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Abstract. Background and aim: Prosthetic replacement with reverse shoulder arthroplasty (RSA) is commonly
indicated for complex proximal humerus fractures (PHFs) in elderly patients. Aim of this study was to evalu-
ate the clinical and radiological outcomes of RSA performed for comminuted PHFs, without periprosthetic
reconstruction of the tuberosities. Our hypothesis was that a large diameter glenosphere could ensure satisfac-
tory RSA mobility and stability, regardless of tuberosity removal. Mezhods: We selected 32 patients (4 men,
28 women) with comminuted PHFs who underwent RSA with tuberosity excision and implantation of a
44-mm glenosphere between 2009 and 2015. Active range of motion (ROM), stability, Constant-Murley
Score (CMS) (1) and Subjective Shoulder Value (SSV') (2) were assessed one year and four years after surgery.
Results: Clinical and radiological information were collected for 23 patients (72%). At one-year follow-up,
active anterior elevation (AE) was 96+28 degrees, external rotation with adducted arm (ER1) 9+7 degrees,
external rotation with abducted arm (ER2) 14+10 degrees, internal rotation (IR) to L4; CMS was 56+10
and SSV 65+22. Clinical assessment at 4-year follow up showed a decrease in active ROM (AE was 88+20
degrees, ER1 8+2 degrees, ER2 12+10 degrees, IR to L4), CMS (52+9) and SSV (62+8). No RSA dislocation
occurred during the study. In 4 patients, grade I glenoid notching without any sign of component loosening
was observed 4 years after surgery. Conclusions: A large diameter glenosphere does not ensure results com-
parable to those achieved after RSA with tuberosity reconstruction. However, the 44-mm glenosphere was
effective in preventing RSA instability. (www.actabiomedica.it)
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Introduction In these cases, the advantages offered by pros-

thetic replacement with RSA are well documented.
Surgical treatment of comminuted PHFs in el-  In fact, joint function is influenced only partially by

derly patients is still a controversial topic. Comminu-
tion of the tuberosities is often accompanied by poor
bone quality and massive rotator cuff tears, making re-
construction difficult and consolidation uncertain.

the rotator cuff, the surgical technique is simpler than
anatomical replacement, the rehabilitation program is
accelerated and simplified (3).
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Several authors have investigated the issues as-
sociated with tuberosity reconstruction in RSA for
PHFs and how tuberosity healing can influence the
clinical outcome (4, 5).

If removal of the tuberosities is performed or tu-
berosity healing doesn’t occur, internal and external
rotation movements should be partially compensated
by the action of the shoulder adductors and posterior
deltoid, with variable limitations in active ROM (4, 5).
Moreover, the stabilizing force exerted by the rotator
cuff is lost, increasing the risk of RSA dislocation and
instability (6, 7, 8).

The purpose of this study is to evaluate the clinical
and functional results achieved after implantation of
RSA, using a large diameter glenosphere (44 mm) and
not performing tuberosity reconstruction, in a series of
elderly patients affected by comminuted PHFs.

Our hypothesis is that a large diameter gleno-
sphere might ensure satisfactory shoulder mobil-
ity and stability in case of RSA with removal of the

tuberosities.

Patients and methods

Between February 2009 and November 2015, 91
patients older than 70 years underwent RSA following
acute plurifragmentary PHFs at a single institution. In
32 cases (35.1%) the tuberosities were removed during
surgery, due to their comminution: these patients were
included in the study. Patients affected by pathological
fractures and those with significant cognitive impair-
ment were excluded from this series.

28 patients were females (87.5%) with a mean
age of 82 years (range, 71-84), while 4 were males
(12.5%) with a mean age of 75 years (range, 70-81).
Overall, the mean age was of 79.4 years (range
70-84). In 23 patients (71,8%), the fractured limb was
the dominant one.

The mechanism of injury was a fall from standing
height in 27 cases, a traffic accident in three cases and
a fall from a bicycle in two cases.

The average interval from injury to surgery was
three days (range 2-7 days). A preoperative CT scan
was performed in all patients in order to better define
the fracture pattern.

Most of the patients suffered from comorbidities:
17 were affected by hypertension, 7 by cardiovascu-
lar diseases, 4 by diabetes, 4 by morbid obesity, 2 by
thyroid disease, 1 by obstructive lung disease and 1 by
renal disease.

