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Abstract Objective To compare the functional results of patients with complex proximal
humerus fracture submitted to total shoulder reverse arthroplasty with and without
tuberosity healing. The secondary goal was to know the tuberosity healing rate after
reverse shoulder arthroplasty with our surgical technique.
Methods A retrospective, cohort type study, with a prospective database collection.
In total, 28 patients fulfilled the inclusion criteria: age � 65 years, reverse shoulder
arthroplasty for complex proximal humerus fracture (type-3 or -4, according to Neer),
and a minimum of 24 months of follow-up. At six months of follow-up, all of the
patients were evaluated radiographically for tuberosity, and then they were divided
into 2 groups: those with healed tuberosities and those with non-healed tuberosities. A
clinical evaluation using the Constant score, active range of motion and the Visual
Analog Scale (VAS) at the last follow-up was also performed.
Results Tuberosity healing occurred in 21 patients (76.3%). There were statistically
significant differences in the Constant scoring system (p< 0.001), forward elevation
(p¼ 0.020), internal rotation (p¼ 0.001) and external rotation (p¼ 0.003) when
comparing the group of healed tuberosities with the group of non-healed tuberosities.
No differences were found regarding the VAS score.
Conclusion Tuberosity healing results in an improvement of the functional outcomes
of patients submitted to reverse shoulder arthroplasty as a treatment for complex
proximal humeral fractures in the elderly.

Resumo Objetivo Comparar os resultados funcionais entre pacientes com fratura complexa
do úmero proximal submetidos a artroplastia reversa com tubérculos consolidados e
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Introduction

The last 20 years witnessed an increased incidence of proxi-
mal humerus fractures (PHFs), representing 5% of all frac-
tures; currently, this is the third most frequent fracture
among the elderly.1,2 Moreover, fractures in this population
tend to be more complex, such as three- or four-part frac-
tures and dislocated fractures.3 These data show that PHF is a
public health problem that tends to get worse as the popu-
lation ages.

In most PHFs, especially the simpler ones, conservative
treatment remains the therapy of choice, with good
results.4,5 However, the optimal treatment for three- or
four-part fractures in the elderly remains questionable.
Decisions must be individualized, depending on the comor-
bidities, functional needs, bone quality and surgeon experi-
ence.6 Several studies suggest that open reduction and
osteosynthesis (ORO) and hemiarthroplasty (HA) are not
recommended in large comminution fractures and in
patients with osteoporotic bone.7 In such cases, ORO is
associated with high rates of humeral head avascular necro-
sis, loss of glenoid reduction and screw-induced destruction.
The results of theHAs are unpromising and unpredictable8: a
randomized trial9 demonstrated a functional outcome simi-
lar to that of the conservative treatment. The bimodal
distribution of the HA results, that is, either excellent or
very poor, depends on tuberosity healing,10 which is usually
decreased in patients with osteoporotic bone and/or com-
minuted fractures, as in the elderly.11,12

Thus, reverse shoulder prostheses (RSPs) have gained
popularity in the treatment of these fractures because their
results are more consistent and predictable.8 Garrigues

et al.13 concluded that patients with RSP present better
functional outcomes than patients with HA. Since RSPs
were designed not to require the rotator cuff, tuberosity
healing was not a concern in the initial studies.14 However,
the absence of the rotator cuff, especially the infraspinatus
and the minor teres, is associated with worse results (de-
creased external rotation). Subsequent studies have shown
that tuberosity healing leads to superior functional out-
comes in both RSP and HA.8,15,16 Although we are aware of
the significance of tuberosity healing in obtaining better
functional results, few studies show its clinical impact on the
patient.

The main objective of the present study was to compare
the functional results of patients with complex PHF submit-
ted to RSP and healed or non-healed tuberosities.
The secondary objective was to determine the rate of tuber-
osity healing with this type of prosthesis.

