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Abstract

Background Total elbow arthroplasty (TEA) is considered a successful treatment for several conditions, including rheumatoid
arthritis and comminuted fractures. However, failure rates as high as 62% have been reported, with many patients requiring
surgical revision. Causes of failure requiring revision can be classified as infected or non-infected. This study evaluated the
clinical and radiologic outcomes of TEA revision surgery according to causes of failure.

Methods Twenty patients undergoing revision TEAs in 2010-2015 were retrospectively evaluated. Mean follow-up was
52.7 months. Patients were categorized into infected and non-infected groups based on radiologic and serologic tests. Clinical
outcomes included range of motion (ROM) and Mayo Elbow Performance Score (MEPS), and radiological outcomes included
loosening signs on anteroposterior (AP) and lateral plain radiographs at final follow-up. Complications were assessed in both
groups.

Results Overall, mean MEPS was 79.7, and mean ROM arc was 97.9° at final follow-up. Nine patients underwent revision due to
infection, and 11 due to non-infectious causes. Mean MEPS in these two groups was 75.6 and 83.5, respectively, and mean ROM
arc for flexion-extension was 89.4° and 108°, respectively. Two (22%) of the nine patients in the infection group required second
revision surgery due to recurrent infection. No patient in the non-infected group underwent second revision surgery. The most
frequent complication in the infected group was osteolysis, observed in five patients, including four with symptomatic aseptic
loosening and one with non-symptomatic osteolysis. Two patients in the non-infected group demonstrated a non-progressive
radiolucent line, which was asymptomatic at final follow-up.

Conclusion Revision TEA provided clinical improvement in elbow function and resulted in satisfactory outcomes. Outcomes were
worse in the infected than in the non-infected groups. Comorbidities and older age were apparent risk factors for infected TEA.
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Total elbow arthroplasty (TEA) has become an acceptable
option for the treatment of patients with end-stage rheumatoid
arthritis [1]. TEA is also regarded as an effective surgical
option to treat severe arthritis, including rheumatoid and
post-traumatic arthritis, as well as non-salvageable intra-artic-
ular distal humerus fracture. TEA is performed to eliminate
pain and restore joint function. However, failure rates as high
as 62% have been reported [2—5], with various types of failure
leading to revision surgeries. Few studies to date have report-
ed outcomes in patients undergoing revision TEA. For exam-
ple, one study reported successful outcomes in eight of 11
elbows undergoing revision TEA [6]. Another study reporting
outcomes of infected TEAs found that Mayo Elbow
Performance Scores (MEPSs) were 81.1 in patients without
and 50 in patients with recurrence [7], and a third study
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reported good and excellent results after revision TEA in only
53% of patients, with radiographs showing osteolysis around
the prosthesis in four patients (25%) [8]. In addition, the lati-
tude system of TEA did not significantly improve range of
motion (ROM) [9]. To our knowledge, however, no study to
date has compared outcomes according to failure and implant
types.

Types of failure can be classified as infected and non-
infected based on serologic markers, imaging, and intra-
operative histology. Revision TEA should therefore be based
on the type of failure. In the infected type, infectious foci should
be eliminated surgically, by implant removal followed by reim-
plantation, and by treatment with systemic antibiotics. By con-
trast, treatment of the non-infected type should consist primar-
ily of addressing mechanical problems at the implant-bone or
implant-implant interface. Therefore, understanding the patho-
logical mechanism of failure is mandatory for managing revi-
sion surgery and complications of TEA. To date, few studies
have assessed outcomes in patients undergoing revision TEA,
and no studies have compared the outcomes of revision TEA
based on type of failure and pathomechanism. This study eval-
uated the clinical and radiographic outcomes of TEA revision
surgery in patients with infected and non-infected types of fail-
ure. These results can help predict patient prognosis and pro-
vide proper information to patients.

