 

meilleur outil à disposition pour communiquer et prendre des décisions efficacement et rapidement. 

Il est désormais nécessaire d’améliorer le concept de classification des fractures dans sa globalité, sans 

rester focalisé sur la radiographie osseuse uniquement. De nombreuses autres variables, par exemple 
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liées aux tissus mous ou aux facteurs socio-économiques du patient, doivent certainement être prises 

en compte et incluses dans les classifications. Des groupes d’experts devront définir formellement 

certains concepts encore imprécis tels que la stabilité, le déplacement ou la comminution des fractures. 

Ils devront également s’entendre sur la méthodologie des études qui évalueront la fiabilité des 

systèmes de classification, ainsi que sur des valeurs limites définissant une fiabilité acceptable ou non.  

Les développements techniques en imagerie et en technologies de l’information devraient permettre 

d’améliorer tant notre compréhension des fractures que la fiabilité de classification de celles-ci. Le 

développement d’outils informatiques facilitant ou même automatisant la classification est imaginable 

à partir du moment où les éléments caractérisant les différentes fractures auront été précisément 

définis. 

En conclusion, le monde de la classification des fractures subit actuellement une indispensable 

évolution. Que ce soit par la création de nouveaux systèmes ou par l’amélioration de ceux existant, 

l’avènement de classifications fiables est nécessaire à l’amélioration de la qualité des soins offerts aux 

patients, mais également à la détermination précise des coûts des traitements.  

 

 

 

La version anglaise de ce travail a été publiée comme chapitre du livre de référence : 

European Surgical Orthopaedics and Traumatology 

The EFORT Textbook 

G. Bentley (ed.), Springer-Verlag Berlin and Heidelberg GmbH & Co. K, 2014(1):115-37 
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Classification of long bone fractures 

 

Thierry Rod Fleury and Richard Stern 

Division of Orthopaedics and Trauma Surgery 

University Hospitals of Geneva 

Introduction 

Since human beings acquired speech, they named things. Emmanuel Kant thought that the adult 

human mind naturally organizes its knowledge of the world in groups of objects sharing the same 

name. The purpose of such organization is to simplify the surrounding world in order to better 

understand it, communicate with others, and guide actions. 

 

Taxonomy is the science of naming and classifying items, originally concerning only organisms but 

later extended to the classification of any concept or thing that can be classified. The basic unit is 

named taxon, and these units are arranged in a hierarchical structure, usually with a type-subtype 

relationship. The subtype has all the properties of the parent type, plus one or more additional 

properties characteristic of itself. For example, the living world could be divided into three kingdoms: 

animals, plants and bacteria. A mammal is an animal but not all animals are mammals, and a cow is a 

mammal but not all mammals are cows. 

 

Fracture classification systems based on the same reasoning have probably existed for nearly as long 

as people have identified fractures. This work reviews the concept of fracture classification, with the 

history, purposes, types, strengths and limitations of the current classification systems. 

Classification systems: What are they used for? 

In all its fields of application, scientific or otherwise, the first purpose of taxonomy is to describe and 

name things. A name permits the differentiation of one object from another, and to identify it in order 
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to work with it. In a fracture classification system, the beginning is also the setting of names in order 

to understand what we are talking about. 

 

The second purpose is to group and order the objects. Groups are defined according to their 

description and to a choice of common characteristics of the objects composing them. The choice of 

the common descriptors of the group can be completely empirical, or it can obey some logical or 

scientific criteria. The interesting point is the variable nature of these groups which can be modified 

according to scientific progress or expert opinion. For example, the classification of nature (Systema 

Naturae) by Carolus Linnaeus in 1735 (1) included three kingdoms (mineral, vegetable and animal) 

with organisms classified by shared physical characteristics. One of the most recent systems was 

invented in 1990 by C. Woese (2) and includes three domains (bacteria, archaea and eukaria) 

according to the Darwinian principle of evolution. Fungi were part of the kingdom of plants in 

Linnaeus’ system, but they are now a kingdom in itself, included in the domain of eukaria. 

 

The defined groups are then ordered in a hierarchical manner, usually with increasing complexity of 

characteristics as the progression goes down along the branches of the tree-diagram drawn by this 

classification, the typical example being the phylogenetic Tree of Life. This is a branching diagram or 

"tree" showing the inferred evolutionary relationships among various biological species or other 

entities based upon similarities and differences in their physical and/or genetic characteristics. Fracture 

classification systems are often based on the same principle. The choice of the characteristics of each 

group can also be empirically based upon physical properties like fracture lines or fracture patterns, or 

it can fit with scientific data like outcome prognosis or biomechanics. Examples are the Schatzker 

classification of proximal intraarticular tibia fractures which is based upon fracture lines and patterns, 

or the Danis-Weber classification of malleolar fractures which was developed according to the fracture 

mechanism.  

 

A third purpose of fracture classification systems is to predict outcomes. This was one of the 

principles that led to the development of the “Comprehensive Classification of Fractures” by Professor 

http://en.wikipedia.org/wiki/Tree_(graph_theory)
http://en.wikipedia.org/wiki/Evolution
http://en.wikipedia.org/wiki/Species
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Maurice Müller in 1990 (3). Unfortunately, at present, no fracture classification system can reliably 

assist in predicting outcomes following the most common fractures. This is explained by many factors: 

The natural outcome of a fracture must be known, the impact of different interventions on the natural 

outcome must be studied, and above all the classification has to prove itself to be valid, reliable, and 

reproducible. Theoretically a classification system which had all these qualities would be of 

tremendous benefit to patient and surgeon for it would allow for an expectation of the outcome at the 

time of fracture, and thus help decide upon the most effective treatment.  

 

That leads to the fourth purpose of classification systems, guiding actions. This feature is not common 

to all classification systems, but only to those implying an action in reaction to a diagnosis. 

Descriptive-only systems are devoid of this feature as there is no consequence to a description. For 

example, the Thorne system of plant classification is a purely descriptive classification system, and no 

specific action is suggested in reaction to the position of a plant in the system. In contrast, most 

fracture classification systems were designed by their inventors in order to guide practicing 

orthopaedic surgeons in the treatment of their patients, based upon the severity, complexity, 

mechanism of injury, or outcome of the fracture. Such classifications have also to be valid, reliable 

and reproducible because the absence of these qualities implies an unpredictability of the outcome, 

and so the systems become useless.  

A little bit of history  

Fractures have existed for as long as human being have sustained trauma. There is no doubt that 

shamans and healers in the Prehistoric Ages knew how to recognize fractures and thus attempted to 

treat them with their limited means. The most ancient text about general and osteologic surgery known 

today is the Edwin Smith Papyrus (4), which is dated from the beginning of the XVIII
th
 Egyptian 

Dynasty (about 1567 B.C.). The author (some think Imhotep himself was the author, although others 

have claimed they were written and edited by at least three different authors) describes 48 cases of 

contusions, wounds and fractures ordered by topography from the head and face to spine and long 

bones. Treatments are advocated for each ailment, according to ancient Egyptian medical principles. 
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The skillful Egyptian healer knew the natural outcome of the diseases; those that had a good natural 

outcome were “to be treated”, those that were uncertain had “to be fought”, and those that had a bad 

natural outcome with or without treatment were “not to be treated”. In the Edwin Smith Papyrus the 

closed fractures (“ailments to be treated”) are clearly distinguished from open fractures (“ailments not 

to be treated”), as open fractures were synonymous with early death in ancient Egypt. 