Material and Methods

Study Design
After approval by the institutional Ethics Committee, a
retrospective cohort study with prospective data collection
was performed between January 2011 and December 2015,
aiming to evaluate tuberosity healing in patients aged �
65 years undergoing RSP for PHF treatment. The inclusion
criteria were patients aged � 65 years, submitted to RSP
placement due to complex PHF in 3 or 4 parts according to
the Neer classification,5 with or without dislocation, and a
minimum follow-up time of 24 months. Patients with previ-
ous local surgery and time from traumatic event to surgery

tubérculos não consolidados. O objetivo secundário foi determinar a taxa de conso-
lidação dos tubérculos com este tipo de prótese.
Métodos Estudo de tipo coorte, retrospectivo, com coleta prospectiva de dados. No
total, 28 pacientes cumpriram os critérios de inclusão: idade superior a 65 anos,
prótese reversa do ombro por fratura complexa do úmero proximal (3 ou 4 partes,
segundo Neer), e tempo de seguimento mínimo de 24 meses. Aos seis meses, todos os
pacientes foram avaliados radiograficamente quanto à consolidação dos tubérculos e
divididos em dois grupos: grupo com tubérculos consolidados e grupo com tubérculos
não consolidados. A avaliação funcional realizou-se segundo o sistema de pontuação de
Constant, da amplitude de movimento ativo, e da Escala Visual Analógica (EVA) à data
da última consulta. Registaram-se todas as complicações.
Resultados A consolidação dos tubérculos ocorreu em 21 pacientes (76,3%). Verifi-
cou-se diferenças estatisticamente significativas no sistema de pontuação de Constant
(p< 0.001), elevação anterior (p¼ 0.020), rotação interna (p¼ 0.001) e externa
(p¼ 0.003), quando se comparou o grupo dos tubérculos consolidados com o grupo
dos tubérculos não consolidados. Não houve diferenças significativas na EVA entre os 2
grupos.
Conclusão A consolidação dos tubérculos traduz uma melhoria dos resultados
funcionais em pacientes submetidos a artroplastia reversa do ombro como tratamento
de fraturas complexas do úmero proximal em idosos.
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longer than four weeks were excluded. Surgeries were
performed by two senior orthopedists dedicated to shoulder
pathology, after the patient’s consent.

During the study period, 46 patients underwent RSP for
PHF treatment. After applying the inclusion and exclusion
criteria, 28 patients were included in the study (►Figure 1).

Surgical Technique
The surgeries were performed under general anesthesia
with the patients in the “beach chair” position and
using the deltopectoral approach. The prosthesis was
always the same (Aequalis Reversed Fracture, Tornier,
Edina, MN, US).

The following signs of fracture irreparability were also
evaluated intraoperatively: a) tuberosity comminution; b)
indistinguishable fragments; c) osteoporotic bone; d)
marked fracture deviation with calcar comminution.

The long portion of the biceps (LPB) tendon and its gutter
served as references for the attachment of the tuberosities.
The LPB tenodesis and supraspinatus tendon excision were
performed systematically. Tuberosity fixation was prepared
with four non-absorbable sutures (Ethibond no. 5; Ethicon,
Somerville, New Jersey, US), two through the infraspinatus
tendon and two through the minor teres. Two additional
sutures were passed through the subscapularis tendon in
four-part fractures.

After channel preparation, the stem height was measured
using the calcar and tuberosity reduction as references. If the
calcar was absent, the soft tissue tension after prosthesis
reduction was evaluated: deltoid muscle and joint tendon
tension, aswell as the distancebetween the upper edge of the

pectoralis major muscle and the acromion, which should be
of about 5.6 cm.17 The prosthesis version used the system
guidewith the forearmas reference, using 20° of retroversion
to provide greater stability.18

The glenoid was prepared and the definitive components
were placed. The stems were cemented distally to the
metaphyseal region, enabling a hybrid fixation. After the
cement dried, the prosthesis was reduced, the soft tissue
height and tension were evaluated again, and the size of the
polyethylene was chosen. The soft parts were properly
tensioned when it was difficult to achieve dislocation with
axial and lateral forces.19

Tuberosity fixation was performed according to Pascal
Boileau,20 using the previously placed non-absorbable
sutures and adding another two similar sutures passed
through two holes in the humeral shaft prior to cementation.
Thus, after tuberosity reduction, the infraspinatus, minor
teres and subscapular tendon sutures fix the tuberosities as
horizontal cerclages, and the wires passing through the
diaphysis neutralize the construction as two vertical tension
bands (one for each tuberosity).

Postoperatively, the limb was immobilized with support
for 3 weeks, and then pendular movements were allowed.
Elevation and abductionmovements were only allowed after
six weeks, followed by appropriate rehabilitation.

