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Reverse total shoulder arthroplasty (RTSA) versus
open reduction and internal fixation (ORIF) for
displaced three-part or four-part proximal humeral
fractures: a systematic review and meta-analysis
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B Despite rapid medical technology development, various
challenges exist in three- and four-part proximal humeral
fracture (PHF) management. This condition has led to a
notably increased use of the reverse total shoulder arthro-
plasty (RTSA); however, open reduction and internal fixa-
tion (ORIF) is still the most widely performed procedure.
Thus, these two modalities are crucial and require further
discussion. We aim to compare the outcomes of three- or
four-part PHF surgeries using ORIF and RTSA based on
direct/head-to-head comparative studies.

B We conducted a systematic review and meta-analysis
based on the Cochrane handbook and PRISMA guidelines.
We searched MEDLINE (PubMed), Embase (Ovid), and
CENTRAL (Cochrane Library) from inception to October
2020. Our protocol was registered at PROSPERO (registra-
tion number CRD42020214681). We assessed the indi-
vidual study risk of bias using ROB 2 and ROBINS-I tools,
then appraised our evidence using the GRADE approach.

B Six head-to-head comparative studies were included,
comprising one RCT and five retrospective case-control
studies. We found that RTSA significantly improved for-
ward flexion but was comparable to ORIF in abduction
(p =0.03 and p = 0.47, respectively) and more inferior in
external rotation (p < 0.0001). Moreover, RTSA improved
the overall Constant-Murley score, but the difference was
not significant (p = 0.22). Interestingly, RTSA increased
complications (by 42%) but reduced the revision surgery
rates (by 63%) compared to ORIF (p = 0.04 and p = 0.02,
respectively).

B RTSA is recommended to treat patients aged 65 years or
older with a three- or four-part PHF. Compared to ORIF,

RTSA resulted in better forward flexion and Constant-
Murley score, equal abduction, less external rotation,
increased complications but fewer revision surgeries.
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Introduction

Proximal humeral fractures (PHF) account for approxi-
mately 5% of all fractures. This type of fracture is most
often found in women older than 60 years, and its inci-
dence has been reported to increase with age.'* As the
world population ages, the PHF incidence is also projected
to increase threefold by 20302 since advanced age, osteo-
porosis, and falls are the main risk factors for such frac-
tures.>¢ In general, fractures in this age group represent
a considerable burden to the patients in terms of pain,
loss of function, and even mortality.” Physical disabilities
caused by PHF also contribute to difficulties in self-care,
independent living, and finally disrupt the quality of life.?

Moreover, complex fracture patterns such as displaced
three- or four-part PHF cause their own challenges. Several
surgical intervention options for the treatment of complex
PHF are open reduction and internal fixation (ORIF) and
arthroplasty/joint replacement (either hemiarthroplasty
(HA), anatomic total shoulder arthroplasty (TSA), or reverse
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total shoulder arthroplasty (RTSA)). A recent epidemio-
logical study comprising 1,162 patients in a level-1 trauma
centre reported that there was a substantial increase of
complex PHF fractures (+9.6%) followed by increased ORIF
and RTSA (+13.5% and +9.4%, respectively), while rates of
other treatment options (including conservative, nail osteo-
synthesis, and TSA) were decreasing (—7.2%, —8.0%, and
—4.4%, respectively).® Moreover, the National Joint Registry
in the United Kingdom recorded that RTSA is the most com-
monly performed shoulder arthroplasty in 2012-2019.
During this period, the trend is decreasing for HA and TSA
but increasing for RTSA, with a total number of procedures
of 19,300 for RTSA alone.’® This fact shows that ORIF and
RTSA are the two modalities that require further discussion.
Although many prior systematic reviews have com-
pared various management strategies for PHF, these stud-
ies found no or limited direct/head-to-head comparative
studies between ORIF and RTSA."-13 Previous literature
has described methodological concerns of systematic
reviews that include indirect comparison.’ Therefore, the
purpose of this systematic review is to compare the out-
comes of three- or four-part PHF surgeries using ORIF and
RTSA based on direct/head-to-head comparative studies.

Methods

This systematic review followed PRISMA guidelines (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) and the Cochrane handbook for systematic
reviews of interventions. Our full protocol was registered
in PROSPERO (registration number CRD42020214681).15

Eligibility criteria

We included clinical studies of a direct/head-to-head
comparison of reverse total shoulder arthroplasty (RTSA)
versus open reduction and internal fixation (ORIF) for
the treatment of three- or four-part proximal humeral
fractures. We did not set any restrictions on language or
publication time. However, we excluded studies involving
other types of fracture configuration or other surgical pro-
cedures in which the raw data could not be separated. We
also excluded case series, case reports, reviews, systematic
reviews, meta-analysis, editorials, letters, book chapters,
study protocols, non-clinical/pre-clinical studies (in vitro,
cadaver, animals) and conference abstracts in which a full
report was unavailable.

Electronic search

We searched the following databases from inception
to October 2020: MEDLINE (PubMed), Embase (Ovid),
and CENTRAL (Cochrane Library). We developed the
search strategy by combining free-texts and subject
headings (MeSH for MEDLINE and Emtree for Embase)
to enhance the sensitivity and specificity of our search.
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Weusedthefollowingsearch strategy: (((((Three-part[Title/
Abstract] OR three part*[Title/Abstract] OR 3-part[Title/
Abstract] OR 3 part*[Title/Abstract]) AND ((Fracture*
[Title/Abstract]) OR (bone fractures[MeSH Terms]))) AND
(((Humeral head[Title/Abstract] OR humeral neck[Title/
Abstract] OR proximal humerus[Title/Abstract] OR proxi-
mal humeral[Title/Abstract] OR humeral[Title/Abstract]
OR humerus[Title/Abstract] OR shoulder[Title/Abstract]
OR glenohumeral[Title/Abstract]) OR (Humerus[MeSH
Terms])) OR (shoulder[MeSH Terms]) OR (shoulder
jointfMeSH Terms]))) OR (((Four-part[Title/Abstract] OR
four part*[Title/Abstract] OR 4-part[Title/Abstract] OR
4 part*[Title/Abstract]) AND ((Fracture*[Title/Abstract])
OR (bone fracturesfMeSH Terms]))) AND (((Humeral
head[Title/Abstract] OR humeral neck[Title/Abstract]
OR proximal humerus[Title/Abstract] OR proximal
humeral[Title/Abstract] OR humeral[Title/Abstract] OR
humerus[Title/Abstract] OR  shoulder[Title/Abstract]
OR glenohumeral[Title/Abstract]) OR (Humerus[MeSH
Terms])) OR (shoulder[MeSH Terms]) OR (shoulder
jointfMeSH Terms])))) AND ((Inverse*[Title/Abstract] OR
reverse*[Title/Abstract] OR invert*[Title/Abstract]) AND
((Arthroplast*[Title/Abstract] OR  replacement*[Title/
Abstract]) OR (Arthroplasty, replacement[MeSH Terms)))))
AND (((Fixation*[Title/Abstract] OR fixator*[Title/Abstract]
OR plate*[Title/Abstract] OR screw*[Title/Abstract] OR
pins[Title/Abstract] OR pin[Title/Abstract] OR wire*[Title/
Abstract] OR nail*[Title/Abstract]) OR (Internal fixators[MeSH
Terms])) OR (Fracture fixation[MeSH Terms])).

