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Objectives

Total elbow arthroplasty (TEA) is often utilized for complex distal humerus fractures,
particularly in elderly adults. This systematic review and meta-analysis aimed to evaluate
the functional outcomes, complication rates, and implant usage trends associated with
primary TEA in the modern era.

Methods

A systematic literature search was conducted in accordance with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines across PubMed,
Embase, and Cochrane Library through April 30, 2025. Studies were included if they
reported outcomes of primary TEA for acute distal humerus fractures in adult patients
aged 18 years and older, with a minimum of five patients per study and at least three
months of follow-up. Complications and functional outcomes, including Mayo Elbow
Performance Score (MEPS), Disabilities of the Arm, Shoulder and Hand Score (DASH), and
range of motion, were pooled by performing random-effects meta-proportion
meta-analysis. Study-level heterogeneity and risk of bias were assessed, and publication
bias was evaluated, with sensitivity analyses performed to evaluate the robustness of
findings.

Results

Twenty-six studies comprising 904 patients were included. The mean patient age was
73.8 years (range: 64 to 81.3 years), and 88% were female. The most commonly used
implant was the Coonrad-Morrey prosthesis (65%). Pooled functional outcomes
demonstrated a mean MEPS of 85 and a flexion-extension arc exceeding 100°, while the
mean DASH score was 31. The overall complication rate was 23%, with the most frequent
complications being heterotopic ossification (28%), infection (17%), and neuropathy
(13%). The reoperation or revision rate was 8.2%.

Conclusion

TEA offers favorable functional outcomes for acute distal humerus fractures in elderly
patients but remains associated with high complication and reoperation rates. Surgeons
can advise patients of a nearly one-quarter complication rate and a nearly one-tenth
reoperation rate. Heterotopic ossification, infection, and neuropathy are the most
frequently reported complications, emphasizing the need for prevention, refined surgical
techniques, and improved implant characteristics.
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INTRODUCTIN

Distal humerus fractures (DHF) are increasingly common
in the elderly population, largely due to the growing in-
cidence of osteoporosis and increasing life expectancies.
These fractures are often comminuted and intra-articular,
presenting potentially complex treatment challenges, par-
ticularly in the setting of osteoporosis. By 2030, DHFs are
expected to account for approximately 6% of all fractures in
the elderly population.! Given the constrained anatomy of
the distal humerus and the functional demands of the el-
bow joint, nonoperative management is often insufficient.
Historically, open reduction and internal fixation (ORIF)
has long been considered the standard surgical treatment;
however, in elderly patients with poor bone quality, this
technique can be associated with fixation failure, prolonged
immobilization, extensive rehabilitation, contractures, and
suboptimal outcomes. Alternatively, total elbow arthro-
plasty (TEA) has emerged as an increasingly favored al-
ternative for managing DHFs in the elderly population.2*
Conservative approaches, such as the “bag of bones” tech-
nique, are often associated with suboptimal functional re-
covery and are now reserved mainly for nonoperative can-
didates.>

Previous studies, including early retrospective compar-
isons, have suggested that TEA may offer superior func-
tional outcomes and lower complication rates compared to
ORIF in elderly patients with complex DHFs.® However, the
landscape of TEA has evolved with newer implant designs,
refined surgical techniques, and patient selection criteria
that may affect outcomes. Despite this, there remains a
relative lack of pooled data specifically evaluating modern
TEA outcomes in acute trauma populations, highlighting
the need for an updated synthesis of the evidence. The ob-
jective of this systematic review and meta-analysis is to
evaluate the functional outcomes, complication rates, and
implant usage trends of total elbow arthroplasty for acute
distal humerus fractures using the most recent literature.
By synthesizing data about functional scores and complica-
tion rates from contemporary studies, this review aims to
inform clinical decision-making and clarify the role of TEA
in the modern management of complex distal humeral frac-
tures.

METHODS

SEARCH STRATEGY

This systematic review was conducted using Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The protocol was registered with In-
ternational Prospective Register of Systematic Reviews
(PROSPERO) (CRD420251035898). A comprehensive liter-
ature search was performed across PubMed, Embase, and
Cochrane Library databases through April 30, 2025. The
search strategy incorporated both Medical Subject Head-
ings (MeSH) and free-text keywords related to TEA, distal
humerus fractures, and treatment outcomes. The full
search string is provided in Supplementary Material 1. All

identified records (n=1385) were imported into Covidence
for screening and de-duplication. The reference lists of in-
cluded studies were also manually reviewed to identify any
additional eligible studies.