Surgical technique and postoperative rehabilitation

Patients were put under general anesthesia, com-
bined with interscalene brachial plexus block, and
placed in the beach-chair position. Preoperative anti-
biotics (Cephazolin 2g iv) were administered at the in-
duction of anesthesia. The operations were performed
through a delto-pectoral approach by a single surgeon
(M.R.). The tuberosity fragments were resected before
implanting the prosthesis. In all patients, a 44-mm
polyethylene glenosphere was implanted and fixed
with two 6.5 mm cancellous bone screws (SMR pros-
thesis, Lima Corporate, San Daniele del Friuli, Italy).
All the humeral stems were uncemented. Retroversion,
stem diameter and liner height were chosen intraop-
eratively by the surgeon with empirical assessment
of implant stability and soft tissue tension. A suction
drain was placed in the surgical wound before skin clo-
sure. X-rays of the operated shoulder were taken in the
recovery room immediately after surgery and the arm
was protected in a sling.

Active assisted mobilization in forward eleva-
tion was started on the first postoperative day, when
the surgical drain was removed. After two weeks, the
patients were encouraged to move actively the oper-
ated shoulder by themselves without undue efforts.
Between 30 and 45 days after surgery, patients were
allowed to return to normal activities of daily living.

The average time from surgery to discharge was
two days (range, 1-3 days)

Clinical and radiographic examinations were
scheduled at 3, 6 and 12 months after surgery, then
once a year.

At follow up, active ROM was measured with a
goniometer (9, 10) in anterior elevation (AE), external
rotation with adducted arm (ER1) and external rota-
tion at 90° of abduction (ER2), while internal rota-
tion (IR) was determined by the highest vertebral level
reached by the patient’s thumb, then converted to nu-
merical values (Table 1).
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Figure 1. (a) Plurifragmentary PHF in a 70 year old woman,
affected by concomitant massive rotator cuff tear. (b) Postopera-
tive X-rays after RSA (44-mm polyethylene glenosphere) with
resection of the tuberosity fragments.

The absolute, relative and normalized CMS and
the Subjective Shoulder Value (SSV) were recorded
1 year and 4 years postoperatively (1, 2).

X-rays of the shoulder were taken in two views

(A-P and true A-P on the scapular plane), paying

Table 1. Internal rotation numeric scale.

Level reached Points
lateral thigh 0
buttocks 2
lumbosacral junction 4
waist (L3) 6
T12 8
Interscapular (17) 10

special attention to glenoid notching and implant os-
seointegration (Figure 1).

We also compared the length of the operated arm
with the contralateral. Two operators performed three
length measurements of both upper limbs and ob-
tained intraobserver and interobserver estimates (10).
The bony landmarks for measurement were the poster-
olateral angle of the acromion proximally and the apex
of the olecranon distally, with the elbow flexed at 90°.

Statistical analysis was performed using the Stu-
dent’s t-test for comparing ROM, CMS and SSV at
1 and 4 years after surgery. Statistical significance was
set at P <0.05.

Results

At the 4-year follow up, 23 patients (21 women,
2 men) were available for evaluation. The dropout rate
was 28% (9 patients): 3 patients died during the follow
up period, 4 were untraceable and 2 were unable to at-
tend the outpatient visit.

The mean age of the evaluated patients at the time
of operation was 76.2 (range 74-88).

Only 10 patients (43,4%) had undergone a su-
pervised rehabilitation program. More than half of the
patients performed functional re-education indepen-
dently or with the help of family members.

Postoperative complications included 6 cases
of arm paresthesia, that resolved uneventfully within
4 months. No other early or late complications were
observed, in particular RSA dislocations.

Active ROM recorded at 1 year and 4 years after
surgery are reported in Table 2.
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Table 2. Active ROM at 1 year and 4 years after surgery (values are means and standard deviations).

4year follow-up Pvalue Pvalue

1year follow-up | Operated shoulder | Contralateral shoulder | 1 ws 4 year follow-up | operated vs contralateral arm
AE 96 + 28 88 £ 20 144 + 30 0.309 0.0001
ER1 9=+7 8+2 46 + 4 0.256 0.0001
ER2 14 £10 12 £ 10 60 + 15 0.514 0.0001
IR 6.52+2.78 5.56 + 3.06 8.17 +1.43 0.299 0.0001

Legend: AE= anterior elevation, ER1= external rotation with arm adducted, ER2= external rotation at 90° abduction, IR= internal rotation (vertebral

level converted to numerical value).

Table 3. Constant-Murley Score and Subjective Shoulder

Value recorded at one year and four years after surgery.

