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IntroductIon
Although the first resection and interposition 
arthroplasties of the elbow were reported at the 
beginning of the 20th century, modern total 
elbow arthroplasty (TEA) started in the late 
1960s with a cemented hinge design described 
by Dee and Sweetnam.1-3 Since then, other 
implants have been introduced with advances 
in design.4

Total elbow arthroplasty can be used to treat 
elbow joint pathology such as rheumatoid 
arthritis (RA), osteoarthritis (OA), trauma, and 
post-traumatic sequelae.5-7 In addition, TEA is 
used in rarer conditions, such as in haemophilic 
arthropathy, as well as in tumour reconstruc-
tion.8,9 From the early 1970s to the late 1990s, 
RA was the most common indication globally 
for TEA. In this millennium, the development of 
effective biologic drugs such as anti-TNFα – a 
medication for treatment of RA – has resulted in 
a marked decrease in the number of TEAs 
(Fig.  1).5-7,10,11 Simultaneously, TEA has been 
used more and more to treat primary osteoar-
thritis and post-traumatic sequelae such as 
instability, as well as acute elbow fractures in 
elderly patients who are both increasingly frail 
and have greater functional demands.

Compared with lower limb arthroplasty, 
TEA can be considered an uncommon proce-
dure, with an annual incidence of 1.4 per 

100  000 people in Western countries.12,13 In 
Europe, TEA incidence has slightly but con-
stantly decreased from the late 1990s 
(Fig.  1).12,14 Conversely, in the United States 
there has been an annual rise of 6.4% between 
1993 and 2007, from 1000 to 2400 procedures 

per year. This has been projected to continue in 
the future.15,16 In addition, TEA is used more 
and more often to treat the conditions of 
younger patients, and there has been growing 
interest in the causes of complications and revi-
sion surgery.4,12,16-20
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Implant desIgns
The native elbow is a complex stucture combin-
ing three different joints. The co-operative func-
tion of these allows forearm and hand to be 
positioned to control the environment, while 
the same structures also give a high degree of 
stability despite poor mechanical advantage 
with long levers and a relatively small surface 
area.

Over time, the language used to describe the 
type and biomechanical properties of TEA articu-
lation have become confused. The terms ’linked’ 
and ’constrained’ are used interchangeably, yet 
they are two different properties. The term 
’linked’ refers to the physical property of 
mechanical connection between the humeral 
and ulnar components that does not allow dis-
engagement of the two parts, while an ’unlinked’ 
implant has components that are physically sep-
arate, and connection of these rely on the 3D 
surface architecture and soft tissues to provide 
function and stability. The terms ’constrained’ 
and ’semi-’ or ’non-constrained’ are used to 
describe the mechanical properties of the articu-
lation (in terms of control of degrees of freedom). 
Both linked and unlinked implants could be 
either constrained or non-constrained depend-
ing on the design. The advantage of a linked 
implant is that it cannot dislocate unless struc-
tural failure occurs, but when the link reaches the 
limits of constraint, torque forces rise rapidly 
which can lead to loosening. An unlinked 
implant, on the other hand, may dissipate forces 
across the articulation into the soft tissues but 
may be prone to dislocation if the constraint is 
low, or to loosening if too constrained.

Today, there are three basic commercially 
available TEA subtypes: a loose hinge (linked 
and semi-constained), resurfacing (unlinked 
and semi-constrained), and prostheses that can 
be converted from unlinked to linked if needed.

Implant stems can be short or long, can be 
coated with various materials such as plasma 
spray, porous beads, titanium spray or polyme-
thyl methacrylate, and can be fixed with or with-
out cement.21-24 The addition of an anterior 
flange is widely considered to reduce humeral 
stem migration, although biomechanical and 

clinical studies have failed to demonstrate any 
advantage. All of these details might have an 
association with implant survival as well as spe-
cific complications.

Despite these design differences, no clear 
difference in rates of loosening of the most 
widely used linked and unlinked prosthetic 
models has been found in national studies.14,25 
The Danish registry study observed a trend 
towards higher revision rates in unlinked 
designs and thus in Denmark most of the 
implants used since 2006 have been linked.26 
However, this comparison does not consider 
the effect of constraint, with many older 
unlinked designs exhibiting high constraint and 
therefore a risk of wear and loosening.

