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Background: Proximal humeral fractures are common and a major concern in public health resources utilization. There is an increase in the use of reverse total shoulder arthroplasty (RTSA) as an option for complex
fractures in the elderly. The complexity of the technique in RTSA is increased because of the fracture. To
find an advantage of locking stems in RTSA for the treatment of proximal humeral fractures, we designed a comparative study between fracture-dedicated locking stems vs. cemented stems.
Materials and methods: We retrospectively studied 58 patients treated with an RTSA after a fracture.
We compared how the implant design and the tuberosity consolidation affects patient outcome through
measuring range of motion and the Constant score.
Results: The groups were similar in age, sex, time to surgery, and Constant score in the uninjured side.
Patients treated with a dedicated locking noncemented stem performed better, with an increased Constant
score (P > .05) and reached more mobility with no statistical significance. We found that 13 of the 24 fractures (54%) treated with a cemented stem consolidated, and 26 of 34 tuberosities (76%) healed in the
noncemented locked stems. Patients with tuberosity consolidation acquired better range of motion and Constant scores (P < .05).
Conclusions: A dedicated stem improves tuberosity healing and increases outcomes seen in Constant scores.
Tuberosity consolidation is a main goal when treating proximal humeral fractures with RTSA.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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Proximal humeral fractures are one of the most common
fractures in adults, with an incidence of 5.7% of all fractures.10
Most of these fractures are closed.9 A progressive increase in
the incidence of theses fractures has been described, particularly in older patients,8 with an incidence exceeding 10%
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in patients between 50 and 90 years of age.11 Even in those
patients with acceptable radiologic and functional outcomes,
perceived quality of life is diminished in these patients 2 years
after the injury.29 The burden of proximal humeral fractures
for the health system is elevated, with costs estimated in the
French National hospital database as high as €34 million for
initial management and €52 million for rehospitalization.26
Use of reverse total shoulder arthroplasty (RTSA) for the
treatment of proximal humeral fractures has increased in recent
years, with dedicated designed stems for fractures.25,35 Recent
studies postulate that the management of these fractures using
an acute RTSA replacement is a cost-effective solution27 for
some patients. Outcomes obtained with proximal humeral fractures treated with RTSA differ from those obtained for primary
replacement, mainly because the situations are different. We
can expect from elective procedures a low complication rate
with more than a 90% prosthesis survival in 10 years,12 but
complications increase when we search for RTSA in fracture
management, with series describing displacement of tuberosities in more than 50% of the patients, glenoid loosening
in more than 60%, heterotopic calcifications in nearly all patients, and tuberosity nonunions reported in 38%.6,7,18 A recent
review by Boileau1 focused on the study of complications and
reinterventions in RTSA described a 10% postoperative complication rate in their patients compared with a 20%
complication rate described in the literature. These different
complications can negatively affect the outcomes of the RTSA.6
To perform an RTSA for a proximal humeral fracture,
several complications should thus be taken into account to
optimize the final outcome.1,37 Instability is considered the
main postoperative complication cause of reinterventions after
an RTSA,1 but there are also several complications associated with fracture management, including soft tissue injury,
nonunion or malunion of the tuberosities, poor bone stock
in the glenoid, and metaphyseal bone defect, among others.
Recent publications have highlighted the importance of tuberosity healing when an RTSA is used for the management
of proximal humeral fractures16,22 and how the addition of
small gestures, such as tuberosity grafting and proper suture
technique, improve patient outcomes. 22 Moreover, the
consolidation and position of the tuberosities is essential to
achieve good function and to minimize the presence of
complications.2,14,15,20,33 In fact, in hemiarthroplasties for proximal humeral fractures, malposition of the tuberosity increases
fat infiltration in rotator cuff muscles, leading to a diminished function.19,20 In line with this, tuberosity management
is the key step to obtain a favorable outcome in proximal
humeral fractures treated with joint replacement.2,14,15,20,33
Previous studies19,20 have also revealed that proximal
humeral fractures with proximal bone defects have worse outcomes than those with proper bone stock. Recent publications
have established that tuberosity management is the key to obtaining a favorable outcome in proximal humeral fractures
treated with arthroplasty and that the consolidation and position of them is essential to achieving good function and
minimizing complications.2,14,15,20,33
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Most of the recent designs for elective RTSA favor metaphyseal fixation, and we can see an increasing trend in the
use of short, noncemented stem implants with similar
outcomes.23,28 Achieving metaphyseal support for 3- and 4-part
humeral fractures is almost impossible, and we have to choose
another fixation strategy. Early designs selected poly(methyl methacrylate) for the fixation of the implant; however,
it can interfere with tuberosity healing if a proper technique
is not applied,17,33 and noncemented fracture stems and modular
stems are now available.
Evidence supporting a benefit of one option over others
is lacking,36 and we cannot find an increased risk of longterm periprosthetic fracture associated with noncemented
stems.34 The use of locked stems is a reasonable option to
maintain fixation until metaphyseal integration in a fracture
situation.5 It prevents the interposition of poly(methyl methacrylate) between the prosthesis and the tuberosities and allows
surgeons to modify the definitive position of the implant in
case of a complication.28 This would improve implant height
and version to obtain the best stem position, confirmed by
direct vision and x-ray imaging.
In our institution, since 2015, we have moved from a standard cemented stem to a fracture-dedicated locked stem for
the management of proximal humeral fractures treated with
RTSA. We currently use a fracture-dedicated locked stem with
metaphyseal plasma hydroxyapatite coating and a titanium
cage to increase tuberosity offset and graft fixation and optimize tuberosity healing and patient function.
To demonstrate the advantage of the new implant, we performed a retrospective comparative study of the complication
rate and outcomes of both replacement methods in our institution to find out whether fracture-dedicated locking stems
improve the management of proximal humeral fractures compared with fracture-nondedicated cemented stems and how
tuberosity healing affects the outcome.

