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Background: Despite extensive literature dedicated to determining the optimal treatment of isolated
greater tuberosity (GT) fractures, there have been few studies to guide the management of GT fracture
dislocations. The purpose of this review was to highlight the relevant literature pertaining to all aspects
of GT fracture dislocation evaluation and treatment.
Methods: A narrative review of the literature was performed.
Results: During glenohumeral reduction, an iatrogenic humeral neck fracture may occur due to the
presence of an occult neck fracture or forceful reduction attempts with inadequate muscle relaxation.
Minimally displaced GT fragments after shoulder reduction can be successfully treated nonoperatively,
but close follow-up is needed to monitor for secondary displacement of the fracture. Surgery is indicated
for fractures with >5 mm displacement to minimize the risk of subacromial impingement and altered
rotator cuff biomechanics. Multiple surgical techniques have been described and include both open and
arthroscopic approaches. Strategies for repair include the use of transosseous sutures, suture anchors,
tension bands, screws, and plates. Good-to-excellent radiographic and clinical outcomes can be achieved
with appropriate treatment.
Conclusions: GT fracture dislocations of the proximal humerus represent a separate entity from their
isolated fracture counterparts in their evaluation and treatment. The decision to employ a certain
strategy should depend on fracture morphology and comminution, bone quality, and displacement.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Isolated greater tuberosity (GT) fractures of the humerus are
uncommon injuries and comprise approximately 14%-1% of all
proximal humerus fractures.4,20,32 Of these injuries, 5%-57% occur
in association with an anterior glenohumeral dislocation, whereas
7%-30% of anterior dislocations involve a GT fracture (Fig. 1).4,32,56

Although other fractures of the proximal humerus tend to occur
in elderly patients with osteoporosis after a ground-level fall,
greater tuberosity fracture dislocations (GTFDs) typically occur in
middle-aged patients due to higher energy trauma.12,55

The mechanism of injury in GTFDs is incompletely understood
but has been traditionally attributed to a shear injury.4 As the
proximal humerus translates anteriorly during a dislocation, the
rotator cuff musculature may counteract this force and result in an
avulsion and displacement of the GT. Additionally, it has also been
suggested that impaction of the GT against the anteroinferior
glenoid rim along with the concomitant pull of the rotator cuff
d for this review.
S, FACS, Department of Or-
co, 2550 23rd St., Building 9,

emir).

er Inc. on behalf of American Shoul
muscles may cause a fracture rather than a Hill-Sachs lesion
depending on the degree of humeral external rotation when the
dislocation occurs.1 More recent studies have identified inferior
displacement of the GT in 20%-32% of glenohumeral disloca-
tions.4,42 These may represent hyperabduction injuries where
impaction of the GT against the undersurface of the lateral acro-
mion subsequently levers the humeral head into a dislocated
position or direct impaction injuries of the GT against the inferior
glenoid.59

Despite extensive literature to ascertain optimal treatment for
isolated GT fractures, there have been few studies to guide the
treatment of GTFDs. This article will review the pertinent literature
regarding all phases of GTFD evaluation and treatment, as well as
the senior author’s preferred management.

Classification

In 1970, Neer described the most widely used system for clas-
sification of proximal humerus fractures.44 The system is based on
the number of fractured parts, magnitude of fracture displacement,
and presence or absence of a glenohumeral dislocation. It divided
the proximal humerus into the GT, lesser tuberosity, head, and shaft
der & Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1 Anterior greater tuberosity fracture dislocation with a large greater tuber-
osity fragment.
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and considers these fracture fragments to be “parts” if they are
angulated more than 45� or displaced more than 1 cm.44 The
intended purpose of defining these cutoffs for displacement was to
classify the fracture fragments as stable or unstable.44 However,
these values were chosen arbitrarily, and displacement of the GT is
now generally defined to be more than 5 mm.59 The AO/OTA clas-
sification is more complex than the Neer classification and is based
on the location of the fractures, the presence of articular involve-
ment, and impaction, angulation, or comminution of the meta-
physeal segment.41