ELIGIBILITY CRITERIA

Studies were eligible for inclusion if they reported out-
comes of primary TEA performed for acute distal humerus
fractures, were published in English, and included original
clinical data. This study also required each paper to have at
least a three-month follow-up, as most complications oc-
cur by 30 days post-operatively. Additional inclusion crite-
ria were a minimum of five adult patients (age >18 years)
per study and clear documentation of the type of implant
used. The publication date had to fall between November
2014 and November 2024 to capture outcomes of contem-
porary surgical techniques and implants. Patients with un-
derlying arthritic or pathological conditions, such as Paget
disease, inflammatory arthritis, or tumor-related pathol-
ogy, were excluded to maintain a trauma-only population.
Studies were excluded if they were case reports, review arti-
cles, or focused on revision procedures, non-traumatic con-
ditions, or hemiarthroplasty [Figure 1].

SCREENING PROCEDURE

Two independent reviewers (KP, EU) screened all titles, ab-
stracts, and full texts against the inclusion and exclusion
criteria. Discrepancies were resolved by a third reviewer
(AG). All reviewers were trained in systematic review
methodology and were not blinded to study authorship or
publication source. The methodological quality of included
studies was assessed using the Newcastle-Ottawa Scale
(NOS) for non-randomized studies and Cochrane RoB 2 tool
for randomized clinical trials. This scale evaluates three do-
mains: selection of participants, comparability of cohorts,
and outcome assessment. Risk of bias assessments were
performed independently by two reviewers, with disagree-
ments resolved by consensus or by a third reviewer.

DATA EXTRACTION

Two reviewers independently extracted data using a stan-
dardized extraction form. The following variables were col-
lected: study-level characteristics (including author, pub-
lication year, country, study design, sample size, and
duration of follow-up), patient demographics (mean age
and sex distribution), and surgical details (implant type and
operative notes, when available). Functional outcome mea-
sures included the Mayo Elbow Performance Score (MEPS),
Disabilities of the Arm, Shoulder, and Hand (DASH) score,
and postoperative range of motion (ROM). Complication
data were extracted across all studies and included infec-
tion, aseptic loosening, periprosthetic fracture, heterotopic
ossification, mechanical failure, triceps insufficiency, and
neuropathy. Further data were also extracted on the num-
ber and causes of reoperations or revisions in each study,
which were defined as any surgical procedure that occurred
after the original TEA involving the same elbow joint. If
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Figure 1. PRISMA Flow Diagram Illustrating the Study Selection Process.

studies reported outcomes as medians or without standard
deviations, appropriate statistical methods were applied to
estimate mean values when feasible.

STATISTICAL ANALYSIS

A descriptive meta-analytic framework was used to sum-
marize functional outcomes and complication rates. This
study conducted a quantitative pooling of functional out-
comes (DASH, MEPS, ROM) and complication rates using
formal meta-analytic methods. A random-effects model
was chosen a priori due to anticipated clinical and method-
ological heterogeneity among studies, including differences
in study populations, surgical techniques, and follow-up
durations. Pooled estimates were computed using a meta-
proportion meta-analysis model to account for between-
study variability. For continuous outcomes, pooled means
with corresponding 95% confidence intervals were esti-

mated using the “metamean()’ function. For binary out-
comes, pooled proportions were estimated using logit-
transformed single-arm models via ‘metaprop()’.
Study-level heterogeneity was quantified using the 12 sta-
tistic. Sensitivity analyses were conducted by identifying
and excluding studies whose confidence intervals fell out-
side the pooled estimate’s 95% limits, followed by recal-
culation of pooled effects. Results were recomputed after
outlier exclusion to assess the robustness of conclusions.
Publication bias was assessed using visual inspection of
funnel plots, and Egger’s regression test was applied for
outcomes with sufficient numbers of studies. Forest plots
were also created to better visualize data. All meta-analyses
were conducted in R (version 4.4.2) by a statistician affili-
ated with the Rothman Orthopaedic Institute.
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Distribution of Implant use across included studies
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Figure 2. The distribution of implants used in Total
Elbow Arthroplasties across the included studies.
Percentages are a proportion of the 830 patients who
had reported implant types.

