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Abstract

Background: Tuberosity healingin proximal humerus fractures (PHFs) hasbeen associated with better outcomes forhemiarthroplasty,
however, there is still debate concerning its effects in reverse shoulder arthroplasty (RSA). This study aims to assess the current state
of the knowledge regarding the impact of tuberosity healing in PHFs treated with RSA, evaluate the functional results of patients with

complex PHFs submitted to RSA with and without tuberosity healing and to evaluate the tuberosity healing rate after RSA.

Methods: A scoping review was conducted with a multi-database search and data from the published literature meeting inclusion

criteria were reviewed and evaluated.

Results: Fifteen studies (including 1085 patients) were included. Weighted mean age was 75,1 years old, and weighted female
percentage was 79,9%. The weighted healing rate was 59,3%. Patients in the tuberosity healed group demonstrated a statistically

significant superior Constant-Murley Score (CMS) in 6 of the total 15 studies included.

Conclusion: Tuberosity healing appears to provide better CMS and accordingly, superior overall shoulder function, following RSA
for PHFs. The tuberosity healing also seems to impact RSA biomechanics primarily during external rotation. Further randomized

controlled trials are needed to confirm the benefits of tuberosity healing.
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Introduction

Proximal humeral fractures (PHFs) account for about 6% of all the fractures in adult population [1].

Although most PHFs are treated conservatively with a satisfactory clinical outcome, complex fractures (Neer classification 3 and 4)

require surgical treatment [2].

When osteosynthesis is not recommended, hemiarthroplasty (HA) and reverse shoulder prosthesis (RSA) have been used for
management of complex PHFs, with the later becoming increasingly popular, owing to better clinical outcome scores and lower

complication rates [3,4].
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The management of complex PHFs remains an area of ongoing controversy with variable surgical approaches [5,6].

Although, with RSA, functional outcomes are less dependent on tuberosity healing and cuff integrity (comparing to HA), theoretically,
tuberosity fixation would still contribute to higher healing rates and consequently better clinical outcomes, nonetheless, studies have

reported variable results [7-9].

Healing of greater tuberosity in RSA has been a matter of recent studies, investigating functional outcomes and range of motion (ROM)
of shoulder after RSA based on tuberosity healing [10-12].

The potential impact of greater tuberosity healing on clinical outcomes of RSA patients led to the development of new prosthesis

designs, allowing better and more reliable fixation of tuberosities and bony ingrowth [13].

Aim of the Study

The aim of this review is to provide a comprehensive assessment of the current state of the knowledge regarding the impact of
tuberosity healing in PHFs treated with RSA and to analyze the functional results of patients with complex PHFs submitted to RSA with

and without tuberosity healing. The secondary goal is to evaluate the tuberosity healing rate after RSA.

Methods

A systematic search was performed in four computer databases (EMBASE, MEDLINE, Web of Science, Scopus) to identify articles
related to the impact of tuberosity healing in PHFs treated with RSA. Databases were initially searched on March 6, 2023, and an updated
search was performed on July 17, 2023. All English-language articles published from inception until July 17, 2023, were included for
screening. Reference lists of extracted articles were also manually searched to identify additional relevant studies. Key search terms
included “proximal humeral fractures”, “reverse shoulder prosthesis” and “tuberosity healing”. Boolean operator “or” followed by “and”
was used to consolidate the search results. All articles of any study design, reporting on the outcome based on tuberosity healing in PHFs

treated with RSA, published since 2018, were then, considered for inclusion.

For studies that were included after full-text screening, background data (authors, publication year, study design), participant
characteristics (sample size, mean age, percentage female), and outcome-related information (Constant-Murley Score, ROM, and healing

rate) were extracted into a standardized Excel spreadsheet.
Quality of studies included in this review was evaluated using the Joanna Briggs Institute (JBI) checklist for case series [14,15].

Duplicate studies, non-peer reviewed studies, unpublished manuscripts, conference abstracts, non-English language studies, and

studies not directly studying the impact of tuberosity healing in PHFs treated with RSA were excluded.

The study screening and selection process is summarized in the PRISMA-ScR flow diagram for the scoping review process (Figure 1)
[16].

Results

A total of 1395 studies were identified through the database search.

Three additional studies were found through forward and backward citation searching.
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Figure 1: PRISMA-ScR flow diagram for the scoping review process. Modified: The Joanna Briggs Institute reviewers’ manual
2015. Methodology for JBI scoping reviews. Published by the Joanna Briggs Institute, 2015.

