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Abstract

The fracture-avulsion of the greater tuberosity represents the 2% of all humerus fracture, but the true incidence is likely
to be higher, being challenging the initial diagnosis on X-ray. The fracture-avulsion of the greater tuberosity could have
different treatment: Non-displaced or minimal displaced fractures are treated conservatively, while for the displaced or
comminuted ones the surgical treatment is preferred. The most important finding of this study is the employment of an
all arthroscopic transosseous augmented technique for the treatment of a displaced humeral greater tuberosity fracture-
avulsion. This technique showed all its advantages due to the transosseous fixation and arthroscopic approach.
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Introduction

Fractures of the proximal humerus represent approxi-
mately 5% of all fractures and almost half of all humeral frac-
tures [1]. The 20% of the latter are represented by isolated
fractures of the greater tuberosity (GT) [2]. These fractures
may be more challenging to identify on initial plain radio-
graphs because of osseous overlap when the glenohumeral
joint is internally rotated. Additionally, small comminuted
fragments may simply be overlooked or misinterpreted as
calcific deposition within the rotator cuff or intra-articular
loose bodies [1]. Recently, Ogawa [3] found that 59% of iso-
lated GT fractures were missed on initial evaluation [3], so
that its true incidence may, therefore, be higher [1].

The demographics of patients who sustain isolated GT
fractures have been more extensively reviewed, and their oc-
currence is predominantly in young male [2]. The treatment
of this kind of fractures is controversial. Generally non-dis-
placed or minimal displaced fractures are treated conserva-
tively. If the displacement is more than 5 mm or if the frac-
tures are comminuted a surgical treatment is preferred [4].
Although open procedures are preferred for comminuted,
widely displaced fractures, arthroscopic procedures can be
used for multi fragment bony avulsion of the supraspina-
tus tendon and isolated one-part GT fractures with minimal

displacement [1]. The displacement of the fracture is deter-
mined by the rotator cuff attachments on the superior margin
of the greater tuberosity that is marked by three distinct flat
impressions: The superior, middle, and inferior facets [5]. The
arthroscopic technique, even if could appear more demand-
ing allows a more complete evaluation of the shoulder (i.e.
associated lesions) and reduces the soft tissue damage [6].
To treat the GT fracture-avulsion different techniques were
proposed, such as the tension band wire suture, transosse-
ous braided-tape (BT) and double row suture bridge with an-
chor [7,8]. The last two options may be considered superior in
terms of mechanical proprieties, strength and stability. Espe-
cially in comminuted or eggshell fractures when rigid fixation
is not feasible only with anchors, with the aim to prevent GT
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provide an optimal primary stability of the implant.

Figure 1: Humeral lateral aspect preparation. Arthroscopic view. Right shoulder. Lateral decubitus. The scope is posterior. Sub-acromial space.
(a) From inferior lateral portal with the RF all the fibrotic tissue is removed and the lateral aspect of the humerus is debrided. This preparation
around the lateral margin of the fracture (yellow arrow) and the adjacent healthy methaphyseal humeral cortex (H) must be accurate in order
to improve visualization and ease the insertion of the cortical lateral augmentation; (b) The lateral entry point for the Taylor Stitcher is located
almost 2 cm below the lateral fracture margin (yellow arrow). Note the PDS #1 suture (white arrow) as a shuttle inserted into the eyelet of the
STN (red arrow); (c) Entry point of the Elite-SPK® with the loaded sutures below the lateral fracture margin (yellow arrow). Several stabilizing
flaps are attached to the main body of this PEEK device, which, in combination with the wide supporting underhead, have the function to

fracture displacement has been recently proposed to use the
sub acromial spacer (In Space balloon, Stryker, USA) to better
compress and stabilize the fracture [9].

The present technical note describes an original all ar-
throscopic transosseous augmented (ATA) technique as a fixa-
tion method for the avulsion-type greater tuberosity fractures.

