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a b s t r a c t

Objective: The aim of this study was to analyze and compare the results of reverse shoulder arthroplasty
(RSA) in proximal humeral fracture sequelae (PHFS) in fractures initially treated conservatively versus
those initially treated with open reduction and internal fixation (ORIF).
Methods: It is a retrospective study that includes all PHFS treated with a RSA from September 2006 to
December 2013. Twenty-seven patients met the inclusion criteria. There were 9 patients (7 females and 2
males; mean age: 79.11 years) treated with RSA due to a fracture sequelae following conservative
treatment and 18 patients (15 females and 3 males; mean age: 76.83 years) treated with a RSA owing to a
fracture sequelae after ORIF.
The functional outcome was recorded with the aid of the pre-surgery Constant Score and at the latest
follow-up (minimum of two years). All the patients included underwent an imaging study that included
plain X-Rays and a CT scan prior to surgery and plain X-Rays after surgery. All complications and
reoperations during follow-up were also recorded.
Results: Both groups had significantly increased Constant Scores after surgery (p < 0.0001), but the
patients in the conservative group had significantly better outcomes for the total Constant Score
(p ¼ 0.024), for forward elevation (p ¼ 0.026) and for external rotation (p ¼ 0.004).
A total of 4 complications (14.8%) were present during the follow-up period. In the conservative group, 1
patient developed an infection and there were 2 dislocations and 1 infection in the ORIF group.
Conclusion: The use of RSA in the treatment of PHFS results in a limited outcome improvement but with
an acceptable complication rate. Patients developing PHFS after conservative treatment may expect
better outcomes and fewer complications than those developing PHFS after ORIF.
Level of evidence: Level IV, Therapeutic Study.
© 2019 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

The management of complex proximal humeral fractures is still
a controversial topic. While some authors are in favor of conser-
vative treatment, especially in the elderly, others advocate for
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surgical treatment that includes a diversity of options. Open
reduction and internal fixation (ORIF), hemiartroplasty or reverse
shoulder arthroplasty (RSA) are some of them (Fig. 1).

Despite of the treatment chosen, some patients evolve to
persistent pain and dysfunction requiring further surgery. Several
different complications have been described with the use of ORIF.
They include mal-unions, non-unions, cephalic avascular necrosis,
a loss of reduction and hardware complications.1e4 Surgery of
fracture sequelae is challenging and usually leads to limited func-
tional results and may also result in a high complication rate.5e23
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Fig. 1. Example of a case with a surgical neck 2-part proximal humeral fracture (A) undergoing open reduction and internal fixation with humeral head collapse secondary to
osteonecrosis and a subsequent screw cut-out (B), treated with a reverse shoulder arthroplasty (C).
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Reverse shoulder arthroplasty has recently emerged as the
treatment of choice for proximal humeral fracture sequelae (PHFS),
especially in elderly patients. Slightly better functional results have
been reported with the use of RSA when compared to those ob-
tained with hermiarthroplasty.5 However, less than optimal out-
comes are the rule and complications are still high.9e12,15e17,19e24

Few studies address the topic of the treatment of fracture
sequelae with RSA and they mainly cover outcomes after failed
ORIF or hemiarthroplasty and the comparison of outcomes be-
tween acute fractures and fracture sequelaewhen treatedwith RSA.

The objective of this study is to analyze and compare the results
obtained with RSA in PHFS in fractures initially treated conserva-
tively versus those initially treated with ORIF. It was hypothesized
that the outcomes of RSA in patients with PHFS would be better in
the absence of previous ORIF.
Material and methods

It is a retrospective study that includes all PHFS treatedwith a RSA
fromSeptember 2006 toDecember 2013. Inclusion criteriawere PHFS
treatedwith RSA, with the initial treatment for the proximal humeral
fracture being either conservative or ORIFwith aminimum follow-up
of twoyears. Somepatients undergoing initial conservative treatment
had been treated in an outside hospital (referred as a fracture
sequelae) or refused initial surgical treatment. Patients treated with
hemiarthroplastyordevelopingan infectionafterORIFwereexcluded.

During the study period, a total of 40 patients underwent RSA
treatment for a PHFS. There were 9 patients undergoing hemi-
arthroplasty as the initial treatment for the proximal humeral
fracture and 4 patients developing infection after ORIF who were
excluded from this study.

Twenty-seven patients met the inclusion criteria. There were 9
patients treated with RSA due to a fracture sequelae following
conservative treatment and 18 patients treated with a RSA owing to
a fracture sequelae after ORIF.

In the conservatively treated group, there were 7 females and 2
males and 15 females and 3 males in the ORIF group. The mean age
of the conservative group was 79.11 years and 76.83 years in the
ORIF group. Thus, therewere no significant differences between the
groups in terms of age. (p ¼ 0.541).