Although these two classifications are the most commonly used,
they are limited by slight to moderate interrater reliabilities.17 Few
studies have evaluated the subgroup of GT fractures in isolation.
Displacement by more than 5 mm had a reliability of 0.31-0.35 on
radiographs.9,42 The fair agreement with radiography is likely the
result of difficulty measuring displacement of small fragment sizes
and superimposition of the fragment on the humeral head.50 In a
study utilizing computed tomography (CT) scans, interobserver
reliability of GT displacement was significantly higher on 2D-CT
than 3D-CT (k: 0.35 vs. 0.30), but the overall reliability was still low
and differences were small.10

To overcome the limitations of the Neer and AO classification,
there has been a shift toward describing the morphology of GT
fracture fragment. These systems not only take into account
fracture displacement but also consider fragment size, shape, and
orientation, which have profound implications in determining
surgical fixation. Mutch et al proposed a morphological classifi-
cation of GT fractures into 3 types: avulsion, split, and depression
fractures (Fig. 2).42 Avulsion fractures involve a small fragment of
bone with a horizontal fracture line and represent a bony avulsion
of the rotator cuff footprint. Split fractures involve a large frag-
ment with a vertical fracture line that begins at the junction of the
rotator cuff footprint and humeral head cartilage and extends
distally and laterally to the level of the surgical neck. Depression
fractures involve a fragment ie, displaced inferiorly and are similar
to a Hill-Sachs lesion but are located more laterally on the GT
rather than humeral head cartilage. Of 55 GTFDs, 29% were avul-
sion fractures, 36% were split fractures, and 35% were depression
fractures.42 Depression fractures were rarely displaced and
required surgical intervention in only 7% of cases.42 Conversely,
avulsion and split fractures were displaced more than 5 mm in
approximately 35% and 38% of cases, respectively.42 The use of this
classification system had good interrater reliability of 0.73-0.77
and has practical implications for guiding surgical fixation
technique.42

Initial management

The appropriate evaluation of GTFDs is predicated on ability of
the treating surgeon to identify the injury in a timely fashion and
have a complete and thorough understanding of the fracture
pattern. Aside from a focused history, physical exam and imaging
remain the mainstays of diagnosis.

Physical examination

Gross deformity of the shoulder or a pronounced subacromial
sulcus may suggest a dislocation of the humeral head. There may
be ecchymoses around the shoulder. Additional attention should
be placed on checking for concomitant injuries to the ipsilateral
elbow, forearm, and wrist. A detailed neurologic examination is
conducted and documented before and after the reduction. Of
patients with GTFDs, 5.7%-34% had a neurologic deficit.18,56 An
axillary nerve lesion is the most common deficit occurring in 63%
of cases.56 However, a large proportion of nerve injuries involved
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the brachial plexus and occurred in 21% of cases.56 Vascular in-
juries after GTFDs are rare and require a high index of suspicion.
Collateral circulation can produce a palpable radial pulse despite
complete axillary artery occlusion.31 Several risk factors for
vascular injuries include an iatrogenic neck fracture with medial
displacement of the head or shaft, patient age >50 years,
atherosclerosis of the axillary artery, and the presence of neuro-
logic deficits.40,63

Radiographic evaluation

A standard trauma radiographic series of the shoulder, including
anteroposterior (AP) view in scapular plane (Grashey view), scap-
ular Y, and an axillary lateral view, is imperative. Systematic
assessment of the radiographs begins with determining the direc-
tion of dislocation, degree of fracture comminution, orientation of
fracture planes, fragment size, bone quality, and associated frac-
tures of the glenoid and coracoid. Furthermore, special attention
should also be directed toward an evaluation of the humeral neck
for the presence of an occult fracture. Shaw et al reported an occult
humeral neck fracture in 7.4% of isolated GT fractures and was
missed 4.4% of the time.61 Inferior displacement of the GT can also
be suggestive of an occult fracture.66 In the setting of a fracture
dislocation, it has been hypothesized that these occult fractures can
propagate into a displaced neck fracture during closed reduction.
Iatrogenic fracture of the humeral neck occurs in up to 26% of GTFD
reductions and has severe clinical consequences, as the clinical
outcomes will be worse and treatment options may change from
preservation to arthroplasty (Fig. 3).2,24,47,54,67 Risk factors include
female sex, age greater than 50 years, and GT size greater than 40%
of the distance from the fracture line to the medial calcar.24,47 It is
the senior author’s expert opinion that a CT scan should be obtained
prior to reduction to evaluate for an occult humeral neck fracture if
the patient is over the age of 50 years or if there are findings sus-
picious for an occult fracture, such as subtle changes in the head-
shaft angle or lucent lines along the calcar.



