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Glenoid fractures are rare, and relatively little is

known about their mechanism, fracture pattern and

optimal treatment strategies. The avulsions and rim

fractures are strongly associated with anterior shoul-

der dislocations. Fossa fractures are mostly seen in

high energy trauma patients as direct impact of the

humeral head against the glenoid fossa. CT-scanning

can be very useful in diagnosing the extend of injury

and relation of humeral head with the main fragment

of the glenoid. Fracture classification systems, have

been designed mainly based on trauma mechanism,

location and severity of fracture pattern. Treatment

depends on instability, the degree of displacement

and the articular surface fragment size, but is conser-

vative in most cases. Due to the increase of arthro-

scopic fixation possibilities, operative treatment may

increase. In this review, we have tried to summarize

the available evidence into a treatment algorithm for

different types of glenoid fractures. With regard to

best functional outcome, an anatomical and concen-

tric joint restoration should be the goal of treatment.

Outcome is generally good in conservative and oper-

ative treatment, but exact data is difficult to appreci-

ate, due to heterogeneity and comorbidities in differ-

ent studies.

Keywords : glenoid, scapula, fracture, classification,

diagnosis, treatment, prognosis, algorithm

IntroductIon

Fractures of the glenoid are uncommon (34,48)

and publications regarding these fractures have

only been described in case series often as part of a
scapular fracture series, and is therefore difficult to
interpret (23,28,31,36,40). However, since the gleno-
humeral joint plays a key role in shoulder mobility,
knowledge regarding diagnostic tests, treatment
options and functional outcome are a prerequisite.
Fracture patterns are diverse, and divided into avul-
sions, rim fractures and fossa fractures (6,12,18,

28,31). throughout literature various glenoid classi-
fication systems are described but lack a clear cor-
relation with the fracture patterns found in clinical
cases (3) or surgical decision making and functional
outcome (31). although most glenoid fractures do
not require surgical intervention, understanding the
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common fracture patterns is of great importance to
facilitate right surgical strategies for those fractures
that do require surgery. Purpose of this review is to
summarize relevant literature on the various types
of glenoid fractures, including mechanisms of
injury and preferred treatment options and reported
results of conservative and operative treatment.
the non-articular scapular fractures will not be
addressed.

epIDeMIOlOGy

Fractures of the scapula comprise 0.4 -1 per cent
of all fractures. Fractures of the glenoid make up
around 10 percent of scapular fractures (5,12,48,49).
Of all glenoid fractures, approximately 10 per cent
are substantially displaced (12,15,18). Operative
treatment therefore is a relatively rare procedure.
most common are the anterior avulsion and rim
fractures, accounting for 75-85% of all glenoid
fractures (18,40).

in studies on all types of scapular fractures, an
average age of 35 years and a 4 : 1 male : female
ratio has been reported. although a similar age
distribution is expected in the glenoid fracture
group (25,40), there is a greater variety : the average
age of patients with rim fractures is between 40-
50 years (19,24,28,33,46), whereas the majority of
fossa fractures occurs in young males (19).

Of all anterior dislocations, between 5-75% rim
or avulsion fracture incidence is reported (11,16,

19,20,41,44). this large variation in incidence might
be caused by different definitions of rim and avul-
sion fractures, and influenced by different imaging
techniques. On plain X-rays avulsions can easily be
missed. Posterior glenoid rim fractures occur in 4-
11% of patients with an acute posterior dislocation,
with a higher incidence if caused by a seizure (11).

AnATOMy

the glenoid is an oval shaped portion on the lat-
eral border of the scapula that articulates with the
circular rounded end of the humeral head. the gle-
noid surface is orientated in a near perpendicular
orientation to the scapular blade (27,38). the inclina-
tion ranges from 1-5 degrees in vertical plane. the
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scapula is oriented 30 degree anterior in the frontal
plane. the superior portion of the glenoid is narrow
and has a more anterior orientation compared to the
inferior segment (38). the inferior part of the gle-
noid is a circle, with the bare spot as centre
point (17). the vertical diameter of the glenoid fossa
is longer (35 mm) than the horizontal diameter
(25 mm) and the slightly concave surface is covered
by hyaline cartilage, lined by the circular fibrocarti-
lage labrum (38). Within the surrounding capsule,
strong fibrous folds form ligaments, mainly on the
anterior side. superiorly the glenoid is part of the
superior shoulder suspensory Complex (sssC),
consisting of superior glenoid, coracoid process,
coracoclavicular ligaments, distal end of the clavi-
cle, acromioclavicular joint, coracoacromial liga-
ment and acromial process (13,38). subsequently,
stability of the shoulder is a complex mechanism in
which muscles, ligamentous and capsular restraints,
the labrum and joint vacuum, each play a role
depending on position and activity (38).