The Boileau et al classification system was used to classify
fracture sequelae. Two categories of fracture sequelae can be
distinguished. Category 1 is characterized by intracapsular/
impacted fracture sequelae associated with either cephalic collapse
or necrosis (type 1) and chronic dislocation or fracture-dislocation
(type 2). In category 2, we see extracapsular/disimpacted fracture
sequelae associated with both surgical neck non-unions (type 3)
and severe tuberosity malunions (type 4).7

Fracture sequelae in patients initially treated surgically for the
proximal humeral fracture were also classified based on the causes
for revision (screw protrusion, mal-union, non-union, or avascular
necrosis).

Fracture sequelae treated with ORIF included 11 patients treated
with locked plates, 6 patients treated with a modified Ender and
osteosutures and 1 patient treated with osteosutures and Kirschner
wires.

Among the fracture sequelae conservatively treated, there were
two of type I, two of type 2, three of type 3 and two of type 4 as
defined in the Boileau et al classification system. Among the frac-
ture sequelae treated with ORIF, there were seven of type 1, two of
type 2, four of type 3 and five of type 4.

Among the patients included in the ORIF group, there were 8
pseudoarthrosis, 5malunions, 5 cases of cephalic avascular necrosis
and 6 screw cut-outs, with some patients presentingmore than one
complication.

All surgeries were performed by the same surgeon (CT) through
the deltopectoral approach. In the conservatively treated group, a
greater tuberosity osteotomy was not required in any case. Reattach-
ment of the greater tuberosity was attempted in all the cases in the
surgically treated group. The infraspinatuswas repaired or reattached
whenever torn.Wheneverpossible, the largest-sizedglenospherewas
implanted (size 42 in 18 cases and size 38 in 7 cases). If present, the
subscapularis was repaired at the end of procedure. In all the cases, a
Delta Xtend (DePuy, Warsaw, IN, USA) RSAwas implanted.

The outcomes for this study included: functional scores (Con-
stant Score), radiographic evaluation, and complications. The
Constant score includes the evaluation of pain, daily living activ-
ities, range of motion and strength.25 The Constant Score was ob-
tained preoperatively and at the latest follow-up (minimum of two
years). All the patients included underwent an imaging study that
included plain X-Rays and a CT scan prior to surgery and plain X-
Rays after surgery. All complications and reoperations during the
follow-up were also recorded.
Statistical analysis

Descriptive statistics were used to summarize the demographic
and sample characteristics, and the outcomes. A paired t test was



Table 1
Age and Constant Score values (preoperative and postoperative) according to Con-
servative and ORIF group.

Mean Std Deviation p value

Age
Conservative 79,11 7,04 ,54
ORIF 76,83 9,78

Constant Preoperative
Conservative 17,21 8,03 ,78
ORIF 16,16 7,68

Constant Postoperative
Conservative 44,15 11,67 ,03
ORIF 32,25 12,06

Pain Postoperativea

Conservative 11,28 2,69 ,27
ORIF 9,5 3,88

DLA Postoperativea

Conservative 13,99 1,95 ,06
ORIF 10,18 2,3

Forward Elevationa

Conservative 6,00 2,58 ,02
ORIF 3,44 2,35

Abductiona

Conservative 5,42 1,9 ,09
ORIF 3,55 2,52

External Rotationa

Conservative 2,28 1,38 ,004
ORIF 0,55 1,14

Internal Rotationa

Conservative 4,57 1,51 ,88
ORIF 5,11 9,48

DLA, daily-living activities; ORIF, open reduction and internal fixation.
a Constant score values.
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employed to assess pre- and postoperative differences in the whole
sample. An unpaired t test was employed to compare quantitative
variables, and a Fisher's exact test for qualitative variables, between
both groups. All statistical analyses were conducted with the SPSS
(SPSS Inc., Chicago, IL). The alpha level was set at 0.05.

Results

Themean follow-up of the entire series was 54.7 months (range,
24e108) with a minimum of 2 years. The average time between the
initial fracture and the need for replacement with RSA was 19
months (range, 4e49 months).

The preoperative Constant Score for the conservative group was
17.21 while it was 16.16 in the ORIF group. Again, there were no
significant differences between them (p ¼ 0.781).

Both groups had significantly increased Constant Scores after
surgery (p < 0.000) but the patients in the conservative group had
significantly better outcomes for the total Constant Score
(p ¼ 0.024), for forward elevation (p ¼ 0.026) and for external
rotation (p ¼ 0.004). The mean (SD) postoperative forward eleva-
tionwas 95 (32.5) degrees in the conservative treatment group, and
77 (40.1) degrees in the ORIF group (p ¼ 0.02). The mean (SD)
postoperative abduction was 74 (28.7) degrees in the conservative
treatment group, and 68 (36.3) degrees in the ORIF group
(p ¼ 0.09). See the detailed data for outcome results in Table I.

A total of 4 complications (14,8%) were present during the
follow-up period. In the conservative group, 1 patient developed an
infection and there were 2 dislocations and 1 infection in the ORIF
group. The infections were treated with revision surgery in two-
stages with the final implantation of another RSA. The disloca-
tions were managed with open surgery and the exchange of the
polyethylene component for one that was wider.

