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Abstract

Background: There is currently no established consensus on best treatment for complex proximal humerus fractures
(PHFs) in the elderly. Reverse total shoulder arthroplasty (RTSA) is a viable option in this population but many times is used
as a salvage procedure.

Methods: A systematic review of studies comparing RTSA as a primary treatment for PHF versus as a salvage procedure
following failed open reduction internal fixation (ORIF), humeral intramedullary nailing, hemiarthroplasty (HA) or non-
operative treatment was conducted using PRISMA guidelines. Pooled outcomes and sub-group analyses assessing range of
motion, patient reported outcomes and complications were examined using RevMan.

Results: Five articles were included in final analysis with 104 patients in the primary RTSA group and 147 in the salvage
RTSA group compromising 251 total patients. Primary RTSA had a statistically significant advantage in range of motion
(forward flexion and external rotation), patient reported outcomes, and complications compared to salvage RTSA.
Conclusions: Based on the best available evidence, primary RTSA may result in slightly better patient reported outcomes,
range of motion and a lower rate of complication when compared to salvage RTSA. Further high-quality prospective studies
are needed to confirm the findings of the current review.
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Introduction o . .
complications such as nonunion and poor tuberosity

Proximal humerus fractures (PHFs) account for approx-
imately six percent of all adult fractures and dispropor-
tionately affect older patients and women.' As the
population ages, the incidence of PHFs is projected to
triple by 2030.> While most PHFs are nondisplaced or
one part fractures that can be treated non-operatively,**
the optimal treatment strategy for more complex frac-
tures (e.g., three and four-part) remains unclear.’
Traditionally, open reduction and internal fixation
(ORIF) or hemiarthroplasty (HA) have been the surgical
treatment of choice, but they have many potential

healing.® While many times HA treatment provides
excellent outcomes, when complications arise they are
frequently complex. This exacerbated in the elderly pop-
ulation where bone quality is diminished, and
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comorbidities are common. Consequently, achieving
adequate fixation in this population is technically chal-
lenging as low bone mineral density is one of the biggest
predictors of fixation failure.” Since the controversial
Proximal Fracture of the Humerus: Evaluation by
Randomization (ProFHER) trial in 2015 suggested
non-operative treatment of these injuries is equivalent
to surgery,® identifying both surgical candidates and
optimal fixation technique continues to be contentious
with no consensus on best treatment strategy.

Reverse total shoulder arthroplasty (RTSA) has pro-
vided surgeons with a reliable option for managing com-
plex PHFs. Traditionally, RTSA was used primarily as a
salvage procedure after failed HA, ORIF, or non-
operative fracture sequelae when no other options
remained.” >* However, these patients frequently experi-
ence only mild improvements in their activities of daily
living (ADLs)'>* and face a high risk of complica-
tions.>*??" Several systematic reviews have suggested
that RTSA may be superior to HA for acute PHFs*®°
and in recent years RTSA has become an increasingly
popular initial option for these injuries.>' > As such,
the purpose of this systematic review was to compare
outcomes of RTSA used as a primary versus salvage pro-
cedure for complex PHFs among the elderly population.

Methods

We conducted a systematic review in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.*¢

Literature Search

A literature search of EMBASE, MEDLINE, PubMed
and the Cochrane trials registry was conducted using
the following keywords in combination: “shoulder
fractur®”, “humer® fractur*, proximal”, and “reverse
adj2 shoulder” for MEDLINE and “reverse shoulder
arthroplasty”, “proximal humerus”, and “fracture” for
EMBASE and Cochrane for studies published between
2015-2020. Systematic reviews from our search were
retrieved, and their references were reviewed for any

additional studies that could be included.