MeChAnIsM OF Injury

AnD FrACTure pATTerns

in describing trauma mechanisms of the glenoid
distinction should be made between glenoid avul-
sions, rim fractures and fossa fractures.

the avulsions and rim fractures are strongly
associated with anterior shoulder dislocations and
typically seen following injury due to sports- or
simple low energy trauma (6,28). in both cases, con-
tinuity with the ligament complex remains (28,48).
Bony avulsions occur by indirect force, due to
excessive traction of the capsulo-labral-ligament-
complex during shoulder dislocation or are con-
tributed to a forced abduction-external rotation
movement (11). true inferior avulsion fractures are
associated with contraction of the triceps during a
forceful movement (49). the rim fracture in con-
trast, is a chisel-like fracture that can be as large as
1/3 of the articular surface and occurs as a result of
direct impact of the humeral head into the glenoid
rim (12,47,49). this fracture is often associated with
sport accidents in younger patients (6,36) or due
to traffic accidents in the older patients (28,36).
although maquiera defines these fractures as rela-
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tively stable when the shoulder is centralized, sev-
eral other authors describe a tendency to recurrent
dislocations for these fractures (14,15,49). the size of
the fragment can be expressed as percentage of the
glenoid diameter, as was described by itoi (20,33,46),
(Fig. 1). a line with 45 degrees inclination is drawn
through the fracture gap. a represents the diameter
of the outer fitting circle and B the length of the
diameter from the outer circle to the fracture line.

the glenoid fossa fractures are mostly seen in
high energy trauma patients in which the humeral
head impacts on the glenoid fossa (12,14,47). these
fractures are often transverse, creating a fracture
line in the direction of the applied force: either
through the lateral-inferior part causing an inferior
displacement due to the forces of the triceps, or
through the superior part that includes the coracoid
process, resulting in an antero-inferior displace-
ment, due to the long head of the biceps and the
conjoined tendon (5). the fracture can also extend
through the body into the medial border of the
scapula (12,48). Direct forces in blunt trauma, caus-
ing a scapular fracture, may also extend into the
articular surface (3). up to 60% of these high ener-
gy fractures are associated with concomitant
injuries to chest, clavicula, humerus, head and
brachial plexus (7,12,25,26). the severity of these
injuries may distract the attention from the glenoid
fracture leading to a delay in its diagnosis.

a rare and difficult injury pattern in which a
glenoid  fracture might be involved, is the double
disruption of the sssC. in this situation there is a
double disruption in the superior bony-ligamentous
complex, leading to a potentially unstable situation
that is referred to as floating shoulder (15,38).

DIAGnOsTICs

The history of patients with glenoid fractures will
mostly consist of either shoulder dislocation or
direct trauma to the humeral head. the affected arm
is “pseudo-paralysed” and supported in adduction
and internal rotation. Because of a thick layer of
soft tissue, only mild swelling and ecchymosis may
be seen (12,48)

Physical examination of the shoulder is often
restricted by the acute pain, which inhibits move-
ment of the shoulder. Documentation of the neu-
rovascular status is important to exclude associated
injury.

Radiographs in true anteroposterior (in the
scapular plane) and axillary view allow best visual-
ization of disruptions of the glenoid fossa and asso-
ciated articular incongruity (Fig. 2a and 2b) (9,12).
the transscapular projection is mainly used to
determine dislocation. the apical oblique view and
West Point view are specific for rim fracture detec-
tion (38).

Computerized tomographic scanning is usually
necessary due to the complex osseous anatomy in
the region (12,22,49). most important aspects con-
cerning the fracture are the size and number of frag-
ments, the fracture gap, and centricity of the gleno-
humeral joint (Fig. 2c). a 3D Ct reconstruction can
be of added value (3,31,34,45,48).

