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ABSTRACT

The optimal treatment of proximal humerus fractures is debated;
however, reverse total shoulder arthroplasty (RTSA) has
become increasingly popular as the primary treatment. We
systematically reviewed the PubMed, EMBASE, and Scopus
databases to identify English-language clinical studies (evidence
levels | through IV) comparing the results of RTSA with those
of hemiarthroplasty (HA) for the treatment of acute proximal
humerus fractures. We evaluated the following outcomes:
Range of motion, patient-reported outcome measures (includ-
ing pain relief), and complications. We identified eight published
studies comparing RTSA with HA for treatment of acute proximal
humerus fractures. The RTSA group (180 patients) showed
significantly better postoperative pain relief, active anterior
elevation, Constant-Murley scores, and American Shoulder
and Elbow Surgeons (ASES) scores compared with the HA
group (439 patients; all p<0.05). There were no significant
differences between the two groups for overall complications
(RTSA, 11.8% vs HA, 20.8%), infections (2% for both groups),
dislocations (RTSA, 0% vs HA, 2.5%), or nerve injury (RTSA,
1% vs HA, 2.8%). Scapular notching occurred in 15.8% of
RTSA cases (grade |, 53%; grade I, 32%; grade Ill, 16%; and
grade 1V, 0%). In the treatment of acute proximal humerus frac-
tures, RTSA provided better pain relief, postoperative anterior
elevation, and outcome scores after surgery compared with HA
and had similar complication rates.
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INTRODUCTION

Proximal humerus fractures are the third most common
extremity fracture in patients older than 60 years, and the

“4Consultant, °Director

5Department of Orthopaedic Surgery, Division of Shoulder
Surgery, The Johns Hopkins University, Baltimore, Maryland
United States

Corresponding Author: Edward G McFarland, Director
Department of Orthopaedic Surgery, Division of Shoulder
Surgery, The Johns Hopkins University, Baltimore, Maryland
United States, Phone: +4105832851, e-mail: emacfarl1@jhmi.edu

incidence increases with age.! The optimal treatment of
these fractures in adults, especially those with osteopo-
rotic bone, is debated. Depending on fracture type, treat-
ment options are nonoperative treatment, percutaneous
pin fixation, open reduction and internal fixation, HA,
and RTSA. Factors that influence the choice of treatment
are patient age, arm dominance, patient activity level,
presence of other injuries, quality of bone, and configu-
ration of the fracture (especially comminution, displace-
ment, dislocation of the humeral head, head-splitting
fracture, and medial column disruption).?

For patients in whom nonoperative treatment or open
reduction and internal fixation is not optimal, HA has
been the mainstay, producing satisfactory results.>> Neer®
published one of the first studies of HA to treat proximal
humerus fractures, reporting that 39 of 43 outcomes were
good to excellent. Subsequent studies were unable to
duplicate those results.”? Poor results because of tubero-
sity malunion, nonunion or resorption of the tuberosities,
or rotator cuff tearing have been reported®! (Fig. 1). All
of these mechanisms of failure produce a rotator cuff-
deficient shoulder with subsequent shoulder weakness,
loss of motion, and, in some cases, pain.10

Reverse total shoulder arthroplasty was designed for
patients with cuff tear arthropathy or large rotator cuff
tears and arthritis. The prosthetic design of the RTSA

Fig. 1: Anteroposterior radiograph of a hemiarthroplasty placed for
a comminuted proximal humerus fracture with subsequent superior
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Figs 2A to D: (A) Anteroposterior radiograph of a proximal humerus fracture 6 weeks after revascularization of an
arterial injury; (B) anteroposterior radiograph of RTSA taken 1 week postoperatively; (C) extreme heterotopic ossification
9 months after implantation of the RTSA; and (D) despite limited range of motion, patient was satisfied with his pain

relief and ability to continue to work as a house painter

allows the deltoid muscle to elevate the arm without an
intact rotator cuff. Because of the high incidence of rotator
cuff dysfunction after HA for the treatment of proximal
humerus fractures, RTSA has been used in patients with
rotator cuff deficiency or those in whom tuberosity osteo-
synthesis is unachievable.!'? Studies of RTSA for the
treatment of patients with proximal humerus fractures
have shown acceptable results clinically and radiographi-
cally™®!* (Fig. 2).