Study selection and data extraction

Obtained references were exported to Endnote X9 (Clari-
vate, USA) for removal of duplicates. Two independent
reviewers screened the study records by title and abstract
using Rayyan.¢ Potentially eligible studies were included for
full-text reading, and the reason for exclusion after full-text
reading was recorded. Any discrepancies that arose in the
selection process were resolved by a third reviewer. All of the
references were also checked for additional relevant studies.
Our workflow was presented with the PRISMA chart.

Selected studies were extracted with a standardized
form using Microsoft Excel (Microsoft Corporation, USA).
The following data were collected: author, year of publi-
cation, country, study design, patient demographic (sex,
age), the indication of surgery, pre-operative comorbid-
ity, surgical method, follow-up duration, range of motion
(ROM) of the shoulder, Constant-Murley score, complica-
tions, revision surgery, author conclusion.

Risk of bias assessment

For randomized controlled trials (RCTs), we assessed study
quality with the Cochrane RoB 2 tool.’” As for non-RCTs,
we used the ROBINS-Itool developed by the same group.'®
The visualization of the bias assessment’s summary was
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generated using the Robvis tool.’ To ensure the robust-
ness of our present evidence, the meta-analysis was per-
formed using only moderate risk-of-bias or better studies.
We planned to conduct a funnel-plot and Egger’s test
to assess the possibility of reporting bias across studies.
However, the power of this test is too low when fewer
than ten studies are included.?°

Synthesis of results

For our primary outcome (ROM of the shoulder), we
measured the mean difference (MD) of continuous data
with 95% confidence intervals (Cls). As for the secondary
outcomes (Constant-Murley score, complications, revi-
sion surgery rates), we calculated the risk ratio (RR) for the
dichotomous data and MD for continuous data. Statistical
analysis was performed using Review Manager (RevMan)
5.3 (The Nordic Cochrane Centre, Denmark).

The presence of heterogeneity was analysed using
Cochran’s Q and I? tests. Alow p-value of <0.1 in Cochran’s
Q along with 12 > 50% showed substantial evidence of
heterogeneity.2! When this occurred, we used a random-
effects model. Otherwise, we used the fixed-effects model
to analyse the data. To explore the cause of high heteroge-
neity, we also planned a subgroup analysis based on the
study design (RCT and non-RCT).

Evidence quality assessment

To ensure transparency and robustness, we also appraised
our evidence quality by using the GRADE approach, as rec-
ommended by the Cochrane method. The GRADE (Grad-
ing of Recommendations Assessment, Development, and
Evaluation) approach is utilized to assess the certainty
(quality) of the analysed outcomes, comprising five
domains: risk of bias of individual study is analysed with
RoB 2 and ROBINS-I tools, inconsistency is assessed with a
heterogeneity test, indirectness is assessed by determining
whether the PICO elements (patients, intervention, com-
parison, and outcomes) can be easily spotted to answer
our review question or not, imprecision is determined by
judging whether the sample size is adequate, and other
considerations.??

Results

Study selection

The electronic search of three main databases (MEDLINE,
Embase, CENTRAL) yielded 156 records. After removal
of duplicates, two independent reviewers screened 130
records by title and abstract, and thereafter selected 13
studies for full-text article assessment. Seven studies were
discarded due to ineligibility (one conference abstract,
four studies included two-part fractures in which the data
could not be separated, one study used closed reduction

internal fixation with humerus block (not ORIF), and one
study was irrelevant). Finally, we included six studies in
the qualitative synthesis (Fig. 1).

Study characteristics

Of the six selected studies, only one study was an RCT,23
while the remaining studies were retrospective compara-
tive studies. In total, our present review analysed 324
patients (165 patients in RTSA and 159 patients in ORIF)
aged 44 to 91 years old, of whom the majority were
female (89.86% in RTSA and 85.71% in ORIF). However,
one study did not specify the male/female distribution.?*
Moreover, from two studies that provided the indication
of surgery, the data showed that 91.55% of the proce-
dures were indicated due to trauma.2325 Only one study
provided the patients’ pre-operative comorbidities.?> The
details of patients’ characteristics are shown in Table 1.

We also recorded the details of surgical methods,
including ORIF techniques and RTSA prosthesis types
(Table 2). All ORIF procedures were carried out using a
locking plate system. Tuberosity reconstruction in ORIF
was performed either with sutures (in four studies?3-26) or
wires (in one study?”). Ockert et al?® did not specify their
reconstruction method. Moreover, cerclage fixation was
implemented in two studies,?32% intraosseous suture in
one study,?¢ trans-osseous suture in one study,?* while
two studies did not provide adequate information.2728 In
case of bone defect problems, Repetto et al utilized alloge-
neic bone graft,?* Fraser et al?? utilized autologous bone
graft or bone substitute, while the remaining studies did
not provide adequate information.

Asforthe RTSA group, three studies?426.27 used the same
prosthesis type, i.e. the cementless SMR™ Reverse modu-
lar shoulder system (Lima Corporate, Italy), two studies
used a cemented RTSA prosthesis, 2328 and one study used
a hybrid of cementless/cemented prosthesis.2> Regardless
of the different designs, all included studies adopted the
Grammont-typical medialized prosthesis principle with
155° inclination (neck-shaft angle) inlay stem, except
in two studies that utilized a more lateralized prosthesis
design with glenoid lateral offset?>28 and 150° inclination
stem.2> Moreover, the glenosphere diameter ranged from
36 mm?26 to 44 mm,?’ but three studies did not report the
glenosphere diameter.2425.28 Tuberosity reconstruction in
the RTSA group was also performed in almost all studies,
except in a study conducted by Chalmers et al,2> who did
not provide adequate information.

