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patients had a partial tear of the biceps and 1 had a partial 
subscapularis tear, respectively (9  %). Intraoperatively, 1 
anchor pullout and 1 anchor protrusion through the humeral 
head were noted and corrected. Postoperatively, the loss of 
reduction in the fracture fragment was noted in 1 patient at 
4 weeks, after corrective reduction and fixation surgery.
Conclusions  The novel arthroscopic-assisted anatomi-
cal plate fixation technique was found to be effective in 
reducing large-sized, displaced, comminuted GT fractures 
and in allowing concurrent management of intra-articular 
pathologies and early functional rehabilitation. Compared 
with the conventional plate fixation or arthroscopic suture 
anchor fixation technique, arthroscopic-assisted plate fixa-
tion enabled accurate restoration of the medial footprint of 
the GT fracture and provided an effective buttress to the 
large-sized GT fracture fragments.
Level of evidence  Retrospective clinical study, Level IV.

Keywords  Arthroscopic-assisted plate fixation · 
Displaced large-sized comminuted greater tuberosity 
fractures

Introduction

Isolated fractures of the greater tuberosity (GT) account for 
approximately 17–21 % of all proximal humeral fractures 
[1, 2]. These fractures are often associated with anterior 
glenohumeral dislocation (5–30 %) and osteoporosis [3–5]. 
The goal of operative treatment is to restore the normal 
GT anatomy with stable fixation to allow for early func-
tional range of motion (ROM). Several methods for GT 
fixation have been used, including suture fixation, cannu-
lated screw fixation with or without a washer, percutane-
ous fixation, open reduction and internal fixation with plate 

Abstract 
Purpose  The purpose of the present study was to describe 
the use of a novel hybrid surgical technique—arthroscopic-
assisted plate fixation—and evaluate its clinical and ana-
tomical outcomes in the management of large, displaced 
greater tuberosity (GT) fractures with comminution.
Methods  From 2009 to 2011, this novel technique was 
performed in 11 patients [2 men and 9 women; median 
age, 64 years (range 41–83 years)] with large, comminuted 
GT fractures, with fragment displacements of >5 mm. The 
preoperative mean posterior and superior migration of the 
fractured fragment, as measured on computed tomogra-
phy (CT), was 19.5 and 5.5 mm, respectively. Two patients 
had shoulder fracture-dislocation, and three had associ-
ated undisplaced surgical neck fracture. The mean duration 
between injury and surgery was 4 days. The mean follow-
up duration was 26 months.
Results  At the final follow-up, the mean postoperative 
ASES, UCLA and SST scores were 84, 29, and 8, respec-
tively. The mean range of motion was as follows: forward 
flexion, 138°; abduction, 135°; external rotation at the side, 
19°; and internal rotation, up to the L2 level. The mean 
posterior and superior displacements of fracture fragments 
on postoperative CT scan [0.7 ± 0.8 mm (range 0–2.1 mm) 
and 2.8 ± 0.5 mm (range 3.4–5.3 mm), respectively] were 
significantly improved (p  <  0.05). On arthroscopy, a par-
tial articular-side supraspinatus tendon avulsion lesion 
was identified in 10 of 11 patients (91 %), and 1 of these 
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and screws, and arthroscopic suture anchor fixation [3, 4, 
6–14]. The size of the fragment, comminution of the GT 
fracture, and associated osteoporosis often influence the 
method of fracture fixation. The choice of treatment modal-
ity also depends on the patient’s age, activity level, and 
bone quality; fracture type and associated fractures; and 
surgeon’s preference. Recently, novel arthroscopic tech-
niques and equipment designs have been developed for the 
arthroscopic fixation of GT fractures by using cannulated 
screws or suture anchors [11, 13, 15, 16]. However, the 
arthroscopic reduction in large, displaced comminuted GT 
fractures is not always satisfactory.

Biomechanically, the use of tension band wiring and two 
cancellous screws as a fixation method has been proven 
to provide stronger fixation for GT fractures than trans-
osseous fracture fixation [17]. However, with this fixation 
method, it is difficult to restore the medial aspect of the GT 
footprint to achieve an acceptable anatomical reduction, 
as well as to achieve rigid fixation of the displaced large-
sized GT fractures because of the strong pull of the rotator 
cuff muscles. When the arthroscopic suture anchor fixation 
technique is used, the lateral row of suture anchors can be 
difficult to insert into the hard cortical bone, and there is a 
risk that these anchor screws may be pulled out from the 
osteoporotic bone. Moreover, when large-sized GT frac-
tures are comminuted, rigid fixation is difficult to achieve 
with an anatomical proximal humerus plate; moreover, 
plate fixation is associated with the risk of less reduction 
in fracture fragments (Fig.  1). A new hybrid technique—
arthroscopic-assisted plate fixation—was introduced by the 
authors of the present study for the specific management of 
large GT fractures, especially for cases with comminution.