There is increasing controversy regarding whether HA
or RTSA provides the best results for surgical treatment of
proximal humerus fractures. The goal of this systematic
review was to compare the clinical results of HA vs RTSA
for the treatment of proximal humerus fractures.

MATERIALS AND METHODS

We searched the MEDLINE /PubMed, Excerpta Medica/
EMBASE, and Scopus databases for articles through
January 2015 using the following terms, plus combi-
nations of these terms: “Proximal humerus fracture,”
“shoulder hemiarthroplasty,” “reverse shoulder arthro-
plasty,” and “reverse total shoulder arthroplasty.” We
included articles with evidence level I, II, III, or 1V,

s

comparing outcomes of adults after RTSA or HA for
acute and traumatic proximal humerus fractures. We also
reviewed the bibliography of each article that met our
inclusion criteria to identify studies that may have been
missed by the original search. We applied the following
exclusion criteria: Publication in a language other than
English, animal/cadaveric/basic science studies, level V
evidence, case reports, failure to report clinical outcomes,
letters to the editor, meeting presentations, and studies
about revision RTSA for failed primary procedures. The
level of evidence for each study was determined by two
of the authors (AB and EGM) using commonly accepted
criteria.' In the present review, only articles that met
accepted quality standards for design and reporting were
included.'® No attempt was made to gather unpublished
data or to retrieve additional information from any of the
authors of the studies.

Our search produced 141 studies. Of these, eight com-
pared RTSA with HA for the treatment of acute proximal
humerus fractures.'**!722 These eight studies reported
180 patients treated with RTSA and 439 patients treated
with HA. One study was a prospective, blinded, random-
ized controlled trial (level I),'"* and one was a prospective,
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nonrandomized study (level II).?” The remaining six
studies were retrospective cohort studies (level III). All
were analyzed for variables that are important in choosing
treatment options. We evaluated each study for subjec-
tive, patient-reported measures [i.e., the ASES score, the
Disabilities of the Arm, Shoulder, and Hand (DASH)
scoring system, the absolute Constant-Murley, the modi-
fied Constant-Murley score, and the Simple Shoulder
Test (SST)]. We compared objective measures of range
of motion after surgery, and we evaluated radiographic
results. For the studies that reported radiographic results,
the Nerot-Sirveaux grading system? was used when the
studies graded scapular notching. Lastly, we compared
complication rates between the two groups.

Statistical Analysis

Patient demographic data, range of motion, and outcome
scores were gathered from each study, and frequency-
weighted means were calculated. All outcomes were ana-
lyzed as continuous variables. Differences in final outcomes
between the RTSA and HA groups were analyzed with an
independent sample Student’s t-test. Statistical analysis was
performed using Statistical Package for the Social Sciences
statistics, version 22.0 software (IBM Corp, Armonk, New
York, USA). Reported mean values are frequency-weighted.
Statistical significance was set at a p-value of <0.05.

RESULTS

The mean age in the RTSA group (77 years) was signifi-
cantly higher than in the HA group (72 years; p = 0.0001;
Table 1). There was no significant difference in the propor-
tion of women in the RTSA group (85%) compared with
the HA group (79%; p = 0.50). There was no significant
difference in the mean length of follow-up for the RTSA
group (3.0 years) compared with the HA group (4.3
years; p = 0.18). The predominant fracture patterns in

both groups (93% of cases) were three-part or four-part
fractures with or without dislocation. The remainder
were two-part fractures. A deltopectoral approach was
used in six studies, 4172022
deltopectoral approach was used in two studies.'**! The
greater and lesser tuberosities were excised in one study."
The tuberosities were reattached in six studies.'>!417202 n
two'**! of those studies, a technique described by Boileau
etal'’ was used for tuberosity reconstruction. In this tech-
nique, heavy (no. 5) nonabsorbable sutures are used for

tuberosity osteosynthesis to attach tuberosity fragments
10

and either a superolateral or

to the humeral shaft, to each other, and to the prosthesis.