Materials and methods
Patients
The study included all patients operated on between January 2012
and January 2017 in the orthopedic division who were treated with
an RTSA for an isolated proximal humeral fracture. These patients
were divided in 2 groups: the cemented group received a cemented stem (Arrow Shoulder Fracture & Anatomic Shoulder
Reconstruction; FH Ortho, Chicago, IL, USA), and the noncemented
group received a noncemented locked stem (Humelock II; Fx Solutions, Viriat, France). The study excluded patients with concomitant
injuries, and the functional study excluded patients who died within
the first 6 months (we accepted this point as a primary functional
stability control) and patients with a follow-up of less than 6 months.

Surgical procedure
Patients were operated on in the beach chair position using a radiolucent table and treated with standard prophylactic antibiotics
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(cefazolin, 2 g 30 minutes before the incision, and 3 doses every 8
hours over the next 24 hours). To diminish septic complications, the
skin was systematically cleaned with a chlorhexidine scrub, and the
anatomic area was draped. Afterwards, the skin was prepared with
alcohol-chlorhexidine 2%. After it dried, the skin was treated again
to minimize septic complications. This exhaustive protocol was used
to prevent infection in patients immobilized in our ward for more
than 24 hours. Then we complete the surgical field before surgical
incision.
Fractures were treated by surgeons specialized in upper limb trauma.
Deltopectoral or superolateral approaches (extended deltoid-splitting)
were used depending on surgeon preferences. Next, the humeral head
was taken out, the tuberosities were marked with a suture, and the
glenoid was prepared. We systematically performed a biceps release
and tenodesis if the tendon was attached to its origin.
The manufacturer’s protocol for glenoid component fixation was
followed for both designs (Arrow Shoulder Fracture & Anatomic
Shoulder Reconstruction and Humelock II). When the metaglene
was fixed, the definitive glenosphere was implanted. We continued
with the preparation of the humeral stem following the manufacturer’s recommendations for stem fixation. Before definitive fixation,
the tuberosity osteosuture was prepared. We used the technique described by Boileau et al3 to fix the tuberosities after definitive
reduction. In cemented stems, we were aware to prevent cement from
reaching the fracture area, and we added autologous graft from the
humeral head under the tuberosities. In noncemented locked stems,
a titanium cage screwed to the stem was used to fix the graft obtained and to increase tuberosity offset to its anatomic position.
The cinematics and stability of the prosthesis was confirmed with
fluoroscopy. In those patients with an intact rotator cuff, part of the
supraspinous was resected to prevent impingent. Drains were not used
routinely. Patients usually were discharged within the next 48 hours.