The aims of this study were to describe the use of this 
new surgical technique and to evaluate the clinical results 
of its application for the management of displaced, large-
sized GT fractures with comminution. It was hypothesized 
that arthroscopic-assisted plate fixation would be a good 
alternative to achieve an accurate reduction and restoration 
of the medial footprint of the GT and will also provide a 
buttress to large fracture fragments in order to improve sta-
bility in the treatment of large, comminuted GT fractures.

Materials and methods

From 2009 to 2011, arthroscopic-assisted plate fixation was 
performed for displaced, large-sized comminuted GT frac-
tures of the proximal humerus in 11 patients (Table 1). The 
inclusion criteria were as follows: >5 mm posterior or supe-
rior displacement of the GT fracture fragment; comminu-
tion of >2 fragments; and a fracture line extending distally 
up to, or beyond, the surgical neck of the humerus (Fig. 2). 
Patients with GT fractures meeting the inclusion criteria 
but with an associated anatomical fracture or surgical neck 

Fig. 1   A 54-year-old female patient with a large, displaced, com-
minuted greater tuberosity fracture. a Three-dimensional computed 
tomography scan showing the posterosuperior displacement and com-
minution of the fragments. b Follow-up radiograph at 6 weeks post-
operatively showing the loss of reduction in the comminuted frac-
ture fragments. The patient was treated conservatively after fracture 

fragment displacement, with shoulder stiffness as a residual clinical 
outcome. c After 9  months, the patient underwent surgery for plate 
removal and arthroscopic capsular release for continued shoulder pain 
and stiffness. Arthroscopic examination revealed an Elman, grade 3 
partial tear of the articular side of the rotator cuff, and a trans-tendon 
rotator cuff repair was performed

Table 1   Demographics of the patients in the study group

Arthroscopic-assisted plate fixation

Number 11

Age 67 years (41–83 years)

Sex Male 2, female 9

Associated surgical neck fracture 3 cases

Fracture-dislocation 2 cases
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fracture, with minimal displacement, or a fracture-disloca-
tion of the shoulder, were also included in the analysis.

All patients had sustained a direct-impact injury. Two 
patients had shoulder fracture-dislocation, and 3 had a 
non-displaced fracture of the proximal surgical neck of 
the humerus, combined with a large, comminuted GT frac-
ture. The study group consisted of 2 male and 9 female 
patients [median age, 64  years (range 41–83  years)]. The 
mean duration between initial trauma and surgery was 
4  days (range 2–7  days). The mean follow-up duration 
was 26  months (range 18–40  months). Routine preopera-
tive shoulder radiographs included anteroposterior, axil-
lary, lateral, and supraspinatus outlet views. For further 
evaluation of the fracture configuration, three-dimensional 
(3D) computed tomography (CT) scanning was performed. 
The amount of posterior and superior displacement of the 
fracture fragment was determined from axial and coronal 
CT images. The mean preoperative posterior migration of 
the fracture fragment in all patients was 19.5  mm (range 
6.0–40.0 mm), and the mean amount of superior migration 
was 5.5 mm (range 3.2–10.0 mm). Preoperative measures 
of shoulder ROM and clinical scores from the American 
Shoulder and Elbow Surgeons (ASES), University of Cali-
fornia, Los Angeles (UCLA), and Simple Shoulder Test 
(SST) assessments could not be obtained because of severe 
pain resulting from the fracture.

Each patient initially underwent arthroscopic-assisted 
GT fracture reduction, by using medial-row suture anchors, 
similar to the trans-tendon repair technique for rotator cuff 
tears. After this initial step, a minimally invasive surgical 
technique was used to buttress the fracture fragments with 
an anatomical proximal humerus locking plate. During the 
arthroscopic examination, any associated intra-articular 
pathologies identified were treated concurrently. All patients 
were regularly followed in the outpatient clinic. At 3 months 
postoperatively, a 2D CT scan was obtained to evaluate 

the accuracy of the fracture reduction and to measure the 
amount of residual posterior and superior displacement of 
the fracture fragments. It was sometimes difficult to meas-
ure the amount of residual posterior displacement on the CT 
scan image because of implant artefacts. At the final follow-
up, clinical scores from the ASES, UCLA, and SST assess-
ments were obtained, and passive ROM of the shoulder was 
measured, with a handheld goniometer, in forward flexion, 
abduction, and external rotation, with the shoulder in the 
neutral position at the side of the trunk, and internal rota-
tion at the back (L2 level). All ROM measurements were 
performed by a single examiner to avoid interobserver bias.

