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Introduction

Background: history of the total elbow prosthesis
The first recorded surgical procedure for a diseased elbow was a resection of the affected soft
tissue and the adjacent diseased bone. It was performed by Ambroise Paré in the sixteenth
century on a patient with an incurable joint infection and was done to avoid amputation.35
When anaesthesia became widespread in the nineteenth century, surgical excision and
creating a pseudoarthrosis or flail elbow became more common.35 The use of implants
began in the twentieth century. Venable, Stuck and Smith-Petersen (Boston) experimented
with implants around the elbow around 1938 – a landmark in the use of interpositional
materials for arthroplasty.35
The first reported case of prosthetic replacement of the elbow joint was done by Robineau
on March 28th, 1925. An unconstrained type of elbow prosthesis was used which relied on
the natural ligaments for stability. Sixteen years later a hinged elbow prosthesis was inserted
by the Dutch surgeon Professor Dr. Boerema in 1941.32 This prosthesis had a large metal
hinge with perforations in the stem to facilitate bony ingrowth; metal wires were used for
additional fixation. Another early attempt was made by Larmon in 1953. His prosthesis was
made of a combination of metal and acrylic material. The unintentinional breakdown of
this prosthesis led him to adopt the use of a metal hinge.30
From that moment on several kinds of fully constrained elbow prostheses were developed.
Studies of these early types of implants showed unsatisfactory results. Many researchers
(Dee (1972), Souter (1973), Nederpelt (1975), Weiss (1970)) reported early loosening of the
prosthesis and advised further innovation of the design of total elbow prosthesis.30
Following this was the invention of a non-constrained and semi-constrained type of total
elbow prosthesis which exhibited lower loosening rates than the constrained prostheses
because of the margin of movement they allow in the joint.30 To date, the unconstrained,
semi-constrained and constrained types of total elbow prostheses are being used, depending
on the type of pathology of the elbow joint of the patient.

Historical review: total elbow systems in the last 40 years
For this historical review of the literature on success rates for total elbow prostheses, 11
different total prostheses were selected for inclusion: Dee, GSB, Kudo, Swanson, SouterStrathclyde, Coonrad-Morrey, Mazas, Wadsworth, Nederpelt, iBP and Tornier/Latitude. These
prostheses have all been used and some are still being used by Dutch orthopaedic surgeons.
10
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presented in tables. Table 1.1 shows the clinical scores and the improvement in ROM (Range
of Motion); Table 1.2 shows the complications.
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To clearly outline and enable comparison of the prosthetic systems, the clinical results are

Table 1.1

Article
reference

Clinical
assessed
elbows

Mean
follow-up
(months)

Mean
clinical
scorea

Mean improvement
postoperative ROM
(flexion-extension)
in degrees

4

12

14

10b

62.5

20
13d

16
6
22

23
23

62.5%c
66.7%e
62.5%/66.7%f

72.5
72.5

Nederpelt

13

43

32.6

-

-

Swanson

33

31

77

-

85

Coonrad-Morrey

28

22

47.5

82

40

Souter-Strathclyde

37
19

204
25 (Group A)
18 (Group B)
45
292

77
104
28
114
82

85.4%g
95
93
82
88

25
38
26
21
25.6

Type of elbow
prosthesis
Dee
Mazas
Total

17
Total
Wadsworth

18

19

68

36.80h

8.7

GSB III

12
3
15

20
44
18
82

60
74
91
74

84i
87.5
91
88.5

19
34
37
31

iBP

14j

9

43

95

-

Kudo type 5

36

89

72

-

Total

1

15

Mean clinical score is Mayo elbow performance score unless mentioned otherwise. Scoring system excellent,
fair or poor. Number indicates elbows with an excellent result (Excellent: 90 degrees of movement postoperatively, power 4 or more, pain free. Fair: 60–90 degrees of movement in a useful arc, power 4 or more,
pain free. Poor: Less than 60 degrees of movement, persisting loss of function due tot pain, loss of power or
other complications). c Scoring system based on result evaluation by patient and surgeon: satisfactional, fair,
failure. Clinical score: percentage of satisfactional results. d Fracture and luxation as main indication for surgery.
e
Percentage of pain free, satisfied patients. f No total available. g Percentage of well-functioning and painfree
patients. h Percentage of painfree patients 5.7 years postoperatively. i HSS elbow score (Hospital for Special
Surgery elbow score). j Elbow prosthesis as treatment for fractures of the humerus.
a

b

Calculation totals:   TMFUP=∑((En/Et) ∙MFUPn)   TMCS=∑((En/Et) ∙MCSn)   TIROM=∑((En/Et) ∙IROMn)
TMFUP, Total Mean Follow Up Period; MFUP, Mean Follow Up Period; TIROM, Total Improvement ROM; IROM,
Improvement ROM; TMCS, Total Mean Clinical Score; MCS, Mean Clinical score; E, clinical assessed elbows; n,
specific study; t, number of studies on one type prosthesis.
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12

a

20
13

Mazas

33

28

37
19
17

Swanson

Coonrad-Morrey

Souter-Strathclyde

12
3
15

GSB III

36

Kudo type 5

89

13

20
44
28
92

19

204
68
58
330

22

31

43

19
6
25

12

b

Studied elbows

15 (16.9%)

1 (7.7%)

4
8
2
14 (15.2%)

13 (68.4%)

16
19
10
45 (13.6%)

3 (13.6%)

1 (3.2%)

1 (2.3%)

3
5
8 (32%)

-

-

-

1
1 (1.1%)

1 (5.3%)

10
1
11 (3.3%)

-

1 (3.2%)

-

2
2 (8%)

-

-

-

1
1 (1.1%)

-

4
5
1
10 (3.0%)

-

-

-

-

-

-

-

1
1 (1.1%)

-

3
2
7 (2.1%)

1 (4.5%)

-

-

1
1 (4%)

-

Loosening Infection Dislocation Release ulnar nerve

Intraoperative fractures treated with long stem humerus. Elbow prosthesis as treatment for fractures of the humerus.

14b

iBP

Total

18

Wadsworth

Total

13

Nederpelt

Total

4

Article reference

Dee

Type of elbow prosthesis

Table 1.2

1 (0.01%)

-

2
1
3 (3.3%)

-

7
10a
1
17 (5.2%)

-

1 (3.2%)

-

3
3 (12%)

-

Fracture

-

-

1
1
2 (2.2%)

-

1
2
3
6 (1.8%)

1 (4.5%)

-

-

2
2 (8%)

1 (8.3%)

Other causes

15 (16.9%)

1 (7.7%)

22 (24%)

14 (73.7%)

96 (29%)

5 (22.6%)

3 (9.6%)

1 (2.3%)

16 (64%)

1 (8.3%)

Total
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of their study. Therefore, we calculated these ourselves using their specified results; the
total scores for “mean clinical score” and “mean improvement in postoperative ROM” and
follow-up period are calculated with a correction factor. The follow-up period was used as
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Two articles Schneeberger28 and Wadsworth27 did not mention the total clinical outcomes

a factor to make the results of a study with a long follow-up period weigh more heavily in
the total score than results with a short follow-up period (Table 1.1).

Description of each of the total elbow systems and summary of findings
from the literature
Dee
The Dee total elbow prosthesis has been used since 1969. It was invented by R. Dee in response
to the non-satisfactory results of non-prosthetic arthroplasty in rheumatoid arthritis. The
commercially available elbow prostheses at that time were unsuitable for patients with

1

rheumatoid arthritis.
Encouraged by the results of Silva’s (1967) replacement of the lower end of the humerus
he designed and produced a new elbow prosthesis. This constrained prosthesis had a
humeral and ulnar component made of chromium-cobalt. The stems of the components

Figure 1.1 Dee elbow prosthesis.
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followed the anatomical curves of the humerus and the ulna and the ulnar component had
a platform that rested upon the olecranon. Both components were fixed to the bone with
cement (Figure 1.1).4,5
The first reports were good: 10 out of 12 elbows had an excellent result and there was a
mean improvement in ROM of 62.5° postoperatively (Table 1.1). Very few complications
were seen (Table 1.2). However, in 1973 Souter noticed a high loosening rate in one of his
studies which included the Dee prosthesis.6 Dee reviewed these results himself and this
resulted in modifications in the design, the hinged prosthesis became a semi-constrained
prosthesis with 15° of lateral movement. He also developed a simple surface replacement
which could be used if there was little bone loss and when the ligaments could be preserved.
The advantage of this simple surface replacement was the preservation of bone. Over a short
period of time the clinical results were excellent.6
Nowadays, the Dee elbow prosthesis is not used anymore because of the development of
newer elbow prostheses that give more satisfactory results.

GSB
The GSB I system (Gschwend, Scheier, Baehler) was used from 1971. Results from this and
other rigid hinged joints showed a high loosening rate. Analysis of their mode of failure
resulted in 1978 in the GSB III. Instead of a constrained prosthesis like the GSB I, the GSB
III is a semi-constrained prosthesis. The oval loose-link connection between the humerus

Figure 1.2 GSB elbow prosthesis.
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adapted to the normal anatomy with large surfaces for support on the condyles and a wide
stem for transference of rotational stress. The metal humeral and ulnar parts are made of a
Protasul-10 and a Protasul-2 alloy,9 the articulating surfaces are coated with polyethylene.

Introduction

and the ulna allows 5° of adduction, abduction and rotation. The humeral component is

Both parts need to be fixed within the bone with cement. There are three humeral sizes and
four ulnar sizes available (Figure 1.2).10
The GSB III prosthetic system shows satisfactory results with a postoperative Mayo elbow
performance score of 88.5 and a 31° postoperative improvement in ROM (Table 1.1). No
explanation has been found for the smaller improvement in ROM as compared to the study
of Jensen.12 Failure rates are in the same range as the other total elbow prostheses and the
main complication is loosening (Table 1.2).

Kudo
The first Kudo prosthesis, type I, was used from 1971 till 1975. The humeral component was
made of titanium and looked like a cylinder. The ulnar component was made of high-density

1

polyethylene with a short intra medullary stem and an articulating surface which matched
that of the humeral component. The prosthesis was placed in a non-cemented fashion.16

Figure 1.3 Kudo elbow prosthesis.

For type II the surface of the humeral component was modified to a saddle shape with a
trochlea in the center, more like the natural articulation. The ulnar component was adapted
to the new shape of the humeral surface. In 1980 the type III was developed. The ulnar
15
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component was also made of titanium but had a polyethylene surface.16 In 1988 the Kudo
type IV was developed. The humeral as well as the ulnar stem were changed to porous
coated stems.38 The latest design, type V, dates from 1990 and is still being used. The humeral
component is made of cobalt–chromium alloy with half of the stem porous coated. The
ulnar component is made of polyethylene and fixed with cement or has a porous coated
metal backing and is fixed without cement (Figure 1.3).22,26,34
Studies on Kudo V have shown a very good outcome with an improvement in ROM of
15° and great pain relief and stability (Table 1.1). The complication rate is quite low in
comparison with the other prosthetic systems. Loosening is seen in almost 17% of the study
population (Table 1.2).

Swanson
In 1972 Albert B. Swanson designed a constrained hinge implant (Howmedica, Rutherford,
N J) with vitallium humeral and ulnar components that were fixed with methacrylate. This
type of prosthesis allows sparing of the condyles and a minimal amount of bone resection
of the distal humerus. The high density polyethylene bushing around the metal connecting
pin between the humerus and ulna prevents metal-to-metal contact.33
The distal portion of the humeral component is V-shaped and fits between the posterior
and anterior cortices of the intercondylar bone for protection against rotary forces.

Figure 1.4 Swanson elbow prosthesis.
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Fig. 4 Swanson elbow prosthesis

Chapter 1

available in two lengths. The proximal portion of the ulnar component is shaped to conform
to the ulnar notch and the distal stem is shaped to fit into the intramedullary canal of the
ulna. This component is also fixed with cement. The joint capsule and muscles are reattached

Introduction

The humeral stem and the intercondylar extentions are held in place by cement. The stem is

to the condyles to provide more stability and a better functional result.
In response to the results of his constrained prosthesis and other constrained prostheses
Swanson designed a semi-constrained elbow prosthesis with a radial head component that
articulates with a capitellar-like facet on the ulnar component (Figure 1.4).33 Although few
studies have been executed, the semi-constrained prosthesis shows a low complication
rate and a very satisfying improvement in ROM (85° (Table 1.1)). This prosthesis is not
available anymore.

Souter-Strathclyde
The Souter-Strathclyde prosthesis is an unconstrained elbow prosthesis with a humeral
component made of vitallium and an ulnar component made of ultra-high-molecular-weight

1

polyethylene. The humeral component has a flat intramedullary stem with flanges for the
capitellum and medial epicondyle of the humerus, the ulnar component has a keel and a
small stem. Both components need to be fixed in the bone with cement. There are different

fig.5 Souter‐Stratclyde elbow Prosthesis

sizes available for both components and a snap-fit linkage can be used (Figure 1.5).19,37

Figure 1.5 Souter-Strathclyde prosthesis.
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The prosthesis was designed in 1973 in response to the high loosening rates of linked elbow
prostheses and it was first inserted by Souter in 1977. An advantage of the Souter-Strathclyde
elbow prosthesis is the small amount of bone that has to be removed before insertion. A
disadvantage of this short-stemmed type was the high loosening rate; therefore a longstemmed humeral component has been used more frequently. Because more bone has to
be removed, the advantage of the Souter-Strathclyde elbow prosthesis was undermined.38
The Souter-Strathclyde elbow prosthesis showed satisfactory results. The Mayo elbow
performance score postoperatively was 88 and the improvement in ROM was 25.6° (Table
1.1). The main complications seen were loosening of the humeral component (13.6%),
infection, luxation and fracture (Table 1.2).

Coonrad-Morrey
The Coonrad-Morrey (Zimmer®) is an often used semi-constrained cemented prosthesis.
The first type of this prosthesis was developed by Coonrad in 1973. This type I was a
constrained titanium implant with a 10cm stem, a high density polyethylene hinge and a
central locking pin. It was used from 1973 till 1978.24,25 Morrey studied this prosthesis and
found a higher than expected loosening rate in rheumatoid patients, which resulted in the
development of type II. The Coonrad-Morrey type II, used from 1979 till 1981, still had
some biomechanical problems. Cyclic use of heavy weight gave laxity of the prosthesis due
to posterior superior displacement of the implant.31
In response to the problems with type II, type III was invented and is in use ever since. This
type has a type II ‘loose hinge’ and a 15 cm humeral stem with an anterior flange to resist
posterior displacement. The distal part of the humeral component and the proximal part
of the ulnar component are coated with a titanium plasma spray for better cement fixation.
To decrease stress between the bone-cement interface, a bone graft is placed between the
anterior cortex of the humerus and the prosthetic flange.2,7,23 The articulation is locked by
a split ring. In 1996 the central locking pin was redesigned. In 1992 the ulnar component
was changed from a beaded surface to a pre-coat of polymethyl methacrylate. In response
to inferior results of this modification, the ulnar component changed back to a beaded
surface in 2001 (Figure 1.6).29
The Coonrad-Morrey is still an often used prosthesis with good clinical scores (82 on the
Mayo elbow performance score), an average improvement in ROM of 40° (Table 1.1) and a
complication rate of 22.6% with loosening as the main complication (Table 1.2).
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Figure 1.6 Coonrad-Morrey elbow prosthesis.

Mazas
In 1975 the Mazas total elbow prosthesis was unique in the world of elbow prostheses,
because it approximates the shape of the distal humerus and was placed anteriorly to make

1

flexion easier. It also required a very small amount of bone resection. This constrained type
of this system had to be fixed with cement to the bone (Figure 1.7).
The design of this prosthesis started in 1967 under supervision of Professor Merle d’Aubigné.
It had to meet five main demands: theoretically 180° of flexion, minimum amount of bone
resection, must replace the loss of bone in an unstable elbow, the triceps must be re-insertable
even when the olecranon is resected and the prosthesis had to be as small as possible, this
to keep it away from the skin. The early overall results of mobility and patient satisfaction
were fair. The main complications seen were loosening, fracture and infection. Migration of
the prosthesis in the humerus or the ulna resulted in a change of design. The intramedullar

Figure 1.7 Mazas elbow prosthesis.
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pins became shorter. Because of the moderate results the indication for this prosthesis was
limited to patients with a severe handicap and no other option left.20
Only a few studies investigated the Mazas total elbow prosthesis. Two of these showed a
satisfactory result in 62.5%20 and 66.7%13 of the patients (Table 1.1). Both studies showed a
high complication rate (Table 1.2). Because of the availability of other elbow prostheses that
gave good functional results, the Mazas elbow prosthesis is no longer in use.20

Wadsworth
In response to the non-satisfactory results with constrained elbow prostheses, several
unconstrained types have been designed such as the Wadsworth elbow prosthesis. The
Wadsworth prosthesis was designed in 1978 and has been used since 1979. There were
two sizes of prosthetic components available. The humeral component was made of highdensity polyethylene, the ulnar component of a cobalt-chrome alloy. Both components
were fixed with cement. The humeral component had to be placed anatomically on the
trochlea, which means it had to be in 10–20° of flexion in relation to the axis of the humerus
(Figure 1.8).27
The amount of bone resection required to insert this prosthesis was small, nevertheless the
humeral component loosened very often. A loosening rate of 68.4% was seen (Table 1.2).
Because of this high rate of failure it has not been used since 1982.18

Figure 1.8 Wadsworth elbow prosthesis.
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Fig.8 Wadworth elbow prosthesis.
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The Nederpelt IDNS-3-G elbow prosthesis (Figure 1.9) has been developed by K.J. Nederpelt
in 1980. Since then it has been used in the Slingeland Medical Center in Doetinchem (The
Netherlands). This prosthesis is a constrained prosthesis with an intramedullar cemented

Introduction

Nederpelt

humeral and ulnar component. Plates on the dorsal and ventral cortex of the humerus are
used for extra fixation. These plates are connected by screws going through polyethylene
plugs into the cement. Before insertion of the prosthesis the humeral condyles and the
radial head are excised.
Follow-up research was performed on 43 cases, with periods ranging from 1 week to 8
years. 79% of the cases were diagnosed with rheumatoid arthritis. Pain and instability of
the elbow joint were the major complaints. No complications were reported. The maximal
post-operative range of motion in the rheumatoid arthritis group was 117°. In one case
radiologic loosening of the ulnar component was seen13 (Table 1.2).

1

Figure 1.9 Nederpelt elbow prosthesis.
Fig.9 Nederpelt elbow prosthesis.

iBP Total Elbow System
The iBP (instrumented Bone Preserving, Biomet Merck Ltd.) elbow prosthesis is an
unconstrained prosthesis. It is one of the first prostheses not named after an inventor
reflecting the change after 1997 to having prostheses developed by large numbers of surgeons
working in research groups. The humeral component is made of cobalt chrome and four
different sizes are available; Small, Standard, Large and Extra Large. The ulnar component
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is made of a titanium alloy with a polyethylene bearing. This comes in the sizes Small,
Standard and Large.1 The resurfacing design requires minimal bone resection (Figure 1.10).14
The iBP total elbow prosthesis has been studied as a primary treatment for fractures of the
distal humerus. It gave a Mayo elbow performance score of 95 (Table 1.1) and there was
only one case of loosening (Table 1.2).

Figure 1.10 IBP Total elbow prosthesis.

Latitude Total Elbow
The Latitude total elbow is a new type of elbow prosthesis designed to reproduce the
anatomy of the elbow. It was developed by Alan Tornier together with S. O’Driscoll (USA), K.
Yamaguchi (USA) and G. King (USA). The Tornier company commenced in 1940 focusing
on dental surgical instruments. Developments into further usage of cobalt chromium alloy
in the sixties allowed for innovation and different applications of this metal, this allowed the
company to develop their first hip prosthesis. After that, prosthetic systems were designed
and manufactured for other joints as well leading to the Latitude total elbow prosthesis.
The Latitude total elbow consists of four modular elements; humeral stem, ulnar stem,
ulnar cap and a humeral spool. The elements are available for both right and left sides and
they are available in several sizes. It can be placed in a constrained or semi-constrained
configuration depending on the condition of the patients’ ligaments and bone structure
(Figure 1.11). Clinical studies in patients show great early results, patients have full recovery
of motion and less pain.8 However, to our knowledge, no longer-term follow-up studies
have been performed.
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1
Figure 1.11 Latitude Total elbow prosthesis.

Aims of this thesis
In 2003 we published the first results on cemented Kudo total elbow prosthesis.39,41 From
1990 to 1997, 57 non-cemented Kudo-4 TEPs were placed in 45 patients with Rheumatoid
Arthritis. Main complications were fractures during the surgical procedure and ulnar
neuropathy. Aseptic loosening of the ulna component and breakage of the humeral
component were the most frequent indications for revision. We realised that there was a
need for improvement and started to fix the ulnar component with cement and the ulnar
stem of the Kudo-4 was lengthened and the humeral component was reinforced. Subsequent
studies within our research group have formed the basis of this thesis.
The overall aim of this thesis is to give an overview of the biomechanical properties of
the Latitude total elbow arthroplasty and its clinical outcome. As the Latitude total elbow
system is relatively recently introduced to the orthopaedic market, it is essential to collect
this type of information in order to judge the safety and efficacy of this prosthetic system
on the longer term.
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To reach this aim, this thesis is subdivided in the following chapters:
•

In Chapter 2 we describe a posterior approach for placement of a total elbow prosthesis
with restoration of the anatomical origin of the medial collateral ligament. For
replacement of a total elbow prosthesis, resembling a normal elbow joint, it is in our
point of view necessary to reconstruct an anatomic insertion of the ligaments.

•

In Chapter 3 we describe a biomechanical analysis of the Latitude elbow prosthesis to
assess the stability in the elbow joint after linking the prosthesis. We tested whether
linking would improve the valgus stability of the joint. If this were the case, the surgeon
could decide intraoperatively to link the prosthesis in order to reduce stresses on the
medial ligament.

•

In Chapter 4 we describe a similar biomechanical analysis of the Latitude elbow prosthesis
and assess the stability of the prosthesis by unlinking the prosthesis and replacement
of the radial head.

•

In Chapter 5 we describe an RSA study in which we tested the stability of the IBP
humeral component elbow arthroplasty. As recently published we questioned the earlier
mentioned adjustments in this prosthesis and wanted to show the results of fixation in
a non-developing center of this implant.40

•

In Chapters 6 and 7 we describe how we analysed retrospectively the replacements
with the Kudo type 5 elbow arthroplasty, thereby focusing on the main complications
in positioning and to assess whether we should cement the ulna component or not.

•

In the last two chapters the clinical results are described of the convertible Latitude
(Tornier) arthroplasty in primary application (Chapter 8) and for revision patients
(Chapter 9).

•

The final chapter (Chapter 10) puts the studies in perspective leading to clinical recommendations and suggestions for future research.
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Chapter 2

An extensive approach of the elbow

Abstract
Background: This study describes a posterior approach to the elbow for placement of
a total elbow prosthesis.
Methods: Release of the medial collateral ligament is achieved by performing an
osteotomy of the medial epicondyle. This allows anatomic refixation of the origin of the
medial collateral ligament. A description of the posterior approach is given. Standard
radiographs were used to analyze the bone-to-bone refixation of the osteotomy of the
medial epicondyle in 13 elbows.
Results: Radiographs showed proper bone healing in all elbows, with restoration of the
anatomic origin of the medial collateral ligament.
Discussion: The described approach provides a good exposure of the elbow necessary for
the placement of modern total elbow prostheses, without compromising the stability of
the elbow. Refixation of stabilizing structures is relatively easy and results in an anatomic
position of the ligaments.
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For optimal placement of a total elbow prosthesis, adequate exposure of all bony landmarks
of the distal humerus, the proximal ulna, and radius is essential. Many different approaches
to the elbow have been described: medial, lateral, posterior, posterior transolecranon,
and posterolateral. Optimal exposure of the elbow joint for placement of a total elbow
prosthesis can be challenging. The approach should provide optimal exposure, with complete
dislocation of the elbow joint, but should also respect the surrounding stabilizing structures
and the extensor mechanism. For the placement of a total elbow prosthesis, the posterior

An extensive approach of the elbow

Introduction

approach is most commonly used.
There are 3 options for management of the extensor mechanism. In the first option, the triceps
remains attached to the olecranon; in the second, the triceps is reflected together with the
soft tissues; in the third, the triceps is split in the midline.9 Release of the medial collateral
ligament (MCL) and lateral collateral ligament (LCL) is mandatory to allow dislocation of
the elbow joint. In all of the above-mentioned surgical approaches, the MCL and LCL are
released subperiosteally or midsubstance. Refixation of these ligamentous structures in an
anatomic position is essential to restore stability.

