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Glenoid fractures: which ones can be fixed through the scope?
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Abstract: Fractures of the glenoid encompass a wide range of morphologies from glenoid rim fractures

after a shoulder dislocation to multi-fragmentary glenoid fossa fractures after high energy trauma. An equally

wide range of treatment strategies have been described. A relatively new surgical option is arthroscopic

repair of glenoid fractures, first described by Cameron in 1998. Over the past 20 years, an explosion of all-

arthroscopic and arthroscopic-assisted fixation techniques have been described for many different fracture

types. Currently, most anterior and posterior glenoid rim fractures can be fixed arthroscopically with good

outcomes and a low complication rate based on available evidence. Some fractures of the glenoid fossa

may also be amenable to arthroscopic fixation, particularly fractures with a superior fragment or transverse

fracture pattern allowing for safe percutaneous screw placement. While the scope of arthroscopic glenoid

fracture fixation continues to expand, all surgeons treating these injuries must be comfortable with open

techniques and not sacrifice quality of reduction for a minimally invasive approach.
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Introduction

Glenoid fractures can cause significant morbidity in
individuals who are unfortunate enough to sustain one.
Fractures involving the glenoid comprise up to 29% of
all scapular fractures and occur most commonly in young
males (1). There is a four times higher incidence in males
and the average age at time of injury is 35 years (2,3). A
spectrum of injury patterns exists for glenoid fractures,
ranging from low energy instability events to high energy
traumatic events. The management of glenoid fractures has
an equally wide spectrum of options for each injury pattern.

Shoulder instability events from lower energy mechanisms
are commonly associated with glenoid rim fractures.
This fracture pattern comprises roughly 75% to 85%
of all glenoid fractures and is by far the most common
injury pattern (3,4). Glenoid rim fractures occur when
the humeral head impacts the glenoid during the act of
dislocation creating a shear force on the underlying bone.
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Glenoid rim fractures may occur anteriorly or posteriorly
secondary to anterior and posterior instability events,
respectively. Common mechanisms for shoulder dislocation
with a glenoid rim fracture include sports injuries (skiing,
snowboarding, football, and hockey most commonly cited),
motor vehicle accidents, falls, and seizures (Figure 1) (5).
Another culprit in glenoid rims fractures include iatrogenic
fractures through suture anchor holes in the glenoid rim
after labral repair (6,7).

Most fractures that enter the glenoid fossa occur
secondary to high energy mechanisms and require a larger
force. The mechanism for glenoid fossa fractures is typically
a direct load of the humeral head on the glenoid fossa,
causing a fracture in the fossa and propagation into the
scapular neck or body. Additionally, high energy glenoid
fossa fractures are associated with as high as 88% additional
injuries, with rib and clavicle fractures being the most
common in 40% and 17% of cases respectively (8).
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Figure 1 AP (A) and axillary (B) radiographs of a 61-year-old female who sustained an anterior glenoid rim fracture after a shoulder

dislocation. AP, anteroposterior.

The glenoid cavity is the segment of the lateral scapula
that articulates with the head of the humerus creating the
glenohumeral joint. The glenohumeral joint has a profound
range of motion due to the lack of bony restraint, the large
surface area of the humeral head, and the relatively small
glenoid area. Stability of the joint is augmented by the
fibrocartilaginous labrum, the fibrous capsule and capsular
thickenings or glenohumeral ligaments, as well as the
rotator cuff. Injuries to the soft tissue stabilizers can lead
to instability or dysfunction; however, even small factures
of the glenoid can have major implications on shoulder
stability and function. In this way, fractures of the glenoid
are different than many intra-articular fractures in other
joints. In addition to the risk of stiffness and post-traumatic
arthritis, many glenoid fractures cause long term instability
in the shoulder joint which can be difficult to treat.

As with many orthopedic procedures, there has been
an evolution in minimally invasive surgical options for
glenoid fractures. Traditionally, fractures of the glenoid
were treated through either an open deltopectoral approach
for anterior fractures or a Judet approach for posterior
glenoid fracture and fractures that involve the scapular
neck and spine (9). These approaches, while reliable, do
require large incisions, softer tissue damage, and possibly
longer rehabilitation times. The deltopectoral approach
typically requires either splitting or partially incising the
subscapularis tendon; while the Judet approach, as originally
described, requires takedown of a significant amount of
the posterior deltoid origin. Open approaches to glenoid
fractures have seen increased rates of infection, hardware
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complications, and stiffness in some series (10,11). While
more recent modifications to the original open approaches
may minimize the iatrogenic soft tissue damage, the advent
and advancement of arthroscopy has given orthopedic
surgeons another tool for glenoid fracture management.
While all-arthroscopic and arthroscopic-assisted fixation
is not the answer for all glenoid fractures, its minimally
invasive nature is enticing to surgeons and patients alike.

