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Chapter 1

The musculoskeletal reaction to trauma can re-
sult in a variety of bone, muscle, and ligamentous 
disruptions; sometimes fracture and ligamentous 
injuries occur concurrently. The general types of 
musculoskeletal trauma are fractures, dislocations, 
subluxations, sprains, strains, and diastases.

This chapter defines fractures and dislocations 
by sections. The first part contains general terms 
that are easily understood by the nonspecialist, 
followed by classic, descriptive, and eponymic 
terms by anatomic location. The second section 
is a brief outline of the AO (Arbeitsgemeinschaft 
für Osteosynthesefragen) system and Orthopae-
dic Trauma Association Registry System of frac-
ture classification. The third section defines the 
many eponymic classification systems by grades, 
types, and mechanisms. The last section covers 
the types of dislocations, subluxations, strains 
and sprains, and sports-related injuries. Many 
new terms have been added to this edition.

Most patients with musculoskeletal injuries 
present to an emergency room in an acute stage 
and are treated by the emergency room physician 
until it is determined that an orthopaedic specialist 
may be required. Good communication is essential 
when relating the assessment of acute injuries. A 
brief and accurate description is vital to the evalu-
ation and immediate treatment of the injured, and 
familiarity with the classification systems that fol-
low will help in understanding the importance of 
accurate communication. For example, an open, 
midshaft, comminuted, femur fracture gives a brief 
description but accurately relates a lot. To achieve 
this degree of accuracy, learning the classifications 
is an important tool to the end user.

A uniform descriptive system also allows accurate 
coding of specific diagnostic entities. The bony detail 
is described by the following:

•	 Open versus closed
•	 Portion of bone involved
•	 General appearance
•	 Alignment of fragments and position and alignment
Interestingly, fractures have specific terminology 

that varies from time of occurrence to healing. Frac-
tures may be named for an anatomic location, a per-
son, or a place. They are further defined in terms of 
how they occurred or reason for the break. As frac-
tures begin to heal, the degree and nature of healing 
are described.

Contributing factors, such as tumors, infections, 
and repeated stress, are included in the descriptive 
terminology. This is important for diagnostic coding. 
The management of fractures is also clarified. Closed 
management (closed reduction) means that treatment 
is in the form of a manipulation to achieve the reduc-
tion followed by the application of some form of exter-
nal immobilization such as a cast, splint, or traction. 
Open management (open reduction) requires a surgi-
cal incision to approximate the fracture fragments into 
normal position. Often, some form of internal fixation 
(osteosynthesis) is performed with open management 
of fractures. A fracture of necessity requires surgical 
fixation for reduction.

Many advances have been made in the manage-
ment of fractures such as immobilization from cast-
ing to bracing, or a combination of both. The term 
cast brace has been applied to a form of treatment in 
which the brace design is incorporated into temporary 
standard cast materials. This method allows for lim-
ited motion in the brace during the early healing stage 

Classifications of Fractures, 
Dislocations, and Sports-Related 
Injuries
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sprain-ligament rupture: (L., luxatio imperfecta): 
stretching or tearing of ligaments (fibrous bands 
that bind bones together at a joint), varying in 
degrees from being partially torn (stretched) to 
being completely torn (ruptured), with the con-
tinuity of the ligament remaining intact. After a 
sprain, the fibrous capsule that encloses the joint 
may become inflamed, swollen, discolored, and 
extremely painful. Involuntary muscle spasm, 
and sometimes an associated fracture, may oc-
cur. Rest, elevation, and a restrictive bandage, 
splint, or cast are methods of treating these in-
juries until properly healed. When a ligament 
or tendon has been torn completely, dislocation 
may also occur. Surgical repair may be required 
in some cases.

strain: stretching or tearing of a muscle or its ten-
don (fibrous cord that attaches the muscle to the 
bone it moves) may result in bleeding into the 
damaged muscle area, which causes pain, swell-
ing, stiffness, muscle spasm, and, subsequently, 
a bruise. A strain can be serious because muscle 
damage (scar tissue) may cause muscle shorten-
ing. With rest, strains will subside in 2–3 days, 
but symptoms may persist for months.

subluxation: incomplete or partial dislocation in 
that one bone forming a joint is displaced only 
partially from its normal position; also, a chronic 
tendency of a bone to become partially dislo-
cated, in contrast to an outright dislocation, for 
example, shoulder, patella, and hip.

Classifications of Fractures
OPEN VERSUS CLOSED (Fig. 1-1)

closed f.: does not produce an open wound of the 
skin but does result in loss of continuity of bone 
subcutaneously; formerly called simple f.

open f.: one of the fragments has broken through 
the skin, and there is loss of continuity of bone 
internally; formerly called compound f.

PORTION OF BONE INVOLVED

The portion of bone involved or the point of refer-
ence of a fracture may be referred to as the distal third 
(D/3), the middle third (M/3), and the proximal third 
(P/3). Middle third fractures are commonly called 

with controlled fracture movement. Its use has shown 
greater callus formation around the fracture site, im-
proved ligamentous healing, and earlier recovery of 
joint mobility and muscle control.

Another method of fracture management employs 
magnetic and electrical bone stimulators, some with 
surface electrodes externally applied to a fracture site. 
Electromagnetic models use different modalities to 
effect an electric field that theoretically will induce 
piezoelectric microcurrents that help stimulate bone 
formation. Ultrasonic bone stimulation is also used 
and has been found to be more effective than previ-
ously thought.

An option of traumatic fracture management is the 
use of external fixation devices and frames, also called 
fixateurs or fixators. Treatment methods and external 
skeletal fixation devices are discussed in Chapter 8.

Terminology of Fractures and Dislocations
diastasis: may be one of two types: (1) disjoint-

ing of two bones parallel to one another, for ex-
ample, radius and ulna, tibia and fibula complex; 
or (2) rupture of any solid joint, as in a diastasis 
of the symphysis pubis. Such an injury tends to 
occur in association with other fractures and is 
then called fracture-diastasis.

dislocation: (L., luxatio): complete displacement 
of bone from its normal position at the joint sur-
face, disrupting the articulation of two or three 
bones at that junction and altering the alignment. 
This displacement affects the joint capsule and 
surrounding tissues (muscles, ligaments). Dislo-
cation (luxation) may be traumatic (direct blow 
or injury), congenital (developmental defect), or 
pathologic (as in muscle imbalance, ligamentous 
tearing, rheumatoid arthritis, or infection).

fracture: (L., fractura): structural break in the con-
tinuity of a bone, epiphyseal plate, or cartilagi-
nous joint surface, usually traumatic with dis-
ruption of osseous tissue.

fracture-dislocation: fracture of a bone that in-
volves a dislocation of an adjacent articulation 
of that bone. Example: Shoulder fracture dislo-
cation in which there is a proximal periarticular 
humerus fracture with an associated dislocation 
(not subluxation) of the humeral head.
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periarticular f.: occurs near but not involving a 
joint.

transchondral f.: fracture through cartilage, which 
may not be apparent unless there is a bone frac-
ture line into the joint; not to be confused with 
transcondylar f.

transcondylar f.: occurs transversely between the 
condyles of the elbow. This term is also used in 
fractures of the femur and bones with condyles; 
also called diacondylar f.

tuft f.: involves the distal phalanx (tuft) of any digit.

GENERAL APPEARANCE (Fig. 1-2)

avulsion f.: tearing away of a part; a fragmentation 
of bone where the pull of a strong ligamentous 
or tendinous attachment tends to forcibly pull 
the fragment away from the rest of the bone. The 
fragment is usually at the articular surface.

burst f.: multiple fragments, usually at the end of a 
bone; f. of the first cervical vertebra or the body 
of the any vertebra where there is typically dis-
placement of bone into the spinal canal.

butterfly f.: a bone fragment shaped like a butter-
fly in which the fragment is completely detached 

midshaft fractures. For specific anatomic locations, the 
following terms are commonly used.

apophyseal f.: avulsion of or fracture through an 
apophysis (bony prominence) where there is 
strong tendinous attachment.

articular f.: involves a joint surface; also called 
joint f. and intraarticular f.

cleavage f.: fracture through cartilage and bone 
that may be a large fragment such as a tibial pla-
teau or avulsion of a small fragment of bone such 
as the capitellum.

condylar f.: involves any round end of a hinge 
joint (see sections on femoral and distal humeral 
fractures).

cortical f.: involves cortex of bone.
direct f.: results at specific point of injury and is 

due to the injury itself.
extracapsular f.: occurs near but outside the cap-

sule of a joint, especially the hip; also called ex-
traarticular.

intracapsular f.: occurs within the capsule of a 
joint; also called intraarticular.

nonphyseal f.: any childhood fracture that does 
not involve a growth plate.

Fig. 1-1 Closed versus open fracture. (From 
Schneider FR: Handbook for the orthopae-
dic assistant, ed 2, St Louis, 1976, The CV 
Mosby Co.)
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comminution. Typically, comminution is used to 
describe multiple fracture fragments (highly com-
minuted) versus only an additional fragment or 
two (minimally comminuted); also called splin-
tered fracture or multifragmentary fracture.

complete f.: the bone is completely broken through 
both cortices.

compression f.: crumbling or smashing of cancel-
lous bone by forces acting parallel to the long 

from the proximal and distal segments of the 
bone; usually involves high-energy force deliv-
ered to the bone.

chip f.: a small fragment, usually at the articular 
margin of a joint.

comminuted f.: more than two fragments; de-
scribed by degree and quantity of pieces; any third 
fragment of bone will constitute some element of 
comminution. A butterfly segment is a type of 

A

B

Fig. 1-2 A, Midshaft fractures of the humerus. 1, 
Comminuted. 2, Transverse, undisplaced. 3, Oblique, 
undisplaced. 4, Spiral. 5, Segmental. B, Apposition 
and alignment of midshaft fractures of the humerus, 
anteroposterior view. 1, Perfect end-to-end apposi-
tion, perfect alignment. 2, 50% end-to-end apposition, 
perfect alignment. 3, Side-to-side (bayonet) apposition, 
slight shortening, perfect alignment. 4, No apposition, 
approximately 30-degree angulation. (From Mercier LR: 
Practical orthopaedics, ed 5, St Louis, 2000, Mosby.)
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inverted Y f: typically used for a tibial medial and 
lateral condyle fracture with central fracture line 
entering joint. Term has also be applied to other 
Y shaped fracture.

linear f.: lengthwise fracture of bone straight line 
fracture; implies that there is no displacement.

multiple f.: two or more separate lines of fracture 
in the same bone.

oblique f.: slanted fracture of the shaft on long axis 
of bone.

occult f.: hidden fracture (undetectable on a radio-
graph), generally occurring in areas of the ribs, 
tibia, metatarsals, and navicular. Alternatively, 
difficult to detect fractures occurring in severe 
osteoporosis such as hip, pelvis, or vertebrae.

physeal f: one that involves the cartilaginous growth 
plate of a bone; also called epiphyseal slip f., 
Salter f., and Salter-Harris f. (Fig. 1-3).

plastic bowing f.: curved deformity of a tubular 
bone without gross fracture; also called bowing 
f., greenstick f.

pathologic f.: fracture of bone weakened by dis-
ease such as tumors, metabolic disease, or severe 
osteoporosis; Also called secondary f.

segmental f.: several large fractures in the same 
bone shaft where the two principal fragments are 
not adjacent.

spiral f.: fracture line is spiral shaped and multi-
planar, usually on shaft of long bones where the 
mechanism of injury is usually torsion.

stellate f.: numerous fissures radiate from central 
point of injury, usually a vertebral body.

subperiosteal f.: bone but not its periosteal tube is 
broken; uncommon; usually the result of a direct 
blow.

axis of bone; applied particularly to vertebral 
body fractures.

depressed f.: typically an intraarticular depression 
of fragments, but may also be applied to de-
pressed skull fractures.

double f.: segmental f. of a bone in two places.
epiphyseal f.: involves the portion of the bone that 

on the joint surface side of of the physis, which 
is the growth plate.

fissure f.: crack in one cortex (surface) only of a 
long bone.

fragility fracture: fracture that occurs with mini-
mal trauma; caused by osteoporosis.

greenstick f.: in children, incomplete, angulated 
fracture with a partial break; also called incom-
plete f., interperiosteal f., hickory-stick f., and 
willow f.

hairline f.: nondisplaced fracture line (crack) in 
the cortex of bone.

impacted f.: fragments are compressed by force of 
original injury, driving one fragment of bone into 
adjacent bone.

incomplete f.: cortices of bone are buckled or 
cracked, but continuity is not destroyed; the 
cortex is broken on one side and only bent on 
the other. Microscopically, the fracture is pres-
ent on bent side, and resorption and callus will 
occur on this side as well; types are greenstick 
f., torus f.

infraction f.: small radiolucent line seen in patho-
logic fractures, most commonly resulting from 
metabolic problems.

insufficiency f.: a fracture that occurs because 
bone is made insufficient as a result of osteopo-
rosis or a metabolic process.

I II III IV V

Fig. 1-3 Epiphyseal fracture types classified by the Salter method.
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POSITION AND ALIGNMENT OF  
FRAGMENTS (Fig. 1-4)

The position of a fragment refers to any displacement 
of one bone fragment in reference to the next. Dis-
placement, should it exist, can be in any plane. Align-
ment refers to rotatory or angular deviation of the 
distal fragment in relation to the proximal fragment. 
For example:

angulation: typically described by the apex of the 
deformity. An apex anterior angulation means 
that the “point” or apex of the fracture is pointed 

torus f.: usually noticed in children; a stable, often 
incomplete f. in which one distal cortical surface 
appears to be wrinkled by compression forces, 
and the opposite cortex may or may not be in-
fracted by tension forces.

transverse f.: line of fracture across the shaft at 
right angles to the long axis of a bone.

unstable f.: fracture where it is difficult to maintain 
reduction and most often requires operative in-
tervention because of the likelihood of recurrent 
deformity despite manipulation.

M
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e

Apex of fracture

Rotation of
distal fragment

Distal fragment of femur

Valgus
Varus

InternalExternal

Medial plane

Posterior plane

Lateral plane

Anterior plane

Fig. 1-4 Description of fracture deformity. (From 
Schneider FR: Handbook for the orthopaedic assis-
tant, ed 2, St Louis, 1976, The CV Mosby Co.)
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with anterior shoulder dislocation, usually called 
a Bankart fragment. The cartilage rim may de-
tach without a fracture, and this is called a Ban-
kart lesion.

coracoid f.: fracture of coracoid process of scapula.
greater tuberosity f.: fracture of bone prominence 

and attachment of supraspinatus.
lesser tuberosity f.: fracture of bone prominence 

for attachment of subscapularis.
Hill-Sachs f.: moderate compression f. or inden-

tation f. of the humeral head usually seen after 
an anterior dislocation of the shoulder. In a clas-
sic Hill-Sachs lesion the anterior glenoid causes 
a dent or defect of the region near the greater 
tuberosity. A reverse Hill-Sachs is seen with pos-
terior dislocations, and where the defect is in 
the region of the lesser tuberosity; also called 
Hermodsson f.

surgical neck f.: occurs in area below the anatomic 
neck of the humerus.

ARM AND ELBOW FRACTURES (DISTAL HUMERUS)

boxer’s elbow: chip f. at the tip of the olecranon 
caused by a fast extension of the elbow in a 
missed jab (punch).

condylar f.: occurs at the medial or lateral articular 
process of the humerus at the elbow.

epicondylar f.: occurs through one of the two epi-
condyles, medial or lateral.

Hahn-Steinthal f.: complete capitellar fracture 
with little or no extension into the lateral 
trochlea typically associated with anterior 
displacement.

Holstein-Lewis f.: involves the humerus at the 
junction of the middle and distal thirds; associ-
ated with radial nerve paralysis because of nerve 
proximity to posterior septum and bone.

Kocher f.: semilunar chip f. of capitellum with dis-
placement into joint.

Kocher-Lorenz f.: minimal osteochondral capitel-
lar fracture typically associated with posterior 
displacement.

Laugier f.: involves the trochlea of the humerus.
Malgaigne f.: extension mechanism supracondylar 

f. of humerus; name also applied to a vertically 
dissociated fracture dislocation of the pelvis and 
a proximal fibular fracture.

anteriorly. This could also be described as ante-
curvatum or procurvatum. An apex posterior an-
gulation is therefore recurvatum.

bayonet position: the fragments touch and 
overlap, but there is good alignment. Inter-
nal and external rotation can also be stated in 
degrees.

bow: the two fragments form an angle where the 
apex is sometimes described as an anterior or 
posterior bow.