Surgical Technique

The procedure was performed by the first author with
the patient in lateral decubitus with an interscalene cervical
plexus block. Four portals were needed for the surgery. With
the scope into the intra-articular space from the standard
posterior portal, after haematoma removal-from an anterior
portal, the fracture-avulsion of the GT mainly located in the
middle facet [3] was confirmed. The scope was then moved
into the sub-acromial space al mostly totally occupied by a
hematoma. With the use of a spinal needle, centered to the
lesion and tangent to the fractured area, the supero-later-
al portal (SLP) was created. The edge of the bony fragment
and the crater of the fracture were debrided. An associated
antero-superior rotator cuff tear was identified. Through an
additional infero-lateral portal (ILP), performed 2 cm below
the SLP, the lateral aspect of the humerus was prepared so
to perform the transosseous tunnel with a dedicated instru-
ment: The Superelastic Transosseus Needle® connected with
the Taylor Stitcher® Evo (NCS Lab s.r.l. - Medical Devices Fac-
tory, Italy) [10]. The lateral entry point is established 2 cm be-
low the lateral fracture margin so to prevent cracking the cor-
tex. Once the tunnel is performed a 1 polydioxanone monofil-
ament (PDS #1, Ethicon, Somerville, NJ) is passed as a shuttle
wire. To avoid any peak stress on the healthy bone below the
margin of the fracture a cortical lateral augmentation named
Elite-SPK® (NCS Lab s.r.l. - Medical Devices Factory, Italy) was
employed (Figure 1).

Three different sutures (1 of #1.2 mm and 1 of # 2.2 mm
of XBraid TT — non-absorbable, smooth, low-profile UHMWP
suture tape, Stryker, USA; 1 HS-Fiber non-absorbable braid-

ed UHMWP suture, River point Medical, USA), initially load-
ed into the eyelet of this PEEK implant, were passed. Both
ends of the HS-Fiber suture and of the XBraid TT tape #2.2
mm were medially passed (from posterior to anterior) into
the inserted tendon on the bony fragment. Later, the XBraid
TT tape #1.2 mm was employed to repair the supraspinatus
tendon tear (Figure 2). The sutures were closed in a mattress
type, then one limb of each sutures was shuttled from ante-
rior to posterior in the external eyelet of the Elite SPK®, and
were laterally tied respectively with their remaining free ends
(Figure 2).

Postoperative care

Immediately after surgery and for the first 4 post-oper-
ative weeks the patient wore a 15°-20° abduction pillow.
Immediately after surgery passive exercises were permitted.
From the 4% until the 12* week assisted/active exercises at a
minimum load were introduced while the abduction pillow
was removed. Around the third month toning exercises were
started.

Illustrative Cases

Case 1

A 45-years-old male reported a direct trauma on his right
shoulder following a fall on skis. X-ray performed at emer-
gency room was not apparently of unique interpretation.
The patient was discharged and immobilized in a sling for a
shoulder contusion. Few days later symptoms (pain, limited
range of motion and weakness) worsened and a hematoma
appeared on the shoulder. After consulting an orthopedics
shoulder surgeon, CT and MR scan were recommended to
confirm the diagnosis of avulsion-type greater tuberosity (GT)
fracture (Figure 3). The patient underwent surgery 13 days
after the trauma.

Case 2

A 56-years-old woman reported an accident at work on
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Figure 2: lllustrations of the ATA technique for the treatment of the fracture-avulsion of the GT. (a) Superior displaced fracture-avulsion of
the greater tuberosity; (b) Once the augmentation is implanted on the lateral cortex of the humerus the sutures, coming out from the TO exit
point into the crater fracture, are passed posteriorly into the tendon of the avulsed fragment ([8] and [6]) and anteriorly into the torn tendon
[10]. In the circle: The arthroscopic view showing the suture distribution as depicted in the figure. (c) Final configuration: All the sutures are
tied in a double-row configuration so that the fracture is reduced and stable and the RC tear is repaired.

