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Introduction
Proximal humerus fractures are frequent, accounting for 

approximately 5% of all fractures in adults1–3 and more than 10% in the 
elderly. The number of proximal humerus fractures will rise due to the 
growing of the elderly population (with accompanying osteoporosis, 
resulting in an even higher healthcare resource utilization).1 

When a fall occurs, the arm is normally held in flexion, abduction, 
and internal rotation in order to absorb the impact. Thus, the head of 
the humerus collides with the glenoid, which normally has a stronger 
bone structure, causing finally a proximal humerus fracture.2

Most of these fractures can be treated conservatively, however, 
in displaced fractures, surgical treatment is recommended. Several 
surgical options are described in the literature: osteosynthesis, when 
possible;3 Hemiarthroplasty, used in the cases not amenable to 
osteosynthesis, with good results in pain relief but with unpredictable 
functional results (less used currently);4,5 Reverse Shoulder 
Arthroplasty (RSA), preferable in the elderly population.3

Historically, the RSA was used for the treatment of rotator cuff 
arthropathy, as it optimized the lever arm of the deltoid muscle, 

especially in anterior flexion.6–8 In fact, RSA has revolutionized 
the treatment of these several conditions. The initial Grammont 
design used a neutral glenosphere and a humeral prosthesis with an 
inclination of 155º. However, this nonanatomic humeral inclination 
leads to scapular notching in 50% to 96% of cases.9,10 In order to 
reduce scapular notching, some authors advocate the use of more 
anatomic or vertical humeral inclination prosthesis.9 In the literature, 
some studies are described, such as the one by Cuff et al. who report 
only 9% of scapular notching with the use of prosthesis with a humeral 
inclination of 135º, in the treatment of rotator cuff arthropathy.9,11 

As mentioned before, the RSA is currently indicated for the 
treatment of proximal humerus fractures that are not susceptible to 
osteosynthesis, with predictable functional results and excellent pain 
relief.6–8 Nonetheless, to present day, there are limited data regarding 
the difference in functional outcomes of the RSA with a humeral 
inclination of 135º or 155º, in fracture context.

Some published studies suggest that RSA with humeral inclination 
of 135º are associated with increased external limb rotation with 
decreased abduction, compared to RSA with humeral inclination of 
155º.12 The purpose of this study is to retrospectively analyze the 
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Abstract

Background: The reverse shoulder arthroplasty (RSA) is indicated for the treatment of 
proximal humerus fractures (PUF). To present day, there are limited data regarding the 
difference in functional outcomes of the RSA with a humeral inclination of 135º or 155º, 
in fracture context. The purpose of this study is to retrospectively analyze the functional 
outcomes of complex PUF treated with RSA with a humeral inclination of 135º.

Materials and Methods: We carried out a retrospective study in which we analyzed 22 
patients with PUF, who underwent RSA with a humeral inclination of 135º, between January 
2017 and June 2019. Functional outcomes were measured through the Q-DASH and ASES 
scores. The Constant-Murley score (CS), active elevation (AA), abduction (ABD), internal 
rotation (IR), external rotation (ER), and abduction strength were obtained in both arms, 
using the contralateral shoulder as an estimative of preinjury function. 

Results: The patients were followed for a mean of 39.5 months. Seven patients were pain-
free while performing their daily activities. Thirteen referred minor pain in their usual 
activities and 2 reported moderate to very severe pain. The mean ASES and Quick-DASH 
scores were 80% and 18.1 points, respectively. The CS was 59 points, 13 points less than 
the nonoperated side. The average AA was 128º, ABD 123º, ER 27º, and IR 36º. We found 
no correlation between the age and ASES score or Q-DASH score and between ER and 
ASES or Q-DASH score, but we found a positive correlation between ASES score or 
Q-DASH score and AA, ABD and IR. 

Conclusion: RSA is a valid and reliable option in selected elderly patients with complex 
PUF. The choice of the RSA humeral inclination (135º Vs 155º) does not currently have 
defined criteria, and there are no studies with sufficient statistical power to validate one of 
these options.