2

Persistent valgus instability is a well-known phenomenon, especially in unlinked total
elbow prosthesis such as the Kudo and Souter-Strathclyde1 (Biomet Merck Ltd., Bridgend,
UK; Figure 2.1). One possible explanation for this valgus instability can be a nonanatomic,
nonisometric repair of the MCL. Identification of the MCL during surgery can be a challenge
because the MCL is just 3 cm long and 5 to 6 mm wide.6 In elbows with rheumatoid arthritis
or post-traumatic deformities, the MCL complex is even more difficult to identify.
In addition, proper ligament-to-bone refixation, after sharp release of the MCL, can be
difficult in relation to stability and in relation to isometry. A nonanatomic refixation results
in a nonisometric position of the MCL, which theoretically results in instability. We have
modified the sharp release of MCL to an osteotomy of the epicondyle to overcome these
problems.
In the modified approach, we perform an osteotomy of the medial epicondyle instead
of a sharp release of the MCL from the medial epicondyle. The osteotomy of the medial
epicondyle to provide access to the elbow joint was first described by Campbell2 in 1932.
Campbell had discovered a new approach to the elbow joint ‘‘by mere accident’.’ During
operative refixation of a fracture of the medial epicondyle, he noticed that the radius and

31

Chapter 2

An extensive approach of the elbow
M.J. de Vos et al.

teally or midsubstance. Refixation of
structures in an anatomic position is
stability.
s instability is a well-known phenomenlinked total elbow prosthesis such as the
r-Strathclyde1 (Biomet Merck Ltd.,
. 1). One possible explanation for this
n be a nonanatomic, nonisometric repair
cation of the MCL during surgery can be
the MCL is just 3 cm long and 5 to 6 mm
th rheumatoid arthritis or post-traumatic
CL complex is even more difficult to

oper ligament-to-bone refixation, after
e MCL, can be difficult in relation to
ation to isometry. A nonanatomic refixonisometric position of the MCL, which
s in instability. We have modified the
CL to an osteotomy of the epicondyle to
blems.
pproach, we perform an osteotomy of the
instead of a sharp release of the MCL
icondyle. The osteotomy of the medial
ide access to the elbow joint was first
bell2 in 1932. Campbell had discovered a
elbow joint ‘‘by mere accident.’’ During
of a fracture of the medial epicondyle,
adius and ulna could be easily dislocated.
Figure 1 Valgus instability of the Kudo total elbow prosthesis
Figure 2.1 Valgus instability
of the Kudo total elbow prosthesis (Biomet Merck Ltd., Bridgend, UK).
o the traditionally described technique
(Biomet Merck Ltd., Bridgend, UK).
ecause we believe that bone-to-bone
osteotomy heals better than a ligamentafter sharp release of the MCL. To our
mechanical or histologic study has been
ulna
could
be easily
dislocated. The modification to the traditionally described technique
t this, although other
studies
suggest
the

was also
because we believe that bone-to-bone refixation after an osteotomy heals
s study is to describe
a newmade
surgical
sterior approach tobetter
the elbow
joint
using
than a ligament-to-bone refixation after sharp release of the MCL. To our knowledge,
e medial epicondyle.
no biomechanical or histologic study has been published to support this, although other

methods

studies suggest the same.4

ue

The aim of this study is to describe a new surgical technique of the posterior approach to

in the lateral decubitus position with the arm
the elbow joint using an osteotomy of the medial epicondyle.
n Figure 2. The elbow should be able to move
terior incision is made longitudinally from
Figure 2 The patient is placed in the lateral decubitus position.
roximal to the tip of the olecranon and 8 cm
the ulna. The ulnar nerve is identified on the
bow and mobilized.
he triceps is achieved using a triceps-tongue
extended approximately 4 cm along the lateral aspect of the
ed by Wadsworth11 and van Gorder.7 The
olecranon (Fig. 3). The anconeus muscle is reflected from the ulna
oximately 6 cm long and approximately 1.5
just enough to obtain a good view of the capitellum. Access to the
technique
radiohumeral joint is provided through an osteotomy of the sunding on the size ofSurgical
the elbow. The
lateral
pinator tuberosity.10 A step-cut incision is made on the medial side
don is kept intact, including the insertion on
ptum. The approach is extended laterally
to allow easy and proper closure of the thicker, medial part of the
The5,8patient
is placed
in
the(Fig.
lateral
the lateral J approach.
The incision
is
triceps
3). decubitus position with the arm supported

Materials and methods

as shown in

Figure 2.2. The elbow should be able to move freely. A straight posterior incision is made
longitudinally from approximately 8 cm proximal to the tip of the olecranon and 8 cm distal
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is kept intact, including the insertion on the intermuscular septum. The approach is extended
laterally along the ulna as in the lateral J approach.5,8 The incision is extended approximately 4
cm along the lateral aspect of the olecranon (Figure 2.3). The anconeus muscle is reflected from
the ulna just enough to obtain a good view of the capitellum. Access to the radiohumeral joint is
provided through an osteotomy of the supinator tuberosity.10 A step-cut incision is made on the
medial side to allow easy and proper closure of the thicker, medial part of the triceps (Figure 2.3).

ensive approach of the elbow

Figure 2.3
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Figure
3 Management
the triceps
achieved
using

a triceps tongue.
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Through an osteotomy of the supinator tuberosity, the annular ligament and the lateral ulnar
collateral ligament are released from the ulna. The bone chip is mobilized (Figure 2.4). The
radial head alone can be dislocated. The extent of the release of the nerve depends on the
extent of the inborn cubital tunnel retinaculum and native mobility of the nerve. We do
not routinely perform a transposition, only a decompression. The osteotomy is done on the
edge of the sulcus, with the nerve gently pulled away with a vessel loop to protect it during
Figure 3During
Management
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is nerve
achieved
using
a gently
tricepsinto
tongue.
the osteotomy.
the closingofprocedure,
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ulna.

Next, a small oscillating saw is used to perform an osteotomy of the medial epicondyle just
lateral to the origin of the MCL, the superficial flexor digitorum muscle, and the flexor carpi
ulnaris muscle (Figure 2.5). The elbow can now be fully dislocated, and an optimal overview
of the elbow joint is obtained. The osteotomy of the medial epicondyle (Figure 2.6) and the
bone chip at the origin of the LCL are refixated with the use of nonabsorbable transosseous
sutures (Figure 2.6). On the medial side, 2 nonabsorbable transosseous sutures are used to
create 3-point fixation to avoid rotation of the bony fragment. The bone chip of the annular
ligament is refixated with only 1 suture that is passed through the ulna. The step-cut incision
of the triceps is closed using a modified Mason-Allen stitch.
All elbows were clinically assessed and classified as stable in valgus direction. Postoperatively,
Figure 5 An osteotomy of the medial epicondyle is performed using a small oscillating saw.
a removable cast is applied to the elbow for 6 weeks. During this period, passive movement

gh an osteotomy of the supinator tuberosity, the annular
34
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of the elbow is allowed under the strict supervision of a physiotherapist. Patients undergoing
non–triceps-sparing techniques, such as we use, are generally restricted with a removable
cast for 6 weeks and mobilization under supervision of a physiotherapist. This is in contrast
to triceps-on-triceps or triceps-sparing techniques in which active assisted motion is
permitted earlier.
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Radiologic study
In the first 2 years after introduction of the modified approach, this surgical technique
was used in 13 patients requiring a total elbow prosthesis. Standard radiographs in the
anteroposterior and lateral views were made 1 year after surgery and evaluated for osseous
healing of the medial epicondyle.

Results
All elbows showed radiologic healing of the medial epicondyle osteotomy in the anatomic
position (Figure 2.7). The medial epicondyle in 1 elbow fractured during surgery while

the osteotomy was performed. This was managed with insertion of a Kirschner wire and a
(Left) The osteotomy of the medial epicondyle is reduced and fixed with 2 nonabsorbable transosseous sutures
cerclage wire,(Right)
with proper
healing as a result.
Intraoperative photograph.
The configuration
of the sutures is shown in red, the ulnar collateral ligament is represe
ll purple lines, and the large purple arrows represent the forces pulling at the medial epicondyle.

2.7 Postoperative
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on (Left)radiographs
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after 1 year. Osseous healing of the osteotomy was noticed.
omy was noticed.
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Adequate exposure of all relevant bony structures of the elbow for placement of a total elbow
prosthesis is essential and can only be achieved by complete dislocation of the elbow. To
dislocate the elbow, release of the MCL is mandatory. Identification of the MCL can be a
challenge, especially in elbows with severe destruction due to trauma or rheumatoid arthritis.
An osteotomy of the medial epicondyle overcomes this problem. This osteotomy should be
conducted with care, with a small, sharp oscillating saw to prevent fracture of the epicondyle,
especially in osteoporotic bone.

An extensive approach of the elbow

Discussion

Persistent valgus instability after total elbow arthroplasty can be encountered2 and might
be related to an inadequate or nonanatomic refixation of the MCL.
In our experience, the refixation of an osteotomy of the medial epicondyle facilitates a more
anatomic reconstruction of the origin the MCL than is achieved after sharp release of the
ligament. To our knowledge, no study exists in which ligament-to-bone healing is compared
with bone-to-bone healing histologically. In this case series, radiographic healing of all
osteotomies was seen, resulting in a stable elbow to valgus stress in all cases. The anatomic

2

position of the osteotomized medial epicondyle was restored in all elbows.
These findings support the previously performed biomechanical research in which sharp
release of the lateral stabilizing structures is compared with a release through an osteotomy
of the supinator tuberosity.3,4 Increased laxity of the elbow as a result of the posterolateral
approach, which includes incision of the stabilizing structures on the lateral side, was found
when comparing release through an osteotomy as performed in the Wrightington approach.

Conclusion
An osteotomy of the medial epicondyle of the elbow allows dislocation of the joint, provides
a good exposure of the elbow, and allows proper placement of a total elbow prosthesis.
It overcomes the problem of identification of the MCL during surgery and facilitates an
anatomic and stable refixation of the MCL.
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Evaluation of a convertible elbow prosthesis

Abstract
Background: Presently, 2 types of elbow prostheses are used: unlinked and linked. The
Latitude total elbow prosthesis allows the surgeon to decide during the implantation
whether the prosthesis is placed unlinked or linked, and whether the native radial head
is retained, resected, or replaced. The purpose of this study is to assess and to compare
the varus and valgus laxity of the unlinked and linked version of the latitude total elbow
prosthesis with: (1) the native radial head preserved, (2) the native radial head excised,
and (3) the native radial head replaced by a radial head component.
Methods: Biomechanical testing was performed on 14 fresh-frozen upper limb specimens.
Results: Linking the prosthesis predominantly influences the valgus laxity of the elbow.
Discussion/conclusion: Linking the Latitude total elbow prosthesis results in increased
valgus stability. In the linked version of the total elbow prosthesis, the radial head only
plays a small part in both valgus and varus stability. An unlinked situation is not advised
in absence of a native radial head or in case of inability to replace the radial head.
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Developments in elbow joint replacement have lagged behind that of the knee, hip and
shoulder arthroplasty for different reasons, such as the high failure rate of the early designs. In
the first total elbow prostheses, a rigid hinge linked the humeral and ulnar components, which
resulted in high stress on the prosthesis-bone-interface with loosening of the prosthesis. In
the past decades 2 types of elbow prostheses were developed: unlinked and linked.4
Unlinked prostheses rely mainly on the surrounding soft tissue to provide stability to the
elbow; although the articular geometry of the unlinked prostheses also contributes to the
stability.1,10,11 In linked elbow systems, the ‘sloppy-hinge’ consists of a pin and polyethylene

Evaluation of a convertible elbow prosthesis

Introduction

construct that provides inherent stability and allows up to about 8° of varus and valgus laxity
in the articulation. Linked prostheses are therefore indicated when significant osseous or
ligamentous deficiency exists.
Worldwide both linked and unlinked prostheses are used. A concern of the unlinked
prostheses is instability of the prosthesis. Literature21,23,25 shows a 2.3–4.9% dislocation of
unlinked elbow prostheses shortly after surgery. Furthermore, a ‘tardy’ valgus instability
has been described in a rather large number of cases 3–5 years postoperative.3 Progressive
insufficiency of the medial collateral ligament (MCL), in combination with resection of the

3

radial head and progressive polyethylene, wear results in gradual increase of valgus instability
that finally results in subluxation of the prosthesis (Figure 3.1). As previously mentioned,
a linked prosthesis overcomes the problem of dislocation and valgus instability, but might
Evaluation of a convertible elbow prosthesis
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Figure 3.1 Right elbow: subluxation 9 years after Kudo IV. Left elbow: valgus instability 7 years after Kudo V.
elbow: valgus instability 7 years after Kudo V.
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encounter the problem of high forces over the linkage mechanism, resulting in polyethylene
wear (bushing wear) and high forces on the stem-cement and cement-bone interfaces, which
results in early loosening of the prosthesis.5,6,16
Replacement of the radial head as part of a total elbow arthroplasty remains controversial.
In most currently available linked and unlinked total elbow prostheses systems, the radial
head is resected; although in some systems the native radial head can be preserved.12 The
role of the radial head in relation to axial load bearing and stability of the native elbow joint
has been re-emphasized.13,15
The Latitude total elbow prosthesis (Tornier, Stafford, TX, USA) is a total elbow prosthesis
that allows the surgeon to decide during the implantation whether the prosthesis is placed
unlinked or linked, and whether the native radial head is retained, resected, or replaced by
a bipolar radial head component.
The unlinked prosthesis can easily be converted into a linked version merely by placing an
extra cap on the ulnar component of the prosthesis (Figure 3.2). The linked version is a ‘sloppyhinge’ prosthesis with a restricted amount of freedom in both valgus and varus direction.
The short-term results in case series of patients with this new elbow system are promising.
No biomechanical data of the effect of linking the implant during surgery on the valgus
and varus stability are available yet. Until now, no recommendations can be given to the
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Figure 3.2 Left panel, The disassembled Latitude trial prosthesis. It consists of 4 components: humeral
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system, whether or not to link the implant in relation to the radial head.
The purpose of this study is to assess and to compare the varus and valgus laxity of the
unlinked and linked version of the Latitude total elbow prosthesis with: (1) the native radial
head preserved, (2) the native radial head excised, and (3) the native radial head replaced
by a radial head component.

Methods
For this study, 14 fresh-frozen upper limb specimens from 7 donors (3 men, 4 women)
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surgeon, based on the currently available biomechanical properties of the Latitude elbow

were used. The mean age at time of death was 71 years (range, 50–93). All specimens were
macroscopically assessed and all osseous structures were radiological analyzed by standard
radiographs. The soft tissue of the proximal half of the upper-arm was removed. The biceps,
triceps, and brachial muscle were detached at the humerus. The hand and wrist were removed,
leaving the triangular fibro cartilaginous complex (TFCC) intact. The prepared upper limb
specimens were fixed in a specially designed testing apparatus. The apparatus allowed the
humerus to be rotated along its longitudinal axis. A valgus and varus forces could be applied
to the forearm using gravity by a weight hanging from a pin that was placed in the distal

3

ulna. In previous similar studies a 0.75 N valgus or varus force was used. This results in
measurable varus and valgus deviations without damaging the collateral ligaments of the
elbow.8,9,18,19 Forces of respectively 20 N, 10 N, and 10 N were applied to the triceps, biceps
and brachial muscles, respectively, to imitate active contraction and to apply axial loading to
the elbow joint. A pin was inserted into the distal ulna and radius. All tests were performed
with the forearm in neutral position.
The flexion and extension of the elbow was realized manually. One of the researchers used
a rod to push against the pin that was inserted distally into the ulna. The rod was held
perpendicular to the flexion-extension direction of the elbow and no friction between the
ulnar pin and the rod was noticed. During the testing the specimens were kept in optimal
condition by keeping them moist with a 0.9% saline solution.

Surgical technique
Placement of the Latitude prosthesis was performed as described by Gramstad et al.7 A
triceps-tongue approach was used to manage the triceps. Through a small bone chip the
45
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annular ligament was released from the ulna. This could easily be re-fixated with transosseous
sutures, as described in the Wrightington approach.22
Release of the medial collateral ligament was performed by an osteotomy of the medial
epicondyl. The epicondyl was re-fixated with trans-osseous sutures.

Motion tracking
The 3-dimensional position and orientation of the forearm was recorded with an electromagnetic motion tracking system (3SPACE Fastrak, Polhemus, Colchester, VT, USA). A
source was mounted on the testing apparatus. A sensor was fixed rigidly onto the ulnar pin.
The location and orientation of the sensor was recorded using continuous data acquisition.
The flexion-extension angle of the elbow, the varus-valgus angle, and rotation of the ulna
were recorded. The accuracy of this system has been reported to be 0.5°.2,17

Varus and valgus laxity
The varus and valgus laxity of the elbow at a certain degree of flexion are defined as follows:
the 3-dimensional (3D) position of the forearm at a certain degree of flexion of the elbow
joint with a varus of valgus force applied to the forearm, minus the 3D position of the
forearm at the same degree of flexion with no force applied to the forearm. The laxity profile
is defined as the varus of valgus laxity as a function of the degrees of elbow flexion. (See
Table 3.1 for the tested conditions.)
Table 3.1 Testing conditions
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Condition no.

Elbow

Radial head

Linked

1

Native

Native

2

Native, after the surgical approach and meticulous closure of
all anatomical structures

Native

3

Humeral and ulnar component implanted

Native

-

4

Humeral and ulnar component implanted

Native

+

5

Humeral and ulnar component implanted

Excised

-

6

Humeral and ulnar component implanted

Excised

+

7

Humeral and ulnar component implanted

Prosthesis

-

8

Humeral and ulnar component implanted

Prosthesis

+
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All flexion-extension cycles were performed 3 times, from which the average varus and
valgus laxity profiles of the elbow in each tested condition was calculated. Inspection of
these profiles showed that the results during extension and flexion of the elbow were near
identical. Hence the mean of the laxity profiles during extension and flexion of the elbow
was calculated and used for further analyses.
Furthermore, it appeared that at the start of the profiles (flexion: 0–20°) or at the end of the
profiles (flexion: 120–140°), an abrupt increase or decrease sometimes violated the smooth
pattern. This can be explained by lacking data at maximal flexion or extension either with
or without load applied to the forearm. The analyses were therefore limited to the range

Evaluation of a convertible elbow prosthesis

Statistical methods

between 10° and 130° of flexion.
Moreover, it became apparent that a parameterization of the laxity profiles showed a typical
pattern (Figure 3.1) starting with small values at extension, to larger values at mid-flexion,
to smaller values again at high flexion. A linear mixed model24 was used to fit the individual
laxity profiles to a 4th-degree polynomial. The dependent variables were either the varus
of valgus laxity. The independent class variable was the test condition (1–8; see above).
Furthermore, the interaction terms between the condition and the regression variables were
included in the model.The intercept and the regression coefficients of flexion were treated as

3

random effects. In this way, differences between individual profiles are optimal allowed. The
differences between the models with random effects and higher or lower degree-polynomials
were tested, using the likelihood ratio test.
The likelihood ratio test showed that when polynomials were used with either higher or
lower degree than 4, the fit was statistical significant decreased. The estimated regression
parameters with standard errors are used to calculate the mean instability-profiles with 95%
confidence band for each method. Furthermore, the differences of instability-profiles with
95% confidence band between 2 methods are presented in Figure 3.3.
The estimated mean difference, with the 95% CI, of the valgus and varus laxity, respectively,
were calculated using a linear mixed model between the following conditions: (1) unlinked
prosthesis with native radial head compared to the linked prosthesis with native radial head;
(2) unlinked prosthesis without radial head compared to the linked prosthesis without radial
head; and (3) unlinked prosthesis with radial head component compared to the linked
prosthesis with radial head component.
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Cary, NC, USA).

Results
Complication
During the testing, 1 complication occurred, as 1 of the elbows showed recurrent dislocations
during the testing of the valgus stability. This occurred only in the condition with the
humeral and ulnar component in place with the native radial head preserved. The dislocation
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The statistical analyses were performed using SAS 9.2 for Windows (SAS Institute Inc,

occurred at approximately 70° of flexion. From 70° of flexion to full extension the elbow
functioned comparably to the other elbows. The cause for the dislocation was not clear. In
the calculation of the estimated value of the valgus laxity, this elbow was left out. As the
elbow showed normal kinematics after excision of the radial head, it was again included
for further testing and analysis.

Estimated mean values of valgus and varus laxity
Table 3.2 shows the mean values of valgus and varus laxity, with 95% CI, as found during

3

testing of the elbows with the prosthesis implanted in linked and unlinked conditions.

Elbow after surgical exposure versus native elbow
Minimal increase of valgus laxity (maximal 2.4° at 110° of flexion) and varus laxity (1.8° at
10° of flexion) was found after surgical exposure.

Unlinked prosthesis with native radial head compared to linked prosthesis
with native radial head
Figure 3.3A shows predominantly increased valgus laxity of the unlinked prosthesis when
compared to the linked prosthesis with native radial head. Maximal increase of valgus laxity
is 4.1° at 110° of flexion (95% CI 0.7°–7.6°). Maximal increase of varus laxity is 2.6° at 130°
of flexion (95% CI -2.5°–7.7°). The increase in valgus laxity was statistically significant (LRtest, P<.001). The increase in varus laxity was statistically not significant (LR-test, P=.390).
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Table 3.2 The estimated mean instability (degree) with 95% confidence interval in the direction of the
valgus and varus stability by flexion by condition, using a linear mixed model

Condition

50

Flexion (degree)

Valgus

Varus

Mean (95% CI)

Mean (95% CI)

Unlinked, native radial head

10
30
50
70
90
110
130

5.0
6.7
7.2
8.0
9.3
10.2
8.5

(7.3; 2.7)
(8.2; 5.3)
(8.4; 6.1)
(9.1; 6.9)
(10.7; 7.8)
(12.4; 7.8)
(13.2; 3.8)

5.2
6.5
6.6
6.3
6.3
6.7
7.3

(3.5; 6.9)
(5.4; 7.6)
(5.6; 7.5)
(5.4; 7.3)
(5.2; 7.4)
(5.0; 8.4)
(4.0; 10.6)

Linked, native radial head

10
30
50
70
90
110
130

4.3
5.3
5.7
5.9
6.1
6.0
5.2

(1.9; 6.7)
(3.8; 6.8)
(4.5; 6.9)
(4.7; 7.1)
(4.6; 7.6)
(3.6; 8.4)
(0.4; 10.0)

4.7
5.7
5.6
5.2
4.9
4.8
4.7

(2.8; 6.5)
(4.5; 6.9)
(4.5; 6.7)
(4.1; 6.3)
(3.7; 6.3)
(3.0; 6.7)
(1.1; 8.3)

Unlinked, radial head excised

10
30
50
70
90
110
130

6.9
8.2
9.0
10.3
12.0
13.4
12.7

(4.0; 9.8)
(6.2; 10.3)
(7.3; 10.7)
(8.6; 11.9)
(9.9; 14.0)
(10.5; 16.2)
(7.8; 17.6)

7.1
8.1
7.7
7.2
7.1
7.5
7.8

(5.2; 8.9)
(6.8; 9.4)
(6.6; 8.8)
(6.1; 8.3)
(5.8; 8.4)
(5.7; 9.3)
(4.6; 11.0)

Linked, radial head excised

10
30
50
70
90
110
130

5.3
5.7
5.6
5.7
6.0
6.2
5.6

(2.4; 8.2)
(3.7; 7.8)
(3.9; 7.3)
(4.0; 7.4)
(3.9; 8.0)
(3.3; 9.1)
(0.6; 10.0)

6.8
6.9
6.8
6.3
5.7
5.2
5.1

(4.9; 8.6)
(5.6; 8.2)
(5.7; 7.9)
(5.2; 7.4)
(4.4; 7.0)
(3.3; 7.0)
(1.9; 8.4)

Unlinked, with radial head component

10
30
50
70
90
110
130

7.0
7.9
8.0
8.6
9.7
10.8
9.8

(9.9; 4.1)
(10.3; 5.5)
(10.3; 5.8)
(10.8; 6.3)
(12.1; 7.3)
(13.7; 7.9)
(14.1; 5.5)

5.4
6.3
6.4
6.5
6.8
7.3
7.4

(4.0; 6.9)
(5.1; 7.4)
(5.3; 7.5)
5.4; 7.6)
(5.7; 8.0)
(5.9; 8.7)
(4.7; 10.1)

Linked, with radial head component

10
30
50
70
90
110
130

5.8
6.0
5.8
5.6
5.6
5.5
4.7

(2.9; 8.7)
(3.6; 8.4)
(3.5; 8.0)
(3.4; 7.9)
(3.2; 8.0)
(2.6; 8.4)
(0.4; 9.0)

5.4
5.8
5.8
5.5
5.2
4.9
4.8

(3.9; 6.8)
(4.6; 6.9)
(4.7; 6.8)
(4.5; 6.6)
(4.1; 6.4)
(3.5; 6.4)
(2.0; 7.5)
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Figure 3.3B shows predominantly increased valgus and varus laxity of the unlinked prosthesis
after resection of the radial head when compared to the linked prosthesis after resection of the
radial head. Maximal increase of valgus laxity is 7.4° at 120° of flexion (95% CI 2.2°–12.6°).
Maximal increase of varus laxity is 2.7° at 130° of flexion (95% CI -1.9°–7.3°). Hence, as
expected, these increased laxities are slightly higher with the resected head, as compared
to the cases with the native radial head. Both increase in valgus laxity and varus laxity were
statistically significant (LR-test, P=.020 and P<.001, respectively).

Evaluation of a convertible elbow prosthesis

Unlinked prosthesis after resection of the radial head compared to the
linked prosthesis after resection of the radial head

Unlinked prosthesis with radial head component implanted compared to
the linked prosthesis with radial head implanted
Figure 3.3C shows, as in the above-described situations, predominantly increased valgus
laxity (maximal 5.4° at 120° of flexion) and some increase of varus laxity (maximal 2.6° at
130° of flexion). Both increase in valgus laxity and varus laxity were statistically significant
(LR-test, P=.019 and P<.001, respectively).

3
Discussion
In 1983, Morrey and An showed that the MCL, the soft tissues and the joint capsule, and
the osseous elements all contribute to the valgus stability of the native elbow joint. At full
extension, this is equally divided by the 3 components. At 90° of flexion, the MCL contributes
more than 50% of valgus stability for its account.14
To our knowledge, this is the first biomechanical study of a convertible total elbow prosthesis.
It provides the surgeon essential information on the influence of linking a convertible elbow
prosthesis and its consequences to the valgus and varus stability. In elbows with a prosthesis
implanted, the design of the prosthesis, the osseous elements that are still available, and the
surrounding soft tissue all contribute to the stability of the elbow.
Our study demonstrates that either linking or unlinking the Latitude total elbow prosthesis
influences the stability of the elbow. Primarily the valgus and varus stability is affected; the
effect on the valgus and varus stability was rather small over the whole flexion range. Linkage
especially results in decrease of valgus laxity with the elbow flexed more than 60°; but also
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near full extension, the linked version shows less valgus laxity than the unlinked version.
Linkage of the prosthesis only minimally alters the varus laxity. Only near full flexion is
varus laxity slightly decreased when the prosthesis is converted into the linked version.
Valgus instability can be a serious problem in elbow arthroplasty. Brinkman et al.3 showed
in a clinical study that in time especially an increase in valgus laxity seems to be a problem
during follow-up of an unlinked total elbow system (Kudo type 5; Biomet Inc., Warsaw,
IN, USA). A similar increase in valgus instability with unlinked elbow prostheses has been
described in other studies.16,25 This emphasizes the importance of achieving proper valgus
stability during surgery. When there is any concern about the valgus stability of the elbow
prosthesis during surgery, especially in maximal extension or in more than 60° of flexion,
an end cap to link this type of prosthesis should be considered to improve the valgus
stability.
In this study, the stabilizing soft tissues of all elbows were intact and a good bone stock
was available. In patients with rheumatoid arthritis or post-traumatic deformities, the
elbow often shows extensive destruction of bony and ligamentous tissues. In those elbows
with severe loss of bone stock or impairment of the stabilizing soft tissues, more intrinsic
stability of the elbow prosthesis is needed. This means that the results of this cadaveric
study should be interpreted with care in relation to the surgical treatment of elbows with
severe destruction of bony and soft tissues. The condition of the stabilizing ligaments and
amount of bone loss should be assessed carefully during every surgical procedure. These
assessments, in combination with the functional demands of the patient in daily life and the
age of the patient, will finally make the surgeon decide whether or not to link the implant
during surgery. In case of poor quality of the stabilizing structures, the decision to link the
prosthesis can be made sooner.
When an elbow with a Latitude prosthesis shows signs of instability, this prosthesis allows
conversion of the unlinked version to the linked version, in a second surgical procedure.
This can be performed through a minimally invasive procedure but it implicates a second
surgical procedure, with a second possibility for complications.7
The role of a radial head replacement as part of a total elbow arthroplasty remains controversial. Previously it has been described that in a number of patients with a linked elbow
prosthesis, the radial head could be preserved and provides the surgeon a local bone graft
in subsequent surgeries, if necessary.12
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for disassembly of the prosthesis. Precise tracking of the prosthesis with the capitellum is
imperative; maltracking is related to accelerated polyethylene wear.
Similar to a previous biomechanical study on the Pritchard ERS (elbow resurfacing system)
unlinked total elbow prosthesis by Ramsey et al.,20 the data in Table 3.1 show that excision
of the radial head shows loss of valgus stability. Table 3.1 shows that restoration of valgus
stability is achieved when a radial head is replaced. This is mainly seen in the unlinked
version of the prosthesis; but it should be noticed in Table 3.1 that in the linked version
a slight restoration of valgus stability after implantation of the radial head component is
also found. As the radial head component contributes significantly to the stability of the

Evaluation of a convertible elbow prosthesis

Replacement of the radial head, with any modular implant system, has some potential

elbow, surgeons should consider preserving the radial head whenever possible. If the radial
head has been resected in previous surgery or has to be resected during surgery, because of
incongruity or post-traumatic destruction, we advise linking of the total elbow prosthesis
when the radial head is not replaced. If a radial head component is placed and the unlinked
prosthesis is well balanced throughout the full flexion cycle, the surgeon can choose to leave
the implant unlinked, depending on the integrity of the other stabilizing elements.