 

In his book “On fractures” (5), Hippocrates (ca. 460 BC - ca. 370 BC) shows that the ancient Greeks 

also distinguished between closed and open fractures, and the guidelines of treatment depending upon 

this classification. He also compares elbow with knee dislocations, and gives different methods of 

reduction for each type of dislocation. In his treaty “De Medicina” (6), the Roman encyclopedist 

Aulus Cornelius Celsus (ca. 25 BC - ca. 50 AD) demonstrates an astonishingly wide knowledge of 

long bones fractures. The fractures are classified in degrees of severity based on several 

characteristics, and guidelines for treatment are provided for each situation. He differentiates between 

undisplaced and displaced fractures; diaphyseal fractures and fractures of the extremities of the bone 

(which are more painful and more difficult to cure); simple and transverse fractures which are 

considered less severe than oblique or comminuted ones; and closed and open fractures which are 

treated in different ways. Their prognoses are discussed. In the forearm and the leg, he differentiates 

single bone fractures from two bone fractures. He mentions also limb shortening and soft tissue 

problems associated with the fracture. Celsus’ writings were in use for many centuries, in fact until the 

end of the Renaissance. 

 

In the modern era, still before the advent of roentgenography, some authors designed their own 

fracture classification systems based on the clinical appearance of the affected limb. In the eighteenth 

century, the Pott’s fracture (7) described a distal tibia and fibula fracture with a varus deformity. In the 

nineteenth century (1814) Giovanni Batista Monteggia described a fracture of the proximal third of the 

ulna in association with an anterior dislocation of the radial head (8). At the same time, any fracture of 

the distal radius with a dorsal deformation in a dinner fork shape was classified as a Colles (Colles-
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Pouteau) fracture (9), and was treated according to Colles’ advice: correct the deformity and 

immobilize the limb.  

 

With the advent of radiography at the end of the nineteenth century, orthopaedic surgeons had an 

almost direct view on their subject: the bone. Fracture classification systems multiplied and came into 

common usage, especially in the medical literature. The changes that took place with a better 

understanding of fractures brought by radiographs dramatically altered the way of classifying 

fractures. The patient and clinical status were disregarded, and almost all systems of classification 

developed from that time were based exclusively on fracture characteristics that were visible and 

measurable on plain radiographs. Countless fracture classification systems have been described, and 

most of them have been forgotten. For example, Schepers found 49 systems of calcaneal fracture 

classification based upon plain radiographs, of which 30 were determined to be of historical 

significance only (10). But some “old” fracture classification systems are still in common use 

presently, such as the Garden classification of femoral neck fractures (11) and the Neer classification 

of proximal humerus fractures (12) being among the most famous. 

 

In the last 30 years the development of new radiologic technologies, principally computed tomography 

(CT), ushered in a new era in fracture classification systems. Initially, most investigators tried to apply 

CT data to existing fracture classification systems previously designed for plain radiographs only, in 

order to improve the performance of these systems. However new classification systems based on CT 

technology itself have also been designed, perhaps the most famous are the Sanders (13) and the 

Zwipp (14) classifications of calcaneal fractures. As of the present day there is no publication of a 

classification system of long-bone fractures based specifically on magnetic resonance imaging (MRI). 

 

Some authors also returned to consideration of the patient as a whole, and to examine non-

radiographic factors that could influence the choice of treatment and the outcome of the fracture (15-

18). The extent of soft tissue injury, the patient’s age and comorbidities, the presence of other 

traumatic injuries (musculoskeletal or not), and even the social and psychological status of the patient, 
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are some of these factors. Some of them, like soft tissue injury, are the subject of separate 

classification systems. However none of these factors are part of a radiological fracture classification 

system. 

 

Recently some authors have reasonably questioned the validity and the usefulness of the fracture 

classification systems in use at present (19). Currently, research is oriented toward verifying the 

validity of the classification systems, improving existing systems and developing brand new valid 

tools.  

Types of fracture classification systems 

Fracture classification systems can be grouped into four main categories: [1] Fracture-specific systems 

are designed to describe fractures of a precise and exclusive skeletal location. For example, radial head 

fracture classification systems apply only to the radial head; [2] Patient-specific systems apply only to 

a certain category of patients, such as children, or patients with cancer, but are not restricted to a 

specific bone; [3] The aim of generic or universal classification systems is to classify any fracture of 

any bone by always applying the same logical methodology.  This is basically a numerical coding 

system; and [4] The fourth group of classification systems deals with the soft tissue injury associated 

with the fracture, rather than with the fracture itself.  

The objective here is not to describe every possible fracture classification system, but rather to discuss 

the concept of fracture classification. However, some examples of every kind of system will be useful 

to understand the following discussions. 

Fracture-specific classification systems 

The Neer classification of proximal humeral fractures (12) is a descriptive classification system 

described by Charles Neer in 1970. It is still widely used by orthopaedic surgeons around the world, 

and is one of the most studied fracture classification system. The classification is based on the number 

of fracture “parts” on plain radiographs (Figure 1). A part is defined as a bone fragment that is 

displaced more than 1 cm or angulated greater than 45 degrees.  
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Figure 1 : Neer classification of proximal humerus fractures  

Source : Neer CS. Displaced proximal humeral fractures. Part I: classification and evaluation. J Bone Joint Surg 

(Am) 1970; 52:1077-1089. 

 

 

Neer grouped fractures into five categories: one-part (non-displaced fractures, meaning that no 

fragment meets the criteria to be a part whatever the number of fracture lines); two-parts (usually the 

head separated from the shaft, or a greater tuberosity fracture); three-parts; four-parts; and articular 

surface fractures (usually the head-split type). The challenge of the Neer system is for the observer to 

correctly and precisely identify every fracture fragment and measure their linear and angular 

displacements in order to determine which ones are considered as parts. 
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The Garden classification of femoral neck fractures (11) was originally published in 1961. It is based 

on the anteroposterior radiographic appearance of femoral neck fractures in varying stages of 

displacement before reduction. A correlation is made between the radiographic appearance and the 

anatomic reality of the fracture, which is then grouped into four stages. Stage I are incomplete 

fractures; Stage II are complete fractures without any displacement; Stage III are complete fractures 

with partial displacement, the fragments still being attached by the posterior capsule; and Stage IV 

which are complete fractures with full displacement. These descriptive stages of fractures are ordered 

in increasing severity of displacement and of expected difficulty in reduction. For each stage of 

fracture, specific guidelines were proposed on how to achieve a reduction. At that period, internal 

fixation was the proposed treatment for every fracture. Common use of this classification altered it in 

some ways. Most of the fractures currently classified as Grade I are complete fractures with valgus 

impaction, but according to Garden these fractures should be considered as Grade III (complete 

fracture with partial displacement) since Grade I are only incomplete fractures. It is unclear from the 

literature when and how this complete valgus impacted fracture came to be classified as a Garden 

stage I (17). The notion of fracture stability and risk of femoral head osteonecrosis also changed. 

