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Total elbow arthroplasty revision rates have been increasing over time due to the increasing use of the
procedure with the accompanying increase in complications. The most common complications that
typically require revision surgery include aseptic loosening, periprosthetic fractures, infection, and
component failure. The associated instability has an overall revision rate reported to be as high as 13%.
One important factor when performing a revision surgery is bone quality and bone loss; this represents a
challenge during the clinical decision-making process. Currently, there are several strategies used to
address bone loss such as arthrodesis, resection arthroplasty, impaction grafting, allograft-prosthetic
composite reconstruction, and custom prostheses. The aim of this review article is to provide a
comprehensive review of the current strategies to improve diagnosis of failed total elbow arthroplasty
and improve management and outcomes of this patient population.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Total elbow arthroplasty rates have been increasing over time
and subsequently the prevalence of revision surgery has been
increasing as well.7 Bryan et al identified five total elbow arthro-
plasty complications that typically require revision including
aseptic loosening, fracture, infection, component failure, and
instability.23 It has been reported that there is a complication rate of
approximately 44% of total elbow arthroplasties, noting the most
common complications being aseptic loosening (22%), transient
ulnar and radial nerve symptoms (21%), and periprosthetic frac-
tures (15%).12,13 The overall revision rate has been reported to be as
high as 13%.18 Total elbowarthroplasty revisions requiremeticulous
planning, and it is imperative to consider several factors when
determining the revision strategy. Twomajor factors are the quality
of the current bone stock and the amount of bone loss observed
with the current prosthetic joint. Often, bone loss guides the
approach to the revision and will determine whether a standard
prosthesis can be used or if alternative methods need to be
explored. Currently, there are several strategies to approach bone
loss in total elbow arthroplasty. The aim of this review article is to
provide a comprehensive review of the current strategies starting
with current definitions of bone loss, nonfunctional and functional
revision options, bone and soft tissue implications, and concluding
d for this review.
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with recommendations based on the authors’ experience with the
various revision constructs.

Bone loss

King et al in 1997 described the severity of bone loss based on
the humeral bone stock assessed with anteroposterior and lateral
radiographs. Grade I is observed when subchondral architecture is
intact. Grade II occurs when the medial and lateral supracondylar
columns are preserved, grade III when these columns are absent,
and grade IV when the entire distal humerus to the level of the
olecranon fossa is absent.16 Ulnar bone loss has previously been
described as type I when involvement includes the olecranon
process with triceps tendon attachment, type II when it involves
proximal ulna including the previous prosthesis, and type III when
the bone loss extends beyond the previous prosthesis.21

Arthrodesis

Historically, ulnohumeral arthrodesis was one of the techniques
of choice for salvage treatment of failed total elbow arthroplasty in
the setting of significant bone loss.25 Koller et al described a case
series of 14 patients who underwent elbow arthrodesis and found
that all patients had a solid union of the fused elbow, 8 patients had
no pain, and 4 patients had moderate pain.17 This procedure was
typically reserved for cases in which neither functional treatment
options nor resection arthroplasty were feasible. This procedure is
er & Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1 Custom total elbow arthroplasty prosthesis system, showing both compo-
nents, ulnar (left) and humeral (right).
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associated with a complete loss of functional motion, making it
impractical for individuals who require any functional movement
of their upper extremity.

Resection arthroplasty

Resection arthroplasty is a staple procedure that can be used as
definitive or temporary treatment following failed total elbow
arthroplasty. It is typically only considered for situations involving
deep infection and bone loss; however, the resultant flail elbow is
only suitable for individuals with the slightest functional demands
from their upper extremity.6 Zarkadas et al described a case series
of 50 patients (51 elbows) that involved the use of elbow resection
as a salvage procedure for refractory infections following total
elbow arthroplasty. The authors describe that the Mayo Elbow
Performance Score improved from 37 preoperatively to 60 points
postoperatively, with most of the improvement found in the pain
component of the score. Overall, the authors described a high rate
of complications, with 24 elbow infections, eighteen intraoperative
fractures, and nine permanent nerve injuries.29