After removing duplicates, 804 studies remained and underwent title and abstract screening. At this stage, 689 studies were deemed
irrelevant and the full texts of 115 studies were collected and further examined. 30 studies met the inclusion criteria and were incorporated
into the qualitative synthesis. 15 of these 30 studies were excluded from the review due to lack of sufficient information required to
quantitatively pool the results (10 studies regarding lack of control group/no tuberosity healing based assessment, 3 were experimental
studies and 2 studies were excluded due to lack of clear outcomes). In the end, 15 studies (including 1085 patients) were included in the

scoping review.
Study characteristics are displayed in table 1.
The weighted mean age was 75,1 years old, and the weighted female percentage was 79,9%.

Ohl, et al. [17] was the largest study including a total of 420 patients while Takayama., et al. [18] had the smallest cohort with 18

patients.

The weighted healing rate was 59,3%. Except for two studies [17,19], the healing rate was higher than 60%, being 75% or more in 6
studies and reported to be 100% in one study [18].

The Constant-Murley Score (CMS) was higher on the tuberosity healed group in almost every included study, exceptions were two
studies [20,21]. Patients in the tuberosity healed group demonstrated a statistically significant superior CMS in 6 studies [11,17,22-25]
of the total 15 included. None of the studies with higher CMS on the non-healed tuberosity group reported statistically significance in this

factor.

Most studies reported better ROM parameters in tuberosity healed patients.
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Constant-
- Sam- Patients’ Rfmge of mo- Murley -
Study . Condi- . tion (mean, Score Healing
Study . Study design . ple characteris-
location tion size tics healed vs not (mean, rate (%)
healed) healed vs
not healed)
Barros., et al. Portugal Cohort study Neer 3-4 28 Mean age: a) 1052 79 vs 55* 76,3
(2020) [11] 70,1 vs 752
Female: 78,6% | b) 1352
vs 902*
c) 60°
vs 302*
d) 60°
vs 302*
Boileau,, et al. France Retrospective Neer 3-4 38 Mean age: 80 | a) N/A 64 vs 51 84
(2019) [26] Cohort study Female: 92% | b) 141¢
vs 1159
c) 27°
vs 11¢
d) N/A
Fortane., et al. France Retrospective Neer 3-4 34 Mean age: a) N/A 59vs 57 79,4
(2020) [27] Cohort study 70,5 b) 1162
Female: 85% vs 1192
c) 19¢
vs 142
d) N/A
Gunst., et al. France Retrospective Neer 4 28 Mean age: 77 a) N/A | 59,8vs51,5* 78,5
(2021) [22] Cohort study Female: 85% | b) 112¢
vs 87¢
c) 220
vs 119*
d) 60°
vs 302*
Holschen., et Germany Retrospective Neer 3-4 58 Mean age: a) 1062 61vs 63 65,5
al. (2021) [20] Cohort study 78,5 vs 111°
Female: 89% | b) 124°
vs 1262
c) N/A
d) N/A
Marin., et al. Italy and Retrospective Neer 3-4 90 Mean age: 74 | a) 1222 | 679vs 58,1 72,6
(2021) [28] Switzer- Cohort study Female: 78% vs 121¢
land (multicenter) b) 1332
vs 128¢
c) 15¢
vs 13¢
d) 30
vs 49
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Mohapatra,, et India Retrospective Neer 3-4 41 Mean age: a) 1592 | 70,7 vs 55,5* 68,3
al. (2022) [23] Cohort study 70,4 vs 1382*
Female: 34,1% | b) 1652
vs 1419*
c) 309
vs 352*
d) 389
vs 332*
Ohl, et al. France Retrospective Neer 3-4 420 Mean age: 78 | a) N/A | 61vs54,5* 40,2
(2018) [17] Cohort study Female: 83% | b) 127°
(multicenter) vs 1149*
c) N/A®
d) 59
Vs 42
Reuther, et al. | Germany | Case series (mul- Neer 4 81 Mean age: a) 1192 | 60,3vs 62,3 86,4
(2018) [21] ticenter) 78,5 vs 1279
Female: 86,7% | b) 1282
vs 1352
c) 209
vs 11¢
d) 72°
vs 769
Simovitch,, et United | Prospective study | Neer 3-4 55 Mean age: a) 1142 | 64,6 vs 63,2 61,2
al. (2018) [30] States (multicenter) 78,5 vs 111¢
Female: 69% | b) 132¢
vs 1279
c) 402
vs 2992*
d) 40
vs 32
Schmalzl, et al. | Germany Retrospective Neer 3-4 64 Mean age: 76 | a) N/A 64 vs 44* 77
(2020) [24] Cohort study Female: 86% | b) 128¢
(multicenter) vs 929*
c) 330
vs 179*
d) N/A
Torrens., et al. Spain Retrospective Neer 3-4 41 Mean age: a) N/A 61vs61 68
(2018) [29] Cohort study 77,9 b) >9(0¢
Female: 86% | c) N/A
d) N/A
Fischer, et al. Switzer- | Prospective study | Neer 2-4 56 Mean age: 81 | a) 150¢ 72 vs 68 55
(2023) [19] land Female: 96% vs 138¢
b) 1502
vs 1409
c) N/A
d) 8¢
Vs 62
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Takayama., et Japan Retrospective Neer 3-4 18 Mean age: a) 1162 77 (ASES 100
al. (2021) [18] Cohort study 80,4 b) 1192 score)
Female: 89% c) 27°
d) 62
Troiano., et al. Italy Retrospective Neer 3-4 33 Mean age: a) 1202 | 68,2 vs 55,3* 87,9
(2023) [25] Cohort study 77,1 vs 113¢
Female: 81,8% | b) 132¢
vs 1109*
c) 382
vs 332
d) 6°
Vs 42