Surgical technique

Patients were placed in the lateral decubitus position by 
using lateral arm traction. Intra-articular arthroscopic 
examination was performed through a conventional poste-
rior portal. The articular side of the fracture in the gleno-
humeral joint was debrided, and reduction in the fracture 
was attempted by using a probe. Metal anchors (TwinFix 
Ti; Smith & Nephew Endoscopy, Andover, MA, USA) were 
inserted into the medial (i.e. intra-articular) aspect of the 
GT fracture. A trans-tendon repair through the rotator cuff 
attached to the GT fracture fragment was then performed. 
Similar to the trans-tendon repair technique for rotator cuff 
tears, threads of double-loaded suture anchors, inserted at 
the fracture site, were retrieved through the rotator cuff and 
passed through the skin by using a suture shuttle technique. 
Thereafter, the arthroscope was inserted into the subac-
romial space, and a medial-row, trans-tendon repair was 
performed. The arthroscope was then again inserted into 
the glenohumeral joint to evaluate the accuracy of the res-
toration of the medial footprint of the GT. Thus, the supe-
rior displacement of the fracture fragment was corrected. 
After completion of the arthroscopic procedure, the lateral 

Fig. 2   a Standard radiograph of a 59-year-old female patient. b, c Three-dimensional computed tomography scan showing a large, widely dis-
placed, comminuted greater tuberosity fracture
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traction was removed. Correction of the posterior migration 
of the severely displaced GT fracture was attempted in the 
last step through an open procedure, due to the difficulty of 
restoring posterior migration via an arthroscopic procedure. 
Open reduction in the posteriorly displaced GT fracture 
was performed by using a 5-cm deltoid-splitting approach. 
The suture threads of the previously inserted suture anchors 
were pulled anteriorly to correct the superior and poste-
rior displacement of the fracture fragments. An anatomical 
proximal humerus locking plate (Zimmer Inc. Warsaw, IN, 
USA) was applied to buttress the fracture fragments, and 
rigid fixation was performed by inserting locking screws 
through the plate. Finally, threads from the suture anchors 
were tied to the available holes on the plate. On postop-
erative 2 day, passive ROM exercises were permitted, and 
active-assisted ROM exercises were advised at postopera-
tive 4 week.

Institutional Review Board approval (Daejeon St. 
Mary’s Hospital, Catholic University of Korea; No. 
DC14RISE0011) was obtained for our retrospective study 
before the inclusion of patients in our review and analysis.

Statistical analysis

All statistical analyses were performed with the SPSS 20.0 
software (IBM Corp., Armonk, NY, USA). The results of 
fracture reduction status (preoperative and postoperative 
fracture displacement: mm) were compared by using the 
Wilcoxon test. A p value of <0.05 was considered significant.

Results

At the final follow-up, all patients showed satisfactory 
clinical scores and shoulder ROM (Table 2). Most patients 

returned to daily life activities by 10  weeks postopera-
tively. Postoperative radiographs confirmed acceptable 
reduction and rigid fixation of the GT fragments (Fig. 3a). 
Radiological union was obtained in 10 of the 11 patients 
within 6–12 weeks. In 1 patient (83-year-old woman with 
severe osteoporosis), loss of the reduction in the GT frac-
ture after falling down injury, without pullout of a suture 
anchor, developed, and revision surgery was performed. On 
follow-up 2D CT scan at 3 months postoperatively, main-
tenance of acceptable reduction in the fracture fragments 
was observed (Fig.  3b). The mean posterior and superior 
displacement of fracture fragments on postoperative CT 
scan was significantly improved, respectively (p  <  0.05) 
(Table 2).

During the arthroscopic procedure, a partial articular-
side supraspinatus tendon avulsion lesion was identified 
in 10 of the 11 patients (91 %); the lesion was repaired 
by using medial suture anchors and a trans-tendon repair 
technique. One of these patients also had an associated 
partial biceps tear with a thickness that was <20  % of 
the biceps tendon thickness (1 case), whereas another 
patient had a partial subscapularis tendon tear with 
a thickness that was <50  % of the tendon thickness (1 
case).