Radiological Evaluation
Tuberosity healing was assessed radiographically using neu-
tral, internal and external rotation and lateral views six
months after surgery.11 Tuberosities above the polyethylene,
more than 1 cm away from their anatomical position or not
present were considered non-healed. In case of doubt, a
computed tomography (CT) scan was requested at six
months after surgery as an additional tool, enabling the
evaluation of bone continuity between the diaphysis and
the tuberosities. The classification of the fractures and
tuberosity healing were determined by two shoulder sur-
geons, and all divergences were solved with the opinion of a
third shoulder surgeon.

Functional Evaluation
All patients were evaluated at 2, 6 and 12 weeks, 6 and
12 months and then annually. The functional results were
determined using the Constant scoring (CS) system and
recording active mobility in forward elevation (FE), abduc-
tion, external rotation (ER) and internal rotation (IR). The
range ofmotionwasmeasured in degreeswith a goniometer,
and the rotationswere performedwith the elbowclose to the
body. The Visual Analogue Scale (VAS) was also used. Intra-
and postoperative complications were recorded. The results
of the patientswith healed and non-healed tuberositieswere
compared.

Statistical Analysis
The mean values of the CS, range of motion and VAS were
compared using the nonparametric Mann-Whitney U test
due to the sample size. The Pearson Chi-squared test was
used in binomial variables to safeguard cell counts � 5.

Fig. 1 Patients included in the study after the application of the
inclusion and exclusion criteria. Abbreviation: RPSs.
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Results

Epidemiological Data
In total, 28 patients were included, 22 (78.6%) females and 6
(21.4%) males, with a mean age of 70.1 years (ranging from
65.2 to 89.8 years). There were 5 3-part fractures and 23 4-
part fractures. The mean follow-up was of 58.4 months
(ranging from 32.5 to 88.2 months).

Tuberosity Healing
Healing was observed in 21 (75%) patients (►Figure 2). In
total, 3 patients had tuberosity resorption, and 4 had tuber-

osity migration, representing a total of 7 (25%) patients with
non-healed tuberosities (►Figure 3). ►Table 1 shows the
distribution of independent variables in both groups.

Functional Results
Most patients (75.0%) presented no pain at rest and during
their daily activities.

The differences in the functional outcomes of patients
with healed and non-healed tuberosities are described
in ►Table 2. Statistically significant differences were ob-
served regarding the CS, FE, IR and ER.►Figures 4–8 demon-
strate the variable distribution in both groups.

In the multivariate analysis of the potential influence of
gender and/or age on outcomes, a statistically significant

Fig. 2 Computed tomography demonstrating tuberosity healing.

Table 1 Tuberosity healing and distribution of independent variables in both groups

Variable Tuberosity healing p-value

Yes
(n¼ 21)

No
(n¼ 7)

Female gender (%) 16 (76.2%) 6 (85.7%) 0.595�

Median age1

[minimum-maximum]
73.6 [60.2–82.1] 70.9 [60.7–89.8] 0.876��

Median follow-up period (months) [minimum-maximum] 56.5 [33.2–88.2] 46.8 [32.5–73.1] 0.140��

Notes: Distribution of independent variables by study group and respective statistical comparison; no statistical differences were observed for any
variable. �Chi-squared test. ��Mann-Whitney U test.

Table 2 Comparison of functional results in both groups (healed versus non-healed tuberosities)

Functional evaluation Tuberosity healing p-value

Yes
(n¼ 21)

No
(n¼ 7)

Constant score 79.0 (5;0) 55.0 (11;0) p< 0.001�

Forward elevation 135.0° (46;0°) 90.0° (70;0°) p¼ 0.02�

Abduction 105.0° (45;0°) 75.0° (60;0°) p¼ 0.435

Internal rotation 60.0° (45;0°) 30.0° (0;0°) p¼ 0.01�

External rotation 60.0° (32;5°) 30.0° (0;0°) p¼ 0.03�

Visual Analog Scale score 1.0 (0;5) 1.0 (1;0) p¼ 0.836

Note: Continuous variables were presented as median values and the respective 25th percentile-75th percentiles. �p< 0.05.

Fig. 3 Radiograph showing non-healed tuberosities.
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non-interference was found for the CS (p¼ 0.630 and
p¼ 0.868 respectively), FE (p¼ 0.157 and p¼ 0.853 respec-
tively), abduction (p¼ 0.566 and p¼ 0.497 respectively),
IR (p¼ 0.431 and p¼ 0.601 respectively), ER (p¼ 0.239 and
p¼ 0.526 respectively) and VAS (p¼ 0.164 and p¼ 0.722
respectively). However, when healing was isolated as
a variable in the model, only the CS (p <0.001) and
IR (p¼ 0.002) sustained a statistically significant
relationship.