Diagnosis and classification

Due to the complex morphology of the scapula and
glenoid, fractures may be difficult to see on routine plain
radiographic imaging, and judgement of the angulation and
displacement of glenoid fractures is poor (12). Furthermore,
scapula fractures are missed or overlooked in traumatic
circumstances up to 43% of the time (8). Therefore,
computed tomography is recommended for any suspected
glenoid fractures and is regarded as the gold standard for
diagnosis. Some providers additionally recommend three-
dimensional reconstruction views for a better global view
and pre-operative planning (Figure 2).

The most commonly accepted classification of glenoid
fractures was described by Ideberg et 4/., which grouped
glenoid fractures based on patterns seen in 338 patients (3).
This classification had later modifications by Goss et al.
and Mayo et al. to create the classification commonly cited
today (13,14). Briefly, the classification breaks fractures into
glenoid rim fractures (type I) and glenoid fossa fracture with
increasing degrees of scapular neck and body involvement
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Figure 2 Utilization of 3D reconstruction views of a glenoid fracture gives a global view of the fracture pattern.

Table 1 Ideberg classification of glenoid fractures (3,13,14)

Type Fracture description

la Anterior glenoid rim fracture
Ib Posterior glenoid rim fracture
Il Glenoid fossa fracture with inferior neck/body extension

1 Glenoid fossa fracture with superior neck/body

extension
\% Glenoid fossa fracture with medial body extension
Va Glenoid fossa fracture with medial and inferior

extension (I1+1V)

Vb Glenoid fossa fracture with medial and superior
extension (IlI+1V)

Ve Glenoid fossa fracture with medial, inferior, superior
extension (II+111+IV)

Vi Glenoid fossa fracture with severe comminution

(types II-VI) as outlined in 7able 1. This classification
system has a low to moderate inter- and intraobserver
reliability (R <0.2 and R =0.46 respectively) (15).
Additionally, some feel that certain fracture patterns do not
fit into the classification system well. A more recent AO
Foundation/Orthopaedic Trauma Association (AO/OTA)
classification system was proposed with glenoid fractures
classified into 14F0 (extra-articular), 14F1 (simple intra-
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articular), and 14F2 (multi-fragmentary intra-articular)
with further subtypes based on location in relation to the
four quadrants of the glenoid (7uble 2) (16). While not
as widely used at this time, this classification system has
shown promise with an interobserver reliability of R =0.74,
intraobserver reliability of R =0.79, and 100% of fractures
fitting into the classification system (15). However, this
may come at a cost of increased complexity with numerous
possible fracture subclassifications.

Surgical indications

A majority of glenoid fractures are minimally displaced or
nondisplaced and thus amenable to conservative treatment.
In general, any nondisplaced fracture involving the glenoid
can be treated without surgical intervention. These patients
do require a period of immobilization as well as close
radiographic follow up. Literature on displaced glenoid
fractures is controversial; however, there are several series
that demonstrate adequate outcomes in conservatively
treated, displaced glenoid fractures. Maquieira et /. followed
14 anterior glenoid rim fractures that were at least 5 mm
in size and 2 mm displaced, and found that despite healing
with an average 3.0-mm intraarticular step off, all patients
had excellent function and motion (17). Additionally, Spiegl
et al. compared operative and nonoperative management
in patients with fractures involving less than 5% of the
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Table 2 AO/OTA classification of glenoid fractures (16)

Annals of Joint, 2020

Type

Subtype

Quallifications

14F0, extra-articular

14F1, simple, intra-articular

14F2, multi-fragmentary (3 or more

fracture lines)

14B, extension into scapular body
modifier code

Glenoid neck

1.1 anterior glenoid rim; 1.2 posterior glenoid rim

1.3 transverse or short oblique

2.1: 3 or more articular fragments
2.2: central fracture dislocation
1: exits body at 2 or less points

2: exit body at 3 or more points

f: single quadrant, infra-equatorial
r: 2 quadrants, supra-equatorial

t: 2 quadrants, infra-equatorial

i: infra-equatorial

e: equatorial

p: supra-equatorial

AO/OTA, AO Foundation/Orthopaedic Trauma Association.

