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Abstract
Background: Total elbow arthroplasty (TEA) is the established treatment for end-stage rheumatoid arthritis but

improved surgical techniques have resulted in expanded indications. The aim of this study is to review the literature

to evaluate the evolution of surgical indications for TEA.

Methods: A systematic review of PubMed and EMBASE databases was conducted. Case series and comparative studies

reporting results after three types of primary TEA were eligible for inclusion.

Results: Forty-nine eligible studies were identified (n¼ 1995). The number of TEA cases published annually increased

from 6 cases in 1980 to 135 cases in 2008. The commonest indication for TEA throughout the review period was

rheumatoid arthritis but its annual proportion reduced from 77% to 50%. The mean Mayo Elbow Performance Score

significantly improved for all indications. Three comparative studies reported statistically improved functional outcomes

in rheumatoid arthritis over the trauma sequelae group. Complication and revision rates varied; rheumatoid arthritis

5.2–30.9% and 11–13%, acute fracture 0–50% and 10–11%, trauma sequelae 14.2–50% and 0–30%, osteoarthritis 50%

and 11%, respectively.

Discussion: TEA can provide functional improvements in inflammatory arthritis, acute fractures, trauma sequelae and

miscellaneous indications. Long-term TEA survivorship appears satisfactory in rheumatoid arthritis and fracture cases;

however, further research into alternative surgical indications is still required.
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Introduction

The primary purpose of total elbow arthroplasty (TEA)
is to provide a stable, pain-free elbow and restore range
of motion.1 TEA designs can simply be classified
into ‘linked’ and ‘un-linked’ prostheses. Unlinked
implants are not mechanically coupled and have been
associated with higher rates of instability.2 Modern
linked designs utilise a ‘sloppy’ hinge and are associated
with a reduced rate of aseptic loosening and instability
of the articulation.1 Reported outcomes of TEA are
not as successful as after hip or knee replacements.3

Complication rates vary between 14% and 80% with
aseptic loosening, infection, dislocation and post-
operative wound problems being the most common
complications.4,5

TEA is the established treatment choice for patients
with end-stage rheumatoid elbow disease.1,6,7 Improved
surgical techniques have resulted in an expansion in the
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indications to include osteoarthritis (OA), post-traumatic
arthritis (PTA) and more recently acute distal humeral
fractures.8 However, these additional indications place
additional demands on the implants and may lead to
higher failure rates.9–11 Currently the indications for
TEA remain controversial and the aim of this study is
to review the literature to evaluate the evolution of sur-
gical indications for TEA.

Materials and methods

A systematic review of the literature using the
online databases PubMed and EMBASE was con-
ducted in accordance with the PRISMA guidelines
(Supplementary File 1). The search terms used for the
PubMed search are provided in Supplementary
Appendix 1. The searches were performed independ-
ently by two authors on 27 May 2019 and repeated
on 5 June 2019 to ensure accuracy. Any discrepancies
were resolved through discussion between these two
authors, with the senior author resolving any residual
differences.

Clinical studies published in English were considered
for eligibility. Studies could be either case series or com-
parative studies reporting results after primary TEA.
Three TEA designs were included: Coonrad–Morrey
(Zimmer, Warsaw, IN), Discovery Elbow System
(DES; Biomet Orthopedics, Warsaw, IN) and
Latitude (Tornier, Bloomington, IN). The decision to
include only these three designs was made to reflect the
UK National Joint Registry12 which reports that only
these three implants are currently used in the UK.
Studies reporting on multiple implants were only
included if the independent results from only the
included implants could be identified. Only primary
research was considered for review with any abstracts,
comments, review articles, case reports and technique
articles excluded.

Due to heterogeneity of study populations only a
narrative review was conducted and reported according
to indication group; inflammatory arthritis, acute frac-
ture, trauma sequelae, miscellaneous, general studies
and OA. In order to illustrate the evolution in indica-
tions for TEA over the review period, the number of
patients undergoing TEA for each indication was aver-
aged over each study period. Data from all studies was
then collated to produce an annual percentage for each
indication from 1982 to 2011.