Constant-Murley Score lyear | 4years | Pvalue
Absolute (100 points) 5610 | 529 0.171
Pain (15 points) 8§+ 3 8+ 5 0.595
Activity level (20 points) 14+3 12+6 0.091
Range of motion (40 points) 24+5 | 21+4 0.016
Strength (25 points) 10+ 5 11+6 0.519
Normalized CMS (%) 82+19 | 72+21 | 0.0001
Relative CMS (%) 72+£8 | 67 £12 | 0.0001
Subjective Shoulder 65+22 | 62:8 0.522
Value (%)

The Constant-Murley Score (CMS) and Subjec-
tive Shoulder Value Score (SSV) scores of the 23 eval-
uated patients are shown in Table 3.

The average arm elongation, compared to the
contralateral limb, was 19.4 mm (range, 15-29 mm).

Radiographic examination at 1 year didn't show
any scapular notching in the operated shoulders, while
at 4 years there were evidence of Sirveaux grade 1
notching in 4 patients (11). No radiographic signs of
implant loosening or scapular stress fractures were de-
tected at follow up.

Discussion

In the elderly population, PHFs are often com-
plicated by fragmentation and displacement of the tu-
berosities, poor bone quality with decreased potential
for consolidation and massive rotator cuff lesions (12).
Moreover, postoperative recovery might be hindered
by poor compliance to the rehabilitation program.

In these patients, osteosynthesis with anatomical
and stable fixation of the fracture fragments is prob-
lematic and at risk of complications related to the un-
predictable consolidation.

During the last two decades, RSA has progres-
sively gained consensus for the treatment of complex
PHFs in elderly patients, with satisfactory results
reported by different authors (12, 13, 14). Unlike
hemiarthroplasty, in which correct positioning and
consolidation of the tuberosities is essential for good
results (15, 16, 17, 18), RSA outcomes seem less de-
pendent on tuberosity healing (19).

The influence of tuberosities on ROM and sta-
bility of RSA has been extensively investigated in lit-
erature. Most authors agree that reconstruction and
consolidation of the tuberosities are related to better
results. Successful outcomes between 37% and 84% of
patients have been reported by different authors after
tuberosity healing (5, 20, 21, 22).

In 2013, Gallinet et al. evaluated the outcomes
achieved in a series of 41 patients, treated with RSA
for complex PHF's (23). Better results (ROM, CMS,
DASH) were observed in 18 patients with anatomic
tuberosity healing in comparison to the remaining 23
patients, in whom the tuberosities were not surgically
repaired or progressed to non-union or malunion.

Ohl et al. (8) reported the results observed in
a multicentric study on 420 patients, who were di-
vided in three groups according to the status of the
greater tuberosity (GT) after RSA for PHFs: ana-
tomical healing, failed fixation and excision. Func-
tional results were significantly better among patients
with GT healing, while the instability rate was higher
in patients who had undergone GT removal during
surgery.
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In a recent retrospective study, Schmalzl et al. (5)
reported the results achieved in 38 patients treated for
PHFs, using RSA with 135° humeral inclination and
a standard medialized glenosphere. A high rate (82%)
of GT healing was observed and was associated with
significantly better outcomes. The authors hypoth-
esized that a more anatomic design of the prosthesis
might contribute to tuberosity healing owing to the
decreased stresses acting on the repair.

Even though most of authors recommend tuber-
osity reconstruction to achieve better outcomes after
RSA for PHFs, there are some studies that did not
highlight significant differences in clinical results be-
tween patients with or without tuberosity consolida-
tion (21, 22, 24).

In this study we reported our experience in a se-
ries of elderly patients, in whom tuberosity reconstruc-
tion was not performed. We took this decision when
fragment comminution, poor bone quality and massive
cuff tears were present. In the attempt to maximize
ROM and stability, we decided to implant a large di-
ameter glenosphere. This solution should improve the
rotational action of the deltoid 6 at the cost of increas-
ing the force required to raise the arm on the scapular
plane (25, 26).

Other potential drawbacks must be consid-
ered when implanting a large diameter glenosphere.
These include the higher risk of acromial stress frac-
tures, with a decreased efliciency in muscle function
(25, 27), and the increased stresses at the baseplate
bone-implant interface, that might interfere with bone
integration (28) and lead to prosthesis loosening (25).