Conclusion

3

Linking the Latitude total elbow prosthesis results in increased valgus stability. In the linked
version of the total elbow prosthesis, the radial head only plays a little part in both the valgus
and varus stability. An unlinked situation is not advised in the absence of a native radial
head or in cases of inability to replace the radial head.
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Chapter 4

Stability of the unlinked Latitude total elbow prosthesis

Abstract
Background: The purpose of this study is to assess the valgus and varus laxity of the
unlinked version of the Latitude total elbow prosthesis and the effects of radial head
preservation or replacement.
Methods: Biomechanical analysis of the valgus and varus laxity of the unlinked Latitude
was performed in fourteen upper limb specimens in the following conditions: (1) native
elbow, (2) native elbow after the surgical approach and closing all layers again, (3) elbow
with humeral and ulnar component implanted, unlinked, with the native radial head
preserved, (4) elbow with humeral and ulnar component implanted, unlinked, with
the native radial excised, (5) elbow with humeral, ulnar, and radial head component
implanted.
Findings: After implantation of the Latitude total elbow prosthesis both the valgus and
varus laxity slightly increase from mid to maximal flexion when compared to the native
elbowafter surgical approach. The unlinked Latitude total elbow prosthesis provides
both valgus and varus stability in elbows with intact ligamentous constraints. With
intact ligamentous constraints the radial head component only slightly contributes to the
stability of the elbow after implantation of the unlinked Latitude total elbow prosthesis.
Interpretation: The unlinked Latitude total elbow prosthesis provides both valgus and
varus stability in elbows with intact ligamentous constraints. The radial head component
contributes only slightly to the stability.
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In 1970 Dee and Sweetnam described two cases in which a “fully” constrained elbow
prosthesis was placed. In the following 40 years the total elbow prosthesis has developed
substantially. Nowadays total elbow arthroplasty is the gold standard in the treatment of
advanced arthritis of the joint caused by rheumatoid arthritis, primary osteoarthritis, or
(post-)traumatic deformities. Both mechanically linked prostheses and unlinked prostheses
are available. Most total elbow prostheses consist solely of a humeral and ulnar component.
In linked prostheses the radial head can be retained, but it does not contribute to the stability
of the elbow. Most unlinked prostheses do not offer an articulating surface that resembles
the capitellum. In those prostheses the radial head is excised, but unlinked elbow prostheses
with a capitellum and the option of a radial head component are also available.
In the native elbow the role of the radial head in axial load bearing and stability has been
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Introduction

re-emphasized. The radial head contributes to the stability of the elbow when valgus stress is
applied, especially in elbows with insufficiency of the medial collateral ligament (MCL).2,10,17
Load transmission across the radial head depends on the amount of flexion of the elbow and
can be up to 60%.15,16 Previous studies show that the surrounding ligaments mainly maintain
the stability of the elbow with an unlinked elbow prosthesis implanted. The intrinsic stability
of the unlinked prosthesis11 and a radial head component, if implanted, also contribute to
the stability.8,20 In linked elbow prostheses on the other hand, the stability is guaranteed by
the design of the prosthesis. Due to wear of the articular surface of the unbalanced linked
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elbow prosthesis, instability might occur.
The Latitude (Tornier, Stafford, TX) total elbow prosthesis offers prosthetic modularity and
convertibility. Intra-operatively the decision can be made whether the native radial head
is retained, resected, or replaced by a bipolar radial head component. The prosthesis can
be placed in an unlinked or a linked version.22 The condition of the stabilizing ligaments
and the amount of bone loss is assessed during surgery. These findings, in relation to the
demand of the patient, will finally support the surgeons’ decision in which modularity the
prosthesis is placed. However, how different modularities affect biomechanical stability of
the elbow joint has not been analyzed yet.
Therefore, the purpose of this study was to assess the valgus and varus laxity of the unlinked
version of the Latitude total elbow prosthesis relative to the intact elbow joint. Modularities
that were assessed were the unlinked implant with (1) the native radial head preserved, (2)
the native radial head excised, and (3) the native radial head replaced by a radial component.
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brachialis muscle, which results in increased stability of the elbowand this provides a better
representation of the normal situation.12,13,18 A pin was inserted into the distal ulna and into
the distal radius. The forearmwas fixed in neutral rotation by a specially designed apparatus.
The flexion and extension of the elbow was realized manually. Flexion and extension was
always performed to the maximum that was possible in each condition. One of the researchers
used a rod to push against the pin that was inserted distally into the ulna. The rod was held
perpendicular to the flexion-extension direction of the elbow and no friction between the
ulnar pin and the rod was noticed. During the testing the specimens were kept in optimal
condition by keeping them moist with a 0.9% saline solution.

Surgical technique

Stability of the unlinked Latitude total elbow prosthesis

and brachialis muscle, respectively. This imitates active contraction of the biceps, triceps and

Placement of the prosthesiswas performed as described by Gramstad et al.7 and Szekeres and
King.22 The management of the triceps was done in a triceps-tongue technique. The annular
ligament was released from the ulna by a small bone chip that could easily be re-fixated
with a trans-osseous suture, as described in the Wrightington approach.21 Gramstad et al.7
describe a sharp release of both the medial and lateral collateral ligaments for placement
of the Latitude elbow prosthesis. Repeated re-fixation of sharply released ligaments in a
testing setting is likely to result in laxity of the elbow due to deterioration of the ligament.
Therefore, release of the medial collateral ligament was performed by an osteotomy of the
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medial epicondyle. The epicondyle was re-fixated with trans-osseous sutures. Release of the
stabilizing structures on the lateral side of the elbow is not necessary for optimal placement
of the prosthesis, except for the earlier mentioned release of the annular ligament.

Motion tracking
An electromagnetic motion tracking system (3SPACE Fastrak, Polhemus, Colchester, VT)
allowed for measurement of the 3-dimensional position and orientation of a sensor in relation
to a source. The source was fixed rigidly onto the testing apparatus and the sensor was mounted
rigidly onto the ulnar pin. The location and orientation of the sensor was recorded using
continuous data acquisition. Flexion of the elbow, varus and valgus laxity, and rotation of the
ulna were recorded. The accuracy of this system has been reported to be 0.5°.1,17 Because this
system worked with a magnetic field all materials used in the close proximity of the specimens
during the testing were made of materials that had no influence on the magnetic field.
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Tested conditions
All conditions were measured with the forearm in neutral position. The experiments were
performed under the following conditions:
(1) Native elbow.
(2) Native elbow after the surgical approach and closing all layers again. This gave
information on the influence of the surgical procedure on the stability of the elbow.
The following conditions all include closing of all layers:
(3) Elbow with humeral and ulnar component implanted, unlinked, with the native
radial head preserved.
(4) Elbow with humeral and ulnar component implanted, unlinked, with the native
radial head excised.
(5) Elbow with humeral, ulnar, and radial head component implanted.

Valgus and varus laxity
Throughout this study the valgus and varus laxity of the elbow at a certain degree of flexion
are defined as follows: The valgus-or-varus angle of the forearm in space at a certain degree
of flexion with a force applied to the forearm, minus the valgus-or-varus angle of the forearm
when no force is applied to the forearm at the same degree of flexion. Hence, the laxity
indicates the amount of extra valgus-or-varus angulation due the external force applied. The
laxity profile is defined as the valgus or varus laxity as a function of the degrees of elbow
flexion. The valgus and varus laxity of the elbow during each flexion-extension cycle was
determined at every five degrees of flexion.

Statistical methods
For each tested condition (1 through 5) a full flexion-extension cycle was performed three
times, from which an average laxity profile during extension and flexion of the elbow was
calculated. Close inspection of these average profiles showed, at first, that the results during
extension and flexion of the elbow were nearly identical. Therefore the mean of the laxity
during extension and flexion of the elbow at each flexion angle was used for analyses.
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range, it appeared though that not all elbows had been flexed to zero and to 140 degrees of
flexion, which led to erroneous laxity patterns in these regions of elbow flexion. We therefore
decided to limit the analyses to the flexion range between 10 and 130 degrees.
Additionally, it became apparent that the laxity profiles showed a typical pattern starting
with small values at extension, to larger values at around 20–40 degrees of flexion to smaller
values again at higher flexion angles. A linear mixed model23 was used to fit a fourth-degree
polynomial depending on flexion angle to the individual laxity profiles. The dependent
variable was either the valgus or the varus laxity, respectively.
The independent class variable was the test condition (5 different test conditions; see above).
Also, the interaction terms between the test condition and the regression variables were
included in the model. The intercept and the regression coefficients of flexion were treated

Stability of the unlinked Latitude total elbow prosthesis

During testing all elbows had been flexed and extended to the maximal of flexion-extension

as random effects. This way, differences between individual profiles are optimal allowed.
The likelihood ratio test showed that when polynomials were used with either higher or
lower degree than four, the fit was statistical significant decreased.
The estimated regression parameters with standard errors were used to calculate the mean
laxity-profiles with 95% confidence band for each condition. Furthermore, the differences
of laxity-profiles with 95% confidence band between two conditions are visualized in Figure
4.4. The estimated mean difference, with the 95% CI, between the valgus and varus laxity,
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respectively, were calculated using a linear mixed model between the following conditions:
(A) Elbow after surgical approach compared to the native elbow.
(B) Unlinked elbow prosthesis with native radial head compared to the elbow after
surgical approach.
(C) Unlinked elbow prosthesis with radial head excised compared to the unlinked
elbow prosthesis with native radial head.
(D) Unlinked elbow prosthesis compared to the elbow after surgical approach.
(E) Unlinked elbow prosthesis with radial head component compared to the unlinked
elbow prosthesis with radial head excised.
(F) Unlinked elbow prosthesis with radial head component compared to the elbow
after surgical approach.
Statistical analyses were performed using SAS 9.2 for Windows.
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Results
Complications
During the testing one complication occurred. One of the elbows with the humeral and ulnar
component in place with the native radial head preserved, showed recurrent dislocations
during the testing of the valgus stability. Near full extension the elbow functioned comparably
to the other elbows used for testing. From approximately 70° of flexion dislocation of the
elbow occurred. In the calculation of the estimated value of the valgus laxity this elbow
was left out. The cause for the dislocation was not clear. Since the elbow showed normal
kinematics after excision of the radial head, it was again included for further testing and
analysis.

Stability of the elbow
Figure 4.3 shows the observed and estimated varus laxity profiles of four randomly selected
elbows in the same condition (native elbow). This figure shows that the observed data
are in close agreement with the best-estimated fourth-degree polynomial, using a linear
mixed model. The within subject (residual) standard deviation of the final model was 0.12
(valgus) and 0.10 (varus) and the goodness of fit (R2) was 97% (valgus) and 98% (varus). The
observed data of the elbows with the prosthesis implanted also showed the typical pattern
of a fourth-degree polynomial. Furthermore, it shows that this model is sufficient flexible
to fit the various instability patterns (Figure 4.2).
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spection of these average proﬁles showed, at ﬁrst, that the results
during extension and ﬂexion of the elbow were nearly identical.
Therefore the mean of the laxity during extension and ﬂexion of the
elbow at each ﬂexion angle was used for analyses.
During testing all elbows had been ﬂexed and extended to the
maximal of ﬂexion-extension range, it appeared though that not all
elbows had been ﬂexed to zero and to 140 degrees of ﬂexion, which
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Table 4.1 shows the estimated mean varus and valgus laxity by degree of flexion for each
tested condition. In the native elbow the mean valgus and varus laxity decrease towards
maximal flexion, as has previously been described in literature.9,17
A decrease of mean valgus and varus laxity was towards maximal flexion was also found
after surgical exposure. For all conditions with the prosthesis implanted, both the mean
varus and valgus laxity increased towards maximal flexion.
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Figure 4.4 shows the estimated difference between the varus and valgus laxity of two
conditions. The differences between the conditions are more extensively described below.
(A)

Elbow after surgical exposure versus native elbow
Figure 4.4A shows increase in valgus laxity of the elbow due to the surgical
exposure is found in the complete flexion/extension cycle (P=.005), with
a maximal increase of 2.4° (95% CI 0.9°–3.9°) at 110° of flexion. Increase
in varus laxity due to the surgical exposure is only seen close to maximal
extension of the elbow (P=.003), with a maximum of 1.8° (95% CI 0.0°–3.6°)
at 10° of flexion.

(B)

Unlinked prosthesis with native radial head versus elbow after surgical
exposure
Both valgus and varus laxity increase when the elbow is further flexed 50°
in the elbow with unlinked prosthesis implanted with the native radial head
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retained (Figure 4.4B). For the difference in valgus laxity between the two
conditions P<.001, for the difference in varus laxity P<.001.
(C and D) Unlinked prosthesis after excision of the radial head compared to the unlinked
prosthesis with native radial head, and compared to the elbow after surgical
exposure
M.L. Wagener et al. / Clinical Biomechanics 28 (2013) 502–508
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Fig. 4. The estimated mean difference between the laxity proﬁles of two conditions in the direction of valgus and the direction of varus, respectively, using a linear mixed model. The
dashed lines indicate the 95% conﬁdence bands. In all ﬁgures increase of laxity in the direction of valgus is shown in the bottom part of the ﬁgure, and increase of laxity in the direction of varus is shown in the upper part of the ﬁgure. For example, ﬁgure A shows that the both the valgus and varus laxity of the native elbow is slightly lower (i.e. more stable)
compared to after surgical approach. Figure B, D and E show that the both the valgus and varus laxity increase after implantation of the prosthesis.

Figure 4.4 The estimated mean difference between the laxity profiles of two conditions in the direction of
valgus and the direction of varus, respectively, using a linear mixed model. The dashed lines indicate the 95%
confidence bands. In all figures increase of laxity in the direction of valgus is shown in the bottom part of the
figure and increase of laxity in the direction of varus is shown in the upper part of the figure. For example,
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for the dislocation was not clear. Since the elbow showed normal kinematics after excision of the radial head, it was again included for
further testing and analysis.

ﬁgure shows that the observed data are in close agreement with the
best-estimated fourth-degree polynomial, using a linear mixed model.
The within subject (residual) standard deviation of the ﬁnal model

Chapter 4

varus laxity (P=.074). The valgus laxity increases more the varus laxity, with
maximal increase in the direction of full flexion (P=.029).
Increase of varus and valgus laxity was mainly found in mid-flexion and
maximal-flexion when compared to the laxity after surgical exposure (Valgus
P<.001; varus P<.001) (Figure 4.4D).
(E and F)

Unlinked prosthesis with radial head prosthesis compared to the unlinked
prosthesis with radial head excised, and compared to the elbow after surgical
exposure
When the unlinked prosthesis with radial head prosthesis implanted was
compared to the elbow after surgical exposure an increase of both varus
and valgus laxity was found (Valgus P=.002; varus P<.01). An increase of

Stability of the unlinked Latitude total elbow prosthesis

Figure 4.4C shows that resection of the radial head results in increase in

both valgus and varus laxity from mid-flexion to maximal-flexion was seen.
A maximum increase of both valgus and varus laxity was found at 110° of
flexion (Figure 4.4F).
Implantation of the radial head prosthesis results in improved valgus and
varus laxity when compared to the unlinked prosthesis with the radial head
excised (Figure 4.4E). Valgus laxity improves in mid flexion and maximal
flexion (P=.629). Varus laxity improves near complete extension (P=.390).
Both instability in the direction of valgus and varus are restored to the
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amount of instability that was found with the native radial preserved (Table
4.1).

Discussion
This study shows that the stability of the elbow after implantation of the unlinked Latitude
total elbow prosthesis is altered when compared to the native elbow. In all tested conditions
both the valgus and varus laxity increase from mid to maximal flexion when compared to
the native elbow after surgical approach. Maximal increase in both valgus and varus laxity
is seen near full flexion in the condition after resection of the radial head. In this condition
maximal increase in valgus laxity is approximately 7° and maximal increase in varus laxity
is approximately 4° when compared to the condition after the surgical exposure.
Crucial in the placement of the Latitude prosthesis is the reproduction of the center of
rotation axis.7 For this purpose meticulous exposure of all ligamentous and bony landmarks
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Table 4.1 The estimated mean varus and valgus laxity (degree) with 95% confidence interval by flexion by
condition, using a linear mixed model
Valgus

Varus

Mean (95% CI)

Mean (95% CI)

10
30
50
70
90
110
130

4.4 (5.4; 3.3)
4.0 (4.8; 3.3)
3.5 (4.1; 2.9)
3.0 (3.7; 2.4)
2.7 (3.5; 2.0)
2.7 (3.7; 1.6)
2.7 (4.6; 0.7)

4.5 (3.2; 5.7)
5.2 (4.3; 6.1)
4.5 (3.7; 5.3)
3.5 (2.8; 4.3)
2.9 (2.1; 3.8)
2.9 (1.7; 4.1)
3.0 (0.6; 5.4)

10
30
50
70
90
110
130

6.4 (7.5; 5.4)
6.0 (6.7; 5.3)
5.5 (6.1; 4.9)
5.2 (5.8; 4.5)
5.1 (5.8; 4.3)
5.1 (6.1; 4.0)
4.8 (6.7; 2.9)

6.2 (5.0; 7.5)
6.4 (5.5; 7.3)
5.1 (4.4; 5.9)
3.9 (3.1; 4.6)
3.3 (2.4; 4.2)
3.4 (2.2; 4.7)
3.6 (1.2; 5.9)

Unlinked, native radial head
		
		
		
		
		
		

10
30
50
70
90
110
130

5.0 (7.3; 2.7)
6.7 (8.2; 5.3)
7.2 (8.4; 6.1)
8.0 (9.1; 6.9)
9.3 (10.7; 7.8)
10.2 (12.4; 7.8)
8.5 (13.2; 3.8)

5.2 (3.5; 6.9)
6.5 (5.4; 7.6)
6.6 (5.6; 7.5)
6.3 (5.4; 7.3)
6.3 (5.2; 7.4)
6.7 (5.0; 8.4)
7.3 (4.0; 10.6)

Unlinked, radial head excised
		
		

10
30
50
70
90
110
130

6.9 (9.8; 4.0)
8.2 (10.3; 6.2)
9.0 (10.7; 7.3)
10.3 (11.9; 8.6)
12.0 (14.0; 9.9)
13.4 (16.2; 10.5)
12.7 (17.6; 7.8)

7.1 (5.2; 8.9)
8.1 (6.8; 9.4)
7.7 (6.6; 8.8)
7.2 (6.1; 8.3)
7.1 (5.8; 8.4)
7.5 (5.7; 9.3)
7.8 (4.6; 11.0)

10
30
50
70
90
110
130

7.0 (9.9; 4.1)
7.9 (10.3; 5.5)
8.0 (10.3; 5.8)
8.6 (10.8; 6.3)
9.7 (12.1; 7.3)
10.8 (13.7; 7.9)
9.8 (14.1; 5.5)

5.4 (4.0; 6.9)
6.3 (5.1; 7.4)
6.4 (5.3; 7.5)
6.5 (5.4; 7.6)
6.8 (5.7; 8.0)
7.3 (5.9; 8.7)
7.4 (4.7; 10.1)

Condition 		
Native elbow

		

After surgical exposure

		
		

		
		
		
Unlinked, with radial head component
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bony release of the annular ligament. The medial epicondylar osteotomy allowed optimal
and anatomical re-fixation of the stabilizing structures on the medial side of the elbow.
Optimal fixation of the medial epicondyle was achieved with the trans-osseous sutures in all
specimens. The stability tests that were performed before and after surgical exposure showed
that the surgical approach had only minimal clinical influence on the elbow kinematics,
although it was found to be statistically significant. The changes in valgus and varus stability
of the elbow after implantation of the Latitude prosthesis could therefore be fully contributed
to the prosthesis design, e.g. the intrinsic constraint of the prosthesis, and the orientation of
the prosthesis in relation to the bony landmarks and the soft-tissue constraints.
The medial ligamentous complex is the primary stabilizer of the elbow during valgus loading.
The radial head is known to be a secondary stabilizer during valgus loading.2,9,10,17 In this

Stability of the unlinked Latitude total elbow prosthesis

is essential. This was achieved by performing an osteotomy of the medial epicondyle and a

study, excision of the radial head resulted in minimal increase of valgus laxity. A critical
note must be made that all used elbows had intact ligamentous constraints. Elbows with
rheumatoid arthritis or posttraumatic deformities often show insufficiency of the collateral
ligaments, resulting in diminished stability of the elbow joint. Since elbow arthroplasty is
often performed in patients with rheumatoid arthritis, who often have insufficiency of
the ligamentous constraints, it can be expected that the radial head will often contribute
more to the stability of the elbow during valgus loads than is demonstrated in this study.
Furthermore it must be noticed that the radial head can also contribute more to the stability

4

of the elbow when healing of the medial ligamentous complex is impaired after the surgical
exposure, or when ligamentous laxity occurs in time after deterioration of the quality of the
medial ligamentous complex.
In the native elbow excision of the radial head also results in increased instability during varus
loading of the elbow. This increase in varus instability is mainly seen near full extension.9
The increase of varus instability can be explained by slacking of the lateral ligament complex
after excision of the radial head. In this study a similar, slight, increase in varus instability
is seen after excision of the native radial head near full extension.
Implantation of the radial head component results in restoration of the stability of the
elbow as seen before excision of the native radial head. Valgus stability is improved from
mid-flexion to full-flexion when compared to the condition with the radial head excised.
Varus stability is improved near full extension. Moreover, restoration of the correct height
of the radial head implant is of utmost importance to obtain stability. The correct height of
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the radial head component is difficult to determine during surgery.4,6
Other unlinked elbow prostheses that have the option of implantation of radial head
component are the Wright Sorbie-Questor (Wright Medical Technology, Mississauga, ON,
Canada) and the Pritchard-ERS (Depuy, Warsaw, IN). The contribution of a monoblock
radial head component to the valgus stability of the Wright Sorbie-Questor unlinked total
elbow prosthesis was previously described.8 Contrary to our study they showed increased
valgus stability from mid-flexion to full-extension when the radial head component was
implanted. This can most likely be explained by a difference in prosthesis design and
intrinsic constraint. The kinematic characteristics of the Pritchard-ERS total elbow prosthesis
was described by Ramsey et al.20 A similar valgus laxity was found as seen in the Latitude
prosthesis. The varus laxity of the Pritchard-ERS with radial head component implanted is
on the other hand, considerably greater than the varus laxity found in our study. Excision
of the radial head resulted in considerably more increase of both valgus and varus laxity
than was found with the Latitude total elbow prosthesis.
Other studies, in which the contribution of the radial head component to the stability of
total elbow prosthesis, e.g. the Mayo Elbow and the AHSC-Volz elbow prosthesis, have to
our knowledge not been performed.
In the study of King et al.13 the stability of the unlinked Capitellocondylar (Johnson and
Johnson Orthopaedics, New Brunswick, New Jersey) total elbow prosthesis was analyzed.
Since in this study the varus and valgus laxity were added up and presented as one mean
maximum valgus-varus laxity for the seventeen used specimens, it is difficult to compare
our data to the results of this study. A similar increase of valgus laxity in the direction of
full flexion is seen in the figures as presented in their study.
Clinically the valgus and varus instability as seen in this study would be scored as “Moderate
instability,” according to the “the Mayo Clinic Performance Index for the Elbow”.14 Great care
should be taken though when translating these biomechanical testing results into clinical
functional characteristics. The subjective stability of the elbow that is experienced is grossly
dependent on patient demand and expectations. Furthermore the imitated active muscle
loads as applied in this study do provide stability to the elbow, but obviously do not match
the activity dependent muscle loads in real life.
Further research should be performed whether the unlinked version of the Latitude provides
enough stability in elbows with insufficiency of collateral ligaments. It might very well be that
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version of the Latitude does not provide enough stability, and that the patient is better off
when a linked version of this prosthesis is implanted.

Conclusion
In conclusion we can state that the unlinked Latitude total elbow prosthesis provides both
valgus and varus stability in elbows with intact ligamentous constraints, and that the radial
head component only slightly contributes to the stability.
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Abstract
We determined the short-term clinical outcome and migration within the bone of the
humeral cementless component of the Instrumented Bone Preserving (IBP) total elbow
replacement in a series of 16 patients. There were four men and 12 women with a mean
age at operation of 63 years (40 to 81). Migration was calculated using radiostereometric
analysis. There were no intra-operative complications and no revisions. At two-year
follow-up, all patients showed a significant reduction in pain and functional improvement
of the elbow (both P<.001). Although ten components (63%) showed movement or
micromovement during the first six weeks, 14 (88%) were stable at one year postoperatively. Translation was primarily found in the proximal direction (median 0.3 mm
(interquartile range (IQR) -0.09 to 0.8); the major rotational movement was an anterior
tilt (median 0.7° (IQR 0.4° to 1.6°)). One malaligned component continued to migrate
during the second year, and one component could not be followed beyond three months
because migration had caused the markers to break off the prosthesis.
This study shows promising early results for the cementless humeral component of
the IBP total elbow replacement. All patients had a good clinical outcome, and most
components stabilised within six months of the operation.
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Total elbow replacement (TER) has become an accepted form of treatment for patients
with destruction of the elbow joint owing to rheumatoid arthritis or osteoarthritis (OA).1-3
However, loosening of the components is a major concern.4,5 Improvements in design in
the last 30 years have resulted in better functional results and survival of the components.6,7
Roentgen stereophotogrammetric analysis (RSA) has proved to be an accurate method
of assessing the fixation of components into bone. RSA studies of components in lower
limb arthroplasties have shown that excessive early micromovement is related to aseptic
loosening.8,9 Most humeral components are fixed with cement, which has the advantage of
direct fixation, and permits some adjustment of any mismatch in the size of the component
to the bone bed. Furthermore, it is our experience that cemented components are easier to
revise. Cementless components require a good initial fit and stability to allow bony ingrowth,
which makes sizing and reaming more critical. It is possible the long-term fixation provided
by cementless devices may be more dependable than cemented fixation in the long-term.
The ulnar component of the KUDO V TER (Biomet Merck Ltd, Bridgend, United Kingdom)
has been shown by RSA measurements to have stable fixation at two years’ follow-up.10 The
Instrumented Bone Preserving Elbow System (IBP; Biomet Merck Ltd, Bridgend, United
Kingdom) was introduced in 2001 as the successor to this system. The humeral component

Stable fixation of the IBP humeral component implanted without cement in TER

Introduction

was changed so that a considerable part of the intercondylar bone stock at the stem–barrel
interface could be left intact. Moreover, this interface was given a more anatomical shape,
with the result that less humeral bone needs to be resected, and the extent of the porous
230

coating was increased (Figure 5.1).

5
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Fig. 1 Bone Preserving (IBP) elbow systems (both Biomet
Figure 5.1 Left: images of the Kudo and Instrumented
Merck Ltd). Right:
diagram
showing
the
definition
of the
coordinate
system
alongsystems
which migration values
Left: images of the Kudo and Instrumented
Bone
Preserving
(IBP) elbow
were calculated.(both Biomet Merck Ltd). Right: diagram showing the definition of the coordinate
system along which migration values were calculated.
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Table I. Overall view of the pre- and post-operative (at two years) range of movement (ROM) and clinical outcome scores of all patients
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In the IBP system, the metal-backed ulnar component remained identical to that in the
KUDO V system. The stability of the modified humeral component of the IBP prosthesis
has, however, not been clinically assessed. Therefore, in this study we assessed the clinical
outcome of the IBP TER, the fixation of the humeral component using RSA, and the
generation of radiolucent lines (RLLs) around the components.