RESULTS

After completion of the screening process, a total of 26
studies were included in the final analysis. Among these,
24 were cohort studies and two were randomized controlled
trials. Collectively, the studies comprised 904 patients who
underwent TEA for acute distal humerus fractures. Of
these, implant type was reported for 830 patients (92%).

Risk of bias assessment using the NOS indicated that
most cohort studies were at low overall risk of bias, with
transparent reporting of patient selection and outcomes.
Similarly, the two randomized controlled trials, assessed
with the Cochrane RoB 2 tool, were at low overall risk of
bias. The risk of bias assessment data is provided in Sup-
plementary Material 2.

The mean age of the patient population was 74 years,
and there was a marked predominance of female patients,
who represented 88% of the total cohort. The most fre-
quently utilized implant was the Coonrad-Morrey system
(Zimmer-Biomet, Warsaw, IN), reported in 536 cases (65%).
Other commonly used implants included the Discovery
(Lima Corporate, Anduins, Italy) in 120 cases (15%), the
Latitude (Wright Medical Group, Memphis, TN) in 106 cases
(13%), the Gschwend-Scheier-Bdhler (Sulzer Medical,
Wintherthur, Switzerland) in 36 cases (4.3%), the Kudo
(Stryker Howmedica Osteonics, Limerick, Ireland) in 25
cases (3.0%), and the Nexel (Zimmer-Biomet, Warsaw, IN)
in 7 cases (0.8%) [Figure 2]. The mean follow-up duration
across all included studies was 58 months, with a range
from 3 to 156 months. Detailed study-level information is
provided in Table 1.

Functional outcome reporting varied across studies.
Nineteen studies reported the MEPS, although only 14 of
these included standard deviation data. The overall mean

MEPS across studies was 86, while the pooled mean effect
size was 85 [Figure 3]. Heterogeneity was assessed using
the I2 statistic; however, complete values for all outcomes
were not uniformly available. After the exclusion of outlier
studies identified through funnel plot analysis, the pooled
mean MEPS slightly decreased to 85. DASH scores were
reported in 16 studies, with 15 providing standard devia-
tions. The overall mean DASH score was 32, and the pooled
mean was 31 [Figure 4]. Following the removal of outlier
studies, the pooled DASH score was reduced to 30.0. ROM
outcomes were also commonly reported. The pooled mean
values for postoperative elbow flexion and extension were
127° and 10.1°, respectively. After excluding outlier studies,
the mean flexion was 125° and the mean extension was
13°. The flexion-extension arc had a pooled mean of 102°
[Figure 5], which was adjusted to 101° after outlier exclu-
sion. Study-level outcome data are summarized in Table 2.
Outliers were identified based on visual inspection of fun-
nel plots, and their exclusion resulted in minimal changes
to pooled estimates, suggesting robustness of the findings.
Publication bias was assessed for primary outcomes using
funnel plots and Egger’s regression. No significant bias was
detected.

A total of 210 complications were reported across all in-
cluded studies, yielding a pooled complication rate of 23%.
[Table 3] The most frequent complication was heterotopic
ossification in 58 cases (28%). This was followed by infec-
tion in 35 cases (17%), both neuropathy and periprosthetic
fractures in 28 cases each (13%), and aseptic loosening in
26 cases (12%). Additional reported complications included
mechanical failure (17 cases, 8.1%), limited postoperative
range of motion (15 cases, 7.1%), and triceps insufficiency
(3 cases, 1.4%). Where reported, revision procedures in-
cluded irrigation and debridement for infection, component
revision for mechanical failure or aseptic loosening, and
heterotopic ossification excision. These details were incon-
sistently reported across studies, which is noted as a limi-
tation.