Keywords: proximal humerus fractures, reverse shoulder arthroplasty, humeral inclination 
of 135º, Q-DASH, ASES, constant-murley score
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functional outcomes of complex proximal humeral fractures treated 
with RSA with a humeral inclination of 135º and to understand what 
variables may influence them.

Material and methods
From 2017 to June 2019, we operated on 25 shoulders of 25 patients 

with complex proximal humeral fracture. In all patients, an RSA was 
performed by 2 surgeons from our institution. Two patients were lost 
to follow-up before 18 months. One died a few days postoperatively 
for reasons unrelated to surgery and was also excluded. 

Hence, 22 patients (22 fractures), 8 men and 14 women, with the 
mean age of 78.19 (67-89) years, were included in this study. All 
patient had computed tomography scan preoperatively that showed 
severe comminution of the tuberosities and poor bone stock, predicting 
poor results with osteosynthesis. The fracture pattern, as described by 
Neer13,14 was a 3-part fracture in 6 cases and a 4-part in 16. Regarding 
laterality, 11 fractures were on the right and 11 fractures on the left.

Functional outcomes were measured through the Quick Disabilities 
of the Arm, Shoulder, and Hand (Q-DASH) and American Shoulder 
and Elbow Surgeons (ASES) scores.15,16 The Constant-Murley score,17 
flexion, abduction, internal rotation, external rotation, and abduction 
strength were obtained in both arms, using the contralateral shoulder 
as an estimative of preinjury function. 

Strength of abduction was measured with the arm abducted at 
90º pulling upward (isometric contraction) against the resistance of 
a spring balance.18 External and internal rotation were measured with 
a goniometer with the patient supine and the arm at 90º of abduction, 
the elbow was stabilized by the observer, and the patient was asked to 
rotate the arm inward and outward. 

Surgical technique 

The patients were placed in a beach chair position and operated 
under a combination of general anesthesia and interscalenic block. 
A deltopectoral approach was used in all cases. The tuberosities 
were identified and retracted - isolated with suture passage for better 
exposure (and latter reattachment). If the long portion of the biceps was 
present, it was detached and a tenodesis to pectoralis major tendon was 
performed. If the lesser tuberosity (LT) was attached to humeral head, 
an osteotomy of the LT was done. The glenoid baseplate was fixed in 
the center of the glenoid using 2 locked screw and 2 lag screws. For 
optimal glenosphere position, an lateralizad or a standard glenosphere 

diameter was chosen for best fit. The same principle was applied when 
choosing the diameter size. The length of the humeral component 
was measured with a trial and the definitive cementeless Monobloc 
Implant was fixed (humeral inclination of 135º) at the appropriate 
height with 0º of retroversion. The polyethylene inserted height was 
also tested for optimal tension and stability. Lastly, the tuberosities 
were reattached around the prosthesis using high- resistance sutures. 
In the cases with severe metaphyseal destruction, bone graft or bone 
substitute was used to fill in the space between the metaphysis and the 
tuberosities. The wound was closed in a standard fashion, and before 
skin closure, the articular space was infiltrated with gentamycin.19 A 
drain was left in place, opened after 2 hours, and maintained for 24 
hours.

Postoperative care 

After surgery, the patients were placed in a sling for 2 weeks for pain 
management. They started physiotherapy the day after surgery with 
passive ROM (Range Of Motion) of the shoulder. Hospital discharge 
occurred after three days and physiotherapy was encouraged. Patients 
were allowed to start active ROM at 6 weeks postoperatively and 
weight lifting at 12 weeks. 

Statistical analysis 

Statistical analysis was performed using SPSS (Statistical Package 
for the Social Sciences) version 26. Nominal data were evaluated 
using 2x test. Pearson correlation test was also used to correlate 
mobility with outcome scores. 

Results
The patients were followed for a mean of 39.5 months (24-50). 

Seven patients were pain-free while performing their daily activities. 
The majority (13 patients) referred minor pain in their usual activities. 
Only 2 patients reported moderate to very severe pain during daily 
activities.