The descriptive radiographic interpretations of 
fractures are defined as follows. The angulation of the 
fracture is designated by the direction of the apex of 
the fracture points. Fragments themselves are desig-
nated as proximal and distal displacement, which is 
the amount of offset of the proximal to distal fragment 
as seen in an anterior to posterior or medial to lateral 
direction.

When broken ends of the principal fragments are 
touching on end, they are said to be in apposition. Ac-
curacy or degree of apposition is defined in percent-
ages, such as 50%, indicating at least one radiographic 
view shows 50% contact and other views may appear 
to be more.

The site may be diaphyseal, metaphyseal, or 
epiphyseal portions of a specific bone or may be 
intraarticular. Extent may be described as complete, 
incomplete, cracked, hairline, buckled, or greenstick. 
The configuration may be transverse, oblique, or spiral, 
and is referred to as comminuted when more than two 
fragments are present. The fracture fragments may be 
undisplaced or displaced.

Thus a fracture is described radiographically by its 
site, bone name, extent, configuration, relationship of 
fragments to each other and to the external environ-
ment (open or closed), and the presence or absence of 
complications.

Classic and Descriptive Names  
(By Anatomic Location)
SHOULDER FRACTURES (PROXIMAL HUMERUS  
AND SCAPULA)

anatomic neck f.: occurs in the area of tendinous at-
tachments, the true neck of humeral metaphysis.

Bankart f.: detachment of a small piece of bone 
from the anteroinferior rim of the glenoid; seen 
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necessity because surgical fixation is required 
for reduction; also called a reverse Monteggia 
f., Dupuytren f., or Piedmont f.

Kocher f.: fracture of capitellum of distal humer-
us with possible displacement of fragment into 
joint.

Laugier f.: isolated fracture of the trochlea of the 
humerus at the elbow.

lead pipe f: typically in the forearm, a combina-
tion of greenstick fracture and torus fracture 
in the immature skeleton. Such fractures do 
not penetrate the entire shaft of the bone and 
have the appearance of a slightly bent lead 
pipe.

Lenteneur’s f.: a distal radial fracture of the palmar 
rim, similar to Smith’s type II fracture.

Monteggia f.: isolated fracture of proximal third of 
ulna, with posterior or anterior dislocation of ra-
dial head allowing angulation and overriding of 
ulnar fragments.

Moore f.: like a Colles f.; specifically, fracture of 
distal radius with dorsal displacement of ulnar 
styloid and impingement under annular liga-
ment.

Mouchet f.: involves humeral capitellum.
nightstick f.: undisplaced fracture of the ulnar 

shaft caused by a direct blow.
Piedmont f.: oblique f. usually at the proximal por-

tion of distal third of the radius; obliquity runs 
from proximal ulnar to distal radial aspect, al-
lowing distal fragments to be pulled into the ulna 
by the pronator quadratus muscle; fracture of 
necessity requiring operative management.

radial head f.: involves the most proximal part of 
the radius, a dish-shaped portion of bone.

radial styloid f.: involves distal radial tip of radius.
reverse Barton f.: dorsal displacement of carpus 

on radius, with associated fracture of dorsal ar-
ticular surface of radius. The mechanism and ap-
pearance of this fracture are similar to those of a 
Colles f.

Skillern f.: open f. of the volar or dorsal rim of the 
distal radius, usually resulting in subluxation or 
dislocation of the radial carpal joint line associ-
ated with greenstick f. of distal ulna.

Smith f.: fracture of the distal radius in which the 
distal fragment is displaced volarly; also called 

Posada f.: anteriorly angulated fracture of distal 
humerus associated with posterior dislocation of 
radius and ulna.

sideswipe f.: comminuted fracture of distal hu-
merus and sometimes radius and ulna caused by 
direct blow against elbow.

supracondylar f.: occurs through the distal me-
taphysis of the humerus or femur.

T f.: intercondylar fracture shaped like a T.
Y f.: intercondylar fracture shaped like a Y.

FOREARM AND WRIST FRACTURES

Barton f.: an intraarticular fracture of the dorsal ar-
ticular rim of the distal radius resulting in volar 
displacement radial carpal fragment.

chauffeur’s f.: oblique fracture of the radial styloid 
caused by a twisting- or snapping-type injury; 
also called backfire f., Hutchinson f., and lorry 
driver’s f.

chisel f.: incomplete, usually involving medial 
head of radius, with fracture line extending dis-
tally.

Colles f.: named prior to x-ray technology; implies 
a fracture of the distal radius, either articular or 
nonarticular, with dorsal angulation of the dis-
tal fragment producing a silver fork deformity; 
generally associated with a fracture of the ulnar 
styloid.

corner f.: a small bucket-handle-appearing frac-
ture in the distal metaphyseal corner in a young 
child, often associated with child abuse.

de Quervain f.: combination of a wrist scaphoid 
fracture with volar dislocation of scaphoid frag-
ment and lunate.

dye-punch f.: an intraarticular fracture of the ul-
nar (volar) portion of the distal radius, usually 
caused by direct impaction of the lunate onto the 
lunate fossa of the distal radius.

Essex-Lopresti f.: a comminuted radial head frac-
ture with an injury to the distal radioulnar joint 
caused by disruption of the interosseous mem-
brane, which can cause a proximal migration of 
the radius if the radial head is excised second-
arily.

Galeazzi f.: typically a displaced fracture of the dis-
tal third or quarter of the radius with disruption 
of the distal radioulnar joint; called fracture of 



 1 Classifications of Fractures, Dislocations, and Sports-Related Injuries 9

They contribute to deformity of a “hunched” back 
commonly seen in older adults and are mostly 
painful and do not risk neurologic compromise. 
They may be just as disabling and commonly 
caused by low-energy mechanisms (jolt or fall) 
with bone insufficiency resulting from osteopo-
rosis.

hangman’s f.: posterior element (pedicles) fracture 
with anterior subluxation of the cervical neck of 
C-2 on C-3.

Jefferson f.: bursting f. of the ring of the first cervi-
cal vertebra (atlas).

posterior element f.: broad term used to describe 
any fracture of the spinous process, lamina, fac-
ets, pars interarticularis, or pedicle.

seatbelt f.: thoracic or lumbar spine fracture result-
ing from tensile stress that occurs on spine with 
forward motion of thorax with abdominal or 
thoracic restraint resulting in bony or ligament 
disruption. If only the bone is involved, the in-
jury is called a Chance f.

sentinel f.: a cervical spine fracture characterized 
by fractures through the lamina on either side of 
the spinous process. A sentinel of potential in-
stability.

slice f.: an unstable lumbar spine fracture caused 
by a flexion rotation injury that results in a frac-
ture in the upper body of the lower vertebra and 
a dislocation of the articular process of the upper 
vertebra.

spondyloptosis: dislocation of one vertebra from 
another without any bone fracture.

teardrop f.: exists in two forms: (1) an isolated an-
teroinferior fracture of the cervical spine (unsta-
ble); or (2) a three-part, two-plane fracture of an 
anteroinferior corner of the vertebral body (the 
teardrop), a sagittal vertebral body, and the pos-
terior neural arch.

vertebra plana f.: wafer-thin compression f. of a 
vertebral body resulting from an intrinsic patho-
logic condition of the bone.

wedge f.: anterior compression f. of any vertebra; 
most common in the dorsal thoracic spine.

PELVIS, HIP, AND PROXIMAL FEMUR FRACTURES

acetabular fracture: Any fracture that involves the 
acetabulum (socket).

reverse Colles f. This fracture was defined be-
fore the advent of radiography, and, classically, 
there are three types:
Nonarticular
Intraarticular; also called volar Barton f.
Oblique nonarticular fracture near the joint line

HAND FRACTURES

Bennett f.: fracture of the base of the thumb meta-
carpal, usually leaving a volar ulnar fragment at-
tached to a retaining ligament with radial sub-
luxation of the metacarpal.

crush f.: term used for comminuted impaction of 
any bone, but for the finger is a distal phalanx 
fracture resulting from a crush injury.

mallet f.: avulsion f. of the extensor tendon from 
the dorsal base of the distal phalanx of any digit 
that includes insertion of extensor apparatus, 
thus allowing distal segment to drop into flex-
ion; also called baseball finger, drop finger, and 
mallet finger deformity.

Rolando f.: an intraarticular comminuted fracture 
of the base of the thumb metacarpal resulting in 
a Y- or T-shaped fracture at the base of the meta-
carpal.

unciform f.: fracture of the hook of the hamate, 
usually caused by direct trauma that may or may 
not be associated with ulnar neuropathy.

Wilson f.: involves the proximal volar portion of 
the middle phalanx because of strong attachment 
of volar plate.

SPINE FRACTURES

burst fracture: Involved a compressive fracture of 
the vertebra that can disrupt stability and cause 
retropulsion of bone into the spinal canal result-
ing in paralysis. Depending on severity and loca-
tion, they can be treated by bracing or require 
extensive surgical intervention.

Chance f.: involves vertebra, with horizontal split-
ting of spinous process and neural arch with 
disruption through vertebral body; an unstable 
fracture.

clay shoveler’s f.: involves spinous process(es) 
C-6, C-7, T-1, T-2, or T-3.

compression fracture: most frequently a “wedge-
shaped” compression fracture seen in older adults. 
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example, falling onto a rail with the point of con-
tact between the legs.

subcapital f.: femoral fracture at head-neck junc-
tion.

subtrochanteric f.: transverse f. of femur just be-
low lesser trochanter.

Waddell triad: femoral fracture associated with 
head and thorax injuries.

Walther f.: transverse ischioacetabular f. where the 
fracture line passes from ischial spine to acetabu-
lar cavity to ischiopubic junction.

DISTAL FEMUR, KNEE, TIBIA, AND FIBULA 
FRACTURES

bumper f.: involves the tibia or femur and is caused 
by a direct blow in area of the tibial tuberosity; 
commonly caused by a car bumper accident; 
may be bilateral.

cartwheel f.: fracture of the distal femoral epiphy-
sis in a child, so named by mechanism of a leg 
caught in the spokes of a cartwheel; also called 
wagon wheel f.

clipping injury f.: fracture through growth plate of 
distal femur or proximal tibia caused by a strike 
from the lateral side of the knee when the foot 
is planted.

Hoffa f.: coronal fracture of medial femoral con-
dyle.

patellar f.: involves kneecap.
pillion f.: T-shaped fracture of distal femur with dis-

placement of the condyles posteriorly to femoral 
shaft, caused by severe blow to knee; so named 
for pillion back seat position of a motorcycle rid-
er who sustains this injury. Not to be confused 
with pilon fracture, which is due to a vertical im-
paction of the distal tibia into the talus.

Segond f.: small avulsion f. of superolateral tibia 
caused by tension on the lateral capsule or liga-
ment; usually associated with other severe liga-
mentous injuries leading to anterolateral knee 
instability; also called lateral capsule sign.

sleeve f.: involves a small chip of bone from the 
superior or inferior portion of the patella associ-
ated with loss of integrity of quadriceps extensor 
mechanism.

Stieda f.: avulsion f. of origin of medial collateral 
ligament on medial femoral condyle.

basal neck f.: involves base of femoral neck at 
junction of trochanteric region basicervical.

bucket-handle f.: vertical shear fracture of anterior 
pubis and opposite ilium.

central f.: acetabular fracture, centrally displaced 
through inner wall of pelvis.

dashboard f.: posterior lip of acetabulum chips 
when femoral head is driven against it; often 
caused by a sudden jolt when knee hits dash-
board.

dome f.: acetabular fracture involving weight-bear-
ing surface of the acetabulum. This term can also 
be applied to a fracture of the superior surface 
of the talus.

Duverney f.: involves ilium just below the antero-
superior spine.

extracapsular f.: occurs outside of joint capsule of 
humerus or femur.

femoral neck f.: transcervical fracture through 
midportion of femoral neck.

hip f.: implies a fracture of the femoral neck or in-
tertrochanteric area.

intertrochanteric f.: the principal plane of the frac-
ture disrupts the intertrochanteric line.

intracapsular f.: commonly used for high femoral 
neck fractures, but is also used for any fracture 
within a joint capsule.

Malgaigne f.: occurs through wing of the ilium or 
sacrum with associated fractures through the ip-
silateral pubic rami, allowing upward displace-
ment of hemipelvis; often associated with inter-
nal injuries.

open book f: pelvis fracture with symphysis sepa-
ration and disruption of the sacral pelvic liga-
ments to give appearance of opening a book.

pertrochanteric f.: involves proximal femur where 
the fracture line passes through both the lesser 
and greater trochanters.

ring f.: involves at least two parts of pelvic circum-
ference.

shaft f.: occurs between subtrochanteric and su-
pracondylar area.

sprinter’s f.: involves anterosuperior or anteroinfe-
rior spine of ilium, with a fragment of bone being 
pulled forcibly by sudden muscular pull.

straddle f.: double f. or dislocation of the pubis 
usually caused by a straddling mechanism, for 
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margin of the tibia, sometimes called the poste-
rior malleolus. This is most commonly associ-
ated with a fibular fracture.

Descot f.: involves the posterior lip of tibia.
dome f.: involves the superior articular surface of 

talus or the weight-bearing portion of the ace-
tabulum.

Dupuytren f.: spiral f. of the distal end of fibula; 
associated with ankle diastasis.

Gosselin f.: V-shaped fracture of the distal tibia 
into the tibiotalar joint.

Henderson f.: trimalleolar fracture of the ankle.
Jones f.: fracture of the base of the fifth metatarsal 

such that the fracture line extends from lateral to 
medial cortex in the shaft portion of the apophy-
seal tip. This term has been misapplied to frac-
tures in the proximal apophyseal portion.

Kohler f.: involves the navicular and is associated 
with avascular necrosis; seen in children.

Lisfranc f.: usually a fracture-dislocation, with 
displacement of the proximal metatarsals most 
commonly the first and second.

Maisonneuve f.: spiral f. of proximal end of fibula, 
near the neck, associated with a tear of the an-
terior tibiofibular ligament and the potential for 
ankle diastasis associated with a tear of the ante-
rior tibiofibular ligament and a medial malleolus 
fracture or deltoid ligament disruption.

march f.: stress f. of metatarsal caused by excessive 
marching; also called fatigue f.

midnight f.: open, oblique fracture of proximal 
phalanx of little toe caused by stubbing the toe 
on a solid object.

Montercaux f.: fracture of fibular neck with associ-
ated diastasis of ankle mortise.

paratrooper f.: involves posterior articular margin 
of tibia or lateral malleolus.

Pott f.: spiral oblique f. of distal fibula with associ-
ated rupture of the deltoid ligament; avulsion of 
the medial malleolus and lateral displacement of 
foot on tibia.

plafond f.: any fracture that involves the surface of 
the tibia that comes in contact with the dome of 
the talus.

Shepherd f.: involves posterior talus with sheared 
off piece of bone and, in some instances, a sepa-
rate piece of bone (os trigonum).

supracondylar f.: involves the distal shaft of bone 
above condyles of femur or humerus.

tibial plateau f.: involves proximal tibial articular 
surface.

toddler f.: nondisplaced fracture of the tibia seen 
in toddlers beginning to walk.

Trélat fracture: type III fracture crossing the physis 
of the medial femoral condyle.

Y and T f.: combined supracondylar and intercon-
dylar f. of the distal femur.

ANKLE AND FOOT FRACTURES

ankle mortise diastasis: separation of tibia and 
fibula at ankle; often associated with a fracture 
or dislocation.

aviator’s astragalus: denotes a talar neck fracture 
caused by sudden impaction of foot into ankle; 
may be associated with other fractures about the 
foot and ankle.

bimalleolar ankle f.: in which both the medial 
malleolus and distal fibula are fractured; also 
called Pott f.

bimalleolar equivalent: a fracture of the medial 
or lateral malleolus with ligamentous damage on 
the opposite side of an ankle.

boot-top f.: involves transverse, distal third of tibia, 
occurring at boot top of old-style ski boot; also 
called skier’s injury.

Bosworth f.: fracture-dislocation of the ankle, with 
oblique fracture of the distal fibula and displace-
ment of the proximal fibular fragment out of 
fibular groove to a place posterior and medial to 
the posterolateral ridge of the tibia.

bunkbed f.: intraarticular f. of the base of the first 
metatarsal in children.

Cedell f.: fracture of the posterior medial process 
of the talus; may be associated with tarsal tunnel 
syndrome.

Chaput f.: involves the anterior tubercle of distal 
tibia because of strong attachment of anterior 
tibiofibular ligament.

Conrad-Bugg trapping: incarceration of soft tis-
sue, usually the posterior tibial tendon, between 
fragments of an ankle fracture. This produces an 
injury that usually is reduced by open methods.