ClAssIFICATIOns

a number of classification systems for glenoid
fractures have been described. none of these sys-
tems have been proven to be superior, nor has any
system been validated for intra- and inter-observer
reliability.

The Ideberg classification (Fig. 3) is the most
widely used classification, later modified by goss
(12,18). this classification consists of 6 main frac-

Fig. 1. — schematic overview of glenoid fracture percentage
as total of glenoid surface
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ture types, originally based on X-rays of 200 gle-
noid fractures (5,12,18). the classification has not
been shown to be of prognostic value (12). For each
type of fracture, operative indication and approach
and method of fixation has been described (12,32,48).

an overall fracture classification system, with a
separate glenoid part was developed by the
Orthopaedic trauma association, which was build
on aO standards (29,30). it is based on anatomic
location and morphology of the fracture. aO/atO

aims to be a world-wide classification system,
though its complexity and inter-observer reliability
in other fractures, sometimes obstructs clinical
practice (22). recently a new aO/Ota glenoid frac-
ture classification has been proposed and validated
by an international group of shoulder experts, but
this has not been validated yet (21).

the scapula fracture classification by Euler and

Habermeyer is a modification to rüedi’s initial
work, and has a subset of glenoid fractures (10,11,

Fig. 2a. — X-ray combined glenoid and scapula fracture

Fig. 2b. — postoperative aP and axial X-rays after posterior
glenoid screw fixationFig. 2c. —  Ct combined glenoid and scapula fracture
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42,49). it has the advantage of simplicity, and frac-
tures can be scored as a combination of one or more
types of fracture patterns (42).

TreATMenT

General considerations

most glenoid fractures are small or minimally
displaced and can be treated conservatively.
Historically only 10% was treated operatively.
although closed reduction has been described (14),
it is now uncommonly performed (48). in a recent
review, 80% of glenoid fractures were treated oper-
atively, although there were a small number of
selected patients, non-standardized fracture man-
agement and a low level of evidence (25,52).

various reports describe treatment algorithms in
glenoid fractures (5,12,18,48). in figure 4, a summary
of current literature is summarized into a schematic
treatment algorithm. main parameters defining
operative treatment are instability, the articular sur-
face fragment size and to lesser extend the degree
of displacement (1,3,12,20,23,31,33,40,46,48). How -
ever, concomitant injuries (eg thorax, head, extrem-
ity fractures, plexus lesion), age, occupation, level
of activity and dominance, play a key role in deter-
mining the method and timing of treatment (10,12,

23,25).

Avulsions and rim fractures (Ideberg Ia and Ib)

avulsion fractures (size less than 5 mm) are gen-
erally well tolerated (39,50). treatment of acute

Fig. 3. — idebergs classification, modified by goss. image reprinted with permission from 
medscape reference (http://emedicine.medscape.com), 2013, available at : http://emedicine.medscape.com/article/1263076-overview
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cases is guided by either persistent instability or by
age and sex. For young (under 30) male patients,
arthroscopic reconstruction is the preferred
option (37,47).

rim fractures with displacement of 0-5 mm can
be treated with immobilization for a short peri-
od (12,24,28). radiographic and clinical follow-up is
necessary as there is risk of progressive instability
or displacement (12,47). if concentric reduction can-
not be realized, operative treatment should be con-
sidered (28). in addition, instability can be expected
with displaced anterior rim fractures exceeding 20-

25% of articular surface or more than 33% posteri-
or articular surface (8,12,20,34,36,50). if displacement
is more than 4-5 mm, operative treatment should be
considered, whereas in cases in which the displace-
ment exceeds 10 mm, surgical intervention is rec-
ommended (1,8,23,25,33,34,40,43,48).

Fossa fracture (Ideberg II-VI)

in fossa fractures, similar criteria concerning
instability and displacement can be applied as for
rim fractures : if the humeral head is not centred on

Fig. 4. — algorithm for treatment of glenoid fractures
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the non-fractured glenoid part, operative treatment
is appropriate (34). With regard to displacement,
distinction should be made between fracture gap
and articular step-off. a fracture gap exceeding
5 mm is indicative for operative reconstruction
(Fig. 2a) (43). regarding step-off in this more cen-
tral part of the glenoid, a 2 mm limit is generally
used in most joints and might be applicable to the
glenohumeral joint as well. However, soslowsky
argued to accept a 5 mm step-off because this is the
thickness of the glenoid cartilage (43).