None of the patients developed wound infection or 
any neurological complications. Two intraoperative 
complications were noted. In the first case, anchor pro-
trusion from the humeral head developed as the medial 
anchor was inserted too deep, such that the tip of the 
metal anchor protruded from the articular surface of the 
humeral head. The protruding tip was removed by using 
an arthroscopic burr. In the second case, pull-out of the 
metal anchor was observed, and it was localized and 
removed after the arthroscopic procedure, under C-arm 
fluoroscopy.

Table 2   Clinical outcomes of arthroscopic-assisted plate fixation for large, displaced, comminuted greater tuberosity fractures

a  Sex (M male, F female)
b  ROM range of motion (forward flexion, abduction, external rotation at side, and internal rotation at the back)

No. Age Sexa ASES UCLA SST No. of anchors ROM (mean)b Postoperative 
residual posterior/
superior displace-
ment (mm)

Isolated GT fracture

6 patients 65 (53–80) F: 5, M: 1 83.8 (70–93.5) 30.2 (29–32) 8.5 (8–10) 2.2 (2–3) 142/141/10/T12 0.7 (0–2.1)1/1.2 
(3–4.3)

Fracture-dislocation

3 patients 73 (64–83) F: 3 82.7 (69–93) 27 (25–29) 8.3 (6–10) 1.7 (1–2) 132/132/3/L3 1 (0–2)/2.3 (0–4.3)

Combined surgical 
neck fracture (mini-
mally displaced)

2 patients 56 (41–71) F: 1, M: 1 85 31 (30–32) 8 1.5 (1–2) 135/135/5/L2 0/0.8 (0–1.5)
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Discussion

The most important finding of the present study was that 
for displaced large-sized, comminuted GT fractures of the 
proximal humerus, arthroscopic-assisted plate fixation was 
found to provide satisfactory anatomical reduction in the 
comminuted GT fracture, rigid fixation of the large-sized 
GT fracture, and early ROM and rehabilitation compared to 
open plate fixation or arthroscopic suture anchor fixation.

Owing to the increasing age of the general population, 
and the associated risk of osteoporosis with ageing, the 
incidence of GT fractures has been increasing [18]. GT 
fractures may be associated with partial-thickness rotator 
cuff tears and with labral tears. Late complications of iso-
lated GT fractures include partial rotator cuff tears and mal-
unions due to the traction force of the attached rotator cuff 
tendon, which may be a cause of persistent pain after frac-
ture healing [19–22]. Most minimally displaced, 2-part GT 
fractures heal well without operative treatment. Recently, 
in the study of Verdano et al. [23], it was shown that pos-
terosuperior displacement of the GT fracture fragment led 
to poorer surgical outcomes as compared to undisplaced 
fractures or fractures displaced in other directions. Several 
surgical techniques can be used to manage minimally dis-
placed GT fractures, such as arthroscopic-cannulated screw 
fixation with washer or suture anchor fixation [7, 10]. How-
ever, it is difficult to achieve anatomical reduction and rigid 
fixation for large, displaced GT fractures by using cannu-
lated screws with washer or suture anchors.

The most important factors to consider in the surgical 
treatment for large, displaced GT fractures are the size of 
the fragment, fracture comminution, and amount of fracture 

displacement [11, 24]. In several previous studies, the oper-
ative indication of GT fracture has been reported [25–27]. 
The indication for surgery for fracture displacements of 
>5  mm in any plane, used by the authors of the present 
study, is based on several anatomical, biomechanical, and 
clinical studies in the literature [5, 28, 29]. The direction of 
displacement of the tuberosity is as important to consider as 
the degree of displacement. Generally, a superior displace-
ment results in subacromial impingement, whereas a pos-
terior displacement can limit external rotation. Correction 
of a superior displacement is a more important factor for 
good clinical outcomes, as even a small amount of supe-
rior displacement can result in subacromial impingement 
and shoulder dysfunction, and limit abduction and external 
rotation [30]. In our procedure, an effective correction of 
superior displacement of the GT fragment was achieved by 
using medial-row fixation. However, correction of a large 
amount of the posterior displacement of the large-sized GT 
fragment was difficult with an arthroscopic procedure.