Eligibility Criteria

All studies comparing RTSA as a primary treatment for
PHF with RTSA as a salvage procedure for failed treat-
ment of PHF were eligible for inclusion. Failed treat-
ment included non-operative, hemiarthroplasty,
intramedullary nailing, or ORIF. Only prospective and
retrospective comparative studies evaluating functional
outcomes (e.g., simple shoulder test, constant score,
American Shoulder and Elbow Surgeons [ASES] score)
were included. Study inclusion criteria included

minimum of 12-month follow-up and a minimum of 10
patients in each treatment group. A study was excluded
if data from the same patients were included in another
eligible study with longer follow-up. Conference
abstracts were also excluded.

Study Selection

Two reviewers screened the titles and abstracts generated
by the literature search for eligibility. If there was any
uncertainty or ambiguity regarding eligibility, the study
was included for full-text review. The reviewers indepen-
dently assessed each full report to determine whether
inclusion criteria were met. Disagreements were resolved
by discussion with the senior author, when necessary.

Data Extraction

Two reviewers extracted relevant data from each includ-
ed study and recorded them into Microsoft Excel work-
sheets. Data collected in the worksheets included first
author, journal, year of publication, level of evidence,
number of patients, follow-up duration, average age of
patient, definition of proximal humerus fracture and
outcomes observed. A comments section was included
for any other relevant data pertinent to each study.
Common outcome data were entered into a meta-
analysis software package®’ for pooled analysis.

Assessment of Risk of Bias in Eligible Studies

The Newcastle-Ottawa Scale (NOS)*® was used to eval-
uate the quality of eligible prospective and retrospective
cohort studies. The NOS assesses each study on 3
domains: selection, comparability, and outcome. Two
reviewers independently assessed the methodological
quality of eligible studies. Any disagreements were
resolved with consensus discussion.

Statistical Methods

Descriptive statistics were calculated with categorical
data presented as frequency with percentages and con-
tinuous data as mean+standard deviation (SD).
Weighted means with their corresponding SDs were cal-
culated for all parameters. For studies that did not
report the mean and SD directly, these values were
imputed from the p-value, confidence interval (CI) and
range using well-established statistical techniques.®”*
Mean differences were calculated for continuous out-
comes. Ninety-five percent Cls were reported for all
point estimates. Pooled estimates were calculated using
Review Manager (RevMan) 5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014).*” A funnel plot was used to assess for publication
bias. An a priori subgroup analyses was planned to
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examine the differences in range of motion (ROM) and
patient reported outcome measures (data permitting) fol-
lowing primary RTSA versus RTSA as a salvage after
each of: ORIF, HA and non-operative treatment (result-
ing in non-union or malunion).*’

Results

Literature Search and Study Characteristics

The results of our comprehensive search, the selection
process, and the number of studies excluded with the
corresponding rationale are depicted in Figure 1. Five
studies were identified that satisfied all inclusion and
exclusion criteria.?®*** Three studies were retrospective
cohorts***** while the other two were matched case-
control.***! All studies were published between
2016-2020. A total of 147 patients underwent RTSA
as a salvage procedure (78% female), while 104 patients
underwent RTSA for acute PHF (79% female) for a
total of 251 patients. Mean follow-up time was
31.8months (SD £2.5) and mean age was 73.0years
(SD £2.1). Two of the studies included failed hemiar-
throplasty, ORIF, and non-operative treatment as part
of the salvage group,*'*** one included failed hemiar-
throplasty, ORIF and intramedullary nailing,* and

ORIF.?** Common outcomes between the studies
included forward flexion,?®**** external rotation,?®4" %3
ASES,2%#142  UCLA  score,***' and  Constant
Score.**#!43 The characteristics of each study are sum-
marized in Table 1.

Study Quality

The studies involved were comparable with respect to
important demographic variables (i.e. age, follow-up,
definition of fracture). Overall study quality was moder-
ate to high (see Supplemental Digital Content 1, which
provides complete results of the NOS). Funnel plots
were used to assess for publication bias and were
found to be symmetrical (see Supplemental Digital
Content 2).