With regard to the complex intra-articular scapu-
lar fractures, a total reconstruction of the scapula
has been described to be the best way to restore
anatomy and the basis for glenoid reconstruc-
tion (32). a possible contraindication for surgery in
these types of fractures are extensive comminuted
glenoid fractures (23,49) or the existence of a
brachial plexus neuropathy (11).

surGICAl TeChnIque

Arthroscopic Approach

the last decade there has been an immense
increase in arthroscopic fixation (48). However,
indications are limited to fresh rim or avulsion frac-
tures, involving up to 35% of articulating surface
(5,25,34-36,44,46,48,51). it can be done either using a
suture anchor or by direct percutaneous screw fixa-
tion, or a combination of techniques (26,36,40,44,46).
in larger fossa fractures reposition can be per-
formed with arthroscopic assistance (49).

open approach

in case of an anterior or superior glenoid frac-
tures, the deltopectoral approach is used (5,12,26,

34,36,48,49). in the ideberg classification, this
includes type ia, some ii, iii, iv and vb (12,34,48).
the patient is placed in a beach chair position.
Fixation can be performed by extra-articular cannu-
lated bicortical osteosynthesis (36,46,49). superior
fossa fractures can be reduced either by percuta-
neous screw fixation after resection of the lateral
end of the clavicle (10) or by open reduction extend-
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ing the anterior or superior approach, with split of
deltoid and/or supraspinatus muscle fibres (34).

a posterior approach is used in about 80% of all
glenoid fracture fixations, specifically for posterior
and inferior glenoid fractures and scapula wing
fractures (ideberg-goss type ib, ii, iii, iv and v) (5,

12,23,25,31,32,34,48). For this procedure, the patient is
positioned in lateral decubitus position or prone
with the arm in abduction (31,32). there are a num-
ber of variations in the posterior approach, all of
which use the neuromuscular interval between
infra-spinatus and teres minor (Fig. 2b) (5,25).

in the more complex fracture patterns, a com-
bined anterior and posterior approach is required,
where the patient is placed in a lateral position
(5,25,31). in these cases a variety of fixation tech-
niques is reported, using cannulated screws, plates,
bone grafting, cerclage wiring, suture anchors or a
combination of these options (29,47).

Additional fixation

in case of severe anterior comminution, excision
of the fragments and replacement by the coracoid
process or an iliac crest graft or can re-establish
bony stability (12,47). in case of irreparable destruc-
tion of the glenoid in combination with major dis-
ruption the superior shoulder suspensory complex
(sssC), the sssC reconstruction can indirectly
restore congruity (12). in case of redundancy of the
capsule, a capsular shift can be performed (36). to
facilitate early postoperative motion, operative
treatment of all concomitant shoulder girdle injuries
should be considered (31).

pOsTOperATIve

AnD pOsT-TrAuMA TreATMenT

there is little evidence regarding the treatment
protocol for either conservative or post-operative
treatment. Protocols vary depending on the type of
fracture, the treatment and expected stability.
nowadays there is a tendency for early passive
motion exercises (14,34).

For rigidly fixed fractures and conservatively
treated minimally displaced fractures, passive cir-
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cumduction excercise may start few days after trau-
ma or post-operatively (12,24,28,34,40). radio graphic
and clinical follow-up is necessary to monitor dis-
placement (12,47). after 2 weeks, isometric shoulder
strengthening and passive assisted motion is start-
ed, moving on to active muscle training and full
range of motion from 6 weeks onwards (28,31,34).
after 4-6 months more active physical rehabilita-
tion can be started (23,34).

in open approaches where tendinous structures
have been violated, these will need time to heal. in
deltopectoral approach, external rotation is limited
to 0-15 degrees, while anteflexion and abduction is
limited to 60-90 degrees for the first few weeks (12,

24,28). in patients treated with a posterior approach,
an abduction bracing device can limit internal rota-
tion, forward flexion and adduction  in the first few
weeks (11,12,23). arthroscopically operated patients
will be given less restrictions in passive range of
movement, assuming a rigid fixation has been
established.

