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Abstract

Introduction The employment of reverse shoulder arthroplasty for dislocated proximal humerus fractures of elderly patients
becomes increasingly relevant. The standard inclination angle of the humeral component was 155°. Lately, there is a trend
towards smaller inclination angles of 145° or 135°. Additionally, there has been an increased focus on the lateralization of the
glenosphere. This retrospective comparative study evaluates clinical and radiological results of patients treated for proximal
humerus fractures by reverse shoulder arthroplasty with different inclination angles of the humeral component, which was
either 135° or 155°. Additionally, a different lateral offset of the glenosphere, which was either 0 mm or 4 mm, was used.
Methods For this retrospective comparative analysis, 58 out of 66 patients treated by reverse total shoulder arthroplasty for
proximal humerus fractures were included. The minimum follow-up was 24 months. Thirty (m =3, f=27; mean age 78 years;
mean FU 35 months, range 24-58 months) were treated with a standard 155° humeral component and a glenosphere without
lateral offset (group A), while 28 patients (m =2, f=26; mean age 79 years; mean FU 30 months, range 24-46 months) were
treated with a 135° humeral component and a glenosphere with a 4 mm lateral offset (group B). We determined range of
motion, Constant score, and the American Shoulder and Elbow Surgeons Shoulder score as clinical outcomes and evaluated
tuberosity healing as well as scapula notching.

Results Neither forward flexion (A =128°, B=121°;, p=0.710) nor abduction (A=111°, B=106°; p=0.327) revealed differ-
ences between the groups. The mean Constant Score rated 63 in group A, while it was 61 in group B (p =0.350). There were
no differences of the ASES Score between the groups (A=74, B=72; p=0.270). There was an increased risk for scapula
notching in group A (47%) in comparison to group B (4%, p=0.001). Healing of the greater tuberosity was achieved in 57%
of group A and in 75% of group B (p =0.142). The healing rate of the lesser tuberosity measured 33% in group A and 71%
in group B (p=0.004).

Conclusions Both inclination angles of the humeral component are feasible options for the treatment of proximal humerus
fractures in elderly patients. Neither the inclination angle nor the lateral offset of the glenosphere seem to have a relevant
influence on the clinical outcome. The healing rate of the lesser tuberosity was higher in implants with a decreased neck-
shaft angle. There is an increased risk for scapula notching, if a higher inclination angle of the humeral component is chosen.
Level of evidence III. Retrospective comparative study.

Keywords Reverse shoulder arthroplasty - Shoulder prosthesis - Proximal humerus fracture - Tuberosity healing - Scapular
notching - Lateral offset - Humeral inclination
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Introduction

Fractures of the humeral head are encountered frequently
in the aging population [1-3]. In particular, female patients
with osteoporosis have an increased risk of complex and dis-
placed fractures [4]. While undisplaced proximal humerus
fractures (PHF) in elderly patients should be treated conserv-
atively, displaced fractures may be treated by osteosynthesis
(locking plate, nail), anatomic fracture hemiarthroplasty or
reverse total shoulder arthroplasty (RTSA).

In elderly patients, osteosynthesis may lead to specific
complications such as secondary dislocation, screw cut out,
hardware failure, avascular necrosis, non-union, stiffness and
rotator cuff insufficiency [5]. Anatomic fracture hemiarthro-
plasty is related to inferior and less predictable clinical results
when compared to RTSA [6, 7]. The main reason for less
predictable results of fracture hemiarthroplasty is necrosis or
malunion of the tuberosities, in particular in elderly patients
with poor bone quality. While tuberosity non-union or malun-
ion may cause inferior results in cases of RTSA implanted for
PHFs [8], it may result in instability and even pseudoparalysis
in cases of anatomic fracture hemiarthroplasty [6].

Due to known risks of humeral head-preserving treat-
ment options or fracture hemiarthroplasty, reverse shoulder
arthroplasty has become a widely used treatment option
for complex and displaced proximal humerus fractures in
elderly patients [9—-13]. Advantages of primary RTSA in
cases of displaced PHF are early rehabilitation, early pain
relief and a definitive treatment option. Disadvantages are
the risks for typical problems and complications of RTSA
such as infection, dislocation, aseptic loosening, scapular
notching (SN) or nerve palsy [14].