Range of Motion

The mean forward flexion (FF) and external rotation
(ER) were both significantly higher in the primary
RTSA group compared to the salvage RTSA group
with a mean difference (MD) of 11.7 degrees for FF
(95% CI, 6.0-17.4; P<0.0001) (Figure 2(A)) and 1.5
for ER (95% CI 0.2-2.8; P=0.02) (Figure 2(B)).
Subgroup analyses demonstrated significantly greater

two studies only included patients who failed FF and ER with primary RTSA compared to RTSA

=
2 338 studies identified through
© .
e database searching
2
s [MEDLINE, EMBASE, COCHRANE]
w0 319 studies identified as
£ duplicates or did not fulfill
g eligibility criteria during screening
g of titles and abstracts

19 studies assessed for eligibility
2 (full-text)
2
oo
w

14 studies excluded
(Did not compare primary RTSA to
salvage RTSA)
c
2 v
3
g 5 studies included in systematic
review

Figure |. Flow diagram summarizing the literature search, screening, and selection process. RTSA, reverse total shoulder arthroplasty.
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Table I. Baseline Characteristics for All Included Studies.

Sample Primary Age, Follow-Up, Functional
Author Journal Year  Size (N) RTSA (N)  Years (SD)  Months (SD) Comparison Outcomes
Dezfuli JSES 2016 49 13 71.0 (1.73) 32 (1.7) Failed Non-op (13) ASES
Failed HA (12) Constant
Failed ORIF (11) SF-12
SPADI
SST
UCLA
ROM
Katthagen =~ Obere 2020 51 28 73 (2.16) 18 (2.9) Failed ORIF (9) Constant
Extremitat Failed HA (9) DASH
Failed locked SSvV
intramedullary nail (5)
Sebastia- JOoT 2017 60 30 73.2 (2.04) 30 (3.0) Failed ORIF (30) Constant
Forcada DASH
UCLA
Seidl ABJS 2017 47 I5 72.7 (2.48) 45 (1.3) Failed ORIF (15) ASES
Failed HA (10) SANE
Failed Non-op (7) SST
Shannon JSES 2016 44 18 75 (2.16) 36 (3.5) Failed ORIF (26) ASES
ROM

Abbreviations: RTSA, reverse total shoulder arthroplasty; SD, standard deviation; JSES, Journal of Shoulder and Elbow Surgery; HA, hemiarthroplasty; ORIF,
open reduction internal fixation; ASES, American Shoulder and Elbow Surgeon score; SF-12, 12-item short form health survey; SPADI, shoulder pain and
disability index; SST, simple shoulder test; UCLA, University of California at Los Angeles score; ROM, range of motion; DASH, disabilities of the arm,
shoulder hand score; SSV, subjective shoulder value; JOT, Journal of Orthopaedic Trauma; ABJS, Archives of Bone and Joint Surgery; SANE, single assessment
numerical evaluation; HO, heterotopic ossification.

A. Forward Flexion

Primary RTSA Salvage RTSA Mean Difference Mean Difference
Study or Mean [Degrees] 5D [Degrees] Total Mean [Degrees] 5D [Degrees] Total Weight IV, Fixed, 95% CI [Degrees] IV, Fixed, 95% CI [Degrees)
Dezfuli 2016 113 23.89 13 99 23.89 36 14.0% 14.00 [-1.15, 29.15] T =
Katthagen 2020 122.9 46.3 28 85.7 3l.2 23 7.0% 37.20 [15.83, 58.57] —
Sebastia-Forcada 2017 126.6 14.7 30 114.2 25.2 30 29.5% 12.40 [1.96, 22.84) s
Seidl 2017 129 16.5 15 118 22.5 32 24.6% 11.00 [-0.42, 22.42] T
Shannon 2016 133 18.489 18 130 19.47 26 24.9% 3.00 [-8.36, 14.36) T
Total (95% CI 104 147 100.0% 11.68 [6.02, 17.35] .
Heterogeneity: Chi' = 7.84, df = 4 (P = 0.10); ¥ = 49% 15

- -1o 10 20
Test for overall effect: Z = 4.04 (P < 0.0001) Favors Salvage RTSA Favors Primary RTSA

