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ABSTRACT

Objective: The aim of this study was to evaluate the functional and radiological outcomes and complications of reverse total
shoulder arthroplasty (RTSA) for failed treatment of proximal humerus fractures (FTPHF).

Methods: In this retrospective study, 20 patients (17 female, 3 male; mean age = 71.35 years; age range = 54-81 years) who
underwent RTSA for FTPHF between 2012 and 2018 were included. The mean follow-up was 37.85 (range: 24-83) months.
Outcome measures included shoulder range of motion, Constant score, ASES (American Shoulder and Elbow Surgeons) score,
visual analog scale (VAS). Intra-or post-operative complications were also recorded.

Results: The mean anterior flexion and external rotation improved from 37.25°+10.59° and 11.05°+4.79° preoperatively to
105.53° + 9.33 and 22.37° + 4.12° postoperatively, respectively (P < 0.01 for both). The mean Constant and ASES scores
ameliorated from 21.95 + 3.57 and 18.15 + 4.69 preoperatively to 61.7 + 7.6 and 71.18 + 4.69 at the final follow-up,
respectively (P < 0.01 for both). VAS significantly reduced from 6.83 + 2.04 preoperatively to 1.79 + 0.61 at the final follow-up

(P <0.01). None of the patients had major complications or required revision.

Conclusion: Treatment with the RTSA for the FTPHF seems to be an effective treatment method that can provide satisfactory
radiological and functional outcomes with low complication rates.

Level of Evidence: Level IV, Therapeutic Study

Introduction

Proximal humerus fractures account for 5% of all
fractures in adults and 10% of all fractures in indivi-
duals aged >65 years."” The incidence of these frac-
tures has been increasing, especially among the
elderly population.®* Low bone density, which is
often concomitant in this age group, has been de-
scribed as one of the challenges encountered in the
treatment of these fractures.® It has been reported
that 80% of proximal humerus fractures are conser-
vatively treated, whereas 20% require surgical
treatment.* The primary surgical treatment options
include open reduction with internal fixation (ORIF),
hemiarthroplasty, and reverse total shoulder arthro-
plasty (RTSA).*>® After both conservative and surgical
treatments, failure may be observed because of tu-
berosity malunion or nonunion, avascular necrosis,
joint stiffness, infection, or instability.”” In such
cases, patients may experience considerable pain
and very limited functionality; moreover, their qual-
ity of life may decrease. The failed treatment of prox-
imal humerus fractures (FTPHF) has been reported
as one of the most challenging conditions in shoulder
reconstruction.®®

The success of the treatment of the FTPHF with the
RTSA has been evaluated in a limited number of
studies. Besides, reported clinical outcomes and
complication rates are controversial.>**° Although
it has been seen as a salvage procedure with limited
benefit for a long time,*® recent studies have reported
that it can be an effective treatment modality for the
FTPHF.""** Therefore, the present study aimed to
investigate the radiological and functional outcomes
as well as the complications of treatment with the
RTSA for the FTPHF. Our hypothesis was that the
RTSA would provide favorable functional outcomes
and significantly reduce pain, especially with low
complication rates unlike what was previously
reported.

Materials and Methods

The study was approved by our institutional review
board (no: 20.120.829-16.03.2020). The clinical data of
20 patients treated with the RTSA for the FTPHF by two
surgeons, who had experience over 20 years on
shoulder and elbow surgery, at two different institutions
between October 2012 and October 2018 were retro-
spectively reviewed. Inclusion criteria for the study
were the following: a diagnosis of the FTPHF; complete
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sets of preoperative (the last pre-RTSA radiograph) and final follow-up
anteroposterior (AP), true AP, and axillary lateral radiographs of the
shoulder. Exclusion criterion was a history of previous surgery, except
index proximal humerus fracture surgery, lower than 2 years of follow-
up (Figure 1). The mean age of the patients at the time of the surgery was
71.35 (range: 54-81) years; 17 patients were females and 3 were males.
The mean time between index treatment and the RTSA was 21.25
(range: 1-86) months. The mean follow-up duration after the RTSA
was 37.85 (range: 24-83) months (Table 1). The indications for the
surgery were pain and functional limitation. The patients were evalu-
ated in terms of functional scores, pain scores, range of motion, time
between fracture and treatment with the RTSA, and complications
(Tables 2 and 3).