Garden considered only stage IV fractures as unstable (stability was assured in stage III by the 

posterior capsular attachment), and linked the risk of complications with the quality of the reduction. 

In present day usage, Garden stage III and IV are considered unstable with a high risk of avascular 

necrosis, and thus are commonly treated by arthroplasty in elderly patients. 

 

The Schatzker classification of tibial plateau fractures (20,21) is one of the most widely used 

descriptive classification system for intraarticular proximal tibia fractures. The fractures are distributed 

in six types in accordance with the location of the fracture lines and the presence or absence of a 

depression of the articular surface. The amount of displacement or depression is not taken into account 

to classify fractures. Type 1 are pure split fractures of the lateral plateau. Type 2 are split fractures of 

the lateral plateau associated with a depression fracture of the lateral articular surface. Type 3 are pure 

articular depression fractures of the lateral plateau, without a split fracture. Type 4 are medial plateau 

fractures, either split or depression, with or without a fracture of the tibial spines. Type 5 are 
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bicondylar fractures, with continuity between the diaphysis and the central metaphysis. Type 6 are 

tibial plateau fractures with dissociation between the tibial metaphysis and diaphysis. 

 

The Danis-Weber classification (commonly called simply “Weber”) of ankle fractures (22) describes 

malleolar fractures according to the location of the fibular fracture line, from which the mechanism of 

injury and the damage to the syndesmosis can be deduced. Weber A fractures are located distal to the 

syndesmosis, and are typically supination injuries. Weber B fractures are located at the level of the 

syndesmosis, and are usually pronation injuries. In Weber C fractures, the fracture line is proximal to 

the syndesmosis; the mechanism of injury is thought to be pronation and external rotation of the foot. 

The extreme example of a Weber C fracture is the Maisonneuve fracture, in which the fracture line is 

located right below the head of the fibula. 

 

The Vancouver classification of periprosthetic proximal femoral fractures (23) is peculiar in that it 

concerns fractures of the proximal femur in patients with an ipsilateral hip arthroplasty. It describes 

the location of the fracture line in relation to the prosthesis, and takes account of the stability of the 

femoral component and of the quality of the surrounding bone stock, in order to guide treatment 

decisions. The femur is divided into three zones: Zone A is the proximal metaphysis, Zone B the 

diaphysis around the femoral component, and Zone C is the distal diaphysis below the femoral 

component. Vancouver A fractures involve the greater or lesser trochanters, but do not extend into the 

diaphysis. Vancouver C fractures occur distally remote from the implant. Vancouver B fractures are 

located at the level of the implant, and are subdivided into three types: B1 are fractures with a stable 

implant; B2 are fractures with a loose implant; and B3 are fractures with a loose implant in the 

presence of severe loss of bone stock. 
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Patient-specific classification systems 

The Salter-Harris classification (24) was designed to classify pediatric fractures occurring around the 

growth plate of almost any bone. It consists of five types of fracture patterns (Figure 2), ordered by 

increasing severity of the injury sustained by the growth plate. Type I is a complete separation of the 

epiphysis from the metaphysis without any fracture. In Type II, the fracture line extends along the 

epiphyseal plate to a variable distance and then goes through a portion of the metaphysis, thus 

producing a typical triangular-shaped metaphyseal fragment. Type III is an articular fracture, where 

the line of cleavage extends from the joint surface to the weak zone of the epiphyseal plate, and then 

extends along the plate to sever it from the metaphysis. Type IV is also articular, but here the fracture 

line extends from the joint surface of the epiphysis, across the full thickness of the epiphyseal plate 

and through a portion of the metaphysis, thereby producing a complete split. Type V is a crush injury 

of the growth plate; as no clear fracture line is visible, it is often discovered late when growth 

disturbances occur.  

 

Figure 2 : Salter-Harris classification  

Source : Salter RB, Harris WR. Injuries involving the epiphyseal plate. J Bone Joint Surg (Am) 1963; 45:587-

622. 

 

The classification gives some prognostic indications according to the type of fracture. Types I and II 

typically have a good prognosis as the growing cells that remain with the epiphysis are not injured. 

Type III, and even more so Type IV, may present with growth disturbances if the reduction is not 

perfect, since the growing cells may be damaged by the fracture line passing through them. The worst 
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prognosis is associated with the Type V in which the growing cells are destroyed by the crush 

mechanism. 

 

Mirels’ scoring system (25) is a classification system of metastatic lesions of long bones. It was 

designed to predict the risk of pathologic fracture in any long bone, and thus evaluates the necessity 

for prophylactic surgery. It is therefore a kind of prophylactic classification system for pathologic 

fractures. Four characteristics of a metastasis are evaluated, each one receiving a score between one 

and three (Figure 3). The final score is therefore a sum between 4 and 12. Lesions scoring ≤7 are at 

low percentage risk for fracture, so nonoperative treatment is advocated for those patients. For scores 

of >8 the risk of fracture is considered sufficiently elevated to advocate prophylactic fixation prior to 

other treatment such as irradiation. This is a good example of a classification system that has direct 

implication on the treatment of the patient, especially since it concerns prophylactic surgery. The 

difficulty with this scoring system for the observer is that the features of a metastasis can be fairly 

subjective: the patient’s pain must be given a score, and the nature of the lesion (lytic, blastic or 

mixed) must be evaluated on a plain radiograph.  

 

 

Figure 3 : Mirels’ scoring system for impending pathological fractures 

Source : El-Husseiny M, Coleman N. Inter- and intra-observer variation in classification systems for impending 

fractures of bone metastases. Skeletal Radiol 2010;39(2):155-160. 

Generic or Universal system 

In order to further investigation, evaluation, learning and teaching, the Arbeitsgemeinschaft für 

Osteosynthesefragen (AO) group sought from its early days to document the fracture cases treated by 

their members. The sheer amount of information, and the countless uncoordinated fracture 
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classification systems that existed, made them realize that a universally applicable and acceptable 

system was needed. The development of such a system, the special project of Professor Maurice 

Müller, took many years and the classification system was finally published in 1990, with subsequent 

modifications and additions (3,26). The AO comprehensive classification of fractures of the long 

bones is the only generic or universal system in use today. Universal means that the same descriptive 

coding system of this classification can be applied to any bone of the skeleton. The AO classification 

of a fracture is a methodological process in five steps, corresponding to the answer to five questions: 

 

Which bone? Numbers are attributed to the bones or limbs.  1 is for the humerus, 2 is for the forearm, 

3 is for the femur, 4 is for the leg, etc. (Figure 4)  

 

Which bone segment? Each bone has three segments: the proximal segment is coded as 1, the 

diaphyseal segment is 2, and the distal segment is numbered 3. The proximal and the distal segments 

of long bones are defined by a square whose sides are the same length as the widest part of the 

epiphysis. An exception is the malleolar segment of the ankle which received the special code 4. 