Materials and methods

The study protocol was approved by the institutional board
review of our institution. The study subjects included 20 pa-
tients who underwent revision TEAs between 2010 and
2015 at a single tertiary referral centre. Mean patient age
was 65.7 years (range, 53—83 years) at surgery. The primary
reason for TEA was rheumatoid arthritis in 14 patients and
osteoarthritis in six. Causes of revision surgery were catego-
rized as infected and non-infected based on radiologic, sero-
logic tests, and intra-operative histology (Table 1). All revi-
sions for infected TEA were performed using the Discovery
Elbow System (Biomet, Warsaw, IN, USA). Of the 12 patients
who underwent revision for non-infected TEA, four
underwent revision using the Coonrad Morrey System
(Zimmer, Warsaw, IN, USA) and eight using the Discovery
Elbow System. Clinical and radiological outcomes were
assessed at final follow-up. Clinical outcomes were assessed
by measuring ROM arc and MEPS, which are used to deter-
mine pain, motion, stability, and daily function. The primary
radiological outcome, as assessed by two surgeons (JMK,
EK), was signs of loosening at final follow-up on
anteroposterior (AP) and lateral projection plain radiographs.
Implant survival rate and complications were assessed de-
pending on type of failure (infected and non-infected).
Disease interval was defined as the time periods from the
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Table 1 Demographic and clinical characteristics of patients
undergoing revision TEA
Variable Infected Non- P value
infected
No. of patients 9 11
Male 3 2 -
Female 6 9 -
Age (year) 69.1 62.6 0.05
Cause of primary TEA
Rheumatoid arthritis 6 8 -
Osteoarthritis 3 3 -
Preop. VAS 6.1 52 0.21
Preop. ROM
Flexion-extension 67.7 78.5 0.23
Supination-pronation 88.3 92.5 0.37
Preop. MEPS 46.1 54.4 0.09
Follow-up duration (mos) 62.96 44.0 0.59
Time to revision (mos) 148.8 151.0 0.60

day of first hospital visit for main symptoms to the day of
discharge after admission. This interval includes both pre-
admission and admission periods because some patients were
treated conservatively before admission.

Diagnosis

Similar to standard diagnostic criteria for hip and knee
periprosthetic joint infections (PJIs), infected TEA was diag-
nosed according to the standard for infection after artificial
joint implantation proposed by the Musculoskeletal Infection
Society (MSIS) [10] and based on the diagnosis standard for
culture-negative PJI [11].

Type of implant

Minimally constrained condylar-bearing design (Discovery
Elbow System)

The Discovery Elbow System was designed to reduce com-
plications associated with other hinged constrained-type flop-
py TEAs, later modified to allow press-fit implantation. Its
minimally constrained design provides more closely matching
articular surfaces, avoids the use of a true hinge, and anatom-
ically reproduces the axis of elbow motion. Its floppy hinge
allows for 6° to 8° of varus-valgus motion and rotational mo-
tion; the increased area of contact between the cobalt-chrome
and ultrahigh molecular weight polyethylene avoids edge
loading and reduces stresses within the polyethylene; and
the design allows for posterior access during bushing revision
[12]. The cementless stem has a porous hydroxyapatite coat to
enhance biologic integration.
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Fig. 1 Fifty-seven years old
female patient who got TEA
surgery 7 years ago. A
periprosthetic fracture. a
Pre-operative plain X-ray. b
Humeral bone periprosthetic
fracture with central locking pin
loosening. ¢ Thin and weak
humeral bone stock with
metallosis

Linked semi-constrained design (Coonrad Morrey System)

The Coonrad-Morrey prosthesis is a linked and semi-
constrained implant and one of the most frequently used
devices [13]. The implant allows for 7° to 10° of varus-
valgus movement and 7° to 10° of axial rotation. The
central locking pin was redesigned in 1996, and the ulnar
component was altered from a beaded surface to a precoat
of polymethylmethacrylate in 1992 and then back to a
beaded surface in 2001. This design has been utilized
long-term to treat conditions that include rheumatoid and
degenerative arthritis and trauma reconstruction. Revision
elbow arthroplasty using the Coonrad-Morrey implant is
reported to yield satisfactory results [14].

Surgical technique

Two different surgical techniques were used following the
diagnosis. Patients diagnosed with infected TEA underwent
two-stage surgery, whereas those with no suspected signs of
infection, based on the standards of the MSIS, underwent
single-stage revision surgery. If one of the components was
intact (no loosening), the type of implant was chosen to match
the original implant.