Assessing for eligibility
n=26

Exclusion criteria

— a history of previous surgery except index
proximal humerus fracture surgery (n=1)

— less than 2 years of follow-up (n=5)

Excluded patients
n=6

Inclusion criteria

— Diagnosis of the FPHF

— Complete sets of preoperative and

final follow-up anteroposterior (AP), true AP,
and axillary lateral radiographs of the shoulder

Included Patients
n=20

Figure 1. Flow diagram of the study participants.

HIGHLIGHTS

In cases with failed treatment of proximal humeral fracture (FTPHF),
patients can experience substantial pain and very limited functionality
due to tuberosity malunion or nonunion, avascular necrosis, joint
incongruity, and stiffness.

Former studies reported poor outcomes and high complication rates with
reverse total shoulder arthroplasty (RTSA) for the FTPHF.

Our study demonstrated that favorable radiological and functional
outcomes would be obtained by the RTSA for the FTPHF regardless of the
initial treatment method probably owing to improved prosthetic designs
and increased surgical experience for the RTSA.
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Table 1. Patient Demographics
Variable

20
71.35 (range: 54-81) years
17 F/M 3
Follow-up from the RTSA (months), mean (range) 37.85 (range: 24-83)
Duration from index treatment to RTSA (months) 21.25 (range: 1-86)

n, number; RTSA, reverse total shoulder arthroplasty; ORIF, open reduction and internal fixation; F, female;
M, male.

n
Age (years), mean (range)
Gender

Preoperative and postoperative functional outcomes were evaluated
using the American Shoulder and Elbow Surgeons (ASES) score and
Constant score, whereas pain was evaluated using visual analog
scale (VAS) score. Shoulder AP, true AP, and axillary lateral radio-
graphs were routinely performed during radiological evaluations.
Computed tomography was performed for each patient during pre-
operative planning to determine bone stock and evaluate tubercles
and deformity.

Overall, five patients who had been treated conservatively (Fig-
ure 2), nine patients who had undergone ORIF using plate and
screws (Figure 3), and six patients who had undergone hemiarthro-
plasty (Figure 4) were included in this study. The surgeries were
performed by two surgeons who were experienced over 20 years in
shoulder surgery. All the surgeries were performed in the beach
chair position. The deltoid split approach was preferred in 1 patient
and the deltopectoral approach in 19 patients. Twelve patients un-
derwent subscapularis repair, and one patient underwent surgery
without lifting the subscapularis. If present, supraspinatus and bicep
tendons were resected in the patients and infraspinatus tendons
were preserved if it was possible. Tubercles were not present in
four patients. Malunion required tubercle osteotomy in four pa-
tients, whereas tubercle osteotomy was not performed in 12 pa-
tients. Depuy Delta Extend (DePuy Synthes, Warsaw, IN) brand
shoulder prostheses were used in 10 patients, and Biomet (Biomet
Inc, Warsaw, IN) brand prostheses were used in 10. Cement was
used in 11 patients. Three patients were operated three times before
treatment with the RTSA. One of these patients had been treated
with ORIF and revised with hemiarthroplasty after failure. An anti-
biotic spacer was placed in the third surgery due to infection, which
occurred following hemiarthroplasty. The second patient had been
treated with ORIF initially. He underwent implant removal and
debridement due to infection in the second operation, and an anti-
biotic spacer was placed in the third operation. The third patient had
been treated with ORIF initially, and he had undergone revision due
to nonunion. He was treated with grephonage and ORIF in the third
operation in our clinic. Except for the five patients who were treated
conservatively, 12 patients had undergone one previous surgery for
proximal humerus fracture. Patients were subjected to routine clin-
ical and radiological evaluations at 2 weeks, 6 weeks, 3 months, and
6 months postoperatively. Postoperative evaluations were based on
the data obtained at the last follow-up examination. In terms of
comorbidities, five patients had hypertension, three had hypothyr-
oidism, two had rheumatoid arthritis, two had diabetes mellitus, two
had coronary artery diseases, and one had Parkinson’s disease.