Figure 3 Axial CT image demonstrating a well-centered humeral

head on the glenoid axis after a anterior glenoid fracture.

glenoid width and found no significant difference in

instability or functional scores (18). Despite some case series

demonstrating adequate results, providers must be cautious

with glenoid rim fractures as malunion or bone loss may be
a sign of future chronic instability. One key factor to note in
trying to decide about need for surgical fixation is whether

the humeral head is well centered on the remaining glenoid

face. If the head is centered, non-operative treatment may be
successful. If the head is subluxed then this bodes poorly for
the future stability of that shoulder (Figure 3). Similarly, to

glenoid rim fractures, many glenoid fossa fractures may also
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be treated conservatively. Varying cutoffs are described in
the literature for acceptable intra-articular step off from 2 to
10 mm, with several studies using a 4-mm cutoff (14,19-21).
One reason many surgeons are hesitant to operate on
glenoid fractures despite a pronounced articular step off is
that surgical management is technically demanding and is
relatively morbid with extensile open approaches. In this
manner, arthroscopic management of glenoid fractures may
allow for a less invasive and softer tissue friendly option.

Arthroscopic fixation

A number of glenoid fractures can be treated with all-
arthroscopic and arthroscopic-assisted techniques.
Nonetheless, familiarity with complex arthroscopic
techniques varies among providers. While there is an
obvious perceived benefit of minimizing soft tissue
disruption, arthroscopic visualization of the glenoid allows
for a more complete view of the articular surface and
possibly more accurate reduction. Furthermore, additional
soft tissue injuries of the shoulder such as humeral avulsion
of the glenohumeral ligament (HAGL), labral tears, or
rotator cuff pathology can be identified and addressed at the
time of surgery.

Glenoid rim fractures

Of all glenoid fracture types, arthroscopic fixation of
anterior glenoid rim fractures (bony Bankart injury or
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Figure 4 Arthroscopic view depicting suture anchor placement (A) and repair (B) of a glenoid rim fracture with labral tear.

Ideberg type la fractures) has the longest track record
and most supporting literature. The first reported case
of arthroscopic fixation was by Cameron in 1998 with an
arthroscopic reduction and percutaneous screw fixation (22).
Bonnevialle et al. retrospectively compared arthroscopic
and open techniques for fixation of Ideberg Ia fractures
and found no significant difference in functional scores or
healing rates; however, the authors did find significantly
higher complication rates (infection, stiffness) and less post-
operative motion (elevation and external rotation) in the
open group (11).

Overall, arthroscopic fixation of anterior glenoid
rim fractures has demonstrated comparable results with
less complications when compared to open repairs.
Scheibel et al. repaired 23 anterior glenoid rim fractures
arthroscopically and found that all patients went on to
radiographic union without recurrent instability, although 7
(30%) did develop radiographic signs of arthritis (23). Plath
et al. evaluated 45 patients that underwent arthroscopic
anterior glenoid rim fracture repair and demonstrated
98% satisfaction, 95% return to sport, and 3 (7%) re-
dislocations. The authors also did find that 28% of patients
had residual articular step off and a 16.6% nonunion rate
which was more prevalent in non-acute fractures (24).

Several authors have looked at risk factors for failure in
arthroscopic glenoid rim fixation. Nakagawa er /. found
that bony Bankart repairs with small bony fragments less
than 5% of the glenoid diameter actually had a significantly
higher nonunion and instability rate compared to larger
fragments. The authors did also conclude that there was

© Annals of Joint. All rights reserved.

a higher incidence of recurrent instability in nonunion,
partial union, or resorption cases (25). Similarly, Jiang
and colleagues concluded that the key measurement
in predicting recurrent instability is the post-operative
reconstructed glenoid diameter with a diameter less than
80% accounting for all cases of recurrent instability (26).