 

Which fracture type? Fractures can be of three types: A, B or C. In the diaphysis (bone segment 2) 

the type A are simple two-fragment fractures, the type B are wedge fractures with one or more 

intermediate fragments but with some contact between the main fragments after reduction, and the 

type C are complex fractures with more than one intermediate fragment and no contact between the 

main proximal and distal fragments after reduction. At the ends of the long bone (bone segments 1 and 

3), the type A are extra-articular fractures, the type B are partial articular fractures where a part of the 

articular surface is preserved and remains in continuity with the diaphysis, and type C are complete 

articular fractures with complete disruption of the articular surface from the diaphysis. 
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Figure 4 : AO Numbering of bones and bone segments. The first number designates the bone (the radius-ulna 

and the tibia-fibula are considered as one bone). The second number designates the segment: 1 for proximal, 2 

for diaphyseal and 3 for distal. The malleolar segment is an exception, noted 44-. The proximal and distal 

segments are defined by a square whose sides are the same length as the widest part of the epiphysis (exceptions: 

31- and 44-). 
Source: Kellam JF, Audigé L. Fracture Classification. In: Rüedi TP, Buckley RE, Moran CG, eds. AO Principles of Fracture 

Management. Switzerland, AO Publishing;2007:69-85. Copyright by AO Foundation, Switzerland. 

 

Which group? Each type of fracture is then divided into three groups (coded 1, 2 and 3) according to 

relevant details of the fracture, such as the angle of the fracture line or the degree of comminution. 

However, the definition of each fracture group is not constant and varies with the fracture types. 
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Which sub-group? Finally, each group of a fracture is divided into subgroups (coded .1, .2, and .3) 

according to key features of the fracture, in order to get the most precise description possible. 

The result is a five-element alphanumerical code for the fracture. For example: a distal humeral 

fracture, complete articular and multifragmentary joint surface, and metaphyseal complex would be 

coded 13-C3.3. 

 

As can be seen in Figure 5, for each bone segment there are 27 possibilities of fracture classification 

at the subgroup level. The fracture types, groups and subgroups are arranged in a theoretical ascending 

order of severity of the fracture. For example, a C fracture is theoretically more severe than an A 

fracture, and a B1 fracture is less severe than a B2 fracture. The principle stated during the design of 

the AO Comprehensive Classification was that the maximum amount of details about a fracture would 

lead to more accurate description and classification, which would in turn lead to a better understanding 

of the “essence” of that fracture. The result could then be a guide to treatment, improve research 

capabilities, and provide a prognostic outcome of the treatment. 

 

 

Figure 5 : Description of the 

morphology of the fracture, 

expressed in types, groups and 

subgroups according to the level of 

complexity of the description. The 

types, groups and subgroups are 

ordered in theoretical ascending 

severity according to the 

morphological complexity of the 

fracture, the expected difficulty of 

treatment and its prognosis. 

Source: Kellam JF, Audigé L. 

Fracture Classification. In: Rüedi TP, 

Buckley RE, Moran CG, eds. AO 

Principles of Fracture Management. 

Switzerland, AO Publishing;2007:69-

85. Copyright by AO Foundation, 

Switzerland. 
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The AO classification is still in constant evolution. It is continually evaluated by the AO group, 

changes are made according to evidence-based data, and new sections are developed. For example, a 

classification of long-bone fractures in children was published in 2006. The Orthopaedic Trauma 

Association (OTA) has adopted the AO classification system (27), and for most surgeons it is now 

known as the AO/OTA classification. Some journals, such as the Journal of Orthopaedic Trauma, 

have also decided to restrict the classification of fractures in their pages to the AO/OTA classification. 

Soft-tissue injury classification systems 

Fractures associated with soft-tissue injuries are much more complex to treat than low-energy 

fractures without soft-tissue concerns. For two equivalent fractures, the management protocol can be 

completely different in the setting of a soft-tissue injury. Typical fracture classification systems 

consider only the bone lesions and do not include the soft-tissues. Few authors have published 

classification systems for soft-tissue injury. 

 

Gustilo and Anderson developed a classification system of open fractures on the basis of retrospective 

and prospective analysis of 1,025 patients (28). Further clinical experience led Gustilo to modify it to 

its present version (29), and this is the most widely used classification system of open fractures around 

the world. The classification integrates the severity of the fracture with the skin wound, the extent of 

soft tissue (muscles, periosteum and vascular elements) injury, and the degree of contamination. 

Gustilo type I fractures are associated with a clean wound of less than 1cm long. They are usually the 

result of a perforation from the inside out made by a sharp fracture fragment. Gustilo type II fractures 

are associated with a skin wound larger than 1cm, but without extensive soft tissue contusion, 

periosteal stripping, necrosis, flaps or avulsion. Gustilo type III are either open segmental fractures or 

fractures associated with extensive soft tissue damage, with or without gross contamination. They are 

subdivided in three types: type III-A are usually high-energy injuries, with extensive soft-tissue 

damage but with still enough soft-tissue coverage of the fractured bone. Type III-B fractures present 
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massive soft-tissue loss, periosteal stripping and bone exposure, with no possibility of coverage. Type 

III-C defines any open fracture with associated vascular injury that requires repair. 

 

Until recently, the only published classification of soft-tissue injury associated with closed fractures 

was the one described by Tscherne (30). There are four grades of increasing severity, as follows: 

Grade 0 are simple fractures with no or minimal soft-tissue injury, usually resulting from an indirect 

low-energy mechanism. Grade 1 includes fractures of mild to medium severity with superficial 

contusions or abrasions. The soft-tissue damage usually occurs through pressure from a bone fragment 

on the soft tissues from the inside. The Grade 2 fractures present deep contaminated abrasions with 

localized skin or muscle contusion. They usually result from a direct blow (such as a car “bumper” 

injury) causing a medium to severe fracture pattern. A fracture with an impending compartment 

syndrome is also part of Grade 2. The hallmarks of Grade 3 injuries are extensive skin contusion or 

crush, severe muscle damage and subcutaneous tissue avulsion. The fracture is usually severe and 

multifragmentary. Overt compartment syndrome or vascular injuries also belong to Grade 3. 

 

Knowing quite well the major importance of soft-tissue injuries associated with fractures, the AO 

group developed a soft-tissue grading system with alphanumerical codes which complete their 

Comprehensive Classification of fractures (31). Three characteristics of soft-tissue injury are 

described: skin (fracture is either closed or open), muscle/tendon damage, and neurovascular injury. 

Each one is coded separately in increasing order of severity (Figure 6). Skin lesions in closed 

fractures are coded as “IC” 1 to 5; skin lesions in open fractures are noted as “IO” 1 to 4; 

muscle/tendon injury is classified as “MT” 1 to 5; and neurovascular injury is coded as “NV” 1 to 5. 