Outcomes

There was lack of uniformity among the studies regard-
ing which clinical outcome scores were used. The ASES
score was used in five studies,'”'%?? the DASH in three

131418 the absolute Constant-Murley score in
13,14,18

studies,
three studies, the modified Constant-Murley score
in two studies,'*'® and the SST in two studies.’®?°

Reverse total shoulder arthroplasty was more effective
than HA in alleviating pain (Table 2). The mean Constant-
Murley pain score was 14.5 in the RTSA group compared
with 9.1 in the HA group (p = 0.004). The RTSA group
had a higher mean ASES pain score of 52 compared with
43 in the HA group, but this difference was not statisti-
cally significant (p = 0.5).

Patient-reported outcomes were better in the RTSA
than in the HA group (Table 2). In the studies using the
ASES score, the RTSA group reported a significantly better
score (mean, 74) than the HA group (mean, 58; p = 0.016).
In studies using absolute Constant-Murley score, RTSA
patients showed a significantly better result (mean, 55)
than the HA group (mean, 41; p = 0.001). In studies using
the modified Constant-Murley score, the RTSA group
showed a significantly better postoperative score (mean,

Table 1: Characteristics of patients with a proximal humerus fracture who underwent RTSA or HA for treatment

Level of Mean age (range), y No. (% Women) Mean (range) length of follow-up, y

Study evidence RTSA HA RTSA HA RTSA HA
Baudi'’ M 77 71 25 (NR) 28 (NR) 22 2.2
Boyle'® 11} 80 (57-90) 72 (27-96) 55 (93) 313 (78) 5.0* 5.0+
Chalmers'® M 77 £ 6* 727" 9 (78) 9 (78) 1.2 £0.5% 49+12*
Cuff?0 Il 75 (70-86) 74 (70-88 24 (58) 23(62) 2.4 (2.0-3.0) 3.2 (3.0-4.0)
Gallinet'® I} 74 (58-84) 74 (49-95 16 (81) 17 (88) 1.0 (0.5-1.5) 1.4 (0.5-4.6)
Garrigues?' I} 81 (67-97) 69 (57-87 10 (NR) 9 (NR) 3.6 (1.3-8)
Sebastia-Forcada' I 75 (70-85) 73 (70-83 31(87) 30(83) 2.4 (2.0-3.7) 2.3 (2.0-4.1)
Young?? n 77 75 10 (100) 10 (80) 1.8(1.3-3.1) 3.7(2-4.7)

FWM 77t 721 180 (85)F 439 (79)" 3.0f 43"

p-value 0.0001 0.508 0.18

FWM: Frequency-weighted mean; NR: Not reported; *Expressed as mean # standard deviation; fIncludes no data for the studies by
Garrigues et al. and Baudi et al; *All patients were followed for 5 years; Sp-value for difference in proportion of women
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Table 2: Postoperative outcomes for patients with proximal humerus fracture treated with RTSA or HA

RTSA HA
Outcome No. of patients FWM No. of patients FWM p-value
Pain relief
ASES pain score 59 52 61 43 0.504
Constant-Murley pain score 41 14.5 45 9.1 0.004
Patient-reported outcomes
ASES 78 74 79 57 0.016
Constant-Murley (absolute) 72 55 75 41 0.001
Constant Murley (modified) 56 80.5 58 42 0.004
DASH 72 30 75 28 0.60
SST 33 7.3 32 6.1 0.33
Range of motion (degree)
Active abduction 72 97 75 106.5 0.68
Active anterior elevation 125 124 126 87 0.003
External rotation with arm by side 65 17 68 215 0.47
External rotation with 90° abduction 19 45 19 38 0.582
Internal rotation with 90° abduction 35 36 35 46 0.39

80.5) than the HA group (mean, 42; p = 0.004). Although
a better DASH score was observed in the RTSA group
(mean, 30), it was not significantly better than that of the
HA group (mean, 28; p = 0.60). Similarly, a better SST
score was observed in the RTSA group (mean, 7.3) than
in the HA group (mean, 6.1), although the difference was
not significant (p = 0.33).