Results

The search strategy identified 49 studies eligible for
inclusion (n¼ 1995); 10 on inflammatory arthritis
(n¼ 773),13–22 8 following acute fractures (n¼ 179),23–30

10 on post-trauma sequelae (n¼ 216)26,31–39 4 for

miscellaneous indications (n¼ 82),40–43 17 reporting on
multiple indications (n¼ 724)44–60 and 1 on OA
(n¼ 18).61 This included one study that reported on sep-
arate subgroups of acute fractures and in post-trauma
sequelae.26 A flow chart of the search strategy is shown
in Figure 1. Concise details of the studies according to
the indication for surgery are provided in Supplementary
Appendices 2 to 7.

As illustrated in Figure 2, the number of TEA for
any indication increased from 6 cases in 1980 to 135
cases in 2008. The commonest indication for TEA
throughout the review period was rheumatoid arthritis
(RA); however, the annual percentage of TEA per-
formed for RA reduced from 77% in 1982 to 50% in
2011. Figure 3 illustrates the (published) annual per-
centage for each indication between 1982 and 2011.

Inflammatory arthritis

Ten studies reported on the results after TEA in inflam-
matory arthritis13–22 and concise details are provided in
Supplementary Appendix 2. Six studies analysed the
Coonrad–Morrey implant in RA reporting mean
Mayo Elbow Performance Score (MEPS) ranging
from 81 to 94, complications from 5.2% to 30.9%
and revision rates from 11% to 13%. Survivorship ana-
lysis was performed in three studies and at 10 years
ranged from 85% to 92.4%. Sanchez-Sotelo et al.
reported the largest case series (n¼ 435) in their pro-
spective cohort study that was conducted between 1982
and 2006 with a mean 10-year follow-up.16 The authors
report excellent functional scores (mean MEPS 90) with
a complication rate of 5.2% and revision rate of 11%
including an overall infection rate of 2.2%. The
reported survivorship was 92% at 10 years, 83% at
15 years and 68% at 20 years. Two studies analysed
the DES in RA reporting mean MEPS of 93, compli-
cations from 8% to 15.4%, revision rates from 7.3% to
12% but no survivorship analysis was performed.15–17

Two studies reported results of TEA in solely juven-
ile inflammatory arthritis; both used the Coonrad–
Morrey implant.14–19 Baghdadi et al.19 reported on 29
patients with a mean age of 37 years and mean MEPS
of 78 at 126 months follow-up, survivorship of the
implant was 79.9% at 10 years. Ibrahim et al.14

reported on seven patients with mean age 44 years
at mean 113 months follow-up and showed a 71.4%
complication rate, 28.6% revision rate and 10-year sur-
vivorship of 69%.

The literature reviewed has demonstrated that TEA
is capable of providing significant improvements in
pain and function for patients with RA. The 10-year
survival rate of 85–92% suggests these implants have
a reasonable longevity in this population. Although
function is improved for patients with juvenile
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Figure 1. Flow diagram of review process.
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Figure 2. Total number of TEAs reported annually in the literature for any indication.
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inflammatory arthritis, the survivorship figures at 10
years are lower (69–79%) and this should be factored
into decision making and counselling of these patients
prior to surgery.

Acute fractures

Eight studies reported on TEA in acute fractures23–30

with the majority being in elderly patients and female
gender; mean age 66.5 to 80 years and 63% to 90%
female. Concise study details are provided in
Supplementary Appendix 3. The Coonrad–Morrey
implant was used in six studies with the Latitude and
Discovery in each of the other studies. These studies
demonstrated a good functional outcome with mean
MEPS 83 to 99.5 and the mean ASES 87. The compli-
cation rate varied from 0% to 50%, revision rate 10%
to 11% and the 10-year survivorship when reported in
one study was 89%.23

Mansat et al.27 reported the largest series (n¼ 87) in
their multicentred retrospective study conducted
between 2000 and 2010 with a mean 37.5 months
follow-up. The authors report good post-operative
function with mean MEPS 86 and Quick-DASH 24,
whilst the complication rate was 23% with neuropathy
8% and haematoma 5.7% being the most commonly
reported. Ellwein et al.25 compared open reduction and
internal fixation (ORIF) to TEA and reported similar
ROM and function in the groups but found that ORIF
was associated with a 4.4 higher risk of complication.