Table 1: Included studies data. a) Abduction; b) Anterior elevation; c) External rotation; d) Internal rotation; *Statistically significant test
result (P < 0.05); N/A data not available.

Discussion

Various studies have investigated the impact of tuberosity healing in PHFs treated with RSA. Theoretically, by healing, the volume of the
greater tuberosity influences the restoration of the lateral offset, improving deltoid wrapping over the RSA, and supporting the function

of the subscapularis. Nevertheless, a gold standard technique is yet to be determined [25].

Jain,, et al. [31] performed a systematic review, published in 2019 with the inclusion of 7 studies, reporting 381 patients, regarding
clinical and functional outcomes of RSA in PHFs with and without tuberosity healing. The marked and continuous increase in publications

since then, validates the pertinence of this subject, materialized on this review with far more patients included.

The weighted healing rate of the included studies in this review was 59,3%. However, this result is significantly impacted by the fact
that the lowest healing rate (40,2%) is found on the study with the larger sample (420), by Ohl, et al [17]. In 13 of the 16 included studies,
the healing rate was higher than the weighted rate.

The CMS is a widely used instrument to evaluate overall shoulder function, especially for subacromial pathology [32,33]. However, it
has not been validated with cross-cultural adaptation in every language and population [34]. It encompasses an individual extent as 35
out of 100 points are related to subjective components based on pain and daily living activities. The remaining 65 points are objective in

nature, linked to range of motion (ROM) and strength.
In 6 of the 15 included studies in this review, the tuberosity healed group demonstrated a statistically significant superior CMS.

While ROM parameters are included in the CMS, evaluating ROM parameters alone is important as it removes the subjective element

from the analysis.

Although most studies included in this review, reported better ROM parameters in tuberosity healed patients, this trend was not
statistically significant in many of the studies and only one study [23] reported statistically significant superiority in every ROM parameter
evaluated. However, one must consider that this study, by Mohapatra and colleagues, presents as an outlier in demographic parameters as

it is the only study with male predominance and the youngest mean age cohort.

Onggo., et al. [35] compared the outcomes between the use of fracture vs. nonfracture stems in PHFs. They reported superior clinical
outcomes with fracture stems and a greater chance of tuberosity healing. However, it is not possible to conclude if the superiority arises

from the stem itself or the tuberosity healing effect.
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Hess., et al. [36] conducted a multicenter prospective study evaluating a reattachment technique that led to tuberosity healing rate of
90% and mean CMS of 73 points. Barbosa., et al. [37] retrospectively reviewed 33 patients that were treated with RSA for complex PHFs,
they reported a tuberosity healing rate of 85,7% with a mean CMS of 64,4 points and mentioned the lack of timely initiation and duration

of physiotherapy as a motive for suboptimal results.

These studies were not included in this review because the lack of data regarding non-healed groups but encompass the importance

that the surgical technique and post-operative care may play in clinical results.

In an experimental study using computer-aided design models for PHFs, Sabesan,, et al. [38] reported that great tuberosity healing
effect would be predominantly important for the external rotation functional results. This conclusion was consistent with the findings
from this review, as external rotation ROM was significantly higher in healed tuberosity, among the included studies, except for the study

of Mohapatra and coworkers [23].

Limitation of the Study

This study design had limitations. First, most of the comprised studies were retrospective with a relatively small sample size.
Furthermore, methodological rigor in this study was assessed by only a single author, at each stage of this review. Quality assessment
identified methodological differences among the included studies, namely the use of diverse prosthesis, different surgical techniques (use
of bone cement and tuberosity fixation technique) and inconsistent healing criteria (conventional radiology rather than CT scans) of the

greater tuberosity among the included studies. Furthermore, healing status of the lesser tuberosity was not mentioned in many studies.

Conclusion

There is still a debate if tuberosity healing is beneficial on tuberosity healing in PHFs treated with RSA.

The primary finding of this study is that tuberosity healing following RSA appears to provide better CMS and consequently, superior

overall shoulder function. The tuberosity healing also seems to impact RSA biomechanics predominantly during external rotation.

However, due to limited quantity of high-quality evidence, further rigorous randomized controlled trials are needed to confirm the

benefits of tuberosity healing.
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