The mean ASES and Quick-DASH scores were 80% (range: 
23%-100%) and 18.1 points (range: 0-78), respectively. The mean 
Constant score (CS) was 59 points (22-79 points), 13 points (18,1%) 
less than the nonoperated side. The average active elevation was 
128º (range: 30º-165º), abduction 123º (range: 30º-165º), external 
rotation 27º (range: 0º-50º), and internal rotation 36º (range: 5º-60º). 
The differences between the operated and the contralateral side are 
summarized in Table 1. 

Table 1 Difference Between Sides of Constant Score, Shoulder Mobility and Abduction Strength 

Measurement Operated shoulder 
(Mean / Range)

Contralateral shoulder 
(Mean / Range)

Difference 
(value / %)

Constant Score (Points) 59 / 22 - 79 72 / 36 – 81 13 / 18,06%

Active Anterior Elevation (º) 128 / 30 - 165 161 / 100 – 180 33 / 20,5%

Active Abduction (º) 123 / 30 - 165 158 / 95 – 170 35 / 22,15%

External Rotation (º) 27 / 0 - 50 30 / 0 - 60 3 / 10%

Internal Rotation (º) 30 / 5 - 60 40 / 20 – 90 10 / 25%

Abduction Strength (kg) 4.13 / 0 - 10 5,02 / 1 - 10 0,89 / 17,73%
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We found no correlation between the age of the patient and ASES 
score (P = 0.55) or Q-DASH score (P = 0.87). We found a positive 
correlation between:

•	 Active abduction and the ASES score (P = 0,000003);

•	 Active abduction and the Q-DASH score (P = 0,003);

•	 Active anterior elevation and the ASES score (P = 0,0087);

•	 Active anterior elevation and the Q-DASH score (P = 0,00024);

•	 Active internal rotation and the ASES score (P = 0,009);

•	 Active internal rotation and the Q-DASH score (P = 0,0014).

There was no correlation between active external rotation and 
ASES or Q-DASH score. 

Complications 

From the total of 22 shoulders operated, we had no infections. We 
report three cases of brachial plexus injury, not identified in the pre-
surgical period. These cases were confirmed at 6 weeks postoperatively 
by electromyography. The suspicion started with the slow evolution 
of the postoperative ROM. The injury prevented adequate recovery 
with important repercussions on ROM and PROMs (patient reported 
outcome measures) - Table 2 & 3. Hence, we consider that in our 
series there were no cases of complications related to surgery, despite 
the cases described above, being the global complication rate 0%.

Table 2 Characterization of cases of brachial plexus injury (2 years after surgery) 

Genre / Age (years) Neer AAE (º) / 
AA (º) IR (º) / ER (º) AS (kg) CS ASES 

score
Q-DASH 
score

VAS 
score

Male / 80 3 45 / 45 40 / 0 2,25 36 55 29,50 3

Male / 82 4 45 / 30 20 / 0 1 27 45 56,80 4

Male / 67 4 30 / 30  5 / 0 0 25 67 56,80 0

Neer, neer classification; AAE, active anterior elevation; AA, active abduction; IR, internal rotation; ER, external rotation; AS, abduction strength; CS, constant score

Table 3 Characterization of case of hemorrhagic stroke (2 years after surgery)

Genre / Age (years) Side Neer AAE (º) / AA (º) IR (º) / 
ER (º)

AS 
(kg) CS ASES 

score
Q-DASH 
score

VAS 
score

Female / 82
Op 4 110 / 90 20 / 0 2 51

92 13,60% 0
CL NA 115 / 100 20 / 0 2 57

Op,  operated; CL, contralateral; Neer, neer classification; NA, not applied; AAE, active anterior elevation; A, active abduction; IR, internal rotation; ER, external 
rotation; AS, abduction strength; CS, constant score

Discussion
The problem of treating proximal humerus fractures has generated 

numerous articles and studies for decades. These fractures are truly 
a challenge, both in the area of osteosynthesis and arthroplasty. The 
therapeutic decision involves measuring the patient’s own parameters 
(age, functional reserve and ability to carry out activities of daily 
living), as well as the fracture’s own parameters (bone stock and 
Neer’s classification). The doubtful results of the osteosynthesis 
quality often lead the orthopedic surgeon into choosing arthroplasty. 
Latest evidence supports that RSA yields better outcomes than 
hemiarthroplasty in these patients.6–8,20 While clinical results appear 
promising, it is important to remember that most proximal humerus 
fractures may be treated successfully with conservative management.21