Cotton f.: partial forward dislocation of the tibia 
to produce a fracture of the posterior inferior 
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weakening to allow it to fracture spontaneously 
or with less trauma than it would normally take 
to break a healthy bone.

neuropathic f.: fracture caused by overuse trauma 
to bone that occurs because of lack of pain per-
ception.

pathologic f.: occurs with or without trauma where 
bone has been weakened by a local or systemic 
process. The most common causes are a tumor 
(benign or malignant), local infection, or bone 
cyst. This term is less widely applied to congeni-
tal disorders such as osteogenesis imperfecta, 
osteopetrosis, and neurofibromatosis. The term 
is applied more to congenital or acquired disor-
ders such as osteomalacia, rickets, Paget disease, 
scurvy, and osteoporosis.

pseudofracture: radiographic finding of a line 
through bone that is due to abnormal mineral-
ization that occurs in osteomalacia.

spontaneous f.: fracture that occurs without ab-
normal force. Usually caused by a pathologic 
condition of the bone or the cumulative overuse 
of a bone where the response to repeated stress is 
sufficient for a fracture to occur.

stress f.: crack in bone from overexertion placed 
on bone structure of limb or metatarsals and 
from pull of muscle on bone. Not noticeable 
on initial radiograph but is on later radiographs 
when callus formation has taken place at the site. 
A bone scan or magnetic resonance imaging will 
show the fracture; also called march f., fatigue f. 
More recently, the term stress reaction to bone 
has been used because fracture lines often do not 
appear and because the term more accurately de-
scribes the condition.

tension f.: bone fails at right angle to the direction 
of a tension force resulting in a transverse fracture.

Degree and Nature of Healing
The quality of bone healing is stated in terms of the 
solidarity of adhesiveness of the bone fragments. As 
most fractures heal, a surrounding sleeve of bone, or 
callus, is formed. This new bone formation is com-
posed of cartilage, bone, blood vessels, and fibrous tis-
sue and is often referred to in discussing bone healing. 
If the bone is completely healed, the term healed or 

Tillaux Kleiger f.: involves distal lateral tibia, ver-
tically extending into the joint; sometimes asso-
ciated with diastasis and other fractures about 
the ankle.

tongue f.: involves the posterosuperior portion of 
calcaneus.

trimalleolar f.: fracture of medial, lateral, and pos-
terior malleolus.

triplane f.: involves the ankle in three planes: cor-
onally through the posterior tibial metaphysis, 
transversely through the growth plate, and sagit-
tally through the distal tibial epiphysis.

Volkmann f.: involves a triangular portion of the 
posterior lateral tibia into the joint, leaving a tri-
angular bone fragment sometimes called Volk-
mann’s triangle.

Wagstaffe f.: separation of a distal anterior frag-
ment of the fibula, that is, the portion of attach-
ment of the anterior tibiofibular ligament; also 
called Le Fort f.

Contributing Factors
Aside from a single obvious traumatic event, other fac-
tors contribute to fractures.

dyscrasic f.: results from weakening of bone by a 
disease process.

endocrine f.: occurs in bone weakened by an en-
docrine disorder.

fatigue f.: spontaneous fracture in healthy bone re-
sulting from fatigue or stress produced by exces-
sive physical activity in a short period; seen in 
fibulas and tibias of young long-distance runners, 
the hips and heels of young military recruits, and 
in the metatarsals; also called stress f., march f.

hoop stress f.: involves the medial or anteromedial 
femoral neck and occurs during broaching of the 
femoral canal for a prosthesis or during the ac-
tual impaction of the prosthesis.

inflammatory f.: occurs in association with in-
flammation secondary to an infection, such as 
syphilis.

insufficiency f.: stress f. that occurs in bone be-
cause of its diminished volume (i.e., osteopenia).

neoplastic f.: a form of pathologic f. Presence of a 
tumor in bone, whether originating in the bone 
or metastatic from elsewhere, causes sufficient 



 1 Classifications of Fractures, Dislocations, and Sports-Related Injuries 13

instances, but in certain locations, the first letter and 
number modifier is very useful in describing the ex-
tent and pattern of fracture. For example, a C3 distal 
femur fracture is notated as 33.C3. This system is most 
commonly used in the distal femur, distal tibia, and 
distal humerus.

•	 The system defines bones by number (1, hu-
merus; 2, radius and ulna; 3, femur; 4, tibia and 
fibula; 5, spine, jaw, clavicle, and scapula; 6, pel-
vis and sacrum; 7, hand; 8, foot).

•	 Nature of fracture is identified by letter (A, simple 
involving at least 90% of the cortex or extraar-
ticular; B, wedge with some contact between frag-
ments or partial articular; C, complete with no 
contact between fragments or complete articular).

•	 Degree of comminution is identified by num-
ber (A: 1, spiral; 2, oblique; 3, transverse less 
than 30 degrees. B: 1, spiral wedge; 2, bending 
wedge; 3, fragmented wedge. C: 1, spiral; 2, seg-
mental; 3, irregular).

•	 The subgroups .1, .2, and .3 further define the 
complexity of each of the above groupings.

•	 Limitation: agreement among raters.

AO/ASIF SOFT TISSUE CLASSIFICATION

For uniform description in the literature.

Integumentary Injury (I)

Closed (C)
IC1: no skin lesion
IC2: contusions but no skin laceration
IC3: circumscribed degloving
IC4: extensive closed degloving
IC5: necrosis from contusion

Open (O)
IO1: skin breakage from inside out
IO2: skin breakage from outside in < 5 cm, contu-

sion at edges
IO3: skin breakage > 5 cm, increased contusion, 

devitalized edge
IO4: considerable full thickness contusion, abra-

sion, extensive open degloving, skin loss

Muscle/Tendon (MT) Injury

MT1: no muscle injury
MT2: circumscribed muscle injury, one compart-

ment only

united is used. When based on radiographic criteria, 
fracture union is defined as radiographic evidence of 
callus formation bridging three out of four cortices. Any-
thing less is considered a state of healing, unless there is 
a failure of progression of healing with expectation of no 
further healing. This is then considered a nonunion.

The absence of complete union is called ununited, 
but this term by some users implies an expectation of 
failure to unite. In delayed union the speed of callus 
formation (fracture healing) is slower than anticipated, 
but this does not imply expectancy of either total heal-
ing or nonunion. A pseudoarthrosis is the formation 
of a jointlike structure at the old fracture site and is a 
type of nonunion. It consists of fibrocartilaginous tis-
sue and a synovial fluid sac. If a bone unites in an 
abnormal position or alignment, the term malunion 
is used. If two bones parallel to one another unite by 
osseous tissue, such as the tibia/fibula or ulna/radius 
complex, the result is a crossunion, or synostosis.

For example, in a simple fracture of the midshaft 
of the radius and ulna, assume that the radius adheres 
to the ulna at the distal fracture site and that the ra-
dius does not heal because of angulated healing of the 
ulna. Such a situation can be described as a malunited 
fracture of the midshaft of the ulna with a nonunion 
of the radius and crossunion of the distal radius and 
ulna. When the diagnoses are listed, they might be 
given as (1) malunion, fracture, closed, midshaft, ulna, 
right; or (2) nonunion, fracture, closed, midshaft, ra-
dius, right, associated with crossunion.

Secondary union has multiple meanings. It im-
plies delayed healing either by the eventual adhesion 
of granulating surfaces of bone fragments or surgical 
intervention late in the course of fracture healing to 
promote union.

Nutritional support is important in bone healing to 
augment medical and surgical care. Bones need mineral 
and protein to heal, another consideration in treatment.

International Classification System and 
Trauma Registry System
AO/ASIF (AO/OTA) LONG BONE FRACTURES

This is a scheme of fracture classification for research 
purposes and a more uniform description in the litera-
ture. The scheme has not been validated or used by 
all investigators. It tends to be cumbersome in some 
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ALLMAN CLASSIFICATION FOR CLAVICLE 
FRACTURES

To define location of most common sites of occurrence 
and of nonunion.

Group I: fractures of middle third
Group II: fractures distal to coracoclavicular liga-

ment, nonunion frequent
Group III: fractures of proximal end; nonunion 

and displacement rare
Limitations: does not incorporate other factors 

such as degree of trauma.

ANDERSON AND D’ALONZO CLASSIFICATION FOR 
ODONTOID FRACTURES OF THE SECOND CERVICAL 
VERTEBRA

Based on location of fracture; to define fracture pattern 
likely to require surgery for healing.

Type I: avulsion fracture of tip of odontoid
Type II: fracture at junction of odontoid to body 

of vertebra
Type III: fracture line extends downward into can-

cellous bone of body of vertebra

AO MAGERL MODIFICATION FOR THORACIC AND 
LUMBAR SPINE FRACTURES

Based on location of failure of integrity.
Type A injuries: failure under axial compression of 

the anterior elements with intact posterior con-
straining elements

Type B injuries: failure of the posterior constrain-
ing elements (tension band or PLC injuries in 
case of TL spine)

Type C injuries: failure of anterior and posterior 
elements leading to displacement

ASHURST CLASSIFICATION FOR ANKLE SPRAINS 
AND FRACTURES

Based on direction or mechanism of force.

External Rotation Injuries (Supination)

first degree: transsyndesmotic fracture of the fibula
alternate first degree: rupture of the anterior tib-

iofibular ligament with or without spiral fracture 
of the proximal fibula

second degree: rupture of the deltoid ligament
alternate second degree: avulsion of the medial 

malleolus

MT3: circumscribed muscle injury, two compart-
ments

MT4: muscle defect, tendon laceration, extensive 
muscle contusion

MT5: compartment syndrome, crush syndrome 
with wide injury zone

Neurovascular (NV) Injury

NV1: no neurovascular injury
NV2: isolated nerve injury
NV3: isolated vascular injury
NV4: extensive segmental vascular injury
NV5: combined neurovascular injury, subtotal and 

total amputation

Classification Systems by Grades, Types, 
and Mechanisms
The trend toward standard classification of fractures 
and dislocations is certainly a step forward, but such a 
system is designed for computer storage and is some-
times difficult to apply when viewing a fracture for 
the first time. It should not be forgotten that most of 
these specific classification systems were developed to 
address a specific set of circumstances. Attempting to 
apply them to other areas frequently leads to misin-
terpretation and erroneous conclusions. The authors, 
therefore, feel that these systems should be interpreted 
as meant by the original authors. The reference is indi-
cated in a footnote (see Bibliography for full reference 
citations).

ALLEN AND FERGUSON CLASSIFICATION FOR 
CERVICAL SPINE FRACTURE C3 TO C7

Based on mechanism and injury patterns.
Extension loading force: fracture spinal process 

and possible lamina, with compression severe 
displacement with retrolisthesis superior on in-
ferior vertebra.

Flexion loading force: unilateral or bilateral fac-
et dislocation that, if with posterior ligament 
disruption, produces facet locking. May also 
have vertebral compression fracture or tear-
drop fracture.

Neutral load: burst fracture, very unstable if com-
plete ligamentous disruption.
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Type 2: fracture of the ulnar diaphysis with pos-
terior angulation and posterior or posterolateral 
dislocation of the radial head

Type 3: fracture of the ulnar metaphysis with lat-
eral or anterolateral dislocation of the radial head

Type 4: proximal fracture of both bones at the same 
level with anterior dislocation of the radial head

Limitations: some controversy as to relationship to 
treatment; types I and II have equivalents that involve 
dislocation radial head only (type 1) and fractured ra-
dial head.

BOHN AND DURBIN CLASSIFICATION FOR 
EPIPHYSEAL FRACTURES OF THE DISTAL FEMUR AND 
PROXIMAL TIBIA RESULTING IN A “FLOATING KNEE”

Too complicated for inclusion, a complex system 
based on angulation, dislocation, and associated in-
jury. See Arslan H et al.

BRENDT AND HARTY MODIFIED CLASSIFICATION 
FOR FRACTURES OR DEVELOPMENT OF 
OSTEOCHONDRITIS DISSECANS OF THE DOME OF 
THE TALUS

To define stages of osteochondritis of bone.
Stage I: normal x-ray but positive bone scan or 

change seen on magnetic resonance imaging (re-
peated minitrauma)

Stage II: incomplete separation of subchondral 
fragment (single injury event)

Stage IIA: cyst formation (repeated minitrauma)
Stage III: complete separation of fragment, which 

is in anatomic position (single injury event)
Stage IV: separation of fragment (single injury event)

BOYD AND GRIFFIN CLASSIFICATION FOR 
EXTRACAPSULAR FRACTURES OF PROXIMAL 
FEMUR FROM NECK TO 5 CM DISTAL TO LESSER 
TROCHANTER

To define surgical approach and prognosis for frac-
tures near and around the femoral neck.

Type 1: intertrochanteric f., simple to reduce and 
maintain

Type 2: intertrochanteric f. with comminution and 
additional coronal seen from lateral

Type 3: subtrochanteric f. with at least one frac-
ture line passing just distal to or through lesser 
trochanter

third degree: fracture of the entire lower end of the 
tibia and fibula with external rotation

Abduction Injuries (Pronation)

first degree: transverse fracture of the medial mal-
leolus at or below its base

second degree: rupture of the deltoid ligament or 
fracture of the medial malleolus followed by a 
fracture of the distal fibula

third degree: fracture of both lower tibia and me-
dial malleolus lateral displacement

Adduction Injuries (Supination)

first degree: avulsion of the fibular malleolus at or 
below its base

second degree: avulsion of the fibular malleolus at 
or below its base with medial malleolus below 
plafond, a shear vertically into tibial shaft

third degree: supramalleolar fracture in both the 
tibia and fibula with medial displacement

Fracture by Compression in Long Axis of Leg

first degree: isolated marginal fracture of the distal 
weight-bearing plate of the tibia

second degree: comminution of the tibial plafond
third degree: T or Y fractures (V fracture of Gosselin)
Limitations: fracture patterns overlap.

BADELON CLASSIFICATION FOR LATERAL CONDYLAR 
FRACTURES OF THE HUMERUS IN CHILDREN

Roentgenographic basis for stability versus displace-
ment, which requires surgical reduction.

Type I: nondisplaced fracture that can be seen only 
on one view

Type II: visible fracture line with minimal displace-
ment

Type III: displacement of more than 2 mm on all 
views

Type IV: severe displacement with complete sepa-
ration of fracture edges

BADO CLASSIFICATION FOR FRACTURED ULNA WITH 
DISLOCATION OF THE RADIAL HEAD [MONTEGGIA]

Based on mechanism of injury; to help define manage-
ment.

Type 1: fracture of any portion of the ulna diaphy-
sis with anterior angulation and anterior disloca-
tion of the radial head
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Fracture displaced > 5 mm, severe ligamentous  
> 5 mm (analogue scale 4–5)

CHADWICK AND BENTLEY CLASSIFICATION FOR 
DISTAL TIBIA FRACTURES AFFECTING EPIPHYSIS IN 
CHILDREN

Based on x-ray analysis; reflects the mechanism of 
type IV Salter fractures of the distal tibia and fibula 
and helps predict retardation of growth.

Group I: epiphysis not fractured
Group 1a: abduction injury with fracture of the 

distal fibular shaft and lateral displacement
Group 1b: supination/hyperplantar flexion in-

jury with posterior metaphyseal fragment of 
the tibia and posterior displacement

Group 1c: supination/external rotation injury 
with large anteromedial metaphyseal compo-
nent, tibia, and posterior displacement

Group 1d: adduction injury (rare), posterome-
dial metaphyseal fragment of the tibia with 
fracture of the distal fibular shaft and medial 
displacement

Group II: vertical fracture through epiphysis with 
shift of lateral fragment

Group III: adduction injury, Salter type I or II fibu-
lar slip with type IV medial malleolar fracture

COLONNA (DELBET) CLASSIFICATION FOR HIP 
FRACTURES IN CHILDREN

Attributes classification to Delbet; no purpose given.
Type I: transepiphyseal separations with or with-

out dislocation of femoral head
Type II: transcervical fractures, displaced and non-

displaced
Type III: cervicotrochanteric fractures, displaced 

and nondisplaced
Type IV: intertrochanteric fractures

COLTON CLASSIFICATION FOR OLECRANON 
FRACTURES

To define treatment.
Avulsion group: transverse fracture line separating 

a small fragment of olecranon with or without 
displacement

Oblique group: primary failure being an oblique 
line from the trochlear notch to the distal outer 
ulnar shaft, degree of comminution staged a to d

Type 4: fractures of the trochanteric region and 
proximal shaft and fracture in two planes requir-
ing two-plane fixation

Limitations: crosses over from subtrochanteric frac-
ture type to intertrochanteric and neck fractures.