Risk of bias within individual studies

Three reviewers assessed the risk of bias within individual
studies with the appropriate tools according to the study
design. One RCT was assessed using RoB 2 and considered
to have a low risk of bias (Fig. 2a).2> Whereas, five non-RCT
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Fig. 1 Study selection.
Note. ORIF, open reduction and internal fixation.

studies were assessed using ROBINS-I (Fig. 2b), of which
four studies indicated a moderate risk of bias,2>-2¢ and one
study had a high risk of bias?* due to confounding. The
distinct age gap was determined as a confounding factor
due to two reasons: arthroplasty is generally indicated in
older patients caused by the concern of prosthesis ‘wear
and tear’ and early revision surgery in younger patients
(thus affecting surgical method choice),?® and younger
patients tended to report worse outcomes due to height-
ened demands and expectations for return to previous
level of activity.30 Repetto et al?* included patients from
44 years old in the ORIF group, while the RTSA group in
this study only included patients 65 years and older. This
study carried a serious bias due to the difference in base-
line characteristics (confounding). Whereas the remaining
studies enrolled patients within the same age range in
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both groups. The inclusion of studies with a serious risk of
bias would alter our estimate of effect, so we excluded this
study from the meta-analysis.

Qualitative synthesis

The primary outcome of the present review was the ROM
of the shoulder (forward flexion, abduction, external
rotation, and internal rotation); whereas, the secondary
outcomes were Constant-Murley score (CMS), complica-
tions, and revision surgery. The outcomes are reported in
Table 3 and Table 4.

Quantitative synthesis (meta-analysis)

We performed meta-analyses for primary (Fig. 3) and sec-
ondary outcomes (Fig. 4). One study?? provided the ROM
in Constant score (not in degrees); therefore, it was not
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Table 1. Study and patient characteristics

No Author, Country  Study design Patient demographic Indication Pre-operative comorbidity
publication of surgery
year (RTSA/ORIF)
RTSA (n patients) ORIF (n patients) Age (years) Items RTSA ORIF
Total Male Female Total Male Female Range RTSA ORIF
1 Chalmers USA Prospective & 9 2 7 9 2 7 Over65 77+6 71+7 Trauma: 9/9 NR NR NR
etal, 20142° retrospective
comparative study
2 Fraseretal,  Norway Multicentre RCT 64 5 59 60 8 52 65-85 75.7+6.1 74.7+6.5 Trauma: Diabetes 8 1
20202 56/56 Smoking 2 4
Sport-related: ASA 22+0.5 22+0.7
3/2
Not specified:
5/2
3 Giardella Italy Retrospective 21 3 18 23 7 16 65-91 77.2+6.4 721+6.0 NR NR NR NR
etal, 20177 comparative study
4 Luciani etal, Italy Retrospective 22 2 20 26 1 25 65-85 755+£56 73+7.1 NR NR NR NR
20202 comparative study
5 Ockertetal, Germany Retrospective 22 2 20 22 2 20 Over65 77.9+9.1 77.9+9.1 NR NR NR NR
201328 comparative study
(matched-paired
analysis)
6 Repetto et al, Italy Retrospective 27 NR NR 19 NR NR 44-83for 71.2+7.5 653+ NR NR NR NR
20172 comparative study ORIF, 12.4
65-80 for
RTSA

Note. RCT, randomized controlled trial; RTSA, reverse total shoulder arthroplasty; ORIF; open reduction and internal fixation; NR, not reported; ASA: American

Society of Anesthesiologists scoring system.

calculated in the meta-analysis. Moreover, none of the
studies that reported their ROM in degrees stated whether
they used a goniometer/inclinometer to measure the
ROM, making it a potential bias source. The outcome of
the study with a high risk of bias?* was shown in the graph
but was not included in all of the calculations as it would
alter our effect estimate.

Primary outcome

The meta-analysis of forward flexion (Fig. 3a) shows that
the patients operated with RTSA achieved a significantly
better forward flexion compared to those who under-
went ORIF (mean 122.23 + 28.95 vs. 112.67 + 31.6, MD
9.69; 95% CI [0.69, 18.7], p = 0.03, I = 38%). As for the
abduction (Fig. 3b), we found a relatively comparable
result between the two modalities (mean 105.67 +19.79
vs. 102.73 £19.44, MD 2.93; 95% CI [-4.99, 10.85], p =
0.47, 12 = 0%). In contrast, external rotation was signifi-
cantly worse in RTSA compared to ORIF (Fig. 3c) (mean
27.46 + 19.06 vs. 38.49 + 19.97, MD -12.24; 95% ClI
[-18.24, -6.24], p < 0.0001, I2 = 0%).

Secondary outcome

In the RCT study, the CMS was found to be significantly
higher in the RTSA group (MD 13.40; 95% CI [5.91,
20.89], p = 0.0005) compared to ORIF (Fig. 4a). Whereas,
in non-RCT studies, the two interventions showed no dif-
ference in terms of CMS (MD 2.68; 95% CI [-6.63, 11.90],
p=0.57,12=72%). The overall difference in CMS between

the two interventions was not significant (mean 65.96
15.9 vs. 57.53 + 20.57, MD 5.50; 95% Cl [-3.20, 14.20],
p =0.22, 1> = 78%). However, we found substantial het-
erogeneity despite the subgroup analysis based on the
study design. Therefore, this evidence should be inter-
preted with caution.

RTSA resulted in significantly more complication events
in comparison to ORIF (32.73% vs. 27.04%, risk ratio (RR)
1.42; 95% Cl [1.02, 1.98], p = 0.04, 1?7 = 44%) (Fig. 4b).
The most frequent complications (Table 4) were tuberos-
ity lysis/resorption (15/54) and scapular notching (13/54)
in the RTSA group, while in the ORIF group the most com-
mon was avascular necrosis (AVN) (17/43). Interestingly,
the revision surgery rates were significantly lower in RTSA
compared to ORIF (5.45% vs. 14.47%, RR 0.37; 95% ClI
[0.16, 0.85], p = 0.02, 12 = 0%) (Fig. 4c). Moreover, the
revision surgery in RTSA was mostly component exchange
(5/9), while in ORIF it was conversion to RTSA (10/23).

Evidence quality assessment

Table 5 shows the assessment of our evidence quality
based on the GRADE approach. Overall, our evidence
quality is low, arising from individual study bias and
imprecision (low sample size), except for Constant score,
which is very low due to high heterogeneity (inconsist-
ency). The low and very low evidence quality implies
that our estimate of effect could be affected by further
research. Nevertheless, we believe that our present work
is the current best evidence.
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Table 2. ORIF and RTSA prosthesis characteristics

No Author, publication year ORIF

RTSA

Prosthesis design

Prosthesis characteristics

Tuberosity
reconstruction

1 Chalmers et al, 201425 Anatomically
contoured locking
proximal humeral
plate (Depuy Synthes,
USA). Tuberosity
reconstruction (+) with
cerclage sutures.