Impaction grafting

Impaction grafting is a classical technique often used in hip
reconstruction. It is currently a pillar in the management of bone
loss during total elbow arthroplasty revision with expansile bone
loss and a thin but intact cortex. Loebenberg et al first described the
use of impaction grafting for patients with a failed elbow arthro-
plasty, adopting the technique that was well established for similar
use in the proximal femur. Their case series described 12 patients
who underwent revision total elbow arthroplasty for aseptic loos-
ening, three patients underwent impaction grafting on the initial
revisionwhile the remaining nine had undergone at least one prior
revision before impaction grafting was instituted. Seven patients
had a presenting diagnosis of rheumatoid arthritis, while five had a
presenting diagnosis of post-traumatic arthritis. On average, pa-
tients were followed for 72 months with a minimum of 2 years.
Eight of the elbow prostheses were intact at the latest follow-up,
with two elbow revisions due to aseptic loosening, one peri-
prosthetic fracture, and one infection suggesting that it is a feasible
technique for treating osteolysis in patients undergoing revision
total elbow arthroplasty.19

Building onwork done by Loebenberg et al, Rhee et al published
a case series of 16 revision elbow arthroplasties. Sixteen revision
arthroplasties were performed following aseptic loosening of a
semiconstrained total elbow replacement; 14 elbows had loosening
of both humeral and ulnar components and two elbows had only
humeral loosening. Impaction grafting was performed with only
allograft in thirteen elbows and a combination of allograft and
autograft in the other three elbows. MEPS for pain improved from
15 preoperative to 32.8 postoperative and the mean arc of flexion
also increased from 60.3 to 115.6. The mean total MEPS improved
from 41.0 to 82.8 points. Follow-up radiographs demonstrated
fifteen cases with grade I resorption of the bone graft and one case
with grade II resorption. A type I radiolucent line was observed in
twelve of the elbows; type II, in three; and type IV, in one. Addi-
tional surgery was required in two cases.26

Allograft construct: allograft-prosthesis composite

The use of allograft as a strategy to approach bone loss in total
elbow arthroplasty can be subdivided into its use as a prosthetic
composite or as a strut. In 2004, Mansat et al published a case series
of 13 patients using an allograft-prosthesis composite (APC). The
authors found 13 patients between 1990 and 2000 with allograft
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placed on the humeral side in four and the ulnar side in nine. Nine
patients had no or slight pain at an average of 42 months, with a
mean arc of flexion of 97 degrees. There were seven complications
affecting seven elbows, with five requiring reoperation with
approximately a 55% complication-free revision. The most preva-
lent complication was a deep infection in four elbows, which
required removal in three. The authors concluded that while this
approach can be a valuable option in patients with extreme bone
deficiency, deep infection is a concern, thus they recommend
looking at other options such as strut graft reconstruction before
turning to the APC approach.21

In 2013, Morrey et al attempted to improve on their previous
case series outcomes by extending the allograft prosthesis com-
posites. Twenty-five patients from 2003 to 2008 underwent revi-
sion total elbow arthroplasty with an APC in the humerus (6), ulna
(18), or both (1). Three reconstructive strategies were used: (I)
intussusception (Fig. 1), (II) strut-like coaptation (Fig. 2, A and B),
and (III) side-to-side contact between the cortices of the allograft.
The authors found a mean MEPS improved from 30 points preop-
eratively to 84 postoperatively. Ninety-two percent of APCs incor-
porated with eight major and four minor complications in nine
patients leading to nine reoperations in 6 patients. Complications
included three infections, three fractures, one nonunion, one mal-
union, one skin necrosis, one case of triceps insufficiency, and one
ulnar nerve paresthesia. At the final follow-up, 84% of the original
25 patients ended up with a functional elbow. Importantly, 7 out of
25 (28%) had the bone deficiency due to resection for a deep
infection.24

Most recently, Burnier et al addressed proximal ulnar bone loss
and triceps insufficiency with an APC-like construct involving a
combined proximal ulnar and triceps tendon allograft. The authors



Figure 2 Intraoperative images of total elbow arthroplasty revision of a 38-year-old female that underwent primary arthroplasty after a complex open fracture of the elbow. (A)
Custom APC humeral component after placement. (B) Custom APC ulnar component after it was fitted. APC, allograft-prosthesis composite.