Follow-up
Patients started passive full range of motion (ROM) from the very
beginning, depending on pain. The surgical site was reviewed after
2 weeks, and stitches were removed. Then, passive assisted ROM
was started under the control of a physiotherapist.
Follow-up evaluations in our outpatient clinic were made at 6
and 12 weeks and at 4, 6, and 12 months with x-ray controls at every
assessment (Figs. 1 and 2).
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ROM and complications were registered. The Constant score in
the affected and in the uninjured limb were measured.

Design and statistical analysis
Data collected from our prospective register were age, sex, time to
surgery, approach, fracture classification, ROM, tuberosity consolidation, and Constant score. Complications recorded included infection
(defined as any need for antibiotic use, except prophylactic, due to
arthroplasty complication), instability (defined as any episode of luxation), and tuberosity consolidation (defined as the consolidation seen
in x-ray images with continuity with the shaft). Two of the authors
(A.J-M. and S.A-E.) reviewed the x-ray images to confirm consolidation, and only in the case of agreement was the tuberosity
considered consolidated (Fig. 2).
We defined the primary objective as the difference in tuberosity consolidation between groups. Secondary objectives were
differences in functional outcomes and complications between groups.
We also performed a comparison between patients with and without
tuberosity consolidation.
To prevent bias due to the learning curve, we compared the first
half of cemented and noncemented prosthesis with the second half.
The statistical analysis was performed with GraphPad Prism 6 software (GraphPad Software, La Jolla, CA, USA). We completed a
descriptive analysis. To confirm that the groups were comparable,
we performed an unpaired Mann-Whitney test with the Welch modification or a χ2 test, depending on the variable. Different variables
were compared in the nonaffected side between groups: age, sex,
time to surgery, and Constant score. Differences in the consolidation rate between groups were calculated with a χ2 test, and odds
ratios were calculated. We compared the ROM and Constant scores
between groups by applying an unpaired Mann-Whitney test. A P
value of <.05 was considered significant.

Results
Patients
Among all of the patients who underwent an RTSA surgical
procedure in the orthopedic division, 61 patients met the inclusion criteria. However, 3 patients were excluded from the

Figure 1 Function is shown in a patient with a proximal humeral fracture treated with reverse total shoulder arthroplasty. The postoperative anteroposterior radiograph is shown in the inferior corner of each image.
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Figure 2 A valgus 4-part impacted fracture in is seen in (A) x-ray and (B and C) 3-dimensional computed tomography images. (D, E,
and F) The reconstruction with healed tuberosities is shown in anteroposterior, axillar, and lateral x-ray projections, respectively.
Table I

Description analysis for both groups

Group

No.

Age

P value

(yr)
Cemented
Noncemented
Consolidation
Yes
No

Sex,
No.

P value

M

F

Time to
surgery

P value

Constant

P value

(d)

Approach
D

SL

P value

24
34

77.6
76.5

.39

0
3

24
31

.24

8.7
7.8

.24

74
76

.09

22
32

2
2

.5

39
19

76.5
77.9

.26

2
1

37
18

.46

8.3
7.9

.43

75,9
74,4

.35

36
18

3
1

.43

M, male; F, female, D, deltopectoral; SL, superolateral.

analysis because 2 died in the first 6 months and another patient
was lost to follow-up in the first month. Finally, 58 patients
were included in the study, 24 in the cemented group and 34
in the noncemented group with locked stems. All patients had
a 3- or 4-part fracture or a split of the humeral head. The mean
follow-up was 26 months (range, 6-56 months).
The characteristics of each group are described in Table I.
Statistical analyses revealed that the groups were similar
(P > .05) in age, sex, days to surgery, and selected ap-

proach. Constant scores in the nonaffected limb were also
comparable, at 76 points for noncemented vs. 74 points for
cemented stems (P > .05).