Figure 2 Mutch classification of greater tuberosity fractures: (A) depression; (B) avulsion; and (C) split types.

Figure 3 (A) Anterior greater tuberosity fracture dislocation prior to reduction. (B) Iatrogenic neck fracture of humerus during closed reduction resulting in a 3-part proximal
humerus fracture.
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Reduction

After clinical and radiographic evaluation, the shoulder should
be reduced as soon as possible. The patient should be notified be-
forehand that during the manipulation there is a risk of an iatro-
genic fracture. If the patient is less than 50 years old, has good bone
quality, and has no suspicious features of a neck fracture, we
recommend closed reduction in the emergency department with
moderate sedation using the traction-countertraction method
(Fig. 4). The closed reduction should be attempted only once and
performed by an experienced provider. For those who do not
meet all of these criteria, a closed reduction should be performed in
the operating room, where general anesthesia and complete mus-
cle relaxation can be achieved. Pan et al reported that 17 cases of
iatrogenic fractures occurred under moderate sedation, whereas
only 4 cases occurred with general anesthesia, concluding that an
ideal state of muscle relaxation minimizes the risk of an iatrogenic
fracture.47

Several scenarios may occur after an attempted closed reduc-
tion. When closed reduction is successful, a shoulder immobilizer
with an abduction pillow is applied in slight abduction to limit the
amount of fracture displacement. When closed reduction with
moderate sedation is unsuccessful, a repeat attempt may be
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performed under general anesthesia.65 For patients with an irre-
ducible GTFD with or without an iatrogenic fracture, open reduc-
tion should be performed as soon as possible to maximize patient
outcomes andminimize the risk of complications, such as avascular
necrosis.47,60,62 In a series of 30 patients with B- and C-type prox-
imal humerus fracture dislocations, 100% of patients who had a
delay in reduction and surgery of more than 48 hours developed
avascular necrosis.60 Roddy et al found an avascular necrosis rate of
19% in 26 patients with all types of proximal humerus fracture
dislocations, though the median time to reduction and surgery was
24 hours.57 After the humeral head is open reduced, it is reasonable
to manage an isolated GTFD nonoperatively if there is minimal
residual displacement of the fracture fragments. However, the GT
fragment has up to a 51% rate of secondary displacement.6 In our
experience, we prefer to fix the GT fragment at the initial surgery to
minimize the possibility of an additional procedure and allow
earlier range of motion. Similarly, we prefer to fix GTFDs with iat-
rogenic fractures at the time of open reduction as they are often
displaced. In a case series of 21 patients with GTFDs and iatrogenic
fractures, all patients required surgery to achieve glenohumeral
reduction.47 The authors found that pain and functional outcomes
were improved among patients who underwent open reduction
and internal fixation within 8 hours compared to patients with



Figure 4 Reduction algorithm for greater tuberosity fracture dislocations. ORIF, open reduction internal fixation; RTSA, reverse total shoulder arthroplasty.
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longer waiting times, though avascular necrosis still occurred in
14% of patients.47 Reverse shoulder arthroplasty is generally
reserved for elderly patients with poor bone quality who sustain an
iatrogenic humeral neck fracture during an attempted closed
reduction of a GTFD.46
Radiographic evaluation after reduction

After glenohumeral reduction, the degree of displacement of the
GT fragment is assessed. Some authors have historically reported
that the GT was displaced more than 1 cm in 25%-49% of pa-
tients.4,39,56 A recent case series of 133 GTFDs similarly found a
postreduction displacement greater than 5 mm in 38% of patients.6

Conversely, another study of 55 GTFDs observed that 15% of pa-
tients had superior displacement more than 5 mm after shoulder
reduction.25 The differences in the reported rates can be attributed
to variations in radiographic projections and techniques used to
measure displacement.