Discussion

The treatment of PHFS is challenging and usually ends with less
than optimal results and a high complication rate. Recently, RSA has
successfully been used in the treatment of complex fracture
sequelae and has slightly better results and an acceptable compli-
cation rate.5,9e12,14e16,19e23

The use of RSA in the treatment of PHFS results in a limited
outcome improvement but with an acceptable complication rate.
Importantly, PHFS without a previous surgery will benefit more
from it than those had undergone a previous surgery in terms of an
improvement in range of motion. They also show a trend towards a
lower complication rate.

There has been an increase in the trend to surgically treat acute
proximal humeral fractures, especially with the use of ORIF.26 Locking
plate designs may bring on several complications such as malre-
duction, screw cutout, malunion, nonunion, avascular necrosis and
infection. Most of them come about when ORIF is used in elderly
patients.1e4Many of these complications require revision surgery. Jost
et al, in a series of 121 patients who had been referred due to com-
plicationsafter treatmentofaproximalhumeral fracturewitha locking
plate, reportedamean1.5 surgeriesperpatientneeded toaddresssuch
complications.2 The final surgery was an RSA in many cases.

Boileau et al analyzed a series of 71 PHFS treated with an
anatomical shoulder.7 Types 3 and 4 had the poorest results with
limited improvement relative to forward elevation (50� preopera-
tive to 63� postoperative in type 3, 58� preoperative to 91� post-
operative in type 4). The need for a greater tuberosity osteotomy
was the main reason for the poor outcomes. While anatomic
shoulder arthroplasty does well in type I proximal humeral frac-
tures as long as there is no varus deformation or fatty infiltration of
the cuff muscles,19 there is agreement that the need for a greater
tuberosity osteotomy worsens outcomes.6,7,13,14 In a series of 95
patients treated with anatomical shoulder arthroplasty because of
proximal humerus malunions, Jacobson et al reported an unsatis-
factory result in 36 out of those 95 patients.14

Alentorn-Geli et al managed to compare outcomes and the
complications of hemiarthroplasty and RSA in the treatment of
PHFS in a prospective study with 32 patients.5 A slight improve-
ment in outcomes for the RSA group was reported even though it
did not reach significance. The complication and revision rates
were significantly lower in the RSA group. Boileau et al also re-
ported better results from RSA when compared to anatomical
shoulder arthroplasty in type IV PHFS.6

A number of studies report favorable outcomes from RSA when
used in PHFS,with a significant improvement in pain relief and range
of motion.9e12,15e17,19e24,27,28 However, complications such as dislo-
cation, intraoperative fractures, component loosening and infection
have been reported to be present in some 20%e41% of the patients.
Furthermore, revision surgery may be needed in some 9%e28% of
the patients.9e12,15e17,19e24,27,28 Greiner et al, in a series of 49 patients
treated with RSA because of PHFS, reported a 10.2% complication
rate and all those complications occurred in patients previously
treated with ORIF.10 In the present study, the use of RSA in the
treatment of PHFS resulted in a limited outcome improvement but
with an acceptable complication rate. However, patients coming
from conservative treatment of the index proximal humeral fracture
did significantly better in the Constant Score in terms of absolute
forward elevation and external rotation when compared to patients
coming from ORIF. The complication rate observed was similar to
what has been reported (14,8%).8,11e13,15e18,20e24 Although it did not
reach significance, there was a trend towards a higher complication
rate in the ORIF group when compared to the conservative group.
Few studies compare the results obtained in the treatment of PHFS in
patients previously treated by ORIF versus those treated conserva-
tively.While Boileau et al and Greiner et al found better results in the
conservatively treated patients, Hattrup et al failed to find any
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difference between the two groups.6,10,12 The present study provides
more evidence in favor of better outcomes after RSA in patients
treated conservatively as opposed to those treated with ORIF.

The recent trend towards surgical treatment of acute proximal
humeral fractures should be questioned, especially if ORIF is
planned in elderly patients. This is not only due to the expected
high complication rate but also for the inferior results that would
be obtained later on if RSA is needed to treat the complications of
ORIF as has been shown in this study. On the other hand, conser-
vative treatment of acute proximal humeral fractures should be
more frequently considered because, despite RSA offers limited
outcomes in patients with PHFS, the complications of RSA after
failed conservative treatments are low. Therefore, indication for
ORIF in acute proximal humeral fracture should be limited to those
cases where a good outcome is very likely, being especially cautious
when indicating ORIF in elderly individuals.

The present study has the inherent limitation of its retrospective
nature with limited sample size. On the other hand, the study
provides useful information with clear clinical application for
shoulder surgeons.

Conclusions

The use of RSA in the treatment of PHFS results in a limited
outcome improvement but with an acceptable complication rate.
Patients developing PHFS after conservative treatment may expect
better outcomes and fewer complications than those developing
PHFS after ORIF.
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