RTSA was introduced by Paul Grammont and worked
with a standard neck-shaft angle or inclination angle (IA)
of the humeral component of 155° [15]. This type of RTSA
leads to a medialized and distalized center of rotation of
the glenohumeral joint, which enables the deltoid muscle
to perform abduction and forward flexion [16], but which
is also known for a poor function concerning internal and
external rotation [17]. A major concern of the Grammont
style RTSA is SN [18].

Lower IAs of the humeral component of 145° or 135°
potentially lead to better external and internal rotation and
increased adduction. They also decrease the risk for scapular
notching [19, 20]. The main biomechanical reason for better
internal and external rotation and increased adduction capac-
ity is a reduced friction between the scapular pillar and the
polyethylene insert of the humeral component [16]. Tuberos-
ity healing improves, if a lower IA is employed in PHFs [21].

In addition to IA, there has been increasing interest in the
lateral offset (LO) of the glenosphere. An increased LO of
the glenosphere results in a longer neck of the scapula, thus
decreasing the risk of scapular notching [22]. Furthermore,
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the increased LO potentially achieves better rotation, abduc-
tion and stability as well as a reduced risk for glenohumeral
impingement [22-27].

Both, higher stability, better rotation and a reduced risk
for scapular notching are comprehensive reasons to implant
RTSA with smaller IAs of the humeral component and a
larger LO of the glenosphere. To date, only few clinical data
dealing with the IA and the LO of RTSA in context of PHF
are available [13, 21, 28].

This retrospective study assesses clinical and radiological
results of a standard 155° IA humeral component without LO of
the glenosphere in comparison with a 135° IA humeral compo-
nent in combination with a 4-mm lateralized glenosphere in con-
text of displaced PHFs in elderly patients. Our hypothesis was,
that a lower IA and an increased LO lead to better rotatory func-
tion of the shoulder as well as a decreased rate of SN. We fur-
thermore assumed that humeral implants with lower [As lead to
improved tuberosity healing in spite of a lateralized glenosphere.

Materials and methods
Patients:

For this retrospective comparative analysis, we compared
two different types of RTSA, one with a standard neck-shaft
angle of 155° and one with a decreased neck-shaft angle of
135° with 4 mm LO of the glenosphere. These two differ-
ent prosthetic designs were employed because of a changed
preference of the senior surgeon of this study.

Fifty-eight out of 66 patients treated by RTSA for PHFs
were included. Five patients were lost to follow-up due to
severe general disease (n=3) and unwillingness to take part
in a study (n=3). Two patients with preexisting glenohumeral
osteoarthrtitis were excluded from this study. Inclusion crite-
ria and exclusion criteria are summarized in Table 1.

Patients were matched for gender and age. The minimum
follow-up was 24 months. Thirty (m=3, f=27; mean age
78 years; mean FU 35 months, range 24-58 months) were
treated with a standard 155° humeral component (group A),
while 28 patients (=2, f=26; mean age 79 years; mean FU
30 months, range 24—46 months) were treated with a 135°
humeral component (group B). The implant used in group
A was the Delta Xtend prostehesis (DePuy, Warsaw, Indi-
ana, USA), while the Universe Reverse prosthesis (Arthrex,
Naples, Florida, USA) was used in group B. The stem was
cemented in most of the patients in group A (83%) and in
a minority of the patients of group B (11%). All patients of
group B were treated with a 4-mm lateralized glenosphere.
Reconstruction of lesser tuberosity (LT) and greater tuberos-
ity (GT) was carried out in all patients.

In group A, a 42-mm glenosphere was implanted in seven
patients, while the remaining 23 patients received a 38-mm
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Table 1 Inclusion and exclusion
criteria

Inclusion criteria

Exclusion criteria

Acute dislocated three-part or four-part proximal fractures
according to the Neer classification

Age>T70 years
Trauma within the last 3 weeks

Glenohumeral osteoarthritis

Culff tear atropathy

Fatty infiltration of the rotator cuff higher than
grade II according the Goutallier classifica-
tion

Rheumatoid arthritis

Dementia

Severe general disease

Concomitant other fractures

Complete rotator cuff tears

Age <70 years

Fig. 1 Intraoperative view of a left shoulder after extraction of the
humeral head and securing the greater tuberosity (GT) and the lesser
tuberosity (LT) with suture tapes. The biceps tendon is still attached
to the glenoid (4). Proximal diaphysis (DI)

glenosphere. In group B, a 39-mm glenosphere was used in
ten cases, while the remaining 18 patients were treated with
a 36-mm glenosphere.