BearIng desIgn
Linked

Early TEA designs were simple, hinge-like joints, 
which did not allow movement in anything 
other than the extension-flexion plane. This 
results in intrinsic constraint not present in nor-
mal elbow joints, which eventually leads to a 
loosening of the implant.27-31 Today, most of 
the commercially available designs (including 
those produced by Zimmer, Warsaw, Indiana 
(1999); Biomet, Warsaw, Indiana (2011); and 
Tornier, Stafford, Texas (2011)) are semi- 
constrained or ’sloppy’ hinges, allowing 
around 7° of varus-valgus movement and 
internal- external rotation, and thus mimicking 
the normal joint in addition to the extension-
flexion plane of motion. Conceptually, a linked 
implant eliminates the biomechanical depend-
ence on soft-tissue constraint to provide stabil-
ity. Indeed, linked TEAs can even be used in 
situations where the soft-tissue condition is 
compromised and the ligaments are not main-
taining stability, such as rheumatoid arthritis 
with significant deformity, fracture or revision 
surgery.

TEA bearing design can be split into three 
groups: cylindrical (Coonrad-Morrey, Zimmer-
Biomet, Warsaw, Indiana); concave cylinder 
(Latitude EV, Tornier/Wright Medical, Memphis, 
Tennessee); and hourglass (Discovery, Biomet, 
Warsaw, Indiana). The bearing design of these 

commonly used implants is illustrated in 
Figure 2.

Globally, the current most widely used 
design is the Coonrad-Morrey prosthesis, where 
humeral and ulnar components are linked in 
cylindrical fashion. The evolution of this implant 
traces our understanding of TEA design. The ini-
tial Coonrad implant was a smooth, shorter-
stemmed linked implant with 3° of varus-valgus 
movement. In stages, the constraint was 
reduced to allow 7° of movement in the coronal 
plane, the stems lengthened, an anterior flange 
added to the humeral component and a coat-
ing applied. The Coonrad-Morrey articulation 
consists of a forked titanium alloy humeral 
component articulating with an ulnar compo-
nent via ultra-high-molecular-weight polyethyl-
ene (UHMWPE) bushings and a cobalt-chromium 
(CoCr) axle or link-pin. The ulnar component 
has a cylindrical UHMWPE bushing which is 
larger in diameter than the axle. It has been sug-
gested that this cylindrical design produces 
high stresses on the edges of the polyethylene, 
resulting in bushing wear, polyethylene debris 
and loosening of the implant that has been a 
clinical concern.32,33

Newer bearing designs, such as the Latitude 
and Discovery, are an attempt to address this 
problem.22,34 The Latitude implant can be used 
as a linked or unlinked implant. When linked, 
the fork-shaped cobalt-chrome (CoCr) stem 
holds the CoCr concave cylinder shape on both 
ends, and the UHMWPE bushing of the CoCr 
ulnar stem loosely conforms to the axle. The 
axle of the Discovery design is made of two 
CoCr hemispheres that form an hourglass-
shaped structure, which is connected at both 
ends to a titanium stem. The titanium ulnar 
stem has UHMWPE bushings that loosely con-
form to this hourglass structure. Finite element 
analysis (FEA) suggests that these designs might 
produce lower contact stress on the bushings; 
however, at the moment there is no clinical data 
to demonstrate an advantage. The FEA also 
shows that the hourglass design of the Discovery 
might also exhibit a linear increase in torque 
with varus-valgus displacement, suggesting 
that it may be acting as more of a constrained 
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hinge.35 Compared with the Coonrad-Morrey 
prosthesis, these newer designs show compara-
ble short- to mid-term results.36-43 However, it 
is important to bear in mind that evidence is 
limited and, indeed, contradictory reports from 
the Swedish Arthroplasty Register have been 
published that suggest a higher risk of revision 
with newer models.44 There is evidence of 
early radiological loosening of the Discovery 
implant.37,41 Radiographs of these different 
linked implants are presented in Figure 3.

A more recent design, the Nexel prosthesis 
(Zimmer-Biomet), has been introduced with a 
cylindrical bearing but with rounded corners on 
the polyethylene to reduce contact stresses; 
however, no clinical results have been pub-
lished. The results of modern linked prostheses 
are summarised in Table I.