Final rehabilitation result can be expected after
6-12 months (12).

resulTs

unfortunately, most reported results are difficult
to interpret due to differences in fracture types,
small patient numbers, patient selection, non-stan-
dardized treatment protocols and lack of long-term
results concerning osteoarthritic changes (34,48).
Further more the different functional outcome
scoring systems which have been used are often not
standardized, validated or extensively describ -
ed (52). in poly-traumatised patients, the clinical
outcome of the glenoid fracture mainly depends on
concomitant injuries (31). isolated glenoid fractures
generally have a good clinical outcome, irrespec-
tive of the treatment method, with good function
and little risk to early degeneration (12,28,36,40).

conservative treatment

Rim fractures :

in 1984 ideberg published a series of 130 rim
fractures in which  the majority of patients were
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treated non-operatively with good results (18).
maquiera published a series of 14 extensive anteri-
or rim fractures with a concentric glenohumeral
joint (28). With a mean step-off of 3 mm and a mean
displacement of 8 mm, he reported good results
after 5.6 years and 3 patients with mild osteo-
arthritic changes. Kraus had a smaller group with
anteroinferior fractures with good results after
2 years (24).

Fossa fractures :

around 90% of the glenoid cavity fractures can
be treated conservatively with good to excellent
results (12). the severely comminuted glenoid frac-
tures however (ideberg vi) often lead to early
osteo-arthritic changes or instability (12,47,48).

operative treatment

Rim fractures :

the majority of current reports describe good
results in stability and satisfying functional results
(18,33,48,52). the arthroscopic approach may lead to
improved clinical outcome results and a shift
towards operative care. good results after arthro-
scopic fixation, even for large fractures have been
reported in terms of function and stability (6,35,

44,46).
raiss reported a series of 29 large anterior rim

fractures after open surgery, with excellent results
and no significant differences between the conser-
vative versus the operative group in the Constant
score after a mean 6.5 years (36). this study has a
similar patient population, fracture type and follow-
up with very comparable results to the conservative
treated population maquiera (28). raiss therefore
concludes that both conservative and operative
treatment in concentrically reduced rim fractures
have similar good results.

Fossa fractures :

a number of case series report on operatively
treated fossa fractures, generally with good to
excellent functional and longer term radiological
results (1,2,4,15,23,26,31,40). this is supported by a
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systematic review of 22 studies including 107 gle-
noid fractures. 80% of these fractures, both rim and
fossa, were treated operatively and resulted in good
to excellent results in 82% of the patients, versus
67% in the conservatively treated group (52).
However, selection -and publication bias should be
taken in to account when interpreting all these stud-
ies. in some reports a relation between degree of
reduction and clinical outcome seems evident since
80% of patients with good clinical outcome had a
fracture reduction with a step-off less than 2 mm
(23,31). negative predicting factors are concomitant
nerve injury or infections (31,40).

COMplICATIOns

Postoperative complications after glenoid frac-
tures consist of hardware failure, infection, stiffness
or muscle weakness due to retraction or tenotomy
of the rotator cuff (23,31,34,40). Heterotopic bone
formation has been reported in 1-10 % of cases and
therefore prophylaxis should be considered in all
operatively-treated patients (23,25,31). nerve palsies
may occur but it may be difficult to distinguish
whether these are caused by the original injury or
the operative treatment (25,31). a careful pre-opera-
tive clinical examination is therefore essential.
Complications for both operative and conservative
groups include shoulder instability, pain, loss of
reposition, post traumatic osteoarthritis (2%), non-
union and persisting limitations in the range of
motion 9.

COnClusIOns

glenoid fractures are relatively rare. reported
data is difficult to appreciate, due to heterogeneity
and comorbidities in different studies. Bony avul-
sions in instability are sometimes included in
glenoid  fractures, but have been excluded in other
glenoid fractures studies. there is lack of clear def-
inition and proven classification regarding glenoid
fracture and there is limited scientific evidence on
treatment. Clinical outcome of glenoid fractures is
generally good in both conservative and operative
treatment. as a treatment guideline we summarized
available evidence into an algorithm (Fig. 4). more
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research is needed on fracture classification, treat-
ment methods and outcome.
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