We recommend evaluating the amount of superior-inferior
displacement on AP view in external rotation and the amount of
anterior-posterior displacement on the axillary lateral view and/or
scapular Y view (Fig. 5A). Parsons et al have shown in a cadaveric
study that the AP view in external rotation altered treatment in 9 of
48 situations, concluding that this projection best profiles the GT
and can demonstrate even smaller displacements.50 However,
measurement differences as large as 1 cm can still occur despite
standardizing radiographic projections.50 Several other methods to
evaluate GT fracture displacement have been developed including
the GT ratio (Fig. 5B) and impingement index (Fig. 5C).43,45 A GT
ratio >0.50 and an impingement index >0.70 were suggestive of
fractures that should be surgically reduced.43,45

CT scans with or without 3D reconstructions can provide in-
formation about fracture morphology, size, comminution, and de-
gree of displacement (Fig. 6). Its benefit, however, in determining
surgical treatment has been questioned.27 Among 164 orthopedic
surgeons, the addition of 2D or 3D CT did not result in a difference
in recommendation for surgery compared to radiographs alone, but
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did marginally increase the confidence of the surgical decision by
5%.27 A complete radiographic series of good quality should pre-
clude the need for a CT scan, but it can be helpful in borderline cases
where the amount of displacement is ambiguous.

Other advanced imaging modalities such as magnetic resonance
imaging (MRI) may also be used to assess soft tissue injuries. In a
series of 32 patients that included nine dislocations, Pitcher et al
reported that MRI did not change the measure of fracture
displacement or help in making surgical decisions.51 Other MRI
studies have found that soft tissue injuries are common with
partial-thickness rotator cuff tears occurring in 38%-100% of pa-
tients, labral tears in 50%-56% of patients, and biceps tendon in-
juries in 41% of patients.23,33,38,51 Moreover, full-thickness rotator
cuff tears were uncommon in minimally displaced fractures with a
prevalence of 0%-9%.23,33,38,51 In patients with nonoperatively
managed fractures who have persistent pain, limited motion,
weakness, or instability after 3 months, an MRI can be obtained to
evaluate for rotator cuff, biceps, or labral pathology. We do not
routinely obtain an MRI before surgery, as we do not address cap-
sulolabral injuries acutely. In our experience, concomitant repair of
the fracture and capsulolabral complex increases the risk of stiff-
ness significantly. Residual shoulder instability after fixation of the
fracture is uncommon and is an easier problem to address than
stiffness.
Treatment

Surgical indications
The operative threshold with respect to GT displacement in any

direction is generally accepted to be 5 mm after reduction due to
concerns about mechanical impingement and altered rotator cuff
biomechanics.7,20,22,59 In a biomechanical study of 8 cadavers, Bono
et al demonstrated that superior displacement of the GT fragment by
5 mm resulted in subacromial impingement in 1 specimen, whereas
superior displacement by 1 cm led to a mechanical block in 7
specimens.7 Moreover, the deltoid force needed to abduct the
shoulder increased by 16% and 27% with 5 mm and 1 cm of superior



Figure 5 Three methods of determining greater tuberosity (GT) displacement. (A) Superior displacement of 5.5 mm. (B) The GT ratio is calculated as AþB
B ¼ �4þ9:3 mm

9:3 mm ¼ 0:57: (C) The
impingement index is calculated as RT�RH

RA�RH
¼ 31:5�23:6 mm

34:7�23:6 mm ¼ 0:71: A GT ratio > 0.50 or an impingement index >0.70 are suggestive of fractures that may benefit from surgery.

Figure 6 (A) A split-type greater tuberosity fracture with minimal superior displacement on Grashey view with arm in external rotation. (B) Axillary lateral radiograph demon-
strating 8 mm posterior displacement. (C) 3D CT reconstructions demonstrating 4.8 mm posterior displacement. The patient was managed successfully nonoperatively. CT,
computed tomography.
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displacement compared to no displacement.7 Subsequent studies
have suggested operative treatment with displacement as little as 3
mm, particularly in athletes and heavy laborers.49,53 Platzer et al
reviewed 135 patients and found slightly worse Constant, Vienna
Shoulder, and University of California Los Angeles Shoulder Scores
among patients with 3-5 mm of displacement compared to those
with less than 3 mm displacement, albeit the findings were not
statistically significant.53 There have been no additional studies that
have corroborated these findings, and higher-quality studies are
warranted before this lower cutoff can become an accepted practice.
582
Other authors have recommended operative fixation of all
GTFDs due to high rates of secondary GT displacement.14,25,28 They
further suggested that the postreduction amount of displacement
cannot be used to guide treatment in these cases because the
initial displacement when the humeral head is dislocated if often
greater than the 5 mm cutoff, averaging 1.1-2.4 cm.14,25,28 In a case
series of 27 GTFDs, Hebert-Davies et al found secondary
displacement of the GT fragment in 27% of patients and that the
odds of further displacement were 5.6-fold higher than those of
isolated GT fractures, concluding that even the anatomically