The studies reviewed have shown that TEA is a
viable option in the management of distal humeral frac-
tures with the ability to provide comparable functional
outcomes to other surgical indications. The 89%
10-year survivorship reported by Prasad et al.23 sug-
gests that TEA has acceptable longevity for acute frac-
tures, but this data has yet to be validated in additional

studies. The one comparative study included has shown
comparable function of TEA to ORIF with a lower rate
of complication.25

Trauma sequelae

Ten studies reported the results of TEA following the
sequelae of trauma with either PTA or non-unions
accounting for the majority of cases.26,31–39 Concise
study details are provided in Supplementary Appendix
4. Eight studies utilised the Coonrad–Morrey implant,
one study the DES and the final study a combination of
the Coonrad–Morrey and the Latitude implant. The
mean age of patients ranged from 56 to 72 years.
Overall, the studies reported a mean range of MEPS
from 80 to 94.3 and ASES of 82. Complication and revi-
sion rates varied from 14.2% to 50% and 0% to 30%,
respectively.

The two largest series from Schneeberger et al.38

(n¼ 41) and Morrey et al.39 (n¼ 53) were both published
over 20 years ago and report a high complication rate
(18.9% to 34%) with the commonest complications
being fractures, infection and triceps rupture. Morrey
et al. report a high 30% revision rate at mean 75
months follow-up with aseptic loosening accounting
for the majority of cases (88%). Barthel et al.36

compared results from those undergoing TEA after
non-union and PTA; the authors report comparable
functional outcomes but a trend to higher complications
(58% vs. 28%) and revision rates (25% vs. 14%) in the
PTA group. Three studies in the general indication sub-
group compared the outcomes after inflammatory arth-
ritis and trauma sequelae; all three reported that the
meanMEPS was significantly higher in RA group.53,55,59

The evidence reviewed has demonstrated that TEA
can provide improved functional scores in this complex
patient group. However, comparative studies suggest
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Figure 3. Annual proportion of TEA according to indication.
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that outcomes are less predictable than when performed
for inflammatory arthritis. In addition, the relatively
high and variable complication and revision rates
should be noted and used when counselling these
patients prior to surgery.

Miscellaneous indications

Four studies reported on miscellaneous indications
for TEA40–43 and concise study details are given in
Supplementary Appendix 5. Ernstbrunner et al. and
Vochteloo et al. reported outcomes of TEA after haem-
atological conditions. Ernstbrunner conducted the
largest study and used the Coonrad–Morrey implant
in 13 patients with haemophilia.40 The authors report
improvement in function mean MEPS 64 to 89 but a
high complication rate 62% and revision rate of 38% at
just under 10 years mean follow-up. The infection rate
requiring revision was high at 15.4% and the survivor-
ship was 92% and 42% at 5 and 10 years, respectively.

Two studies reported the use of Coonrad–Morrey in
patients with a mixture of primary and metastatic
tumours with the age of patients varying from 9 to 86
years in a wide variety of tumours. Mean follow-up in
both studies was under three years. An improvement in
mean MEPS was observed but complications rate (29%
to 35%) and revision rate (4.2% to 20%) at short-term
follow-up were relatively high.

TEA has been shown to improve function for haem-
atological and oncological patients. The limited
number of studies reviewed for these miscellaneous
indications restrict the strength of conclusions that
can be drawn. However, the high complication and
revision rates even at short-term follow-up suggest
these patients are at risk of implant failure.

General Indication Papers

Seventeen studies were identified that reported TEA
after multiple indications44–60 and concise details of
these studies are given in Supplementary Appendix 6.
Overall, the commonest indications were RA and post-
trauma sequelae. Eleven studies reported outcomes
after the Coonrad–Morrey prosthesis, four after the
DES (including one cementless series) and two after
the Latitude prosthesis. In the studies using the
Coonrad–Morrey implant, the mean MEPS ranged
from 84 to 91, complication rate 14% to 54% and revi-
sion rate 5.6% to 33%. When using the Latitude
implant the mean ASES was 37.9, complication rate
ranged from 7.9% to 27% and revision rate 9.5%. In
the studies using the DES, the mean MEPS ranged
from 77.2 to 86.5, complication rate 5% to 43.5%
and revision rate 13.3% to 13.7%. Frostick et al.
reported the only cementless arthroplasty using the

DES and at a mean five years follow-up reported mean
MEPS 77.25, mean Liverpool Elbow Score 6.76 and only
a 5% complication rate. Survivorship analysis was per-
formed in only three studies; two using the Coonrad–
Morrey with 5-year survivorship 72% to 97.7% and
10-year survivorship 91% and in one study reporting
the DES where the 5-year survivorship was 90.2%.