Some experimental studies have been carried
out to investigate the biomechanical behavior of large
diameter glenosphere. A laboratory model by Chou
et al. (29) showed that 44 mm glenospheres, compared
to 36 mm, improve the minimum abduction angle
by 11.6" and the maximum abduction angle by 11.1°,
increasing the overall range of motion in abduction
by 22.7°. Gutierrez et al. (30), on a computer model,
found that lateralization of the center of rotation
and large diameter glenospheres are able to increase
impingement-free ROM and decrease adduction defi-
cit of RSA, with potential positive repercussions on
stability and scapular notching. Similar results were
reported by Virani et al. (31) in a three-dimensional

virtual shoulder model, comparing three different gle-
nosphere diameters (30, 36 and 42 mm) in different
RSA component combinations.

From a cadaver study, in which only the teres
minor was preserved, Berhouet et al. (32) found that
by increasing the glenosphere diameter from 36 to
42 mm, ROM in the scapular plane improved by a to-
tal of 14° (4° in abduction and 10° in adduction). How-
ever, they underlined that the use of a large diameter
glenosphere might be difficult in practice for patients
of small stature.

Different authors reported favorable clinical re-
sults with the use of large diameter (42 and 44 mm)
glenospheres in RSA implanted for non-traumatic pa-
thologies of the shoulder, mainly cuff tear arthropathy
(33-35).

The choice of using a 44 mm glenosphere in our
series of elderly patients with PHFs was influenced by
local anatomic conditions. Excision of the tuberosities
improved glenoid exposure and allowed precise im-
plantation of the prosthetic component even in small
patients. Our intentions were to ensure immediate
postoperative joint stability in order to start an aggres-
sive rehabilitation program as soon as possible.

Active ROM recorded at 1 and 4 years after sur-
gery was not satisfactory. In fact, active movements of
the operated shoulders were significantly limited when
compared to the contralateral arm, particularly in ex-
ternal rotation. However, loss of active ROM was well
tolerated by most of our patients, who were able to
perform normal daily activities.

It is difficult to compare our results with those re-
ported in other studies dealing with RSA for PHFs.
We focused our attention on the glenosphere diameter,
but this parameter was not highlighted in the clinical
series reported by other authors. A common denomi-
nator with other experiences can be found in the ab-
sence or loss of tuberosities.

Ohl et al. (8) used a 36 mm glenosphere in 66% of
120 treated patients, but they did not specify the diam-
eters of the glenospheres implanted in the remaining
shoulders. Therefore, it isn’t possible to extrapolate the
role played by the glenosphere diameter in the patients
who underwent excision of the tuberosities. These pa-
tients had an average active anterior elevation superior
to what recorded in our patients, while comparison of
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shoulder rotations and functional scores between the
two studies shows inconsistent findings (Table 4). It is
noteworthy that these values present a wide variability,
as normally happens in clinical series of shoulder ar-
throplasty for PHFs.

Further comparisons of our results were made
with three previous studies, in which the original Delta
IIT prosthesis was used. In comparison to recent clini-
cal series, higher rates of complications were observed
in these early experiences of RSA for PHFs.

Klein et al. (19) reported on a series of 20 pa-
tients, who underwent RSA for PHFs with excision
of the tuberosities. Their outcomes are superior to
other similar series in terms of active ROM and ab-
solute CMS (Table 4), but these “optimistic” findings
could be related to discrepancies in the methodology
adopted for assessing the results.

In 2010, Cazeneuve and Cristofari (36) updated
their clinical series of RSA for PHF's and reported the
clinical outcomes using exclusively the CMS. Rota-
tions were restricted, while active elevation was sat-
isfactory (Table 4). These authors noticed a reduction
in functional outcome at longer follow up, express-
ing particular concern for the progression of scapular
notching. They suggested to remove the tuberosities
and avoid anteversion of the humeral component in
order to decrease the risk of dislocation.

Gallinet et al. (23) highlighted the difference in

clinical outcomes between patients with and without

tuberosity repair. Lack of tuberosities yielded func-
tional results that are similar to those reported in the
current study, with active shoulder elevation slightly
superior and rotations inferior to our findings (Table 4).

In the absence of the rotator cuff, shoulder rota-
tions might be partially compensated by the deltoid
action. The deltoid acts primarily as an abductor, but
secondarily it could act as an external rotation through
its posterior fibers and internal rotator through its an-
terior fibers (37). However, most of the authors now
recommend preserving at least the GT, because ex-
ternal rotation can be provided only by the posterior
cuff (8, 20). According to our experience, an increase
in glenosphere diameter does not correlate to a parallel
increase in active rotational movements, that remain
limited, and does not provide any biomechanical ad-
vantage in this regard.