2 Fraser et al, 202023 PHILOS angular

stable plate (DePuy
Synthes, Switzerland).
Tuberosity
reconstruction (+) with
cerclage suture. Bone
graft was used when
needed (Norian® or
autologous bone graft
from the iliac crest).
PHILOS angle-

stable plate (Depuy
Synthes, Switzerland).
Tuberosity
reconstruction (+) with
non-absorbable wires.

3 Giardella et al, 201727

4 Luciani et al, 202026 PHILOS plate

(Depuy Synthes,

USA). Tuberosity
reconstruction (+)

with intraosseous
non-absorbables suture
(2/0 Ethibond Suture,
Ethicon Inc., USA).

5 Ockert et al, 201328 Angle-stable
(locked) plate
fixation. Tuberosity

reconstruction (+).

6 Repetto et al, 201724 PHILOS locked plate
(DePuy Synthes,
Italy). Tuberosity
reconstruction (+)
with trans-osseous
non-absorbable
sutures (2/0 Ethibond
Suture, Ethicon Inc.,
USA). Fresh frozen
fibular bone allograft
was used in case of
metaphyseal and calcar
defects.

Trabecular Metal™
Reverse (Zimmer
Biomet, USA).

Delta Extend™ Reverse
Shoulder System
(DePuy Synthes,
Johnson & Johnson,
UK) for 52 patients
and Promos Reverse
Prosthesis (Smith &
Nephew, US) for 12
patients.

SMR™ Reverse modular
shoulder system (Lima
Corporate, Italy).

SMR™ Reverse modular
shoulder system (Lima
Corporate, Italy).

Aequalis® Reversed
Fracture (Tornier©,
Germany).

SMR™ Reverse modular
shoulder system (Lima
Corporate, Italy).

Glenoid component
e Diameter: NI (36 and 40 mm are
available)

e CoR lateral offset: NI (2.5 and 4.0 mm

are available)

e Inferior tilt: NI

Humeral component

e Neck-shaft angle (inclination): 150°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: NI

e Spacer: NI (9 and 12 mm are
available)

Cementation: proximal (-), distal (+)

Glenoid component

e Diameter: 42 mm

e CoR lateral offset: None

e Inferior tilt: NI

Humeral component

e Neck-shaft angle (inclination): 155°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: NI

e Spacer: NI (9 mm is available)

Cementation: (+)

Glenoid component

e Diameter: 40 or 44 mm

e CoR lateral offset: None

e Inferior tilt: NI

Humeral component

e Neck-shaft angle (inclination): 155°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: 20°

e Spacer: NI (9 mm is available)

Cementation: (-)

Glenoid component

e Diameter: 36 or 40 mm

e CoR lateral offset: None

e Inferior tilt: 10°

Humeral component

e Neck-shaft angle (inclination): 155°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: 0°

e Spacer: NI (9 mm is available)

Cementation: (-)

Glenoid component

e Diameter: NI (36 and 42 mm are
available)

e CoR lateral offset: 7 or 10 mm Bio
RSA™ (Tornier-Wright, USA)

e Inferior tilt: NI

Humeral component

e Neck-shaft angle (inclination): 155°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: 10°

e Spacer: NI (9 mm is available)

Cementation: (+)

Glenoid component

e Diameter: NI (36, 40, and 44 mm are
available)

e CoR lateral offset: None

e Inferior tilt: NI

Humeral component

e Neck-shaft angle (inclination): 155°

e Stem geometry (onlay/inlay): Inlay

e Retroversion: NI

e Spacer: NI (9 mm is available)

Cementation: (-)

NI

Yes, with braided
polyester suture-
cerclages (no. 5) and
wire-cerclages.

Yes, with no. 2
non-absorbable
wires, exceptin 8
patients (impossible
to repair).

Yes, with non-
absorbable suture
(2/0 Ethibond
Suture, Ethicon Inc.,
USA), except in 5
cases (poor bone
stock or excessive
bone fragmentation).

Yes, using Fiber
Wire® suture no. 5
(Arthrex, USA).

Yes, with non-
absorbable suture
(2/0 Ethibond
Suture, Ethicon Inc.,
USA).

Note. RTSA, reverse total shoulder arthroplasty; ORIF; open reduction and internal fixation; NI, no information; CoR, centre of rotation.
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Risk of bias domains

a)
D1 D2 D3 D4 D5 Overall
>
E Fraser et al, 2020 ‘ . ’ . ‘ ‘
(%]
Domains: Judgement
D1: Bias arising from the randomization process. ® Low
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
b) Risk of bias domains
D1 D2 D3 D4 D5 D6 D7 | Overall
raEEIE X EEE
v |O|©]0|@|@®0]0O
>
e |©]0|0|@|@0|0O
(%]
w900 @0]0]0]O
wes | @O0 @ @0 0@

Domains: Judgement

D1: Bias due to confounding. ® serious

D2: Bias due to selection of participants. — Moderate

D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions. . .
D5: Bias due to missing data. @ No information
Dé6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Fig. 2 Risk of bias assessed with (a) RoB 2 tool for randomized controlled trial (RCT) studies and (b) ROBINS-I tool for non-RCT studies.

Table 3. Range of motion (ROM) and Constant-Murley score (CMS) of the included studies

No Author, Follow-up (months) Range of motion/ROM (degrees) Constant-Murley
publication Score (CMS)
year
RTSA ORIF Forward flexion Abduction (degrees) External rotation Internal rotation
(degrees) (degrees) (degrees)
RTSA ORIF RTSA ORIF RTSA ORIF RTSA ORIF RTSA ORIF
1 Chalmers 144+60 36+18 133+ 20 108 + 40 NR NR 41+19 46 + 21 46+15 42+13 NR NR
etal, 201425
2 Fraseretal, 24 7 52 6.7 4.7 7 4.4 5.9 57 68.00+17.76 54.60 +
202023* 2411
3 Giardella Median 24 Median40 133.3+32.6 112.8+21.0 101.4+19.0 99.6+17.4 355%15.6 47.4+20.2 L3levelin Sljointlevel 65.9+14.7 529+17.0
etal, 20177 (range12  (range 12 7 patients  in 9 patients
to 84) to 66) (33.3%) (39.1%)
4 Luciani 33.4+10.4 40.0+254 12450+ 125.75+ 109.75 + 105.50 + 14.25+ 28.00 = L5-S1 D7 (52%) 63.65+12.14 65.85+
etal, 2020% 20.45 33.13 20.09 21.02 13.69 1418 (68%) 15.73
5 Ockertetal, 12 12 105+ 29 NR 99 + 31 NR 22+23 NR 65+ 26 NR 62.4+14.5 64.3+13.3
201328
6  Repetto 41.7+17.1 36.5+17.9 125.0+44.6 130.6+49.6 109.7+32.1 104.4+21.3 20.3+10.6 23.2+8.8 Gluteus L3 58.5+8.5 61.8+14.7

etal, 201724

level

Note. RTSA, reverse total shoulder arthroplasty; ORIF; open reduction and internal fixation; NR, not reported; Sl, sacroiliac.