Fig. 2 Reverse intussusception-
type APC. a Allograft of a femur
shaft was prepared after pre-
measurement on plain X-ray
compared to opposite side
humerus. b—¢ Proximal site of
allograft was split partially. Distal
end of humerus was inserted into
allograft, and cerclage wire was
applied. d Post-operative plain X-
ray

Single-stage revision surgery for the non-infected group

The incision from the previous surgery was used. The
ulnar nerve was routinely identified and transposed.
After exposure of the joint using a triceps-tongue tech-
nique, the remaining bone stock and the quality of the
soft tissues were carefully inspected. This was followed
by sharp subperiosteal release of collateral ligament struc-
tures from the medial and lateral epicondyles. The pre-
existing components were completely and carefully re-
moved to prevent further damage to bones. As much ce-
ment as possible was removed from the medullary canal;
however, tightly adhered cement was left in place if it did
not interfere with introduction of the revision stem. Bone
loss was managed with either cement or shortening of the
humerus or ulna. If fractures involving the epicondyles
were present, the fragments were temporarily fixed with
Kirschner (K)-wires before reimplantation of the compo-
nents. Cerclage wire was used if there was a longitudinal
fracture of the humerus or ulna. The humeral and ulnar
shafts were extensively irrigated with saline before intro-
ducing cement with a third generation cementing tech-
nique. Fluoroscopy was used if there was difficulty in
finding the intramedullary canal of the humerus or ulna.
The longer component was preferred in all patients.
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Table 2 Reasons for non-infected TEA

Complication No. of elbows

Aseptic loosening 6
Periprosthetic fracture

Instability

Total 11

Two-stage revision surgery for the infected group

The first stage of surgery focused on eradication of infected
tissues and the prosthesis. All cement and any tissue suspected
of being infected, including the synovial membrane, were me-
ticulously removed. Tissue samples around the implants and
joint fluid were cultured. The bones were windowed for well-
fixed implants, and the canals were irrigated with chlorhexi-
dine solution diluted with 0.9% sodium chloride. An antibiotic
cement spacer (5-g gentamicin, 1-g vancomycin, and 1-g cef-
triaxone per 40-g cement) was used. Patients were adminis-
tered the optimum dosage of intravenous antibiotics, based on
sensitivity tests, until all serologic markers, including white
blood cell counts, erythrocyte sedimentation rates, and C-
reactive protein concentrations, normalized completely for
more than six weeks. The second stage of surgery focused
on confirming infection control and reconstructing the joint
with a new implant. The antibiotic cement spacer was re-
moved, and tissue samples were obtained for follow-up sen-
sitivity testing. Frozen intra-operative tissue samples were ex-
amined histologically to confirm real-time diagnosis tools.
Five or more neutrophils per high-powered field were diag-
nostic of acute inflammation, with any positive result nullify-
ing the reimplantation procedure. Bone loss was managed by
three specific reconstructive techniques using allograft-
prosthetic composite (APC) [15]. Type I, consisting of intus-
susception of APC into the host bone (intussusception type),
was modified in the reverse fashion, such that the upper por-
tion of host bone was inserted by the lower portion of the
femur shaft as the allograft, in case the host bone was too
narrow to insert the allograft bone (Figs. 1 and 2). Type II

consisted of insertion of the distal aspect of the stem into the
host canal with a strut-like extension of the graft coadapted
externally to the cortex, and type III consisted of side-to-side
contact between the cortices of the APC and host bone. Wiring
was frequently added to enhance contact area and fixation
between the host bones and APC.

Statistical analysis

Normality was tested using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Statistical analysis was performed with
the Mann-Whitney U test, with P <0.05 considered statisti-
cally significant. Survival rate was analyzed by the Kaplan-
Meier method and compared by the log-rank test. All statisti-
cal analyses were performed using SPSS v. 21.0 (SPSS, Inc.,
Chicago, IL, USA).

Results
Overall outcomes

Nine patients underwent revision due to infection, and 11 due
to non-infection. Mean patient age was 65.7 years (range, 53—
83 years), mean follow-up was 52.7 months (range, 24—
160 months), and mean interval from primary surgery to revi-
sion was 132.1 months (range, 16-564 months). Mean pre-
operative ROM was 77.3° (flexion-extension), which im-
proved to 97.9° (flexion-extension). Mean pre-operative
MEPS was 50.0 (range, 0—70), which improved to 79.7
(range, 35-85) at the latest follow-up. Mean disease duration
was 5.6 months (range, 2—20 months).