Surgical technique

All patients were operated by a single surgeon (J.S.) via
a standard deltopectoral approach. The surgical technique
(approach and tuberosity repair) did not differ between the
two different implant types. Tuberosity repair was performed
accordingly to the technique described by Sirveaux et al.
[29]. The rotator cuff was assessed clinically during the sur-
gical procedure. Patients with complete rotator cuff tears
were excluded from the study.

After identification of the bicipital groove, the LT and
the subscapularis tendon were mobilized using a scalpel
and an osteotome. The supraspinatus tendon was excised,

before the GT was mobilized with and osteotome. After
extracting the humeral head, the tuberosities were armed
with non-absorbable sutures (Fig. 1). Shaft preparation
was performed using reamers and broaches. The retro-
version of the humeral component measured 10° in both
groups. Subsequently, the glenoid was exposed with
Hohmann retractors and prepared with specific reamers
and drills via a central guide pin, which had previously
been placed using a jig. While the baseplate in group A
was positioned inferiorly to avoid SN, the anatomically
formed baseplate of group B was positioned flush with
the native glenoid. In group A, an eccentric glenosphere
was used in all cases to provide an inferior overhang. In
group B, all glenospheres had a 4-mm LO but no eccen-
tricity. After implantation of trials and trial reduction as
well as checking for range of motion and stability, the
original prosthesis was implanted. Stems were cemented,
in cases of poor bone quality and if press-fit stability was
not achieved with the trial stem.

Tuberosity reconstruction was performed using non-
absorbable suture tapes in all cases. Three sutures were
used to reattach the GT to the metaphyseal humeral com-
ponent of the prosthesis (Fig. 2). One suture was used to
reattach the LT. After reattachment of the tuberosities, two
sutures that were placed into holes in the proximal humeral
diaphysis were passed through the infraspinatus tendon,
respectively, the subscapularis tendon and tied tightly to
prevent the tuberosities from cranial migration and to com-
plete tuberosity reconstruction (Fig. 3).

Postoperatively all patients were immobilized in an
abduction sling for 3 weeks. During this period, patients
were allowed to remove the sling during personal hygiene
and food intake. Lymphatic drainage and local ice were
applied consequently in the first week. After three
weeks, patients were allowed to start assisted active exer-
cises until 90 degress of forward flexion and abduction.
External rotation was allowed until 20°. After 6 weeks,
patients were allowed to move their affected shoulder
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Fig.2 Intraoperative view of a left shoulder with a reduced reversed
shoulder prosthesis. The suture tapes are positioned in the greater
(GT) and the lesser tuberosity (LT) and the proximal diaphysis (DI)

Fig. 3 Intraoperative view of a left shoulder after tuberosity recon-
struction. The greater (GT) and the lesser tuberosity (L7T) are reat-
tached to the humeral implant and secured with the suture tapes
located in the proximal diaphysis (DI)

pain-adapted, without any restrictions under supervision
of a physiotherapist.

Clinical and radiological assessment

Preoperatively all patients were studied with standard radio-
graphs (anteroposterior, and axial view), computer tomogra-
phy and the Constant-Murley Score (CS). Fatty infiltration
of the rotator cuff was graded according to the Goutallier
classification on sagittal computer tomography scans.

The Neer classification system and the Orthopaedic
Trauma Association (OTA) classification system were used
to categorize the fracture type [30, 31]. Postoperatively
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patients were assessed with radiographs (a.p. and sagittal
view). Proper reconstruction of the greater tuberosity (GT)
was achieved, if the greater tuberosity was clearly visible on
a.p. radiographs with direct contact to the lateral metaphy-
seal component of the humeral implant.