*ROM was reported based on Constant score.
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Table 4. Complications, revision surgery, and authors’ conclusions of the included studies

No Author, Complications (n patients and n events) Revision surgery (n patients Authors’ conclusions
publication year and n procedures)
RTSA ORIF RTSA ORIF
1 Chalmers et al, 1 patient (complex 1 patient 0 1 patient There were a significantly greater number
201425 regional pain (arthrofibrosis, (arthroscopic of patients who achieved > 90" of active
syndrome) thenin 2 years capsular release forward elevation after an RTSA procedure
developed AVN) and (p =0.012). This study also showed
subacromial evidence of the superiority of RTSA over
decompression, ORIF in terms of cost savings.
probably will need
RTSA conversion)
2 Fraser et al, 7 patients (2 nerve 11 patients (6 4 patients (2 7 patients (4 At 2 years, the mean Constant score
20205 injury, 2 deep AVN, 2 screw components procedures of resulted in a significant mean difference of
wound infection, penetration, 1 change, 2 RTSA conversion, 3 13.4 points (95% Cl, 6.2 to 20.6 points; p
2 periprosthetic nonunion, 1 other revision implant removal) < 0.001) between the two interventions,
fracture, 1 fracture distal to surgery) which favoured reverse total shoulder
perioperative glenoid plate, 1 nonunion, arthroplasty (RTSA). RTSA showed
fracture) 1 rotator cuff an advantage exceeding ORIF for the
rupture) treatment of displaced OTA/AO type-B2
and C2 proximal humeral fractures in
elderly patients.
3 Giardella et al, 5 patients (2 4 patients (2 partial 0 0 Better range of motion (flexion and
2017% asymptomatic reabsorption of the external rotation) and Constant score
scapular notching, greater tuberosity in the RTSA group was observed in
1 partial lysis of the and 1 partial comparison to the ORIF group (p-values
greater tuberosity, reabsorption of the of 0.008, 0.05, and 0.013 respectively).
1 partial lysis of the lesser tuberosity, 1 RTSA is one of the foremost treatments in
lesser tuberosity, 1 partial necrosis of proximal humeral fractures in the elderly
scapular spur) the humeral head) patients, whose rotator cuff status is often
poor or degenerating.
4 Luciani et al, 14 patients (1 13 patients (5 AVN, 2 patients (1 9 patients (3 RTSA Compared to RTSA patients, ORIF patients
20207 instability, 1 3 loss of reduction, component conversion due had significantly higher mean external
deep infection, 7 1 deep infection, replacement to AVN, 2 plate rotation (28° versus 14°, p = 0.0059) and
scapular notching, 2 subacromial for instability, replacement, 2 better results in modal internal rotation
5 tuberosities impingement, 1 two-step implant removal, 1 (hand at D7 versus L5-S1). However,
malunion) 2 tuberosities revision two-step revision DASH and Constant scores showed no
malunion) for deep for deep infection) significant differences. This study also
infection) reported a lower revision rate in the RTSA
group compared to the ORIF (34.6%
versus 9.1%), with avascular necrosis and
loss of reduction as the most frequent
causes of revision surgery in both groups.
5 Ockert et al, 18 patients 7 patients 0 3 patients required  The functional result in the patients treated
201328 (5 tuberosity experienced limited secondary/third with RTSA for complex multiple-fragment
dislocation > 5 mm, functional outcome intervention fracture of the proximal humerus after
13 resorption of the due to secondary 1 year is comparable to the result after
tuberosities) dislocation, screw treatment with ORIF (62.4 + 14.0 and
cut-out or humeral 64.3 £13.3, p=0.360). This modality is
head necrosis a suitable alternative for elderly patients,
especially in the presence of an extensive
rotator cuff tear and/or a humeral head
that cannot be reconstructed.
6 Repetto et al, 9 patients (4 7 patients (4 3 patients 3 patients (3 RTSA The present study shows that locked
2017% clinically silent avascular necrosis, (1 diaphysis conversion due to plating procedure resulted in a
scapular notching, 1 transient plating for persistent pain and  significantly higher DASH and SST score
2 instability, circumflex nerve fracture, 1 restricted ROM) compared to RTSA (p < 0.01) but not with
1 traumatic palsy, 2 acromion two-stage Constant score (p > 0.01). The treatment
periprosthetic impingement) revision of complex proximal humerus fracture
fracture, 1 for deep is nowadays a challenge even for skilled

postoperative
haematoma, 1 deep
infection)

infection, and
2 component
exchange)

shoulder surgeons. The range of reported
complications from 18.2% to 37.5%
remains concerning, but most of them did
not affect clinical outcome.

Note. RTSA, reverse total shoulder arthroplasty; ORIF; open reduction and internal fixation; AVN, avascular necrosis; ROM, range of motion; DASH, disabilities of
the arm, shoulder and hand; SST, simple shoulder test.

Discussion

Patient and intervention characteristics

The present systematic review was conducted to compare
the outcomes after RTSA and ORIF procedures to treat
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three- or four-part PHF. Overall, our study included pre-
dominantly elderly patients over 65 years old (except in
one study?4) with a reasonably similar male/female ratio
across the two groups (1/9 and 1.5/8.5 in RTSA and ORIF,
respectively). Higher incidence of complex PHF in elderly



RTSA VS. ORIF FOR THREE- OR FOUR-PART PHF

Mean Difference Mean Difference
1V, Fixed, 95% ClI 1V, Fixed, 95% Cl

a) RTSA ORIF
Study or Subgroup  Mean SD Total Mean SD Total Weight
Chalmers et al, 2014 133 20 9 108 40 9 9.5%
Giardellaetal, 2017 133.3 32.6 21 1128 21 23 30.3%
Luciani et al, 2020 124.5 20.45 22 125.75 33.13 26 34.5%
Ockert et al, 2013 105 29 22 929 31 22 25.8%
Repetto et al, 2017 125 44.6 27 130.6 49.6 19 0.0%
Total (95% CI) 74 80 100.0%

Heterogeneity: Chi? = 4.85, df = 3 (P = 0.18); I = 38%
Test for overall effect: Z=2.11 (P =0.03)