The paradigm of using RSA with a humeral inclination of 135º or 
155º started at the end of the last decade and has been the subject of 
some publications. Gobezie et al., in 2018, carried out a randomized 
clinical trial with the objective of evaluating the functional results 
of patients with rotator cuff arthropathy, submitted to primary ARS 
with humeral inclination of 135º or 155º, concluding that there were 
no differences in postoperative anterior flexion or external rotation 
after an RSA with a humeral inclination of 135º compared to 155º.22 

After an exhaustive literature search, we did not find similar studies 
comparing the two types of prostheses in the treatment of proximal 
humerus fractures. 

In 2015, Erickson et al. published a systematic review in which 
they reported the number of dislocations, number of patients with 
scapular notching, and postoperative range of motion after RSA.23 
Table 4 compares the results (ROM) obtained by Erickson et al. with 
the results obtained in our study.

Lädermann et al. in 2019, carried out an experimental 
biomechanical study (3D computer models), concluding that a lower 
humeral inclination of the RSA is associated to a lower angle of 
active abduction (average of 90º - not comparable to the results in our 
study because it is related to of a study with 3D computer models).12 
Comparing this with the results obtained by Erickson et al., we 
conclude that what was postulated by Lädermann et al. was not found 
in our study, as the abduction mean was higher in our patients.

Regarding Functional outcomes, we found in the literature only 
two studies that reported the same scores as our study:

- Lenarz et al. in 2011, carried out a retrospective descriptive 
study, in which they described an average ASES score of 78 in 
patients undergoing RSA due to fracture of the proximal humerus; 
These results are in line with the ones obtained in our study (average 
ASES Score of 80), however, Lenarz does not specify the humeral 
inclination of the RSA used, which does not allow us to make a 
reliable comparison with this study;24

- Klein et al., in 2008, carried out a prospective study, in which 
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they described a mean ASES score of 68 and a mean Constant Score 
of 53 in patients undergoing RSA due to fracture of the proximal 
humerus; This result is lower than that obtained in our study (average 
ASES Score of 80 and Constant Score of 59), however, in this article, 
Klein also did not specify which RSA humeral inclination was used.25

Table 4 ROM - Erickson et al. Vs Brito et al. 

Erickson et al. Brito et al.

Humeral Inclination RSA (º) 155 135 135

Active Anterior Elevation (º) 125,5 119 128

Active Abduction (º) 105,7 115 123

External Rotation (º) 23 32,9 27º

A curious fact from our study was that no statistically significant 
correlation was found between active external rotation and the ASES 
or Q-DASH score. This allows us to hypothesize that the degree of 
active abduction, active previous elevation and active internal rotation 
influences the ability of patients to carry out their daily activities more 
preponderantly than the degree of external rotation. In this regard, we 
argue that the degree of external rotation may not be a preponderant 
factor for choosing the inclination of the RSA.

Limitations 

This study had several limitations. On the other hand, the limited 
number of patients (n = 22) does not allow us to relate our results to 
populations with similar diagnoses and treatments. On the other hand, 
both time of initiation and duration of physiotherapy may influence 
functional outcomes. In this study, due to local logistic restraints, 
patients may had different physiotherapy protocols and some did not 
even do any physiotherapy after hospital discharge. 

Conclusion
According to the most recent evidence and the functional results 

and scores calculated in our study, we can state that RSA is a valid 
and reliable option in selected elderly patients with complex fractures 
of the proximal humerus. Despite good results in functional scores, 
internal and external rotation are always inevitably reduced.

The choice of the RSA humeral inclination (135º Vs 155º) does not 
currently have defined criteria, and there are no studies with sufficient 
statistical power to validate one of these options. This should be the 
focus of future research in an attempt to overcome this limitation.
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