B. External Rotation

Primary RTSA Salvage RTSA Mean Difference Mean Difference

Study or Mean 5D Total Mean [Degrees] SD [Degrees] Total Weight IV, Fixed, 95% ClI [Degrees] IV, Fixed, 95% CI [Degrees)
Dezfuli 2016 24 19.56 13 10 19.56 36 1.1% 14.00 [1.60, 26.40]

Katthagen 2020 6.1 9.4 28 5 5.4 23 9.9% 1.10 [-3.02,5.22]

Sebastia-Forcada 2017 49 2.4 30 4.1 3.2 30 B82.5% 0.80 [-0.63, 2.23]

Seidl 2017 29 8.75 15 13 12.5 32 4.4% 16.00 [9.81, 22.19] i
Shannon 2016 36 14,816 18 42 156 26 2.0% -6.00 [-15.10, 3.10] —_—t

Total (95% €I 104 147 100.0% 1.51 [0.21, 2.81] L3

Heterogeneity: Chi’ = 28.52, df = 4 (P < 0.00001); F = B6% =3 = 25

0 0 10
Test for overall effect Z = 2,27 (P = 0.02) avors Salvage RTSA Favors Primary RTSA

Figure 2. Pooled mean difference of range of motion in patients undergoing primary RTSA compared with salvage RTSA. A, forward
flexion; B, external rotation. RTSA, reverse total shoulder arthroplasty; SD, standard deviation; Cl, confidence interval.

after ORIF (MD, 8.9° FF [95% CI, 1.5 to 16.3]; CI, 2.6 to 8.4]; P=0.0002) but no difference in FF (MD,
P=0.02) (MD, 6.0° ER [95% CI, 2.2 to 9.8]; 9.8°[95% CI, —7.7 to 27.2]; P=0.27).

P=0.002) or HA (MD, 18.1° FF [95% CI, 6.1 to
30.1]; P=0.003) (MD, 18.5° ER [95% CI, 7.4 to 29.5];
P=0.001). When comparing Primary RTSA to RTSA
following non-operative treatment, primary RTSA was Primary RTSA for PHFs was found to have
found to have significantly greater ER (MD, 5.5° [95% significantly higher ASES (MD, 7.6; CI, 1.7-13.5;

Functional Outcomes
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P=0.01) (Figure 3(A)), UCLA (MD, 3.6; 95% CI,
1.6-5.5; P=0.0004) (Figure 3(B)) and Constant (MD,
6.8; 95% CI, 2.2-11.3; P=0.003) (Figure 3(C)) scores
when compared to salvage RTSA for failed treatment
of PHFs. There was no statistically significant difference
between the groups for the SST (Figure 3(D)).

Complications

Breakdown of specific complications is included in
Table 2. The overall complication rate in the primary
RTSA and salvage RTSA groups was 4.8% (5/104)
and 18.7% (28/150), respectively. This included five
intraoperative complications in the salvage group and
one in the primary group. The odds of having a compli-
cation were 78% lower amongst those undergoing
RTSA primarily versus as a salvage procedure

(P=0.002) (Figure 4(A)). The most common complica-
tions in the salvage group included dislocation (6),
periprosthetic fracture (5), infection (3), implant loosen-
ing (3), cortical perforation (2) and component malposi-
tion (2).

Reoperation

Reoperation was defined as any subsequent surgical pro-
cedure that occurred as a direct result of the initial oper-
ation including incision and drainage for infection or
hematoma removal. If the text did not explicitly state a
procedure occurred, it was not counted. The overall
reoperation rate in the primary RTSA group was 2.9%
(3/105) and 10.7% (16/150) in the salvage group
(P =0.04) (Figure 4(B)).