Table I
Functional outcomes of nonoperative treatment of greater tuberosity fracture dislocations.

Study N Follow-up
(y)

Age
(y)

Male Displacement
(mm)*

Rehab protocol ROM (�) PRO Recurrent
instability

Impingement Delayed
ORIF

Platzer
(2005)53

26 3.7 56 (18-75) NA 5 Sling: 3 weeks NA Constant: 81
UCLA: 31
Vienna: 7.5

1 (3.8%) NA 0 (0%)

Mattyasovszky
(2011)70

5 3.0 62 (26-83) 2 (40%) 6 Sling: 1-2
weeks
Active ROM:
Week 3-4
Strengthening:
Week 6

NA Constant: 65
DASH: 24

0 (0%) 1 (20.0%) 0 (0%)

Hebert-Davies
(2015)25

27 2.3 54 (no range) 16 (59%) 15 Sling: 1-2
weeks
Active ROM:
Week 6
Strengthening:
Week 8

NA Constant: 83 NA 13 (48.1%) 3 (11.1%)

Dussing
(2018)15

37 4.9 58 (23-84) 23 (62%) 5 Sling: 4 weeks
Active ROM:
Week 6

Flexion: 145
Abduction: 144
ER: 44

Constant: 75
Rowe: 83
SSV: 80
WOSI: 353

3 (8.1%) NA 0 (0%)

Razaeian
(2021)71

9 1.6 57 (22-75) 4 (44%) 7 Sling: 1-2
weeks
Active ROM:
Week 4
Strengthening:
Week 7

NA Constant: 82
SSV: 93

0 (0%) NA 0 (0%)

Summaryy 104 3.5 57 58% - - - Constant: 79 5.2% 43.8% 2.9%

ROM, range of motion; PRO, patient-reported outcomes; UCLA, University of California Los Angeles Shoulder Score; DASH, disability of arm, shoulder, hand; SSV, subjective
shoulder value; WOSI, Western Ontario Shoulder Instability.

*Maximal superior displacement. Other directions were not consistently assessed.
yWeighted means calculated for summarized data.
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reduced GT should be considered highly unstable and at risk of
secondary displacement.25 Other studies have similarly reported
secondary displacement rates of 40%-51% despite the GT
displacement being less than 5 mm after shoulder reduction.5,6

Several predictors of secondary displacement include age > 65
years, split-type fractures, comminuted fractures, rotator cuff at-
rophy, and ipsilateral fractures to the same extremity.5,6,58 The
higher rate of further displacement among GTFDs compared to
isolated GT fractures could be from injury to the capsu-
loligamentous structures after shoulder dislocation, resulting in
increased translation of the humeral head.6 Additionally, the
mismatch between the fracture surface of the GT fragment and
fracture bed in the setting of a dislocation has been implicated to
contribute to reduced bony contact and intrinsic stability of the
fracture fragments.6,28