Unlinked

The rationale for unlinked TEA is that the soft 
tissues dissipate forces across the elbow, 
thereby reducing stress on the bone-cement 
interface and reducing rates of aseptic loosen-
ing. This produces a trade-off between an artic-
ulation that is too constrained and functions as 
a linked device, or one that is not constrained 
enough and may be prone to dislocation. 

Stability of unlinked TEA is dependent on the 
inherent geometric constraint of the implant 
design and competent soft-tissue structures. 
Pre- and intra-operative evaluation of bone 
stock, the capsuloligamentous structures, the 
function of peri-articular musculature, soft- 
tissue balance and implant alignment are of 
critical importance for success.45 However, 
despite the biomechanical rationale, the aseptic 
loosening, especially in the ulnar component, 
remains a concern both in biomechanical and 
clinical studies.21,24 This might be explained by 
the high constraint ratio of some former mod-
els,46 as dislocation is a problem inherent to 
less constrained designs.47 Historically, the 
unlinked TEAs have had higher revision 
rates.18,48 However, recent models show mid-
term results comparable with those of linked 
implant designs. The widely used Souter-
Strathclyde system (Stryker, Kalamazoo, 
Michigan; now withdrawn) had a five-year sur-
vival rate of 96% and a ten-year survival rate of 
89% when performed in a specialist institu-
tion.11 There is no high-quality evidence com-
paring the outcome.

The historical results of unlinked prostheses 
are summarised in Table II, and radiographs of 
historically commonly used designs are pre-
sented in Figure 4.

stem desIgn
Stem designs have varied and evolved over 
time. The presence of an anterior flange on the 
humeral component, the shape of the stems, 
and the coating material may have a role in 
implant survival. The biomechanical and clinical 
studies suggest that the anterior flange popu-
larised initially by the Coonrad-Morrey design 
may reduce the stresses generated over the 
humeral stem as a result of torque (Fig. 3a).23,49 
However, in modern implants with different 
metaphyseal geometry, such as the Latitude 
prosthesis, the anterior flange may not have 
such an important role (Fig. 3b).50 Metaphyseal 
fins on the implant act as an internal flange to 
limit torque.

The stem surface finish affects the stability 
between the cement-implant interface. This is 
considerede to be especially important on the 
ulnar component, where a pistoning effect in 
flexion is thought to result in early loosening. 
Some studies have demonstrated that different 
surface treatments can affect implant survival. 
The first-generation Coonrad-Morrey plasma 
spray-coated ulnar component had better sur-
vival than the second-generation beaded 
porous and third-generation PMMA coatings, 
and so the coating was changed back to a mod-
ern plasma spray finish. The risk for failure was 

Fig. 2 Three commonly used modern linked bearing models. Cylindrical, CY (Coonrad-Morrey, Zimmer-Biomet, Warsaw, Indiana), Hourglass, HG (Discovery, 

Biomet, Warsaw, Indiana.) and Concave Cylinder (Latitude EV, Tornier/Wright Medical, Inc.). Figure reprinted, with the permission of Taylor and Francis Group, 

from Willing R, King GJ, Johnson JA. The effect of implant design of linked total elbow arthroplasty on stability and stress: a finite element analysis. Comput 

Method Biomech Biomed Engin 2014;17:1165-1172.
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significantly higher with PMMA-coated stems 
than with others.23 Today, most of the designs 
either have titanium or cobalt-chrome stems 
that are surfaced with either plasma spray or 
small beads. In biomechanical studies, smooth 
stems have had the poorest outcomes in terms 
of stability, followed by spray and bead finish-
ing. In addition, it seems that the substrate 
material may have an effect, with cobalt-chrome 
stems presenting better survival in cyclic load-
ing in the laboratory than titanium.51

surgIcal technIque
Given the relatively low annual incidence of 
TEA, it is clear that experience is accumulated 
slowly for an individual surgeon working in a 
non-specialised unit. In lower limb arthroplasty, 
the experience of the surgeon, as well as that of 
the institution, has been recognised as an 
important factor in improving outcomes. 
Similar trends with regard to TEA can be seen 
both in Scottish and Finnish registry studies. The 
Scottish registry study observed that the 

revision rate was higher with those surgeons 
who performed fewer than five procedures per 
year, particularly when compared with those 
who performed at least ten. In the Finnish regis-
try study, it was noted that the risk of revision 
was significantly lower in a specialised institu-
tion than in general orthopaedic hospitals.12,25