Test for overall effect: Z = 2.52 (P = 0.01)

B. UCLA Shoulder Score

A. ASES Score
Primary RTSA Salvage RTSA Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Dezfuli 2016 78 2491 13 56 24.91 36 13.9% 22.00(6.20, 37.80]
Seidl 2017 77 14.15 15 72.4 14.15 32 46.2% 4.60(-4.08, 13.28) 1T
Shannon 2016 706 15.2 18 64.6 16 26 39.9% 6.00[-3.33, 15.33) s
Total (95% CI) 46 94 100.0% 7.58 [1.69, 13.48] e

it = - - t ¢ 4 } b
Heterogeneity: Chi* = 3.76, df = 2 (P = 0.15); I = 47% 30 1o o 1 i

Favors Salvage RSA Favors Primary RSA

Test for overall effect: Z = 3.55 (P = 0.0004)

C. Constant Score

Primary RTSA Salvage RTSA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dezfuli 2016 29 6.92 13 22 6.92 36 20.0% 7.00([2.61,11.39] R —
Sebastia-Forcada 2017 29.1 3.1 30 26.4 5.3 30 80.0% 2.70[0.50, 4.90] ——
Total (95% CI) 43 66 100.0% 3.56 [1.60, 5.53] i
Heterogeneity: Chi’ = 2.95, df = 1 (P = 0.09); I’ = 66% 7i0 745 ) ; 1:0

Favors Salvage RSA Favors Primary RSA

Test for overall effect: Z = 2.93 (P = 0.003)

Primary RTSA Salvage RTSA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dezfuli 2016 67 19.13 13 54 19.13 36 14.0% 13.00[0.87, 25.13)
Katthagen 2020 89.7 37.2 28 73.1 28.4 23 6.3% 16.60 [-1.42, 34.62]
Sebastia-Forcada 2017  60.4 7.6 30 555 12 30 79.7%  4.90(-0.18,9.98] —il—
Total (95% C 71 89 100.0% 6.77 [2.24, 11.31] R
Heterogeneity: Chi* = 2.68, df = 2 (P = 0.26); I = 25% _2‘0 _io ) 1:0 25{}

Favors Secondary RSA Favors Primary RSA

Seidl 2017 7.3 2.25 15 T 2 32

Total (95% CI) 28 68
Heterogeneity: Chi* = 0.95,df = 1 (P = 0.33); ' = 0%
Test for overall effect: Z = 0.82 (P = 0.41)

D. SST Score

Primary RTSA Salvage RTSA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dezfuli 2016 8.4 3.18 13 7.1 3.18 36 30.4% 1.30[-0.72, 3.32)

69.6% 0.10[-1.23, 1.43]

100.0% 0.46 [-0.65, 1.58]

% 5 ) 5 i
Favors Salvage RSA Favors Primary RSA

Figure 3. Pooled mean difference of qualitative function measures in patients undergoing primary RTSA compared with salvage RTSA.
A, American Shoulder and Elbow Surgeons Shoulder Score (ASES); B, UCLA Shoulder Score; C, Constant Score; D, Simple Shoulder Test
(SST). RTSA, reverse total shoulder arthroplasty; SD, standard deviation; Cl, confidence interval.
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Discussion

The results of the current systematic review demonstrate
that primary RTSA may result in greater forward flexion,
fewer complications and superior functional outcomes
when compared to RTSA as a salvage procedure. The
clinical significance of these results is especially timely
as the ProFHER trial,® which reported no significant dif-
ference in outcome between operative and non-operative
management of displaced proximal humerus fractures

Table 2. Summary of Complications.