We believe that GTFDs represent a separate entity from isolated
GT fractures as they are associated with more severe soft tissue
injury. For fractures that are displaced less than 5 mm or below the
level of humeral head after shoulder reduction, we recommend
close observation with weekly radiographs for 3 weeks to evaluate
for secondary displacement of the GT. Displacement after this time
period is unlikely. We reserve surgery for fractures displaced more
than 5 mm or above the level of the humeral head.
Figure 7 AP view showing suture fixation with a screw post construct used to secure a
small greater tuberosity avulsion fracture. The arrow indicates the location of the
fracture line. AP, anteroposterior.
Nonoperative management
There is no consensus on the optimal nonoperative manage-

ment of GTFDs. A summary of rehabilitation protocols and func-
tional outcomes is listed in Table I. We prefer to immobilize patients
for a total of 6 weeks in a shoulder immobilizer with an abduction
pillow to minimize passive tension of the rotator cuff muscles.
Radiographs are initially obtained weekly for the first 3 weeks to
evaluate for secondary displacement. Afterward, gentle passive
range of motion is initiated. Therapy is advanced to active motion at
6 weeks, and strengthening is begun at 12 weeks. In patients who
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have persistent pain, limited motion, weakness, or instability after
3 months, an MRI can be obtained to evaluate for rotator cuff, bi-
ceps, or labral pathology.



Table II
Surgical outcomes of greater tuberosity fracture dsislocations.

Study N Follow-
up
(y)

Age
(y)

Male Indication Fixation
method

Concomitant
procedure

ROM
(�)

Patient-
reported
outcomes

Revision
ORIF

Zhang (2020)69 15 3.2 48 (22-66) 7 NA Arthroscopic
suture bridge:
100%
Screw
augmentation:
53%

Glenoid Rim Repair: 15
RC Repair: 13
Biceps Tenodesis: 3
SLAP Repair: 1
Coracoid ORIF: 1

Flexion: 157
ER: 40
IR: T11

Constant: 95
ASES: 95
VAS pain: 0.4

0 (0%)

Dussing (2018)15 18 4.9 47 (15-71) 11 >3 mm Percutaneous
screw: 39%
ORIF screw ±
cerclage: 55%

NA Flexion: 151
Abduction: 150
ER: 48

SSV: 81%
WOSI: 357
Rowe: 80
Constant: 79

5 (28%)

Plachel (2017)52 6 2.9 60 (37-85) 5 >5 mm ORIF wires: 33%
Percutaneous
screw: 17%
ORIF screw:
17%

Glenoid Rim Repair: 6
Coracoid ORIF: 3
RC Repair: 1

Flexion: 133
Abduction: 138

Constant: 72
SST: 9.0
SSV: 72%

1 (17%)

Park (2016)48 3 2.2 73 (64-83) 0 >5 mm ORIF plate:
100%
Suture anchor:
100%

NA Flexion: 132
Abduction: 132
ER: 3
IR: L3

ASES: 83
UCLA: 27
SST: 8.3

1 (33%)

Mattyasovszky (2011)70 4 3.0 54 (31-68) 1 NA ORIF screw or
plate: 100%

NA NA DASH: 11.4
Constant: 64

NA

Dimakopoulos (2007)14 34 4.8 53 (18-84) 19 All Open
transosseous
suture repair:
100%

RC Repair: 6
Interval Repair: 16

Flexion: 170
Abduction:
ER: 55
IR: T10

Constant: 88 0 (0%)

Summary* 80 4.2 52 54 - Open: 5
Arthroscopic: 1

- Flexion: 159
ER: 48
IR: T10

Constant: 85 7 (9.2%)

ROM, range of motion; RC, rotator cuff; SLAP, superior labrum anterior posterior; ORIF, open reduction internal fixation; ER, external rotation at side; IR, internal rotation; ASES,
American Shoulder and Elbow Sugeons; VAS, visual analog scale; WOSI, Western Ontario Shoulder Instability; SST, simple shoulder test; SSV, subjective shoulder value; UCLA,
University of California Los Angeles Shoulder Score; DASH, disability of arm, shoulder, hand.

*Weighted means calculated for summarized data.
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Patients can expect a good to excellent return of function with a
low risk of recurrent instability and reoperation. In 37 GTFDs with
postreduction displacement less than 5 mm, Dussing et al noted
forward elevation to reach 145� with a mean Constant Score of 75 at
4.9 years.15 Three patients each had one further episode of instability,
but there were no reoperations for secondary displacement.15

Hebert-Davies et al reported a Constant Score of 83 among 27 pa-
tients with GTFDs, though 48% developed subacromial impingement
and 11% required subsequent fixation.25 One study reviewed 9
minimally displaced GTFDs with persistent shoulder pain 8 months
after failed conservative therapy and noted partial-thickness artic-
ular-sided tears in all patients and Bankart tears in three patients.33