Several technical factors such as cementing, 
positioning of the implant, and manipulation of 
the soft tissue may have an effect on overall out-
come and implant survival. Two studies have 
shown that revision rates were markedly higher 
with uncemented implants, especially when the 
ulnar component was left uncemented.14,24 In 
cemented TEAs, a poor cement mantle sur-
rounding the implant and a particularly poor 
cement-bone interface may be one potential 
cause for aseptic loosening. On the humeral 
side, the reverse cone shape of the humerus cre-
ates challenges for cementing.52 In cadaveric 
models, meticulous preparation of the 
intramedullary canal, use of cement restrictor, 
low-viscosity cement, and a narrow-nozzled 
cement gun improved cement mantle quality 
as well as failure load and stress characteristics 
of the implant.53,54 In a recent clinical study, the 
challenges associated with cementing of the 
humeral implant were suspected to be related 
to the use of high-viscosity cement, and there-
fore the use of low-viscosity cement was pro-
posed as it is known to have good penetration 
into corticocancellous bone. In the same study, 
the quality of cementing was worse in the meta-
physeal area of the ulna than in the tip, which 
might be explained by the lack of intramedul-
lary plug on the ulnar side, leading to possible 
insufficient pressurisation.37

Implant positioning is important because 
changes in the axis of rotation affect function, 
and this, combined with aligment errors, is 
likely to lead to early failure. In the laboratory 
setting, an error of up to 8° in internal-external 
rotation and 6° in varus-valgus orientation can 
occur, and malpositioning may be even more 
likely in clinical practice.55 Furthermore, 
humeral component malalignment can cause 
increased load of a linked TEA implant.56 
Malrotation of the humeral component can 
cause alteration in articular gliding and kine-
matics in unlinked TEA.57 Additionally, malposi-
tioning of both humeral and ulnar component 
anterior offsets seems to have adverse effects on 
functional outcomes such as strength and 
pain.58,59 Ulnar pistoning caused by impinge-
ment between the coronoid and anterior flange 
may result from implanting the ulnr 

Fig. 3 Radiographs presenting commonly used linked prostheses. From top to bottom: Coonrad-Morrey; 

Discovery; and Latitude.
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component too distally and is a potential cause 
of implant loosening.60

The benefit of pre-operative templating is 
well described in arthroplasty in general; how-
ever, because intra- and interobserver reliability 
to template the stems is moderate to substantial 
in elbow arthroplasty, the predictive value is 
low and therefore of little worth.61

Surgical approaches for TEA are numerous 
and can be divided into triceps-preserving or 
triceps-releasing approaches. Triceps-detaching 
techniques improve the view for ulnar prepara-
tion and instrumentation; however, rates of tri-
ceps insufficiency are underestimated and this 

is a factor that becomes progressively impor-
tant as TEA is performed in ever more active 
individuals.40 In clinical studies, triceps-
detaching techniques have been associated 
with post-operative triceps failures and higher 
revision rates.40,62 Hence, triceps-sparing tech-
niques such as the paratricipital (Alonso-
Llames)63 and lateral para-olecranon 
approaches have been used, although some 
question whether this increases the risk of 
implant malalignment and poor cementa-
tion.62 Limited evidence suggests that the 
 triceps-sparing lateral para-olecranon 
approach might improve extension strength.64

complIcatIons
Historically, the rate of complications after TEA 
was reported to be significantly higher (43%) 
than for other large joint arthroplasties. These 
include infection, aseptic loosening, ulnar 
nerve neuropathy, instability, dislocation, intra- 
operative fracture, prosthesis failure, and heter-
otopic ossification.65 The mechanical advances 
in implant design have reduced the overall 
complication rates drastically (24%) during the 
last two decades.4