The proximal humerus fracture prevented patients
from moving their arms before surgery. Therefore, post-
operative range of motion (and not improvement in range
of motion) was evaluated (Table 2). The RTSA group
showed significantly better mean postoperative active
anterior elevation (124°) compared with the HA group
(87°,p =0.003). Although the HA group had higher mean
active abduction (106.5°) than the RTSA group (97°) and
greater external rotation with the arm by the side (21.5°
vs 17°), these differences were not statistically significant
(p=0.68 and 0.47 respectively). Only one study evaluated
the effect of tuberosity healing on final range of motion,*
reporting that those with healing of the tuberosities on
radiographs (n = 14) had better external rotation (28°) than
those with resorption of the tuberosities (n = 9; external
rotation, 5% p = 0.009).

The overall complication rates between the RTSA
group (21 complications; 11.8%) and the HA group
(38 complications; 20.5%) were not significantly different
(p =0.36; Table 3). Stiffness was the only complication that
differed significantly between groups, with rates of 4.4%
in the HA group and 0% in the RTSA group (p = 0.03).
The rate of heterotopic ossification was 2% in the RTSA
group compared with 3.8% in the HA group (p = 0.36).
The RTSA group showed scapular notching in 15.8% of
cases. Of the cases with scapular notching, 53% were

Table 3: Complication type as percent of total complications
after RTSA or HA for treatment of proximal humerus fracture

No. (%) of
complications

Complication RTSA HA p-value
Dislocation 0 6(2.5) 0.33
Hematoma 1(0.4) 1(0.5) 0.90
Infection 3(2) 4(2) 0.97
Malunion 6 (2.4) 4(1.7) 0.8
Neural complications 2(1) 3(28) 042
Nonunion 1(1.3) 0 0.33
Periprosthetic fracture 1(0.5) 1(0.4) 0.87
Pulmonary complications 0 2(09) 0.14
Reflex sympathetic dystrophy 2(2.2) 2(1.5) 0.74
Resorption 5(2) 9(3.8) 0.69
Stiffness 0 6(4.4) 0.03
Overall 11.8 20.5 0.36

grade I, 32% were grade II, 16% were grade III, and 0%
were grade IV.

DISCUSSION

This review shows that, within the limits of the available
evidence, the use of RTSA in acute proximal humerus
fractures results in statistically better pain relief, range
of motion in elevation, and ASES and Constant-Murley
scores compared with that of HA. We speculate that
the reason RTSA provides better results is that it does
not depend on an intact rotator cuff for pain relief and
improvement in motion.

Studies have suggested that the primary factor associ-
ated with patient satisfaction after shoulder arthroplasty
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is pain relief.?*? For patients who undergo arthroplasty
for complex proximal humerus fractures, RTSA provides
significantly better pain relief than HA. Patients with
HA frequently comment that they do not have pain until
they move their arms,?**” whereas RTSA patients do not
experience pain from superior subluxation or contact
between the metal prosthesis and the bone of the glenoid.
Patients who have undergone RTSA also report less pain
with activities of daily living, which is shown in the sig-
nificantly lower Constant-Murley and ASES pain scores
of the RTSA group compared with those of the HA group.