The final result is a three-element code that is added to the AO classification of the fracture under 

consideration. For example, a closed simple transverse midshaft tibial fracture with the fibula 

fractured at the same level, associated with skin contusion, a one-compartment muscle injury, and no 

neurovascular injury would be classified as 42-A3.3 / IC2-MT2-NV1. 
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Figure 6 : The soft-

tissue classification 

of the AO. 

Source: Südkamp NP. 

The AO soft-tissue 

grading system. In: 

Rüedi TP, Buckley 

RE, Moran CG, eds. 

AO Principles of 

Fracture 

Management. 

Switzerland, AO 

Publishing;2007:99-

112. Copyright by AO 

Foundation, 

Switzerland. 
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However, as useful as these classifications are, some surgeons think that the increasing complexity of 

these classification systems only shows that each major injury involving the soft tissues has its own 

and unique personality. The classification systems are useful for documentation, but in the setting of 

the emergent treatment demanded by fractures associated with soft-tissue injury the initial task for the 

surgeon is not to classify, but to describe the lesions as well as possible. Moreover the assessment of 

soft-tissue damage is a dynamic process that requires frequent re-evaluation because of the 

evolutionary nature of these injuries in the first days of management following the fracture (32). 

Fracture classification systems: characteristics and statistics 

In the December, 1993 edition of the Journal of Bone and Joint Surgery (American), Dr. Albert H. 

Burstein wrote a famous editorial about fracture classification systems. As he said, fracture 

classification systems are, indeed, tools. The main purpose of these tools is to help the orthopaedic 

surgeon choose an appropriate method of treatment for each and every fracture in their practice. They 

should also provide a reasonably precise estimation of the outcome of that treatment (19). Other 

authors have also added that classification systems should facilitate and clarify communication 

between physicians, and assist the documentation, research and comparison of published results (33-

36). 

 

However, we all like our tools to be of the finest quality. That is, they should do the proper work they 

were designed for with constancy over time, and that we can trust the information they give us. In 

order to be the best of tools, the ideal classification system must have seven qualities: validity, 

reliability (reproducibility), repeatability, all-inclusiveness, mutual exclusiveness, logic, and clinical 

usefulness (19,33,34,37). 

 

Validity is the capacity of the system to precisely describe the true state of the pathologic process. It is 

the correlation between the classification system and the reality. To quantify its validity, the tool in 

question must be compared to some gold standard, as the true reality is made unreachable by the 
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unavoidable observer interpretation. In a system based on fracture lines, a gold standard could be an 

intraoperative assessment of the fracture lines. The problem in our era of indirect reduction and 

percutaneous fixation or minimally invasive approaches is that finding and measuring a gold standard 

is usually very difficult, and thus also the measure of validity. 

 

Reliability (also referred to as reproducibility) is defined by the fact that a given fracture is classified 

as the same by several observers. This is known as the interobserver agreement. However, reliability is 

not synonymous with validity. For example, if an ankle fracture is classified as Weber B by all 

observers, the measurement is reliable. But if the intraoperative findings are of a Weber C fracture, 

then the classification was not valid. 

 

The repeatability of a classification implies that the same observer classifies a given fracture always 

the same on several different occasions. This is known as the intraobserver agreement. 

All-inclusiveness and mutual exclusiveness means that every possible fracture of a given anatomical 

region must fit one and only one category of the related fracture classification. In a study by Maripuri, 

a high number of proximal tibia fractures were unclassifiable with the Hohl and Moore system, 

thereby showing that this classification system is not all-inclusive (38). 

 

Logic and clinical usefulness are self-defined. A classification system which is not logical is only a 

source of confusion, misinterpretation, and misuse. And a classification system that is not useful in 

everyday orthopaedic clinical practice is of no use at all, and should be quickly forgotten. Some 

authors even think that the clinical issue of agreeing on a treatment plan is the most important goal of 

a fracture classification system (39). 

 

Because of the difficulty of measuring validity, a fracture classification system should have at least 

high degrees of reliability and repeatability (19,34). The basic method of evaluating these two 

parameters is to measure the raw observed agreement, expressed as the percentage of times that 

different observers agreed on their assessments. For example, if observers agreed on 75 of 100 
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assessments, the observed proportion of agreement would be 0.75, or 75%. The limitation of this 

method is that the chance factor is not taken into account, so there is no indication as to what part of 

the observers’ agreement is made by chance only. To assess agreement that occurred above and 

beyond that related to chance alone, Cohen introduced the Kappa statistic () in 1960 (40). The Kappa 

statistic provides a pair-wise proportion of agreement between observers corrected for chance. It is 

expressed mathematically as the observed agreement minus expected chance agreement, divided by 

the maximum possible agreement not related to chance (Figure 7). The expected chance agreement is 

the percentage of agreement attributed to chance alone. It is a statistical calculation that is dependent 

upon the number of observers, the number of choices in each assessment, and the number of 

assessments (41). 

 

Figure 7 : Calculation of the Kappa statistic  

Example with the simplest situation: two observers doing 100 observations with a clear cut “A” or “B” choice 

(which could be “fracture” or “no fracture”, for example). The observed agreement is the total of the 

observations on which both observers agreed, divided by total number of observations (in this case agreement of 

0.7, or 70%). Chance agreement is calculated. Then the  statistic can be calculated, expressing the agreement 

between both observers beyond chance only. 

 

 

The  value was designed to analyze categorical data, which have to be divided into two types. 

Nominal (unranked) data are given equal importance between all categorical differences. For example, 
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there is equal importance between blue and brown eyes, and between blue and green eyes; none is 

better or worse than the others. In ordinal (ranked) data, the difference between some categories is 

given more credit, or more “weight”, than the difference between some other categories. For example, 

the difference between Gustilo 1 and Gustilo 2 open fractures is less important than between Gustilo 1 

and Gustilo 3 open fractures, as they are ranked according to an increase in severity. To analyze 

ordinal data, Fleiss introduced the weighted  statistic (42), in which a “weight modifier” gives some 

credit to partial agreement in order to reflect the inequality between the different categories. While 

unweighted  must always be used for nominal data, a choice must be made whether or not to use 

weighted  for ordinal data (34). Weighting  values gives rise to two problems. As the chosen 

weights can greatly alter the  values, it is mandatory that the weighting plan is clearly defined in 

advance. And without uniform weighting schemes, no comparison between studies is possible if the 

used scheme is not precisely described. 

 

Although most authors have now accepted the  value as method to measure observer agreement, its 

interpretation is somewhat difficult.  Values obtained range from -1 to +1, where -1 corresponds to 

perfect disagreement, +1 is a perfect agreement, and 0 corresponds to agreement due to chance only. 