Ulnar nerve complications after TEA are well 
documented. In a previous systematic review, 
the overall incidence of permanent ulnar nerve 

table I. Results and complications of unlinked total elbow arthroplasty systems

Design/study Follow-up 
(range)

No. of 
patients

Survival rate (%) Total revision 
rate (%)

Infection 
(%)

Aseptic 
loosening 
(%)

Fracture 
(%)

Other (%)

souter-strathclyde  

Skyttä et al (2009, Finnish 
registry)25

8.8 (0 to 25.0) 912 88 (7 yrs), 82 (10 yrs) N/A N/A N/A N/A N/A

Ikävalko et al (2009)11 10.6 (0 to 25) 525 96 (5 yrs), 89 (10 
yrs)

18 1.5 12.6 2 Dislocations (3.4)

Plaschke et al (2014, Danish 
registry)48

N/A 90 91 (5 yrs), 72 (10 yrs) 12.2 N/A N/A N/A N/A

Talwalkar et al (2006)81 12 (5 to 6) 
patients under 
50 yrs

31 85 (10 yrs) 16.7 8.3 16.7 2.8 Ulnar nerve 
neuropathy (8.3)

 7.3 (3 to 16) 
patients aged 
50 yrs or over

80 (10 yrs)  

iBp/Kudo  

Skyttä et al (2009, Finnish 
registry)25

6.5 (0 to 13) 218 89 (7 yrs), 83 (10 yrs) N/A N/A N/A N/A N/A

Fevang et al (2009, Norwegian 
registry, Kudo implants)14

8.0 161 94 (5 yrs), 85 (10 yrs) 12.4 N/A 5.6 3.1 Luxation or 
instability (3.1)

Fevang et al (2009, Norwegian 
registry, iPB implants)14

2.9 111 9.9 N/A 2 0 Luxation or 
instability (9.9)

Kodama et al (2017, Kudo 5 
implants)82

11.7 (10 to 
16.9)

41 87.8 (5 yrs), 70.7 (10 
yrs)

30 2.4 26.8 N/A N/A

Ibrahim et al (2017)83

Juvenile idiopathic arthritis 
patients

11.4 (5.4 to 
17.6)

14 95 (5 yrs), 70 (10 yrs) 42.9 N/A N/A N/A Ulnar neuropathy 
(28.6)

nes/norway  

Skyttä et al (2009, Finnish 
registry)25

3.5 (0 to 10) 63 92 (4 yrs) N/A N/A N/A N/A N/A

Fevang et al (2009, Norwegian 
registry, Norway implants)14

8.9 180 96 (5 yrs), 89 (10 
yrs)

10 N/A 10.6 1.1 Luxation or 
instability (2.2)

Fevang et al (2009, Norwegian 
registry, NES implants)14

3.2 45 93 (4 yrs) 13 N/A 6.7 4.4 Luxation or 
instability (2.2)

gsB III  

Plaschke et al (2014, Danish 
registry)48

N/A 60 91 (5 yrs), 89 (10 yrs) 11.7 N/A N/A N/A N/A

N/A, not applicable; IBP, instrumented bone preserving; NES implant, nestorone single rod implant; GSB, Gschwend-Scheier-Bähler
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table 2. Published series of results and complications of modern linked primary total elbow arthroplasty systems

Design/study Follow-up, 
mths (range)

No. of 
patients

Survival rate 
(%)

Revision rate 
(%)

Infection 
(%)

Aseptic 
loosening (%)

Fracture 
(%)

Other (%)

coonrad-morrey  

Skyttä et al (2009, 
Finnish registry)25

4.6 (0 to 10) 164 89 (7 yrs) N/A N/A N/A N/A N/A

Plaschke et al (2014, 
Danish registry)48

N/A 91 88 (5 yrs), 88 
(10 yrs)

8.8 N/A N/A N/A N/A

Sanchez-Sotelo et al 
(2016)23

9 (0 to 30) 461 95 (5 yrs), 92 
(10 yrs)

11 7.8 6.3 N/A Ulnar component loosening main 
mechanical failure (5.2)

Rheumatoid 
arthritis patients

Ulnar 
component 
loosening 
(7.4), humeral 
component 
loosening (3.5)

 