BRYAN AND MORREY CLASSIFICATION FOR 
CAPITELLAR FRACTURES

To define shape and direction of elbow capitellar 
fractures.

Type 1: shear fracture in plane of capitellum in-
volving none or little of the trochlea

Type 2: a variable amount of the cartilage of the 
capitellum with minimal attached subchondral 
bone

Type 3: comminuted or compression fracture of the 
capitellum

CANALE-KELLY CLASSIFICATION FOR TALAR 
FRACTURES

Based on location of fracture and association with dis-
placement and effect on blood supply; to define prog-
nosis for long-term outcome with particular reference 
to avascular necrosis.

Type I: minimal displacement, only one source of 
blood supply might be disrupted

Type II: subtalar subluxation or dislocation, two or 
three sources of blood supply might be affected

Type III: body of talus dislocated from the ankle 
and the subtalar joint

Type IV: fracture of talar neck associated with dis-
location of the body from the ankle, or subtalar 
joint and additional subluxation or dislocation of 
the head of the talus from the talonavicular joint

CERVICAL SPINE INJURY SCORE SYSTEM

Four columns: anterior, right pillar, left pillar, and 
posterior.

For each column, an analogue scale using fracture 
displacement and ligament disruption is given:

Fracture nondisplaced with mild ligamentous  
1–3 mm (analogue scale 0–1)

Fracture displaced 1–3 mm, mild ligamentous  
1–3 mm (analogue scale 1–2)

Fracture displaced 1–3 mm, moderate ligamentous 
3–5 mm (analogue scale 2–3)

Fracture displaced 3–5 mm (analogue scale 3–4)
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Grade I: posterolateral displacement of Salter-
Harris type II tibial fracture with short oblique 
fibular fracture above physis

Limitations: fractures not covered under this sys-
tem include Salter-Harris type III distal tibia and tri-
plane fracture (as described by author).

DOYLE CLASSIFICATION FOR MALLET FRACTURES 
OF FINGER

Grouped by stable or unstable and open or closed.
Type I: closed fracture may or may not exist
Type II: superficial open injury
Type III: open injury tendon exposed
Type IVa: physical injury (pediatric)
Type IVb: involving 20–50%
Type IVc: involves greater 50% joint surface

ESSEX-LOPRESTI CLASSIFICATION FOR OS CALCIS 
FRACTURES

Based on direction of injury force (A–C superior 
to inferior, and D–F anterosuperior to posteroin-
ferior); helps define method of closed and open 
management.

Type A: nondisplaced fracture inferior to lateral 
process of talus and through lateral cortex

Type B: type A with shearing of sustentaculum tali 
along with one-third to one-half of the posterior 
facet

Type C: type B with depression of joint and supe-
rior posterior displacement of distal portion

Type D: affects lateral half or two-thirds of subtalar 
joint and fracture of the lateral cortex without 
displacement

Type E: type D with superior displacement of ante-
rior portion of calcaneus

Type F: type E with displacement of posterior facet 
of calcaneus and further superior migration of 
anterior portion

EVANS-WALES CLASSIFICATION FOR 
INTERTROCHANTERIC FRACTURES OF FEMUR

Grouped by stable or unstable and expected response 
to treatment.

Type I: fracture line extends upward and outward 
from lesser trochanter:
Undisplaced stable
Displaced reduced with stable medial apposition

Stage a: single fracture line, displaced and non-
displaced

Stage b: nondisplaced single central large V-
shaped fragment

Stage c: displaced single central large V-shaped 
fragment

Stage d: highly comminuted central pieces of 
bone with displacement

Fracture dislocation (Monteggia group): fracture 
line at or slightly proximal to coronoid, which 
may result in anterior fracture or dislocation of 
the elbow

Unclassified group: high-energy, highly comminut-
ed fractures not matching previous descriptions

DELBET CLASSIFICATIOM FOR FIXATION DEVICE 
SELECTION FOR PEDIATRIC FEMORAL NECK 
FRACTURE BASED OF AGE AND FRACTURE LEVEL

Denis Classification for Sacral Fractures
Denis 1: Lateral to foramen
Denis 2: Through or involving foramen
Denis 3: Medial to foramen

DIAS-TACHDJIAN CLASSIFICATION FOR ANKLE 
FRACTURES IN CHILDREN

Uses Lauge-Hansen guidelines, foot position, and di-
rection of force in correlation with the Salter-Harris 
classification to plan surgical and other treatment 
approaches.

Supination-inversion: inversion force applied to 
supinated foot
Grade I: Salter-Harris type I or II of distal fibular 

epiphysis
Grade II: grade I with Salter-Harris type III or IV 

of tibial epiphysis
Supination-plantar flexion: plantar flexion force 

on supinated foot
Grade I: Salter-Harris type I or II of distal tibia, 

usually with posterior displacement
Supination-external rotation: external rotation 

ankle force on fully supinated foot
Grade I: Salter-Harris type II of distal tibia with 

long spiral fracture of distal tibia
Grade II: grade I with spiral fracture of fibula

Pronation-eversion-external rotation: a combina-
tion of eversion and external rotation force on 
pronated foot
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Stage III: nondisplaced lesion with lucency
Stage IV: displaced fragment

FIELDING AND HAWKINS CLASSIFICATION OF 
ROTATORY DISPLACEMENT C1 ON C2

To define status atlantoaxial ligament.
Type I: Simple rotatory displacement without an-

terior shift. The transverse ligament is intact and 
the dens acts as a pivot point.

Type II: Rotatory and anterior displacement be-
tween 3–5 mm. The transverse ligament is injured 
and the opposite facet acts as the pivot point

Type III: Rotatory and anterior displacement great-
er than 5 mm with both lateral atlantoaxial joints 
anteriorly subluxed. The transverse ligament and 
facet capsules are injured

Type IV: Posterior subluxation of both lateral at-
lantoaxial joints. Rare and described in adult pa-
tients with rheumatoid arthritis and destruction 
of the dens

FIELDING-MAGLIATO CLASSIFICATION FOR 
SUBTROCHANTERIC FRACTURES OF FEMUR

Based on distance from lesser trochanter for selection 
of method of surgical fixation.

Type 1: at level of lesser trochanter
Type 2: between 2.5 and 5 cm below lesser tro-

chanter
Type 3: 5–7.5 cm below lesser trochanter
Limitations: oblique and comminuted fractures in-

volve more than one level, newer appliances cover a 
wider spectrum of conditions.

FRAX FRACTURE RISK ASSESSMENT TOOL

For assessment of fracture risk using a copyright com-
puter-based algorithm that employs bone density, age, 
and a number of clinical risk factors to help patients 
and their doctors predict the likelihood of having a 
fracture in the next 10 years.

FRYKMAN CLASSIFICATION FOR DISTAL RADIAL 
AND ULNAR FRACTURES

Based on radial joint involvement with and without 
ulnar styloid fractures to define method of fixation.

Type I: radial extraarticular without ulnar styloid 
fracture

Type II: radial extraarticular with ulnar styloid 
fracture

Displaced unreduced with no medial apposition
Comminuted unstable with no medial apposition

Type II: reversed obliquity with line from lesser 
trochanter to inferior lateral cortex

Limitations: directed at open versus closed man-
agement, which is no longer used.

THE FEDS SYSTEM FOR CLASSIFYING 
GLENOHUMERAL JOINT INSTABILITY

System Based on Frequency, Etiology, and Direction.
Frequency

Solitary 1 episode
Occasional 2–5 episodes
Frequent >5 episodes

Etiology
Traumatic
Atraumatic

Direction
Anterior
Inferior
Posterior

The direction is confirmed at the time of the physi-
cal examination using provocative tests to determine 
directions most closely reproduces symptoms.

Severity
Subluxation
Dislocation

FERKEL-CHENG ARTHROSCOPIC CLASSIFICATION 
OF OSTEOCHONDRAL LESIONS OF THE TALUS

To define stages of appearance and attachment of 
lesion to subchondral bone.

Stage A: smooth, intact, but soft or ballottable
Stage B: rough surface
Stage C: fibrillations or fissures
Stage D: flap present or bone exposed
Stage E: loose, nondisplaced fragment
Stage F: displaced fragment

FERKEL-SGAGLIONE CLASSIFICATION FOR CT 
CLASSIFICATION OF OSTEOCHONDRAL LESIONS OF 
THE TALUS)

To define stages of attachment of subchondral bone.
Stage I: cystic lesion within dome of talus
Stage IIA: cystic lesion with communication to ta-

lar dome surface
Stage IIB: open articular surface lesion with overly-

ing nondisplaced fragment
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Type II: laceration > 1 cm but < 10 cm with mini-
mal soft tissue damage or periosteal stripping; 
does not require flap coverage

Type IIIA: laceration >10 cm with extensive soft 
tissue damage and periosteal stripping, usually 
due to high-energy trauma. Despite the degree 
of soft tissue damage, primary closure is possible 
and flap coverage is not necessary. Includes seg-
mental or highly comminuted fractures regard-
less of size of wound

Type IIIB: similar to type IIIA but the soft tissue 
damage is such that a free flap is necessary for 
bone coverage and wound closure

Type IIIC: any of the above with an arterial injury 
that requires repair or bypass. An arterial injury 
that does not require repair for limb salvage is 
not a IIIC

Limitations: types II and III have interobserver 
variation.

HARAGUCHI CLASSIFICATION FOR POSTERIOR 
MALLEOLAR FRACTURE

Type I: the most common, posterior malleolar frac-
ture fragment is a triangle of the posterolateral 
tibia (accounting for 67% of all posterior mal-
leolar fractures)

Type II: the fracture line of the posterior malleolar 
fracture fragment extends to the medial malleo-
lus (accounting for 19% of all posterior malleolar 
fractures)

Type III: the posterior malleolar fracture fragment 
is a thin slice located at the posterior tibial rim 
(accounting for 14% of all posterior malleolar 
fractures).

HAWKINS CLASSIFICATION FOR TALAR NECK 
FRACTURES

Based on location of fracture and association with dis-
placement and effect on blood supply; prognosis for 
long-term outcome with particular reference to avas-
cular necrosis.

Type I: minimal displacement, only one source of 
blood supply might be disrupted

Type II: subtalar subluxation or dislocation, two or 
three sources of blood supply might be affected

Type III: body of talus dislocated from the ankle 
and the subtalar joint

Type III: radiocarpal joint only without ulnar sty-
loid fracture

Type IV: radiocarpal joint only with ulnar styloid 
fracture

Type V: distal radioulnar joint only without ulnar 
styloid fracture

Type VI: distal radioulnar joint only with ulnar sty-
loid fracture

Type VII: both radiocarpal and distal radioulnar 
joint without ulnar styloid fracture

Type VIII: both radiocarpal and distal radioulnar 
joint with ulnar styloid fracture

GARDEN CLASSIFICATION FOR SUBCAPITAL 
FRACTURES OF FEMORAL NECK

Based on anteroposterior (AP) and lateral radiographic 
guidelines for reduction and likelihood of avascular 
necrosis.

Stage 1: incomplete, impacted, head tilted in pos-
terolateral direction

Stage 2: complete but undisplaced
Stage 3: complete, displaced, but fragments remain 

in contact
Stage 4: fracture fragments completely displaced, 

no contact between fragments

GARTLAND CLASSIFICATION FOR SUPRACONDYLAR 
FRACTURES OF THE HUMERUS IN CHILDREN

Based on displacement; to define surgical treatment.
Type I: undisplaced
Type II: displaced and difficult to hold with cast 

immobilization
Type III: posteromedial or posterolateral displace-

ment with difficult reduction that is hard to 
maintain due to periosteal stripping

GERBER CLASSIFICATION FOR PROXIMAL HUMERUS 
FRACTURES

Too complicated for inclusion, a complex system based 
on size, location, and displacement. See Zuix JM et al.

GUSTILO AND ANDERSON CLASSIFICATION FOR 
OPEN FRACTURES

Based on intraoperative assessment of size of wound 
and soft tissue involvement; to determine fixation 
types and limb salvage.

Type I: clean wound < 1 cm minimal contamination
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Type V: type IV with a separation of the inferior 
half of the glenoid

ISLER CLASSIFICATION FOR SACRAL FRACTURES 
INVOLVING LUMBOSACRAL JUNCTION

Type I: fracture through foramen of lateral sacrum 
and transverse process L5

Type II: fracture through foramen of lateral sacrum, 
superior sacral facet, and transverse process L5

Type III: fracture through foramen of lateral sa-
crum extending medially at superior margin and 
transverse process L5

JENSEN CLASSIFICATION FOR INTERTROCHANTERIC 
FEMUR FRACTURES

Modified Evans system to determine possibility of 
stable reduction and secondary fracture displacement.

Type I: single fracture line, nondisplaced, stable on 
fixation

Type II: single fracture line, displaced, stable on 
fixation

Type III: comminuted, not involving the lesser tro-
chanter; risk of loss of reduction

Type Gartland IV: unstable, lesser trochanteric 
fragment, portion of greater trochanter attached 
to neck; greater risk of loss of reduction

Type V: unstable lesser and greater trochanteric 
fragments; greatest risk of loss of reduction

JOHANSSON CLASSIFICATION FOR FEMORAL 
FRACTURES FOLLOWING TOTAL HIP REPLACEMENT

To define fracture pattern that is likely to require sur-
gery for healing.

Type I: fracture proximal to tip of the prosthesis
Type II: fracture extends from proximal shaft to 

point distal to tip of prosthesis
Type III: fracture lines entirely below distal tip of 

prosthesis

KEY AND CONWELL CLASSIFICATION HISTORICALLY 
FOR PELVIC FRACTURES

Based on stability and location; to define need for 
stabilization.

I: fractures without break in pelvic ring
A. avulsion fractures

1: anterosuperior spine
2: anteroinferior spine
3: ischial tuberosity

Type IV: type III plus dislocation of the talonavicu-
lar joint

HERBERT AND FISHER CLASSIFICATION FOR WRIST 
SCAPHOID FRACTURES

To differentiate between fractures that are likely to 
unite in 6 to 8 weeks and those that would not; to 
define need for surgery.

Type A1: nondisplaced tubercle hairline fracture
Type A2: nondisplaced hairline wrist fracture
Type B1: oblique fracture of distal third
Type B2: displaced middle wrist fracture
Type B3: proximal pole fracture
Type B4: fracture dislocation of carpus
Type B5: comminuted fractures
Type C: delayed union
Type D1: fibrous union
Type D2: sclerotic nonunion (pseudoarthrosis)
Limitations: type B5 and C have been deleted; D2 

changed to pseudoarthrosis; D3 sclerotic pseudoar-
throsis; D4 avascular necrosis.

HOHL-MOORE CLASSIFICATION HISTORICALLY FOR 
TIBIAL PLATEAU FRACTURES

Based on pattern; designed for surgical planning.
Type 1: minimally displaced
Type 2: local compression
Type 3: split compression
Type 4: total condyle
Type 5: both condyles
Limitations: does not take into account ligament 

injury.

IDEBERG CLASSIFICATION FOR GLENOID 
FRACTURES OF THE SCAPULA

To define mechanism and to compare surgical and 
nonsurgical treatment.

Type I: avulsion of the anterior margin
Type II: transverse fracture through glenoid fossa 

with inferior triangular fragment displaced with 
the humeral head

Type III: oblique fracture through the glenoid ex-
iting on the midsuperior border of the scapula; 
often associated with acromioclavicular fracture 
or dislocation

Type IV: horizontal, exiting through medial border 
of the blade
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LAUGE-HANSEN CLASSIFICATION FOR ANKLE 
FRACTURES

Patterns that describe the position of the foot and the 
forces across the ankle that produced the fracture; to 
identify surgical and other treatment approaches.

supination-eversion
supination-adduction
pronation-abduction
pronation-adduction
Limitations: interobserver disagreement; eversion 

a misnomer—it should be external rotation or lateral 
rotation; mechanism not consistent in producing spe-
cific injury.

LETOURNEL AND JUDET CLASSIFICATION FOR 
ACETABULAR FRACTURES (Fig. 1-5)

Based on division into five basic groups (fractures of 
the posterior wall, posterior column, anterior wall, an-
terior column, and transverse fractures) to define best 
surgical approach for reduction.