Statistical analysis

The Wilcoxon signed-rank test was used to compare preoperative and
postoperative data, and SPSS (Statistical Package for Social Sciences
for Mac ver.20, IBM Corp., Armonk, NY, USA) was used for statistical
analysis. P value of < 0.05 was considered statistically significant.
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Table 3. Clinical Outcomes

Preoperative Postoperative

Case Anterior Internal External Constant  ASES VAS Anterior Internal External Constant  ASES VAS

No. Index Treatment Flexion Rotation Rotation Score Score Score Flexion Rotation Rotation Score Score Score

1 Conservative 45 Gluteal 10 35 35 5 120 L5 30 74 71.6 1

2 Conservative 90 Gluteal 0 27 28.3 8 160 T10 45 86 86.6 0

3 Conservative 60 Gluteal 0 29 21.6 7 110 L5 20 61 66.6 2

4 Conservative 20 L5 0 19 25 6 90 L3 10 57 56.6 3

5 Conservative 45 L5 20 21 25 6 90 L3 10 57 56.6 3

Mean or median 52+ 25.6 Gluteal 6+8.9 26.2+64 27+5.1 6.4+ 114 £28.8 L3-L5 23+14.9 67 £12.7 67.6 1.8 £

1.1 12.5 1.3

6 ORIF 40 Gluteal 20 24 21.6 7 90 L5 20 57 56.6 2

7 ORIF 60 Gluteal 20 31 21.6 7 80 L5 20 58 61.6 1

8 ORIF 0 Gluteal 0 17 11.6 8 95 L3 30 62 71 2

9 ORIF 20 Gluteal 10 17 15 8 120 L3 30 59 78 1

10 ORIF 60 L5 -20 39 43.3 3 100 Gluteal 20 6 70 3

11 ORIF 40 Trochanteric 10 16 11 7 90 L5 20 59 79 2

12 ORIF 20 Trochanteric 0 18 6 5 90 Gluteal 10 63 70 0

13 ORIF 70 L5 30 18 10 6 100 L5 30 60 77 1

14 ORIF 20 Trochanteric 10 12 13.3 8 90 Gluteal 20 65 78.3 2

Mean or median 36.7 £ 23.5 Gluteal 8.9+ 145 21.3£8.6 17 + 6.6 + 95+ 11.2 L5 22.2 £6.7 54.3 713 £ 1.56 +
11.1 1.7 18.3 7.9 0.9

15 Hemiarthroplasty 30 Gluteal 0 12 8.3 8 110 L5 20 63 59.9 3

16 Hemiarthroplasty 35 L5 20 19 10 6 120 L3 30 76 75 1

17 Hemiarthroplasty 10 Gluteal 0 12 8.3 7 135 L5 30 78 80 0

18 Hemiarthroplasty 30 Gluteal 20 25 25 6 110 Gluteal 20 61 65 2

19 Hemiarthroplasty 40 Gluteal 20 28 15 6 100 Gluteal 20 67 86 2

20 Hemiarthroplasty 10 L5 10 20 8 7 100 L5 20 66 78 3

Mean or median 25.9+12.8 Gluteal 11.7+9.8 193+6.6 124+ 6.7+ 112.5 + L5 23.3+5.2 685+7 74+9.8 1.83+
6.7 0.8 13.3 1.2

No, number; ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale; ORIF, open reduction and internal fixation.