25.00 [-4.22, 54.22] =
20.50 [4.13, 36.87] —
-1.25[-16.59, 14.09] - &
6.00 [-11.74, 23.74] —
-5.60 [-33.54, 22.34]

D

T
-50 -25 0 25 50
Favours [ORIF] Favours [RTSA]

9.69 [0.69, 18.70]

Mean Difference
1V, Fixed, 95% Cl

Mean Difference
IV, Fixed, 95% ClI

b)
RTSA ORIF
Study or Subgroup Mean SD Total Mean SD Total Weight
Giardella et al, 2017  101.4 19 21 996 174 23 53.8%
Luciani et al, 2020  109.75 20.09 22 1055 21.02 26 46.2%
Repetto et al, 2017 109.7 321 27 1044 213 19  0.0%
Total (95% CI) 43 49 100.0%

Heterogeneity: Chi? = 0.09, df =1 (P = 0.76); I = 0%
Test for overall effect: Z=0.73 (P = 0.47)

1.80 [-9.00, 12.60] -
4.25[-7.40, 15.90] —
5.30 [-10.14, 20.74]
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1 1 1 1
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Favours [ORIF] Favours [RTSA]

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

9
RTSA ORIF
Study or Subgroup Mean SD Total Mean SD Total Weight
Chalmers et al, 2014 41 19 9 46 21 9 10.5%
Giardella et al, 2017 355 156 21 474 202 23 31.9%
Luciani et al, 2020 14.25 13.69 22 28 1418 26 57.6%
Repetto et al, 2017 203 106 27 232 88 19 0.0%
Total (95% CI) 52 58 100.0%

Heterogeneity: Chi? = 0.73, df = 2 (P = 0.69); I’ = 0%
Test for overall effect: Z = 4.00 (P < 0.0001)

-5.00 [-23.50, 13.50]
-11.90 [-22.51, -1.29] ——
-13.75 [-21.65, -5.85] —i—
-2.90 [-8.53, 2.73]
-12.24 [-18.24, -6.24] 2P
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T

T T T
-20 -10 0 10 20
Favours [ORIF] Favours [RTSA]

Fig. 3 Meta-analysis of the primary outcome (range of motion): (a) forward flexion, (b) abduction, (c) external rotation.
Note. ORIF, open reduction and internal fixation; RTSA, reverse total shoulder arthroplasty; SD, standard deviation.

females has been significantly correlated to osteoporo-
sis.31.32 We also found that most of the PHF were caused
by trauma. Although the included study did not specify
the type of trauma, previous literature has reported that
trauma mechanisms in females differ from those in males
significantly, with females being more likely to experience
low-energy trauma while male patients were more likely
to experience high-energy trauma.?3

We observed a wide variety of surgical techniques
(Table 2), which may potentially induce a bias (not within
an individual study but across studies as a whole). How-
ever, probably the more relevant question is to what
extent this bias affects our estimate of effect. To anticipate
this issue, we could look at the heterogeneity test, which
assesses the variation across studies (in this case, surgical
technique). In all our forest plots, the Cochrane Q test’s
p-values are all > 0.1 and the 12 value is < 50% (except in
the Constant score forest plot), suggesting that there is
no substantial heterogeneity (i.e. the variation in surgical
technique might less likely alter our estimate of effect)?’
(except for Constant score). As for the Constant score, we

believe that there are other factors (explained in the next
section) that may cause bias; thus, the result of Constant
score meta-analysis should be interpreted with caution.

Bone graft was used in two studies.?324 A previous study
that compares ORIF alone and ORIF with fibular allograft to
treat three- or four-part PHF in the elderly found that there
were significant differences in terms of Constant-Murley,
DASH (Disability of Arm-Shoulder-Hand), ASES (American
Shoulder and Elbow Surgeons) scores, and complications,
favouring the usage of fibular allograft.?* As we excluded
Repetto et al’s study from all analyses (due to the high
risk of bias arising from the significant age gap), we can
ensure that our result is not biased due to this study. As
for Fraser et al, it is only included in the secondary out-
comes, which may partly explain the heterogeneity seen
in Constant score and complication analyses. Thus, the
inclusion of the studies that used bone graft?* may cause
bias in our estimate effect in Constant score and complica-
tions outcome. However, the bone graft use seems does
not affect the revision surgery rate (as seen with the 0%
heterogeneity).
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a) RTSA ORIF Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
4.1.1 RCT
Fraser et al, 2020 68 17.76 64  54.6 24.11 60 26.0% 13.40 [5.91, 20.89] s
Subtotal (95% CI) 64 60 26.0% 13.40 [5.91, 20.89] -
Heterogeneity: Not applicable
Test for overall effect: Z = 3.50 (P = 0.0005)
4.1.2 non-RCT
Giardella et al, 2017 659 14.7 21 52.9 17 23 23.5% 13.00 [3.63, 22.37] —
Luciani et al, 2020 63.65 12.14 22 65.85 15.73 26 25.5% -2.20[-10.09, 5.69] - =
Ockert et al, 2013 62.4 14.5 22 643 133 22 25.0% -1.90[-10.12, 6.32] —
Repetto et al, 2017 585 85 27 618 147 19 0.0% -3.30[-10.65, 4.05]
Subtotal (95% CI) 65 71 74.0% 2.68 [-6.63, 11.99] ’
Heterogeneity: Tau? = 48.98; Chi?=7.25, df =2 (P = 0.03); I = 72%
Test for overall effect: Z=0.56 (P =0.57)

Total (95% CI) 129
Heterogeneity: Tau? = 61.17; Chi?=13.50, df = 3 (P = 0.004); I> = 78%
Test for overall effect: Z=1.24 (P =0.22)

Test for subgroup differences: Chi? = 3.09, df =1 (P = 0.08), I> = 67.6%

131 100.0%

5.50 [-3.20, 14.20]

T—

t t T t t
-20 -10 0 10 20
Favours [ORIF]  Favours [RTSA]

b)