Cemented vs. noncemented stems
Consolidation occurred in 13 of the 24 fractures (54%)
treated with a cemented stem and in 26 of the 34 fractures
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Summary of the Constant score and range of motion in the patient groups

Group

CS*

Difference CS

ABD

FLX

IN ROT

EX ROT

Cemented
Noncemented

53 (12)
60 (12)

16 (10)
20 (9)

92 (35)
104 (32)

92 (32)
106 (34)

35 (6)
36 (11)

17 (12)
23 (13)

CS*

Difference CS*

ABD*

FLX*

IN ROT*

EX ROT*

63 (10)
45 (8)

9 (6)
24 (7)

115 (22)
68 (32)

115 (22)
69 (31)

38 (6)
31 (12)

28 (8)
5 (7)

Consolidation
Yes
No

CS, Constant score; ABD, abduction; FLX, forward flexion; IN ROT, internal rotation; EX ROT, external rotation.
Data are shown as mean (standard deviation).
*
P < .05 between groups.

(76%) treated with an noncemented locked stem. Although
the percentage of consolidation in the noncemented group
was greater than in the cemented group, the increase was
not statistically significant (odds ratio, 0.36; 95% confidence interval, 0.12-1.12). Similar results were obtained
using χ2 analysis (P = .07). Nonetheless, the evaluation of
articular function and range of movement (Table II) revealed that cemented and noncemented groups were
significantly different, with the noncemented group exhibiting better Constant scores. In the locking-stems group, we
also found better, but not statistically significant, outcomes
in abduction (P = .21), flexion (P = .15), and external rotation (P = .06).
RTSA is a complex technique. As a result, we decided to
test whether the surgeon’s learning curve could affect the articular function and, therefore, the differences between the
groups. Thus, we compared the outcomes in each group obtained in the first half of the operations (through the difference
in the Constant score between the injured and uninjured arm)
with the second half of the operations. The results obtained
showed no difference between first and second half of the operations in the cemented (P = .36) and noncemented groups
(P = .0.54).

Tuberosity consolidation and surgery outcomes
Consolidation and position of the tuberosities is believed to
be essential to achieve good function and to minimize the
presence of complications in the treatment of proximal
humeral fractures with an RTSA.2,14,15,20,33 Accordingly,
we compared the outcomes of the operations where
patients had tuberosity consolidation with those with
nonunion or full resorption. The Constant scores and
the evaluation of all the studied movements were
significantly better in the operations with consolidated
tuberosities, as summarized in Table II. Moreover, the differences in the Constant scores between the injured and
noninjured arms were significantly lower in the patients
with healed tuberosity than in those with unhealed tuberosities (Table II).

Complications
During the study period, luxation of the prosthesis occurred
in 1 patient in the noncemented group after a low-energy
trauma. This patient had a fracture with metaphyseal extension, and tuberosity reconstruction was not possible because
of bone comminution and resorption. This patient underwent 2 more operations, first to change components and then
to perform a latissimus dorsi transfer, but the subluxation was
not resolved. In the last follow-up, this patient had a pseudoparalysis with no pain, and he declined more interventions.
Other complications in the noncemented group included
1 early infection by Staphylococcus aureus. The patient was
treated with débridement, change of mobile components, and
antibiotics. There were no signs of infection at 1 year after
the last intervention, and values for C-reactive protein and
the erythrocyte sedimentation rate were within normal reference ranges. Another patient sustained a proximal
periprosthetic fracture in the metaphyseal-diaphyseal junction that was treated with the locking stem with 1 cerclage.
The fracture healed uneventfully. These complications did not
reach significance between the groups.
From the 61 patients operated during the study period, 2
died within the first 6 months, 1 in the second year after the
prosthesis was implanted, and another after 4 years, with no
relation to the operation or complications of it.

Discussion
In an effort to improve the outcome of proximal humeral fractures treated with an RTSA, we have evolved the treatment
of these fractures in our institution and have added together
different concepts (Fig. 3): First, we emulated the technique from Boileau et al3 for tuberosity reconstruction to
improve consolidation; second, we tried to put aside cement
in primary stabilization to prevent fibroblastic response and
nonunion.32 We also used a titanium cage fixed to the stem
to prevent graft motion and migration, while we increased
the tuberosity offset to improve deltoid function through an
increase in the wrapping angle.1,28 We also chose a diaphyseal
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Figure 3 (A) A reconstruction demonstrates our standard methodology to increase tuberosity healing. The blue arrow shows the titanium
cage used to increase tuberosity offset and graft fixation. The green arrow points to the hydroxyapatite coating in the metaphyseal area. The
red arrow points to the screws used for primary fixation of the stem. (B) X-ray of anteroposterior view of a consolidated fracture treated
with a reverse total shoulder arthroplasty. All structures described in part (A) (the cage, metaphyseal area, and locking screws) are easily
identified. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