Figure 3 Intraoperative fluoroscopy x-rays. (A) Anteroposterior view. (B) Lateral view.
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reported a case series of 10 revision arthroplasties with both
proximal ulnar bone loss and triceps insufficiency. Indications for
these surgeries included 4 aseptic loosening cases, 2 periprosthetic
fractures, and 4 2-stage reimplantations. With a mean follow-up of
45 months, pain improvement was observed in all elbows, mean
flexion-extension arc was 95 degrees, mean MEPS score is 76
points, and the mean triceps strength score was 4. Complications
included 6 reoperations due to 3 humeral loosening, 1 deep infec-
tion, 1 ulnar allograft fracture, and 1 wound d�ebridement and
closure. For the 8 intact ulnar components, no loosening was
observed, and the graft was radiographically intact.5
Allograft construct: strut

An alternate use of allograft for bone deficiency is its use as a
strut. Kamineni et al published a series of cases presenting with
aseptic failure demonstrating proximal ulnar reconstruction with
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strut allograft in revision total elbow arthroplasty. The series
included 21 patients followed for four years who were treated with
allograft bone struts. The average MEPS increased from 34 points
preoperatively to 79 points at the latest follow-up. The deficient
bone stock was approached with allograft strut grafts in one of four
ways: (1) discrete cortical defects were contained, (2) peri-
prosthetic fractures were splinted, (3) deficient triceps attachments
were reconstructed, and (4) expanded segments were augmented
with struts and filled with impaction graft. Complications consisted
of four soft tissue and four osseous problems occurring in eight
patients. Overall, three patients had an incorporation of 26% to 50%
of the graft; five had an incorporation of 51% to 75% and fourteen
had an incorporation of 76% to 100%. The authors concluded that
while there is a high complication rate, it is suitable for discrete
cortical lesions, periprosthetic fractures, and an expanded proximal
part of the ulna, which also requires augmentation with impaction
grafting. The authors noted that this technique is unreliable in
restoring deficient olecranon bone stock.15



Figure 4 8 weeks postoperative x-rays, lateral view.

Table I
Management of skeletal defects.

Type of bone loss Construct

Contained defect Impaction grafting
Type I APC

Unicortical defect Type II APC
Type III APC

Large segmental bone loss (including
after infection)

Type III APC
Custom prosthesis/megaprosthesis

APC, allograft-prosthesis composite.

J.A. Quirarte, J.M. Gutierrez-Naranjo, E. Valero-Moreno et al. JSES Reviews, Reports, and Techniques 3 (2023) 356e361
Custom implant or metal extension

The third construct used in the setting of massive bone loss is
the use of a non-custom metal extension or custom implant (Fig. 3,
A and B). This construct was developed prior to the aforementioned
strategies discussed and has been used for bone loss in settings
such as tumorous pathology, osteoarthritis, rheumatoid arthritis,
infection, and complex trauma.14,16 Figgie et al published a case
series in 1986 describing patients who received a custom fit
implant for bone loss in the setting of revision total elbow arthro-
plasty. This case series included 16 patients with 16 total elbow
replacements with a follow-up average of 4 years. The authors re-
ported 14 patients had a good or excellent result and overall elbow
scores averaged 90 (range: 53-100). There were three reoperations
and one case of nonprogressive circumferential lucent lines about a
humeral component. Preliminary results show custom fit total el-
bows have acceptable functional results for revision arthroplasties
when traditional methods are not available11 (Fig. 4). Dent et al
subsequently published a case series in 1995 describing 25 patients
with rheumatoid arthritis who had 26 failed primary total elbow
arthroplasties. These authors described satisfactory results at 35
months and concluded that revision surgery with custom implants
allowed for a short- to medium-term period of pain-free function
and should be the construct of choice in the absence of infection.8