Patients and methods
Between June 2003 and February 2006, 16 consecutive patients who received a unilateral
IBP TER were included in the study; 14 patients had rheumatoid arthritis and two had posttraumatic OA. There were four men and 15 women with a mean age of 63 years (SD 12.5;
40 to 81). All had symptomatic destruction of the elbow joint. Patients with active juvenile
rheumatoid arthritis were excluded, as were those with acute or chronic infection of the
elbow. The demographic details and the clinical outcome assessments are shown in Table
5.1. The study had ethical approval and all patients gave written consent.

Operative technique
All operations were undertaken by experienced upper-limb surgeons (MJV and DE) with
the patient in the lateral decubitus position and with a tourniquet placed high on the arm.
A straight longitudinal incision, similar to that used for the Wrightington approach,11 was
made involving about 8 cm in the upper arm and 8 cm in the forearm along the ulnar crest at
the insertion of the annular ligament. The ulnar nerve was routinely identified and released
from its sulcus. The triceps tongue approach as described by Van Gorder12 and Wadsworth13
was used. The radial head was excised in all patients. The lateral collateral ligament was left
intact; the annular ligament was released. The medial collateral ligament was also released
on the humeral side and later reattached with non-absorbable sutures. Between five and nine
tantalum beads (1.6 mm diameter) were inserted into the distal part of the humerus using a
special instrument (Mathys Ltd, Bettlach, Switzerland), and the manufacture of the humeral
components had added RSA markers to the implant. All ulnar components were cemented
with Palamed cement with gentamicin (Heraeus Medical GmbH, Wehrheim, Germany).
Post-operatively the elbow was immobilised in a removable splint for four weeks. Physio
therapy was started two days after surgery. No valgus or varus stress was to be applied during
the first four weeks, and active extension was started after six weeks.
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R
L
R
L
R
R
L
R
R
R
R
L
L
R
R
R

Side
RA
RA
RA
RA
RA
RA
RA
RA
RA
RA
RA
OA
RA
RA
RA
OA

Diagnosis*
2
2
2
3
3
2
1
2
4
3
4
2
4
2
2
4

Larsen grade†

Post
70
95
100
100
100
100
110
90
110
115
90
100
120
120
115
120

Pre
75
100
75
60
80
30
80
45
110
20
90
120
50
100
15
70

Passive
ROM (°)

10
70
30
60
50
30
27
70
33
15
18
30
28
9
35
40

Pre
7
4
18
11
2
3
17
0
0
0
1
3
1
1
6
1

Post

Pain at rest‡

50
80
80
80
75
80
43
69
80
29
67
41
83
87
65
45

Pre
7
5
17
3
9
11
18
0
0
0
1
2
1
1
15
1

Post

Pain on
movement‡

54
67
49
55
40
29
57
40
53
49
67
70
40
52
33
60

Pre
82
89
80
84
75
89
94
100
96
100
95
95
100
100
90
95

Post

EFA§

47
59
51
23
44
23
56
61
55
34
51
74
47
78
37
63

Pre
91
89
81
79
92
98
91
96
92
100
95
91
100
100
79
99

Post

Broberg &
Morrey¶

S
M
S
S
S
S
S
S
S
S
M
M
S
S
S
M

Pre

G
G
G
G
M
G
G
E
E
E
E
E
E
E
G
E

Post

EFA grade**
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* RA, rheumatoid arthritis; OA, osteoarthritis.
†
Larsen grade16 (from grade 1 to 5).
‡
pain as measured on a visual analogue scale from 0 (no pain) to 100 (extreme pain).
§
Elbow Function Assessment (EFA),14 ranging from 0 to 100 (30 points for pain, 35 for activities of daily living (ADL) and 35 points for range of movement assessed by a
nurse-practitioner). A lower score indicates worse function.
¶
Broberg and Morrey Elbow Functional Rating Index15 from 0 to 100. A higher score indicates better function.
** S, severe (< 60 points); M, moderate (60 to 79); G, good (80 to 89); E, excellent (90 to 100).

1 / F / 75
2 / M / 67
3 / M / 77
4 / F / 58
5 / M / 45
6 / F / 75
7 / F / 55
8 / M / 55
9 / F / 61
10 / F / 40
11 / F / 73
12 / F / 73
13 / F / 48
14 / F / 56
15 / F / 81
16 / F / 71

Patient/Gender/Age (yrs)

		

Table 5.1 Overall view of the pre- and post-operative (at two years) range of movement (ROM) and clinical outcome scores of all patients
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Clinical assessment
The assessment of elbow function included recording the passive range of movement (ROM)
in flexion–extension, pronation–supination and endo-/exorotation. The Elbow Function
Assessment (EFA) scale14 and the Broberg and Morrey Elbow Functional Rating Index15 were
also recorded. The EFA ranges from 0 to 100 (a lower score denoting worse elbow function),
and comprises three subscores for patient-reported pain (30 points) and activities of daily
living (ADL; 35 points) and nursepractitioner-assessed ROM (35 points).14 The score can
be graded as excellent (90 to 100), good (80 to 89), moderate (60 to 79) and severe (< 60).
The Broberg and Morrey Elbow Functional Rating Index ranges from 0 to 100, with a higher
score indicating better function.15 It should be noted that these scores have not been validated
for the assessment of TER, but we find them extremely useful and they make it possible to
compare TERs with native elbows. Pain at rest and during movement was scored using a
visual analogue scale (VAS) from 0 (no pain) to 100 (extreme pain). These measurements
and scores were recorded post-operatively at six weeks and 12 and 24 months. All clinical
scores were recorded by an independent assistant.

Radiological assessment
The pre-operative radiological assessment of elbow destruction was as described by Larsen,
Dale and Eek.16 Standard anteroposterior (AP) radiographs were taken within seven days after
the operation; the alignment of the humeral component was determined using the method
described by Brinkman et al.5 Thus the desired alignment of the component was obtained if
the axes of the component and the humerus were parallel. After 12 and 24 months, further AP
radiographs were classified according to Schneeberger, Adams and Morrey,17 a modification of
the system described by Morrey et al.18 This system assesses the integrity of the prosthesis and
signs of loosening: type 0 (radiolucent line < 1 mm thick and involving < 50% of the interface);
type I (radiolucent line ≥ 1 mm thick and involving < 50% of the interface); type II (radiolucent
line ≥ 1 mm thick and involving > 50% of the interface); type III (radiolucent line > 2 mm thick
involving the entire interface); and type IV (gross loosening). We chose these classifications
although we know that they were originally devised for use in cemented fixation. Two orthopaedic
surgeons (MV and DE), who were blinded to the identity of the patient, made two assessments
each of every radiograph, and the most frequently obtained Morrey score18 was accepted.
Translational and rotational movement of the centre of the humeral component relative
to the bone was determined using the coordinate system, as indicated in Figure 5.1, and
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of the coordinate system. Post-operative RSA radiographs using a digital radiology system
(Agfa-Gevaert AG, Rijswijk, The Netherlands) with 165 dpi and 11-bit greyscale resolution
were made between the first and third post-operative days for baseline recordings, and at six
weeks and three, six, 12 and 24 months. In order to calculate migration, these were analysed
using RSA-CMS software (v4.0 20000404 Beta; Medis, Leiden, The Netherlands).19
In order to assess the precision of the RSA method, two examinations were made in 15
patients at the time of the six-week follow-up, and the upper limits of the 99% confidence
interval (CI) were calculated.19 This resulted in detection limits of 0.1 mm, 0.2 mm and 0.3
mm for translations along the transverse, longitudinal and sagittal axes, respectively and 0.8°,
1.0° and 0.5° for rotations around these axes, which correspond to anterior tilt, exorotation
and abduction, respectively (Figure 5.1).
Translation and rotation in all directions were calculated for each component at the time
of each post-operative review at six weeks and 12 and 24 months. In order to determine
the settling-in period and the rate of migration, the increases in translation and rotation at
consecutive follow-up assessments were calculated. Three categories were used to label the
migration of the humeral component between each pair of consecutive follow-up assessments

Stable fixation of the IBP humeral component implanted without cement in TER

quantified at the centre of the three markers, whereas rotations are independent of the centre

during the two post-operative years. Similar to that used by Valstar, Garling and Rozing,20
the classification of the stability of the component was determined by the magnitude of the
translation and rotation and defined as: 1) stable: translation < 0.4 mm and rotation < 1.0°;
2) moderate migration: translation between 0.4 mm and 1 mm and rotation between 1.0°
and 2.0°; and 3) loose: translation > 1.0 mm and rotation > 2.0°.

5

This classification has been used in the past for cemented components and should therefore
be interpreted with care.

Statistical analysis
Statistical analysis was performed using SPSS 12.0.1 software (SPSS Inc., Chicago, Illinois).
The clinical data were not normally distributed due to the presence of outliers; therefore,
Wilcoxon’s non-parametric signed ranks sum test was used to compare the clinical scores
and pain pre- and post-operatively at the time of the three clinical reviews. Tests were twosided and α was set at 0.05.
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Results
There were no peri- or post-operative complications such as nerve palsy, early post-operative
dislocation or intra-operative fractures, except for two patients. One patient showed
malpositioning and one patient showed early loosening in combination with highly active
rheumatic disease.
The pre-operative scores were very heterogeneous. The mean VAS improved from 35 (SD 19;
9 to 70) to 5 (SD 6; 0 to 18) (P<.001) and the mean movement-related pain VAS improved
from 66 (SD 18; 29 to 87) to 6 (SD 6; 0 to 18) (P<.001). Pre- and post-operative EFA results
were available for 15 patients, which showed an improvement from a mean of 51 (SD 12;
29 to 70) to 92 (SD 8; 75 to 100) (P<.001). The mean Broberg and Morrey score improved
from 50 (SD 16; 23 to 78) to 93 (SD 7; 79 to 102) (P<.001). Pre-operatively, the EFA elbow
function grade for activities of daily living (ADL) was moderate in four patients (25%) and
severe in 12 (75%). At the two-year assessment, all patients had showed improvement: none
were classified as severe, one as moderate, seven as good and eight as excellent (Table 5.1).
The mean pre- and post-operative passive ROM is shown in Table 5.2. There were statistically
significant improvements in total ROM (P=.002), flexion (P=.002), extension (P=.021)
and supination (P=.027), and there was an improvement in pronation that nearly reached
significance (P=.065).

Radiological assessment
The immediate post-operative assessment revealed that 15 components had been introduced
in the desired alignment. One (patient 9) was malaligned, as the joint axis could not be
properly identified during surgery. This patient’s clinical outcome was not hampered by the
malalignment: at the two-year assessment both pain at rest and pain related to movement
were 0, and the EFA and the Broberg and Morrey scores were both > 90. The Morrey
classification of the radiographs taken one and two years post-operatively yielded nine
TERs with no RLL > 1 mm (classification 0); one with an increase from no RLL to one >
1 mm (from 0 to 1) and one with the reverse finding (from 1 to 0); three TERs had 1 mm
RLLs at both assessments; one (patient 5) showed an increase in classification from 1 to
2, indicating that a RLL > 1 mm was found for > 50% of the humeral interface at the twoyear assessment (Table 5.3). Patient 9, who had the malalignment present, had a Morrey
classification of 2 at both assessments.
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Parameter 		
Total ROM
Pre-operative
Post-operative
P-value 		
Flexion
Pre-operative
Post-operative
P-value 		
Extension
Pre-operative
Post-operative
P-value 		
Pronation
Pre-operative
Post-operative
P-value 		
Supination
Pre-operative
Post-operative
P-value 		

Mean ROM (°) (SD; range)
70 (31; 15 to 120)
103 (14; 70 to 120)
0.002
110 (19; 70 to 130)
129 (9; 110 to 140)
0.002
-40 (-20; -10 to -70)
-25 (-13; -10 to -50)
0.021
69 (30; 0 to 90)
83 (15; 30 to 90)
0.065
56 (37; -10 to 90)
81 (15; 30 to 90)
0.027

Stable fixation of the IBP humeral component implanted without cement in TER

Table 5.2 Mean passive range of movement (ROM) pre-operatively and at two years post-operatively

Translations and rotations of the humeral component relative to bone. For patient 3, the sixweek RSA radiographs were not available; therefore, the migration could not be determined,
nor could the change between six weeks and three months be calculated. For this patient
it was only possible to calculate translational and rotational changes after three months.

5

However, as the translation and rotation at this time were < 0.4 mm and 1.0° respectively, it
can be assumed that the component was stable during the first three months.
From the six-month RSA images it was observed that the tip-marker on one component
(patient 5) had broken off, and a second marker had broken off on the 12-month image. The
component had shown considerable translational and rotational migration at the six-week
and three-month assessments (Figures 5.2 and 5.3). No further RSA assessments could be
made for this patient. Despite these high migration values, this patient had both clinical and
functional improvement (Table 5.1). She had not adhered to the post-operative protocol
because of a good initial outcome, which may explain the migration and rotation.
The malaligned component (patient 9) did not stabilise and showed continued migration
during the second post-operative year, as seen in the longitudinal axis in Figure 5.2b.
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Table 5.3 Post-operative migration during the time intervals of all patients as measured by radiostereometric analysis (RSA). The Morrey classification is also given.
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The RSA results of the 14 stable components may be used to identify when stabilisation due
to ingrowth has occurred. At three months 12 components were stable, and at 12 months
the remaining two elbows in the stable cohort had ceased migrating.
Compared alongside the RSA study of the Souter–Strathclyde humeral component (Stryker
Howmedica Osteonics, Kalamazoo, Michigan),21 the IBP humeral component stabilised more
rapidly. In our series, 14 of the 16 components had stabilised at two years, whereas only 12
of 18 Souter–Strathclyde components had stabilised after two years. Our study shows the
humeral IBP component stabilises early after implantation, thereby providing a good basis
for long-term success.22,23 In the 14 stabilised components the maximum translation of 1.6
mm was along the longitudinal axis, with a median of 0.1 mm. Rotations were found about
the transverse axis in an anterior direction, the largest anterior tilt being 2.9° (median 0.6°).
This anterior tilt is also reported for the Souter–Strathclyde humeral component at two
years’ follow-up.20 An explanation for this phenomenon could be a lack of restoration of
the flexion–extension axis, leading to an asymmetrical loading of the humeral component.
It might also be explained by muscular imbalance. We believe that the cause of this tilt
is the same as for cemented components. The load of the forearm transfers a posteriorly
orientated force to the distal part of the humeral component, thereby inducing an anterior
tilt regardless of whether it is cemented or uncemented.21
Rotations of the IBP humeral component around the longitudinal and sagittal axes were
relatively small, suggesting that its design allows stability in these two axes. Its longer stem
and the preserved bone stock may be factors that limit these translations, which were less than
those reported for the Souter–Strathclyde humeral component.20 The longer stem may also
limit the chances of malalignment, although in this series one component was malaligned.
In conclusion, this study with two-year follow-up shows promising results for the cementless
humeral component of the IBP TER. All patients had good clinical results, and most
components were stable at six months post-operatively. We are therefore confident that
this bone-sparing component, which is an adaptation of the KUDO V humeral component,
provides adequate stable fixation with a good prospect for long-term survival.

88

Chapter 5

1.

Ikävalko M, Tiihonen R, Skyttä ET, Belt EA. Long-term survival of the Souter-Strathclyde total
elbow replacement in patients with rheumatoid arthritis. J Bone Joint Surg [Br] 2010;92-B:65660.

2.

Qureshi F, Draviaraj KP, Stanley D. The Kudo 5 total elbow replacement in the treatment of the
rheumatoid elbow: results at a minimum of ten years. J Bone Joint Surg [Br] 2010;92-B:1416-21.

3.

Naqui SZ, Rajpura A, Nuttall D, Prasad P, Trail IA. Early results of the Acclaim total elbow
replacement in patients with primary osteoarthritis. J Bone Joint Surg [Br] 2010;92-B:668-71.

4.

van der Lugt JC, Valstar ER, Witvoet-Braam SW, Nelissen RG. Migration of the humeral
component of the Souter-Strathclyde elbow prosthesis: a long-term RSA study. J Bone Joint Surg
[Br] 2010;92-B:235-41.

5.

Brinkman JM, de Vos MJ, Eygendaal D. Failure mechanisms in uncemented Kudo type 5 elbow
prosthesis in patients with rheumatoid arthritis: 7 of 49 ulnar components revised because of
loosening after 2-10 years. Acta Orthop 2007;78:263-70.

6.

Hargreaves D, Emery R. Total elbow replacement in the treatment of rheumatoid disease. Clin
Orthop Relat Res 1999;366:61-71.

7.

Mansat P, Bonnevialle N, Rongières M, Mansat M, Bonnevialle P. Experience with the CoonradMorrey total elbow arthroplasty: 78 consecutive total elbow arthroplasties reviewed with an
average 5 years of follow-up. J Shoulder Elbow Surg 2013;22:1461-8.

8.

Murray DW, Gulati A, Gill HS. Ten-year RSA-measured migration of the Exeter femoral stem.
Bone Joint J 2013;95-B:605-8.

9.

Lorenzen ND, Stilling M, Jakobsen SS, et al. Marker-based or model-based RSA for evaluation
of hip resurfacing arthroplasty?: a clinical validation and 5-year follow-up. Arch Orthop Trauma
Surg 2013;133:1613-21.

10.

Rahme H, Mattsson P, Larsson S. Stable fixation of the ulnar component in the Kudo elbow
prosthesis: a radiostereometric (RSA) study of 13 prostheses with 2-year follow-up. Acta Orthop
2005;76:104-8.

11.

Stanley JK, Penn DS, Wasseem M. Exposure of the head of the radius using the Wrightington
approach. J Bone Joint Surg [Br] 2006;88-B:1178-82.

12.

Van Gorder GW. Surgical approach in the supracondylar T fractures of the humerus requiring
open reduction. J Bone Joint Surg [Am] 1940;22-A:278-92.

13.

Wadsworth TG. A modified posterolateral approach to the elbow and proximal radioulnar joints.
Clin Orthop Relat Res 1979;144:151-3.

14.

de Boer YA, van den Ende CH, Eygendaal D, et al. Clinical reliability and validity of elbow
functional assessment in rheumatoid arthritis. J Rheumatol 1999;26:1909-17.

Stable fixation of the IBP humeral component implanted without cement in TER

References

5

89

Chapter 5

90

Stable fixation of the IBP humeral component implanted without cement in TER

15.

Broberg MA, Morrey BF. Results of delayed excision of the radial head after fracture. J Bone
Joint Surg [Am] 1986;68-A:669-74.

16.

Larsen A, Dale K, Eek M. Radiographic evaluation of rheumatoid arthritis and related conditions
by standard reference films. Acta Radiol Diagn (Stockh) 1977;18:481-91.

17.

Schneeberger AG, Adams R, Morrey BF. Semiconstrained total elbow replacement for the
treatment of post-traumatic osteoarthrosis. J Bone Joint Surg [Am] 1997;79-A:1211-22.

18.

Morrey BF, Adams RA, Bryan RS. Total replacement for post-traumatic arthritis of the elbow. J
Bone Joint Surg [Br] 1991;73-B:607-12.

19.

Vrooman HA, Valstar ER, Brand GJ, et al. Fast and accurate automated measurements in digitized
stereophotogrammetric radiographs. J Biomech 1998;31:491-8.

20.

Valstar ER, Garling EH, Rozing PM. Micromotion of the Souter-Strathclyde total elbow
prosthesis in patients with rheumatoid arthritis 21 elbows followed for 2 years. Acta Orthop
Scand 2002;73:264-72.

21.

Ericson A, Arndt A, Stark A, Wretenberg P, Lundberg A. Variation in the position and orientation
of the elbow flexion axis. J Bone Joint Surg [Br] 2003;85-B:538-44.

22.

Ryd L, Albrektsson BE, Carlsson L, et al. Roentgen stereophotogrammetric analysis as a predictor
of mechanical loosening of knee prostheses. J Bone Joint Surg [Br] 1995;77-B:377-83.

23.

Kärrholm J, Borssén B, Löwenhielm G, Snorrason F. Does early micromotion of femoral stem
prostheses matter? 4-7-year stereoradiographic follow-up of 84 cemented prostheses. J Bone
Joint Surg [Br] 1994;76-B:912-7.

Chapter 5

Stable fixation of the IBP humeral component implanted without cement in TER

5

91

Chapter 6

Survivorship of the KUDO total elbow
prosthesis – comparative study of
cemented and uncemented
ulnar components
89 cases followed for an average of 6 years

Huub van der Heide
Maarten de Vos
Martijn Brinkman
Denise Eygendaal
Frank van den Hoogen
Maarten de Waal Malefijt
Acta Orthop 2007;78 (2):258-62

Chapter 6

Survivorship of the KUDO total elbow prosthesis

Abstract
Background: The Kudo total elbow prosthesis (TEP) is a well-established implant with
good mid-term results. The ulnar component can be placed with or without cement,
and the humeral component is normally placed without cement.
Methods: 89 Kudo type-5 total elbow prostheses were evaluated after a mean follow-up
of 6 (1.7–11) years. The indication for joint replacement was rheumatoid arthritis in all
cases. 49 prostheses were placed without cement. In 40 cases, the ulnar component was
cemented and the humeral component was uncemented.
Results: In the uncemented group, 7 revisions had taken place. 3 of these ulnar components were shortstemmed and 4 were long-stemmed. No revisions had been performed
in the hybrid group. In the uncemented group another 7 patients showed progressive
radiolucencies, while 3 patients in the hybrid group showed progressive radiolucencies.
Interpretation: In this group of RA patients, the survivorship of the cemented ulnar
component was better than that of the uncemented ulnar component.
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The Kudo total elbow prosthesis (TEP) is a well-established implant with good mid-term
results. This implant is used for patients with rheumatoid arthritis (RA),1,5,9 hemophilic
arthropathy,3 and posttraumatic arthritis.1 In the last decades, this implant has undergone
several modifications; from the unstemmed type-1 implant to the fully cemented, stemmed
type-3. The type-4 implant was the first that could be placed uncemented, but it had a poor
outcome due to breakage of the humeral stem. The last type (type 5) has overcome the
problems of stem breakage of the humeral component. The ulnar component can be placed
with or without cement, and the humeral component is normally placed without cement.
We report the mid-term results of the Kudo type-5 TEP and compare the results of the
uncemented ulnar components to those of the cemented ulnar components. In this series
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only uncemented humeral implants were used. Most studies combine different types of Kudo
TEP for different indications. In this series only type-5 Kudo TEPs have been included, with
joint destruction due to rheumatoid arthritis being the only indication.

Patients and methods
Between 1994 and 2004, 89 Kudo type-5 prostheses (Biomet Inc., Warsaw, IN) were implanted
because of joint destruction due to RA. The mean age of the patients (67 of whom were
women) was 55 (21–84) years. 49 TEPs were fully uncemented and 40 were hybrid (humeral
component uncemented and ulnar component cemented). Evaluation took place after an
average of 5.8 (1.7–11) years of follow-up and consisted of a questionnaire, elbow function
assessment (EFA), and AP and lateral radiographs in a standard way.4 After implantation
of the prosthesis, a radiograph was taken every 2 years — or sooner if the patient had any

6

complaints.
The EFA-score4 is a clinical score with a maximum of 100 points; the different items are
shown in Table 6.1.

Statistics
The results were compared using SPSS software version 11.5. Pre- and postoperative range
of motion was analyzed with the paired t-test. Pain score and EFA postoperatively were
analyzed using the independent-sample t-test. A P-value < .05 was considered significant.
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Table 6.1 Elbow Function Assessment, with different items and subcategories
1. Pain (max. 30 points)
pain sensation at rest (VAS);
no pain is 10 points
pain sensation with movement (VAS);
no pain is 20 points
2. Activities of daily living (max. 35 points), 5 points per item if possible
    – lifting cup to mouth
    – eating with a spoon
    – lifting a kettle filled with one liter
    – pouring water from a kettle to a glass
    – lifting of telephone receiver to ipsilateral ear
    – cutting with a knife
    – pulling an object over the table
3. Motion (max. 35 points)
    active flexion (°): 		
>125 = 15 points
				
100–125 = 10 points
				
75–100 = 5 points
				
< 75 = 0 points
    flexion contracture (°):
< 20 = 10 points
				
20–40 = 5 points
				
> 40 = 0 points
    combined movements – grasping of contralateral ear:
    – without difficulty
10 points
    – with difficulty		
5 points
    – impossible 		
0 points

The survival of the prosthesis was calculated from the time of implant to the time of revision,
or to the occurrence of radiolucencies in the radiographs.

Operative technique
All procedures were performed in a similar way by the senior orthopedic surgeons at
two institutions. The elbow joint was exposed through a straight posterior incision and a
u-shaped triceps flap was created. The ulnar nerve was identified and mobilized. The nerve
was identified proximally and exposed by dividing the roof of the cubital tunnel between
the two heads of the flexor carpi ulnaris. It was then retracted and protected during the
remainder of the procedure. A transverse incision was made through the triceps aponeurosis,
beginning at the intermuscular aponeurosis at a point 8–10 cm proximal to the tip of the
olecranon and directed distally through the fascia covering the lateral head of the triceps
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muscle fibers. The ulnar part of the lateral collateral ligament was left intact and the annular
ligament was opened to facilitate the dislocation of the radial head in slight flexion and
supination; the radial head was subsequently resected and synovitis, if present, was excised.
The medial collateral ligament was released subperiostally to facilitate dislocation of the
ulnohumeral joint. All humeral components were inserted without the use of cement. One
of the three surgeons always placed an uncemented ulnar component (n=28), one surgeon
always cemented the ulnar component (n=37), and the third surgeon decided whether he
would use cement or not during the operation. When the uncemented component was stable
enough and the bone quality was good, he used an uncemented stem (n=19); otherwise, he
cemented the ulnar component (n=3). For the uncemented ulnar components, the aim was

Survivorship of the KUDO total elbow prosthesis

and anconeus, and ending at the subcutaneous border. The triceps was split, respecting its

to insert a component with a long stem in all elbows. If medullary canal size did not allow
the insertion of a long ulnar stem, a short stem was inserted. When the ulnar component was
cemented, a short component was always used. All ulnar components were metal-backed.
Postoperatively, all patients performed active-assisted flexion, and pro- and supination
exercises with the help of a physiotherapist. Active extension was not allowed for 6 weeks;
thereafter, active and passive strengthening exercises were started. Patients wore a 90° resting
splint 24 hours a day for 6 weeks.

Results
Five patients, all in the hybrid group, died on average 2.9 (1–6.5) years after TEP; the cause
of death was unrelated to implantation of the elbow prosthesis. At the last follow-up of these
deceased patients, the TEPs were still in place. Seven revisions had taken place in the uncemented

6

group: one for loosening and fracture of the (long) ulnar component and six for aseptic
loosening of the ulnar component after a mean follow-up of 4 (1.5–6.3) years. Three of these
ulnar components were short-stemmed, and three were long-stemmed and uncemented. In the
hybrid group, no revisions had yet been performed after a mean follow-up of 4.6 (1.6–10) years.
In the uncemented group, five other ulnar components and two humeral components
showed progressive radiolucencies. In the hybrid group, two TEPs showed progressive
radiolucencies around the ulnar component. Both patients have been asymptomatic. One
patient has radiolucencies around both the ulnar and the humeral component, 1 year after
implantation. An Indium-IgG scan showed marked uptake around both components, and
the patient is listed for a two-stage revision.
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The range of motion increased postoperatively (Table 6.2). Pain at rest, pain with activity,
and total EFA score showed a significant difference between TEPs with or without signs of
loosening (Table 6.3). Kaplan-Meier curves with with either revision or radiolucencies as
endpoint are shown in Figures 6.1 and 6.2.
Table 6.2 Pre- and postoperative range of motion in degrees, with standard deviation in parenthesesa

Flexion 				
Extension deficit 			
Pronation 				
Supination 			
a

Preoperatively

Postoperatively

126 (16)
39 (18)
50 (23)
51 (26)

134 (10)
32 (14)
72 (18)
57 (25)

For flexion, extension and pronation, P<.005; for supination, P=.2.