At follow-up, the CS, the ASES Score, range of motion
(ROM) and radiographs were (a.p. and axial view) were
investigated. The pain level was identified using a visual
analogue scale (VAS) between zero and ten. The CS was
adjusted to age and gender by comparing the absolute values
to mean standard values as described by Thomas et al. [32].
X-rays were checked for SN, heterotopic ossifications, stress
shielding and radiolucency of the baseplate and the shaft by
an independent shoulder surgeon. The grade of SN was rated
with the Sirveaux classification [33]. Healing of the GT was
rated on a.p. radiographs. If the GT was clearly visible on
a.p. radiographs with direct contact to the lateral metaphy-
seal component of the humeral implant, it was considered
healed. If the distance between the humeral component and
the GT was higher than 5 mm, the GT was considered dis-
located. The GT was considered resorbed if it was neither
visible on a.p. nor on axial x-rays. Analogue to the GT heal-
ing of the lesser tuberosity (LT) was rated on axial X-rays.

Statistical analysis

Statistical analysis was processed with SPSS 25.0 software
(IBM Corp, Armonk, NY, USA). Two independent samples
were compared by Mann—Whitney U test. Paired samples
were investigated with the Wilcoxon test. Cross tables were
assessed with the Chi Square test. A difference of p <0.05
was considered to be statistically significant.

A power analysis was performed using PASS 14.0.8 soft-
ware (NCSS, East Kaysville, Utah, USA). Given a signifi-
cance level of 5%, a Cohens’s d effect size of 1 and statistical
power of 80% a minimum sample size of 34 patients was
mandatory.

Results
Preoperative findings

All patients suffered from displaced 3- or 4-part fractures
according to the Neer classification. Eleven patients of group
A and ten patients of group B were treated for 3-part frac-
tures, while 19 patients of group A and 18 patients of group
B were operated because of a displaced 4-part fracture.
The OTA classification showed a type 11-B3 fracture in
11 patients of each group. Type 11-C1 (group A=12 and
group B=10), type 11-C2 (group A =3 and group B=4) and
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type 11-C3 (group A =4 and group B=3) were observed in
both groups.

The preoperative Constant score did not differ between
group A and group B (9.6 vs. 9.9; p=0.777).

Clinical results

At follow-up, the CS had improved in each group (group A:
10 vs. 63; p<0.001 and group B: 10 vs. 61; p <0.001). The
clinical results were similar in both groups concerning the
CS (group A=63 vs. group B=61; p=0.350), the adjusted
CS (group A=78% vs. group B=74%; p=0.468) and the
ASES score (group A=75 vs. group B=72; p=0.270).
There were comparable results between the two groups for
ROM, pain level and abduction force. The clinical results are
summarized in Table 2. In general, greater tuberosity healing
did not affect the clinical outcome concerning active range
of motion and clinical scores (Table 3).

Radiological results

Radiological reconstruction of the GT was achieved in 25
patients of group A (83%) and 26 patients of group B (93%)
immediately after the surgical procedure.

At follow-up, the rate of healed GTs was 57% (n=17) in
group A and 75% (n=21) in group B (p=0.142). LTs healed
in an anatomic position in 33% (n=10) of the patients of
group A and in 71% (n=20) of the patients of group B
(p=0.004).

The rate of SN was higher in group A (47%) in compari-
son to group B (4%, p=0.001). Overall, SN did not influence
the clinical outcome regarding the CS (no notching: 63 vs.
SN: 61; p=0.794) and the ASES score (no notching: 74
vs. SN: 73; p=0.456). In group A, the grade of SN varied
between 1 and 3. Radiolucency around the humeral compo-
nent was detected in two patients of group A (7%) and one
patient of group B (4%). Stress shielding at the proximal

Table3 Mean values, standard deviation and p values comparing
healed greater tuberosities and unhealed greater tuberosities of all
patients at follow-up

Tested item GT healed GT not-healed p value

Constant score 61.0 (17.1) 63.0 (14.0) 0.382

Adjusted Constant 74.1 (21.3) 77.7 (14.8) 0.491
score (%)

Abduction (°) 106.0 (20.9) 111.6 (23.4) 0.272

Elevation (°) 124.3 (29.8) 126.6 (26.5) 0.808

ASES Score 72.8 (20.6) 74.0 (17.7) 0.471

humerus was observed in one patient of group A (3%) and
two patients of group B (9%).