Between these reference values, no statistically defined cut-off values express the level of agreement 

between observers, even if it seems logical that the higher the value, the more reliable the 

classification system. The two most widely used scales of  level of agreement published are those of 

Landis and Koch (43) and Svanholm (44) (Figure 8). Despite their widespread acceptance and use, it 

is important to note that the cut-off values of these two guidelines were chosen arbitrarily. It is also 

important to note that  is dependant both on the number of categories (i.e., its value is greater if there 

are less categories) and the prevalence of the condition (45). For example, a category with a high 

prevalence can give rise to a high raw interobserver agreement but with a very low . Therefore care 

must be taken when comparing  from different studies, and the prevalence of the analyzed conditions 

(fracture categories) should be clearly indicated, which is in fact rarely done. 
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Figure 8 : Guidelines used for the interpretation of the Kappa coefficient 

 

In the case of numerical variables (data falling on a continuum; for example, the amount of 

displacement in millimeters), an index of reliability commonly used to measure reproducibility and 

repeatability is the Intraclass Correlation Coefficient (ICC), where values range from 0 (no agreement) 

to 1 (perfect agreement) (45). However the ICC is of limited use as it is not related to the size of the 

error which is clinically acceptable, and its values shouldn’t be compared between different sets of 

data as the ICC is influenced by features of the data (for example the ICC will be higher if the 

observations are more variable). 
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Limitations and flaws of current fracture classification systems 

Since Burstein’s editorial, many authors have evaluated the functionality of the most common fracture 

classification systems in terms of intraobserver and interobserver reliability. Unfortunately the next 

step in the process proving the usefulness of these tools has not been achieved because most of the 

classification systems show disappointing reliability. One of the few fracture classification systems 

considered good and clinically useful on the basis of scientific testing is the Weber classification of 

ankle fractures. A study by Malek et al. (35) showed substantial interobserver (raw agreement of 78%, 

mean  0.61) and intraobserver (raw agreement of 85%, mean  0.74) reliability. A second one is the 

Vancouver classification of periprosthetic fractures, where the European validation study of Rayan et 

al. (46) showed substantial agreement for all observers with a maximum  of 0.74. And a third one is 

the Letournel classification of acetabular fractures. Beaulé (47) demonstrated a substantial 

interobserver and intraobserver reliability, with  values of 0.69 and 0.77, respectively. 

 

Almost every other classification system tested shows unsatisfactory reliability, whether they are 

commonly or rarely used, simple or complex. Examples are numerous. In two studies, a total of five 

classification systems of distal radius fractures were reviewed by Ploegmakers et al. (48) and Belloti et 

al. (49). The interobserver agreement was unsatisfactory in all of them. They concluded that the use of 

the AO, Frykman, Fernandez, Older, and Cooney’s Universal classifications cannot be recommended 

for clinical application because of their questionable reliability and reproducibility. Two classifications 

of radial head fractures were tested by Sheps et al. (50). The Hotchkiss modification of the Mason 

classification showed only moderate interobserver reliability, confirming the results of Morgan et al. 

(51). The interobserver reliability for the AO classification was only fair at the subgroup level (rising 

to moderate without subgroups), with the major concern that this classification was unable to 

differentiate fractures needing operative versus conservative treatment. As regards trochanteric 

fractures, neither the AO classification (52-54) nor the Jensen classification (52,54) met acceptable 

thresholds for reliability. van Embden (54) and Fung (52) also showed that surgeons were unable to 

reliably determine fracture stability or instability, thus raising concerns about previous studies that 

recommended implant choice on the basis of fracture stability. Primarily two classification systems of 
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tibial plateau fractures have been examined. Walton et al. (36) found the AO classification to be 

slightly superior to the Schatzker classification in terms of interobserver reliability, but Maripuri et al. 

(38) found the opposite. However both authors agree that neither classification system is good since 

the interobserver reliability is at best moderate with a mean  of 0.47. Where does the problem lie, and 

why are there so few reliable and repeatable fracture classification systems? 

Classification system flaws 

Some fracture classification systems have inherent flaws which make them inevitably unreliable. In 

their study of tibial plateau fracture classification systems, Maripuri et al. (38) showed that the Hohl 

and Moore system was not all-inclusive since many fractures were unclassifiable. When trying to 

classify fractures with this system an observer would then be forced to choose the least wrong 

category instead of the best one, thereby leading to imprecision and variability between observers. 

 

Another common problem arises when the classification is based on non-radiological factors, such as 

bone quality, implant stability or fracture stability. These are clinical and dynamic factors which are 

very hard to evaluate on a static radiograph which is only a glimpse in the life of a fracture. Although 

the study of Rayan et al. (46) showed the validity of the Vancouver classification, the authors also 

agreed that there was difficulty in determining preoperatively the stability of the prostheses and the 

quality of the bone stock, and thus to establish the diagnosis of a B1- versus a B2-fracture. The 

repercussion is a lower inter-observer  in the B sub-group ( 0.67) compared to the whole inter-

observer  of 0.74. 

The same issue arises with fractures in the elderly where the presence of osteoporosis could 

theoretically influence the pattern of the fracture, but the bone quality is not taken into account in the 

current classifications as noted by Hoesel (55). The main reasons for this is are that, first, there is still 

no consensus on which fractures can be considered as “osteoporosis-related” (56), and second, recent 

studies failed to find a correlation between the severity of the osteoporosis and the severity of fractures 

commonly considered as osteoporosis-related (pertrochanteric(57) and distal radius(58) fractures). It 
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seems then that the bone quality has no influence over the severity of the fractures and so this factor 

probably doesn’t bring any additional value to the current classification systems.  

 

Some fractures are commonly evaluated on the basis of their assumed stability or instability, the most 

famous example being proximal femur fractures. Fracture stability is in fact very difficult to evaluate 

on the basis of static radiographs. As was previously mentioned, the study of Fung et al. (52) where 12 

reviewers evaluated 56 radiographs of intertrochanteric fractures showed unacceptable reliability for 

both AO/OTA and Evans/Jensen classification. In addition, surgeons were unable to determine 

fracture stability when specifically asked to do so. The study of van Embden et al. (54) obtained the 

same results with 10 reviewers examining 50 trochanteric fractures, with the additional result that after 

considering the postoperative radiographs, the reviewers concluded that 15% to 18% of the fractures 

were treated with an inappropriate type of implant. Thus, basing a classification system and the choice 

of treatment on the aspect of fracture stability seems to be a mistake. In fact, a problem with 

evaluation of fracture stability is the complete lack in the literature of a clear and consensual definition 

of what is “stable” or “unstable.” Interestingly, 11 observers classifying 34 subcapital hip fractures 

obtained only fair results with the Garden classification, but demonstrated almost perfect agreement 

between the most experienced of them when they classified the same fractures as “stable” or 

“unstable” according to the precise definition established by the study authors (59). Beimers et al. then 

concluded that the Garden classification is unreliable and should be abandoned in favor of 

categorizing these fractures as stable versus unstable. Probably when a clear consensus-based 

definition of fracture stability is published, new studies will determine if the concept of stability is 

effectively a source of imprecision and variability. 

Experience of the observer 

Some authors have postulated that the level of professional experience of the observer could be an 

important factor affecting the reliability of fracture classification (53). Experienced observers are 

supposed to be well informed about classification diagrams and accustomed to classifying fractures, 

and thus should be more accurate and less variable in their classification process than inexperienced 
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observers. This theory has only rarely been proven, as with the Vancouver classification of 

periprosthetic femoral fractures (46) or with the Letournel classification of acetabular fractures (47). 