Table 6.3 Pain at rest, pain with movement, and EFA score (mean values)a
No signs of loosening

Signs of loosening

Pain at rest (range 0–10)
10
Pain with activity (range 0–230)b
19
Total EFA score (range 0–100)
90
Acta
Orthopaedica
2007;
78
(2):
258–262
P<.05 for all three measurements.

9.2
14
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humeral component at the junction of the condylar part and the stem. After modification of
this junction in the type-5 prosthesis, breakage of the humeral component has been reduced.
Analyzing the type-5 Kudo prosthesis, Kudo himself found no revisions in his group with
uncemented ulnar components,11 but he only placed 11 uncemented components (out of a
total of 43 prostheses, so 32 were cemented ulnar components) and the follow-up of mean
3 years was relatively short.11 Furthermore, he found no lucency around the uncemented
components (n=11) and 2 lucencies in the cemented ones (n=23). This contrasts with the
findings of our study, the major difference between the two studies being the longer followup times in our study. Also, we used a metal-backed PE ulnar component in the cemented
prostheses whereas Kudo used all-polyethylene components. In a recent article by Tanaka
et al.,16 it was shown that all-polyethylene components show less favorable results than the
metal-backed ones.
Potter et al.14 found comparably good results with cemented Kudo type-5 prostheses as we did,
with only 2 of 35 ulnar components showing complete radiolucent lines after a follow-up of
5–7 years.8 Originally, Kudo used only hybrid (humerus uncemented, ulna cemented) total
elbow prostheses,9 and his good results were with cemented ulnar components. Although
he found no radiolucencies in the uncemented ulnar components, he still advised the use
of a cemented ulnar component — which he used in 75% of the cases.11
Precise orientation of the components is essential, as the degree of motion and laxity of
the elbow, wear, and loosening are significantly affected by positioning of the humeral and
ulnar components, and their sizes.1,13 Primary stability is a prerequisite for bone ingrowth
in a cementless prosthesis. However, the primary stability of the cementless component —
especially in the proximal, surface-bearing part — might often be insufficient in patients with
poor bone stock due to rheumatoid arthritis. This may be the reason that these uncemented
components fail more often than cemented ones. In addition, it can be assumed that with
cementing of the ulnar component the surgeon is more able to place the ulnar component
the way he wants; with an uncemented component, the position is harder to modify —
especially the rotation.
The main achievement in this type of operation is reduction of pain.6,10,11 The function after
a TEP will never be the same as with a normal elbow joint,2,6 but there is a significant gain in
range of motion.6,10,11 A review by Little et al.12 has shown that 38 of the 86 positive studies
involving the results of implants have been from the institute of the designer of the implant.
The experience of these individuals, while valuable, is not necessarily representative of the
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implants17 or different indications. In our study, only patients with RA were included and
only the Kudo type-5 implants were used. The revision rate in our series is comparable to
that in the review article of Little et al.12 for the cemented ulnar component, but is much
higher for the uncemented ones.
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experience of orthopedic surgeons as a whole. Furthermore, many studies combine different
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Failure mechanisms in uncemented Kudo type 5 elbow prosthesis in patients with RA

Abstract
Background: Both components of the Kudo type 5 elbow prosthesis can be inserted with
or without the use of cement. There have been no reports on the use of this prosthesis
with all components uncemented in patients with rheumatoid arthritis.
Patients and methods: We reviewed 49 primary uncemented Kudo type 5 elbow
prostheses, inserted in 36 patients with rheumatoid arthritis, after mean 6 (2–10) years.
Patients were assessed clinically both pre- and postoperatively (pain, instability, motion,
ulnar neuropathy) and radiographically. Furthermore, at the time of follow-up clinical
outcome was assessed using the Elbow Function Assessment Scale.
Results: At review, 7 of 49 elbows had undergone revision because of symptomatic
loosening of the ulnar component. In 42 unrevised elbows, clinical outcome was excellent
in 29, good in 7, fair in 5, and poor in one. 31 of 42 elbows had no pain; 11 were painful
at rest (VAS 1–2) and/or as a result of activity (VAS 1–8). With revision as endpoint,
survival was 86% at 6 years. Intraoperative malpositioning of the ulnar component with
a valgus or varus alignment of > 5° was associated with worse survival.
Interpretation: We found an unexpectedly high rate of loosening of the ulnar
component, which was associated with intraoperative malpositioning of the prosthesis.
The ulnar component of this prosthesis should not be inserted without cement in patients
with rheumatoid arthritis.
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Various types of linked and unlinked, minimally- or semi-constrained total elbow prostheses
are available for the treatment of patients with advanced rheumatoid arthritis.15 The Kudo elbow
prosthesis has been used since 1972 (Figure 7.1).9 It is an unlinked, minimally-constrained
prosthesis and its design has undergone several revisions: types 1 and 2 were cemented
unstemmed surface replacements; in type 3 a stem was added to the humeral component, and
type 4 permitted the insertion of both components without the use of cement.8-11 The current
Kudo type 5 elbow prosthesis consists of a humeral component of cobalt-chromium alloy;
it is one-half porous-coated with titanium alloy and has an ulnar component that is either
all-polyethylene for use with cement or metal-backed with titanium stem with or without
a porous coat, for use without cement.11 The standard ulnar component has a short stem;
a long-stemmed ulnar component has been designed for revision surgery. We report our
experience with the uncemented Kudo type 5 elbow prosthesis in patients with rheumatoid
arthritis, and investigate possible causes of radiographic loosening and subsequent failure.

Patients and methods
Since 1993, we have inserted 49 primary uncemented Kudo type 5 elbow prostheses (Biomet

Failure mechanisms in uncemented Kudo type 5 elbow prosthesis in patients with RA

Introduction

Inc., Warsaw, IN) in 36 patients (mean age 56 (23–83) years, 23 women) with rheumatoid
arthritis and have followed them for a mean of 6 (2–10) years. All patients met the diagnostic

1
criteria of the American
264 Rheumatism Association for rheumatoid arthritis and indications
Acta Orthopaedica 2007

for surgery were intractable pain and/or disabling loss of function.
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Patients were assessed clinically preoperatively and at follow-up for pain (VAS) (0–10), medial
collateral ligament instability (mild = < 3 mm, moderate = 3–6 mm opening, or severe > 6
mm joint space opening at 60º of flexion under valgus load at physical examination), range
of motion (ROM), and for the presence of ulnar neuropathy. Preoperatively, the average
pain score was 4 (0–9) at rest and 7 (3–9) on activity. There was mild instability in 2 elbows,
moderate in 16, and severe instability in 9. The average flexion was 127° (80–150), extension
deficit 39° (0–95), pronation 49° (0–90), and supination 50° (0–90).
At the time of follow-up, clinical outcome was assessed using the elbow function assessment
scale (EFA).3,4 The EFA grades the clinical outcome on a 100-point scale (100–90 excellent,
89–80 good, 79–60 fair, < 60 poor); it combines results of clinical examination and capabilities
regarding everyday living activities.
Preoperatively, all elbows were graded radiographically according to Larsen et al.;12 26 elbows
were grade IV and 23 were grade V. Intraoperative positioning of the elbow prosthesis
was assessed on anteroposterior (AP) and lateral plain radiographs obtained 6 weeks
postoperatively. Varus or valgus and flexion or extension alignment of the components
relative to the axis of the proximal ulna and distal humerus, respectively, was measured in a
standardized way on digitized plain straight AP- and lateral (elbow in 90° flexion) radiographs
of both components (Figure 7.2). Subluxation of the prosthesis was documented (Figure
7.3a). At follow-up, all prostheses were evaluated for position of the prosthesis, alignment
Acta Orthopaedica
2007;
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Figure 3. Postoperative lateral and AP radiograph (case
25; Table). The humeral component is positioned in varus;
the ulnar component is positioned in varus and ﬂexion. The
malalignment relative to the axis of the bone is illustrated.
Also, note the subluxation with valgus tilt of the prosthesis.
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directed distally through the fascia covering the lateral head of the triceps and anconeus,
and ending at the subcutaneous border. The distally-based flap of triceps aponeurosis
is temporarily secured with a ‘stay’ suture more distally on the ulna. The triceps is split,
respecting its muscle fibers. The lateral ulnar collateral ligament is left intact and the annular
ligament is opened to facilitate the luxation of the radial head in slight flexion and supination;
the radial head is resected and synovitis, if present, is excised. The medial collateral ligament
is then transected at the medial epicondyle to gain access to the joint. The ulnar nerve is
identified proximal to the medial epicondyle and distally between the two heads of the
flexor carpi ulnaris; it was not routinely transposed to its anterior subcutaneous pocket, nor
decompressed. In 4 elbows that had ulnar neuropathy preoperatively, however, the ulnar
nerve was decompressed and transposed (Table 7.1). All humeral and ulnar components
were inserted without the use of cement. The aim was to insert an ulnar component with
a long stem in all elbows; if the size of the medullary canal did not allow the insertion of
a long ulnar stem, a short one was inserted. A long ulnar stem was used in 22 elbows. No
bone grafting was necessary.
Postoperatively, all patients performed active-assisted flexion and pro- and supination
exercises with the help of a physiotherapist. Active extension was not allowed for 4 weeks;
thereafter, active and passive strengthening exercises were started. Patients wore a 90º resting
splint during daytime and at night for 6 weeks.

Results
There were 2 intraoperative complications: 1 fracture of the medial epicondyle that required
no treatment, and 1 ulna shaft fracture that was treated with cerclage wiring. Both patients
had an excellent outcome (Table 7.1). 1 patient (no. 18, Table 7.1) had loss of motor function
of the radial nerve postoperatively, which resolved within a year and was possibly caused
by compression from a hematoma.
Excluding the 7 revisions (see below), there were 22 complications postoperatively, 14 of
which required reoperation. There was ulnar neuropathy in 11 elbows; in 4 elbows the
ulnar nerve was decompressed and transposed. One patient developed a superficial wound
infection that was treated with intravenous antibiotics. One patient had a limited range
of motion at 2.5 months postoperatively, and in 2 elbows (2 patients) the motion slowly
decreased over time. These 3 elbows were treated with open arthrolysis.
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Case no.
Age at surgery
Ulnar neuropathy preoperatively
Stability
0 stable
1 < 3 mm joint opening
2 3–6 mm joint opening
3 > 6 mm joint opening
E. Range of motion preoperatively
F. Size of ulnar stem
1 short
2 long
G. Complications peri- and postoperatively, excluding revisions
1 ulnar neuropathy
2 radial nerve neuropathy
3 superficial wound infection
4 medial epicondyle fracture
5 ulnar fracture
6 reduced range of motion
H. Treatment
1 decompression
2 intravenous antibiotics
3 cerclage wiring
4 arthrolysis
5 loose fragment removed

A.
B.
C.
D.

Revision
Time to revision, years
Radiolucency ulnar/humeral component
Valgus tilt and subluxation of the prosthesis
Alignment of ulna
0 0°–5°
1 5°–10°
2 > 10°
N. EFA elbow function assessment scale score
E excellent
G good
F fair
P poor
O. Stability of prosthesis (as in D)
P. Ulnar neuropathy
Q. ROM at follow-up
R. Follow-up, years

I.
J.
K.
L.
M.
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Seven elbows required revision after an average of 4 years (1.5–8) because of symptomatic

Legends to Table

loosening of the ulnar component; 1 elbow was radiographically lost. In 6/7 cases the ulnar

A
B
C
D

E
F
G

H

Case
no.
2 intravenous antibiotics
component
was revised, and in 1 elbow a linked (Coonrad-Morrey)
prosthesis was inserted
Age at surgery
3 cerclage wiring
(Table
7.1, Figures
7.3–7.5).
Ulnar
neuropatphy
preoperatively
4 arthrolysis
Stability
5 loose fragment removed
0 For
stable
I Revision
the 42 unrevised elbows the clinical outcome
was excellent in 29, good in 7, fair in 5,
1 < 3 mm joint opening
J Time to revision, years
2 and
3–6 poor
mm joint
opening
K
Radiolucency
ulnar/humeral
component
in 1 (Table 7.1). There was no pain in 31 of the 42 elbows,
and 11
were painful at
L Valgus tilt and subluxation of the prosthesis
3 > 6 mm joint opening
restof(VAS
and/or during activity (VAS 1–8).
There was
mild instability in 5 elbows,
M Alignment
of ulna
Range
motion1–2)
preoperatively
0 0°–5°
Size of ulnar stem
instability in 6, and ulnar neuropathy in
Average flexion was 133° (115–150),
1 4.5°–10°
1 moderate
short
2 > 10°
2 long
extension deficit 32° (5–90), pronation 70° (20–90),
and supination 51° (0–90). The increase
N EFA elbow function assessment scale score
Complications peri- and postoperatively,
E
excellent
excluding
revisions
in motion was significant (P=.001, paired Student’s t-test).
G good
1 ulnar neuropathy
F fair
2 radial nerve neuropathy
2 humeral components showedPsigns
of progressive radiolucency around
poor
3 Radiographically,
superﬁcial wound infection
O Stability of prosthesis (as in D)
4 medial epicondyle fracture
in 4neuropathy
ulnar components and definitive
P Ulnar
5 the
ulnarbarrel.
fractureThere was progressive radiolucency
Q
ROM
at
follow-upthere was a valgus tilt with
6 radiographic
reduced range of
motion
loosening in 1 (Case 49; Table 7.1). In 4 elbows
R Follow-up, years
Treatment
1 subluxation
decompression
of the ulna; this was associated with progressive radiolucency of the ulnar

Figure 4. Lateral and AP radiographs of the same
prosthesis as in Figure 3, 2 years after insertion.
There is marked osteolysis around the ulnar stem
(white arrows).

Figure 7.4 Lateral and AP radiographs of the same prosthesis as in Figure 7.3, 2 years after insertion. There

pronation 70° (20–90), and supination 51° (0–90).
the 42is elbows,
and 11 around
were painful
rest(white
(VASarrows).
marked osteolysis
the ulnaratstem
1–2) and/or during activity (VAS 1–8). There was The increase in motion was signiﬁcant (p = 0.001,
mild instability in 5 elbows, moderate instability paired Student’s t-test).
Radiographically, 2 humeral components
114in 6, and ulnar neuropathy in 4. Average ﬂexion
was 133° (115–150), extension deﬁcit 32° (5–90), showed signs of progressive radiolucency around
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Figure 7.5 Lateral and AP radiographs of the same prosthesis at the time of revision (4.6 years after
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Figure 5. Lateral and AP radiographs of the same
prosthesis at the time of revision (4.6 years after
implantation); osteolysis around the ulnar stem has
caused fracture of the ulna (white arrows).
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implantation);
osteolysis
around radiolucency
the ulnar stem has
of the
ulna (whiteradiolucency
arrows).
the 7fracture
that had
progressive
at followthe barrel.
There was
progressive
in caused
4 ulnar components and deﬁnitive radiographic up, and the 32 elbows that had neither (p = 0.007,
loosening in 1 (Case 49; Table). In 4 elbows there Kruskal-Wallis test). Logistic regression showed
the odds ofinnot
to undergo
was a valgus
tilt with
of thewas
ulna;
this thatossification
component
in 2subluxation
of the 4. There
heterotopic
14having
elbows,either
9 Brooker
gradereviwas associated with progressive radiolucency of sion or to have progressive radiolucency at followI and 5 grade II.
the ulnar component in 2 of the 4. There was het- up were 13 times greater in elbows that had no
erotopic ossiﬁcation in 14 elbows, 9 Brooker grade ulnar valgus/varus alignment of > 5° (CI 2.6–66,
Correlation of radiographic and clinical findings showed that the clinical outcome in the
p = 0.001). There was no signiﬁcant correlation,
I and 5 grade II.
elbows that
had radiographic
signsﬁndings
of ulnar orhowever,
humeral between
looseningulnar
was excellent
4, fair
in
stem sizeinand
revision,
Correlation
of radiographic
and clinical
and
ulnar
stem
size
and
the
presence
of
progressive
showed2,that
the
clinical
outcome
in
the
elbows
that
and poor in 1 (Table 7.1).
had radiographic signs of ulnar or humeral loos- radiolucency (Pearson’s chi-square test). There
was
no relation
and/or postoperative
ening was
in 4, fair
2, and
poor in
In 11excellent
of 49 elbows
thereinwas
a valgus
or 1varus
alignment
of between
the ulnarprecomponent
of > 5°
instability
and
survival.
(Table).
postoperatively. Five had to undergo subsequent revision for loosening of the ulnar
In 11 of 49 elbows there was a valgus or varus
component
andcomponent
3 had progressive
ulnar radiolucency at follow-up. Four of the 7 revised
alignment
of the ulnar
of > 5° postoperatively.
5 had
to aundergo
revisionoffor
elbows
had
varus orsubsequent
valgus alignment
the ulnar component of > 10° (Table 7.1). There was
Discussion
loosening
of
the
ulnar
component
and
3
had
proa correlation between revision and/or radiolucency at follow-up and an ulnar valgus/varus
gressive ulnar radiolucency at follow-up. 4 of the In unconstrained (unlinked) resurfacing elbow
alignment
thea ulnar
of > 5° (P=.001,
Pearson’sstability
chi-square
test). Furthermore,
7 revised
elbows of
had
varus component
or valgus alignment
arthroplasty,
is maintained
by the surof the the
ulnar
component
of >alignment
10° (Table).
There
rounding ligaments.
Theoretically,
becausethat
of this
mean
valgus/varus
of the
ulnar component
differed between
the 7 elbows
was a correlation
between
revision
and/or
radioluthe
transmission
of
forces
across
the
implant
had been revised, the 7 that had progressive radiolucency at follow-up, and the 32 elbows is
cency at follow-up and an ulnar valgus/varus align- less—reducing the risk of loosening. Furthermore,
that
neither
(P=.007,
regressionarticulation
showed thatisthe
odds of and
ment of
thehad
ulnar
component
of Kruskal-Wallis
> 5° (p = 0.001,test).a Logistic
more anatomical
achieved,
Pearson’s chi-square test). Furthermore, the mean minimal resection of bone is required, preserving
valgus/varus alignment of the ulnar component dif- bone stock for revision surgery if necessary (Verfered between the 7 elbows that had been revised, streken et al. 1998, Potter et al. 2003). Unlinked 115
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not having either to undergo revision or to have progressive radiolucency at follow-up were
13 times greater in elbows that had no ulnar valgus/varus alignment of > 5° (CI 2.6–66,
P=.001). There was no significant correlation, however, between ulnar stem size and revision,
and ulnar stem size and the presence of progressive radiolucency (Pearson’s chi-square test).
There was no relation between pre- and/or postoperative instability and survival.

Discussion
In unconstrained (unlinked) resurfacing elbow arthroplasty, stability is maintained by the
surrounding ligaments. Theoretically, because of this the transmission of forces across the
implant is less — reducing the risk of loosening. Furthermore, a more anatomical articulation is
achieved, and minimal resection of bone is required, preserving bone stock for revision surgery
if necessary.13,16 Unlinked implants have been associated with dislocation, ulnar neuropathy,
infection and wound problems, however.5 The Kudo type 5 elbow prosthesis is an unlinked
minimally-constrained surface replacement that can be inserted with or without the use of
cement.11 We have found no reports on the use of the Kudo type 5 elbow prosthesis in which all
ulnar and humeral components were inserted without the use of cement in patients with RA.
We achieved good pain relief and gain of function in the unrevised elbows, which is in
accordance with previous reports on Kudo total elbow arthroplasty.11,13,14,16 Radiographically,
there was no migration or fracture of the humeral component of the implant — suggesting
that previous problems with the stem of the humeral component of the type 4 Kudo such as
metallosis, osteolysis, and ultimately breakage, appear to have been resolved with the Kudo
type 5 prosthesis.10,11 Similar findings concerning ulnar radiolucency have been reported by
others. It should be noted that only Kudo et al.11 used an uncemented ulnar component in
some but not all of their patients. Potter et al.13 reported 2 cases of progressive radiolucency
— but no revisions — in 29 cemented Kudo type 5 elbow prostheses, with a mean followup of 6 years. Rahme14 noted radiolucent lines around the cement-bone interface of the
proximal part of the ulnar component in 17, and around the ulnar stem in 7, of 30 elbows.
Kudo et al.11 reported no radiolucent lines in 11 uncemented ulnar components, but in 32
cemented ulnar components there was partial radiolucency in 6 and complete radiolucency
in one, with an average follow-up of 3 years and 10 months.
Van der Lugt and Rozing15 provided an overview of aseptic loosening rates in a systematic
review of primary elbow prostheses used for the rheumatoid elbow. Six types of non-
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prosthesis, and 1 type of semi-constrained prosthesis (the GSBIII) were included and 23
series of implants were studied in total. Overall aseptic loosening rates, with or without
revision, for each type of implant varied from 0.8% to13% (follow-up time 3–13 years).
Gschwend et al.7 reported that 32 of the GSBIII prostheses remained in situ in a series of 36
elbows that were examined clinically and radiographically after a mean period of 14 years;
complications included 3 cases of aseptic loosening, 3 deep infections, and disassembly of
the prosthesis in 9 cases. Gill and Morrey6 described a series of 78 elbows managed with
the semi-constrained Coonrad-Morrey prosthesis with a 10–15-year follow-up; 2 revisions
were performed for aseptic loosening. In our series, symptomatic loosening of the ulnar
component resulted in failure of the prosthesis in 7/49 cases—which is higher then expected.
It appears from statistical analysis that subluxation of the components and the malalignment
of the ulnar component influence the outcome.
The malpositioning of the ulnar component and the subsequent high rate of problems are
possibly due to absence of anatomical landmarks of the ulna and the insufficiency of aiming
devices, which makes adequate intraoperative positioning difficult. It may, however, also be
that problems with the ulnar component of the uncemented Kudo type 5 elbow prosthesis
are related to the design and fixation properties of the ulnar part of the implant itself, and
that this type of uncemented press-fit component is not suitable for use in patients with

Failure mechanisms in uncemented Kudo type 5 elbow prosthesis in patients with RA

constrained (unlinked minimally constrained) prosthesis, including the Kudo type 5 elbow

rheumatoid arthritis. Another possible explanation for the high rate of loosening in our
series is the relatively thin (2–3-mm) polyethylene layer in the Kudo prosthesis.
It can be argued that in our series revisions 1 and 2 (nos. 47 and 48, Table 7.1) should be
excluded from the survival analysis because failure was due to gross malpositioning of the
implant; neither elbow had a period of proper functioning postoperatively. Both required
almost immediate revision and were thus not representative of the survival of the prosthesis,

7

but can be considered to be part of the learning curve. With revisions 1 and 2 excluded,
survival in this series was 89% (CI 79–99).
Currently, we insert the humeral component without cement and the ulnar component
with cement. To overcome the problem of malpositioning of the prosthesis, we have
developed a new extramedullary aiming device for the ulna and a new cutting block for the
distal humerus. Furthermore, for elbows that are grossly unstable preoperatively, we use a
semi-constrained prosthesis (Coonrad-Morrey). A potentially more definitive solution for
malpositioning of the prosthesis would be computer-navigated surgery.
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Mid-term clinical results of a modern convertible total elbow arthroplasty

Abstract
Unlinked, linked and convertible total elbow arthroplasties (TEAs) are currently available.
This study is the first to report the clinical results of the convertible Latitude TEA. This
was a retrospective study of a consecutive cohort of 63 patients (69 primary TEAs)
with a mean age of 60 years (23 to 87). Between 2006 and 2008 a total of 19 men and
50 women underwent surgery. The mean follow-up was 43 months (8 to 84). The range
of movement, function and pain all improved six months post-operatively and either
continued to improve slightly or reached a plateau thereafter. The complication rate is
similar to that reported for other TEA systems. No loosening was seen. Remarkable is
the disengagement of the radial head component in 13 TEAs (31%) with a radial head
component implanted.
Implantation of both the linked and the unlinked versions of the Latitude TEA results
in improvement of function and decreased pain, and shows high patient satisfaction at
midterm follow-up.
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The indications for total elbow arthroplasty (TEA) currently include advanced degenerative
changes of the elbow due to rheumatoid disease (RhA) or osteoarthritis (OA) as well as
complex fractures of the distal humerus in elderly patients or in those with post-traumatic
arthritis.1,2
In general, three types of TEA are available: unlinked devices, in which there is no linkage
between the components; linked devices, which include an axle or link joining the humeral
component to the ulnar component; and convertible devices, which can be used either as
a linked or an unlinked version.11 The native radial head can either be preserved, resected
or replaced by a radial head component, depending on the status of the elbow joint, the
surgeon’s preference and the type of TEA.3
The Latitude (Tornier, Stafford, Texas) is a convertible TEA which can be used either as an
unlinked or a linked version, depending on the integrity of the collateral ligaments and the
amount of bone loss.4 The linked version is a ‘sloppy-hinge’ TEA with restricted freedom of
movement in both valgus and varus directions. Biomechanical evaluation has shown that

Mid-term clinical results of a modern convertible total elbow arthroplasty

Introduction

linking the Latitude results in increased valgus stability.5 Furthermore, it has been shown that
in elbows with intact ligaments, and good bone stock, the radial head component contributes
only slightly to the stability of the elbow.6 To the best of our knowledge, no clinical data on
the Latitude TEA have been published.
The purpose of this study was to assess the mid-term clinical results of the convertible
Latitude TEA. In addition, we sought to characterise the clinical improvement and
investigated how patient factors, implant-related factors and surgical technique affected
the clinical outcome.

Patients and methods

8

We undertook a retrospective study of a consecutive cohort of patients who were treated
using the Latitude TEA in two centres between 2006 and 2008. All patients who received
a primary Latitude TEA for advanced arthritis of the elbow due to RhA, primary OA or
post-traumatic deformities were included. There were 63 patients (18 men; 29% and 45
women; 71%) with 69 TEAs. Five women and one man underwent bilateral procedures.
The mean age of the patients at the time of surgery was 60 years (23 to 87). There were 32
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left-sided and 37 right-sided TEAs, and 38 involved the dominant side. The indication for
surgery was RhA in 37 elbows (54%), primary OA in 14 (20%) and post-traumatic OA in
18 (26%) (Table 8.1).