Three studies compared the outcomes after inflam-
matory arthritis and trauma sequelae. Mansat et al.
conducted the largest series with 78 elbows and
reported that the mean MEPS was significantly higher
in RA group (mean 89) than after trauma (mean 90),
p< 0.01.53 Similarly, Hildebrand et al.59 reported that
mean MEPS was higher in RA (mean 90) than in PTA
group (mean 78), p< 0.05. Celli and Morrey55 demon-
strated significantly improved results in RA over the
trauma sequelae group in MEPS 93 versus 84
(p¼ 0.03), complications 23% versus 100% (p¼ 0.02)
and revision rates 37% versus 11% (p< 0.05).

Osteoarthritis

One study published results of TEA in solely OA
patients61 and concise details of this study are provided
in Supplementary Appendix 7. In addition, 12 of the 17
articles reviewed under the ‘General Indication Papers’
subheading reported patients who had undergone TEA
for OA.44–52,54,56,58 However, the cumulative number of
OA patients reported within these 12 studies was only
70, which represented 9.6% of all patients in these 17
studies. In addition, the majority of studies did not pre-
sent the data according to surgical indication separately
which further restricted analysis of the outcome of TEA
in OA patients.

Schoch et al. reported on 18 OA patients with a
mean age of 68 years. At a mean follow-up of nine
years 53% were reported to have an excellent or good
outcome according to MEPS. However, the complica-
tion and revision rates were 50% and 11%, respect-
ively, and the authors reported a 10-year implant
survival of 89.4%. Within the ‘General Indication
Papers’, three studies did report outcomes in OA
patients and demonstrated no significant difference
between OA and other pathologies in terms of function,
pain and range of motion, although the mean outcome
values for the different groups were not provided.47–49

Corradi et al. reported outcomes for individual
patients, demonstrating improvement in mean MEPS
from 60 to 89 in RA patients and 40 to 75 in OA
patients; however, only two patients underwent TEA
for OA in this study.54 Na et al. did not compare the
functional results between different surgical indications
but reported a higher complication rate in RA (33%)
compared to OA (0%) patients with all complications
being intra-operative fractures.44
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The studies reviewed suggest that OA is responsible
for a significant number of TEA and by 2008 10% of
published cases were performed for OA. However, the
literature on this specific indication is restricted as the
majority of cases reported are only included in General
Indication Papers. The limited studies comparing the
results of OA against other pathologies suggest out-
comes are comparable but the numbers in these studies
are low restricting any conclusions that can be drawn.

Discussion

During the review period the number of TEAs reported
annually in the literature has increased as illustrated in
Figure 2. This rise in publication number has enhanced
the understanding of TEA and should be used to facili-
tate the practice of evidence-based medicine. This
increase may reflect the improvement in surgical tech-
niques, expansion in surgical indications and subse-
quent interest in the outcomes of the procedure in
these newer indications.8 However, the increased pub-
lication number does not necessarily reflect an increase
in the number of actual surgical procedures performed.
During the same time period, the Norwegian registry
has reported a reduction in the number of TEA per-
formed between 1994 and 1999 (n¼ 317) and 2011 and
2016 (n¼ 145).62 In contrast, the Danish registry has
reported an increase in incidence of TEA from 41
between 1981 and 1990 to 146 between 2001 and
2008.63 However, the UK National Joint Registry
only commenced recording TEA in 2012, since 2013
the UK registry has seen only a small increase in the
annual number performed from 421 to 484.12

TEA is the established treatment choice for end-
stage rheumatoid elbow disease1,6,7 and the results
of TEA after RA have previously been shown to be
superior to any other indication in terms of functional
outcome, lower complication and revision rate.64.65