Heterotopic ossifications were observed in both groups
(group A=7% vs. group B=9%). The heterotopic ossifica-
tions in group A were located at the triceps origin. In group
B, one heterotopic ossification was found at the triceps ori-
gin, while the other was located in the area of the infraspina-
tus tendon in the axial view. Radiologic results are presented
in Table 4.

Figures 4a, 5a demonstrate anteroposterior radiographs
(a. p.) of 4-part PHFs, which were treated by RTSA. Fig-
ures 4b, 5b demonstrate a. p. at follow-up with healed GTs
of a group A and group B.

Complications

The overall complication rate was 13% (n=4) in group A
and 11% (n=3) in group B. One patient of group B needed
a two-staged exchange of the RTSA to a hemi-prosthesis due
to an infection with cutibacterium acnes. Another patient
of group B suffered from a low-grade infection caused by
staphylococcus epidermidis. After explantation of the pros-
thesis, this patient did not wish to undergo another surgical
procedure. Minor neurologic complications with intermit-
ting hypoesthesia occurred in one patient of each group.

Table 2 Mean values, standard
deviation and p values

comparing group A (standard
prosthesis) and group B
(decreased humeral inclination
and increased lateral offset) at
follow-up

Tested item Group A (155°) Group B (135°) p value
Preoperative constant score 9.6 (3.8) 9.9 (2.3) 0.777
Constant score 63.1 (16.8) 60.5 (12.8) 0.350
Adjusted constant score (%) 77.7 (18.7) 73.8 (16.1) 0.468
Abduction (°) 111.1 (20.5) 106.1 (25.3) 0.327
Elevation (°) 128.3 (23.3) 121.3 (33.7) 0.710
Abduction force (kg) 3.6 (2.3) 3.0(2.3) 0.315
External rotation (arm at side®) 24.3 (16.5) 21.6 (13.7) 0.422
Internal rotation (points Constant score) 5.8(2.9) 5.8(2.9) 0.392
External rotation (points Constant score) 7.2 3.1) 6.8 (3.1) 0.625
Pain level (VAS 0-10) 0.7 (1.7) 1.1 (1.5) 0.099
ASES score 75.0 (19.5) 71.8 (18.5) 0.270
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Table 4 Radiological results

. Tested item Group A (155°) Group B (135°) p value
comparing group A (standard
prosthesis) and group B Greater tuberosity reconstructed post op 25 (83.3%) 26 (92.9%) 0.266
gichﬁifzgsggii?;f 1(1)(;182?;1;)51 Greater tuberosity healed at follow-up 17 (56.7%) 21 (75%) 0.142
follow-up Lesser tuberosity healed at follow-up 10 (33.3%) 20 (71.4%) 0.004
Rate of scapula notching 14 (46.6%) 1 (4%) 0.001
Grade 1 7 (23.3%) 1 (4%)
Grade 2 5(16.7%) 0 (0%)
Grade 3 2 (6.7%) 0 (0%)
Grade 4 0 (0%) 0(0%)
Radiolucency 2(6.7%) 1(3.5%)
Stress shielding 1(3.3%) 2(7.1%)
Heterotopic ossifications 2(6.7%) 2(7.1%)

Fig.4 (a and b): Preoperative
anteroposterior radiograph of

a 4-part fracture (OTA 11-C1)
of the right proximal humerus
of a 77-year-old female patient
(a). The patient was treated with
a reversed shoulder prosthesis
with a humeral inclination angle
of 155° and standard gleno-
sphere with caudal eccentricity.
The white arrow shows the
healed greater tuberosity at
follow-up (b)

Two patients of group A required surgical revision in the
early postoperative period. One patient was revised because
of hematoma, while another patient was revised because
of recurrent prosthetic instability. This patient was treated
with a larger inlay and remained stable after the revision
procedure.

Discussion

Since numerous different designs for RTSA are available
on the market with different humeral inclination, inferior
glenosphere eccentricity, glenosphere size, LO and medi-
alized humeral trays [34], it is almost impossible to find
the optimal implant combination for different indications
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of RTSA. Primarily invented for cuff tear arthropathy,
RTSA is now frequently used for primary osteoarthritis
and also PHFs in elderly patients.