Primary RTSA Salvage RTSA

involving the surgical neck, continues to receive wide-
spread media attention, despite well-documented con-
cerns over study methodology.*** Consequently, this
may result in a greater proportion of patients being inap-
propriately treated non-operatively initially, leading to a
potential increase in the rate of fracture sequalae such
as malunion and non-union.*®

An exploratory subgroup analyses of primary RTSA
compared to salvage RTSA after either failed HA or
ORIF for PHFs demonstrated that patients may have
better ROM and functional outcomes with primary
RTSA in both subgroups. Two recent studies have
noted that patients undergoing salvage RTSA for
failed non-operative management may have better out-

Complication (N, [%]) (N, [%]) X
comes when compared to those undergoing RTSA for
Intraoperative failed HA of PHFs.*”*® These findings would suggest
Humerus fracture 1(1.0) 009 that patients at high risk of failing HA may fare better
Cortical perforation 0 (0) 4 (2.7) . . o . .
: with non-operative management initially with the option
Retained cement 0 (0) I (0.7) . ch g . .
Postoperative to undergo RTSA in the future, if indicated. While this
Periprosthetic humerus fracture | (1.0) 5(3.3) review found statistical significance favoring primary
Wound infection 2(1.9) 3 (2.0) RTSA compared to RTSA as a salvage procedure, the
Component loosening 0 (0) 3 (20 clinical significance of these results is less clear.
Dislocation I (1.0) 6 (4.0) The mean forward flexion among the primary RTSA
Major hematoma 0 (0) 2.(1.3) group was 125° compared to 110° in the salvage RTSA
Axillary nerve injury 0(0) 1(0.7) group. Based on previous reports, it has been noted that
é‘cmmfa' fl:ac‘:“"e ) 8 (g) : (g';) 120° of forward flexion is required to perform the major-
Xten,s've ,etemtoP'c © ©.7) ity of ADLs that involve the shoulder.*® Therefore, the
ossification o . .
Nickel allergy 0 (0) | 0.7) 15° mean difference between the primary and salvage
Total complications 5 (4.8) 28 (18.7) RTSA group dejmonstrated in .the cur.rent review may
represent an important clinical difference. When
A. Complications
Primary RTSA  Salvage RTSA Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dezfuli 2016 1 13 5 39 10.2%  0.57 [0.06, 5.35)
Katthagen 2020 2 28 8 23 36.2% 0.14[0.03, 0.77) =
Sebastia-Forcada 2017 1 30 6 30 257% 0.14[0.02, 1.23)
Seidl 2017 0o 15 7 32 21.0% 0.11[0.01,2.06) ¢
Shannon 2016 1 18 Fd 26 6.9% 0.71 [0.06, 8.43]
Total (95% CI) 104 150 100.0%  0.22 [0.08, 0.57] e e
Total events 5 28
Heterogeneity: Chi’ = 2,17, df = 4 (P = 0.70); I’ = 0% o.5s o 3 )
Test for overall effect Z = 3.11 (P = 0.002) Bk PV RTSA. RS Bl RTSA
B. Reoperations
Primary RTSA  Salvage RTSA Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dezfull 2016 1 13 5 36 17.3%  0.52 [0.05, 4.89]
Katthagen 2020 1 28 5 23 37.5%  0.13(0.01, 1.24) @
Sebastia-Forcada 2017 0 30 4 30 31.3% 0.10(0.00, 1.88] =
Seidl 2017 0 15 2 32 11.2% 0.39[0.02, 8.71)
shannon 2016 1 18 0 26 2.7% 4.54(0.17, 117.99] >
Total (95% CI) 104 147 100.0%  0.34 [0.12, 0.96] e
Total events 3 16
Heterogeneity: Chi* = 3.95, df = 4 (P = 0.41); ¥ = 0% I + + J
0.01 0.1 10 100
Test for overall effect Z = 2.03 (P = 0.04) Favours [experimental] Favours [control]

Figure 4. Pooled odds ratio for (A) complications and (B) reoperations among patients undergoing primary RTSA compared with salvage
RTSA. RTSA, reverse total shoulder arthroplasty; Cl, confidence interval.
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considering external rotation (ER), studies evaluating
functional ER measure ROM with the shoulder abducted
90° and have found approximately 60 4 10° is necessary
to perform most ADLs.* The studies included in this
review measured ER with arm at the side with neither
primary nor salvage RTSA coming within 25° of this
threshold (30.3 and 19.9, respectively). However,
Simovitch and colleagues found that among patients
undergoing RTSA, the minimal clinically important dif-
ference (MCID) for active external rotation was —5.3+
3.1 degrees, suggesting that restoration of external rota-
tion may not be as important as pain relief, joint stability,
and a low complication rate when evaluating the success
of RTSA in this patient population.>