Arthroscopic d�ebridement of the rotator cuff with subacromial
decompression and repair of the Bankart lesion resulted in excellent
functional scores and no recurrent instability at 2.4 years.33

Surgical treatment

The techniques utilized to treat displaced GTFDs are similar to
those used to treat isolated GT fractures and include both open and
arthroscopic approaches. Arthroscopy is less invasive and has the
added benefit of evaluating and addressing intra-articular struc-
tures, such as the rotator cuff, labrum, and biceps tendon, which are
commonly injured.37,51 The decision to undergo arthroscopic
treatment is dependent on fracture type, fragment size, bone
quality, and surgeon preference and experience. In general, frac-
tures are amenable to arthroscopic repair if the injury occurred
within the past two weeks, displacement is less than 2 cm, and the
fracture does not extend distally beyond the surgical neck of the
humerus or involve the bicipital groove anteriorly.29,35,48 A sys-
tematic review comparing the clinical outcomes of open and
584
arthroscopic treatment of GT fractures demonstrated no difference
in motion and patient-reported outcomes.26 However, the overall
complication rate with open surgery was 23% compared to 7% for
arthroscopic surgery with the most common complication being
stiffness and pain.26

Historically, open or mini-open transosseous repair of the GT
using nonabsorbable suture in figure-of-8 fashion was performed
with 71%-100% achieving good-to-excellent results.13,14,16 A bone
bridge of at least 1 cm and additional nonabsorbable sutures placed
around the GT fragment at the bone-tendon junction was recom-
mended to avoid pulling through comminuted or osteoporotic
bone.14 Subsequent biomechanical studies, however, have shown
that transosseous suture fixation had the lowest yield strength to 5
mm of fracture displacement compared to other fixation con-
structs, including double row suture bridge, cancellous screws, and
locking plate fixation.8,19

In the past decade, multiple variations of the mini-open or
arthroscopic double-row suture anchor or double-row suture bridge
fixation have been described. One study showed that there is no
biomechanical difference in load to displacement between these
fixation patterns.36 We prefer arthroscopic repair in small or
comminuted fractures, such as an avulsion-type fracture. Our
preferred arthroscopic technique is similar to prior techniques and
involves a double-row suture bridge construct in the beach chair
position.21 After standard diagnostic arthroscopy, the subacromial
bursa and fracture hematoma are d�ebrided. The fracture bed and
fragment are meticulously cleaned with a shaver to evaluate fracture
margins. Inadequate preparation of the fracture bed and fragments
can lead to amalreduction. An arthroscopic grasper is used to reduce
the fracture, and inspection of the reduction is performed through
arthroscopic visualization and fluoroscopy. If the reduction is



Figure 8 AP radiograph demonstrating a suture and proximal humerus locking plate
fixation construct that was used to treat a split-type greater tuberosity fracture in a
patient with osteoporotic bone. AP, anteroposterior.
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inadequate, there should be a low threshold to convert to an open
procedure. Next, twomedial row knotless anchors are inserted at the
medial edge of the fracture bed. The anchors are spaced approxi-
mately 15 mm apart in the AP direction to maintain an adequate
bone bridge. A curved suture shuttling device via the anterior portal
is passed through the rotator cuff tendon 3-5 mm medial to the GT
fragment to retrieve all suture limbs. There are no knots tied in the
medial row. While the grasper holds the GT fragment reduced, the
sutures are secured with two lateral row anchors that are inserted 5
mm distal to the edge of the GT fracture. We do not routinely repair
Bankart lesions unless there is an associated glenoid rim fracture
involving more than 15% of the glenoid.

Suture fixation around a screw post can also be used to treat
small or comminuted fractures. These constructs are more secure
for patients with osteoporosis because the sutures are passed
through the rotator cuff tendons, which are stronger than the bone
itself. Multiple tension band sutures are anchored just distal to the
fracture site with a cortical screw and washer (Fig. 7).