locking stem to increase initial micromotion13,30,31 in the first
weeks to facilitate healing and protect fixation until metaphyseal integration through the hydroxyapatite-coated metaphysis.
We believe that with this maneuver, long-term tuberosity resorption due to diaphyseal fixation is avoided.1 The locking
stem also provides the chance to modify the stem without difficulty if there is any problem during surgery, and the use of
2 locking screws maximizes stability in wide diaphysis and
is the rule in older patients.
By combining these techniques, we have reached a consolidation rate of 76%, and this increase in the consolidation
rate increased significantly the Constant score of our patients. Obert et al28 demonstrated the security and utility of
the same locked stem in 4-part fractures treated with a
hemiarthroplasty and reported no complications related to the
locked stem in a prospective study with a minimum of 2 years
of follow-up.
Our results demonstrated a decrease not only in external
rotation in patients without tuberosity healing but also in the
remaining ROM that generated a fall in the Constant score
of 18 points, with clinical and statistical significance (P < .05).
The only case of luxation was associated with a poor tuberosity reconstruction, which makes even more remarkable the
importance of tuberosity reconstruction.
Recent publications underline the importance of tuberosity integration and consolidation in the treatment of proximal

humeral fractures with an arthroplasty.16 The use of dedicated fracture stems obtained a consolidation rate of
approximately 75%.17 There is strong evidence that supports a key role of tuberosity consolidation in reverse
arthroplasty.24 This is supported by our outcomes, with a difference in the Constant score of 18 points (P < .05) between
patients with and without consolidated tuberosities. We agree
with other authors who underline that tuberosity reconstruction is essential and that a dedicated fracture stem when
performing an arthroplasty for the treatment of proximal
humeral fractures may help to achieve these goal.4,20
Noncemented and cemented stems seem to have similar
outcomes,23,36 but from a fracture perspective, we believe the
use of cement to fix the stem can affect fracture consolidation and promote a fibroblastic response that impairs healing.32
Recent data suggest that surgeons should avoid the entry of
cement into the tuberosities to facilitate consolidation.33 Tuberosity healing in our series was increased in noncemented
stems, with an odds ratio of 0.36 (95% confidence interval,
0.12-1.12) that did not reach statistical significance.
There is enough evidence obtained from studies performed in elective RTSA replacement that we believe that if
we use diaphyseal press-fit stems in fracture replacement, we
can induce a proximal stress shielding area that can lead to
tuberosity resorption.21 All of these reasons encouraged us
to decide to choose a locked stem to provide temporary
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diaphyseal fixation until tuberosity healing. The stem has a
plasma spray coating in the metaphysis to improve proximal osteointegration and to provide a favorable environment
for tuberosity healing and achieve metaphyseal fixation in the
context of a fracture. In our series, we have not seen tuberosity resorption during follow-up in consolidated patients. It
is true that follow-up is short and variable, and we cannot
affirm that the prosthesis design will avoid this resorption in
the future.
As previously demonstrated, the use of dedicated fracture stems increased tuberosity union24 and function. With
the described changes in the stem design, we have increase
tuberosity healing with an odds ratio of 0.36 (95% confidence interval, 0.12-1.12) that favors noncemented stems,
which even though not statistically significant is clinically
relevant, with an increase in the Constant score that is
statistically significant (P < .05). We also have a more modular
implant because we can change depth and version of the
implant without exchanging the definitive stem. We have
not recorded any complication related to the fixation
method, and it is helpful to prevent the use of a revision
stem in some complications such as a periprosthetic proximal fracture.
No conversions to a cemented stem were required in our
series. We believe that fractures repaired with cemented stems
would achieve similar outcomes, but with the disadvantage
of definitive fixation after cementation. Cemented fixation is
still the most used technique in stems for proximal humeral
fractures and has demonstrated to be a safe and effective
technique.17 We have seen complications in the noncemented
stem. These complications did not reach statistical significance between groups.
Our study has several limitations. First, it is a retrospective study with prospective data of patients operated on in our
institution from 2012 to January 2017. Prospective randomized trials will provide more evidence. We have changed from
a stem for primary replacement to a fracture-dedicated stem.
To prevent bias, a cemented stem for fractures should be compared with a noncemented locked stem. Last, the power of
our study is low, limited to the number of patients treated in
recent years, and we believe that this is main reason that the
odds ratio for tuberosity healing only touches statistical
significance.