Comparisons of infected and non-infected groups

The causes of revision TEA in the non-infected group were
aseptic loosening in six patients, periprosthetic fractures in
four, and instability due to metal failure, including loosening
of interlocking screws, in one (Table 2). At the last follow-up,

Table 3 Clinical and radiologic

outcomes at final follow-up Variable Infected Non-infected P value
Final VAS 33 2.4 0.03%*
ROM (flexion-extension) 89.4 108.0 0.04*
ROM (supination-pronation) 103.3 109.4 0.33
MEPS 75.6 83.5 0.04*
Osteolysis 5 2 0.29
Second revision rate at final follow-up 7 (77.7%) 0 (0%) <0.01*
Disease period (mos) 7.11 3.37 <0.01*
No. comorbidity 22 7 <0.01*

q: from the first visit with symptoms to final discharge (months)
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Fig. 3 Kaplan-Meier analysis of implant survival after revision TEA

mean MEPS was 75.6 in the infected and 83.5 in the non-
infected group, and mean ROM arc was 89.4° and 108°, re-
spectively. The two groups differed significantly in visual an-
alog scale (VAS), ROM (flexion-extension), MEPS, and dis-
ease interval (Table 3).

Evaluation of the radiologic outcomes showed radiologic
osteolysis in five patients in the infected and two in the non-
infected group. Of the five patients in the infected group, four
had symptomatic aseptic loosening and one had asymptomatic
osteolysis. All four patients with aseptic loosening underwent
revision surgery. Both patients in the non-infected group with
radiologic osteolysis were treated conservatively because both
were asymptomatic until final follow-up. The five and
eight year implant survival rates in the infected group were
44.4 (four of nine) and 22.2% (two of nine). The implant
survival rate in the non-infected group was 100% at final
follow-up (Fig. 3).

Complications

The nine patients in the infected group experienced a total of
ten complications. The most common complication was
osteolysis in five patients, including four with symptomatic

aseptic loosening and one with non-symptomatic osteolysis.

Table 4  Underlying disease comorbidity (number of patients)

Infected Non-
infected
Diabetes 8 1
HTN 6 3
Cancer 3 0
Hepatitis 2 0
Osteoporosis 3 2
TB 1 0
Total 22 7

All four patients with symptomatic loosening underwent sec-
ond, or repeat, revision surgery. Two patients experienced
recurrent infection, requiring second revision surgery. The
other three complications included temporary radial nerve pal-
sy, ulnar nerve irritation, and periprosthetic fracture in one
patient each. By contrast, the 11 patients in the non-infected
group experienced only three complications, including two
with asymptomatic osteolysis that did not require repeat revi-
sion. The third patient had ulnar nerve irritation, which was
treated conservatively.

Discussion

TEA, which has become more popular over the last four de-
cades [16], is performed primarily to treat rheumatoid arthritis
and unreconstructable trauma in geriatric patients. Despite
current trends, its high failure rate remains a challenge for
orthopaedic surgeons. The present study evaluated the radio-
logic and clinical outcomes in patients who underwent revi-
sion TEA for infected and non-infected causes. We found that
the clinical outcome was inferior in the infected group.
Although the incidence of deep infection after TEA is reported
to be approximately 3 to 8%, management of infected TEA
remains a challenge. A clear understanding of the different
features of infected and non-infected revision TEA is neces-
sary to obtain better outcomes and for better patient manage-
ment (Tables 4 and 5).

We found that the rate of second revision was much higher
in the infected than in the non-infected group. Once bone is
infected, bacterial colonies destroy bony structure from the
medullary canal to the cortical bone. This induces implant
loosening and increases the chance of breakage due to the
weakened bony structure. Moreover, incomplete resection of
infected bone and inappropriate antibiotic use can be risk fac-
tors for increased recurrence rate of infection. Consequently,
the total disease interval in infected patients is longer, a factor
that may be associated with poorer clinical outcomes, includ-
ing pain and lower MEPS score.