Large GT fractures can be stabilized with trans-osseous 
sutures or, occasionally, with cannulated screws or plates. 
A locking plate provides increased stability and thus allows 
for immediate postoperative rehabilitation. However, in 
patients with a comminuted GT fracture, there is risk of a 
loss of reduction with plate fixation (Fig. 1). Biomechani-
cal studies have shown that screws should be oriented 
perpendicular to the fracture line. However, to resist the 
posteriorly directed pulling forces of the infraspinatus and 
the teres minor muscles on the GT fracture fragment and 
to reduce the fragment to its anatomical site, an anterior 
traction force is needed. The screw orientation of the con-
ventional locking plate cannot resist this traction force of 
the infraspinatus and the teres minor muscles, which may 

Fig. 3   Postoperative radiograph (a) and computed tomography scan (b) at 3 months postoperatively showing satisfactory reduction in the com-
minuted fracture fragments
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be the cause for the common loss of reduction in commi-
nuted GT fractures when using only the conventional plate 
fixation method. Arthroscopic-assisted fixation with cannu-
lated screws and washer is also not effective in reducing a 
posterosuperior displacement of large-sized fracture frag-
ments and in restoring the medial footprint of the GT. In 
Lin et al.’s [31] report, it was suggested that suture anchor 
constructs, such as the double-row suture anchor fixation, 
suture-bridge technique, and use of suture anchors and 
knotless suture anchors, would be stronger than a rigid fixa-
tion construct, such as 2 screws, to achieve rigid fixation of 
a GT fracture. However, an arthroscopic, double-row suture 
anchor fixation construct cannot rigidly and effectively fix 
large, comminuted GT fractures or reduce a large amount 
of posterior displacement of the fracture fragments. More-
over, if the fracture line extends distally up to or beyond 
the surgical neck, it is difficult to insert lateral row anchors 
in hard cortical bone. With large GT fractures, the fracture 
line commonly extends distally beyond the surgical neck, 
making it difficult to reduce and fix the fracture arthroscop-
ically because the capsular attachment diverges from the 
anatomical neck and descends 1 cm or more onto the shaft 
of the humerus [32]. Also, if the GT fracture involves the 
bicipital groove anteriorly, subacromial bursal reflection 
prevents the arthroscopic visualization of this fragment. 
Because of the posterior pulling force of the infraspinatus 
and the teres minor, accurate arthroscopic visualization of 
fractures involving surgical neck and bicipital groove is 
difficult.

Our new hybrid technique has several advantages. The 
arthroscopic anchor fixation method can effectively restore 
the medial footprint of the GT and, for comminuted GT 
fractures, the threads of the suture anchors can decrease the 
risk of pull-out of the comminuted fragments, which would 
result in a loss of fracture reduction [8, 33]. In combination 
with the arthroscopic medial-row repair, open plate fixa-
tion was used to provide rigid fixation and lateral buttress 
for large fragments of the GT fracture. This hybrid method 
allowed rapid rehabilitation owing to the rigid fixation. 
Arthroscopic suture anchor fixation provides stable fixation 
only for minimally displaced comminuted GT fractures 
[11]. However, if the GT fragments are too large, commi-
nuted, or markedly displaced, it is extremely difficult to 
achieve an accurate reduction and stable fixation by using 
the arthroscopic technique alone.

Our study has several limitations. First, this is a ret-
rospective study, and hence, has all the inherent limita-
tions of this research design. There was no control group 
to permit head-to-head comparison with other surgical 
techniques. Moreover, the outcomes of only 11 patients 
were included. Prospective, randomized controlled tri-
als, with inclusion of a sufficient number of patients 
for statistical power, are needed to validate the clinical 

effectiveness of our technique. The currently available 
locking plates are too large to manage GT fractures that 
may have large fragments but that extend only to the sur-
gical neck area. There is a need for the development of 
a low-profile short-length plate specifically designed for 
the reduction in large-sized GT fractures. For example, 
in Schoffl et al.’s [34] report, the use of the “Bamberg” 
plate for isolated GT fractures was described. However, 
this new hybrid GT fixation technique could be a good 
alternative for the treatment of large, comminuted GT 
fractures that are difficult to manage with the conven-
tional plate fixation or arthroscopic suture anchor fixa-
tion technique.

Conclusions

A new hybrid technique—arthroscopic-assisted plate fixa-
tion—is effective in achieving anatomical reduction and 
rigid fixation of large, displaced, comminuted GT fractures, 
and can ultimately help in achieving satisfactory clinical 
outcomes and early rehabilitation, with an early return to 
the activities of daily living.
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