Conclusion
Tuberosity healing is an important predictor of function
in RTSA used to treat proximal humeral fractures.
Noncemented fracture-dedicated locked stems provide
better function measured through the Constant score than
cemented stems not specifically designed for fracture management and seem to be a reasonable option to be used
in these situations. Consolidation in noncemented fracturededicated locked stems was 76% in our series.

7

Disclaimer
The authors’ research is supported by research grants from
the Fondo de Investigación Sanitaria funded by the Instituto
de Salud Carlos III and FEDER (El Fondo Europeo de
Desarrollo Regional; PI16/01870, CP15/00007). Rodolfo
Gómez is funded by the Instituto de Salud Carlos III
through a Miguel Servet programme and is a member of
the RETICS (Las Redes Temáticas de Investigación
Cooperativa en Salud) Programme, RD12/0009/0008
Instituto de Salud Carlos III (ISCIII).
The authors, their immediate families, and any research foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.

References
1. Boileau P. Complications and revision of reverse total shoulder
arthroplasty. Orthop Traumatol Surg Res 2016;102(Suppl.):S33-43.
http://dx.doi.org/10.1016/j.otsr.2015.06.031
2. Boileau P, Krishnan SG, Tinsi L, Walch G, Coste JS, Molé D. Tuberosity
malposition and migration: reasons for poor outcomes after
hemiarthroplasty for displaced fractures of the proximal humerus. J
Shoulder Elbow Surg 2002;11:401-12. https://doi.org/10.1067/
mse.2002.124527
3. Boileau P, Pennington SD, Alami G. Proximal humeral fractures in
younger patients: fixation techniques and arthroplasty. J Shoulder Elbow
Surg 2011;20(Suppl.):S47-60. http://dx.doi.org/10.1016/j.jse.2010.12.006
4. Boileau P, Winter M, Cikes A, Han Y, Carles M, Walch G, et al. Can
surgeons predict what makes a good hemiarthroplasty for fracture? J
Shoulder Elbow Surg 2013;22:1495-506. http://dx.doi.org/10.1016/
j.jse.2013.04.018
5. Boyer E, Menu G, Loisel F, Saadnia R, Uhring J, Adam A, et al.
Cementless and locked prosthesis for the treatment of 3-part and 4-part
proximal humerus fractures: prospective clinical evaluation of hemi- and
reverse arthroplasty. Eur J Orthop Surg Traumatol 2017;27:301-8.
http://dx.doi.org/10.1007/s00590-017-1926-8
6. Bufquin T, Hersan A, Hubert L, Massin P. Reverse shoulder arthroplasty
for the treatment of three- and four-part fractures of the proximal humerus
in the elderly: a prospective review of 43 cases with a short-term
follow-up. J Bone Joint Surg Br 2007;89:516-20. http://dx.doi.org/
10.1302/0301-620X.89B4.18435
7. Cazeneuve JF, Cristofari DJ. The reverse shoulder prosthesis in the
treatment of fractures of the proximal humerus in the elderly. J Bone
Joint Surg Br 2010;92:535-9. http://dx.doi.org/10.1302/0301620X.92B4.22450
8. Court-Brown CM, Biant L, Bugler KE, McQueen MM. Changing
epidemiology of adult fractures in Scotland. Scott Med J 2014;59:30-4.
http://dx.doi.org/10.1177/0036933013518148
9. Court-Brown CM, Bugler KE, Clement ND, Duckworth AD, McQueen
MM. The epidemiology of open fractures in adults. A 15-year review.
Injury 2012;43:891-7. http://dx.doi.org/10.1016/j.injury.2011.12.007
10. Court-Brown CM, Caesar B. Epidemiology of adult fractures: a review.
Injury 2006;37:691-7. http://dx.doi.org/10.1016/j.injury.2006.04.130
11. Court-Brown CM, Clement ND, Duckworth AD, Biant LC, McQueen
MM. The changing epidemiology of fall-related fractures in adults. Injury
2017;48:819-24. http://dx.doi.org/10.1016/j.injury.2017.02.021
12. Cuff DJ, Pupello DR, Santoni BG, Clark RE, Frankle MA. Reverse
shoulder arthroplasty for the treatment of rotator cuff deficiency: a concise

