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Abstract
Purpose Reverse total shoulder arthroplasty (RSA) has revolutionized the management of proximal humerus fractures 
(PHF) in the elderly patients. There is few or no consensus regarding to management of postoperative rehabilitation in 
elderly patients. An early rehabilitation from D1 allowed better functional results compared to rehabilitation started to D30 
independently from tuberosities consolidation.
Methods 94 patients operated on for PHF were evaluated retrospectively, with a minimum radio-clinical follow-up of 2 years. 
Clinical evaluation included mobilities and four functional scores: ASES, quick DASH, gross constant, weighted constant. 
Radiological evaluation was performed on a frontal shoulder X-ray with evaluation of tuberosities’ consolidation.
Results The mean follow-up was 45 ± 19 months (24–88 months). Early rehabilitation was significantly associated with a 
better Constant Score (71.1 ± 17.2 vs. 56.4 ± 15.8; p < 0.001), better adjusted Constant score (92.4 ± 14.2 vs. 80.3 ± 19.5; 
p < 0.001), better quick DASH (22.8 ± 19.8 vs. 36.7 ± 21.3; p < 0.01), better ASES (78.6 ± 20.2 vs. 63 ± 22; p < 0.001).
Conclusion In traumatology, functional result of RSA seems not related in tuberosities’ union but in rehabilitation in order 
to limit postoperative stiffness of operated shoulder. An early rehabilitation is related with better clinical and functional 
results, independently of tuberosities’ union.
Level of evidence 3, control-case study.
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Introduction

Fractures of proximal head of humerus (FPH) are the third 
most common fracture in the elderly with increment of inci-
dence due to aging of the population [1, 2]. Reverse shoul-
der arthroplasty (RSA) has become gold standard for FPH 
with better outcomes than hemiarthroplasties [3]. Absence 
of rotator cuff in elderly patients justify use of RSA. It also 

provides more predictable results with better function even 
in cases of tuberosities’ malunion [4–8].

New concepts derived from Grammont’s prosthesis 
allowed development of dedicated prosthetic device to FPHs. 
It allows tuberosities’ osteosynthesis on the prosthesis and 
theoretically their consolidation [9]. It is know that clinical 
results depend on age, type of implant, surgery approach but 
rehabilitation protocol have not been evaluated yet [10, 11]. 
Immobilization is necessary to favorise tuberosities’ union 
and prevent risk of luxation, nevertheless immobilization is 
associated with postoperative shoulder stiffness and decrease 
in functional result [12–16].

Objective was to compare two rehabilitation protocols: 
one starting to postoperative D1 and one starting to post-
operative D30 for elderly patients who have been operated 
for FPH by RSA [Humelock Reversed (FX Solution, Viriat, 
FRANCE)]. Main hypothesis was that rehabilitation started 
at D1 provides better functional results than rehabilitation 
started at D30 independently from tuberosities’ union.
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Material and method

Local Ethics Committee approved the study and the French 
data protection authority attributed the number ar21-0018v0.

Patients

We conducted a bi-centric, retrospective, multi-operator 
study. It compared functional outcomes of elderly patients 
having a FPH who underwent for RSA (Humelock Reversed, 
FX solutions, Viriat, France). Between January 2013 and 
December 2019, patients over 60 years old with Neer stage 
3 or 4 FPH [17] and for whom RSA (Humelock Reversed) 
was performed were included. A minimum of 24 months of 
clinico-radiological follow-up was required. Patients with 
mental disorders were not eligible to participate to the study. 
Pathological fractures were excluded.

Surgical technique

The Humelock Reversed prosthesis (Humelock Reversed 
1 and 2, FX solutions, Viriat, France) which is a dedicated 

prothesis for FPH with a cervico-diaphyseal angle of 145° 
allowing protection of the scapular pillar was used in this 
study. All surgery was performed by senior surgeons.