Radiologic features were observed to differ between the
progression of infected and non-infected loosening (Fig. 4,
Table 5). In infected loosening, the position of the implant stem
is displaced eccentrically, especially anteriorly. This displace-
ment is related to the specific elbow movement of flexion/
extension with a cantilever effect, unlike movement of the hip
and knee. Extensive localized bone resorption resulting in loos-
ening was reported to be the main cause of infected loosening
in four patients who underwent hip arthroplasty [17].
Osteolysis may be linear, equally distributed around the im-
plant, or focal, with islands of bone loss in close relation to
the implant. Once osteolysis occurs, repeated hinged move-
ment of the elbow implant can induce a pinching out stress
force due to the cantilever effect of the stem in the anterior
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Table 5 Radiographic features of

infected and non-infected Infected

Non-infected

loosening (Advanced stage)
Stem position

Cortical bone
Medullary canal

Centric/eccentric
Destructive expanding (periosteal reaction)
Expanding and hazy (bubble-like appearance)

Eccentric (anterior cortical penetration)
Cortical thinning (shell-like appearance)

Recanalization

cortex. Consequently, this movement causes an eccentric stem
position, especially in the anterior direction, with cortical thin-
ning and a recanalization-like feature. A form of loosening can
also result from anterior impingement of the coronoid process,
with the latter driven into the anterior humeral flange after the
implant attains maximum flexion [18]. Anterior impingement
can lead to a distraction force on the humeral component and
subsequent loosening. This complication may be avoided by
ensuring that the coronoid process does not impinge anteriorly
on the anterior humerus. By contrast, the medullary canal tends
to be widened by infected osteolysis and by the volume of the
bacterial colony that expands from the canal to the cortical
bone. In addition, a periosteal reaction-like sun-burst appear-
ance has been observed in elbows with advanced infection.
However, this radiologic finding is not always clear in early
stages of loosening [19]. Serial or single sodium fluoride pos-
itron emission tomography (18F-NaF-PET) is a sensitive and
specific tool for diagnosing and distinguishing between septic
and aseptic loosening in hip prostheses.

We also found that the comorbidity rate was higher in the
infected than in the non-infected group (Table 4). All patients
in our infected group had three or more comorbidities. Several
related studies report a strong relationship between infection
and comorbidity [20]. In addition, implant insertion increases
the likelihood of infection in the elbow, a factor that should be
considered prior to performing primary elbow arthroplasty.

Fig. 4 Different features in a plain radiograph. a Infected loosening.
(Advanced stage) b Non-infected loosening
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Even after elbow arthroplasty, prevention of infection requires
general control of comorbidities.

We found that the mean age of the infected group
(72.2 years) was significantly higher than that of the non-
infected group (63.3 years). This result was in an agreement
with the relationship between comorbidities and infection, be-
cause older patients tend to have higher comorbidity rates.
Moreover, trauma-related TEA often leads to additional pro-
cedures [5].

Management of bone loss is an important issue, especially
in revision surgery, which always requires complete resection
of pathologic bone. APC reconstruction has therefore been
recommended. Larger graft-host contact areas in the APCs
have provided good functional outcomes and a higher rate of
union than resection arthroplasty [15, 21, 22]. Three of our
patients underwent TEAs using APC, with all showing satis-
factory bone healing. Deep infection is also detrimental to soft
tissues, especially the triceps, which are frequently exposed at
the time of index arthroplasty and during subsequent proce-
dures and may result in triceps insufficiency [23]. A recent
analysis from the Mayo Clinic involving 93 elbows with PJI
after TEA demonstrated triceps weakness in 55% (51 elbows)
following reimplantation or debridement for treatment of the
infection [24]. This underscores the need to develop triceps-
sparing exposures in primary and revision TEA.

The strength of this study is that, to our knowledge, no
prior study has compared infected and non-infected TEA.
However, this study was limited by its relatively small sample
size and its retrospective design. Because of the rarity of these
clinical entities, this study provides valuable information, in-
cluding comparisons of clinical features, prognosis, and strat-
egy for management of infected and non-infected TEA.

Conclusion

Revision TEA resulted in clinical improvement of elbow
function and satisfactory outcomes. Outcomes were poorer
in the infected than in the non-infected group. High comor-
bidity rates and older age are apparent risk factors for infected
TEA.
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