Table 8.1 Patient demographics, indication and types of prostheses implanted

Number of patients
Number of prostheses
Mean age (range)
Gender
Side

Indication

Type of prosthesis

Patient demographics

n

(%)

Male
Female
Right
Left
Dominant
Primary osteoarthritis
Rheumatoid arthritis
Post traumatic arthritis
Linked
Unlinked
Radial head component

63
69
60
18
45
37
32
38
14
37
18
57
12
42

(23 to 87)
(29)
(71)
(54)
(46)
(55)
(20)
(54)
(26)
(83)
(17)
(61)

The pre-operative medical history was recorded and routine post-operative assessments were
undertaken at six months, one year, and biannually thereafter. A physician assistant (A.V.)
who specialised in upper limb pathology recorded the clinical findings. The stability of the
medial collateral ligament was assessed according to the opening of the joint space at 60° of
flexion under valgus load (grade 0, no instability; grade 1, mild instability; grade 2, moderate
instability; and grade 3, severe instability). Pain at rest and during activities was scored from
0 (no pain) to 10 (maximal pain) using visual analogue scales. Three questionnaires, the
Elbow Functional Assessment Scale (EFAS),7 the functional Rating Index of Broberg and
Morrey (FRIBM)8 and the Modified Andrews Elbow Scoring System (MAESS),9 were used
to assess pain, range of movement, stability and function.
During each post-operative review the patients were asked whether they were satisfied with
the outcome. They could only answer ‘yes’ or ‘no’.
At each review, standard anteroposterior (AP) and lateral radiographs of the elbow were
obtained and analysed for subsidence, peri-prosthetic fracture and (sub)luxation. Radiolu-
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was scored as described by Hastings and Graham.10

Surgical technique
682

682

Prophylactic intravenous antibiotics were given routinely before surgery. The operations
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were undertaken by two surgeons (MJV, 58 (84%) and DE, 11 (16%)). The components were
11
4
Table
Table
I. Patient
I. Patient
demographics,
demographics,
indication,
indication,
and by
types
and
types
of prostheses
of prostheses
implanted
implanted
introduced as
described
by Gramstad
et al.
and
Szekeres
and King
using a triceps-tongue

Patient
Patient
demographics
demographics
n
n (%) (%)
technique. The ulnar nerve was routinely
identified
but not mobilised
or transposed. The
Number
Number
of patients
of patients

63

63

annular ligament
was
released
from the ulna with a small chip
of 69
bone that could easily be
Number
Number
of prostheses
of prostheses
69
12
Mean
Mean
age (range)
age (range)suture, as described in the Wrightington
60
60(23 toapproach.
(23
87)to 87)
re-fixed with
a transosseous
In eight

Gender
Gender

Male Male

18

18(29) (29)

Side Side

Right Right

37

37(54) (54)

Female was performed to
45 release
45(71) the
(71) medial collateral
elbows an osteotomy of the medialFemale
epicondyle

ligament in order to dislocate theLeftelbow.
re-fixed
Left This was subsequently
32
32
(46) (46) using two nonDominant
38
38(55) (55)
absorbable sutures,
as described Dominant
by De
Vos osteoarthritis
et al.13 In all other
patients
dislocation of the
Indication
Indication
Primary
Primary
osteoarthritis
14
14(20) (20)
Rheumatoid
Rheumatoid
arthritis
arthritis
37
37(54)
(54)
elbow was achieved by subperiosteal
release
of the
medial collateral
ligament.
Type of
Type
prosthesis
of prosthesis

Post-operatively the elbow was

Post traumatic
Post traumatic
arthritis
arthritis
Linked
Linked
immobilised
Unlinked
Unlinked in a posterior
RadialRadial
head component
head component

18
18(26) (26)
57
57(83) (83)
splint
in
of
12
12
(17)90°
(17)
42
42(61) (61)

flexion for five

days. Thereafter, the elbow was mobilised under supervision of a specialised physiotherapist,
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cency in the zones shown in Figure 8.1 was recorded in millimetres. Heterotopic ossification

avoiding active extension for six weeks.

8
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Statistical analysis
Descriptive statistics were used to summarise the data with numbers (percentages) or means
with ranges where appropriate. Estimate regression parameters with standard error (SE)
were reported. The primary outcome measures were the EFAS, FRIBM and MAES scores,
as they are specific to the elbow and assess three important domains: movement, pain and
function. Secondary outcome measures included flexion, extension-deficit, pronation and
supination, pain at rest and during activity, and stability.
Paired Student’s t-tests and Wilcoxon’s signed ranks tests were used to assess the improvement
between the pre-operative scores and those six months post-operatively. Linear mixed models
were used to compare primary and secondary outcome measures at the different follow-up
periods (six, 12, 36 and 60 months), adjusting for indication of surgery (RhA, primary OA or
post-traumatic OA), constraint of the components, excision of the radial head, surgery on the
dominant side, the presence of an osteotomy of the medial epicondyle, age, and baseline values
of the respective outcome measures. Age at the time of surgery was dichotomised as either
‘< 60 years’ or ‘≥ 60 years’. Missing data were assumed to be missing at random. Surgeon was
included as a random factor, and a P-value < .05 was considered statistically significant. The
statistical analyses were performed using R version 3.0.2. (R Foundation, Vienna, Austria).

Results
The mean follow-up was 43 months (8 to 84); for 58 TEAs follow-up was for more than
two years. Of the 11 patients with follow-up of < two years, four (four TEAs) had died of
unrelated causes and seven (seven TEAs) were lost to follow-up. The linked version was
used in 57 TEAs (83%). A radial head component was used in 42 TEAs (61%). The linked
version with a radial head component was used in 32 TEAs (46%) and an unlinked TEA
without a radial head component was used in two TEAs (3%).

Range of movement
There was a significant improvement in the range of movement six months post-operatively
compared with pre-operative values, except for supination. Using the range of movement
six months post-operatively as a reference, after six months it either continued to improve
slightly or reached a plateau. There were no statistically significant improvements in the
range of movement between the follow-up time points (Figure 8.2).
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It was only possible to identify a few predictors of an increase in range of movement. Patients
with a reduced pre-operative range of movement had a significantly reduced post-operative
range of movement (flexion (coefficient 0.2; SE 0.05, P<.001), extension-deficit (coefficient
0.2; SE 0.09, P=.04), pronation (coefficient 0.2; SE 0.07, P=.005), and supination (coefficient
0.5; SE 0.08), P<.001). An osteotomy of the medial epicondyle was associated with a higher
mean post-operative flexion (coefficient 7.4; SE 3.3, P=.030), and surgery on the dominant
side with reduced supination (coefficient -12.8; SE 4.6, P=.007). Age, indication, RhA,
constraint of the prosthesis and implantation of a radial head component did not significantly
influence post-operative function.

Pain
There was a significant improvement in the mean pain scores six months post-operatively
compared to the pre-operative values (Table 8.2). Using the mean pain scores six months
post-operatively as a reference, the scores either continued to improve slightly or reached
a plateau thereafter. There were no statistically significant improvements in the mean pain
scores between the follow-up time points (Figure 8.2). None of the covariates showed any
significant effect on the post-operative pain scores.

Function
There was a significant improvement in the functional scores six months post-operatively
(Table 8.3). Using the functional scores six months post-operatively as a reference, the scores
either continued to improve slightly or reached a plateau thereafter. However, there were
no statistically significant improvements in functional scores at all further post-operative
follow-up moments (six, 12, 36 and 60 months, adjusting for indication of surgery (RhA,
primary OA or post-traumatic OA), constraint of the components, excision of the radial
head, surgery on the dominant side, the presence of an osteotomy of the medial epicondyle,
age, and baseline values of the respective outcome measures (Figure 8.2).
It was only possible to identify a few predictors of improvement in functional scores. Patients
with a higher pre-operative EFAS score had a significantly higher post-operative EFAS score
(coefficient 0.2; SE 0.09, P=.03). Baseline FRIBM and MAESS scores did not predict postoperative functional scores. Using a radial head component resulted in higher functional
scores (EFAS (coefficient 9.8; SE 3.7, P=.01), FRIBM (coefficient 9.7; SE 3.1, P=.003), and
MAESS (coefficient 10.7; SE 3.6, P=.004). In addition, an osteotomy of the medial epicondyle
130
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27 (0 to 75)
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69 (20 to 90)
60 (-20 to 90)
0.4 (0 to 3.5)
1.1 (0 to 8.0)
81 (35 to 100)
76 (46 to 95)
79 (40 to 100)
1 (0 to 2)

12 months
128 (100 to 145)
25 (0 to 65)
103 (45 to 135)
72 (35 to 90)
59 (-35 to 90)
0.5 (0 to 6.0)
1.1 (0 to 9.0)
81 (31 to 100)
77 (48 to 100)
78 (30 to 100)
1 (0 to 3)

36 months

128 (110 to 140)
19 (0 to 50)
109 (65 to 135)
70 (10 to 90)
65 (10 to 90)
0.1 (0 to 1.5)
0.9 (0 to 7.0)
79 (52 to 98)
79 (44 to 104)
85 (60 to 100)
1 (0 to 3)

60 months

< .001
.03
< .001
.004
.3
< .001
< .001
< .001
< .001
< .001
.2

P-value
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VAS, visual analogue score; ROM, range of movement; EFAS, elbow functional assessment scale; FRIBM, functional Rating Index of Broberg and Morrey; MAESS, modified
Andrews elbow scoring system. P-values were derived using paired Student’s t-test and Wilcoxon’s signed rank test used to assess the improvement between the preoperative scores and those six months post-operatively.
* Wilcoxon’s signed rank test.
†
median (range).

Flexion (º)
Extension-deficit (º)
ROM (º)
Pronation (º)
Supination (º)
VAS rest*
VAS activity*
EFAS
FRIBM
MAESS
Stability*†

6 months

Post-operative

Baseline

Pre-operative

Table 8.2 The clinical outcome at different post-operative intervals. Values given as mean (range) unless stated otherwise.
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Table 8.3 Complications
Complication
Neurologic
Sensory
Motor
Disengagement radial head component*
Infection
Humerus fracture
Ulna fracture
Instability
Radiolucency
Humeral
Ulnar
Radial*
Loosening
Periarticular ossifications
Triceps problems

n (%)

Diagnosis
(RA/POA/PTA)

9 (13)
2 (3)
13 (31)
3 (4)
1 (1)
2 (3)
2 (3)

(3/3/3)
(0/1/1)
(8/5/0)
(3/0/0)
(1/0/0)
(1/1/0)
(2/0/0)

4 (6)
3 (4)
2 (5)
0 (0)
0 (0)
0 (0)

(2/2/0)
(1/2/0)
(1/1/0)
-

* The percentage of disengagements of the radial head component and the percentage of radiographs with
radiolucency around the radial head component is calculated from the 42 elbows in which a radial head
component was inserted. All other percentages are calculated based on the 69 elbows included in the study.
The right column shows the distribution of the complications according to the indication for surgery.

was associated with higher post-operative EFAS (coefficient 11.3; SE 5.3, P=.04) and FRIBM
(coefficient 9.5; SE 4.3, P=.03) scores. Age, indication, RhA and constraint of the prosthesis
did not significantly influence the functional outcome.

Stability
A total of 19 elbows (27.5%) had grade 2 or 3 instability. In 14 of these RhA was the indication
for surgery, and in 17 a linked version was used. In 40 of the remaining 50 elbows a linked
version was used.
The mean scores for stability six months post-operatively were not significantly improved
compared with the pre-operative values (Z=-2.1, P=.2), and there was no statistically
significant improvement in stability scores between the follow-up time points, using the
scores six months post-operatively as a reference. Elbows with a higher mean baseline valgus
stability showed significantly higher valgus stability scores post-operatively (coefficient 0.2;
SE 0.09, P=.02). An osteotomy of the medial epicondyle was associated with a higher mean
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constraint of the prosthesis did not significantly influence post-operative stability.

Radiographic analysis
The number and sites of the radio-lucencies are shown in Table 8.3. Those around the
humeral component were seen in zones 1 and 5 (Figure 8.1) and were all < 1 mm wide. Those
around the ulnar component were all around the proximal body, in zones 1 and 3, and were
all < 2 mm wide. Those around the radial head were only seen just below the collar, in zones 1
and 3, and were all < 1 mm wide. All immediate post-operative radiographs showed an intact
radial head component, but in 13 elbows it subsequently became disengaged (Figure 8.3).
The disengagement did not statistically significantly influence the outcome. In none of the
elbows with disengagement was there radiolucency around the radial head component. Pain
was the indication for revision surgery in only one of the elbows with disengagement of the
radial head; three months later it disengaged again and was removed.
The osteotomies of the medial epicondyle all united satisfactorily.
686

686
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post-operative stability score (coefficient 0.6; SE 0.2, P=.02). Age, indication, RhA and
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Complications
The complications are shown in Table 8.3. In six out of nine elbows with a sensory neuropathy
this resolved within a year. There was a combined sensory and motor deficiency of the ulnar
nerve in two elbows. In one of these the motor deficiency resolved within two years, leaving a
slight sensory deficit. In the other, decompression of the ulnar nerve was performed without
symptomatic improvement. All three deep infections were managed by extensive lavage
and antibiotic therapy. One of the ulnar fractures was identified peri-operatively and was
treated with a cerclage wire, with subsequent satisfactory union. The other was noted postoperatively and was managed conservatively and healed unremarkably. One of the humeral
fractures involved the medial epicondyle and was fixed with a Kirschner wire and healed
satisfactorily. In two elbows with significant instability about three years post-operatively
an ulnar cap was introduced to link the components, resulting in decreased pain scores and
improved satisfaction. The stability, however, improved in only one.

Satisfaction
A total of four patients (four TEAs, 6%) were not satisfied with the outcome six months
post-operatively; three of these patients subsequently became satisfied. In the patient
who remained dissatisfied, the radial head disengaged five months post-operatively and
again after revision surgery. There were three patients who were ‘not satisfied’ during later
follow-up, having been satisfied six months post-operatively. In one of these the elbow was
unstable 31 months post-operatively. An ulnar cap was introduced to link the components,
with a satisfactory outcome. One other patient had a combined motor and sensory ulnar
neuropathy, as described above.

Discussion
The biomechanical properties of the Latitude TEA are well documented.5,6 To the best of
our knowledge, this study is the first to report the clinical results.
In up to 65% of the early papers describing the outcome after TEA RhA was the indication
for surgery.14 The indications have since changed.1,15-19 Advances in the medical management
of RhA have led to a decrease in joint destruction and, together with advances in implant
design, TEA is now often used in post-traumatic conditions and in patients with primary
OA.1,17 In this study RhA was the indication in 54% of the patients. This relatively high
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for rheumatoid patients. RhA can lead to loss of bone stock and impairment of the collateral
ligaments, leading to instability of the elbow. Thus, grade 2 or 3 valgus instability was found
in 14 elbows (33%) with RhA, and in only four elbows (15%) without RhA. A linked version
of the TEA was used in 17 (89%) of the elbows with grade 2 or 3 valgus instability preoperatively. The use of a high percentage of linked TEAs in unstable elbows appears logical.
However, surprisingly, a linked version was also used in 40 (80%) of the elbows with grade 0
and 1 instability pre-operatively. The assessment of stability pre-operatively does not appear
to correlate with the intra-operative findings. This might be due to ankylosis of the elbow
joint, which contributes to the pre-operative stability. Linking the TEA is performed at the
end of the operation. After insertion of the components the valgus and varus stability of the
unlinked TEA are assessed manually through the range of flexion, and linking is undertaken
if there is significant instability. Bassi et al.20 reported the early results of another modular
TEA, the Acclaim (DePuy Orthopedics Inc., Warsaw, Indiana). An unlinked version was
used in 34 of 36 elbows. Two of the unlinked TEAs (5.9%) required revision for instability.
The high percentage of unlinked TEAs that were used compared to our study might reflect
a different intrinsic constraint within the design.

Mid-term clinical results of a modern convertible total elbow arthroplasty

proportion might be due to the fact that one of the clinics in this study is a referral centre

Our findings confirm that the Latitude TEA improves the function of the elbow and reduces
pain, and overall patient satisfaction is high. The mean range of movement obtained was
similar to that with other commonly used TEAs (Coonrad-Morrey (Zimmer, Warsaw,
Indiana),21-24 Acclaim (DePuy Orthopedics Inc, Warsaw, Indiana),20 Souter-Strathclyde
(Stryker Howmedica Osteonics, Limerick, Ireland)22,25 and Kudo (Biomet Inc, Warsaw,
Indiana).22,26
In order to achieve dislocation of the joint, an osteotomy of the medial epicondyle as
described by De Vos et al.13 was performed in eight elbows. Although statistical analysis
showed a significant difference with a mean of 0.5 points more valgus instability in the
patients with an osteotomy, we do not think this is clinically relevant. Radiological analysis

8

showed union of the osteotomy in all elbows. Osteotomy of the medial epicondyle contributes
to the ease of dislocation, especially when identification of the medial collateral ligament is
difficult, as in post-traumatic OA or RhA.
A total of 11 patients were lost to follow-up. We chose not to exclude these patients from
the statistical analysis as the study group was a consecutive cohort of patients undergoing
surgery during a period of three years.
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Advances in implant design and operating technique in TEA have reduced rates of
complication, but the incidence is still considerably higher than with arthroplasty of the
hip and knee. A recent large systematic review27 reported an overall complication rate of
24.3% in primary TEA, and in other studies18,26-29 complication rates of up to 45% have been
described. Long-term complications include aseptic loosening, dislocation, ulnar neuropathy
and infection. Peri-operative complications, such as peri-prosthetic fractures, delayed wound
healing, infection, pulmonary embolism and death,15,30 are less commonly seen. In this study
the rate of complication was comparable to those described previously. One of the major
complications is aseptic loosening due to high torsional loads to the bone–cement and
cement–prosthesis interfaces, or to osteolysis related to debris from cement or polyethylene
wear. Voloshin et al.27 reported a small but statistically significant difference in the rate of
aseptic loosening between linked and unlinked TEAs (13.7% and 10.1%, respectively, p <
0.05). This should favour the unlinked version where possible, and a higher percentage of
unlinked TEAs in this study might be expected. In contrast to studies involving other TEAs,
no aseptic loosening was seen at mid-term follow-up in our patients.
The importance of the radial head in axial load-bearing and valgus stability has been
emphasised in the native elbow. In elbows with insufficiency of the medial stabilising
structures the contribution of the radial head to valgus stability increases.31-33 Depending on
the amount of flexion, axial loads of up to 60% pass through the radiohumeral joint.34 Since
the introduction of the Latitude TEA, the role of the radial head in providing valgus stability
in patients with an intact medial collateral ligament seems limited.5,6 As the integrity of the
medial structures is often impaired, we reconstruct the radiohumeral joint by implanting a
radial head component. The decision to use this component is usually made at the beginning
of the operation, and is influenced by the integrity of the bone of the radius and of the
annular ligament. A remarkable finding in this study was the disengagement of the radial
head component in 13 patients (31%) (Figure 8.3). The bipolar radial head component of the
Latitude TEA has a snap-fit metal articulation that permits 10° of valgus/varus movement.
The disengagement is usually best seen on a standard lateral radiograph, showing the
round taper of the base component, which is cemented in the radius. In two patients the
‘disengaged’ radial head was subsequently ‘engaged’ on standard radiographs. Few authors
have described disengagement of a bipolar radial head prosthesis.35-39 The disengagement
did not affect the outcome and these patients were closely followed without intervention.
The functional scores that were used might not be sensitive enough to assess the effect of
disengagement of the radial head component. Theoretically, disengagement could lead to
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biomechanical studies5,6 showing that implantation of a radial head component contributes
only minimally to the stability of the elbow, might suggest that the bipolar radial head
component of the Latitude TEA need not be used, and that, when possible, leaving the native
radial head in place should be favoured. We extensively analysed the cause of disengagement
of the radial head component, but could not identify it. Theoretically, a designer’s error, or
limited resection of the radius with high placement of the radial head, allowing the annular
ligament to separate from the head, could be the cause of the disengagement. We still use
a radial head component and, with the late adjustments of the aiming devices for resection
of the radius, hope to overcome the problem of disengagement.
A limitation of this study is the absence of data on the body mass index (BMI) of the patients.
The potential adverse influence of a high BMI on the survival of primary TEA was recently
reported by Baghdadi et al.40 In a study including 723 primary, semi-constrained TEAs, they
reported that a high BMI causes statistically significant increased failure due to mechanical
and aseptic loosening ten and 15 years post-operatively, whereas no difference is seen five
years post-operatively. In our study, at a mean follow-up of 43 months no loosening was

Mid-term clinical results of a modern convertible total elbow arthroplasty

increased polyethylene wear and loosening. This, together with the findings in previous

seen, and therefore loosening could not be correlated to a high BMI; the follow-up might
be too short to draw a conclusion.
Other limitations to the study include its retrospective nature and the fact that follow-up
for 11 patients was less than two years; also, in eight patients a slightly different surgical
approach was used.
In conclusion, satisfactory mid-term results are obtained when using both the linked and
unlinked versions of the Latitude TEA, with high levels of patient satisfaction. The postoperative function of patients with a Latitude TEA is comparable to that with other total elbow
systems with similar complication rates, although no aseptic loosening has been seen so far.

8
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Clinical results of revision surgery with the Latitude total elbow prosthesis

Abstract
Revision total elbow arthroplasty is often challenging. The aim of this study was to
report on the clinical and radiological results of revision arthroplasty of the elbow with
the Latitude total elbow prosthesis.
Between 2006 and 2010 we used the Latitude total elbow prosthesis for revision TEA in
18 consecutive elbows (17 patients). In 15 elbows a Kudo prosthesis was revised and in, 3
a Souter-Strathclyde. Instability tests, range of motion (ROM), VAS pain and functional
scores (EFAS, FRIBM, and MAESS) were assessed pre-operatively and at each postoperative follow-up visit (6, 12 months and biennially thereafter). X-rays were analysed
for loosening, fractures, and dislocation. The mean follow-up period of the revision was
58 months (range 26–89).
Elbow ROM did not improve between baseline and 6 months follow-up. EFAS and
MAESS scores significantly improved between baseline and 6 months follow-up (18.6
± 7.7 points; P=.03 and 28.8 ± 8.6 points; P=.006, respectively) and slightly continued to
improve or a reached a plateau. Pain scores in rest (Z=-3.2, P=.001) and during activity
(Z=-3.2, P=.001), and stability (Z=-3.0, P=.003) significantly improved between baseline
and 6 months after revision. No signs of loosening were observed.
Revision surgery of total elbow prosthesis with the Latitude total elbow prosthesis results
in improvement of stability of the elbow, a decrease of pain and an improvement in
functional scores. Improvement of range of motion of the elbow should not be expected.
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An increasing number of total elbow arthroplasties have been performed over the past
several decades. Both linked and unlinked total elbow prostheses are successfully used to
treat patients with clinically symptomatic advanced arthritis of the elbow due to rheumatoid
arthritis (RA), previous trauma, primary osteoarthritis (POA) and in acute distal humeral
fractures. Although primary total elbow arthroplasty (TEA) is considered successful, it is
associated with high complication rates compared to primary knee and hip arthroplasty.
Similar to the experiences with other joint arthroplasties, there has been a parallel increase
in revision surgery.
Complication rates up to 62% have been described in primary total elbow arthroplasty2,11,18,20,30,32
and survival analyses show 10-year survival rates that vary from 60% to 90%.
The major indications for revision elbow arthroplasty are aseptic loosening and instabil
ity.1,2,4,7,16-18,29 Polyethylene wear or high torsional loads on the bone-cement interface
can either induce loosening. Instability can be the result of malpositioning of one of the
components or polyethylene wear. Other indications for revision are infection or peri-
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Introduction

prosthetic fractures.15 Revision arthroplasty of failed primary TEA often is a challenging
procedure with second revision rates up to 42% at ten years.15 Both linked and unlinked
elbow prostheses can be used for elbow revision arthroplasty. However, in revision cases loss
of the integrity of the collateral stabilising structures and loss of bone stock often result in an
unstable elbow. For this reason most surgeons prefer a linked type of total elbow prostheses
for revision surgery. The Latitude (Tornier, Stafford, TX, USA) is a convertible total elbow
prosthesis, which can either be placed in a linked or an unlinked version. Biomechanical
research in elbows with intact ligamentous constraints showed increase in valgus stability
when the prosthesis is linked.6 In cases without intact collateral ligaments linking the
prosthesis theoretically contributes even more to the valgus stability of the elbow. When
still present after the primary surgery the native radial head can be preserved, resected, or
replaced by a radial head component.
Clinical data describing the outcome of revision elbow surgery are rare and non-existing

9

for the Latitude. The aim of this study was to report on the clinical and radiological results
of revision arthroplasty of the elbow with the Latitude total elbow prosthesis.
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Materials and methods
Patient population
From 2006 until 2010 the Latitude (Tornier, Stafford, TX, USA) total elbow prosthesis
was used in 18 consecutive revision arthroplasty cases in 17 patients. No other revision
elbow arthroplasty cases were performed using alternative systems in our hospital during
these years. In thirteen of the revision cases the index surgery had been performed in our
institution. All revisions were performed by an experienced elbow surgeon (MdV).
The pre-operative medical history of all patients was recorded. During pre-operative
assessment and at each post-operative follow-up visit at 6 and 12 months and biennially
thereafter, physical examination was performed.
The valgus instability was assessed (Grade 0: no instability, Grade 1: mild instability (< 3 mm
opening of the joint space at 60° of flexion under valgus load), Grade 2: moderate instability
(3–6 mm opening), or Grade 3: severe instability (> 6 mm opening)), pain at rest and during
activities was scored using a Visual Analogue Scale (VAS 0–10) and three questionnaires were
completed to assess pain, motion, stability and daily function: Elbow Functional Assessment
Scale (EFAS),5 Functional Rating Index Broberg and Morrey (FRIBM),3 and the Modified
Andrews Elbow Scoring System (MAESS).27
When pre-operatively an infection of the prosthesis was suspected based on the medical
history or clinical finding, intra-articular cultures were obtained through a sterile puncture
of the elbow joint.
Furthermore, during each post-operative follow-up visit all patients were asked whether
they were satisfied with the result of the surgery. This question could be answered with
either ‘yes’ or ‘no’.
Standard AP and lateral radiographs were obtained pre-operatively and at each follow-up
visit. The radiographs were analysed for implant subsidence, periprosthetic fractures and
subluxation or dislocation. Radiolucency was classified in mm in relation to the zones as
shown in Figure 9.1. Loosening of the prosthesis was defined as progressive radiolucency
of > 1 mm round both the body and stem of the prosthesis. Periarticular ossifications were
scored as described by Hastings and Graham.9
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Figure 9.1 Zones of the location of the radiolucency around a primary Latitude prosthesis.

All patients were placed in lateral decubitus position with the arm in an armrest. Prophylactic
intravenous antibiotics were routinely administered pre-operatively since in none of the
elbows deep infection was the indication for surgery. A tourniquet was placed around the
upper arm. If possible the skin incision of the previous surgery was used. The ulnar nerve was
routinely identified, but not transposed. Since many of the cases were referred, no complete
data is available on the management of the ulnar nerve during the previous surgeries.
There was great variability in the extend of loosening of the primary prosthesis, remaining
bone-stock and in the quality of the soft-tissues. The management of the triceps was done
in a triceps-tongue technique. When present, the annular ligament was released from the
ulna by a small bone chip that could be re-fixated with a trans-osseous suture, as described
in the Wrightington approach.23 Release of collateral stabilizing structures was performed
by a sharp subperiostal release from the medial and lateral epicondyle. The implants were
removed carefully, to prevent further damage to the bone. Attempts were made to remove

9

all of the cement fragments in the medullary canal. However, tightly adhered cement was
left in place if it did not interfere with the placement of the revision stem. Bone loss was
managed with either cement or shortening of the humeral or ulnar side. In case of fractures
of the epicondyles Kirschner wires were used for temporary fixation of the bone fragments
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before re-implantation of the components. Preservation of the epicondyles is essential for
retaining bone stock. In case of a longitudinal fracture of either the humerus or ulna a
cerclage wire was placed around the shaft.
Extensive lavage of both the humeral and ulnar shaft was performed before cementation
and subsequently cementation was performed according to the third generation cementing
technique. Placement of the Latitude total elbow prosthesis was performed as described
by Gramstad et al.8 and by Szekeres et al.24 Meticulous attention was paid to positioning,
rotation and alignment of the humeral component. In case there was difficulty in finding
the intra-medullary canal of the humerus or ulna, fluoroscopy was used. In some cases the
centre of rotation was slightly proximalised in order to improve the range of motion. All
revisions were done using standard components of the Latitude system. At the time of these
surgeries, the Latitude only offered a 4 inch humeral component and 2 different lengths of
the ulnar components. In all cases the longer ulnar component was used. Only one patient
required use of a custom humeral component with the same length but a longer anterior
flange (see also Figure 9.2). After cementation and before closure, the tourniquet was released,
meticulous haemostasis was performed and no drains were used.
In all cases a standard total of six biopsies were obtained from the soft tissue surrounding the
prosthesis and from the bone-cement or prosthesis-cement interface and sent for histological
examination and culture. Post-operatively the elbow was immobilized in a posterior splint
at 90° of flexion for five days. Thereafter the elbow was mobilized under supervision of a
specialized physiotherapist, avoiding active extension for four to six weeks.