Actually, many studies about classification of long bone fractures have demonstrated that the 

experience of the observer has no influence on reliability, whether it be fractures of the proximal 

humerus (60), the distal radius (48,49), the proximal femur (54), the tibial plateau (36), or the distal 

tibia (61), or in the setting of the general AO classification (62). 

 

Radiographic images: Their quality, the difficulties of identifying fracture 

lines, and the role of new technologies  

The quality of fracture radiographs can vary because of a number of factors, including the type of 

radiographic machine, the skill of the radiologic technician, or the physical characteristics of the 

patient. It would seem logical that poor-quality radiographs may affect the observer’s ability to 

accurately and reliably classify fractures, especially if the fracture lines are difficult to see. 

However, a study specifically evaluating the impact of the radiographs’ quality did not show it to be a 

significant source of interobserver variability (63). Actually, interobserver agreement on the adequacy 

of the radiographs was poorer than agreement on the classification of the fractures themselves. It 

therefore appears that improving the quality of plain radiographic images is unlikely to improve the 

reliability of classification of fractures, at least in the case of tibial plafond fractures. 

 

Even with good-quality radiographs, it may be sometimes difficult to identify the fracture lines, 

notably in the context of articular fractures with multiple overlapping fragments, factors related to the 

complex three-dimensional (3D) shape of the bone, or with osteoporotic bone. In the above-cited 

study (63), Dirschl et al. asked observers to identify and mark the fragments of tibial pilon fractures 

before classifying them, which did not improve the interobserver reliability over that from a previous 

session without drawings. However, when the fragments were identified and marked beforehand by 

the senior author of the study, the interobserver reliability was significantly improved, but only to a 

moderate level of agreement ( 0.54). These results show that the identification of fracture lines and 
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fracture fragments is difficult. However, it is only one factor in interobserver variability since when 

this factor was removed by pre-marking the fragments, the agreement did not rise to an almost perfect 

level. Another study (41) confirmed these facts in the context of tibial plateau fractures, where the 

authors concluded that the reliability of fracture classification is limited by the observers' ability to 

agree on basic radiographic assessments such as the location of fracture lines or the amount of 

displacement and comminution. 

 

Although most classification systems were designed on the basis of plain radiographs, the advent of 

new imaging technologies, especially CT, ushered in the hope of increasing classification reliability 

largely due to the improved detail and specific information that they could provide. Unfortunately 

many studies have shown that two-dimensional (2D) CT scans do not improve the intraoberver and 

interobserver agreement on fracture classification (39,41,47,61,64-66). Paradoxically, one explanation 

could be the increased difficulty for the observer to analyze the huge amount of information provided 

by CT with its multiple imaging planes, to follow the fragments from one image to another, and to 

imagine a complex 3D volume like an articular surface with 2D image slices (65,67). However, 

standard 2D CT still has advantages for the characterization of the fracture in terms of better 

quantification of articular surface incongruity (68,69), and also for increasing observers’ agreement on 

treatment plan (39,70). 

 

Recent studies have evaluated more sophisticated post-acquisition treatment of CT images with 

promising results. Harness et al. (67) found that in comparison to 2D CT, 3D reconstruction of CT 

scans improved both the reliability and the accuracy of radiographic characterization of articular 

fractures of the distal part of the radius as well as treatment decisions, but without knowledge whether 

this would have resulted in better patient outcomes or more cost-effective treatment. Hu et al. (71) 

showed that the interobserver reliability for both the AO and Schatzker tibial plateau classification 

systems improved from “substantial” with the use of plain radiographs combined with 2D CT images, 

to “almost perfect” with the use of plain radiographs and associated 3D CT images. In another study, 

Doornberg et al. (72) showed that 3D CT significantly improved both the intraobserver and the 
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interobserver agreement for the characterization, classification, and treatment of distal humeral 

fractures, but only to a “moderate” maximal level of agreement. This led them to conclude that there is 

substantial disagreement among qualified observers that cannot be resolved even with more 

sophisticated imaging techniques. In an example of proximal humerus fractures, Sjödén et al. (73) 

showed unsatisfactory reliability of both the AO and Neer classification systems, with absolutely no 

improvement with 2D or 3D CT imaging. Pushing the technological sophistication even further with 

the use of 3D-volume rendering and special stereo-visualization workstations, Brunner et al. (60) 

improved both intraobserver and interobserver reliability of these classifications to “good” and even 

“excellent”. Thus, while it seems that in the present era of high-definition video and three-dimensional 

cinema these new radiographic imaging technologies could help us to better evaluate and classify 

fractures, the questions remain as to the increased cost and time for such imaging studies. 

Complexity of fracture classification systems 

“To make a fracture classification work, one must keep it simple,” said Dr Sanders (74). It could 

effectively seem reasonable that a too complex classification system would lead the observer either to 

difficulties in understanding the basic system or to hesitation between too many categories, thus 

resulting in uncertainty and variability of classification. For example, in the AO fracture classification 

system, a given fracture can belong to one of 3 types, or one of 9 groups, or one of 27 subgroups, 

depending upon the amount of detail of the description. Several studies have shown that observers’ 

reliability drops with every increase in the classification’s complexity (from “type” to “group,” and 

from “group” to “subgroup”) (36,53,61,75), leading to the conclusion that acceptable reliability was 

only achieved at the “type” level. Thus, drawing guidelines concerning fracture management based on 

patterns more complex than the broad AO type fracture classification was meaningless (74). 

However, the complexity of the AO classification is probably not the only factor that explains its poor 

performance at higher levels of detail description. Two studies tried to improve the reliability of the 

AO classification within the setting of tibial pilon fractures (63) and ankle fractures (76) by 

simplifying the diagnostic process with a binary decision-making protocol. When evaluating the 

radiographs, the observers could not jump directly to the diagnosis but were forced to follow a path of 
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thought by answering sequential binary questions (whose answers could be only “yes” or “no”) which 

led them to the final classification code. In both studies there was no statistically significant difference 

in reliability between the original and binary classification systems. Moreover, apparently more 

complex systems like the Letournel classification for acetabular fractures perform better in terms of 

reliability than simpler classification systems (47). The simplification of the classification process or 

the application of binary decision-making does not appear to be effective in improving interobserver 

reliability in fracture classification. 

 

Simplicity still has its advantages in everyday clinical practice notably for ease in communication, but 

lacks the level of detail necessary for research purposes which is in turn too cumbersome to be used in 

clinical practice. Therefore Bernstein advocated that two classification systems be used for every 

fracture: one simple and succinct for clinical use and another detailed enough for research purposes 

(77). Such a dual system would probably add to the confusion rather than solve the problem of 

reliability (78), which is why Colton advocated the use of a multi-layer system, with increasing details 

about the personality of the fracture as the classifier descends through it, and with an upper layer 

serving as an everyday working tool for the surgeon. A compromise like this would not be a weakness, 

but a foundation on which to build. 