Revision or reoperation occurred in 74 cases, resulting
in a rate of 8.2% out of all patients. [Table 4] Out of all
complications, 35% led to reoperation or revision. The most
common cause of revision/reoperation was infection, which
accounted for 17 cases (23%). Other causes of reoperation
or revision included mechanical failure (14, 19%), peripros-
thetic fracture (14, 19%), heterotopic ossification (11, 15%),
aseptic loosening (11, 15%), neuropathy (4, 5.4%), limited
postoperative range of motion (2, 2.7%) and triceps insuffi-
ciency (1, 1.4%).

DISCUSSION

In this systematic review and meta-analysis, the study fo-
cused on evaluating the current state of TEAs in the mod-
ern era, performed for acute distal humerus fractures, based
on data from 904 patients across 26 studies published be-
tween 2014 and 2024. Analysis of this study’s results found
that TEA remains a viable treatment option for complex
distal humerus fractures in older adults, with favorable
functional outcomes with a pooled mean MEPS of 85 and a
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Table 1. Summary of Characteristics of Studies Included in the Systematic Review of Total Elbow Arthroplasty for Distal Humerus Fractures

Author (Year) Study Sample Mean Age % Follow-up (months) Implant Type(s)

Design Size (vears) Female Coonrad- Latitude Discovery GSB Kudo Nexel

Morrey Prosthesis

Ellwein et al. Cohort 9 70 88.9 20.4 0 9 0 0 0 0
(2014)7
Ersen et al. (2015)8 Cohort 7 65.6 100 74.4 7 0
Pogliacomi et al. Cohort 20 74.1 95 60 12
(2016)?
Toulemonde et al. Cohort 28 Not Not 42 28 0 0 0 0 0
(2016)10 reported reported
Prasad et al. Cohort 19 68 63.2 156 19 0 0 0 0 0
(2016)11
Gallucci et al. Cohort 23 79 91.3 39.6 23 0 0 0 0 0
(2016)12
Lami et al. (2017)13 Cohort 21 81.3 95.2 38.4 21 0
Ginesinet al. Cohort 18 70 100 26.4 0 0 18 0
(2017)14
Barcoetal. Cohort 44 70.7 75 Not reported, but a minimum 44 0 0 0 0 0
(2017)15 of 10 years
Robinson et al. Cohort 26 75 88.5 Reported Median 26 (not differentiated) 0 0 0 0
(2018)16
Nestorson et al. Cohort 317 Not 89.3 Cut-off at 120 months 144 33 79 36 25 0
(2019)17 reported
Schiavi et al. Cohort 12 74.7 100 91.2 12 (not differentiated) 0 0 0 0
(2020)18
Logli et al. (2020)1? Cohort 22 74 84.6 51.6 8 4 0 0 7
Kim et al. (2020)20 Cohort 9 72.7 55.6 28.8 9 0 0 0 0
Baik et al. (2020)21 Cohort 43 79 791 33.6 43 0 0 0 0
Strelzow et al. Cohort 40 79 87.5 60 0 40 0 0 0 0
(2021)22
Cellietal. (2021)23 Cohort 13 64 84.6 144 13 0 0 0
Gambhir et al. Cohort 19 75.6 82.6 Cut-off at 3 months 19 (not differentiated) 0 0
(2022)24
Dumoulin et al. Cohort 57 80.2 94.7 56.4 57 0 0 0 0 0
(2023)25
Liu et al. (2023)2¢ Cohort 22 71.6 90.9 Reported Median 2 1 19 0 0 0
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Author (Year) Study Sample Mean Age % Follow-up (months) Implant Type(s)

Design Size (vears) Female Coonrad- Latitude Discovery GSB Kudo Nexel

Morrey Prosthesis

Zhanget al. Cohort 13 69.3 69.2 91.2 13 0 0 0 0 0
(2023)27
Jonsson et al. RCT 17 76.9 88.2 264 0 17 (not differentiated) 0 0 0
(2024)>
Tarallo et al. Cohort 41 78.8 90.2 84 41 0 0 0 0 0
(2024)28
Palladino et al. Cohort 45 Not 93.3 0 45 0 0 0 0 0
(2024)29 reported
Nayar et al. Cohort 12 74 100 42 0 12 0 0 0 0
(2024)30
Burden et al. RCT 7 74 85.7 Cut-off at 12 months 7 0 0 0 0 0
(2024)31
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Forest Plot: MEPS Across Studies
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Figure 3. Forest plot showing individual MEPS scores with 95% confidence intervals across simulated studies,
alongside the pooled mean MEPS (85) marked by a dashed red line

flexion-extension arc exceeding 100°. However, this study’s
overall reoperation/revision rate was 8.2%. Furthermore,
the overall complication rate was over 23%, with hetero-
topic ossification, infection, and neuropathy being the most
commonly reported adverse events. These results suggest
that while TEA is functionally reliable in this patient pop-
ulation, it carries a considerable risk profile that warrants
careful patient selection and surgical planning.