It is important to note the significant implications in choosing a
custom prosthesis over an APC. Custom prostheses more time to
design and produce and are more expensive than off-the-shelf APC
options. Certain companies produce megaprostheses that are not
custom thatmitigate both the time and cost associatedwith custom
prostheses. Depending on the case, custom prostheses may avoid
the use of cement if the conditions are appropriate. APCs rely on
healing of the allograft to the host with creeping substitution and
can resorb but have the added benefit that they utilize standard
implants and are more widely available. When concern for infec-
tion is high, surgeons may hesitate to use allograft and choose to
utilize a custom prosthetic or megaprosthesis option.

Periprosthetic fractures

Periprosthetic fracture is one of the main indications for elbow
arthroplasty replacement. Athwal et al published a case series of 24
patients with 27 elbows treated between 1979 and 2003 for
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periprosthetic fracture of total elbow arthroplasties (TEAs) of
varying components at a single institution. According to the au-
thors, 9 of 10 humeri showed preoperative distal bone loss due to
pre-existing fracture of nonunion. Three TEA exhibited proximal
ulnar deficiency. The authors employed two separate techniques to
perform the revision, a cement-within-cement technique (average
MEPS 82) and a complete cement removal followed by insertion of
the revision component (average MEPS 78). Complications in this
series included seven intraoperative fractures, five nerve injuries,
three triceps avulsions, and one deep infection.3

Soft tissue implications

Attention in dealing with the soft tissues surrounding the elbow
is imperative to prevent infection. Unique anatomy of the elbow
including the lack of a thick fibrous fascia makes this area prone to
wound dehiscence, breakdown, and infection. Commonly, pedicled
flaps and local tissue rearrangement are used for soft tissue
reconstruction; however, there have been reports of the use of free
flaps as well.20

Triceps insufficiency is a common complication following revi-
sion surgery in the setting of infection for total elbow arthroplasty,
with rates approaching 22%.22 This insufficiency can develop as a
consequence of the surgery itself as well as the underlying infec-
tion.9 A variety of methods for dealing with this triceps insuffi-
ciency have been described including but not limited to direct
repair with bone suture, anconeus rotation flaps, triceps imbrica-
tion or plication, and Achilles tendon grafts.22

Infection

In contrast to other major joint replacements, primary total
elbow arthroplasty carries an increased risk of infection, previously
reported to occur at a rate of up to 12%.1 While clinical parameters
such as erythema, swelling, pain, presence of a sinus tract, elevated
white blood cell count, erythrocyte sedimentation rate, and
C-reactive protein are widely used to determine the presence of an
infection, no clear definition has yet been established for an
infected TEA. Moreover, a classification system proposed by
Yamaguchi et al may be used to assist in the planning and
treatment determination of an infected elbow prosthesis.28

Periprosthetic elbow infections tend to not involve standard
parameters commonly used for periprosthetic hip and knee
infections; however, the revision constructs can feasibly be used in
the setting of infection for total elbow arthroplasty.26 APC is a po-
tential solution to bone loss following infected total elbow
arthroplasties, though these constructs carry a high risk of infection
themselves.4,20 Similar to how constructs involving bone loss can
be separated into functional and nonfunctional salvage options,
surgical management can similarly be divided as such in the setting
of TEA infection.