Figure 3: Case #1. Radiological appearance of a greater tuberosity fracture - avulsion. (a) X-ray. Antero-Posterior view. Right shoulder. The
fracture-avulsion of the greater tuberosity (=) may simply be misinterpreted as calcific deposition within the rotator cuff; (b) CT scan 3D
reconstruction of the right shoulder. A superior displaced fracture-avulsion of the greater tuberosity (=) is easily detected; (c,d) MRI (1.5
Tesla) of the right shoulder. Oblique coronal STIR c) and sagittal T1; d) views. The crater of the fracture (yellow arrow) is located in the proximal
humerus and presents a widespread oedema and bone bruise, while the fragment (white arrow) appears superiorly displaced.
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her right shoulder. X-ray was performed at emergency room
and showed an avulsion-type greater tuberosity fractures.
She was immobilized in a sling for shoulder contusion. Once
performed MR imaging, ten days after the trauma the patient
underwent surgery (open reduction and fixation with a screw
with a washer, reinforced with a knotless anchor) and was
immobilized in a sling for 30 days. At this time X-ray showed
the failure of reduction of the fracture with the screw. The pa-
tient was re-operated almost 3 months later the initial trau-
ma (Figure 4).

Discussion

The most important finding of this study is the employ-
ment of an all ATA technique for the treatment of a displaced
humeral GT fracture-avulsion. The ATA technique here illus-
trated showed all its advantages due to the transosseous fixa-
tion and arthroscopic approach (Table 1). The latter, with the
daily advancements, still today seem the treatment of choice

with the double-row (DR) suture anchor fixation technique,
improving the initial repair strength and restoring the normal
anatomy [11]. However, the DR technique presents some
concerns regarding the surgical time (longer), the feasibility
(high-demanding) and the safety (iatrogenic damage to the
intact rotator cuff). In this study the use of ATA technique
seems to almost completely overcome all the concerns above
reported. Moreover, the ATA technique presented additional
valuable aspects, related to 1) The use of the tape instead of
conventional high-strength sutures and 2) The use of a lateral
cortical augmentation. Regarding the former, from a biome-
chanical point of view, the tape increases the pressure at the
footprint and the construct strength compared with the con-
ventional sutures [12].

The lateral cortical augmentation with its peculiar shape
and features may be considered as a suture platform that
overcome all the questions related to the bad bone quality
of the greater tuberosity [13] that a shoulder surgeon can

Note the reduction with ATA after removal of the screw.

Figure 4: Case #2. Radiological appearance of a greater tuberosity fracture —avulsion. (a) X-ray. Antero-Posterior view. Right shoulder. Fracture-
avulsion of the greater tuberosity; (b) MRI (1.5 Tesla) of the right shoulder. Oblique coronal STIR views. The crater of the fracture is located in
the proximal humerus and presents a wide spread oedema and bone bruise; (c) X-ray. Antero-Posterior view. Right shoulder. Post-op. Note the
splitting of the fracture-avulsion of the GT due to the use of a screw. Knotless anchor; (d) X-ray. Antero-Posterior view. Right shoulder. Post-op.
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Table 1: Advantages of the ATA technique.

Transosseous technique
Mechanical properties

No risk of anchor pull out
No risk of suture damage

Cost reduction

meet during an avulsion-type greater tuberosity fractures,
providing a reliable fixation. In addition, the use of Elite-SPK®
shows other beneficial surgical details, reducing the risk of
suture cut and bone damage (because there is no sliding of
the sutures into the TO tunnel) and generating a compression
vector perpendicular to the fracture area. The latter effect re-
sults in @ maximization of the contact area, with an optimal
pressure distribution, while reducing sutures-bone tunnel
impingement. Moreover, the transosseous BT presents addi-
tionally an economic advantage, being the cheaper [8].

In conclusion, ATA technique demonstrated as a valid sur-
gical option in the treatment of displaced fracture-avulsion of
the greater tuberosity of the humerus, and seems to be ideal
in such cases with smaller fragment, avoiding the risk of its
splitting when using the screw.
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Arthroscopic approach

Minor soft-tissue trauma —> lower scar tissue adhesions
Lower peri and postoperative morbidity (blood loss)
Visualization and treatment of any associated lesions

Optimal visualization and mobilization of the fragment
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