The demographic profile of patients undergoing TEA for
acute distal humerus fractures in this review reflects estab-
lished trends in the literature. Across the 904 patients in-
cluded, the mean age was 74 years, consistent with prior re-
views such as that by Kholinne et al.,® who found that 72%
of the patients in their studies were in the 70s. This stands
to reason as bone mineral density decreases with age and
is strongly correlated with fracture.3233 This explains the
higher likelihood of fracture after falls and acute injuries in
elderly patients relative to their younger counterparts. This
study also found that the majority of patients were female.
Cawthon showed that osteoporosis, one of the biggest risk
factors for distal humerus fractures, is much more preva-
lent in women- likely owing to the much lower bone min-
eral density in women relative to men.33 This results in a
higher fracture risk.33 Another study reports that a 60-year-
old woman has a 44% chance of fracture compared to a man
of the same age who has a risk of 25%.34 These studies cor-
relate with this one, explaining that the large majority of
TEA patients are female.

This study also found that the vast majority of TEAs
used the Coonrad-Morrey implant. Contemporary TEA im-
plants are broadly categorized into linked and unlinked de-
signs. Both systems comprise humeral and ulnar compo-
nents but differ in terms of constraint and biomechanics.

Linked implants incorporate a hinge mechanism that di-
rectly connects the components, offering inherent stability.
In contrast, unlinked implants rely on soft tissue and bony
integrity for stability, which may be insufficient in highly
comminuted fractures. While unlinked designs may allow
more physiological joint motion, they are generally re-
served for less complex cases.3> The Coonrad-Morrey pros-
thesis has somewhat monopolized the TEA implant indus-
try and has been the most popular option for surgeons
internationally for years.3¢ Since its development and pro-
duction in 1973, the prosthesis has been updated and mod-
ified a few times to improve its functional outcomes and
reduce complication rates.3” Another systematic review
conducted by Parker et al. also found their three most com-
monly used implants to be Coonrad-Morrey first, followed
by the Latitude and Discovery prostheses, suggesting that
these results are not uncommon.38

TEA seems to report high functional outcomes in both
MEPS and DASH scores, 85 and 31, respectively, in this
study. For MEPs, a rating of 75-89 can be described as
good3? whilst for DASH, a score of 16-40 can be interpreted
as an elbow that has a problem but is functionally work-
ing.40 These values indicate that although a TEA after a dis-
tal humerus fracture may not completely bring an elbow
back to perfection and pre-injury state, the post-operative
outcomes are favorable enough to result in a functional el-
bow for daily life. The ROM values, however, are subject
to more debate. There does not seem to be a clear set of
guidelines defining the normal range of motion of the el-
bow, likely due to the different range of motions required
for various tasks. Some authors argue that up to 150° of
full flexion is needed for “personal care, eating and drinking
tasks”41 while another study argued that only the 75°-120°

SurgiColl 7



Total Elbow Arthroplasty for Distal Humerus Fractures Outcomes and Complications: A Systematic Review ...

Forest Plot: DASH Across Studies

Jonsson et al., 2024 * :
1

Tarallo et al., 2024 —_——r

Nayar et al., 2024

Burden et al., 2024

Dumoulin et al., 2023

Liu et al., 2023

Zhang et al., 2023

Strelzow et al., 2021
Kim et al., 2020 ————i

Baik et al., 2020

Lami et al., 2017 —_—
Ginsein et al., 2017 L
Galluci et al., 2016 —_——i

Ersen et al., 2015

Pooled Mean = 30.67
Ellwein et al., 2014 %

20

w
=}

40 50
DASH

Figure 4. Forest plot showing individual DASH scores with 95% confidence intervals across simulated studies,
alongside the pooled mean DASH (31) marked by a dashed red line
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Figure 5. Forest plot showing individual Flexion-Extension Arc scores with 95% confidence intervals across
simulated studies, alongside the pooled mean Flexion-Extension Arc (102°) marked by a dashed red line.