Biomechanical and computer model studies evaluated
different designs of RTSA [17, 20, 23, 35, 36]. These stud-
ies are very helpful to understand theoretical advantages
and disadvantages of each combination. To date, there is a
lack of clinical results of comparative studies concerning
different RTSA implant designs in context of PHFs. This
is why our study may be helpful to understand the role of
the TA on the humeral side and the LO on the glenoid side.

The healing rate of the tuberosities is a highly debated
topic in RTSA in context of PHFs. Healing of the greater
tuberosity has shown positive effects on clinical outcome
and range of motion in different studies [8, 13, 21, 37], while
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Fig.5 (a and b): Preoperative
anteroposterior radiograph of a
4-part fracture (OTA 11-C1) of
the left proximal humerus of an
80-year-old female patient (a).
The patient was treated with

a reversed shoulder prosthesis
with a humeral inclination angle
of 135° and a 4-mm lateral
offset of the glenosphere. The
anteroposterior radiograph

at follow-up shows grade 1
scapular notching (SN), stress
shielding at the proximal lateral
diaphysis (SS) and a healed
greater tuberosity at follow-up

(b)

excision of the GT may even lead to increased instability
rates [8]. Potentially, a reconstructed GT facilitates external
rotation, if the infraspinatus tendon is intact. However, it
is still unclear if external rotation is improved in cases of
reconstructed GTs following RTSA for PHFs [8, 21, 37].

While different neck-shaft angles have been studied
frequently in context of PHF, as demonstrated in a recent
review by O’Sullivan et al. [21], the LO has not been of
major interest in the literature. Because of a combination of
a 4-mm lateralized glenosphere and a decreased neck-shaft
angle of 135° in group B our study may add new information
to the existing literature. The most important finding of our
clinical trial is that neither the A of the humeral component
nor the LO of the glenosphere seem to have an effect on the
clinical outcome regarding the CS (group A=63.1 vs. group
B=60.5; p=0.350) and the ASES score (group A=75.0 vs.
group B=71.8; p=0.270). Some authors reported compa-
rable or better clinical results with mean Constant scores
between 60 and 71 points [10-13, 38, 39]. Other authors
observed a lower mean CS between 44 and 55 points [9,
40, 41]. O’Sullivan et al. compared three different IAs
(155°, 145°, 135°) in a literature review [21]. In line with
our results, these authors found no differences between the
different implants.

Tuberosity healing

There is still a debate if tuberosity healing is beneficial for
the clinical outcome of RTSA employed for PHFs. While
several studies reported better clinical outcomes in cases of
GT reconstruction [8, 13, 21, 37, 42], some authors could
not confirm a clinical or biomechanical relevance of tuber-
osity reconstruction [28, 43, 44]. Even though GT healing
was not affected by the implant design in our study, LT
healing was better in patients with a higher LO and a lower
IA. O’Sullivan et al. assumed that implants with a lower [A
lead to reduced distalization of the proximal humerus, which
may be beneficial for tuberosity healing [21]. These authors
reported improved healing rates of the GT in a literature
review in cases with a lower IA. We observed a higher heal-
ing rate of the GT in patients treated with a lower IA and
a higher LO. However, this difference was not significant.
The increased LO might be a reason, why the healing rate
of the GT in patients treated with a lower IA was not signifi-
cantly higher than in standard Grammont style implants. An
increased LO theoretically leads to an increased soft tissue
tension [17] and thus to an increased tension of the rotator
cuff and the reconstructed tuberosities. This circumstance
may be disadvantageous for tuberosity healing.
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Our sample size was too small to allow for a statistical
comparison of tuberosity healing within the groups. We
noted a higher healing rate of the LT in patients with a lower
IA, but we did not notice any clinical relevance, since inter-
nal or external rotation was not affected.