Elementary

PW: posterior wall
PC: posterior column
AW: anterior wall
AC: anterior column
Tx: transverse

Associated

PC/PW: posterior column and posterior wall
Tx/Pw: transverse and posterior wall
T: T-shaped
ACH: anterior column posterior hemitransverse
ABC: associated both column; complete separation 

of the articular surface of the acetabulum from 
the axial skeleton

The transverse component of the fracture in 
transverse and T-type fractures is commonly fur-
ther classified based on the location of the trans-
verse fracture relative to the dome or tectum of the 
acetabulum.

Transtectal: through the superior weight-bearing 
area (delineated by the sclerotic line above the 
acetabulum, commonly called the sourcil [eye-
brow])

II: single break in pelvic ring
A. fracture of two ipsilateral rami
B. fracture near or subluxation of symphysis 

pubis
C. fracture near or subluxation of the sacroiliac 

joint
III: double break in pelvic ring

A. double vertical fractures or dislocation of pu-
bis (straddle)

B. double vertical fractures or dislocation 
(Malgaigne)

C. severe multiple fractures
IV: fractures of the acetabulum

A. small fragment with dislocated hip
B. linear fracture associated with nondisplaced 

pelvic fracture
C. linear fracture associated with hip joint 

instability
D: fracture secondary to central dislocation of 

the acetabulum

KILFOYLE CLASSIFICATION FOR MEDIAL CONDYLAR 
FRACTURES OF THE HUMERUS IN CHILDREN

To define need for closed (first two types) versus open 
treatment (type III).

Type I: greenstick impacted fracture on medial 
condylar apophyseal region, stable

Type II: fracture through the medial condyle into 
the joint with little or no displacement

Type III: intraarticular fracture of medial epicon-
dyle with displacement and rotation

KYLE CLASSIFICATION FOR FEMORAL 
TROCHANTERIC FRACTURES

Based on stability and displacement; to define nail-
type management.

Type I: stable, undisplaced intertrochanteric fractures
Type II: stable, displaced varus deformity with 

fracture of the lesser trochanter
Type III: unstable, displaced fracture of greater tro-

chanter with posteromedial comminution and 
varus deformity

Type IV: type III with subtrochanteric component
Limitations: designed to compare sliding versus 

rigid nail; other devices now available.
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LETTS-VINCENT-GOUW CLASSIFICATION FOR 
FLOATING KNEE FRACTURE IN CHILDREN INVOLVING 
BOTH FEMUR AND TIBIA

For descriptive purposes.
Type A: both bones diaphyseal closed
Type B: one bone metaphyseal and other diaphy-

seal closed
Type C: epiphyseal and diaphyseal closed
Type D: one open fracture
Type E: two open fractures with major soft tissue 

injury

LEVINE-EDWARDS CLASSIFICATION FOR AXIS 
FRACTURE

Treatment based on location, displacement, and mecha-
nism of injury.

Type I: through neural arch, no angulation, dis-
placement to 3 mm

Juxtatectal: Just below the superior region or tec-
tum, and above the cotyloid fossa

Infratectal: Below the cotyloid fossa
Anterior column fractures are divided into three 

variants:
Low anterior column: exiting at or below the ilio-

pectineal eminence
Middle anterior column: exiting above the acetab-

ulum and below the anterior superior iliac spine 
(ASIS)

High anterior column: exiting above the ASIS 
through the iliac crest

The stem of the T fracture is further classified based 
on its anterior to posterior location.

Anterior, central, or posterior stems: By defini-
tion, the stem has to exit into the obturator fossa 
and out the ischial or pubic ramus. A transischial 
T is a fracture that has its stem contained mostly 
within the posterior column.

Simple fracture types

Associated fracture types

JIHGF

EDCBA

Fig. 1-5 Acetabular fractures. A, Fracture of posterior wall. Repair with plate and lag screw. B, Fracture of posterior column. Repair with plate and 
lag screws. C, Wedge fracture of anterior wall. Repair with lag screws. D, Fracture of anterior column. Repair with plate and long screws. E, Trans-
verse fracture. Repair with plate and lag screws. F, Posterior column/posterior wall. G, Transverse/posterior wall. H, T-shaped fracture. Repair with 
plate and lag screws. I, Anterior column/posterior hemitransverse. J, Both columns. (Modified from Guyton JL and Perez EA: Fractures of acetabulum 
and pelvis. In Canale ST, Beaty JH, editors: Campbell’s operative orthopaedics, ed 12, Philadelphia, 2013, Elsevier, Fig. 56-17.)
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Limitations: the word pilon implies impaction into 
a surface, which is more a posterior or rotatory dis-
placement in types I and II.

MAYO CLASSIFICATION FOR OLECRANON 
FRACTURES

Surgical and closed management based on location, 
comminution, and stability.

Type I: undisplaced
IA: noncomminuted
IB: comminuted

Type II: displaced, stable
IIA: noncomminuted
IIB: comminuted

Type III: unstable
IA: noncomminuted
IB: comminuted

MCKEE CLASSIFICATION

For coronal shear fractures of the distal part of hu-
merus involving the capitellum and/or trochlea.

Type I: complete capitellar fracture with little or no 
extension into the lateral trochlea typically asso-
ciated with anterior displacement

Type II: minimal osteochondral fracture typically 
associated with posterior displacement

Type III: comminuted or compression capitellar 
fracture

Type IV: complete capitellar fracture that extend-
ed medially including more than the lateral half 
of trochlea identified by the presence of the 
pathognomonic "double arc sign" on lateral ra-
diograph

MEHNE AND MATTA CLASSIFICATION FOR DISTAL 
HUMERAL FRACTURES INTO JOINT

To determine surgical approaches.
High T: cross stem T well above joint surface
Low T: cross stem T at joint surface
Y: Stem of Y enters joint separating condyle
H: Separation of condyle with transverse compo-

nent at joint line
Medial Lambda: fracture through medial condyle 

and into joint
Lateral Lambda: fracture through lateral condyle 

and into joint

Type II: through neural arch, angulation, and 
translation

Type IIa: through neural arch, slight, or no transla-
tion but very severe angulation

Type III: severe angulation and displacement with 
concomitant unilateral or bilateral facet disloca-
tion at second and third cervical vertebrae

MALLORY CLASSIFICATION FOR FEMORAL SHAFT 
FRACTURES OCCURRING DURING TOTAL HIP 
REPLACEMENT SURGERY

Based on location, prognosis, and degree of internal 
and external fixation required for healing.

Type I: fracture includes areas of lesser trochanter 
and calcar

Type II: fracture extends beyond lesser trochanter 
to a point up to 4 cm proximal to the prosthetic tip

Type III: fracture line extends below a point 4 cm 
above prosthetic tip

MASON CLASSIFICATION FOR RADIAL HEAD 
FRACTURES

Prognosis based on displacement and comminution.
Type I: undisplaced marginal fracture
Type II: displaced segmental
Type III: comminuted
Type IV: comminuted with posterior elbow dislo-

cation

MAST-SPIEGEL-PAPPAS CLASSIFICATION FOR 
DISTAL TIBIAL FRACTURES AFFECTING TIBIAL 
PLAFOND, PILON

Based on mechanism of deforming load to help define 
a clear prognosis.

Type I: essentially malleolar fracture with large 
posterior plafond fragment

Type II: spiral extension mechanism includes a spi-
ral shaft fracture with no comminution plafond

Type III: central compression with impaction of 
talus into distal tibia, graded A to C per Rüedi 
and Allgöwer:
Type IIIA: cleavage fracture of articular surface 

without displacement
Type IIIB: significant fracture and dislocation of 

articular surface without comminution
Type IIIC: type IIIB with significant comminu-

tion and impaction
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Type IIA: medial to coracoclavicular ligaments 
with conoid and trapezoid remaining attached to 
distal fragment

Type IIB: medial to coracoclavicular ligaments 
with either the conoid or both the conoid and 
trapezoid torn

Type III: intraarticular extension into acromiocla-
vicular joint with no ligamentous injury and are 
stable

Type IV: stable physeal fracture that occurs in the 
skeletally immature where both conoid and trap-
ezoid ligaments remain intact

Type V: usually unstable comminuted fracture pat-
tern with intact conoid and trapezoid ligaments 
but significant medial clavicle displacement

NEER CLASSIFICATION FOR HUMERAL HEAD 
FRACTURES

Based on location and number of fragments; to define 
method of treatment. Note: a part is not a part unless 
it is separated by 1 cm or more or there is 45 degrees 
of angulation.

One-part fractures are fractures that do not meet 
the angulation or displacement criteria.

Two-part fractures have two parts that meet displace-
ment or angulation criteria. Note that there may be a 
fracture of greater and lesser tuberosities from the shaft 
that constitute three parts, but only the components 
that meet displacement criteria are included in the clas-
sification. Thus a fracture with three parts, one of which 
is undisplaced, may be called a two-part fracture.

Three-part fractures have three fracture compo-
nents that meet displacement and angulation criteria.

Four-part fractures have all parts displaced and an-
gulated that meet criteria.

anatomic neck: two-part (neck and shaft only)
surgical neck: below tuberosity; considered two-

part even if comminuted
greater tuberosity: may be two-part, three-part 

with anatomic neck, or four-part with anatomic 
neck and lesser tuberosity

lesser tuberosity: may be two-part, three-part 
with anatomic neck, or four-part with anatomic 
neck and greater tuberosity

fracture-dislocation, anterior: two-part with greater 
tuberosity, three-part with anatomic neck and 
greater tuberosity, four-part with lesser tuberosity

MEYERS-MCKEEVER CLASSIFICATION FOR 
INTERCONDYLAR EMINENCE FRACTURES OF THE 
TIBIA IN CHILDREN

For surgical planning.
Type I: nondisplaced avulsion
Type II: anterior one-third to one-half lifted with 

posterior rim intact
Type III: completely displaced

MILCH CLASSIFICATION FOR MEDIAL AND LATERAL 
CONDYLAR FRACTURES OF THE HUMERUS IN 
CHILDREN

To define closed versus open treatment.
Type 1: fracture line from trochlear groove to lat-

eral superior or trochlear sulcus to medial su-
perior; more stable on reduction (compression 
fracture mechanism)

Type 2: fracture line from trochlear sulcus to lateral 
superior or trochlear groove to medial superior; 
more unstable (compression fracture-dislocation 
mechanism)

MONTEGGIA CLASSIFICATION FOR FRACTURE OF 
ULNA WITH DISLOCATION OF RADIAL HEAD

Type I: volar bow of ulnar fracture with superior 
radial head dislocation

Type II: dorsal bow ulnar fracture with inferior ra-
dial head dislocation

Type III: lateral bow ulnar fracture with lateral ra-
dial head dislocation

Type IV: midshaft radius and ulnar fractures with 
radial head dislocation

MYERSON CLASSIFICATION FOR LISFRANC JOINT 
FRACTURE OF THE FOOT

Type A: total incongruity; can be either medially or 
laterally displaced

Type B1: partial incongruity medial
Type B2: partial incongruity lateral
Type C1: partial divergent displacement
Type C2: total divergent displacement

NEER CLASSIFICATION FOR STABILITY OF DISTAL 
CLAVICLE FRACTURES

Type I: stable fracture is lateral to coracoclavicular 
ligaments, conoid and/or trapezoid ligament re-
main intact with minimal displacement
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Type 2: through provisional calcification and hy-
pertrophic zone with piece of metaphysis
2A: attached metaphyseal fragment
2B: comminuted metaphyseal fragment
2C: shorter metaphyseal fragment that traverses 

most of metaphysis
2D: similar to type 1C; affects germinal layer of 

physis with growth effect
Type 3: fracture extends from articular surface 

through epiphysis up to, but not across, physis
3A: transverse fracture line entirely through 

physis
3B: transverse fracture line through spongiosa, 

leaving small portion of metaphysis with 
epiphysis

3C: local compression of physis
3D: nonarticular epiphysis such as ischial tuber-

osity
Type 4: fracture extends from articular surface, 

through epiphysis and past physis to metaphysis
4A: basic transepiphyseal physeal fracture
4B: with line across portion of physis, similar to 

type 3
4C: involves nonarticular cartilaginous region 

such as proximal femur
Type 5: affects germinal layer without bony fracture
Type 6: involves zone of Ranvier (ring of cells at 

margin of physis from local contusion)
Type 7: completely intraepiphyseal

7A: involves both articular cartilage and bone of 
secondary ossification center

7B: injury to cartilage growth surface on articu-
lar surface of epiphysis

Type 8: injury to metaphyseal growth and remod-
eling mechanism

Type 9: selective injury to diaphyseal growth 
mechanism, appositional

Limitations: complexity.

OGDEN CLASSIFICATION FOR DISRUPTION OF 
PROXIMAL TIBIOFIBULAR JOINT

Type A: subluxation laterally, medially, anteriorly, 
and posteriorly

Type B: anterolateral dislocation
Type C: posteromedial dislocation
Type D: superior dislocation with some lateral-

ization

fracture-dislocation, posterior: two-part with 
lesser tuberosity, three-part with anatomic neck, 
four-part with greater tuberosity

Limitations: interobserver disagreement on x-ray 
interpretation.

NEER-HOROWITZ CLASSIFICATION FOR PROXIMAL 
HUMERAL PHYSEAL FRACTURES IN CHILDREN

Based on location.
Grade I: < 5 mm displacement
Grade II: displaced up to one-third the width of 

the shaft
Grade III: displaced from one- to two-thirds the 

width of the shaft
Grade IV: displaced more than two-thirds the 

width of the shaft

O’DRISCOLL CLASSIFICATION FOR CORONOID 
FRACTURES OF THE ULNA

Type 1: fractures involve the tip of the coronoid 
process and are divided into two subtypes based 
on size of the fracture: subtype I fractures, small-
er than 2 mm, and subtype II fractures, larger 
than 2 mm

Type 2: fractures involve the anteromedial facet 
and are divided, based on anatomic location, 
into three subtypes: subtype I, involving the rim; 
subtype II, involving the rim and the tip; and 
subtype III, involving the rim and the sublime 
tubercle with or without the tip

Type 3: basal coronoid fractures involving at least 
50% of the height of the coronoid; divided into 
two subtypes, depending on whether the frac-
ture involves the base of the olecranon

OGDEN CLASSIFICATION FOR FRACTURES 
WITH INJURY TO ALL BONE AND CARTILAGE 
COMPONENTS THAT MAY AFFECT GROWTH

To better define effects on growth, including nonphy-
seal growth areas.

Type 1: entirely through physis
1A: undulates through provisional calcification 

of hypertrophic zone; no effect on growth
1B: more into degenerative cartilage zone and 

primary spongiosa; no effect on growth
1C: affects a portion of germinal layer of physis 

leading to bridging bar
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2. Loss of muscle but the muscle remains function-
al, some localized necrosis in the zone of injury 
that requires excision; intact muscle-tendon 
unit

3. Dead muscle, loss of muscle function, partial or 
complete compartment excision, complete dis-
ruption of a muscle-tendon; muscle defect does 
not approximate

Arterial

1. No major vessel disruption
2. Vessel injury without ischemia
3. Vessel injury with distal ischemia

Contamination

1. No or minimal contamination
2. Surface contamination (easily removed, not em-

bedded in bone or deep soft tissue)
3. Contaminant embedded in bone or deep soft 

tissues, or high-risk environmental conditions 
(barnyard, fecal matter, dirty water, etc.).

Bone loss

1. None
2. Bone missing or devascularized but still some 

contact between proximal and distal fragments
3. Segmental bone loss

PAUWELS CLASSIFICATION FOR FEMORAL NECK 
FRACTURES

Based on angle of fracture to define stability of fracture 
in management.

Type I: angle of fracture line is 0–30 degrees from 
the horizontal

Type II: angle of fracture line is 30–50 degrees 
from the horizontal

Type III: angle of fracture line is 70 degrees from 
the horizontal

PIPKIN CLASSIFICATION FOR HIP DISLOCATIONS 
WITH FEMORAL HEAD FRACTURE

Based on location of fracture head and neck when 
associated with a posterior hip dislocation (type V 
Epstein Thompson); to determine prognosis for long-
term outcome.