Figure 2. a-d. A 71-year-old woman falls onto her right shoulder sustaining proximal
humerus fracture. The patient who was treated conservatively presented with
persistent severe right shoulder pain and functional impairment 5 months after
the injury. The patient who had varus deformity (a) and avascular necrosis of the
humeral head (b) was treated with the RTSA (c, d).

Figure 3. a, b. A 66-year-old male patient sustains shoulder pain that comes
along with a crepitation and grinding sensation 1-month after ORIF with
a locking plate for proximal humerus fracture. X-ray graphs reveal loss of
reduction and screw penetration (a). The patient who has rheumatoid arthri-
tis and osteoporosis was treated with a cemented RTSA after 1 year from
index surgery (b).

Results

The preoperative anterior flexion of the patients was 37.25° + 10.59°
and external rotation was 11.05° + 4.79°, postoperative anterior flex-
ion was 105.53° + 9.33°and external rotation was 22.37° + 4.12°
(P < 0.001, P = 0.003; respectively) (Table 3) (Figure 5). While pre-
operative Constant and ASES scores were 21.95 + 3.57 and
18.15 + 4.69, respectively; they were 61.7 + 7.6 and 71.18 + 4.69,
respectively, at the last follow-up (P < 0.01, P < 0.01; respectively)
(Table 3) (Figure 6). The VAS scores of the patients decreased from
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Figure 4. a, b. A postoperative 26th-month x-ray of a 65-year-old female patient
treated with hemiarthroplasty for proximal humerus fracture reveals superior
migration, acetabularization of the acromion, and glenoid erosion (a). RTSA using
the cement-in-cement technique was performed after failed hemiarthroplasty (b).

RANGE OF MOTION
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External Rotaion
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Figure 5. Anterior flexion and external rotation values were compared by the
preoperative to the postoperative values.
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Figure 6. Constant score, ASES (American Shoulder and Elbow Surgeons) score,
VAS (visual analog scale) score values were compared by the preoperative to the
postoperative values.

a mean preoperative VAS score of 6.83 + 2.04 to 1.79 + 0.61 at the last
follow-up (P < 0.01) (Table 3) (Figure 6).

Radiological evaluation revealed no loosening of prosthetic compo-
nents in any patient. In four of the patients who underwent tubercle
osteotomy, union was achieved in the tubercles. Grade 1 scapular
notching was detected in four patients, and grade 2 scapular notching
was detected in one patient according to the Sirveaux classification.

Favorable functional outcomes could not be obtained in one patient
because Parkinson’s disease was present as the comorbidity. How-
ever, the patient had significant pain relief following the surgical
treatment. None of the patients reported major complications or
required revision (Table 2).

Discussion

The RTSA has been considered as a salvage procedure for the FTPHF
with limited recovery and high complication rates for a long
time.****** Although the outcomes and complication rates of the
RTSA treatment may vary depending on the index treatment of the
FTPHF, it is noticeable that better outcomes and relatively lower
complication rates have been reported in recent studies, while in
the past high complication rates used to be reported.'*~"**®

Especially if the index treatment is conservative, notable improve-
ment in functional scores can be achieved with low complication
rates in patients treated with the RTSA."®"” In our study, the Constant
score of five patients, whose index treatment was conservative, in-
creased from 26.2 + 6.4 to 67 + 12.7 (P < 0.01). In the series of Santana
etal.,’® nine of 27 patients were treated with the RTSA for the FTPHF
after conservative treatment, and 18 patients were treated with the
RTSA for the FTPHF following the ORIF." Although successful func-
tional outcomes were reported for both groups (P < 0.01), it was
emphasized that treatment with the RTSA provided better outcomes
in the group whose index treatment was conservative compared with
the group whose index treatment was ORIF (P = 0.02)."° The largest
study in which the RTSA was applied for failed ORIF of proximal
humerus fracture was conducted by Grubhofer et al.* It was reported
that the Constant score increased from 26 (range: 4-54) to 55 (range:
19-80) in their series of 44 patients. In parallel to Grubhofer et al., the
mean Constant score increased from 21.3 + 8.6 to 54.3 + 18.3 for this
subset in our study. Levy et al. stated that the ASES score increased
from 22.3 (range: 0-57.5) to 52.1 (range: 0-92.5), with the RTSA in their
series consisting of 29 patients who were initially treated with
hemiarthroplasty.® Holschen et al. reported that the mean ASES
score of 35 patients whose hemiarthroplasties were converted to the
RTSA increased from 19.2 + 3.6 to 58.5 + 19.4."* In our study, the
mean preoperative ASES score of six patients whose index treatment
was hemiarthroplasty was 12.4 + 6.7. The mean postoperative ASES
score of these patients increased to 74 + 9.8 (P < 0.01) with the RTSA
treatment.