Statistical methods
Descriptive statistics were used to summarize the data. The primary outcome measures were
the function scores for degrees of flexion and extension-deficit and the scores on EFAS,
FRIBM and MAESS elbow-specific outcome measures. The secondary outcome measures
were pronation and supination, the pain at rest and during activity and the stability.
Paired Student’s t-tests and Wilcoxon signed-rank tests were used to assess improvements
in scores from baseline (pre-operative) to 6 months follow-up. Linear mixed models were
used to compare primary and secondary outcome measures at the different follow-up times
(i.e. 6, 12 and 36 months), adjusting for surgery on the dominant side, age at surgery and
baseline measures of the respective outcome measures. Age at surgery was dichotomized
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Results were reported as point estimates along with their standard error. P-values < 0.05
were considered statistically significant. The statistical analyses were performed using R
version 3.0.2 with package ‘nlme’.26

Results
Patients and follow-up
Eighteen elbows in 17 patients were included in this study (3 males and 14 females). The
mean age of the patients at time of surgery was 53 years (range 28–80 years). A Kudo total
elbow prosthesis (Biomet Inc, Warsaw, IN) was revised in 15 elbows and in 3 elbows a SouterStrathclyde total elbow prosthesis (Stryker Howmedica Osteonics, Limerick, Ireland). In all
elbows the linked version of the Latitude was implanted. See Table 9.1 for patient specific
data on indication for the revision and interval between the initial total elbow arthroplasty
and the revision procedure. The mean follow-up period of the revision analysis was 59
months (range 26–93).
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in either ‘< 60 years’ or ‘> 60 years’. Missing data were assumed to be missing at random.

In two patients with a Kudo prosthesis (no. 6 and 18) the humeral component had previously
been revised because of breakage of the humeral component. In one patient (no. 2) this was
the second complete revision. Four years after a primary placement of a Kudo prosthesis,
it was revised into another Kudo prosthesis because of instability. Four years later again
gross instability had been the indication for revision into a Latitude total elbow prosthesis.
Pre-operatively in only one patient there was a suspicion of a septic arthritis for which an
aspiration was performed, all cultures came back negative. No cell counts were performed. In
all other cases the findings at physical and radiological examination were typical for aseptic
loosening or instability of the implant without loosening of the components.

Complications

9

In one patient (no. 11) based on the intra-operative aspect of the elbow there was a suspicion
of septic loosening of the primary prosthesis. Multiple cultures were obtained, the elbow
was thoroughly cleaned, and gentamycin beads were put into the shaft of the humerus and
ulna before closure of the wound. All obtained cultures came back negative. After a four
week interval the Latitude prosthesis was inserted without further complications.
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Although the ulnar nerve was routinely identified during each surgery two patients showed
loss of sensibility after surgery. Patient no. 8 suffered from slight loss of sensibility of the
ulnar nerve. At 2 year follow-up the neurologic deficit had completely dissolved. Patient
no. 16 showed slight sensory loss of the radial nerve after removal of the K-wires that were
used for the fixation of the fracture of the medial epicondyle, two months after the revision.
The sensory loss was fully restored at 6 months follow-up.
Overall in 38% of the elbows a fracture occurred intra-operatively and 11% of patients a
transient loss of sensibility of the ulnar nerve occurred. For the complications that occurred
during the revision surgery see Table 9.1.

Radiographic analysis
Assessment of post-operative radiographs showed radiolucency around the prosthesis in
8 patients. In all these patients the radiolucency was found around the body of either the
humeral component or the ulnar component (see Table 9.1). In all patients the radiolucency
was stable in time. No radiolucency was seen around the stems of any of the prostheses. In
the only elbow that had a radial head component implanted a small radiolucent line < 1
mm was seen just along the complete cement-bone interface which was stable in time. The
location of the radiolucency was scored according to the zones in Figure 9.1.

Range of motion (ROM)
Elbow ROM did not improve between baseline and 6 months follow-up (flexion (0.3 ± 7.4
degrees, P=.9), extension-deficit (-4.3 ± 4.3 degrees, P=.3), pronation (-10.0 ± 5.3 degrees,
P=.08)), except for supination (14.7 ± 5.9 degrees, P=.03). Using the 6 months post-operative
elbow ROM as a reference, elbow ROM either (slightly) continued to improve or a plateau
was reached. There were no statistically significant improvements in elbow function between
the follow-up time points (see Figure 9.2A).
Baseline ROM scores were significantly associated with post-operative ROM scores
(extension-deficit (coefficient 0.38 ± 0.17, P=.04), pronation (coefficient 0.55 ± 0.21, P<.02),
supination (coefficient 0.35 ± 0.12, P=.01), except for flexion (coefficient 0.20 ± 0.11, P=.08).
Neither age at surgery nor surgery on the dominant side did not show any significant effect
on post-operative function.
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EFAS and MAESS scores improved between baseline and 6 months after surgery (EFAS
(18.6 ± 7.7 points, P=.03), MAESS (28.8 ± 8.6 points, P=.006)). The FRIBM score did
increase between baseline and 6 months after surgery (9.6 ± 4.4 points, P=.05), however
not significant. Functional scores either (slightly) continued to improve or a plateau was
reached, using the 6 months post-operative functional scores as a reference. However, there
were no statistically significant improvements in functional scores (see Figure 9.2B).
Baseline EFAS and FRIBM scores were significantly associated with post-operative EFAS
(coefficient 0.38 ± 0.15 points, P=.003) and FRIBM scores (coefficient 0.38 ± 0.10 points,
P<.002), respectively. Baseline MAESS scores did not predict post-operative functional
scores (coefficient 0.10 ± 0.11 points, P=.40). Age at surgery and surgery on the dominant
side did not show any significant effect on post-operative functional scores.

Pain
Pain scores improved between baseline and 6 months post-operatively (VAS rest (Z=-3.2,
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Functional scores

P=.001), VAS action (Z=-3.2, P=.001)). Using the 6 months post-operative pain scores as a
reference, pain scores either (slightly) continued to improve or a plateau was reached. There
were no statistically significant improvements in pain scores between the follow-up time
points (see Figure 9.2C). Both baseline VAS rest and VAS action scores were significantly
associated with post-operative VAS rest scores (coefficient 0.22 ± 0.10 points, P=.04) and
VAS action scores (coefficient 0.28 ± 0.16 points, P=.09). None of the covariates did show
any significant effect on post-operative pain scores

Stability
Stability scores improved between baseline and 6 months post-operatively (Z=-3.0, P=.003).
Baseline stability scores did not predict post-operative stability. Baseline stability scores
were not significantly associated with post-operative stability scores (coefficient -0.03 ±

9

0.20, P=.9). None of the covariates did show any significant effect on post-operative stability.
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B

80
30
41
28
71
60
59
70
43
42
53

52
45
62
68
53
54
41

A

1
2
3
4
5
6
7
8
9
10
11

12
13
14
15
16
17
18

K
K
SS
K
K
K
K

K
K
K
K
K
K
K
SS
K
K
SS

C

A/C/D/F
C/D/F
B
C/D
C/D/F
C/F
B/C/F

A/C/D/E/F
C/E
C/D/F
C/D/F
A/C/D
C/D/F
C/D/F
A/B
A/C/D
C/D/F
A

D

71
129
156
150
66
194
212

72
86
129
74
142
160
42
220
168
122
180

E

110
110
45
100
0
70
75

125
65
110
75
140
75
45
80
120
135
120

F

5/5
2/4
7/8.5
2/3
4/8
4/7
3/7

1.5/7
7/9
2/6
1/8
0.5/0.5
3/3
1.5/8
5/9.5
1/2
2/7.5
7/9

G

3
1
0
3
1
2
2

2
3
1
2
2
0
2
2
2
2
1

H

-

+
-

I
Fracture medial epicondyle, no extra osteosynthesis
Humeral fracture, cerclage wire
Cement replacement of bone loss
Humeral fracture, K-wires and cerclage wire
Cement replacement of bone loss
Cement replacement of bone loss
Cement replacement of bone loss
Humeral fracture, cerclage wire
Revision in 2 tempi, because of suspicion of infection.
All negative cultures
Fracture medial epicondyle, K-wire fixation
Proximal ulnar fracture, no extra osteosynthesis
Humeral fracture, no extra osteosynthesis

J

110
105
65
115
95
60
65

110
75
90
95
110
90
100
75
120
120
100

L

2/3
0/0
1/1
2/3
0/0
3/6
2/2

0/0
2.5/7
0.5/2
0/2
0/0
0/0.5
0/2.5
1/8
0/0.5
2.5/2.5
1/1

M

1
0
1
1
0
1
0

1
1
0
0
1
0
1
0
2
1
2

N

Table 9.1 continues on next page

H 1/5 (1)
H 1/5 (1)
U 1/2 (2)
H1/5 (2-3)

R 1/2/3 (1)
U 1/2 (1)
H 1/5 (1)
H 1/5 (1)
-

K

Table 9.1 Patient specific data acquired during pre-operative assessment and during post-operative follow-up. The post-operative data provided in this table were
acquired at the 1 year follow up moment.

Chapter 9
Clinical results of revision surgery with the Latitude total elbow prosthesis

A. Case no.
B. Age (years) at surgery
C. Type revised prosthesis
K. Kudo
SS. Souter-Strathclyde
D. Indication for revision
A. Loosening ulnar component
B. Loosening humeral component
C. Insert wear
D. Valgus instability due to insert wear
E. Dislocation due to insert wear
F. Metallosis
E. Interval between initial procedure and revision procedure
(months)
F. Range of motion pre-operatively (degrees)
G. Pre-operative VAS score rest/action
H. Stability pre-operatively
0 stable
1 < 3 mm joint opening
2 3–6 mm joint opening
3 > 6 mm joint opening
I. Radial head component implanted

Complications and use of cement for bone loss during revision surgery. Type of osteosynthesis
used for the fixation of fractures. In some cases implantation of the prosthesis resulted in
adequate fixation of the fracture and no extra osteosynthesis was needed.
K. Osteolysis around Latitude prosthesis (size of radiolucent line in mm) (see Figure 9.1 for zones)
G. Humeral zone
U. Ulnar zone
R. Radial zone
L. Range of motion at one year post-operative (degrees)
M. VAS score rest/action at one year post-operative
N. Stability at one year post-operative
0 stable
1 < 3 mm joint opening
2 3–6 mm joint opening
3 > 6 mm joint opening

J.
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Legend to Table 9.1
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Figure 9.2 The graphs show the mean values (± 95% CI) at the follow-up time points for the (A) the flexion,
(B) the EFAS, and (C) the VAS-rest. The flexion does not change after surgery. The EFAS increases after surgery
and then stabilizes. The VAS-rest decreases after surgery and then stabilizes.
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During each post-operative follow up moment all patients answered the question on whether
they were satisfied with the revision surgery as performed with ‘Yes’.

Discussion
Many reports on the clinical results of primary total elbow replacement are available, but
only a few exist on the results of revision procedures. To the best of our knowledge, this
is the first report to describe the clinical results of revision surgery with the Latitude total
elbow prosthesis.
In the eighteen elbows included in this study two types of primary prostheses were revised;
in fifteen elbows the Kudo and in three elbows the Souter-Strathclyde. Both these prostheses
are unlinked total elbow prostheses that consist solemnly of a relatively short stemmed
humeral and a short-stemmed ulnar component.
The Kudo total elbow prosthesis has been used since 1972.12-14 Since that time its unlinked,
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Patient satisfaction

highly constraint design has been redesigned several times. Five different types have been
used in the past. Depending on the type, the components are fixed with or without the use
of cement. High complication rates of the Kudo types 1–5 have been described. Loosening,
instability due to polyethylene wear, and breakage of the humeral component (Type-4)
resulted in revision rates up to 40%.2,12,13,18,20,15,28 In line with literature instability due to
polyethylene wear with particle disease gave loosening of one or both the components of
the prosthesis, which was the major indication for the revisions of the Kudo prostheses in
our patient cohort. The aseptic loosening was seen in both the cemented and un-cemented
components of the Kudo prosthesis.
Both the humeral and ulnar component of the Souter-Strathclyde total elbow prosthesis are
fixated with cement. The Souther-Strathclyde has been used since the early eighties and since
then different studies on the clinical results show that loosening of the humeral component
is often seen.10,19,29 Van der Lugt et al.31 analysed the migration of the humeral component of

9

the Souter-Strathclyde elbow prosthesis using Roentgen Stereophotogrammetric Analysis
(RSA) and showed that almost all the humeral components migrated up to several millimetres
and rotated several degrees in the early period of follow-up. In the present study two out of
three revised Souter-Strathclyde prostheses showed aseptic humeral loosening and in the
third the ulnar component showed aseptic loosening of the ulnar component.
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In this study the main improvements after the revision surgery were improvement of
stability of the elbow joint, decrease of pain in rest and during activity and improvement of
all three functional scores. The range of motion did not improve after revision surgery. This
is essential information in the pre-operative management of patients’ expectations. The lack
of improvement of function might be due to the fact that pre-operatively the range of motion
of most elbows was already good (Table 9.1 and 9.2). In most cases pain and / or instability
due to loosing or wear was the indication for revision and not an impaired range of motion.
The range of motion of the elbow after total elbow arthroplasty is mainly dependent on the
tension of the surrounding soft tissue, which was not altered by the surgery. When during
surgery the flexion and / or the extension were diminished, this was mainly caused by over
tightening of the extensor and flexor mechanisms. This was managed by performing a release
along the humerus or proximalising the centre of rotation, with improved range of motion
as a result. Since in all cases a linked version of the Latitude was implanted, alteration of
the centre of rotation could be performed without problems of the tension of the collateral
ligaments with instability as a result.
In most elbows a considerable amount of instability was seen during pre-operative clinical
analysis. Intra-operatively in almost all cases extensive wear of the polyethylene insert and/
or loosening of one of the components of the prosthesis was seen, which could explain the
pre-operative instability. In most cases intra-operative assessment of the stabilising collateral
ligaments showed insufficiency due to the previous surgery or extensive soft tissue damage
due to wear. In our opinion reconstruction of the collateral stabilising ligaments of the
elbow during revision surgery is not opportune because of insertion of a linked version of
the prosthesis.

Table 9.2 Mean (range) function in degrees, functional scores, and VAS scores during pre-operative
assessment and post-operative follow-up

Flexion
Extension
Pronation
Supination
EFAS
FRIBM
MAESS
VAS-rest
VAS-action

156

Pre-operative

6 months

12 months

36 months

126 (50–160)
-37 (-5–-80)
78 (30–90)
56 (0–90)
52 (18–80)
63 (32–93)
50 (20–95)
3 (0.5–7)
6 (0.5–9.5)

127 (90–150)
-31 (-15–-50)
70 (30–90)
67 (10–90)
69 (30–92)
72 (45–87)
75 (45–100)
1 (0–3.5)
2.5 (0–7.5)

128 (90–150)
-34 (-10–-70)
70 (5–90)
68 (35–90)
74 (33–95)
70 (45–84)
73 (50–95)
1 (0–3)
2 (0–8)

130 (110–150)
-35 (-10–-75)
74 (35–90)
60 (-20–85)
75 (35–100)
74 (51–92)
71 (50–95)
1 (0–3)
2 (0–6)
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often seen in revision cases with long-stemmed, linked implants, was not noticed. Revision
surgery was performed as early as possible after onset of complaints to minimise further
bone loss. As an example of one of the revision cases we provide Figure 9.3.

A

B
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All cases were revisions of relative short-stemmed implants. Therefore, massive bone loss as

C

D

9

Figure 9.3 (A) Radiological example of a fractured humeral component of a Kudo Type-4. (B) Radiological
and surgical example after revision of the humeral component of a Kudo prosthesis and the subsequent
metallosis 10 years after the primary revision. Note the fracture of the humerus on the lateral side and
extensive metallosis. This is the only case in which a custom made humeral component was used with a
long flange. (C) Intra-operative view during second revision after removal of the humeral component. Note
the bone loss and extensive metallosis. (D) Intra-operative view after implantation of the Latitude elbow
prosthesis. The bone loss is filled up with cement. Post-operative radiographs show the enlarged anterior
flange of the humeral component for additional support in revision cases.
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In this study no loosening of any part of the prosthesis was seen in any of the cases after
revision. Radiolucency around the prosthesis was seen in eight of the elbows. In most of
these elbows the radiolucency was minimal and was seen either around the distal body
part of the humeral component, or the proximal body part of the ulnar component. None
of the post-operative radiographs showed any sign of loosening around the stem of the
humeral or ulnar component. When we compared studies that describe the clinical results
of revisions performed with the linked Coonrad-Morrey total elbow prosthesis (Zimmer,
Warsaw, Indiana) the Latitude appears to do better. In the study of Sneftrup et al.22 twentyfour failed total elbow arthroplasties were revised to a Coonrad-Morrey implant. Within
eighteen months after revision four implants had been revised, two because of infection
and two because of loosening. In the study of Shi et al.21 eight out of thirty revisions with a
Coonrad-Morrey failed within 36 months after revision surgery (one periprosthetic fracture,
7 loosenings). We recognise that this might be due to the fact that these revisions might have
been more extensive due to larger bone-defects than the revisions in this cohort.
In conclusion, the clinical follow-up results after revision surgery with the Latitude total
elbow prosthesis showed an improvement of stability of the elbow, a decrease of pain, and an
improvement in functional scores. Improvement of range of motion should not be expected.
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Discussion
The main objective of this thesis was to provide an overview of the clinical and radiological
results of total elbow arthroplasty surgery in the last two decades. Biomechanical, anatomical
and clinical studies were performed to assess the issues related to TEA.

Fixation
An important aspect of total elbow arthroplasty is whether or not the components should be
fixed either with cement or without cement. Another major question is whether or not the
radial head should be resected or replaced during surgery and whether or not we should link
the ulnar component and the humeral component.

Ulnar component
Our evidence suggests cementing the ulnar part is easier and more forgiving than fixation in
an uncemented manner. Chapters 6 and 7 show an advantage for cementing of particularly
the ulnar component above an uncemented fixation.
The problems with the uncemented ulnar component of the Kudo type 5 elbow prosthesis,
as described in Chapter 6 may be related to the design and fixation properties of the ulnar
component of the implant itself, and that this type of uncemented press-fit component is not
suitable for use in patients with rheumatoid arthritis. However, another possible explanation
for the high rate of loosening in our series is the relatively thin (2–3 mm) polyethylene layer in
the Kudo prosthesis which is discussed in the revision series (Chapter 9). Correct positioning
of the ulnar component can be difficult and valgus/varus malalignment is related to early
loosening (Chapter 7). Positioning of the ulnar component in rotational directions is difficult
as well; anatomical landmarks are sparse and no instruments are available to control rotation
of the ulnar component. The Kudo implant is unlinked, but highly constrained. Therefore,
malpositioning in rotational direction will result in an increased polyethylene wear and finally
loosening. Maybe longer, anatomical shaped, ulnar stems are a viable option in the future,
particularly if the fit of the prosthesis in the ulnar cavity is markedly improved (Chapter 8).
As these advanced stages are not met in the uncemented ulnar designs, we are convinced
that the currently available ulnar implants are not suitable for uncemented fixation and that
cemented fixation is preferred.
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On the humeral side uncemented fixation can provide good clinical results if the appropriate
prosthesis is used. Inferior results came from the Souter-Strathclyde prosthesis on the humeral

Discussion

Humeral component

side in a cemented version. In our series of the later Kudo 5 and IBP prostheses there was
a good fixation of the uncemented humeral stem (Chapter 5). In our opinion the humeral
component of the Kudo/IBP prosthesis is the most optimal uncemented humeral component
that is currently available. As shown in the RSA study (Chapter 5) the fixation is rigid and
long term survival of the humeral component is highly promising; currently just three sizes
of the humeral component are available; optimal preoperative digital templating resulting
in optimal sizing may further improve the fixation of the uncemented humeral component.
Similar to what is seen in total hip and shoulder replacement, the current success of
uncemented fixation may be explained by the fact that surface finish and coating technologies
have advanced to a stage that they allow for long-term fixation of the implant.
It is probably fair to state that the cement fixation techniques have not evolved and improved as
much as the coating technologies for uncemented fixation. However, both fixation technologies
do currently not fulfill the requirement of fixating the devices for a life-time of the (sometimes
young) patient. Hence, if our aim is to fixate the elbow prosthetic components for a life time,
advances are necessary in terms of longevity of the fixation of these implants.

Stability
The stability of the joint is an important issue in TEA. All surgical procedures have to cope
with the shape and appearance of the prosthesis, the anatomic landmarks and the quality of the
bone and soft tissues in the native joint. The stability of the joint depends on the anatomical
soft tissue and the design of the prosthesis.
In Chapter 2 we described the anatomical cadaver assessment to demonstrate the importance
of an anatomical reconstruction of the joint. With this approach it is possible to reconstruct
the medial ligament and provide an opportunity to create a stable medial part of the joint.
Considering the effect of the design on the stability of the joint, Chapters 3 and 4 demonstrate

10

the effects of a convertible implant in a linked and unlinked situation on the stability. These
assessments were performed in a cadaver setting and we reconstructed the ligaments in an
anatomic way. In Chapter 3 we studied the linking of the prosthesis also with or without the
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radial head. In this group we found a slight advantage for linking according to the increase
in valgus stability. In Chapter 4 we tested the stability of the unlinked prosthesis mainly
focusing on the replacement without a radial head and with the native or artificial radial
head. We found a slight increase in valgus stability with the radial head or native head. From
these studies we could generate certain guiding rules as to how and when to link/unlink the
prosthetic system and what to do with the radial head.
In general the after treatment should be as functional as possible, this requires a stable
prosthesis in the joint (soft tissue) and in the bone. If there are signs of instability between the
humeral and ulnar component during surgery, the components should be linked. If there is a
stable situation during full flexion and extension, the components can be left unlinked. The
native radial head should be left in place whenever possible, to prevent proximal migration
of the radius, with distal radio-ulnar joint problems as a result. If the native radial head is
severely deformed, with an incongruent proximal radial ulnar joint as a result and impaired
rotation, replacement with a radial head component or resection of the native head is advised.

Placement or alignment
Correct placement of the component is another key aspect of TEA. In our group of patients the
unconstrained resurfacing elbow-arthroplasty showed early loosening when the prosthesis was
malpositioned (Chapter 6). The malpositioning of the ulnar component and the subsequent
high rate of complications are probably due to the absence of clear anatomical landmarks on
the ulnar bone. Furthermore, the instrumentation with the aiming devices are inadequate
and lead to occasional malpositioning of the component. Due to the malplacement, an offcentered force is given on the ulna which subsequently leads to higher wear rates. Hence,
optimal placement of the components is important but, in TEA, rather difficult to establish.
It would therefore be important that prosthetic companies improve their instrumentation in
order to obtain optimal placement in every patient. Perhaps these improved instrumentation
techniques could be accompanied with improvements in imaging techniques. Currently,
alignment is typically based on 2-D X-ray films, whereas in the future more relevant 3-D
information can be obtained from CT or MRI images. In order to clinically use 3-D imaging
modalities, surgeon friendly software needs to be generated so that 3-D pre-planning of TEA
components would lead to fast and accurate planning.

166

Chapter 10

National registries recording survival analyses of prosthetic systems are being established
worldwide. This registration for TEA was established in The Netherlands in 2014 (Dutch

Discussion

Other perspectives

Registry of Orthopaedic Implants). Nationwide registration will increase the number of
patients which can be analysed. This is particularly true for TEA where the numbers in isolated
centres are usually quite low, thereby limiting the possibility to investigate a cause-effect
relationship if one changes surgical technique or implant system. Therefore, these registries
will become a more sensitive tool to analyse the quality and performance of TEA and will
enable to enhance the quality of care that we provide to our patients.
However, we believe that, apart from survival data, patient satisfaction is of much more
importance for TEA patients. It is therefore encouraging to know that the Dutch Registry of
Orthopaedic Implants is now collecting Patient Related Outcome Measures (PROMS) too. In
our opinion PROMS are as important as collecting survival data. We hope, and are convinced,
that stakeholders (such as patients, hospitals, and insurance companies) will assess the quality
of care based on PROMS and on survival data as that would, particularly for TEA patients,
lead to improved judgment of patient care. The central registration of PROMS is for the quality
of care in TEA essential and will lead to an improvement of care in our category of patients.

10
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Summary
Over the last decade, many papers have been published from our upper limb unit on the
results of total elbow arthroplasty. This is a summary of the studies as contained in this thesis.
In the introduction we described the various types of total elbow prostheses that have
been developed during the last decades, resulting in unconstrained and semi-constrained
types. Some authors believe that with progressive joint destruction and lack of ligamentous
stability, a more constrained type of elbow prosthesis is indicated. However, considering the
relatively high loosening rates of constrained prostheses, a semi-constrained prosthesis can
still be indicated, even in elbows with severe destruction. As described in the introduction,
we evaluated the clinical and radiological results of the Kudo type-4 unconstrained total
elbow prosthesis in Larsen grades III, IV and V elbow joints and compared our findings
with the results of other studies. Furthermore, we assessed the clinical results with the Kudo
total elbow prostheses in 45 patients with rheumatoid arthritis with severe destruction of
the elbow joint. According to the Mayo Clinic performance index (MCPI) 36 elbows were
excellent or good and 8 were fair or poor. The main complications were intraoperative
fractures and ulnar neuropathy. Loosening of the ulnar component and breakage of the
humeral component were most frequent indications for revision. Preoperative radiographic
joint destruction was not correlated with revision rate.
Following the previously described studies and results we started to fixate the ulnar
component with cement and the ulnar stem of the Kudo-4 was lengthened and the humeral
component was reinforced.
In Chapter 2 of this thesis we described an anatomy study of a posterior approach to the
elbow for placement of a total elbow prosthesis. The three major points of attention from an
anatomic point of view are: the medial collateral ligament complex concerning the medial
stability; the height and shape of the radial head for lateral stability and the positioning of
the annular ligament providing a stable proximal radial ulnar joint. Release of the medial
collateral ligament is achieved by performing an osteotomy of the medial epicondyle. This
allows anatomic re-fixation of the origin of the medial collateral ligament. A description
of the posterior approach is given. Standard radiographs were used to analyse the bone-tobone re-fixation of the osteotomy of the medial epicondyle in 13 elbows. The results of the
radiographs showed proper bone healing in all elbows, with restoration of the anatomic origin
of the medial collateral ligament. The described approach provides a good exposure of the
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the stability of the elbow. Re-fixation of stabilizing structures is relatively easy and results
in an anatomic position of the ligaments.