ARTICLE IN PRESS
8

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A. Jorge-Mora et al.
follow-up, at a minimum of 10 years, of previous reports. J Bone
Joint Surg Am 2017;99:1895-9. http://dx.doi.org/10.2106/JBJS.17
.00175
Elkins J, Marsh JL, Lujan T, Peindl R, Kellam J, Anderson DD, et al.
Motion predicts clinical callus formation: construct-specific finite element
analysis of supracondylar femoral fractures. J Bone Joint Surg Am
2016;98:276-84. http://dx.doi.org/10.2106/JBJS.O.00684
Frankle MA, Greenwald DP, Markee BA, Ondrovic LE, Lee WE 3rd.
Biomechanical effects of malposition of tuberosity fragments on the
humeral prosthetic reconstruction for four-part proximal humerus
fractures. J Shoulder Elbow Surg 2001;10:321-6.
Frankle MA, Mighell MA. Techniques and principles of tuberosity
fixation for proximal humeral fractures treated with hemiarthroplasty.
J Shoulder Elbow Surg 2004;13:239-47. https://doi.org/10.1016/S1058
-2746(02)00041-1
Gallinet D, Adam A, Gasse N, Rochet S, Obert L. Improvement in
shoulder rotation in complex shoulder fractures treated by reverse
shoulder arthroplasty. J Shoulder Elbow Surg 2013;22:38-44. http://
dx.doi.org/10.1016/j.jse.2012.03.011
Garofalo R, Flanagin B, Castagna A, Lo EY, Krishnan SG. Reverse
shoulder arthroplasty for proximal humerus fracture using a dedicated
stem: radiological outcomes at a minimum 2 years of follow-up-case
series. J Orthop Surg Res 2015;10:129. http://dx.doi.org/10.1186/
s13018-015-0261-1
Gigis I, Nenopoulos A, Giannekas D, Heikenfeld R, Beslikas T, Hatzokos
I. Reverse shoulder arthroplasty for the treatment of 3 and 4- part fractures
of the humeral head in the elderly. Open Orthop J 2017;11:108-18.
http://dx.doi.org/10.2174/1874325001711010108
Greiner S, Uschok S, Herrmann S, Gwinner C, Perka C, Scheibel M.
The metaphyseal bone defect predicts outcome in reverse
shoulder arthroplasty for proximal humerus fracture sequelae. Arch
Orthop Trauma Surg 2014;134:755-64. http://dx.doi.org/10.1007/
s00402-014-1980-1
Greiner SH, Diederichs G, Kroning I, Scheibel M, Perka C. Tuberosity
position correlates with fatty infiltration of the rotator cuff after
hemiarthroplasty for proximal humeral fractures. J Shoulder Elbow Surg
2009;18:431-6. http://dx.doi.org/10.1016/j.jse.2008.10.007
Harmsen SM, Norris TR. Radiographic changes and clinical outcomes
associated with an adjustable diaphyseal press-fit humeral stem in primary
reverse shoulder arthroplasty. J Shoulder Elbow Surg 2017;26:1589-97.
http://dx.doi.org/10.1016/j.jse.2017.02.006
Jobin CM, Galdi B, Anakwenze OA, Ahmad CS, Levine WN. Reverse
shoulder arthroplasty for the management of proximal humerus fractures.
J Am Acad Orthop Surg 2015;23:190-201. http://dx.doi.org/10.5435/
JAAOS-D-13-00190
King JJ, Farmer KW, Struk AM, Wright TW. Uncemented
versus cemented humeral stem fixation in reverse shoulder
arthroplasty. Int Orthop 2015;39:291-8. http://dx.doi.org/10.1007/
s00264-014-2593-6
Krishnan SG, Reineck JR, Bennion PD, Feher L, Burkhead WZ Jr.
Shoulder arthroplasty for fracture: does a fracture-specific stem make
a difference? Clin Orthop Relat Res 2011;469:3317-23. http://dx.doi.org/
10.1007/s11999-011-1919-6