Although favorable functional scores are commonly reported in the
RTSA treatment of the patients with the FTPHF, the main point to be
noted is the reported complications of quite different rates. If an
evaluation is carried out in terms of complications, higher complica-
tion rates have been found to be reported in the literature for
patients whose index treatment is hemiarthroplasty.®'"'* One ex-
planation for this may be that it is possible to overcome problems
such as cephalic collapse or osteonecrosis with the RTSA in patients
whose index treatment is conservative or ORIF with lower compli-
cation rates. However, bone loss after removal of the implant is
a problem that negatively affects the outcomes of the RTSA treat-
ment in patients whose index treatment is hemiarthroplasty. In
patients whose index treatment was hemiarthroplasty, Levy et al.®
reported complication rates as 28% (infection in one, humerus frac-
ture in one, loosening in one, radial nerve palsy in one, dislocation
in four of 29 patients), whereas Holschen et al."* reported it as 32%
(infection and instability in two, scapular fracture in three, sympto-
matic loosening in one of 35 patients). On the other hand, lower
complication rates have been reported in the RTSA treatment of

484



Karademir et al. / Acta Orthop Traumatol Turc 2021; 55(6): 480-485

patients whose index treatment was conservative or ORIF.'*"” Willis
etal.’” reported no complications in patients whose index treatment
was conservative, whereas Santana et al."® reported complication
rates as 11% (infection in one of nine patients). In patients whose
index treatment was ORIF, Santana et al. reported complication
rates as 17% (dislocation in two and infection in one of 18
patients).” Similarly, Gruphofer et al. reported complication rates
as 19% (periprosthetic fractures in two, deep infection in two, frac-
ture-dislocation in three, and glenoid loosening in three of 54
patients).”® The relatively low complication rates reported are note-
worthy compared to the 27% complication rate (59 complications in
203 patients), which was previously reported in a study by Boileau
et al., in which index treatment was conservative in 65% of the
patients and ORIF and percutaneous pinning in 35%.°

16

No major complications was observed in any of the three different
subsets with a mean follow-up of 37.85 (range: 24-83) months in our
study. However, grade 1 scapular notching was detected in four
patients and grade 2 scapular notching was detected in one patient.
The authors believe that lower complication rates reported in this
study probably resulted from increased surgical experience for the
RTSA, better knowledge of possible complications, and taking pre-
cautions for these.

The present study has some limitations. The main limitations are its
retrospective and two-center study design and relatively short follow-
up duration [37.85 (range: 24-83) months]. Another limitation of the
study is that different design prostheses (Depuy Delta Xtend, Biomet)
were applied with different techniques (cemented/non-cemented) by
two surgeons. Outcomes of the subsets according to the index treat-
ment before the RTSA were not compared to each other because the
numbers were too low to draw any substantial meaningful compar-
ison. Comparing these subsets in a larger sample may be the subject
of future studies. Nevertheless, we believe that this study contributes
to the literature, given that the outcomes of treatment with the RTSA
for the FTPHF were considerably favorable without any significant
complication regardless of index treatment.

The findings of the present study support that treatment with the
RTSA for the FTPHF seems to be a reliable treatment modality with
favorable radiological and functional outcomes and acceptable com-
plication rates.
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