A delto-pectoral approach was performed in beachchair 
position with fluoroscopy. The tendon of longus biceps 
brachii and tendon of supraspinatus were resected. The 
humerus has been prepared by successive reamers for dia-
physial part and successive rapes for metaphyseal part. A 
dedicated K-wire was positioned 12 mm from the inferior 
edge of the glenoid to guide reaming of glenoid. Only, 
24-mm metaglene with 4 locking screws was implanted for 
all patients. Then, the dedicated glenosphere was impacted 
and screwed in place. Height of humeral component was 
defined by the pectoralis major tendon marker [18]. The 
rotation was fixed with a retroversion between 10 and 20° 
respecting the forearm. The stem was thus stabilized with 
2 screws using a specific ancillary. Tuberosities’ osteosu-
ture was systematically performed either by 3 systems of 
2 loop wires allowing creation of self-locking lark’s head 
knots (Fig. 1) [19, 20].

Fig. 1  Flowchart
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Evaluation method

Objective was to compare two rehabilitation protocols: 
early rehabilitation (ER) and delayed rehabilitation (DR) for 
patients with FPH underwent RSA considering functional, 
clinical and radiological outcomes.

The patients in the early rehabilitation (ER) group were 
all included in the same orthopedic department and the 
patients in the delayed rehabilitation (DR) group were also 
all recruited in the second orthopedic department. Patients 
had standardized physio therapy that was started immedi-
ately after surgery or delayed it depending on the group. 
Need for hospitalization in convalescent centers was decided 
according to social context. There was no difference in reha-
bilitation performed in a convalescent center, in hospital or 
at home.

The only difference between the two compared groups 
was the delayed for starting rehabilitation and as well 

immobilization. For ER group, postoperative RSA rehabili-
tation started à D1 whereas for DR group its started at D30.

In ER group, an immobilization such as a vest elbow to 
the body was placed for analgesic purposes between the 
rehabilitation sessions; in RD group, the vest was strictly 
wear for the first 30 days and then for analgesic purposes 
once physical therapy had begun.

One hundred and fifty-nine patients were eligible, eleven 
were excluded, eighteen died before the last follow-up, 
thirty-six did not have complete reports (clinical or radiolog-
ical outcomes missing), finally, ninety-four patients (59%) 
were reassessed at least 24 months after surgery. The mean 
follow-up was 45 ± 19 months [24–88]. The mean age at sur-
gery was 77 ± 8 years [63–97 years]. We had had 45 patients 
in ER group versus 49 in the RD group. The characteristics 
of the two groups are reported in Table 1.

The flow-chart summarizes the population (Fig. 2).

Clinical evaluation

Because of health context (Covid-19), patients review was 
either physical interview either distancial interview with 
self-questionnaires sent to patients. Follow-up was stand-
ardized with medical evaluation at M1, M3, M6, one year 
and then every year with radio-clinical follow-up. Absolute 
and adjusted Constant-Murley score, quick DASH, ASES 
scores were performed [21–24]. Active shoulder mobilities: 
anterior elevation (AE), abduction (ABD), lateral rotation 
1 (LR1), and medial rotation (MR) were assessed in each 
group regarding to rehabilitation protocol.

Table 1  Demographic characteristics of the two groups

ER J1 (n = 45) DR J30 (n = 49) p value

Age (in years) 78.0 ± 8.5 [63–90] 75.6 ± 7.2 [65–97] 0.15
Sex (% women) 87% 92% 0.51
Fractures
3 fragments 7 (16%) 7 (14%) 0.56
4 fragments 29 (64%) 42 (86%) 0.06
Luxation 9 (20%) 0 (0%)  < 0.01

Fig. 2  Analysis of the radiographic result at the last follow-up: A Anatomical consolidation of the tuberosities. B Migration of the major tuber-
osity where the anchors were present without bone consolidation. C Consolidation in a mal union position
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Radiological evaluation

Radiological follow-up (AP frontal view with neutral rota-
tion, medial rotation, lateral rotation and a Neer view) of 
operated shoulder was performed at each consultation. At 
revision, tuberosities’ union, osteolysis, secondary displace-
ment of major tubercule were noted according to X-rays. 
Notch on scapula was also noted and appreciated by the Sir-
veaux’s classification [25]. To limit potential biases, radio-
logical analysis had been realized two times two weeks apart 
by an independent reviewer in each group.