range of motion of the elbow was required for daily living.*2 The revision/ reoperation rate of TEAs in this study was
This discrepancy in guidelines does not allow this study to  8.2%. This value is higher than reoperation rates for Total
make a conclusive argument as to whether TEA works well Knee Arthroplasties and Total Hip Arthroplasties, which
in improving the functional outcome of the elbow after dis- a 2018 study found to be 1.2% and 2.05%, respectively.43
tal humerus fractures through all ranges of motion neces- A possible explanation for this could be the volume with
sary for daily living. which each of these surgeries are performed. Prkic et al.44

compared the surgical volume of total elbow, knee, and hip
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Table 2. Functional Outcomes and Postoperative Range of Motion Following Total Elbow Arthroplasty for Distal

Humerus Fractures (*Values are reported as mean/median + range/SD).

Author (Year) MEPS * DASH* Mean Flexion (°) Mean Extension Mean Arc of
(mean £ SD) () Motion (°)

Ellwein et al. 94+11 24+12 12314 13+14 111+13

(2014)7

Ersenetal. 80+14.4 34.5+12.7 Not Reported Not Reported 91+16.6

(2015)8

Pogliacomi et al. 88.7 (range: Not Not Reported Not Reported Not Reported

(2016)? 30-100) Reported

Toulemonde et al. 81.6 45 Not Reported Not Reported 101

(2016)10

Prasad et al. Median: 90, Not Median: 118, Median: 34, Not Reported

(2016)11 (range: 50-95) Reported (range: 110-140) (range: 0-90)

Gallucci et al. 83+14.2 24+17.5 123+11.6 17 £13.9 106 +16.6

(2016)12

Lamietal. 87+12.6 32.4+14.8 125 (range: 95-130) 22 (range: 5-75) Not Reported

(2017)13

Ginesinet al. Not Reported 33.1£25.8 130+5.9 -94+11.6 Not Reported

(2017)14

Barcoetal. Not Reported Not Not Reported Not Reported Not Reported

(2017)15 Reported

Robinson et al. (range: 15- 100) Not Not Reported Not Reported 93 (range:

(2018)16 Reported 74-110)

Nestorson et al. Not Reported Not Not Reported Not Reported Not Reported

(2019)17 Reported

Schiavi et al. 75.1 (range: Not Not Reported Not Reported Not Reported

(2020)18 38-89) Reported

Logli et al. 85+17 Not 123122 Not Reported 9537

(2020)19 Reported

Kim et al. 80.5+12.6 20+7.6 127.7+18 13.8+14.7 Not Reported

(2020)20

Baik et al. 81+27 47+28 124 +15 15 +3 101+12

(2020)21

Strelzow et al. 90+18 31+31 127 +14 16 +13 Not Reported

(2021)22

Cellietal. 88+9.3 Not 126 +7.2 15+6.3 111+6.6

(2021)23 Reported

Gambhir et al. Not Reported Not Not Reported Not Reported Not Reported

(2022)24 Reported

Dumoulin et al. 85.3+11.8 28.1+12.7 122.3+8.7 -235+15.1 Not Reported

(2023)2>

Liu et al. (2023)2¢ Not Reported 31.3+18.8 129.4+11.5 16.919.6 Not Reported

Zhanget al. 91.7+17.4 38.4+20.1 Not Reported Not Reported 97.8+28.1

(2023)27

Jonsson et al. 88.2+17.7 27.2+21.1 136 +11 29+18 107 +£25

(2024)>

Taralloet al. 80.7+15.6 26.7+18.7 Not Reported Not Reported 103+22.2

(2024)28

Palladino et al. 95 (range: Not 120 (range: -30 (range: -40 - Not Reported

(2024)29 85-100) Reported 115-135) -20)

Nayar et al. 75120 31.3+16 Not Reported Not Reported 85+21

(2024)30

Burden et al. Not Reported 41.1+14.7 Not Reported Not Reported Not Reported

(2024)31
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Table 3. Frequency and Distribution of Reported Complications Following Total Elbow Arthroplasty for Distal