25. Lenarz C, Shishani Y, McCrum C, Nowinski RJ, Edwards TB, Gobezie
R. Is reverse shoulder arthroplasty appropriate for the treatment of
fractures in the older patient? Early observations. Clin Orthop Relat Res
2011;469:3324-31. http://dx.doi.org/10.1007/s11999-011-2055-z
26. Maravic M, Briot K, Roux C, Collège Français des Médecins
Rhumatologues (CFMR). Burden of proximal humerus fractures in the
French National Hospital Database. Orthop Traumatol Surg Res
2014;100:931-4. http://dx.doi.org/10.1016/j.otsr.2014.09.017
27. Nwachukwu BU, Schairer WW, McCormick F, Dines DM, Craig EV,
Gulotta LV. Arthroplasty for the surgical management of complex
proximal humerus fractures in the elderly: a cost-utility analysis. J
Shoulder Elbow Surg 2016;25:704-13. http://dx.doi.org/10.1016/
j.jse.2015.12.022
28. Obert L, Saadnia R, Loisel F, Uhring J, Adam A, Rochet S, et al.
Cementless anatomical prosthesis for the treatment of 3-part and 4-part
proximal humerus fractures: cadaver study and prospective clinical study
with minimum 2 years followup. SICOT J 2016;2:22. http://dx.doi.org/
10.1051/sicotj/2016011
29. Olerud P, Ahrengart L, Söderqvist A, Saving J, Tidermark J. Quality
of life and functional outcome after a 2-part proximal humeral fracture:
a prospective cohort study on 50 patients treated with a locking plate.
J Shoulder Elbow Surg 2010;19:814-22. http://dx.doi.org/10.1016/
j.jse.2009.11.046
30. Perren SM. Evolution of the internal fixation of long bone fractures. The
scientific basis of biological internal fixation: choosing a new balance
between stability and biology. J Bone Joint Surg Br 2002;84:1093-110.
31. Perren SM. Fracture healing. The evolution of our understanding. Acta
Chir Orthop Traumatol Cech 2008;75:241-6.
32. Pino-Mínguez J, Jorge-Mora A, Couceiro-Otero R, Garcia-Santiago C.
Study of the viability and adhesion of osteoblast cells to bone cements
mixed with hydroxyapatite at different concentrations to use in vertebral
augmentation techniques. Rev Esp Cir Ortop Traumatol 2015;59:122-8.
http://dx.doi.org/10.1016/j.recot.2014.06.007
33. Singh A, Padilla M, Nyberg EM, Chocas M, Anakwenze O, Mirzayan
R, et al. Cement technique correlates with tuberosity healing in
hemiarthroplasty for proximal humeral fracture. J Shoulder Elbow Surg
2017;26:437-42. http://dx.doi.org/10.1016/j.jse.2016.08.003
34. Singh JA, Sperling J, Schleck C, Harmsen W, Cofield R. Periprosthetic
fractures associated with primary total shoulder arthroplasty and primary
humeral head replacement: a thirty-three-year study. J Bone Joint Surg
Am 2012;94:1777-85. http://dx.doi.org/10.2106/JBJS.J.01945
35. Walch G, Boileau P, Noël E. Shoulder arthroplasty: evolving techniques
and indications. Joint Bone Spine 2010;77:501-5. http://dx.doi.org/
10.1016/j.jbspin.2010.09.004
36. Werthel JD, Lonjon G, Jo S, Cofield R, Sperling JW, Elhassan BT.
Long-term outcomes of cemented versus cementless humeral components
in arthroplasty of the shoulder: a propensity score-matched analysis. Bone
Joint J 2017;99-B:666-73. http://dx.doi.org/10.1302/0301-620X.99B5
.BJJ-2016-0910.R1
37. Zumstein MA, Pinedo M, Old J, Boileau P. Problems, complications,
reoperations, and revisions in reverse total shoulder arthroplasty: a
systematic review. J Shoulder Elbow Surg 2011;20:146-57. http://
dx.doi.org/10.1016/j.jse.2010.08.001