Complications
There were no episodes of dislocation or instability.

There was an acute superficial infection that was submit-
ted to debridement and corresponded to one of the cases of
non-healed tuberosity.

Fig. 5 Distribution of forward shoulder elevation by groups (healed
versus non-healed tuberosities).

Fig. 4 Constant score distribution by groups (healed versus non-
healed tuberosities).

Fig. 6 Shoulder abduction distribution by groups (healed versus non-
healed tuberosities).

Fig. 7 Distribution of internal shoulder rotation by groups (healed
versus non-healed tuberosities).

Fig. 8 Distribution of external shoulder rotation by groups (healed
versus non-healed tuberosities).
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Discussion

Reverse shoulder prostheses are increasingly used in patients
with PHF, especially in the elderly. Initially, the longevity of
these prostheses was a concern, but good outcomes from
medium- and long-term studies have expanded their use.
Du et al.21 reported that RSPs were associated with a signifi-
cant increase in CS and decreased re-interventions compared
to HA. In addition, Klein et al.16 reported improvements in the
CS and a short-form health survey. In a prospective study
evaluating patients with complex PHF undergoing RSP, Buf-
quin et al.15 concluded that tuberosity non-healing does not
necessarily lead to a poor outcome. Torrens et al.22 stated that
clinical results are superimposable, not depending on tuber-
osity healing. Reverse shoulder prostheses are based on the
classical principles of the prosthesis developed by Grammont:
a) a semi-constrictive fixed point (fulcrum) prosthesis en-
abling the deltoid to elevate the arm in a way that does not
require rotator cuff action, and b) a lower,medialized center of
rotation, which enables deltoid extension and thus decreases
the force required for arm abduction.23,24 As such, RSPs can
lead to good outcomes even without tuberosity healing.
However, more recent studies suggest that tuberosity integra-
tion and proper rotator cuff function have a functional benefit
for patients, increasing range of motion, especially in rotation.
Our study found a statistically significant improvement in FE
(127.5° versus 101.4), ER (60° versus 30°) and IR (64.8° versus
34.3°). These results reinforce the data reported in the litera-
ture. Lenarz et al.25 described an FE of 139° and an ER of 27°,
whereas Valenti et al.26 obtained a CS of 55, 112° of FE, 97° of
abductionand12.7° of ER.Gallinet et al.8demonstrated104°of
FE and 33° of ER. A recent systematic review27 summarizes
well the results of these studies, concluding that tuberosity
healing seems to translate into superior functional outcomes,
especially regarding rotations. In addition, a slight improve-
ment in the range ofmotion of the patients can translate into a
real improvement in their quality of life. We observed that
increased patient mobility corresponded to CS improvement
(79 versus 55). Boileau et al.28 summarize their study by
stating that tuberosity healing not only improves FE and ER,
but also the patients’ quality of life.

As for the second objective of the study, tuberosity healing
occurred in 76.3% of the patients. This percentage is in line
with more recent studies,22,29,30 and it is superior to older
works. Boileau et al.28 describe a higher healing rate, of 84%,
arguing that tuberosity healing in fractures submitted to RSP
is a reproducible procedure even in the elderly. In addition,
new developed prostheses, designed specifically for frac-
tures and presenting a window in the metaphyseal region,
enable better tuberosity integration and healing.

Some studies advocate that all plans are improved by
tuberosity healing.29 We had no significant improvement in
abduction (106° versus 83°), but this measure was superior
in patients with healed tuberosities. The VAS scores were
similar in both groups, showing that the tuberosity healing
does not interfere with pain.

The procedure showed low incidence of complications,
with only one infection, which was completely eliminated

with debridement and antibiotic therapy. There were no
dislocations, instabilities or neurological injuries.

The limitations of the present work are those inherent to
retrospective studies. Furthermore, the use of nonparamet-
ric tests, due to the relatively small sample size, does not
enable a wide discrimination in the data analysis despite the
statistical significance of the results. Further randomized
studies are required to definitively prove the superiority of
the functional outcomes associated with tuberosity healing.

In conclusion, our study showed the superiority of the CS,
FE, ER and IR when the tuberosities were healed, which
occurred in 78.6% of the cases.
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