RTSA ORIF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% ClI
Chalmers et al, 2014 1 9 1 9 1.6% 1.00[0.07, 13.64]
Fraser et al, 2020 7 64 11 60 14.3% 0.60 [0.25, 1.44] 1
Giardella et al, 2017 5 21 4 23 8.0% 1.37[0.42, 4.43] -
Luciani et al, 2020 14 20 13 25  49.3% 1.35[0.84, 2.16] T
Ockert et al, 2013 18 22 7 22 26.8% 2.57 [1.35, 4.89] =
Repetto et al, 2017 9 27 7 19 0.0% 0.90 [0.41, 2.00]
Total (95% CI) 136 139 100.0% 1.42[1.02, 1.98] L 4
Total events 45 36
Heterogeneity: Chi?=7.13, df =4 (P = 0.13); I> = 44% t t t t
.7 = - 0.05 0.2 1 5 20
Test for overall effect: Z =2.07 (P = 0.04) Favours [RTSA] Favours [ORIF]
9) ) . . .
RTSA ORIF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% ClI
Chalmers et al, 2014 0 9 1 9 7.3% 0.33[0.02, 7.24]
Fraser et al, 2020 4 64 7 60  49.9% 0.54[0.17,1.74] B
Giardella et al, 2017 0 21 0 23 Not estimable
Luciani et al, 2020 2 20 9 25  34.6% 0.28 [0.07, 1.14] = B
Ockert et al, 2013 0 22 3 22 8.2% 0.14 [0.01, 2.61]
Repetto et al, 2017 3 27 3 19 0.0% 0.70[0.16, 3.12]
Total (95% CI) 136 139 100.0% 0.37[0.16, 0.85] .
Total events 6 20
Heterogeneity: Chi2=0.95, df = 3 (P = 0.81); I = 0% t t t }
0.005 0.1 1 1 200

Test for overall effect: Z =2.34 (P =0.02)

. 0
Favours [RTSA] Favours [ORIF]

Fig. 4 Meta-analysis of the secondary outcomes: (a) Constant-Murley score (CMS), (b) complications, (c) revision surgery.
Note. ORIF, open reduction and internal fixation; RTSA, reverse total shoulder arthroplasty; RCT, randomized controlled trial; SD, standard deviation.

Moreover, the neck-shaft angle in our included stud-
ies is 150° and 155°, which we assume does not make
enough lateralization difference to produce any signifi-
cant differences in clinical evaluation. A recent systematic
review of 21 studies comparing tuberosity healing and
functional outcomes following RTSA of different inclina-
tion prostheses (135°, 145°, and 155°) found that the
135° showed statistically different abduction and tuber-
osity healing than 145° and 155° (for abduction: average
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83°, 105°, and 108°, respectively; for tuberosity healing:
average 83%, 69%, and 66%, respectively). As reflected in
their average, the significant difference lies between 135°
vs. 145° and 135° vs. 155°, but not with 145° vs. 155°.
No significant differences were found in forward flex-
ion, external rotation, or post-operative Constant score
between groups.3> Thus, we conclude that our included
studies (comprising 150° and 155° inclination) are not
biased due to the prosthesis inclination, although a more
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Table 5. Evidence quality assessment

Outcomes Total patients & studies GRADE assessment
analysed
Risk of bias Inconsistency Indirectness Imprecision Other Overall certainty
considerations of evidence

Forward flexion 154 patients (4 studies) Serious 2 Not serious Not serious Serious P None ®®00 LOW
Abduction 92 patients (2 studies) Serious 2 Not serious Not serious Serious P None ®®00 LOW
External rotation 110 patients (3 studies) Serious 2 Not serious Not serious Serious P None ®®00 LOW
Constant score 260 patients (4 studies) Serious 2 Serious © Not serious Serious P None ®0OOO VERY LOW
Complications 275 patients (4 studies) Serious 2 Not serious Not serious Serious P None ®®00 LOW
Revision surgery 275 patients (4 studies) Serious 2 Not serious Not serious Serious P None ®®00 LOW

aModerate risk of bias as assessed with ROBINS-I. PSample size is relatively small (less than 400). <Substantial heterogeneity.

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low certainty: We are very uncertain about the estimate.

formal investigation (including calculating and compar-
ing the total offset) should be conducted in the future to
confirm our argument.

Primary outcome

Our results showed that RTSA significantly improved for-
ward flexion but was equal to ORIF in abduction (p =0.03
and p =0.47, respectively). However, RTSA was inferior in
external rotation compared to ORIF (p < 0.0001). The bet-
ter result of RTSA in forward flexion (MD 9.69) is within the
range of minimal clinically important difference (MCID) of
shoulder ROM for forward flexion (12 + 4).36 Moreover,
although the included study did not specify their meth-
ods of ROM measurement, a previous study showed that
minimal detectable change (MDC) of shoulder mobility
measurements using a digital inclinometer was 8°.3” The
MDC is crucial to ensure that the measured value was not
due to interrater variability or measurement error. Thus,
our result shows that the ROM difference observed is most
likely consistent and clinically meaningful.

This difference is as expected, in accordance with the
biomechanical advantage principle of RTSA shown in
the original Grammont prosthesis design. The mediali-
zation of the centre of rotation (CoR) to the face of the
glenoid (medialized glenoid) along with inlay humeral
component (medialized humerus) will increase the del-
toid muscle lever arm, thereby increasing the torque force
of the deltoid, and finally improving deltoid efficiency to
perform shoulder elevation with a relatively lower force
needed.3839 Hence, it is unsurprising that forward flexion
is superior in RTSA compared to ORIF.

Abduction, surprisingly, was not better in RTSA than
ORIF. A previous study has claimed that RTSA also improved
abduction.*® Our overall mean data showed that the abduc-
tion range of motion was 105.67° £ 19.79° and 102.73° +
19.44° for RTSA and ORIF, respectively. This range might

explain our indifferent finding in abduction between the
two interventions, as it suggests the maximal function
of the glenohumeral joint and scapulothoracic movement
in the frontal plane.4!

Furthermore, external rotation was significantly higher
in ORIF (MD 12.24). The MCID and MDC for external rota-
tion are 3+£236 and 9 degrees,3’ respectively. Again, this
finding implies its consistency and clinical importance.
ORIF superiority in external rotation is most likely related
to tuberosity reconstruction status. The primary goal of
the ORIF procedure is to achieve anatomical healing (by
repairing tuberosity), thus restoring external rotation
function at the same time. In contrast, it is not evident
from the RTSA group’s data whether the external rota-
tors are intact or an attempt has been made to repair the
major tubercle or healing of the external rotators has been
achieved.