Interfragmentary compression with two cancellous screws can
also be placed percutaneously or through a mini-open incision.
Both indirect reduction techniques using fluoroscopy or direct
reduction with arthroscopic assistance have also been re-
ported.15,52,64 This construct is inexpensive, but the resistance to
displacement has been variable in biomechanical studies.
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Cancellous screws had higher yield strength than transosseous
sutures, but not compared to plate fixation or double-row suture
anchor constructs.8,34,36 Further augmentation of screw fixation
with a cerclage wire around the screw heads can increase the yield
strength to a level ie, comparable to suture anchor constructs.11

However, screw fixation can cause additional comminution of
small GT fractures during insertion.15 As such, this technique should
be reserved only for large split-type fractures with no comminution
and good bone quality. We do not use this technique due to lower
biomechanical strength, risk of splitting the fragment, and risk of
impingement of a prominent screw head.

The senior author’s preferred technique for large-split-type
fractures, particularly fragments that extend beyond the level of
the surgical neck, is to pass multiple nonabsorbable sutures
through the rotator cuff tendons and tie them to the suture holes of
a precontoured proximal humerus plate (Fig. 8). This is performed
using a deltopectoral approach where the cephalic vein is mobi-
lized medially, if possible, to avoid excess pressure by lateral re-
tractors. Next, a No. 2 nonabsorbable suture is passed 5 mm
medially to the supraspinatus tendon insertion. Anterior traction of
this suture will expose the infraspinatus and teres minor tendons,
allowing two additional No. 2 nonabsorbable sutures to be placed
into cuff insertion. After anatomic reduction and provisional fixa-
tion of the fragment is obtained, the plate is positioned such that it
is 5 mm distal to the most superior aspect of the GT to minimize the
risk of subacromial impingement. The No. 2 nonabsorbable sutures
that were placed through the posterosuperior rotator cuff are then
passed through the plate. Once the plate is fixed to the humeral
shaft, the sutures are then tied to the plate. Unicortical locking
screws are inserted through the plate, including a screw placed
along themedial calcar.We believe this is themost robust construct
due to the primary fixation from sutures through the rotator cuff
and secondary fixation from the screws through the plate. More-
over, this technique minimizes the risk associated with other
techniques, including suture cut-out through bone, suture anchor
pull-out, and screw fixation failure. Disadvantages associated with
this technique include a larger exposure and the cost of a precon-
toured plate. However, various small or mini-fragment plates can
also be contoured and trimmed to match the GT anatomy.
Furthermore, low-profile anatomic plates designed for GT fractures
are also available for commercial use.68

Postoperatively, the arm is placed in a shoulder immobilizer in
slight abduction to minimize passive tension on the fixation
construct. In contrast to nonoperativemanagement, passivemotion
is initiated at 1 week tominimize the risk of stiffness. Active motion
is started at 6 weeks, and strengthening is permitted at 12 weeks.

A summary of the clinical outcomes following surgical treat-
ment of GTFDs is displayed in Table II. There have been no pro-
spective studies on this topic, and most of the literature reports the
combined outcomes of isolated GT fractures and GTFDs. Among
patients who undergo surgical fixation of GTFDs, excellent motion
and patient-reported outcomes can be achieved. Dimakopoulos
et al were the first to report on a series of surgically treated GTFDs
and found very good-excellent results in 91% of patients with all
patients returning to full work 7 months after surgery.14 Among
studies that concomitantly repaired the Bankart tear or glenoid rim
fracture, no further episodes of instability were observed.3,29,30,52,69

Among studies that did not repair the Bankart lesion, only one
study reported a case of recurrent instability that was successfully
treated nonoperatively.68

Conclusion

GTFDs of the proximal humerus represent a separate entity from
their isolated fracture counterparts in their evaluation and
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management. During glenohumeral reduction, an iatrogenic hu-
meral neck fracture may occur due to the presence of an occult neck
fracture or forceful reduction attempts with inadequate muscle
relaxation. Nondisplaced and minimally displaced GT fragments
after shoulder reduction can be successfully treated nonoperatively,
but close follow-up is needed to monitor for secondary displace-
ment of the fracture. Surgery is typically reserved for fractures with
>5 mm displacement in any direction to minimize the risk of
subacromial impingement and altered rotator cuff biomechanics.
Multiple surgical techniques have been described, and the decision
to employ a certain strategy should depend on fracturemorphology
and comminution, bone quality, and displacement.
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