Mansat et al 
(2013)84

5 (2 to 11) 78 97.5 (5 yrs) 11.5 3.8 5.1 1.3 Ulnar nerve neuropathy (9)

Rheumatoid 
arthritis and trauma 
patients

91 (10 yrs) Triceps weakness (6.4)

Prasad et al (2016)76 13 (10 to 17.5) 37 86 (10 yrs) 15 5.3 31.5 N/A Radial nerve neurapraxia (10.5)

Trauma patients (19 in 
minimum 
10- yr study 
group)

Symptomatic HO (10.5)

discovery  

Frohstick et al 
(2017, cementless 
fixation)85

5.2 (1 to 13) 20 100 0 0 0 0 Non-progresssive radiolucency (10)

Hanninen et al 
(2017)37

5.3 (2 to 10.3) 90 95.6 4.4 10 3.3 0 Ulnar nerve palsy (3.3); significant signs 
of incomplete cementing (up to 38); 
Radiolucent lines after a mean of 5.3 (2 to 
20.3) yrs (up to 30); 2 cases of previous 
generation implant had loose locking 
screws

Alizadehkhaiyat 
et al (2017),38 after 
primary operation

4 (2 to 9) 100 (including 
25 revisions)

94.7 after 
primary 
operation; 80 
after revisions

5.3 after primary 
operation; 20 
after revisions

20 Primary (5), 
revisions (12)

Primary 
(6.8), 
revisions 
(8)

Persistent ulnar neuropathy (3); HO 
(6.8); non-progressive radiolucency after 
primary operation (13.3); non-progressive 
radiolucency after revisions (28)

Mukka et al (2015)39 4.5 (1 to 8) 25 80 12 8 4 0 Elbow re-operated on because of ulnar 
nerve entrapment (4) and triceps rupture 
(4); Radiolucency over distal part over the 
humeral component (20)

Large et al (2014)40 3.4 (2 to 5.8) 51 90.2 (5 yrs) 7.8 7.8 10 N/A Radiolucency over the humeral component 
(31); radiolucency over ulnar component 
(10); Triceps failure, both Mayo triceps off 
approach (4)

Giannicola et al 
(2014)41

Distal humeral 
fractures

3.4 (2.4 to 5.3) 24 N/A 0 4.2 Progressive 
radiolucency 
(4.2)

4.2 Transient ulnar neuropathy (8.4); non-
progressive radiolucency (4.2)

Hastings et al 
(2014)42

4.1 (2 to 5.9) 46 N/A 0 6.7 2.2 0 Loose locking screws (first-generation 
design) (4.3); loose polyethylene wearing 
(2.2)

latitude  

Wagener et al 
(2015)43

3.6 (0.7 to 7) 69 (including 
12 unlinked 
conversions)

N/A N/A 4.3 Radial head 
disengagement 
(31); humeral 
radiolucency 
(6); ulnar 
radiolucency (4)

4 Neurological symptoms (ulnar nerve) (13)

N/A, not available; HO, heterotopic ossification
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neuropathy was estimated to be up to 5% and 
ulnar nerve problems up to 11%. Reporting has 
not been performed uniformly in the literature 
and therefore the true incidence and best treat-
ment are unclear.6,67 Nevertheless, combining 
ulnar nerve release or transposition with the pri-
mary operation has been reported by Ewald 
et al67 to reduce transient ulnar nerve complica-
tions from 31% to 15%. However, recent litera-
ture reports post-operative ulnar nerve problems 
in 5% to 10% of patients who had undergone 
routine ulnar nerve transposition in primary TEA, 
suggesting that it makes little difference.68,69

The infection rate with TEA is reported to be 
significantly higher than that in other major 
arthroplasties. In earlier reports, the rate of deep 
infection was reported to be up to 9%, and 
more recently, 3%.4,65 In cases of infection, 
retention of the implant may not be possible, 
and 50% to 90% eventually require implant 
removal and two-stage revision.70-72

Aseptic loosening is a major cause of failure 
and the incidence of clinically significant 
implant loosening has been estimated to be 7% 
to 15%, with the non-significant radiolucency 

rate even higher.7,66,73 The cause for aseptic 
loosening can be primary failure of the bone-
cement interface or osteolysis due to particulate 
debris from either polyethylene or cement. Fully 
constrained prostheses had high rates of aseptic 
loosening (as high as 25%) due to increased 
stress at the bone-cement interface, and have 
been replaced in the last three decades with 
linked semi-constrained prostheses, with loose 
hinges decreasing the rate (5%).4,74

Aseptic loosening, deep infection, and 
periprosthetic fractures can lead to a lack of suf-
ficient bone stock. Revision TEA can then be 
technically demanding. Moreover, soft-tissue 
coverage and stability may be compromised 
due to these complications.