Humerus Fractures

Complication Total Events Studies Reporting % of Complications
Heterotopic Ossification 58 14 28%
Infection 35 16 17%
Neuropathy 28 14 13%
Periprosthetic Fracture 28 14 13%
Aseptic Loosening 26 16 12%
Mechanical Failure 17 8.1%
Joint Contracture 15 7 7.1%
Triceps Insufficiency 3 8 1.4%

Table 4. Frequency and Distribution of Reported Causes for Reoperation Following Total Elbow Arthroplasty for

Distal Humerus Fractures

Cause of Reoperation Total Events % of Cause for Reoperations
Infection 17 23.0%

Mechanical Failure 14 18.9%

Periprosthetic Fracture 14 18.9%

Heterotopic Ossification 11 14.9%

Aseptic Loosening 11 14.9%

Neuropathy 4 5.4%

Joint Contracture 2.7%

Triceps Insufficiency 1 1.4%

arthroplasties in 2019 according to a Dutch database. The
study found that in 2019, only 81 TEAs were performed
compared to 25,859 total knee arthroplasties and 33,248 to-
tal hip arthroplasties.4* The significantly increased volume
of knee and hip arthroplasties likely results in surgeons be-
ing more experienced in these surgeries, thus resulting in
better outcomes and decreased reoperation rates. Unfor-
tunately, whilst few studies in this review consistently re-
ported and differentiated between the different types of re-
operations. This study thus refrained from adding it in this
current review, but it may be a point to make in future stud-
ies. Another point to note is that the results may have been
affected by the smaller sample sizes and the number of
TEA surgeries. This may have reduced the statistical power
of the results, creating the difference seen in reoperation
rates.

Other studies have noted high complication rates, in-
cluding heterotopic ossification, infection, neuropathy,
aseptic loosening, and periprosthetic fracture. Parker et al.
found high rates of similar complications, although Parker
reported their most common complication being aseptic
loosening.38 This could be explained by their indications
for TEA, which included arthritis, not just trauma. Degen-
erative diseases such as arthritis could lead to greater loos-
ening, which could explain the disparity in results.

Whilst TEAs tend to have higher rates of complications
compared to other joint replacement procedures, the rate
of heterotopic ossification in this study seems to be similar

or lower to that of different joints, such as hip replacement,
for which one study reported a heterotopic ossification rate
of around 25%.4° Toyoda et al.46 found a heterotopic os-
sification rate of 39% after primary total knee arthroplas-
ties. Heterotopic ossification — formation of bone in soft
tissue?’- seems not to be related to the complexity of frac-
tures, as other complications are. A possible explanation
for this may be that greater weight-bearing joints, such as
the knee and hip, are more likely to develop heterotopic os-
sification.

Over one in ten patients in this study suffered postop-
erative infections- a much higher rate than that of other
arthroplasties, where studies suggest rates of 2.5% for hip
arthroplasties*® and 4.4% for knee arthroplasties.*® Other
significant complications included neuropathy, aseptic
loosening, and periprosthetic fractures, all of which oc-
curred in roughly one out of ten patients. Despite being
lower than some of the other complications, these are still
high rates that need to be reduced.

This current systematic review has several limitations.
First, different studies reported different outcomes in dif-
ferent ways, making it difficult to compare the different
studies and pool their results together directly. As part of
this, the study acknowledges that functional outcomes may
have been measured at different follow-up intervals. Whilst
this may introduce bias in the results when pooled, outlier
exclusion was completed to minimize this bias. Second, the
lack of studies where only a single implant was used made
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it hard to compare the functional outcomes and complica-
tion rates between implants. Third, most studies selected
were studies in which data were collected retrospectively,
thus weakening the quality of data used in this systematic
review. Also, findings in this study are limited to functional
outcomes and reoperation rates, but not implant longevity
or survival. Finally, like any systematic review, the quality
of the study is limited by the quality and detail of the source
studies.