Patients in the primary RTSA group had statistically
significantly higher Constant, ASES, and UCLA scores.
However, it is difficult to determine whether these differ-
ences are clinically important. The MCID for the
Constant score among patients undergoing RTSA for
rotator cuff arthropathy or glenohumeral arthritis has
been reported to be as high as 8.0°' and as low as 5.7.%°
As such, the observed mean difference of 6.1 among the
primary RTSA cohort in the current review may be clin-
ically significant.® The mean difference in ASES of 7.6
observed between the primary RTSA and salvage RTSA
groups in the current study closely approximates the pre-
viously reported MCIDs of 8.4 and 10.3 but falls short of
achieving clinical significance.’®>* Finally, the observed
mean difference in UCLA score (3.56) between the pri-
mary and salvage groups did not fall within the reported
MCID of 7.0.° It is important to note that among the
few published studies that evaluate the MCID for the
aforementioned outcome measures in patients with
RTSA, the majority do so for the rotator cuff tear
arthropathy population. Extrapolating these findings to
patients receiving RTSA for PHFs may overestimate the
difference required for clinical significance in the trauma
population and even small differences may be important
to these patients given the difficulty in achieving good
outcomes in these complex fractures.

It has been reported that the initial costs associated
with undergoing HA and RTSA are approximately
$30,000 and $55,000 respectively.53’54 However, these
costs can vary significantly depending on the cost of
the implant (between $1,000-10,000).>°> Several recent
studies have found RTSA to be more cost-effective
over the long term with an incremental cost-
effectiveness ratio of <$14,000 per quality adjust life
year (QALY) gained compared to HA.>*>> In fact,
Osterhoff et al. noted that the cost-effectiveness of
RTSA is similar to other highly successful orthopaedic
procedures such as total hip and knee arthroplasty.>”

In the current review patients undergoing primary
RTSA were found to have a significantly lower rate of
complication when compared to salvage RTSA.

Saltzman and colleagues reported similar findings with pri-
mary RTSA and revision RTSA having complication rates
of 25% and 69%, respectively.”® Given the cost-
effectiveness, lower rate of complication and superior func-
tional outcomes of primary compared to salvage RTSA,
the use of RTSA as a first line treatment option among
patients who are at increased risk of treatment failure,
such as older patients, those with osteoporosis, varus dis-
placement and medial comminution may be justified.”’

This study has several limitations. First, the results of
the current review are based on the results of five small
comparative studies. Second, all the studies included in
this review were retrospective in nature. Therefore, the
conclusions are subject to the inherent biases associated
with these types of studies, such as selection bias. For
example, patients undergoing acute RTSA may have had
more complex fracture patterns, therefore leading to a
possible underestimation of our findings. This is com-
pounded by the fact that only two of the five studies
specified the type of fracture pattern for their inclusion
criteria.>**® Furthermore, none of the studies com-
mented on surgeon experience with RTSA in the
trauma setting as this could have affected the outcome.
It has previously been noted that RTSA done by less
experienced surgeons can result in a higher rate of com-
plications.”® Additionally, the time from index to salvage
procedure was not reported in the majority of included
studies; a shorter interval would suggest that primary
RTSA may be worthwhile among those patients who
are at higher risk of early failure. Finally, potential con-
founding factors such as comorbidities and bone quality
were not evaluated in the current review due to the lack
of reporting among included studies.

Conclusion

Based on the current available evidence, elderly patients
with displaced PHF may have significantly greater range
of motion, a lower risk of complications, and slightly
better patient reported outcomes with primary RTSA
compared to those undergoing RTSA as a salvage pro-
cedure. The clinical significance of these results is less
clear and requires additional prospective studies to con-
firm our findings.
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