It is of note, that proper reconstruction of the GT was
achieved in only 83% of the patients of group A and in 93%
of the patients of group B on immediate postoperative radio-
graphs. This finding demonstrates that poor bone quality or
an insufficient reconstruction technique may lead to failed
GT reconstruction immediately after the surgical procedure.
Even if the GT was reconstructed adequately, radiological
healing of the GT was not always achieved at follow-up in
patients of both groups (GT healing rate group A=57% and
GT healing rate group B=75%). Other authors reported
GT healing rates between 66 and 83% in context of RTSA
employed for PHFs [13, 21, 37].

Implant design

The implant design did not seem to affect the ability to rotate
the affected shoulder externally or internally. Although
cadaveric studies and finite element analysis predict a bet-
ter rotatory capacity and less anterior or posterior impinge-
ment, if a RTSA with an increased LO and a smaller IA is
employed [19, 22, 23, 26], differences concerning rotatory
function may not be evident in clinical studies, because the
prediction of deltoid muscle function and the function of
other rotatory muscles of the shoulder (M. pectoralis major,
M. teres major and M. latissimus dorsi) cannot be simu-
lated adequately. Several authors reported that higher IAs
led to increased abduction capacity [19, 36, 45]. We did not
assess a different abduction between the groups in our study
(group A=111° and group B=106°; p=0.327). This find-
ing is interesting because the potentially increased preten-
sion of the deltoid muscle in implants with a higher IA did
neither lead to higher abduction angles nor to an increased
abduction force in the two different groups of our study.
Other authors reported a wide range of abduction ability
after the implantation of RTSA for PHFs between 91° and
139° [11-13, 38-41, 46]. These results show a great vari-
ety, which may depend on the surgical technique of tuber-
osity repair and of course on tuberosity healing. It has been
reported that tuberosity healing improves abduction [8, 13,
21]. However, we did not observe a clinical relevance of
tuberosity healing in our study. A larger patient number
would have been mandatory to allow for a subgroup analysis
comparing tuberosity healing for both implant types.

A further notable finding was the rate of SN, which was
47% in patients treated with a standard Grammont style
implant with an IA of 155°, while SN rarely occurred in
cases with a higher LO and a lower IA.
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Scapular notching

Scapular notching is an important issue in RTSA. The rate
of SN between following RTSA varies from10% to 96%
[47-49]. There seems to be a clinical relevance of SN,
which may be related to poorer clinical outcomes, higher
complication rates and component loosening [48, 50, 51].
By our study, we can confirm the results of other authors
who reported that higher IAs of the humeral implant lead
to an increased rate of scapular notching [17, 20, 52-54].

Gobezie et al. reported results of patients treated with two
different inclination angles (155° and 135°) with a standard
glenosphere without an increased LO in a randomized con-
trolled trial in context of cuff tear arthropathy and osteoar-
thritis [18]. These authors observed a higher rate of SN in
patients treated with a higher A of the humeral implant
(TIA 155°=58% and IA 135°=21%). Our results demon-
strate that an increased LO in combination with a lower IA
does not lead to better active range motion but almost to an
elimination of scapular notching. One possible reason for
the absence of scapular notching in in patients treated with
alower IA is the additionally increased LO and the different
indication for implantation of RTSA.

Problems and complications

The other observed radiological problems like stress shield-
ing, heterotopic ossifications or radiolucency have been
described as problems following reverse shoulder arthro-
plasty rather than true complications [14]. These problems
and the observed complications that required surgical revi-
sion occurred in both groups and are probably not related
to the implant.

Jain et al. reported similar complications in all studies of
a literature review dealing with RTSA implanted for PHFs
[37].

Limitations

Our study is related to several limitations. The study is retro-
spective and offers a limited follow-up period and a limited
patient number. The follow-up period was relatively short
regarding the occurrence of scapular notching. Numerous
patients were lost to follow-up. The patient collective was
too small to compare the effect of tuberosity healing for the
two different implants.

Strengths

Strengths of our study are its single-center and single-sur-
geon design.
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Conclusion

In comparison to a standard reverse total shoulder arthro-
plasty with a neck-shaft angle of 155° implants with a
decreased neck-shaft angle of 135° and an increased lateral
offset of 4 mm achieve similar clinical outcomes in con-
text of proximal humerus fractures. An increased lateral
offset in combination with a decreased neck-shaft angle
of the humeral component eliminates the risk for scapular
notching.
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