Anterior elevation in RSA relies on the action of
the deltoid. The prosthesis alters the shape and lever
arm of the muscle, according to the geometry of its
components. Several experimental models demon-
strated that larger glenospheres provide greater ab-
duction ROM, increase joint stability and prevent
scapular notching (29, 30, 31, 32, 33, 34, 35, 38, 39).
However, the increase in the glenosphere diameter
is accompanied by a slight increase in cup thickness
and lateralization of the center of rotation (39), that
can be negligible if the cup size is chosen according to
patient size. In small patients, the changes in spatial

Table 4. Comparison of active ROM and clinical scores (CMS, SSV) in RSA with excision of the tuberosities.

Present study | Ohl ez al® Klein ¢t al.? Cazeneuve ez al.® | Gallinet ez al. !
n= 23 120 20 36 14
F/U (months) 48 28 33 79 24
AE 88+ 20 100.6 + 24.9 122.67 + 32.84 7.5 (CMS) 95.7
~112°
ER1 82 6.6 £ 6.6 25+10F 1 (CMS) 0
ER2 12+ 10 17.5+5.9 3.6
IR 5.56 +3.06 4023 L4 (=6) 1 (CMS) sacrum (=1)
CMS absolute absolute absolute
52+9 532+15.2 absolute 53 absolute
normalized normalized 80.1 + 23.6 67.8+13.6 normalized 517
67 + 12 69.3
SSV 62+8 56.5+18.3 - -

Legend:  arm position not specified
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relationships between scapula and humerus might
cause an increase in deltoid load, that can have nega-
tive effects on active abduction and can contribute to
a reduction in shoulder function over time. The latter
hypothesis finds confirmation in our series of patients,
whose shoulder function worsened during the follow
up period.

Removal of the tuberosities relieves the deltoid
from the opposing action of the subscapularis and ex-
ternal rotators (40), thus the abduction action of the
deltoid should be favored, at least in the first degrees
of movement. This facilitation becomes particularly
important in the elderly, with reduced muscle perfor-
mance since it allows them to start the rehabilitation
program early and without further obstacles. Unfor-
tunately, we could not perceive a favorable effect on
deltoid function with excision of the tuberosities.

In this series of RSA, no complications were ob-
served. RSA causes an elongation of the arm that is
necessary to achieve adequate deltoid tension, that
is the key factor for adequate postoperative shoulder
function and implant stability. Elongation should not
exceed 2 cm in order to avoid the risk of neurologi-
cal injuries and acromial fatigue fractures (41). Tak-
ing as a reference the contralateral limb, we measured
a mean arm elongation of 19.4 mm (range, 15.6 to
28.1 mm): these values reflect the intraoperative em-
pirical search for the optimal deltoid tension in each
individual case.

Despite the lack of the stabilizing effect exerted
by the rotator cuff tendons and the limited compliance
of patients to postoperative rehabilitation, we did not
observe any dislocation, in contrast with findings by
other authors (5, 8, 19, 23, 36), who reported a higher
rate of RSA dislocations with tuberosity removal.
Therefore, we hypothesize that a large diameter gle-
nosphere might increase the stability of RSA when the
tuberosities are excised.

An additional positive effect of the 44 mm gleno-
sphere was the prevention of scapular notching. This
problem has been addressed and mostly overcome by
adopting different prosthetic design and improving
the surgical technique. Even though the incidence of
notching could be underestimated in this study by the
lack of the axillary radiographic view at follow up, the
prevalence and severity of notching was extremely low.

This study has important limitations that should
be highlighted. It is a single-center study on a lim-
ited number of patients, without well-defined inclu-
sion criteria beyond those established by the surgeon
intraoperatively. The large diameter glenosphere was
not compared to other implants as control, but this is
due to the fact that tuberosity removal was performed
exclusively when this glenosphere was used.

Conclusions

Our findings support current recommendations
to reconstruct the tuberosities, or at least the GT, in
RSA for PHFs, even in elderly patients. Excision of
the tuberosities negatively affects recovery of active
shoulder ROM and impair the functional results ob-
tainable with this procedure.

The use of a large diameter glenosphere cannot
compensate for the absence of the rotator cuff tendons,
particularly for the recovery of shoulder rotations.
Glenosphere dimension should be chosen according
to the size of the patient, in order to achieve the best
glenohumeral spatial relationship and joint function.

However, in case of severe anatomical impair-
ment with great difficulty in tuberosity reconstruction,
a large diameter glenosphere might be useful to de-
crease the risk of RSA dislocation in the postoperative
period, especially in elderly patients with a low com-
pliance for the rehabilitation program.
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