Complications

Peroperative, early and late postoperative complications 
were collected in both groups.

Statistical analysis

Quantitative variables were described by their mean and 
standard deviation, their normality was verified by the Sha-
piro–Wilk test. Univariate analysis of categorical variables 
was performed using Pearson’s Chi 2 test. For quantita-
tive variables, the two-sample Welch’s t-test was used. A 
p value < 0.05 was considered significant. Statistical analy-
ses and graphical representations were performed using the 
R-based software pvalue.io.

Results

The ER and DR groups were comparable on demographic 
data (Table1).

Anterior elevation was significantly higher in the ER 
group than in the DR group: 131 ± 27.4 [75–170] ver-
sus 123 ± 16.1 [45–150] (p < 0.001), as was abduction: 
116 ± 32.0 [30–170] versus 101 ± 23.2 [45–150] (p = 0.011). 
Concerning the other mobilities, no difference on the sectors 
of mobilities was found.

The ER group had significantly better functional results 
than DR on: absolute constant score 71.1 ± 17.2 [30–95] ver-
sus 56.4 ± 15.8 [22–83] (p < 0.001) and adjusted constant 
92.4 ± 14.2 [46–100] versus 80.3 ± 19.5 [34–100] (p < 0, 
001), ASES score 78.6 ± 20.2 [31.6–101] versus 63.0 ± 22.0 
[23–96.6] (p < 0.001) and quick DASH 22.8 ± 19.8 [0–70.5] 
versus 36.7 ± 21.3 [4.5–58.3] (p < 0.01).

Radiologically, there was significantly less anatomical 
tuberosities’ union in the ER group than in the DR group 
(33% of cases vs. 45%, p < 0.01) and significantly more mal 
union in ER group than in DR group (44% of cases vs. 14%, 
p < 0.01). Nevertheless, clinical and functional analysis 

according to tuberosities’ union did not reveal significant 
differences between the groups (Fig. 3). These results are 
presented in Table 2.

No intraoperative complications were identified.
Concerning early or late complications rate, there was no 

significant difference in the two groups. Concerning revi-
sion, there were three reinterventions in the ER group (2 
for removal of locking screws of the stem and 1 for stem 
sweeping requiring a new locking) and no revisions in the 
DR group. A total of 15 patients had postoperative complica-
tions, a rate of 16%, with a revision rate of 3%. These results 
are presented in Table 3.

Discussion

Early rehabilitation after RSA for FPH in elderly patients 
provides better functional results. To our knowledge, this is 
one of the first studies comparing early and delayed rehabili-
tation after RSA in traumatology.

The device used in this study is a traumatology dedicated 
reverse shoulder prosthesis with a locked stem that provides 
a good primary stability especially in porotic bone. The lock-
ing shaft system far from axillary nerve zone avoids lesion 
of the radial nerve because of 20° retroversion remains an 
additional advantage compared to other device not dedicated 
to traumatology [8]. Furthermore, this locking system seems 

Fig. 3  Surgical technique for suturing tuberosities
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better for adjustment of humeral stem (height and rotational) 
and its decreases risks associated with cement using in par-
ticular in elderly patients. [26, 27].

The RSA is a reliable means of managing fractures of 
FPH in the elderly RSA is reliable means FPH managing 
fractures in elderly [28, 29]. It is admitted that tuberosi-
ties’ anatomical union is necessary to obtain a functional 
shoulder and it is accepted that immobilization is neces-
sary to promote that union. However, immobilization seems 
deleterious for functional recovery of shoulder [30]. It has 
been demonstrated that immobilization decrease functional 
recovery in elderly patients. Moreover, it seems to be even 
more deleterious especially in this population [7]. As we 
can notice it in our study, ER group had better clinical and 
functional results despite less tuberosities’ anatomical union. 
Furthermore, analysis according to tuberosities’ union did 
not show a statistically significant difference between ER 
group and DR group, as also reported by Fortané et al. [31].