OGDEN CLASSIFICATION FOR TIBIAL TUBEROSITY 
FRACTURES IN CHILDREN

Need for surgical reduction and fixation.
Type 1: injury to most distal part of tuberosity

1A: mild displacement, relatively stable, possible 
propagation into main ossification center

1B: separation of fragment from metaphysis with 
or without separation from rest of the second-
ary ossification center

Type 2: separation of entire ossification center of 
tuberosity with possible propagation into main 
ossification center of proximal end of tibia; frac-
ture of tuberosity segment at juncture of main 
ossification centers of tibia and tuberosity
2A: without communication of ossification 

center
2B: with communication of ossification center

Type 3: more severe separation of fragments; prop-
agation of fracture through main proximal tibial 
epiphysis into joint; disruption of articular sur-
face under anterior attachments of medial or lat-
eral meniscus or both
3A: single displaced fragment
3B: comminuted displaced fragments

OLECRANON CLASSIFICATION FOR FRACTURES  
(NO EPONYM)

Type I: involves only proximal third of articular 
surface or no articular surface

Type II: involves middle third of articular surface
Type III: may occur in conjunction with anterior 

displacement of the radius

ORTHOPAEDIC TRAUMA ASSOCIATION (OTA) 
CLASSIFICATION FOR FRACTURES ASSOCIATED 
WITH SKIN, MUSCLE, AND ARTERIAL INJURY; 
CONTAMINATION; AND BONE LOSS

Skin

1. Laceration with edges that can be approximated
2. Laceration with edges that do not approximate
3. Laceration associated with extensive degloving

Muscle

1. No muscle in area, no appreciable muscle ne-
crosis, no muscle injury with intact muscle 
function
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condyle and then dividing transversely or 
obliquely across the shaft separating the con-
dyles from each other and the shaft; no appre-
ciable separation or rotation on anteroposterior 
roentgenogram

Type 3: significant separation with rotational dis-
placement of condyles

Type 4: severe comminution of articular surface 
and wide condylar separation

ROCKWOOD CLASSIFICATION FOR 
ACROMIOCLAVICULAR SEPARATIONS

To determine degree of injury or need for surgical 
intervention.

Type I: neither acromioclavicular nor coracocla-
vicular ligament torn

Type II: acromioclavicular ligament torn but cora-
coclavicular ligament intact

Type III: both acromioclavicular and coracoclavic-
ular ligaments torn

Type IV: both ligaments torn and clavicle displaced 
posteriorly through trapezius

Type V: both ligaments torn and wide superior 
separation of the clavicle

Type VI: both ligaments torn and distal clavicle 
caught inferior to coracoid and posterior to con-
joined tendon

ROWE AND LOWELL CLASSIFICATION FOR CENTRAL 
FRACTURE DISLOCATIONS OF ACETABULUM

To define surgical planning and risk of complications.
Type I: undisplaced (single line or stellate)
Type II: inner wall fractures

Type IIA: femoral head reduced under acetabu-
lar dome initially

Type IIB: femoral head out, reduced under ac-
etabular dome initially

Type III: superior dome fractures
Type IIIA: acetabulum generally congruent with 

femoral head
Type IIIB: acetabulum incongruent with femoral 

head
Type IV: bursting fracture (all elements of acetabu-

lum involved)
Type IVA: fractures with congruity between 

femoral head and acetabular dome

Type I: posterior dislocation of the hip with 
fracture of the femoral head caudad to fovea 
centralis

Type II: posterior dislocation of the hip with 
fracture of the femoral head cephalad to fovea 
centralis

Type III: type I or II with femoral neck fracture
Type IV: type I, II, or III with associated acetabular 

fracture

POLAND CLASSIFICATION FOR CHILDHOOD 
FRACTURES INVOLVING EPIPHYSIS

Entirely descriptive, written at time of development of 
radiographs.

Type I: separation across physis only
Type II: separation across physis with fragment 

metaphysis
Type III: separation of portion of epiphysis across 

physis
Type IV: separation of both portions of epiphysis 

from physis

QUÉNU AND KÜSS MODIFIED CLASSIFICATION 
FOR FRACTURES AND DISLOCATIONS OF 
TARSOMETATARSAL ARTICULATION

To determine the magnitude of soft tissue injury, dis-
placement plane, prognosis, and treatment.

Type A: total incongruity; all five metatarsals dis-
placed in same direction

Type B: partial incongruity:
medial dislocation
lateral dislocation

Type C: divergent usually between first and second 
rays:
total—all five rays involved
partial—some lateral rays intact

RISEBOROUGH AND RADIN CLASSIFICATION FOR 
DISTAL HUMERAL INTERCONDYLAR T FRACTURES

Based on roentgenographic analysis to compare closed 
versus open treatment.

Type 1: undisplaced fracture between capitellum 
and trochlea

Type 2: nondisplaced T or Y fracture, with frac-
ture exiting from groove proximally between 
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SAMILSON-PREITO CLASSIFICATION FOR 
DEGENERATIVE CHANGE ASSOCIATED WITH 
SHOULDER DISLOCATION

Relating degenerative change to timing of treatment.
mild: inferior exostosis of humeral head or glenoid 

< 3 mm in size on anteroposterior radiograph
moderate: inferior exostosis of humeral head or 

glenoid between 3 and 7 mm in size with slight 
joint irregularity

severe: > 8 mm osteophyte with joint narrowing 
and sclerosis

SANDERS CLASSIFICATION FOR CALCANEAL 
FRACTURES

Based on posterior facet involvement.
Type I: nondisplaced posterior facet
Type II: displaced with one fracture line in poste-

rior facet
Type III: displaced with two fracture lines in pos-

terior facet
Type IV: displaced with three fracture lines in pos-

terior facet

SCHATZKER CLASSIFICATION FOR OLECRANON 
FRACTURES

Based on fracture pattern.
Type I: Simple transverse fracture
Type II: Transverse impacted fracture
Type III: Oblique fracture
Type IV: f Comminuted fracture
Type V: More distal fracture, extra-articular
Type VI: Fracture-dislocation

SCHATZKER CLASSIFICATION FOR TIBIAL PLATEAU 
AND PROXIMAL TIBIAL FRACTURE PATTERNS

Based on pathoanatomic factors, etiologic factors, and 
therapeutic features; to determine treatment of frac-
ture of the tibial plateau and proximal tibia.

Type I: lateral nondisplaced fracture
Type II: lateral fracture with articular depression
Type III: lateral articular depression only
Type IV: fracture of medial condyle
Type V: bicondylar fractures
Type VI: plateau fracture with dissociation of tibial 

metaphysis and diaphysis
Limitations: type V could be divided into axial, lat-

erally tilted, and medially tilted.

Type IVB: fractures with incongruity between 
femoral head and acetabular dome

RÜEDI AND ALLGÖWER CLASSIFICATION FOR 
DISTAL TIBIAL PILON FRACTURES

Degree of comminution and displacement of articular 
fragments; to define nature of management of pilon 
fractures of the distal tibia.

Type A: cleavage fracture of the articular surface 
without major dislocation of the fragments

Type B: significant fracture and dislocation of the 
articular surface without comminution

Type C: severe comminution and impaction of 
tibial articular surface

RUSSELL-TAYLOR CLASSIFICATION FOR HIGH 
PROXIMAL FEMORAL FRACTURES

To predict effectiveness of closed nailing techniques.
Group I: does not involve piriformis fossa

Group Ia: comminution and fracture line ex-
tends from below lesser trochanter to femoral 
isthmus

Group Ib: fracture line and comminution in-
volving area from lesser trochanter to femoral 
isthmus

Group II: involvement of piriformis fossa
Group IIa: fracture extends from lesser trochan-

ter to isthmus with involvement of piriformis 
fossa (seen on lateral roentgenogram)

Group IIb: fracture extends into the piriformis 
fossa (seen on lateral roentgenogram) with sig-
nificant medial comminution and loss of lesser 
trochanteric continuity

SALTER-HARRIS CLASSIFICATION FOR FRACTURES 
INVOLVING THE PHYSIS IN CHILDREN

To predict growth disturbance and need for exact 
reduction.

Type I: fracture line across physis only
Type II: fracture line across physis with portion 

through metaphysis
Type III: fracture through physis and portion of 

epiphysis
Type IV: fracture line through epiphysis, crosses 

physis, and out metaphysis
Type V: crush injury to physis
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Grade III: explosive or blast fracture with disin-
tegration of acetabular rim, unstable after re-
duction

Grade IV: dislocation with fracture of head or neck 
of femur

STRESS INJURY TO BONE CLASSIFICATION FOR 
STRESS FRACTURES

To grade relative state or level of effect on bone.
Grade O: positive bone scan in an asymptomatic 

subject with negative radiographs; seen only in 
research surveys

Grade I: local symptoms associated with a positive 
bone scan and negative radiographs

Grade II: local symptoms with a positive bone scan 
and minimal findings on radiographs

Grade III: local symptoms with a positive bone 
scan and clear evidence of bone absorption on 
radiographs

Grade IV: local symptoms with a positive bone 
scan and actual bone fracture

THOMPSON AND EPSTEIN CLASSIFICATION FOR HIP 
DISLOCATION WITH ACETABULAR FRACTURE

Based on size and stability of associated fractures to 
determine outcome of treatment.

Type I: with or without minor fracture
Type II: with a large single posterior acetabular rim 

fracture
Type III: with comminution of the posterior rim 

with or without a major fragment
Type IV: with fracture of the acetabular floor
Type V: with fracture of the femoral head
Limitations: does not take into account size and place 

of femoral head fragment (see Pipkin classification).

TILE CLASSIFICATION FOR PELVIC FRACTURES

Numbers used by the AO group based on mechanism 
and letters based on vertical and rotational stability (A, 
stable; B, rotationally unstable and vertically stable; 
C, rotationally and vertically unstable) to determine if 
surgical or closed treatment is indicated.

Type A1: does not involve pelvic ring such as avul-
sion fracture and fractured ilium

Type A2: stable pelvic ring such as low-energy fall 
in older adults; minimal displacement

Type B1: open book or anterior compression injury

SCHENCK CLASSIFICATION FOR KNEE 
DISLOCATIONS

Based on number of ligaments involved.
KD I: Multi-ligamentous injury with the involve-

ment of the ACL or PCL
KD II: Injury to ACL and PCL only (two ligaments)
KD III: Injury to ACL, PCL, and PMC or PLC (three 

ligaments)
KDIIIM: (ACL, PCL, MCL)
KDIIIL: (ACL, PCL, PLC, LCL)

KD IV: Injury to ACL, PCL, PMC, and PLC (four 
ligaments)

KD V: Multi-ligamentous injury with periarticular 
fracture

SEINSHEIMER CLASSIFICATION FOR FEMORAL 
INTERTROCHANTERIC AND SUBTROCHANTERIC 
FRACTURES

Based on number of fragments and the location and 
configuration of fracture lines; to select method of sur-
gical fixation.

Type I: nondisplaced or < 1 mm displacement
Type II: two-part fractures

Type IIA: transverse
Type IIB: spiral with lesser trochanter attached 

to proximal fragment
Type IIC: spiral with lesser trochanter attached 

to distal fragment
Type III: three-part fractures

Type IIIA: spiral with lesser trochanter a part of 
the proximal fragment

Type IIIB: spiral with lesser trochanter a butter-
fly fragment

Type IV: comminuted with four or more fragments
Type V: subtrochanteric-intertrochanteric configu-

ration
Limitations: lesser trochanteric continuity and in-

volvement of piriformis fossa a major factor of stability.

STEWART AND MILFORD CLASSIFICATION FOR HIP 
DISLOCATION WITH ASSOCIATED ACETABULAR AND 
FEMORAL HEAD FRACTURE

For prognosis.
Grade I: simple dislocation without acetabular 

fracture
Grade II: dislocation with one or more large ac-

etabular fractures but stable after reduction
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Grade CI: superficial abrasion, mild to moderately 
severe fracture configuration

Grade CII: deep contaminated abrasion with local 
damage to skin or muscle, moderately severe to 
severe fracture configuration

Grade CIII: extensive crushing of soft tissues, sub-
cutaneous degloving, arterial disruption, or es-
tablished compartment syndrome

Limitations: definition of severity is lacking, no vas-
cular annotation.

VANCOUVER CLASSIFICATION FOR PERIPROSTHETIC 
FRACTURE HIP

Type A: around the trochanter
AG: greater trochanter
AL: lesser trochanter

Type B: around or just distal to prosthetic stem
B1: stable stem
B2: loose stem
B3: loose implant with substantial bone loss

Type C: well below the implant

WATSON SLAC STAGING SCORE

Stage 1: Degeneration between scaphoid and radial 
styloid

Stage 2: degeneration between scaphoid and entire 
radial facet

Stage 3: Degeneration scaphocapitate joint

WATSON-JONES CLASSIFICATION FOR TIBIAL 
TUBEROSITY FRACTURES IN CHILDREN

To determine need for surgical reduction and fixation.
Type I: small fragment displaced superiorly
Type II: larger fragment hinged upward involving 

secondary center of ossification
Type III: displaced fracture passes posteriorly and 

proximally across epiphyseal plate
Limitations: does not account for potential entry of 

type II into knee joint.

WEBER CLASSIFICATION FOR ANKLE FRACTURES 
(DANIS-WEBER)

Based on the appearance of the fibular fracture; to de-
fine direction of causative and thus reducing forces.

Type A: caused by internal rotation and adduction; 
produces a transvers fracture of the lateral mal-
leolus below the level of the syndesmosis

Type B2: lateral compression force with ipsilateral 
fracture

Type B3: lateral compression force with contralat-
eral fractures

Type C1: unilateral fracture with both anterior and 
posterior complex

Type C2: bilateral injuries
Type C3: vertical shear fracture with fractured ac-

etabulum

TORODE AND ZIEG CLASSIFICATION FOR PELVIC 
FRACTURES IN CHILDREN

Type I: avulsion of the bony elements of the pelvis
Type II: iliac wing fractures
Type III: simple ring fracture including pubic rami 

or disruption of pubic symphysis
Type IV: unstable ring fracture including straddle 

(bilateral pubic rami) fractures, pubic rami or 
symphysis with posterior elements or sacroiliac 
joint disruption, anterior fracture with acetabu-
lar fracture

TRONZO CLASSIFICATION FOR INTERTROCHANTERIC 
FRACTURES

Based on reduction potential.
Type I: incomplete trochanteric fracture reduced 

anatomically with traction
Type II: uncomminuted fracture of both trochan-

ters, with or without displacement, reduced with 
traction; anatomic reduction usually achieved

Type III: comminuted fracture with large lesser 
trochanteric fragment, posterior wall exploded; 
fracture line makes beak of inferior femoral neck 
unstable

Type IV: comminuted and unstable disengaged 
trochanteric fractures with explosion of posteri-
or wall and medial displacement of femoral neck 
spike

Type V: trochanteric fracture with reverse obliquity 
(downward from a medial to lateral direction)

TSCHERNE CLASSIFICATION FOR CLOSED 
FRACTURES WITH ASSOCIATED SOFT TISSUE 
INJURY

To define risk of surgical management.
Grade CO: simple fracture configuration with little 

or no soft tissue injury
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I: slight widening of pubic symphysis and/or 
anterior sacroiliac (SI) joint; stretched but in-
tact SI, sacrotuberous, and sacrospinous liga-
ments; intact posterior SI ligaments

II: widened anterior SI joint; disrupted ante-
rior SI, sacrotuberous, and sacrospinous liga-
ments; intact SI posterior ligaments

III: complete SI joint disruption with lateral dis-
placement; disrupted anterior SI, sacrotuberous, 

Type B: caused by external rotation resulting in an 
oblique fracture of the lateral malleolus at the 
same level as the syndesmosis

Type C-1: abduction injury with oblique fracture 
of fibula proximal to disrupted tibiofibular liga-
ment (medial malleolus or deltoid ligament may 
be affected)

Type C-2: abduction-external rotation injury with 
more proximal fracture of fibula and more exten-
sive disruption of interosseous membrane (medi-
al malleolus or deltoid ligament may be affected)

WEISS CLASSIFICATION FOR LATERAL HUMERAL 
CONDYLE FRACTURES

Type 1: < 2 mm separation
Type 2: 2–4 mm separation
Type: > 4 mm separation

WINQUIST-HANSEN CLASSIFICATION FOR FEMORAL 
SHAFT FRACTURES

Based on comminution and stability; to determine if 
static locking nail is necessary.

Grade O: transverse
Grade I: comminuted with small piece not affect-

ing stability
Grade II: comminuted with 50% abutting major 

cortex sufficient to prevent rotation and shorten-
ing with good proximal and distal nail purchase

Grade III: < 50% major cortex contact allowing 
rotation or shortening; requires proximal and 
distal cross-fixation

Grade IV: no fixed contact between major proxi-
mal and distal fragment; requires proximal and 
distal cross-fixation

YOUNG-BURGESS CLASSIFICATION FOR PELVIC 
FRACTURES (Fig. 1-6)

Radiologic assessment based on probable mechanism 
to recognize pattern at high risk for hemorrhage or 
related injury in acute setting.