In five studies included in this review, the surgical
techniques included reconstruction and reattachment of
tuberosities when possible (subject to bone stock qual-
ity).23:2426-28 However, in the study by Chalmers et al,
there was no explanation about the tuberosity recon-
struction attempts.?> Literature has shown that better
external rotation was reported in patients whose tuberosi-
ties were repaired in an RTSA procedure.4?43 Moreover, a
multicentre study comprising 420 PHF patients who were
analysed according to their tuberosity healing status fol-
lowing RTSA (Group A: anatomical healing was achieved;
Group B: tuberosity resorption, malunion, or nonunion;
Group C: tuberosity was excised) showed that Group A
achieved a significantly better external rotation and for-
ward flexion. 44

In addition, rotational movements in the glenohumeral
joint have long been a subject of discussion in RTSA
due to the reduced lever arm between muscle insertion
sites of the remaining rotator cuff after RTSA,** in which
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prosthesis redesign (glenoid and humeral lateraliza-
tion)46—48 as well as additive surgical solutions (latissimus
dorsi transfer, latissimus dorsi—teres major transfer) have
been proposed.49-32 As for the internal rotation, our find-
ing shows an equal range of motion between the two sur-
gical modalities. However, it is difficult to give an exact
average of the internal rotation as two studies reported
this function in degrees,?>?® and the remaining were in
anatomical endpoints.23,24.26:27

Secondary outcome

The CMS outcome showed mixed findings. RTSA showed
a significantly better CMS outcome in the RCT study,
while no significant difference was found in the non-RCT
studies (p = 0.0005 and p = 0.57, respectively). However,
the non-RCT studies carried substantial heterogeneity (12 =
72%), which affected the overall heterogeneity (12 = 78%).
Since clinical and methodological diversity always occurs
in a meta-analysis, statistical heterogeneity is inevitable.?’
A possible explanation of the high heterogeneity is the
subjective domain of CMS, which includes pain. Exist-
ing comorbidities such as osteoarthritis in advanced age
may cause persistent pain after an ORIF procedure, while
in an RTSA, there would be a significant pain reduction.
In addition, the strength measurements in CMS should
have been stratified by age and sex, since older and female
patients may have lower strength.>3 We found that of the
324 patients included, almost two-thirds were female.
The studies included in this review mostly did not account
for these considerations; only one study performed age-
stratified CMS measurement.?3 Hence, the result of the
CMS outcome in this review needs to be interpreted
with caution.

The patients’ risks of developing complications were
significantly higher (by 42%) following RTSA compared
to ORIF. However, the confounding factor here is the
follow-up time and prosthesis design. Complications
such as notching of the humeral component can be com-
monly found after a certain period following RTSA pro-
cedures, which is not specific to RTSA in fractures only.
Also, scapular notching is related to the prosthesis design,
with the Grammont design resulting in more scapular
notching than modern designs.>* We could not detect
clearly whether these complications were all clinically sig-
nificant but, rather, radiographically important (notching,
lysis, or malunion of the tubercles). It is also known that
advanced age, severe osteoporosis, high-energy trauma,
severe comminution of the fracture, and surgical experi-
ence represent the most important predicting factors for
risk of complications.>>

However, RTSA significantly reduced the risk of revision
surgery by 63% compared to ORIF. Our finding was in
accordance with a recent study which reported revision
rates of 12.1% and 5.1% for ORIF and RTSA, respectively,
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after a follow-up duration of 46 months (range 2-10
years).>¢ The higher revision rate seen in ORIF compared
to the RTSA group is as expected because this technique
lends itself to conversion to reversed arthroplasty (a
total of ten patients in our findings). Moreover, there is
an ongoing debate as to whether scapular notching is a
complication or a normal phenomenon in RTSA, espe-
cially with the Grammont-type prosthesis. A recent sys-
tematic review of 8,258 analysed shoulders found that
the Grammont design caused significantly higher scap-
ular notching events compared to all non-Grammont
designs combined (42.5% and 12.3%, respectively), with
79.9% of these events being lower-grade scapular notch-
ing (grade | or II).>* Although higher-grade notching was
related to glenoid plate instability,>” reduced survivorship
in long follow-up periods (83% at five years, 60% at 10
years, and 43% at 15 years), and increased glenoid loos-
ening risk,%8 the clinical significance of lower-grade notch-
ing remains controversial and rarely requires revision.>45°
This partly explains the distinct complication and revision
rates between the two groups, as scapular notching was
reported as the second most common RTSA complica-
tion (27%). Another reason is that surgeons may be more
reluctant to perform revision for RTSA compared to revi-
sion for ORIF because the options for RTSA revision are
limited, more technically demanding, and give controver-
sial outcomes.60-63

Agreement and disagreement with other studies

From the data in this review, we can conclude that RTSA
can be recommended for patients aged 65 years or older
with a three- or four-part PHF. This is in accordance with
the study by Du et al. In their study comparing four treat-
ment modalities (non-operative, ORIF, HA, RTSA), they
reported that ORIF was the worst and that RTSA was the
best choice in the elderly.’® Our meta-analysis was also
in agreement, with a network meta-analysis comparing
RTSA, HA, ORIF, intramedullary nail, and non-operative
treatment, which showed that RTSA resulted in the high-
est probability of improving functional outcome as well
as a reduction in total requirements of revision in complex
PHF.12

Our finding contradicts a recent systematic review
and meta-analysis comparing RTSA, HA, and ORIF, which
revealed that better outcomes were seen in ORIF pro-
cedures compared to HA and RTSA. However, the com-
parison in the aforementioned study was indirect as they
found no head-to-head comparative studies of RTSA and
ORIF. Moreover, their results also carried a high risk of
bias as the baseline characteristics of the patients included
was heterogeneous, with a distinct age gap (mean 61.9
years in the ORIF group and 76.2 years in the RTSA group)
and simpler fracture pattern in the ORIF group (two-part
fracture) (selection bias).”’ Therefore, the result of that
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study should be critically discussed. In contrast, our pre-
sent review was conducted with a thorough bias analysis,
ensuring the robustness of our results.

Strengths and limitations

The present review’s limitations are the low number of
RCTs included, variation in follow-up time and surgical
technique, and limited information in some studies that
led to bias. Also, we did not perform a meta-regression
analysis to explore possible correlations of age, sex, and
follow-up time to the CMS outcome, as conducting
meta-regression using very few studies is of questionable
value.?' Further studies should explore this option. Never-
theless, our methodology is robust, as we performed thor-
ough bias analysis and incorporated the GRADE approach
to appraise our evidence quality. Thus, we have provided
the most recent best evidence of direct/head-to-head
comparative studies between RTSA and ORIF.

Conclusion

Compared to ORIF, RTSA resulted in a better forward flex-
ion, comparable abduction, yet less external rotation in
the operative treatment of three- or four-part proximal
humeral fractures in patients aged 65 and older. Never-
theless, the overall shoulder function assessment using
the Constant-Murley score showed no significant differ-
ence between the two interventions. Although RTSA was
related to increased complications, the revision rate in
RTSA was significantly lower than in ORIF. However, our
evidence quality may be affected by either individual study
bias, relatively small sample size, and/or high heterogene-
ity; thus, the results remain to be interpreted with caution.
Given these facts, the choice of surgical procedure to treat
three- or four-part proximal fractures should consider the
outcomes, complications, revision rate, as well as the con-
dition and circumstances (i.e. age) of the patients.
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