It seems that FPH is equivalent to proximal femoral frac-
tures for correlation morbidity and mortality after these frac-
tures [32]. As we can notice it, large part of the population 
died within the 2 years after their fracture, it reflects fragility 
of the population treated. So, it is essential to provide the 
best operative treatment and best postoperative management 

in order to retrieve the best functional function as it is pro-
posed for lower limb fracture [33]. There’s consensus about 
early mobilization in elderly patients to decrease inconven-
ient and limitation due to use of sling [34]. A recent review 
of literature shows no consensus for postoperative reha-
bilitation protocol after RSA and publications concerning 
rehabilitation protocol avec RSA in traumatology are very 
rare [14, 35–37]. Both groups have very satisfactory clinical 
and functional results comparatively to literature [8, 11, 38, 
39]. Nevertheless, we found a statistically significant differ-
ence in anterior elevation, abduction and for the 4 functional 
scores with better outcomes in ER group.

Rehabilitation protocols are based on common principles 
but its differ regarding to several variables: postoperative 
delay, authorized movements, active/passive work, short and 
long term precautions which can explication for a part of 
complications [37, 40, 41]. Concerning complications, only 
one case of luxation was reported. It belung to DR group 
which seems paradoxal because immobilization remains a 
protection for luxation. Other complications were related to 
prosthetic surgical more than rehabilitation protocol.

Problems related with locking of the stem are about 5% 
in our series, this rate is similar to data of the Symposium of 
the French Orthopedic Society in 2019. Nevertheless, early 

Table 2  Radio-clinical analysis 
according to the rehabilitation 
protocol

ER group (n = 45) DR group (n = 49) p value

Antepulsion (°) 131.0 ± 27.4 [75–170] 113.0 ± 22.2 [45–150]  < 0.001
Abduction (°) 116.0 ± 32.0 [30–170] 101.0 ± 23.2 [45–150] 0.01
Lateral rotation (°) 25.1 ± 15.1 [0–50] 27.2 ± 18.9 [0–45] 0.55
Medial rotation (vertebrae) L2 L3 0.31
Absolute CONSTANT (points) 71.1 ± 17.2 [30–95] 56.4 ± 15.8 [22–83] < 0.001
Adjusted CONSTANT (%) 92.4 ± 14.2 [46–100] 80.3 ± 19.5 [34–100] < 0.001
QUICK DASH (points) 22.8 ± 19.8 [0–70] 36.7 ± 21.3 [3–58] < 0.01
ASES (points) 78.6 ± 20.2 [6–101] 63.0 ± 22.0 [6. 23–96] < 0.001
Major tuber
Anatomical 15 (33%) 22 (45%) < 0.01
Mal union 20 (44%) 7 (14%) < 0.01
Non union 10 (22%) 20 (41%) < 0.01

Table 3  Complications 
according to the rehabilitation 
protocol

ER group (n = 45) DR group (n = 49) p-value

Early complications 
(< 1 month) (N)

1 (2.2%)
1 hematoma

0 (0%) 0.48

Late complications (N) 4 (8.9%)
2 hindrances on stem screw
1 Stem scan
1 neurologic

10 (20%)
6 acromial fractures
2 hindrances on stem screw
1 neurologic
1 luxation

0.12

Revision (N) 3 (6.6%)
2 screws removal
1 relocking stem

0 (0%) 0.11
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rehabilitation could explain mobilization of stem or locking 
screws [11, 42].

Main strength of this work remains the follow-up of 
45 ± 19 months with a minimum follow-up of 2 years, on 
a multicenter population of 94 patients, with a single type 
of surgery. Moreover, it is one of the first study to focus on 
rehabilitation in elderly. Until now, there is no consensus 
attitude regarding to the literature for shoulder rehabilita-
tion after RSA in elderly. It is nevertheless a fundamental 
easily modifiable parameter that remains understudied in 
traumatology.

Conclusion

Early rehabilitation provides better clinical and functional 
results than delayed rehabilitation after RSA performed for 
FPH in the elderly. It appears that tuberosities’ union do not 
impact on functional results.
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