Summary

elbow, necessary for the placement of modern total elbow prostheses, without compromising

Following the anatomical study we performed a biomechanical study in a cadaver setting to
assess the effects of intraoperative linking or unlinking of a total elbow prosthesis on valgus
stability in the joint. If this effect is large, the surgeon can decide intraoperatively to link the
prosthesis in order to reduce stresses on the medial ligament as described. In a first study
(Chapter 3) we looked into linking of total elbow prosthesis during surgery and the second
study (Chapter 4) concerned the stability of unlinked Latitude elbow prosthesis. Hence,
the purpose of Chapter 3 was to assess and to compare the varus and valgus laxity of the
unlinked and linked version of the Latitude total elbow prosthesis with: (1) the native radial
head preserved, (2) the native radial head excised, and (3) the native radial head replaced by
a radial head component. Biomechanical testing was performed on 14 fresh-frozen upper
limb specimens.
The results showed that linking the prosthesis predominantly influences the valgus laxity
of the elbow. We concluded that the linking of the Latitude total elbow prosthesis results
in increased valgus stability. In the linked version of the total elbow prosthesis, the radial
head only plays a small part in both valgus and varus stability. An unlinked situation is not
advised in absence of a native radial head or in case of inability to replace the radial head.
The purpose of the unlinked Latitude prosthesis study in Chapter 4 was to assess the
valgus and varus laxity of the unlinked version of the Latitude total elbow prosthesis and
the effects of radial head preservation or replacement. Biomechanical analysis of the valgus
and varus laxity of the unlinked Latitude was performed in the same fourteen upper limb
specimens in the following conditions: (1) native elbow, (2) native elbow after the surgical
approach and closing all layers again, (3) elbow with humeral and ulnar component
implanted, unlinked, with the native radial head preserved, (4) elbow with humeral and ulnar
component implanted, unlinked, with the native radial excised, (5) elbow with humeral,
ulnar and radial head component implanted. The findings were that after implantation
of the Latitude total elbow prosthesis both the valgus and varus laxity slightly increase
from mid to maximal flexion when compared to the native elbow after surgical approach.
The unlinked Latitude total elbow prosthesis provides both valgus and varus stability in
elbows with intact ligamentous constraints. With intact ligamentous constraints the radial
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head component only slightly contributes to the stability of the elbow after implantation
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of the unlinked Latitude total elbow prosthesis. We concluded that the unlinked Latitude
total elbow prosthesis needs intact ligamentous constraints to provide both valgus and
varus stability in elbows. The radial head component contributes only slightly to the
stability.
In Chapter 5, 6 and 7 of the thesis we described the results of the three clinical studies
focusing on the use of cemented or uncemented elbow prostheses in this specific patient
cohort and its subsequent outcome. In Chapter 5 the study showed stable fixation of the
IBP uncemented humeral component with radiostereometric analysis. We determined
the short-term clinical outcome and migration within the bone of the humeral cementless
component of the Instrumented Bone Preserving (IBP) total elbow replacement in a series
of 16 patients. There were four men and 12 women with a mean age at operation of 63
years (40 to 81). Migration was calculated using radiostereometric analysis. There were no
intraoperative complications and no revisions. At two-year follow-up, all patients showed
a significant reduction in pain and functional improvement of the elbow (both P<.001).
Although ten components (63%) showed movement or micro movement during the first six
weeks, 14 (88%) were stable at one year post-operatively. Translation was primarily found in
the proximal direction (median 0.3 mm interquartile range (IQR) -0.09 to 0.8); the major
rotational movement was an anterior tilt (median 0.7° (IQR 0.4° to 1.6°)). One malaligned
component continued to migrate during the second year, and one component could not be
followed beyond three months because migration had caused the markers to break off the
prosthesis. This study shows promising early results for the cementless humeral component
of the IBP total elbow replacement. All patients had a good clinical outcome, and most
components stabilised within six months of the operation.
In Chapter 6 we described how 89 Kudo type-5 total elbow prostheses were evaluated after
a mean follow-up of 6 (1.7–11) years. The indication for joint replacement was rheumatoid
arthritis in all cases. 49 prostheses were placed without cement. In 40 cases, the ulnar
component was cemented and the humeral component was uncemented. The results showed
that in the uncemented group 7 revisions had taken place, 3 of these ulnar components were
short-stemmed and 4 were long-stemmed. No revisions had been performed in the hybrid
group. In the uncemented group another 7 patients showed progressive radiolucencies,
while 3 patients in the hybrid group showed progressive radiolucencies. These findings led
to the interpretation that in this group of rheumatoid arthritis patients, the survivorship of
the cemented ulnar component was better than that of the uncemented ulnar component.
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described how both components of the Kudo type 5 elbow prosthesis can be inserted with
or without the use of cement. There have been no reports on the use of this prosthesis with

Summary

The study (Chapter 7) on failure mechanisms in uncemented Kudo type 5 elbow prosthesis

all components uncemented in patients with rheumatoid arthritis. We reviewed 49 primary
uncemented Kudo type 5 elbow prostheses, inserted in 36 patients with rheumatoid arthritis,
after mean 6 (2–10) years. Patients were assessed clinically both pre- and postoperatively
(pain, instability, motion, ulnar neuropathy) and radiographically. Furthermore, at the time
of follow-up clinical outcome was assessed using the Elbow Function Assessment Scale. The
results showed that at review, 7 of 49 elbows had undergone revision because of symptomatic
loosening of the ulnar component. In 42 unrevised elbows, clinical outcome was excellent
in 29, good in 7, fair in 5 and poor in one. 31 of 42 elbows had no pain; 11 were painful at
rest (VAS 1–2) and/or as a result of activity (VAS 1–8). With revision as endpoint, survival
was 86% at 6 years. Intraoperative malpositioning of the ulnar component with a valgus
or varus alignment of > 5° was associated with worse survival. We found an unexpectedly
high rate of loosening of the ulnar component, which was associated with intraoperative
malpositioning of the prosthesis. The ulnar component of this prosthesis should not be
inserted without cement in patients with rheumatoid arthritis.
In the last two Chapters 8 and 9 of the thesis we looked into the first scientific study of
mid-term clinical results of the Latitude total elbow prosthesis and the second study showed
revision results of the Kudo, Souter-Strathclyde converted into Latitude elbow prostheses.
End-stage rheumatoid arthritis or primary osteoarthritis with disabling pain, stiffness or
instability has traditionally been the most common indication for total elbow arthroplasty.
Today, unlinked total elbow prostheses, linked total elbow prostheses and convertible total
elbow prostheses are available.
Chapter 8 describes the first study to report on the clinical results of the convertible Latitude
total elbow prosthesis. This is a multicenter retrospective study of a continuous cohort of
69 elbows that received a primary Latitude total elbow prosthesis between 2006 and 2008.
The mean follow-up of all 69 elbows was 43 months. Function, functional-scores and pain all
improved at six months post-operative and during further follow-up all these scores continued
to improve or a plateau was reached. Implantation of both the linked and the unlinked version
of the Latitude total elbow prosthesis results in improvement of function, decreased pain and
shows high patient satisfaction. The complication rate is similar to studies that are described
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for other total elbow systems, although no aseptic loosenings were seen so far.
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The aim of Chapter 9 was to describe the clinical and radiological results of revision
arthroplasty of the elbow with the Latitude total elbow prosthesis. Between 2006 and 2010
we used the Latitude total elbow prosthesis for revision TEA in 18 elbows (17 patients). In 15
elbows a Kudo prosthesis was revised and in 3 a Souter-Strathclyde. Instability tests, range of
motion (ROM), VAS pain and functional scores (EFAS, FRIBM, and MAESS) were assessed
pre-operatively and at each post-operative follow-up visit (6, 12 months and biennially
thereafter). X-rays were analysed for loosening, fractures, and luxation. The mean follow-up
period of the revision was 58 months (range 26–89). Elbow ROM did not improve between
baseline and 6 months follow-up. No signs of loosening were observed. We concluded that
revision surgery of total elbow prosthesis with the Latitude total elbow prosthesis results in
improvement of stability of the elbow, a decrease of pain and an improvement in functional
scores. However, an improvement of range of motion of the elbow should not be expected.
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In dit proefschrift worden de diverse “unconstrained en semiconstrained” elleboogprothesen
beschreven die in de afgelopen decennia zijn ontwikkeld. De afgelopen tien jaar heeft
de Bovenste Extremiteiten Unit van de Sint Maartenskliniek over dit onderwerp diverse
artikelen gepubliceerd.
Specifiek is daarbij aandacht besteed aan de fysische eigenschappen van de prothese waarbij
sommige auteurs van mening zijn dat er bij een progressieve gewrichtsdestructie met een
gebrek aan ligamentaire stabiliteit een indicatie is voor een constrained elleboogprothese.
Omdat bij deze prothese een hoger risico op loslating bestaat zijn anderen juist van mening
dat daardoor een semiconstrained prothese gebruikt moet worden. Echter, de constrained
prothese geeft een hogere kans op slijtage van de relatief dunne polyethyleen bearing.
In de introductie zijn de klinische en radiologische resultaten van de Kudo type-4 unconstrained totale elleboogprothese geanalyseerd met behulp van Larsen grades III, IV en V
ellebooggewrichten. De resultaten daarvan zijn daarbij vergeleken met historische data.
Daarbij hebben we van 45 patiënten met reumatoïde artritis met sterke gewrichtsdestructie
de klinische resultaten van de Kudo totale elleboogprothese geëvalueerd. Volgens de ‘Mayo
Clinic performance index’ (MCPI) scoorden 36 ellebogen uitmuntend of goed en 8 ellebogen
waren gemiddeld of slecht. Het grootste deel van de complicaties bestond uit intraoperatieve fracturen en ulnaropathieën. Loslating van de ulnaire component en fracturen van de
humerale component waren de meest voorkomende indicaties voor revisies. Preoperatieve
radiologische gewrichtsdestructie vertoonde geen correlatie met het aantal revisies. Op
grond van deze resultaten zijn we begonnen de ulnaire component van de Kudo-4 te fixeren
met cement met verlenging van de ulnaire steel waardoor in de onderarm een betere fixatie
kon worden verkregen.
In Hoofdstuk 2 van dit proefschrift wordt een anatomische studie met een posterieure
benadering met betrekking tot het plaatsen van de totale elleboogprothese beschreven. De
posterieure benadering geeft een goed overzicht van het ellebooggewricht en maakte een
goede beoordeling van de rotatie en valgus/varus verhouding in het gewricht mogelijk.
Vanuit anatomisch oogpunt bezien zijn daarbij drie elementen van belang: het mediale
collaterale ligamentaire complex; hoogte en vorm van de radiuskop voor de laterale stabiliteit
en reconstructie van het annulaire ligament wat voor een stabieler proximaal radio-ulnair
gewricht zorgt. Losmaken van het mediale collaterale ligament kan worden gerealiseerd door
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ingreep een anatomische refixatie van het mediale collaterale band-complex te verrichten.
Gestandaardiseerde röntgenfoto’s zijn gebruikt om de consolidatie van de osteotomie van
de mediale epicondyl in 13 ellebogen te analyseren. Bij alle ellebogen kon een volledige
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een osteotomie van de mediale epicondyl. Dit maakt het mogelijk om aan het einde van de

consolidatie in anatomische positie worden vastgesteld, aldus met herstel van de natuurlijke
anatomische insertie van het mediale collaterale ligament.
Na de anatomische studie is een biomechanische studie in een kadaveropzet uitgevoerd om
het effect van intra-operatieve koppeling versus ontkoppeling van de totale elleboogprothese
op de varus/valgus stabiliteit van het gewricht te analyseren. Bij een hoge mate van instabiliteit
kan de chirurg intra-operatief beslissen om de prothese te koppelen om de prothese meer
constrained te maken en daardoor de spanning te beperken op het mediale collaterale
ligament.
In een eerste studie (Hoofdstuk 3) werden de effecten onderzocht van het constrained
maken van de totale elleboogprothese tijdens de operatie. De tweede studie (Hoofdstuk 4)
had betrekking op de stabiliteit van de unconstrained Latitude elleboogprothese.
Het doel van Hoofdstuk 3 was om de valgus-varus laxiteit te onderzoeken bij de gekoppelde
en ongekoppelde versie van de Latitude totale elleboogprothese met:
1. de anatomische radiuskop in situ gelaten;
2. de anatomische radiuskop verwijderd; en
3. de anatomische radiuskop vervangen door een radiuskopprothese.
Biomechanische testen werden uitgevoerd op 14 fresh frozen kadavers.
De resultaten toonden dat de gekoppelde prothese de grootste invloed heeft op de
valguslaxiteit van de elleboog. Wij concludeerden dat de koppeling van de Latitude
totale elleboogprothese bijdraagt aan de valgusstabiliteit. In de gekoppelde versie van de
totale elleboogprothese speelt de radiuskop een klein aandeel in zowel de valgus- als de
varusstabiliteit. Gebruik van een unconstrained prothese is niet aan te raden bij afwezig
heid van de natuurlijke radiuskop of daar waar het niet mogelijk is om de radiuskop te
vervangen.
Het doel van de unconstrained Latitudeprothese-studie in Hoofdstuk 4 was om de laxiteit van
zowel de varus als de valgus te analyseren bij de unconstrained Latitude totale elleboogprothese en de effecten van het behouden, of het vervangen van de radiuskop. Biomechanische
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analyse van de valgus- en varuslaxiteit bij de unconstrained Latitude werd uitgevoerd bij
dezelfde 14 kadavers in de volgende omstandigheden:
1. Anatomisch intacte elleboog,
2. Anatomisch intacte elleboog na chirurgie en het sluiten en reconstrueren
van alle ligamenten,
3. Elleboog met humerale en ulnaire component geïmplanteerd, unconstrained,
met de radiuskop bewaard,
4. Elleboog met de humerale en ulnaire compoment geïmplanteerd, unconstrained met de natuurlijke radiuskop verwijderd,
5. Elleboog met humerale, ulnaire en radiuskop-component geïmplanteerd.
De resultaten toonden aan dat na implantatie van de Latitude totale elleboogprothese zowel
bij de varus als de valgus de luxatie enigszins verhoogd is bij mid- tot maximale flexie in
vergelijking met de natuurlijke elleboog na een chirurgische ingreep. De unconstrained
Latitude elleboogprothese geeft een normale varus- en valgusstabiliteit bij intacte ligamentaire
structuren. In een dergelijke situatie heeft de radiuskop-component beperkte invloed op de
stabiliteit. Op grond daarvan kon geconcludeerd worden dat een unconstrained Latitude
totale elleboogprothese intacte collaterale banden nodig heeft om zowel de valgus- als de
varusstabiliteit te garanderen.
In de Hoofdstukken 5, 6 en 7 worden de resultaten beschreven van de drie klinische studies
waarvan de focus ligt op gecementeerde en ongecementeerde elleboogprosthesen van
specifieke patiëntengroepen en de uiteindelijke resultaten daarvan.
In Hoofdstuk 5 wordt middels een radiostereometrische analyse de fixatie beoordeeld van de
IBP (Instrumented Bone Preserving) ongecementeerde humerale component. We bepaalden
de short term clinical outcome en de migratie van de humorale component van de IBP
totale elleboog in een serie van 16 patiënten. De groep bestond uit 4 mannen en 12 vrouwen
met een gemiddelde leeftijd, op het moment van de operatie, van 63 jaar (range 40–81
jaar). Migratie van de component werd berekend door middel van radiostereometrische
analyse. Er waren geen intraoperatieve complicaties, noch revisies. Bij de follow-up na 2
jaar werd door alle patiënten een significante vermindering van pijn en een verbetering in
beweging van de elleboog gemeld (beiden P<0,001). Alhoewel tien componenten (63%)
enige migratie vertoonden in de eerste zes weken, waren er 14 (88%) stabiel een jaar na
de operatie. Translatie werd overwegend gevonden in de proximale richting (mediaan 0,3
mm); de grootste rotatiebeweging was een anterieure tilt (mediaan 0,7°). Eén niet goed
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gevolgd worden na drie maanden, omdat de verplaatsing de markeringen had afgebroken
van de prothese. Op grond hiervan concludeerden wij dat de ongecementeerde humorale
component van deze IBP binnen een half jaar gefixeerd was.
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uitgelijnde component bleef bewegen in het tweede jaar en een andere component kon niet

In Hoofdstuk 6 worden 89 Kudo type-5 totale elleboogprotheses onderzocht na een
gemiddelde follow-up van 6 (1,7–11) jaar. Bij alle patiënten was reumatoïde artritis de
indicatie voor gewrichtsvervanging. Van het totaal werden 49 prothesen geplaatst zonder
cement. In 40 patiënten werd de ulnaire component gecementeerd en was de humerale
component ongecementeerd. In de ongecementeerde groep moesten 7 revisies worden
uitgevoerd, waarbij 3 van de ulnaire componenten een korte steel en 4 een lange steel
hadden. Er waren geen revisies in de hybride groep. Voorts werd in de ongecementeerde
groep bij 7 andere patiënten versterkte radiolucentie waargenomen in tegenstelling tot
slechts bij 3 patiënten in de hybride groep. Hieruit concludeerden wij dat bij reumatoïde
artritis patiënten de overleving van de gecementeerde ulnaire component beter is dan die
van de ongecementeerde component.
Hoofdstuk 7 beschrijft het falen van het mechanisme bij het plaatsen van een ongecemeteerde
Kudo type 5 prothese. Er was geen historische literatuur over het gebruik van deze prothese
waarbij alle componenten ongecementeerd geplaatst zijn in een reumatoïde artritis
patiëntengroep. We hebben 49 primaire ongecementeerde Kudo type 5 elleboogprostheses
onderzocht die waren geïmplanteerd bij 36 patiënten met reumatoïde artritis, met
een gemiddelde follow-up periode van 6 (range 2–10) jaar. De patiënten werden voor
en na de chirurgische ingreep klinisch beoordeeld ten aanzien van pijn, instabiliteit,
bewegingsuitslag, ulnaropathie en radiologische controles. We gebruikten hiervoor de
Elbow Function Assesment Scale. Uit het onderzoek volgde dat 7 van de 49 ellebogen een
revisie hadden ondergaan vanwege symptomatische loslating van de ulnaire component. In
de 42 ongereviseerde ellebogen waren de klinische uitkomsten zeer goed in 29 patiënten,
goed in 7, gemiddeld in 5 en slecht in 1 patiënt. Bij 31 van de 42 ellebogen was geen sprake
van pijn, bij 11 was sprake van rustpijn (VAS 1–2) en/of pijn bij activiteit (VAS 1–8). Met
revisie als eindpunt, was de survival 85% na 6 jaar. Intra-operatief fout positioneren van
de ulnaire component in meer dan 5 graden valgus of varus werd geassocieerd met een
slechtere overleving. Wij vonden een onverwacht hoog percentage loslating van de ulnaire
component vaak gerelateerd aan een malposititie.
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De laatste twee Hoofdstukken 8 en 9 van het proefschrift bevatten twee studies waarbij
in de eerste de mid-term klinische resultaten van de Latitude totale elleboogprothese is
onderzocht. De tweede studie toont de revisieresultaten aan van de Kudo, Souter-Strathclyde
die geconverteerd werden naar de Latitude elleboogprothese. Einde fase reumatoïde artritis of
primaire osteoartritis met onverdraagbare pijn, stijfheid of instabiliteit was traditioneel gezien
de indicatie voor een totale elleboogprothese. Vandaag de dag zijn unconstrained totale
elleboogprotheses, constrained totale elleboogprotheses en convertible elleboogprotheses
beschikbaar.
Hoofdstuk 8 beschrijft de eerste studie die rapporteert over de klinische resultaten van
de ombouwbare Latitude totale elleboogprothese. Dit is een multicenter retrospectieve
studie van een groep van 69 ellebogen die een primaire Latitude totale elleboogprothese
hebben gekregen tussen 2006 en 2008. De gemiddelde follow-up was 43 maanden. Functie,
functiescores en pijn verbeterden voor iedereen bij 6-maandelijkse post-operatieve controles
en gedurende verdere follow-up verbeterden de scores tot er een plateau was bereikt.
Implantatie van zowel de constrained als de unconstrained versie van de Latitude totale
elleboogprothese resulteerde in een verbeterde functie, vermindering van pijn en tot een
hoge patiënttevredenheid. Het complicatiepercentage is vergelijkbaar met studies die andere
elleboogprotheses hebben onderzocht, tot nu toe is er nog geen sprake van aseptische
loslatingen.
Het doel van Hoofdstuk 9 beschrijft de klinische en radiologische resultaten van de revisiearthroplastiek van de elleboog met de Latitude totale elleboogprothese. Tussen 2008 en 2010
gebruikten we de Latitude totale elleboogprothese voor revisie in 18 ellebogen (17 patiënten).
In 15 ellebogen werd een Kudoprothese gereviseerd en in 3 een Souter-Strathclyde.
Stabiliteitstesten, range of motion (ROM), VAS pijnscore en functionele scores (EFAS,
FRIBM, en MAESS) werden preoperatief beoordeeld en bij elk post-operatief follow-up
bezoek (6, 12 maanden en om het jaar). Röntgenfoto’s werden beoordeeld op loslatingen,
fracturen en luxaties. De gemiddelde follow-upperiode na de revisie was 58 maanden (range
26–89 maanden). Elleboog ROM verbeterde als enige parameter niet tussen de basislijn
en de 6 maanden follow-up. Er waren geen aanwijzingen voor loslatingen. We hebben
daarom geconcludeerd dat revisiechirurgie van een totale elleboogprothese met de Latitude
totale elleboogprothese resulteert in een verbetering van de stabiliteit van de elleboog, een
vermindering van pijn en een verbetering van de functionele scores. Echter, een verbetering
in ROM mag niet worden verwacht.
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“Maarten het dankwoord is het belangrijkste, daar moet je veel aandacht aan besteden.”
Inderdaad zo spannend is mijn thesis dat iedereen het einde wil lezen vanwege ……… het
dankwoord.
De kans is groot dat ik velen vergeet te bedanken die mij hebben bijgestaan; bij deze dan
ook veel dank aan een ieder van jullie die mij heeft gesteund tijdens deze periode op wat
voor manier dan ook.
Graag wil ik de patiënten bedanken die mee hebben gedaan aan de diverse onderzoeken
die in deze thesis worden beschreven, zonder u zou dit niet zijn gelukt.
Speciale dank aan mijn promotor: Professor dr. ir. Nico Verdonschot. Beste Nico, als mijn
promotor ben ik jou veel dank verschuldigd. Met mijn rijpere leeftijd is het soms moeilijk
om zo’n briljant mens te volgen. Je onaflaatbare steun en regelmatige peptalks, je relativerend
vermogen en je menselijke benadering gaven mij de drive om dit af te maken.
Mijn co-promotor: Professor dr. Denise Eygendaal. Lieve Denise, hoe rood is rood? Waar het
misging in 2007, ik weet het niet. Ik raakte volledig de regie kwijt, daarna spande je samen
met Ron. Met wisselend enthousiasme en soms met volle vertwijfeling heb ik mij er doorheen
geworsteld. Vooral het publiceren van het vijfde hoofdstuk leidde tot veel verwarring waarbij
wij soms in het duister tastten. Jouw onbegrensde originaliteit, collegialiteit en enthousiasme
brachten alles tot een goed eind. Veel liefs en dank hiervoor.
En dan natuurlijk Marc, mede auteur – een schrijver in hart en nieren. Ons kelderwerk in
het Radboud gaf ongelooflijk veel inspiratie voor het doen en afronden van jouw proefschrift
en het mijne. De lol, het sparren over de benadering van plaatsing en testen van de kadaver
ellebogen heb ik als belangrijkste wetenschappelijke bijdrage voor onze proefschriften gezien.
Wat doorgaat is het lekkere eten en de lekkere wijn.Een fantastische collega en jonge vriend.
Ik dank de leden van de leescommissie voor uw tijd en energie om dit proefschrift te
lezen en ik hoop dat het uw interesse heeft gewekt in de historie en ontwikkeling van de
elleboogprothese.
In het bijzonder dank ik Ron voor het samenspannen met Denise waar uiteindelijk dit boekje
het resultaat van is geworden. Als wij niet samen op een strand gezeten hadden in Brazilië
met de zon in de rug, dan was dit proefschrift er nooit gekomen.
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Vos – onze levens zijn verweven in vrolijke en minder vrolijke zaken maar altijd positief en
trouw; when will we three meet again?

Dankwoord

Mijn paranimfen: Raymond en Harm. Wat een beestenboel: de Bok, van der Vis en de

Dank ook aan het ondersteuningsteam van Michael en m’n “OK-gezinnetje” en natuurlijk
lieve El met haar onvoorwaardelijke steun en begrip.
Lieve Wilma, Trudy, Astrid, Joan, Patsy, Petra, Saskia, Ingrid, Michelle en Anne, beste
Jan, Gerjon, Marco en Marco; soms op de voorgrond maar vaak breed op de achtergrond,
ondersteunend voor verschillende mate van begeleiding voor verschillende studies van vele
mensen, in het bijzonder voor mij. Een ieder hartelijk dank daarvoor.
Pietje Bell (of de lotgevallen van een ondeugende jongen). Need I say more? Dank voor
jullie grappen en grollen en fantastische vriendschap.
Mijn drie lieve kinderen Sander, Floris en Marette; en ook Brigitte dank voor het warme
gezinsleven en de ondersteuning.
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Curriculum vitae
Maarten Joost de Vos was born in
Leiden on 26 February 1957. Maarten
grew up in Eefde, that very wellknown place because of its famous
lock mentioned daily in the water
level reports in Holland, where his
father had a GP practice which was
run from the family home. In 1978
he graduated from the evening school Alexander Hegius College in Deventer. After finishing
his school he fulfilled his military service as an officer.
Maarten started his medical school in 1979 at Erasmus University Hospital in Rotterdam.
In his penultimate year he followed a three months resident training at the Brigham and
Women’s hospital whilst registered at Harvard Medical School. He received his medical
degree in 1988.
Maarten started his clinical career working as a resident in cardiopulmonary surgery at
University Medical Centre Utrecht from 1988 to 1989 (Prof. dr. J.R. Hitchcock). He started
his two year general surgery training in 1990 at Stichting Deventer hospital (Dr. J.P. van Elk).
From January 1992 till April 1993 he continued his training in cardiopulmonary surgery
at University Medical Centre Utrecht (Prof. dr. J.J. Bredée). However, during his two years
training in general surgery he experienced a more intensive patient-doctor relationship than
in cardiopulmonary surgery and he changed his surgical training to orthopaedic surgery.
He started his orthopaedic training May 1993 in Leyenburg hospital in The Hague which
he finished in four years (Dr. A.J.M. Sauter).
After he finished his training he started his orthopaedic clinical career in the Maartenskliniek
in Nijmegen where he stayed for 13 years and specialised in upper extremities and
subsequently became the head of the unit for this specific orthopaedic specialty. A lot of
experience was gained in rheumatoid surgery due to the large number of these kind of
patients being admitted to the Maartenskliniek. In 2003 the upper extremity unit started
investigating the usage and outcomes of elbow prostheses and commenced publishing peer
reviewed articles on this topic which ultimately led to the initiation of this thesis. Due to
working in the Maartenskliniek and using various prostheses it was possible to start a visiting
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specialist procedures, allowing for the sharing of knowledge and expertise that the upper
extremity unit executed and were responsible for.
Since 2010 Maarten works in Tergooi hospital as an orthopaedic consultant in upper
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centre inviting surgeons from abroad and other Dutch hospitals to attend and watch specific

extremities; together with his colleagues he is in the process of setting up a specialised centre
at Tergooi hospital for upper extremities. He is also involved with the training and teaching
of surgical assistants and physician assistants in orthopaedic surgery.
Maarten is the proud father of his three children Sander, Floris and Marette.
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