Morrey et al in 2013 described a case series of 25 patients, 7
(28%) of whom underwent an APC in the setting of TEA infection.
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These authors describe their methodology in detail for treatment of
these infections, that includes a staged procedure with implant
removal and d�ebridement, deep cultures, antibiotic spacers, and 6
weeks of IV antibiotics based on cultures. Stage 2 involved
removing the spacers, repeat d�ebridement, and culture. Based on
the clinical picture and cultures, either an APC was placed or
spacers were placed again followed by a new implant.24

Burnier et al’s series used an APC construct as the second stage
in 4 cases due to a periprosthetic joint infection. Of these 4 cases, 1
elbow was treated successfully, with the other 3 failures occurring
due to graft nonunion and fractures, delayed humeral nonunion,
and a persistent infection.5

Custom implant or metal extensions are also an option in the
setting of TEA infections. Figgie et al’s series of 16 elbows included
three elbows that had been previously infected and had subsequent
bone loss. Interestingly, 2 of 3 of the previously infected elbows
required reoperation either directly due to infectious etiology or
other unrelated etiologies. The authors did not comment on sub-
sequent follow-up; however, the proof of concept was established
in these patients.11 While theoretically possible, management of
these deep infections is challenging. Anmin et al described eight
custom endoprosthetic implants of the distal humerus used for
non-tumorous pathology, and the one implant placed in the setting
of infection failed and resulted in excision arthroplasty.2

There are soft tissue implications associated with infections in
TEA revision. Duquin et al described 93 total elbow replacements
treated for deep infection at a single institution. The authors found
that triceps weakness was found in 51 total elbow replacements
(55%). At a mean follow-up of 5 years, only 13 patients had an intact
extensor mechanism, and the remaining patients (38) had bone or
soft tissue loss, showing that triceps weakness is a highly prevalent
complication in this patient population.9 It is important to note that
the patients in this study were treated with the Bryan-Morrey
approach, which may predispose this subset of patients to triceps
insufficiency after infection causing failure to heal or due to
d�ebridement.

As previously mentioned, Zarkadas et al described the use of
elbow resection as a salvage procedure for refractory infections
following total elbow arthroplasty. The authors described a high
rate of complications but supported the option as a salvage option
when necessary.29 Ferlic et al described the revision of 14 TEAs, 3
for infectious etiology and 11 for non-infectious etiologies. The
authors chose to treat the infectious etiologies with resection
arthroplasty and had successful elimination of the infection. Those
with noninfectious etiologies were treated with either a custom
implant or semi-constrained device.10

Conclusions

As the implementation of TEA continues to increase, the need
for improved revision constructs will continue to grow. Bone
deficiency remains a significant issue in many TEA revision cases.
While standard prostheses and cement may suffice for small de-
fects, larger contained defects may require impaction grafting or a
type I APC. Larger unicortical defects or uncontained defects may
require the more technically challenging type II APC. Type III APCs
may be utilized when the native canal is unreliable for stem
placement in these scenarios. When there is concern for infection
or with large segmental bone loss, surgeons may turn to type III
APCs or the custom/megaprosthesis option (Table I). Other
scenarios in which APCs may be considered may include simple
fractures and soft tissue implications such as the loss of the
extensor mechanism.5,27

In summary, great strides have been made and many studies
performed regarding the management of massive bone deficiency
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in both the septic and non-septic failed elbow replacement
(Table II). The employment of a variety of allograft prosthetic
composites has provided great flexibility in the management of
both proximal ulnar and distal humeral bone loss.4 The proximal
ulnar allograft with an intact triceps tendon has improved exten-
sion function. More primary procedures are being performed
leaving the central triceps tendon attached to the olecranon process
and it is anticipated this will lessen the very high incidence of tri-
ceps insufficiency that has been reported to be associated with
managing the infected elbow implant.5 The use of APCs provides
more timely, more flexible, and less expensive revision options. The
future of custom devices will reside in further perfection of the
modular designs which also provide more real-time flexibility. This
is especially true when the soft tissue envelope has contracted
making the linear dimensional requirements of a custom implant
extremely difficult to judge. Finally with the use of the proper
staging and the osseous and soft tissue management of deep
infections with excessive bone loss are now being reliably salvaged
in a majority of patients.23
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