Reliability of reliability studies  

Although some fracture classification systems appear better than others, and some should no longer be 

used because of their evident flaws, care should be taken before recommending or discarding a 

classification system. While a number of studies have been conducted to evaluate the reliability of 

many fracture classification systems, the quality of these studies was not always optimal. Audigé et al. 

(79) reviewed 44 studies assessing 32 fracture classification systems and found considerable variation 

in their methodologies. For example, in these 44 studies, the study population was clearly defined by 

inclusion/exclusion criteria in only 59%, the selection of cases was considered representative of the 

study population in only 39%, not a single study justified the size of the sample chosen, the 

participating raters were judged representative of the eventual users of the classification in only 9%, 
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and the number of raters was appropriate in 23%. The statistical analyses, with the Kappa coefficient 

used in 88% of the studies, seemed adequate for the study objectives in only 39% of the studies. 

Audigé et al. thus recommended the results and conclusions of these reliability studies should be 

interpreted in the light of their methodological strength. They also pointed out the need for 

methodological standards for reliability studies. 

Current usefulness and qualities of fracture classification systems 

Classification systems have four purposes: naming things, grouping objects of the same category, 

predicting outcomes and guiding actions. Almost every possible fracture fits into at least one 

classification, and thus has a name that is usually an eponym. The usefulness for communication 

between orthopaedic surgeons in everyday practice is obvious, for even without a radiograph one can 

have quite a good mental image of a fracture only by its name. However the classification must be 

well-known by both users, and some communication problems and confusion could arise with the 

multiplicity of classification eponyms for the same fracture. 

 

More than easing communication and passing on knowledge to trainees, classification systems also 

have an educational role. In order to correctly classify a fracture, the bony anatomy must be well-

known, the mechanism of injury must be understood, and the different characteristics of the fracture 

itself must be established, which implies a certain discipline of thought. Nonetheless, we agree with 

Smith (80) that “in practice, most surgeons classify occasionally (on courses), a few formally and even 

fewer have protocols which plan management around a classification system. For the most part we 

continue to describe a fracture in ‘longhand’ with regard to its site, pattern, displacement and 

complicating features.” Even if this longhand method probably gives rise to inaccuracies, many formal 

classification systems cannot claim to be more accurate or reliable. 

How we do it 

At our institution we use the longhand method of fractures description for daily communication, 

mixed with the commonly used eponymic classifications that our masters taught us, like Garden, 
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Schatzker or Weber. They have the advantages of being simple, known to all, and very quickly 

descriptive of the situation. It is also very interesting to note how psychologically difficult it is not to 

use what has been taught to us since our first years of internship, even when we know it’s not 

optimally accurate or reliable. The inaccuracies that our longhand method could induce are balanced 

by the immediate availability of the radiographic images that are always reviewed by a senior before 

any therapeutic decision is made. 

However, for research purposes, all patients hospitalised or operated on must have their fracture(s) 

classified according to the AO classification system. The therapeutic decision is not made on the 

basis of this classification. This coding allows us to easily retrieve specific injuries for studies and to 

compare our data with those of the literature. 

 

Because of their limitations in interobserver and intraobserver reliability, current classification 

systems probably fail in their last two purposes, predicting outcomes and guiding actions. This 

substantial variability casts doubt on comparative studies that have inferred a best treatment (or 

implant) choice on the basis of the fracture classification. In the same way, there is nothing in 

orthopaedic literature to date that validates an outcome prognosis with a fracture classification. Only 

one study (18) of isolated unilateral lower limb fractures was specifically designed to evaluate the 

outcome prognosis of the AO classification, and found no correlation between the alphanumerical 

code and six to twelve month functional performance and residual impairment. 

Considerations for the future 

There is still much work to do to find the optimal fracture classification system which will reliably 

guide the orthopaedic surgeon’s decision as to best treatment, and as well predict outcomes. Precise 

classification is mandatory in order to improve patient care, as well as for hospital managers and 

administrators who need accurate information to recover the appropriate costs for treatment. 

Improvements in the concept of fracture classification have to be global and not only centered on bone 

radiography. Before deciding upon a course of treatment, one must be aware of the many variables 

that that make up the personality of the injury and need to be included in any classification system. 
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These are not only the specific musculoskeletal trauma involving bone, cartilage and soft tissue. They 

also include the patient and factors such as age, occupation, medical condition, needs, expectations, 

motivation, psychological status, level of education and socioeconomic status.  

 
New imaging technologies like 3D CT volume-rendering with stereo visualization will probably help 

us to better understand and categorize fractures, hopefully in a more reliable way. Improved 

complementary imaging modalities with MRI and ultrasound should further provide us with more 

information about possible soft-tissue and cartilage injuries, and the health of the bone at the fracture 

site. The data processing of the images is also progressing to the point where it can provide a huge 

amount of new or improved information with the same raw data as that in the past. One could even 

envisage the development of computer algorithms that could automatically recognize the fracture 

patterns on digital images and classify them according to a selected classification system, in the same 

way that today computers read electrocardiograms. However, one must also consider important 

aspects in the use of these new technologies that are safety, expenses and accessibility (81). Newest 

technologies are more expensive and not available in every hospital, and the increasing use of certain 

modalities like CT or contrast injection could raise some concerns about patient safety. 

 

Improvements could also be made by combining statistical methods and information technologies, as 

Bernstein demonstrated (82). The concept of “Crowd intelligence” is to aggregate information from a 

group of people to get a consensus that yield better decisions or more precise estimations. Applied to 

fracture classifications, the radiographs were sent to several readers by e-mail and the answers 

gathered in real-time. That way, a virtual group of 5 orthopaedic surgeons obtained a  of 0.8 for 

inter-observer reliability for the diagnosis of displacement, in less than three hours. However, 

increasing the number of participants in the consensus group only enhances the proclivities of each 

individual. So if individual accuracy is less than 50%, the crowd intelligence would indeed decrease 

accuracy. For classifications with a decent basic reliability, one could imagine a mobile application 

that would make use of crowd intelligence in order to improve reliability. 
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Nonetheless some characterizations about the basic features of fractures are still missing. Experts 

should work together and set precise definitions of, for example, fracture stability, displacement or 

comminution.  They should also agree on precise methodologies for studies that evaluate the 

classification systems, and define the statistical cut-off of what is an acceptable or unacceptable 

reliability. In addition to the technical feats that show promising results but also limitations, there are 

two ways of improving fracture classification. Existing systems can be modified, or brand-new 

systems can be created. Audigé et al. (33) defined a precise method to modify or create a fracture 

classification system in the most efficient way, which includes three phases of validation: a pilot phase 

based on expert consensus; a second phase of multicenter consensus; and a third phase of prospective 

clinical study. A new classification of paediatric long bone fractures has since been developed that 

way (83) and has shown a good overall interobserver agreement of =0.71. 

Although time- and resource-consuming, this rigorous method is probably the best way to achieve the 

creation of valid, useful and reliable classification tools for our orthopaedic practice.  

 

The classification of long bone fractures is currently undergoing a revolution. What will emerge from 

this will probably change completely our practice habits, but will also greatly advance our 

understanding of specific fractures and thus improve the quality of care we render our patients. 
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