Although the two patient groups studied here were
fairly similar, undetectable differences may have influ-
enced the results. For example, proximal humerus frac-
tures are a complex group of fractures that can include
two-part fractures or complex fracture dislocations of
the shoulder. The Neer classification system of fracture
patterns was used in all studies, and it has been shown to
have poor interrater reliability.®*’ There were insufficient
data reported by each study to determine the exact distri-
bution of proximal humerus fracture types. It is important
to note that the results of this study do not relate to the
results of HA or RTSA for surgical neck fractures, isolated
greater tuberosity fractures, or proximal humerus fracture
malunions. The time-to-surgery might also have affected
the results, but most studies did not report this variable.

Postoperative range of motion, particularly active ante-
rior elevation, was significantly better in the RTSA group
compared with the HA group. This is likely because of
better pain relief and function after RTSA. Only one study
evaluated the importance of healing of the greater tuberos-
ity on external rotation after RTSA.?’ Neither of the pros-
theses implanted during surgery in the studies included
here resulted in normal shoulder range of motion. The
limited range of shoulder motion after both procedures
may indicate soft tissue damage and subsequent scar-
ring. It is important for patients and treating physicians
to understand that normal range of motion after HA or
RTSA for complex proximal humerus fractures is unlikely.

Patient-reported outcome measures showed sig-
nificantly better Constant-Murley and ASES scores in
the RTSA group compared with those of the HA group.
Although significantly different, these differences may
not be clinically meaningful. The minimal clinically
important difference for the ASES score from preoperative
values to postoperative values for arthroplasty has been
reported to be 6.4 points.** No preoperative values were
available in the studies reported here because the tests
could not be performed preoperatively in patients with
shoulder fractures. Also, because absolute values defining
“good” scores have not been determined for the clinical
outcome measures assessed here, the clinical superior-
ity of one type of score vs another is unknown. Another

limitation is the lack of uniformity of measurement
instruments across studies. Patient-reported outcome
scores may be less accurate in this population because
they were validated in patients with osteoarthritis and
not proximal humerus fractures.

The complications reported in these studies highlight
important differences between the use of RTSA and HA
for complex proximal humerus fractures. Some complica-
tions, such as dislocation, were not present in the RTSA
group. The dislocation rate in patients with proximal
humerus fractures treated with RTSA differs substantially
from that in patients with cuff tear arthropathy treated
with RTSA, which has been reported to be as high as
31%.%! Rates of complications common to most shoulder
arthroplasties, such as infection and nerve damage, were
not different between the two groups. Some complica-
tions, such as base-plate loosening, were seen only in the
RTSA group and may occur during longer follow-up than
was available in these studies.

The main strength of this systematic review is that
the numbers obtained are greater than could be provided
by any one center or practitioner. This allowed statistical
analysis of variables of great importance to patients and
surgeons providing treatment, and it allows future studies
to be compared against the results obtained here. Under
the quality rating criteria for systematic reviews, this
review would rank at the level of “good.”

Several limitations of our study are inherent to sys-
tematic reviews. Most studies (6 of 8) were retrospective,
and there was only one randomized prospective study.
This lack of randomization and blinding introduces a
higher likelihood of bias. Because of the small number of
included studies, this review reflects outcomes of a par-
ticular population of surgeons. Results and complication
rates may be different with surgeons of different experi-
ence levels. Similarly, complication rates may be higher
with longer follow-up. Also, comparability of range of
motion data can be compromised by inconsistent mea-
surement techniques, differences in measuring devices,
and differences in whether active or passive motion was
recorded. This study did not evaluate the cost of RTSA,
HA, or perioperative care and rehabilitation. It is possible
that one procedure is more cost-effective given the modest
differences in clinical results.

In conclusion, using the available literature, this sys-
tematic review found that for complex proximal humerus
fractures, RTSA resulted in better pain relief, similar range
of motion, better ASES and Constant-Murley scores, and
similar complication rates when compared with HA.
Although the differences in the results between the two
procedures were statistically significant, further study
is warranted to determine whether they are clinically
important and if RTSA is cost-effective.
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