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Proximal humeral fractures portray 5 % of all
fractures in adults and represent the third most
common fracture in adults over 65 years old [1].
Despite that there is no definite consensus in
literature regarding the classification system so
far.

In the following the most common classifica-
tion systems will be presented:

Neer Classification

The Neer classification was established by
Charles Neer II in 1970 [2]. This classification
represents a modification of the Codman classifi-
cation and implies the four-segment theory. This
classification is based on the occurrence of dis-
placement of one or more of the four major seg-
ments in terms of humeral shaft, humeral head,
greater and lesser tuberosity. Six different frac-
ture type groups have been introduced based on a
patient collective of 300 patients with undislo-
cated and dislocated proximal humeral fractures
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treated in the New York Orthopaedic Hospital
between 1953 and 1967.

The Neer classification may represent the
most commonly used classification for proximal
humeral fractures although several authors deter-
mined a low intraobserver reproducibility and
interobserver reliability [3-7]. The Neer classifi-
cation presents a descriptive classification with-
out any recommendation of therapy for the
different fracture types. In general for the Neer
classification a segment is considered as dis-
placed when a dislocation >1 cm or an angle
>45° is present.

Group I consists of all undislocated frac-
tures regardless of the number of fracture lines
(see Fig. 8.1). Neer stated that the treatment of
this group would be identical and in most cases
of conservative character.

Group II includes a displacement of the
articular-segment at the anatomical neck without
separation of one or both tuberosities (see
Fig. 8.1). Although being rare this fracture con-
figuration needs to be identified by strict antero-
posterior radiographs of the shoulder in order to
prevent malunion and vascular necrosis.

Group III characterizes fractures at the level of
the surgical neck being displaced more than 1 cm
or angulated more than 45°. Three variations of
this fracture have been described in terms of an
(A) impacted and angulated surgical neck frac-
ture, (B) separated surgical neck fracture and (C)
comminuted surgical neck fracture. In 1970
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Fig.8.1 Neer classification (Reprinted with permission from Neer [2])
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conservative treatment options have been
described by Charles Neer for group III fractures,
whereas today displaced surgical neck fractures
mainly are treated operatively.

In summary Group II and III fractures are
classified as two-part fractures (see Fig. 8.1).

Group IV includes fractures of the greater
tuberosity and may occur as two-, three- and
four-part fractures (see Fig. 8.1). Two-part frac-
tures reveal an articular segment which remains
in normal position to the humeral shaft. A mini-
mally displaced fracture of the surgical neck may
be present as well. Three-part fractures are char-
acterized by an additional fracture of the surgical
neck often appearing due to an application of
force by the subscapularis tendon resulting in
internal rotation position. In four-part fractures a
further detachment of the humeral head is present
(see Fig. 8.1). Closed reduction of group IV frac-
tures led to high rates of unsuccessful results
mainly due to malunion [8].

In group V fractures a displacement of the
lesser tuberosity is present. The two-part fracture
of this group is characterized by a displacement
of the lesser tuberosity, in some cases associated
with an undisplaced fracture of the surgical neck.
In three part fractures the surgical neck appears
dislocated leading to abduction and external rota-
tion position of the articular segment due to the
attachment of the supraspinatus and infraspinatus
tendon. The four-part fracture additionally
reveals retraction of both tuberosities (see
Fig. 8.1). Again closed reduction of group V frac-
tures resulted in a high incidence of unsuccessful
outcome.

In group VI fractures caused by a dislocation
of the proximal humerus are summed up.
Antero-inferior and posterior dislocation may
occur in two-, three- and four-part fractures
(see Fig. 8.1). It has been stated that a posterior
displacement in combination with damage of
more than 20 % of articular cartilage predis-
poses for recurrent shoulder instability and may
require a so-called McLaughlin procedure in
terms of a transplantation of the subscapularis
tendon [9]. Defects greater than 50 % of the
articular cartilage may even require prosthetic
treatment.
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Hertel Classification

The Hertel classification is predicated on the arti-
cle “Fractures of the proximal humerus in osteo-
porotic bone” published by Ralph Hertel in the
Journal of Osteoporosis International in 2005. In
this article the author reviewed effective treat-
ment options for proximal humeral fractures in
patients suffering from severe osteoporosis [10].
In this context based on the original drawings
[11] of Codman et al. a descriptive fracture clas-
sification was introduced by Hertel (see Fig. 8.2).
In contrast to Neer’s classification [2] based on
the four segment theory, this classification is
based on five fracture planes.