Different types of bone loss can be observed. 
Direct bone destruction can include loss of both 
cancellous and cortical bone with or without 
capsuloligamentous and tendon attachment 
sites. Loss of the olecranon and triceps insertion 
is particularly difficult to address. Bone loss can 
be observed as a progressive osteolysis sur-
rounding the implant or cement mantle, even-
tually leading to cortical thinning and, in more 

advanced stages, to a severe ballooning of the 
cortex before periprosthetic fracture.75

Implant survIval
In the Danish National Patient Registry study, the 
survival rates of both linked and unlinked TEAs 
were found to be acceptable after periods of five 
years (90% for both linked and unlinked TEAs) 
and ten years (90% for linked and 77% for 
unlinked TEAs). However, 68 of 324 primary TEAs 
(21%) underwent revision, with aseptic loosen-
ing, periprosthetic fracture, and prosthesis dislo-
cation (unlinked TEAs) being the most common 
reasons for revision. The infection rate in this 
series was 7.4% (five cases). The survival results 
after revision TEA were excellent, with five-year 
and ten-year survival rates of 96% and 89%, 
respectively.48 In another registry study from 
Scotland, 1146 TEAs were evaluated. In this 
study, the ten-year and 18-year implant survivor-
ships for primary TEAs were 90% and 85%, 
respectively. The ten-year cumulative complica-
tion rate for infection was 11%, 0.9% for disloca-
tion, and 1.3% for periprosthetic fracture. The 
mean revision rate at 18 years was high, at 15%.12 
The Norwegian registry study reported a similar 
15% failure rate after ten years of primary TEA.14

patIent-related predIctIve Factors
In addition to implant-specific and technique-
related factors, patient-specific features will also 
influence the final outcome.

In the past, inflammatory arthropathy was 
the most common indication for TEA. During 
the last two decades, the use has expanded to 
cover trauma, post-traumatic sequelae and pri-
mary osteoarthritis. It can be seen that overall 
results of TEA are worse in osteoarthritis and 
trauma than in rheumatoid arthritis.76,77

A study from the United States showed that 
diabetes is a significant independent risk factor 
for prolonged hospital stay, and that diabetic 
patients have significantly higher rates of peri-
operative complications such as cerebrovascular 
attack, pneumonia, myocardial infarction, deep 
venous thrombosis, and wound infection.78

Obesity (especially body mass index > 40 
kg/m2) is a significant risk factor for early and 
late complications such as infections, and the 
risk of undergoing revision TEA is significantly 
higher in this patient group.40,79,80

With regard to smoking, an analysis from the 
National Surgical Quality Improvement Program 
database in the United States showed that smok-
ing was associated with a near seven-fold 
increased risk of infection.77

Fig. 4 Radiographs presenting two commonly used unlinked prostheses in the past: Souter-Strathclyde 

(top) and Kudo (bottom).
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conclusIon
The outcomes of TEA are not comparable with 
those of hip and knee surgery. Even though suc-
cessful TEA can provide excellent individual out-
comes, the overall risks remain relatively high. 
The path to successful TEA is likely to be multi-
factorial. More care is needed with patient selec-
tion, especially when considering TEA for 
diabetic, obese, or smoking patients. In these 
cases, the adverse effects of an already risky 
operation seem to multiply, and other treat-
ment methods should be considered instead. 
With the total number of procedures decreasing 
in Western countries and with evidence that the 
annual volume of the unit and of the surgeon 
affects outcomes, it would be desirable to cen-
tralise these procedures to high-volume units in 
order to improve results. Furthermore, these 
units should collaborate with a view to produc-
ing high-quality scientific evidence and estab-
lishing clinical practice guidelines for this 
challenging field of surgery.
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