Glenoid rim technique

Many techniques have been described for arthroscopic
glenoid rim fixation. No matter the acuity of the fracture,
the first step in fragment reduction is debridement of intra-
articular fibrous debris or fracture hematoma to allow for
fragment mobilization and reduction. Reduction can be
aided with use of a blunt trocar, rasp, elevator, pin, or any
number of other percutaneous tools. In fractures with a
single large fragment, some advocate for the use of either
bioabsorbable or metallic screws that may or may not be
cannulated (23,24). While increasing fixation stiffness,
metallic screws may result in impingement during post-
operative motion requiring a second surgery for screw
removal (11,27). A biomechanical cadaveric study did
demonstrate that addition of a screw to a suture anchor-
based repair significantly improved the construct load to
failure (28).

All-arthroscopic transosseous and suture anchor
techniques have also been described (Figure 4). These
techniques may be particularly useful in multiple or small
fracture fragments. Porcellini and colleagues were the first
to publish a substantial case series of 25 patients describing
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Figure 5 Diagram depicting arthroscopic suture anchor techniques (A) described by Porcellini ez a/. (29) (B) and Millet ez 4l. (30) (C).

an all suture anchor fixation technique. The authors placed
an anchor in the exposed subchondral bone in the fracture
bed and passed a suture through the deep capsule tying a
simple suture over the top of the osseolabral fragment (29).
They showed no recurrent instability and a 92% satisfaction
rate with only two patients having significant loss of external
rotation. Another well described technique was described
by Millet et al., and is known as the “bony Bankart bridge”.
This double row technique places anchors in the intact
subchondral bone and the deep fracture edge with suture
bridge over the top of the fragment and has shown good
long-term survivorship and biomechanical strength (30-32)
(Figure 5). Other techniques rely on labral repair at the
superior and inferior fracture margins to approximate the
bony fragment (33).

Similar concepts for anterior glenoid rim fractures have
been applied to posterior glenoid rim fractures. A “posterior
bony Bankart bridge” technique was described by Lacheta
et al., and comes from the same senior surgeon. The authors
found excellent results without recurrent instability in all
seven patients included in the study (34). Access to the
posterior glenoid rim can be more difficult and typically
requires accessory posteroinferior portals.

Glenoid fossa fractures

Arthroscopic fixation techniques have been described
for glenoid fossa fractures, although less commonly than
glenoid rim fractures. Given the fact that fractures involving
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the glenoid fossa (Ideberg II-V) have extension into the
scapular body and neck, the majority of these fractures are
difficult to reduce by arthroscopic or percutaneous means.
However, Ideberg type III fracture have a fracture line that
exits the superior scapula that allows for an ideal corridor
for percutaneous fracture fixation. Therefore, Ideberg
type III fractures in particular are more amenable to
arthroscopic fixation (35). Several case reports have described
arthroscopically assisted percutaneous fixation techniques
most commonly using this corridor to fix transverse type
fractures (Ideberg type III and V) of the glenoid with a
superior to inferior directed compression screw (35-39).
Care must be taken when placing percutaneous screws
into the glenoid given the close proximity of neurovascular
structures. A cadaveric analysis by Marsland e 4. showed
that safe corridors existed superior and posteriorly.
Anterior and inferior screw placement puts the cephalic
vein, musculocutaneous nerve, and inferior branch of the
suprascapular nerves at risk (40). The authors found that the
relative safe zone using a clock-face analogy is from 7:40 to
2:50, excluding the position of the acromion posteriorly and
the coracoid anteriorly. Despite the continued improvement
in percutaneous and arthroscopic techniques, surgeons
should avoid sacrificing quality of reduction and fixation for
minimally invasive techniques if it will affect patient outcome.

Conclusions

The indications and feasibility of arthroscopic fixation
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of glenoid fractures have improved greatly over the past
two decades; however, there still remains certain fracture
patterns that require an open approach. Anterior and
posterior glenoid rim fractures are often amenable to all-
arthroscopic repair techniques, and produce similar results
with less complications than open approaches. Chronic
fractures of the glenoid rim, however, have less predictable
results and may benefit from bone-augmentation procedures
such as a Latarjet. While some glenoid fossa fractures with
reducible fragments may be amenable to arthroscopic or
arthroscopic-assisted fixation techniques, the majority of
these fractures will likely require an open approach to aid
in reduction. Arthroscopy can still be a useful adjunct to
open reduction as it provides excellent visualization of the
articular surface.
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