In this context five questions have been
released to identify the basic fracture planes:

1. Isthere a fracture between the greater tuberos-
ity and the humeral head?

2. Is there a fracture between the greater tuberos-
ity and the humeral shaft?

3. Is there a fracture between the lesser tuberos-
ity and the humeral head?

4. Is there a fracture between the lesser tuberos-
ity and the humeral shaft?

5. Is there a fracture between the lesser and the
greater tuberosity?

Consequently these fracture planes lie
between the greater tuberosity and the humeral
head, the greater tuberosity and the humeral
shaft, the lesser tuberosity and the humeral head,
the lesser tuberosity and the humeral shaft and
the lesser and greater tuberosity. The combina-
tion of these fracture planes results in 12 possi-
ble fracture patterns as illustrated in Fig. 8.2.
Hertel pointed out that several additional aspects
need to be considered regarding an appropriate
fracture classification: subsequently the length
of the postero-medial metaphyseal head exten-
sion and the integrity of the medial hinge present
the most important criteria (see Fig. 8.3).
Furthermore the displacement of the tuberosi-
ties, the amount of angular displacement of the
humeral head, the occurrence of glenohumeral
dislocation, an impression fracture of the
humeral head, a headsplit component and the
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Fig. 8.2 Binary or “LEGO” descriptory system. The
image illustrates the five basic fracture planes, resulting in
12 possible basic fractures: Six possible fractures devide
the humerus into two fragments (figs. 1-6), five
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mechanical quality of the bone are of utmost
importance. All criteria are considered as predic-
tors for the perfusion of the humeral head.
Accordingly 100 consecutive fractures were pro-
spectively analysed by Hertel et al. [11] in
respect of humeral head ischemia, revealing the
length of the metaphyseal head extension and the
integrity of the medial hinge as good predictors
for ischemia (see Fig. 8.3).

AO (Association for Osteosynthesis)/
OTA (American Orthopaedic

Trauma Association) Classification
of Fractures and Dislocations

The AO classification (Association for Osteo-
synthesis, AO Foundation, Davos, Switzerland)
for fractures of long bones was established in

possible fractures devide the humerus into three frag-
ments (figs. 7-11) and one single fracture devides the
humerus into four fragments (fig. 12) (Reprinted with per-
mission from Hertel [10])

1990 by Miiller et al. [12]. Later this initial clas-
sification was further developed by surgeons
and researchers of the AO and the American
Orthopaedic Trauma Association (OTA) and is
now officially named the AO/OTA Classification
of Fractures and Dislocations.

This classification may contain the most accu-
rate fracture-morphology compared to all other
classification systems, being more comprehen-
sive than the most commonly used Neer classifi-
cation [13].

The first number of this classification repre-
sents the long bone (1 =humerus, 2=radius/ulna,
3=femur and 4=tibia/fibula), the following
defining the bone segment (1 =proximal, 2=mid-
dle, 3=distal and 4 =malleolar).

Proximal humeral fractures are therefore
classified as 1.1-fractures and have been divided
into extra-articular unifocal fractures (A), extra-
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Fig. 8.3 Additional criteria as predictor for humeral head ischemia: (a) length of the medial metaphyseal head exten-
sion, (b) integrity of the medial hinge (Reprinted with permission from Hertel [10])

articular bifocal fractures (B) and articular frac-
tures (C) (Fig. 8.4).

Type A fractures comprise non-articular, defi-
nite fractures which are rarely associated with the
development of humeral head necrosis.

Type B fractures summarize bifocal fractures
and type C fractures include severe, articular

fractures which are associated with a higher risk
of osteonecrosis of the humeral head [12].

All groups (proximal/diaphysal/distal) have
been divided into 9 additional subgroups result-
ing in 27 fracture types of the humerus.

Due to its high number of fracture types the
AO/OTA Classification of Fractures and
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Fig.8.4 Depiction of the AO
classification system showing
an extra-articular fracture of
the tuberosity (A1), an
impacted metaphyseal fracture
(A2) and a non impacted
metaphyseal fracture (A3).
Extra-articular bifocal fracture
patterns include fractures with
metaphyseal impaction (B1),
without metaphyseal
impaction (B2) and with
glenohumeral dislocation
(B3). Articular fractures are
classified with slight
displacement (C1), impacted
with marked displacement
(C2) and dislocated (C3)
(Reprinted with permission
from Muller et al. [12])

Dislocations is not as commonly used as the Neer
classification. Furthermore a low reproducibility
and reliability has been assessed in the literature
with the AO/OTA Classification of Fractures and
Dislocations [4, 14].
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