CONCLUSION

This systematic review outlines the functional outcomes
and complication rates of TEA. Despite its limitations, this
study has highlighted that primary TEA for acute distal
humerus fractures provides excellent functional scores and
restores elbows to functional states after trauma. However,
there is still a high rate of complications and reoperations,
especially when compared to other arthroplasty surgeries.
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SUPPLEMENTARY MATERIALS

SUPPLEMENTARY MATERIAL 1. SEARCH STRING USED
TO PERFORM LITERATURE SEARCH ACROSS PUBMED,
EMBASE AND COCHRANE LIBRARY DATABASES

The full search string is provided here: (“Arthroplasty, Re-
placement, Elbow” [MESH] OR TEA OR elbow replacement
OR Total elbow arthroplasty OR elbow arthroplasty OR el-
bow replacement OR total elbow replacement OR “Elbow
Prosthesis” [MESH] OR elbow prosthesis OR elbow replace-
ment arthroplasty OR elbow replacement arthroplasties)
AND (“elbow fractures”[MESH] OR humeral fracture OR
fracture of humerus OR humerus fracture OR distal
humeral fracture OR distal humerus fracture OR “Humeral
Fractures’[MESH] OR “Humeral Fractures, Distal”’[MESH]
NOT hemiarthroplasty NOT “Hemiarthroplasty” [MESH]
OR Lateral Epicondyle Fracture of Humerus OR Intercondy-
lar Humerus Fractures OR Supracondylar Distal Humerus
Fractures OR Humeral Trochlear Fractures OR Humeral
Capitellar Fractures OR Capitellum Humerus Fracture OR
Hahn-Steinthal Fracture OR Lateral Condyle Fracture of
Humerus OR Kocher-Lorenz Fracture) AND (“Treatment
Outcome”[MeSH] OR  “Postoperative =~ Complications”
[MeSH] OR Outcomes OR Functional Outcomes OR Patient-
Reported Outcomes OR Complications OR Adverse Events
OR Failures OR Revision Surgery OR “Recovery of Func-
tion” [Mesh] OR “Reoperation” [Mesh] or revision OR re-
currence OR “Recurrence” [Mesh] OR recalcitrant OR
“Range of Motion, Articular” [Mesh] OR “Periprosthetic
Fractures” [Mesh] OR “Surgical Wound Infection” [Mesh]
OR “Prosthesis Failure”[Mesh] OR pain reduction OR range
of motion OR functional score OR implant survival OR
periprosthetic fractures OR surgical site infection OR asep-
tic loosening OR hardware failure OR dislocation OR “mus-
cle weakness”’[MESH] OR “paresis”[MESH] or “venous
thrombosis”[MESH] OR implant failure OR infection OR
“radial neuropathy”’[MESH] OR “chronic pain”’[MESH] OR
“joint instability”[MESH] OR “joint loose bodies”[MESH]
OR “patient outcome assessment”[MESH] OR “second-look
surgery”[MESH]).
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Supplementary Material 2. Table containing risk of bias data from assessment using the Newcastle-Ottawa Scale

and Cochrane RoB2 tool.

Author (Year) Study Design Risk of Bias Assessment
Ellwein et al. (2014)7 Cohort Low
Ersenetal. (2015)8 Cohort Low
Pogliacomi et al. (2016)? Cohort Low
Toulemonde et al. (2016)10 Cohort Low
Prasad et al. (2016)11 Cohort Low
Gallucci et al. (2016)12 Cohort Low
Lamietal.(2017)13 Cohort Low
Ginesin et al. (2017)14 Cohort Medium
Barco et al. (2017)1> Cohort Low
Robinson et al. (2018)16 Cohort Low
Nestorson et al. (2019)17 Cohort Medium
Schiavi et al. (2020)18 Cohort Low
Logli et al. (2020)1? Cohort Medium
Kim et al. (2020)20 Cohort Low
Baik et al. (2020)21 Cohort Low
Strelzow et al. (2021)22 Cohort Low
Celliet al. (2021)23 Cohort Low
Gambhir et al. (2022)24 Cohort Medium
Dumoulin et al. (2023)2> Cohort Low
Liuet al. (2023)26 Cohort Low
Zhang et al. (2023)27 Cohort Low
Jonsson et al. (2024)° RCT Low
Tarallo et al. (2024)28 Cohort Low
Palladino et al. (2024)2° Cohort Low
Nayar et al. (2024)30 Cohort Low
Burden et al. (2024)31 RCT Low
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