LC: lateral compression
I: sacral compression on side of impact
II: crescent (iliac wing) fracture on side of impact
III: LC-I or LC-II injury on side of impact: con-

tralateral open-book anterior-posterior com-
pression (APC) injury

APC: anteroposterior compression

I II

IIIA

I II

IIIB

C
Fig. 1-6 Young and Burgess classification of pelvic fractures. A, 
Lateral compression force. B, Anteroposterior compression. C, Verti-
cal shear. (From Islam A: Fractures of the pelvis and acetabulum. In 
Eastman AL: The Parkland trauma handbook, ed 3, Philadelphia, 2009, 
Elsevier, Fig. 38-1.)
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old d.: inflammatory or bone changes have occurred.
open d.: one in which the skin is broken; formerly 

called compound d.
partial d.: incomplete dislocation.
pathologic d.: results from paralysis or disease in 

the joint or surrounding area.
primitive d.: bones remain as originally displaced.
recent d.: there is no complicating inflammation.
recurrent d.: repetitive dislocation with or without 

adequate trauma.
traumatic d.: caused by serious injury.
voluntary d.: dislocation that is caused by will of 

the person and can be reduced as well by the will 
of the person.

SPECIFIC DISLOCATIONS (BY ANATOMY)

Cervical Dislocation

Bell-Dally d.: nontraumatic dislocation of the first 
cervical vertebra (atlas).

Shoulder Dislocations

A/C joint separation: acromioclavicular joint dis-
ruption and separation.

anterior shoulder d.: involves the glenohumeral 
joint with the humeral head displaced anteriorly 
and inferiorly; may be associated with one of the 
following:
Bankhart lesion: seen surgically as detach-

ment of the glenoid labrum and sometimes a 
bone fragment from the glenoid; also called 
Perthes-Bankhart lesion.

Hill-Sachs lesion: seen radiographically as an 
indentation of the posteromedial humeral 
head, which occurred at the time of the dis-
location; also called hatchet head deformity.

locked scapula: rare scapulothoracic dissociation 
with entrapment of scapula into chest wall or 
with anterior displacement; usually associated 
with severe neurovascular injury.

luxatio erecta: dislocation of shoulder so that the 
arm stands straight up over the head with hu-
merus locked in 110 to 160 degrees abduction.

multidirectional instability: shoulder that is un-
stable in multiple planes, commonly anterior in-
ferior and posterior inferior.

posterior shoulder d.: involves the glenohumeral 
joint with the humeral head displaced posteriorly.

sacrospinous ligaments; disrupted posterior SI 
ligaments

VS (vertical shear): symphyseal diastasis or verti-
cal displacement anteriorly and posteriorly, usu-
ally through the SI joint, occasionally through 
the iliac wing or sacrum

CM (combination): combination of other injury, 
LC/VS being the most common

ZICKLE CLASSIFICATION FOR SUBTROCHANTERIC 
FRACTURES

To define a method of fixation.
Type IA: short oblique fracture from above the 

lesser trochanter to the lower lateral shaft
Type IB: long oblique fracture from above the less-

er trochanter to the lower lateral shaft; commi-
nution may be present

Type IC: transverse fracture just below lesser tro-
chanter to a point near the isthmus

Dislocations
This section is divided into two parts: The first is a gen-
eral list of terms applied to all joints, and the second 
is a list by specific anatomic location. Posttraumatic 
arthritis, recurrent dislocation, limitation of joint mo-
tion, joint mice, instability, or avascular necrosis may 
accompany various dislocation types. Hand and wrist 
dislocations are complicated and are discussed sepa-
rately in Chapter 10.

GENERAL DISLOCATIONS

closed d.: one in which the skin is not broken; for-
merly called simple d.

complete d.: one that completely separates the 
joint surfaces.

complicated d.: associated with surrounding tissue 
injuries.

consecutive d.: the luxated bone has changed its 
position since its first displacement.

developmental dysplasia: exists in infancy with or 
without dislocation of the hips; formerly called 
congenital d.

frank d.: a complete dislocation in any area.
habitual d.: one that repeatedly recurs; usually con-

genital.
incomplete d.: subluxation with only slight dis-

placement.



 1 Classifications of Fractures, Dislocations, and Sports-Related Injuries 33

developmental dysplasia of the hip (DDH): for-
merly called congenital dysplasia of the hip 
(CDH), congenital d., luxatio coxae congenita.

luxatio perinealis: dislocation of femoral head 
into the perineum.

Monteggia d.: involves femoral head to near the 
anterosuperior spine of the ilium; hip joint dis-
location.

Otto pelvis: gradual central displacement of the fe-
mur by unknown causes. Also called protrusio 
acetabuli.

posterior d.: femoral head slips posteriorly; more 
common than anterior d. Also called dashboard d.

posterior f.-d.: chip f. of the acetabulum with a 
posterior d. of the femoral head.

Patella (Dislocation vs. Subluxation)

One of the most common dislocations is a patellar dis-
location, erroneously called a dislocated knee. The dis-
located patella simply goes out of the femoral groove. 
A subluxation is a tendency for the patella to move 
partially out of the groove. The most common direc-
tion is lateral but may be medial.

Knee Dislocations

horseback rider’s knee: dislocation of fibular head; 
injury associated with rider hitting leg against a 
post.

knee d.: slippage of the femur off the tibia; com-
monly called a true knee d. to distinguish it 
from a dislocated patella.

parachute jumper’s d.: anterior dislocation of 
proximal fibula.

Ankle and Foot Dislocations

Chopart d.: navicula and cuboid dislocate across 
talus and calcaneus (Chopart joint).

fracture-dislocation of ankle: any combination 
of tibial and fibular fractures resulting in a dis-
placed talus.

Lisfranc d.: a spectrum of one or more tarsometa-
tarsal dislocations; not to be confused with a 
frank dislocation, which denotes a complete 
dislocation in any area.

medial swivel d.: navicula is displaced medially 
on a fracture of the midtalus, but the calcaneo-
cuboid joint stays intact and the subtalar joint 

reverse Bankhart lesion: seen surgically as a de-
tachment of the rim of the posterior labrum from 
the glenoid rim.

reverse Hill-Sachs lesion: defect of anteromedial 
humeral head; may be seen on radiographs or 
at surgery.

sternoclavicular joint separation: disruption of 
the sternoclavicular joint.

subcoracoid d.: glenohumeral dislocation with the 
humeral head displaced medially.

subglenoid d.: glenohumeral dislocation with the 
humeral head displaced inferiorly.

Elbow Dislocations

direct injury d.: posterior displacement of the olec-
ranon.

divergent d.: ulna and radius are dislocated sepa-
rately.

milkmaid’s d.: a very common problem in young 
children, the radiocapitellar joint slips out after 
a relatively gentle pull with dislocation of radi-
al head superiorly and anteriorly (e.g., when a 
child walking with an adult is helped by lifting 
the child up by one arm); also called superior 
radial head d., milkmaid’s elbow, nursemaid’s 
elbow.

Monteggia f.-d.: fracture of the ulna with a radial 
head dislocation.

Spine Dislocations

spondylolisthesis: not a true dislocation, be-
cause it rarely occurs as a result of trauma or 
muscle imbalance but is a forward displace-
ment of one vertebral body over another; usu-
ally occurs as a result of a defect in the pars 
interarticularis.

spondylolysis: acute (traumatic) dissociation of 
pars interarticularis or posterior elements (lam-
ina) with or without spondylolisthesis.

unilateral facet subluxation: dislocation of one of 
the two facets at any level; most common in the 
cervical region.

Hip Dislocations

anterior d.: involves the femoral head anteriorly.
central d.: one in which the femur jams into the 

acetabulum; also called bursting d.



34 A Manual of Orthopaedic Terminology

and ruptures of ligaments occur in the knee, ankle 
joints, and, sometimes, shoulder. At the ankle, a sud-
den twisting motion with full weight on the side of the 
foot can cause a sprain. A fracture may occur as well. 
There are many terms for muscle, tendon, and liga-
ment injuries as follows.

SHOULDER SPRAIN

acromioclavicular s.: stretching of the ligaments of 
the acromioclavicular joint or the coracoclavicu-
lar ligaments. The grades are from I to VI. When 
there is separation (grades II to VI), it is termed 
a shoulder separation. Often the term shoul-
der sprain implies this specific condition, as op-
posed to an effect on the glenohumeral joint.
Type I: no disruption of acromioclavicular joint
Type II: less than joint height separation of acro-

mioclavicular joint
Type III: joint height separation of acromiocla-

vicular joint
Type IV: posteriorly displaced incarceration of 

clavicle into trapezial muscle
Type V: very wide superior separation of clavicle 

from acromion
Type VI: inferior incarceration of clavicle under 

acromion
floating shoulder: disruption of combination of 

the glenoid, coracoid process, coracoclavicular 
ligaments (conoid and trapezoid), distal part of 
the clavicle, acromioclavicular joint, and acro-
mion process; resulting in separation of the gle-
nohumeral joint from the scapula.

TIETJEN CLASSIFICATION: FOR PECTORALIS 
MUSCLE SPRAINS AND TEARS

For degree of injury.
Type I: Contusion or sprain
Type II: Partial tear
Type III: Complete tear at:

A: muscle origin
B: muscle belly
C: myotendinous junction
D: tendon

KNEE SPRAINS

anterior cruciate s.: commonly associated with a 
medial collateral ligament tear, dislocated patella, 

is not dislocated. The calcaneus rotates on the 
intact interosseous talocalcaneal ligament.

metatarsophalangeal joint d.: occurs at the base 
of the toe.

Nélaton d.: dislocation of the ankle in which the 
talus is forced between the end of the tibia and 
fibula.

Smith d.: upward and backward dislocation of the 
metatarsals and medial cuneiform bone.

subastragalar d.: separation of the calcaneus and 
navicular bone from the talus.

tarsal d.: usually an ankle dislocation associated 
with a fracture of the neck of the talus; com-
monly an open injury. This term may also denote 
other tarsal bone dislocations, such as of the cu-
neiform and cuboid.

Subluxations
Subluxations are categorized by anatomic location as 
there are no eponymic terms.

facet s.: malalignment of opposing facet, allowing 
one cervical body to rotate around another.

patellar s.: most commonly in a lateral direction.
radioulnar s.: involves the distal ulnar radial joint.
sacroiliac s.: involves the sacroiliac joint; usually 

associated with a pelvic fracture and other dis-
sociations of the pelvic ring.

shoulder s.: involves the glenohumeral joint (as 
opposed to the acromioclavicular joint).

wrist s.: involves the proximal carpal bones on the 
radius and ulna.

Strains and Sprains
The term strain applies to an injury of muscle or its 
tendon. The term sprain applies to ligamentous injury. 
However, the term strain is often interchanged with the 
word sprain. In part, this is because both injuries can oc-
cur at the same time, such as a low-back strain. It is clear 
at the time of injury that there is an acute tear or stretch-
ing of a back muscle, but there can also be a concurrent 
injury to the ligaments or disk tissue. If the symptoms 
continue, the sprain component becomes more appar-
ent because the muscle normally recovers very rapidly.

Strains are often associated with injury to muscle 
caused by strenuous exercise without preconditioning 
and are usually referred to the back region. Sprains 
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Type II: defect is up to 3 cm and is managed with 
an end-to-end repair

Type III: defect includes gaps of 3–6 cm managed 
with a tendon graft

Type 4 defect is over 6 cm and is repaired with a 
tendon graft and a gastrocnemius recession

ANKLE SPRAINS

deltoid s.: commonly occurs with a fibular frac-
ture; rarely an isolated rupture.

fibular collateral s.: general term for sprain or rup-
ture of one or more of three ligaments on the 
lateral side of the ankle.
anterior talofibular s.: most common sprain or 

rupture of the ankle ligaments.
calcaneofibular s.: sprain or rupture of middle 

of three lateral ankle ligaments, usually associ-
ated with other injuries.

tibiofibular s.: without rupture, there is no spread-
ing of the tibia and fibula; with rupture, a diasta-
sis occurs; syndesmotic sprain, high ankle sprain.

Sports-Related Injuries
Injuries from vocational and avocational sports activi-
ties have greatly increased over the years. In the Unit-
ed States, more than 2 million sports-related injuries 
occur annually. So much time and effort have been de-
voted to the more immediate identification and treat-
ment of these athletic injuries that the development of 
the subspecialty of sports medicine became an integral 
part of orthopaedics.

Sports medicine has had a dramatic effect on the 
activities themselves. Exercise as a science has opened 
new dimensions in health care. Improved sports 
equipment and design have been developed through 
the combined efforts of engineers and medical support 
personnel, and rule changes are often made in consid-
eration of the safety of the players.

Many sports injuries are a result of muscle and 
tendon overuse rather than a specific sprain or strain. 
Some of these conditions are so common in certain 
sports that they are named after the sport, for example, 
baseball finger.

This terminology applies to the nonathletic popu-
lation as well, who experience similar conditions. 
This may be the result of an increase in activity from 

or torn meniscus; may occur as an isolated in-
jury; allows the femur to slide backward on the 
tibia (tibia slides forward on the femur).

lateral collateral s.: isolated injury that may be 
associated with rupture of the biceps femoris 
tendon, anterior or posterior cruciate ligament, 
and iliotibial tract; allows the joint to open lat-
erally, and with some associated injuries allows 
the lateral femur to slide backward on the tibia 
(tibia slides forward on the femur). Also, the pe-
roneal nerve, fabellar-fibular ligament, popliteus, 
and popliteal-fibular ligament may be at risk in a 
posterolateral complex injury.

medial collateral s.: occurs as a result of a clipping 
injury (valgus stress); may be associated with a 
cruciate ligament tear, patellar dislocation, or 
torn medial meniscus; allows the joint to open 
medially, and with some associated injuries al-
lows the medial femur to slide backward on the 
tibia (tibia slides forward on the femur).

posterior cruciate s.: allows the tibia to slide back-
ward on the femur; often seen alone; allows the 
femur to slide forward on the tibia (tibia slides 
backward on the femur).

posterior oblique ligament s.: part of the medial 
collateral ligament s. or rupture complex; allows 
the medial femur to slide backward on the tibia 
(medial tibia slides forward on the femur).

ACHILLES TENDON RUPTURE CLASSIFICATION

MYERSON’S CLASSIFICATION FOR ACHILLES 
TENDON RUPTURE

For surgical planning.
Type 1: the gap is not larger than 1–2 cm, and can 

be managed with end-to-end repair
Type II: the gap is between 2–5 cm, and it should 

be managed with V-Y lengthening with or with-
out a tendon transfer

Type III: includes a gap larger than 5 cm and 
should be managed with a tendon transfer alone, 
or additionally with V-Y plasty

KUWADA’S CLASSIFICATION FOR ACHILLES TENDON 
RUPTURE

For surgical planning.
Type 1: partial rupture is managed with immobi-

lization
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black-dot heel: small dark spot on the heel fat pad 
caused by blood under the skin on the lateral 
side where there is repeated trauma to heel in 
athletic activity or shear stress in running; also 
called black heel syndrome.

bowler’s thumb: irritation of the flexor tendon of 
the thumb with increased nerve sensation on the 
lateral side caused by the repeated grasping of a 
large bowling ball.

boxer’s f.: fracture of the fifth metacarpal head 
with volar angulation. This is usually caused by 
punching a wall or hard object.

breaststroker’s knee: irritation of the medial cap-
sule of the knee, tibial collateral ligament, or pa-
tellar cartilage caused by repeated thrusts of the 
limbs by a breaststroke swimmer.

charley horse: cramping, stiffness of quadriceps 
muscles caused by muscle overuse, contusion, 
or direct blow to the thigh as in a sports in-
jury.

coach’s finger: proximal interphalangeal joint dis-
location in finger.

coracoid impingement syndrome: specific im-
pingement of the rotator cuff and lesser tuberos-
ity by the coracoid process.

cross-over syndrome: extensor tendon inflamma-
tion at the wrist seen in kayak and canoe sports 
enthusiasts.

delayed onset muscle soreness (DOMS): sore-
ness in muscle a day or two following unaccus-
tomed level of activity.

flexor origin syndrome: tendonitis originating at 
the flexor wad of five at the medial elbow; also 
called medial epicondylitis, reverse tennis el-
bow, golfer’s elbow.

football ankle: area of ill-localized pain in superior 
part of the ankle above malleoli. X-ray changes 
show exostosis or loose bodies.

football finger: avulsion of the deep flexor tendon 
of the distal phalanx of the ring finger; often oc-
curs when trying to tackle an opponent by hook-
ing the finger over the pants belt line; also called 
rugger jersey finger.

gamekeeper’s thumb: a traumatic rupture of the 
ulnar collateral ligament of the metacarpopha-
langeal joint of the thumb; usually a hyperab-
duction injury; also called skier’s thumb.

a previously sedentary, nonactive lifestyle, or other 
factors such as degenerative joint disease. The clas-
sic example is that of tennis elbow. Many people with 
this problem cannot attribute it to a change in activity, 
such as painting or tennis, but may have a condition 
of the cervical spine that causes the muscle of the fore-
arm to tighten, resulting in overuse of the tendon.