Three studies included in this review compared RA to
post-trauma sequelae and all reported statistically sig-
nificant improvements in functional scores in RA
patients over post-trauma patients.53,55,59 RA remained
the commonest indication for TEA over the review
period but the percentage of TEAs being performed
for RA reduced from 77% in 1982 to 50% in 2010.
This reduction may reflect a decrease in end-stage
rheumatoid disease as a result of advances in non-
operative management which include disease modifying
anti-rheumatoid drugs.66.67 Alternatively, this decrease
may reflect the advancement of surgical techniques
and increase in alternative surgical indications.8 The
Norwegian registry has demonstrated a comparable
reduction in TEA for inflammatory arthritis; between
1994 and 2006 surgical indications were 93% RA, 5%
OA and 2% fractures68 and between 2006 and 2017

indications were 68% RA, 7% OA and 10% fracture.62

The Danish registry similarly reports that the RA is the
most common indication, but its frequency is reducing
with fracture sequelae and OA the next most common
indications.63

Survivorship analysis was performed in only a small
number of studies; the 10-year survivorship for general
indications was 91%, RA 85% to 92.4%, acute fracture
89%, OA 89%, juvenile inflammatory arthritis 69% to
79.9% and haemophilia 42%. Scandinavian registry
data for all indications showed 10-year survivorship
ranging from 81% to 83%.62,63,69 These discrepancies
in survivorship across registry data and surgical indica-
tions can be partly explained by the numerous factors
that have been shown to influence the risk of revision
after TEA. Sanchez-Sotelo et al.16 demonstrated that
male sex (p¼ 0.006), concurrent traumatic pathology
(p¼ 0.026) and type of ulna component (p¼ 0.017)
increased the risk of revision. Mansat et al.53 reported
the risk of revision was increased with young age
(p< 0.01), previous surgery (p< 0.05) and duration of
surgery (p< 0.01). Schoch et al.70 have previously sug-
gested caution when using TEA in patients under
50 years reporting an 82% complication rate and high
rates of early mechanical failure in this subgroup.
Plaschke et al. demonstrated higher revision rate after
trauma sequelae (37%) than after RA (11%), p< 0.05,
a factor that is supported by the Danish registry which
showed fracture sequelae had a relative risk of revision
of 1.9 (95% CI 1.05–3.45).63 Previous literature has
linked obesity with poor outcome after TEA;71–73

Baghdadi et al.74 reported a lower implant survivorship
in the obese patients (72% vs. 86%) and Griffin et al.75

reported higher infection rates, dislocation rates, peri-
prosthetic fractures and two-year revision rate in obese
patients. Therefore, the lower survivorship rates
reported for juvenile idiopathic arthritis, haemophilia
and tumours are likely to be multifactorial with patient
age at surgery one potentially important factor.

The role of TEA in acute distal humeral fractures is
controversial and this is reflected in the increase in pub-
lished cases undergoing TEA for fractures from 0% in
1982 to 18% in 2010. The management of distal hum-
eral fractures is challenging but particularly relevant
given their incidence is predicted to triple by 2030.76

An international questionnaire reported that surgeons
considered important factors in decision making for
these patients to be age, RA, bone quality and presence
of degenerative elbow disease.71 Few studies have com-
pared the outcomes of ORIF with TEA; the study from
Ellwein et al. was included in this review and reported
similar function after TEA but found that ORIF was
associated with a 4.4 higher risk of complication.
McKee et al. in a randomised controlled trial in 40
patients older than 65 years demonstrated significantly
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improved functional outcomes after TEA at two
years.72 However, this potential advantage of TEA
over ORIF has not been reproduced in all comparative
studies. Egol et al. and Charissoux et al. compared
these treatment modalities and showed no significant
improvement of TEA over ORIF.73.77

Limitations of this systematic review are acknowl-
edged. The included studies provide only level III and
IV evidence with common weaknesses being the low
study numbers and lack of comparative groups. The
number of available studies for certain indications
and surgical implants was low, which restricted the con-
clusions that can be drawn from these. Heterogeneity
of surgical indications, surgical techniques and report-
ing of outcome measures significantly restricted direct
comparison of results between studies. An example
of this is the varied reporting of complications
after TEA which may result from differing defin-
itions, thresholds to report and length of follow-up.
Comparison of the results from the review to registry
data is important but also has limitations given most
registries rely on self-reporting from surgeons to gather
their data.

Conclusion

TEA can provide functional improvements in inflam-
matory arthritis, acute fractures, trauma sequelae and
miscellaneous indications. Although RA remains the
commonest indication, the proportion undergoing the
procedure for alternative indications has increased.
Long-term TEA survivorship appears satisfactory in
RA and fracture cases; however, further research into
the influence of alternative surgical indications and
patient factors on implant failure is required.
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