The following terms are related mostly to athletic 
injuries of the soft tissues. Fracture-related sports in-
juries are listed in the preceding section.

ALPSA lesion: anterior labrum of the glenoid 
tears during anterior shoulder dislocation and 
strips the glenoid periosteum, leaving labrum 
attached to periosteum. This gives the shoulder 
the arthroscopic appearance of an intact labrum 
(ALPSA: anterior labrum posterior superior to 
anterior).

archer’s shoulder: recurrent posterior dislocation 
or subluxation of the shoulder.

backpack palsy: similar to Erb palsy, a brachial 
plexus compression caused by a heavy pack with 
shoulder straps, resulting in palsy of the fifth and 
sixth cervical nerve muscle distribution.

BAGHL: bony avulsion of glenohumeral ligament.
baseball elbow: condition of baseball pitchers in 

which overstress on the medial side of the elbow 
causes medial collateral ligament bone spurs, 
myositis, ulnar nerve injuries, or posterior com-
partment loose bodies; also called javelin throw-
er’s elbow, thrower’s elbow, posteromedial 
impingement, baseball thrower’s humerus, 
grenade arm.

baseball finger: acute rupture of the terminal end 
of the distal extensor tendon. This may be either 
intratendinous or bony and is a result of a direct 
axial blow to the digit. The injury causes an in-
ability to extend the distal interphalangeal joint 
(extensor lag). There is usually full passive move-
ment of the digit; also called mallet finger.

basketball foot: subtalar dislocation of the foot.
bicycle spoke injury: bruising, swelling, and 

sometime necrosis seen in ankle 24–48 hours 
after foot and ankle get caught in spoke of a bi-
cycle tire.

BIL lesion: biceps interval lesion seen in rotator cuff 
at biceps tendon and subscapularis muscle. Pain 
and swelling occur over intertubercular groove.
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Stage II: degenerative fibrosis
Stage III: partial or full-thickness tear

jersey finger: an injury to the ring finger seen com-
monly in football and rugby players. This is a 
closed rupture of the flexor digitorum profundus 
(FDP); also called rugger jersey finger. There 
are three types:
1. FDP retracts to the palm with total loss of 

blood supply.
2. FDP retracts to the proximal interphalangeal 

joint with partial loss of blood supply.
3. FDP retracts to the A4 pulley with a large 

bone fragment; blood supply is usually intact.
jogger’s heel: irritation of the fibrous and fatty 

tissue covering the heel caused by striking the 
ground surface when jogging.

jogger’s toe: dark nail that develops in some dis-
tance runners, caused by impaction of the nail 
into the shoe with long-distance running and 
blood under nail.

jumper’s knee: infrapatellar tendonitis or quadri-
ceps tendonitis, often seen in athletes who jump 
as part of that sport, for example, basketball, ski-
ing, and volleyball.

linebacker’s arm (tackler’s arm): a myositis ossifi-
cans reaction in the lateral brachial muscle; usu-
ally seen in the midarm of tacklers.

Lisfranc injury: low-velocity injury of tarsometa-
tarsal joints (Lisfranc joint) resulting from forced 
plantar flexion in rotation with or without ab-
duction, as seen in runners and basketball play-
ers. The injury was first described as one sus-
tained during a fall from a horse while the foot is 
caught in the stirrup. The injuries may be severe 
enough to include fractures or dislocations as 
opposed to a lesser sprain.

little leaguer’s elbow: in children, a traction injury 
of the elbow on the medial epicondyle caused by 
prolonged pitching or throwing. Serious in that 
it may lead to fragmentation of the bone and dis-
turbance of growth.

little leaguer’s shoulder: traction injury to the 
shoulder in the growth plate of the proximal hu-
merus that may lead to a painful shoulder and 
eventual deformity if throwing is continued.

muscle cramps: a sudden cramp in the hamstring 
and calf muscles usually during athletic activities. 

gobies: rock-induced skin abrasions that are ob-
served on the fingers and dorsal surfaces of hands 
in rock climbers; also called bouldering and face 
climbing.

golfer’s elbow: inflammation at the origin of the 
wrist and finger flexor muscles of the inner el-
bow; also called thrower’s elbow, medial epi-
condylitis, and reverse tennis elbow.

gymnast’s wrist: widening of the distal radius phy-
sis associated with repeated impact forces on the 
wrist.

HAGL: humeral avulsion of glenohumeral liga-
ment.

handlebar palsy: palsy of the muscles of the hand 
innervated by the ulnar nerve, caused by pres-
sure against bicycle handlebar.

heel spur: ossification in area of inflammation 
of the proximal attachment of the plantar fas-
cia; usually involves the median tubercle of the 
plantar surface of the calcaneus; often seen in 
runners and commonly the result of excessive 
joint pronation. Anything that causes stress on 
the plantar fascia (weakened feet, structural de-
formity, or excessive pronation of the subtalar 
joint) may encourage the development of a heel 
spur.

hip pointer: very painful irritation of the insertion 
of abdominal muscles along the superior iliac 
crest. Pain localized here can also represent the 
pull of a thigh muscle in that region.

hockey player’s hip: painful bone bruise of the 
greater trochanter caused by landing on the ice.

horseback rider’s knee: a posterior dislocation of 
the proximal fibula on the tibia.

iliotibial band syndrome: condition seen in dis-
tance runners and other endurance athletes; pain 
on the lateral side of the knee just anterior to the 
lateral collateral ligaments caused by swelling in 
a bursa or thickening of the distal expansion of 
the iliotibial band.

impingement syndrome: alludes to symptomatic 
compression on the rotator cuff by overhanging 
acromioclavicular structures, the anterolateral 
acromion, and acromioclavicular ligament; grad-
ed according to the Neer staging system.
Stage I: inflammation and edema of the rotator 

cuff



38 A Manual of Orthopaedic Terminology

shoulder instability: term usually applied to gle-
nohumeral subluxation or dislocation propensity. 
The FEDS system is based on Frequency (num-
ber within a year), Etiology (traumatic versus 
atraumatic), Direction (anterior, posterior, infe-
rior), and Severity (subluxation or dislocation).

shoulder pointer: a tearing of the anterior deltoid 
muscle leading to a distinct point of discomfort 
at the origin (immediate vicinity of the acromio-
clavicular joint) of the deltoid muscle.

SLAC lesion: a scapho-lunate advanced collapse 
often misinterpreted as a wrist sprain where with 
repeated injury or single severe injury there is 
loss of the scapho-lunate ligament.

SLAP lesion: superior labrum from anterior to 
posterior tear that occurs along a line from biceps 
tendon attachment to superior labrum; condi-
tion causes shoulder pain with throwing motion.

spear tackler’s spine: cervical spine injury in con-
tact sports (e.g., football) where an individual 
spear tackles opponent head-on (with top of 
helmet); findings may include cervical cord or 
brachial plexus neuropraxia or preexisting post-
traumatic abnormalities; condition may lead to 
posttraumatic arthritis.

sportman’s hernia: insidious groin pain primarily 
affecting young males undertaking sports activi-
ties with frequent kicking and twisting. Possible 
causes are a weakening of the posterior inguinal 
wall or injuries of the fascias of the muscles and 
insertions of tendons at the pubic bone.

surfer’s knots: lower limb and foot nodular swell-
ing with possible bony changes caused by trau-
ma and pressure from using a surfboard.

swimmer’s shoulder: overuse of rotator cuff mus-
cle usually caused by training errors in swim-
ming training.

tennis elbow: inflammation of the wrist and finger 
extensor muscles near their origin at the elbow; 
also called lateral epicondylitis.

tennis leg: tear of the medial head of the gastroc-
nemius or plantaris muscle; often seen in tennis 
players.

tennis toe: subungual hematoma causing a black 
toenail; usually painless and requires no treat-
ment; also called marathoner’s toe.

Occurs often in athletes because of overuse of an 
undertrained muscle or inadequate salt or wa-
ter intake during hot weather. This term is used 
diversely to specify a hamstring and calf muscle 
spasm or a contusion to the quadriceps.

PASTA: partial articular side tendon avulsion.
RHAGL: reverse humeral avulsion of glenohumeral 

ligament injury.
ring man shoulder: bony resorption or sclerosis 

at the insertion of the pectoralis major muscle of 
upper arm; seen in gymnasts who use rings.

rotator cuff injury: inflammation or rupture of one 
or more of the tendons that lie deep in the shoul-
der and bridge the glenohumeral joint. This type 
of injury is inhibiting in pitchers and tennis play-
ers, in particular, and can be caused by exces-
sive use (repetitive microtrauma), direct blow, or 
stretch injury.

runner’s bump: prominence of the posterior heel 
at the point of insertion of the Achilles tendon; 
associated with distance running.

runner’s knee: tight and tense condition of quadri-
ceps muscle of thigh that directs pain to anterior 
knee.

sailboarder’s injury: stirrup-type injury that oc-
curs when surfer falls from board with foot 
caught in strap, causing a forced equinus posi-
tion with disruption of dorsal stabilizers at Lis-
franc joint; also found in horseback riders.

shin splints: pain in the anterior lower limbs (shins) 
that follows repeated stress such as running or 
walking long distances without conditioning; 
describes a painful condition rather than a spe-
cific anatomic lesion. The most common causes 
are posterior tibial tendonitis, stress fracture of 
tibia, muscle strain, periostitis, periosteal avul-
sion, fascial hernia, stress fracture, and anterior 
tibial compartment syndrome with the inability 
of blood to reach the muscle (ischemia) because 
of compartmental swelling during increased ac-
tivity; also called medial tibial stress syndrome.

shoulder apprehension: apprehension of the pa-
tient during shoulder abduction and external 
rotation caused by glenohumeral subluxation 
(usually in patients with a previous shoulder dis-
location).
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1: Occlusion of two or more shank vessels, 
complete laceration, avulsion or thrombus of 
femoral or popliteal vessels without palpable 
pulses

2: Complete occlusion of femoral, popliteal, or 
three of shank vessels with no distal runoff 
available

Nerve
0: Contusion or stretch injury; minimal clean 

laceration of femoral, peroneal, or tibial nerve
1: Partial transaction or avulsion of sciatic nerve; 

complete or partial transaction of femoral, pe-
roneal, or tibial nerve

2: Complete transaction or avulsion of sciatic 
nerve; complete transaction or avulsion of 
both peroneal and tibial nerves

Bone
0: Closed fracture one or two sites; open frac-

ture without comminution or with minimal 
displacement; closed dislocation without frac-
ture; open joint without foreign body; fibula 
fracture

1: Closed fracture at three or more sites on same 
extremity; open fracture with communication 
or moderate to large displacement; segmental 
fracture; fracture dislocation; open joint with 
foreign body; bone loss < 3 cm

2: Bone loss > 3 cm; type III-B or II-C fracture 
(open fracture with periosteal stripping, 
gross contamination, extensive soft tissue 
injury-loss)

Skin
0: Clean laceration; single or multiple, small 

avulsion injuries, all with primary repair; first-
degree burn

1: Delayed tissue closure resulting from contami-
nation; large avulsion requiring split thickness 
skin graft or flap closure; second- and third-
degree burns

Muscle
0: Laceration or avulsion involving a single com-

partment or single tendon
1: Laceration or avulsion involving two or more 

compartments; complete laceration or avul-
sion of two or more tendons

2: Crush injury

terrible triad (elbow): combination of elbow dis-
location, radial head fracture, and a coronoid 
process fracture which are likely associated with 
other ligament injuries.

terrible triad (knee): combination of medial collat-
eral, anterior cruciate, and posterior cruciate tears 
with torn meniscus. Also called unhappy triad.

turf-toe: an acute injury of the first metatarsal pha-
langeal joint as a result of hyperextension leading 
to separation of the medial and lateral sesamoid 
occurs. This is classically described in football 
players on artificial turf, but it can occur in any 
sport where sudden push-off on the foot and 
great toe occur.

weight-lifter’s shoulder: osteolysis of the lateral 
aspect of the clavicle as seen in weight lifters.

whiplash: a stretch injury to the neck that includes 
the muscles, ligaments, and disks of the cervical 
spine; caused by an acceleration (forward move-
ment) or deceleration (backward movement) 
of the head as in a vehicular accident. A direct 
head injury may also cause a whiplash because 
of the resultant forces on the neck. Damage may 
involve minor neck ligament sprain, rupture, or 
subluxation (partial dislocation). This term de-
notes a complex of symptoms including pain 
and stiffness and is sometimes biomechanically 
inaccurate because there are many mechanisms 
that can produce these symptoms.

wryneck: torticollis; stiff condition of the neck 
caused by spastic muscle contractions.

Trauma Scoring Systems and Associated 
Soft Tissue Injuries
INJURY SCALES AND SCORES

Limb Salvage Index

To assess the likely success of attempts at limb salvage 
in severe injury.

Artery
0: Contusion, intimal tear, partial laceration or 

avulsion (pseudoaneurysm) with no distal 
thrombus and palpable pedal pulses; com-
plete occlusion of one of three shank vessels 
or profunda
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Group 4: advanced; no pulse, cool, no capillary re-
fill—3 points

Age
Group 1: < 30 years—0 points
Group 2: > 30 to < 50 years—1 point
Group 3: > 50 years—2 points

Predictive Salvage Index

System predictive of amputation based on arterial, 
bone, muscle, and skin injury.

Level of arterial injury
Suprapopliteal 1
Popliteal 2
Infrapopliteal 3

Degree of bone injury
Mild 1
Moderate 2
Severe 3

Degree of muscle injury
Mild 1
Moderate 2
Severe 3

Interval from injury to arrival in the operating room
< 6 hours 0
6–12 hours 2
> 12 hours 4
A + B + C + D = predictive salvage index

NISSSA Score

System predictive of amputation based on nerve, isch-
emia, soft tissue, skeletal injury, as well as shock and age.

Nerve injury
Sensate 0
Dorsal 1
Plantar partial 2
Plantar complete 3

Ischemia
None 0
Mild 1
Moderate 2
Severe 3

Soft tissue/contamination
Low 0
Medium 1
High 2
Severe 3

Deep vein
0: Contusion, partial laceration or avulsion; com-

plete laceration or avulsion if alternate route of 
venous return is intact, superficial vein injury

1: Complete laceration, avulsion, or thrombosis 
with no alternate route or venous return

Warm ischemia time
0: < 6 hours
1: 6–9 hours
2: 9–12 hours
3: 12–15 hours
4: > 15 hours

Mangled Extremity Severity Score (Degree of Injury to 
Soft and Hard Tissue of a Limb)

The mangled extremity severity score (MESS) assesses 
the prognostic effects of injury, ischemia, shock, and 
age.

Skeletal and Soft Tissue
Group 1: low-energy stab wounds, low-caliber gun 

shot, simple fractures—1 point
Group 2: medium-energy, open, or multiple-level 

fractures, moderate crush injury—2 points
Group 3: high-energy, close-range shotgun blast, 

or high-velocity gunshot wound—3 points
Group 4: massive crush injury, industrial accident—4 

points

Shock Group
Group 1: normotensive; blood pressure stable at 

scene and during surgery—0 points
Group 2: transient hypotension; unstable blood 

pressure at scene but stable when given intrave-
nous drugs—1 point

Group 3: prolonged hypotension; systolic blood 
pressure < 90 mm Hg with recovery in operating 
room only

Ischemia Group
Group 1: none; no signs of ischemia, pulses in-

tact—0 points
Group 2: mild; diminished pulses without isch-

emia—1 point
Group 3: moderate; no pulse by Doppler, sluggish 

capillary refill and other activity, paresthesias—2 
points
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ASSOCIATED SOFT TISSUE INJURIES

degloving: term applied to stripping or loss of skin 
and subcutaneous tissue from site of injury to 
point distal to the injury site.

Morel-Lavallée lesion: seen usually with severe 
pelvic fractures where there is a closed soft tis-
sue degloving injury, where the skin and soft 
tissue around the area of the pelvis is separated 
from the underlying fascia. This may be seen in 
other locations such as lower limbs of football 
players.

Skeletal
Low energy 0
Medium energy 1
High energy 2
Severe energy 3

Shock
Normotensive 0
Transient hypotension 1
Persistent hypotension 2

Age
< 30 years 0
30–50 years 1
> 50 years 2
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