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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 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 radiolu-
cencies, while 3 patients in the hybrid group showed
progressive radiolucencies.

Interpretation In this group of RA patients, the sur-
vivorship of the cemented ulnar component was better
than that of the uncemented ulnar component.

The Kudo total elbow prosthesis (TEP) is a well-
established implant with good mid-term results.
This implant is used for patients with rheuma-
toid arthritis (RA) (Kudo et al. 1980, Fink et al.
2002, An 2005), hemophilic arthropathy (Chap-

man-Sheath et al. 2003), and posttraumatic arthri-
tis (An 2005). 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 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 pros-
theses (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
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Table 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

55 (21-84) years. 49 TEPs were fully uncemented
and 40 were hybrid (humeral component unce-
mented and ulnar component cemented). Evalu-
ation took place after an average of 5.8 (1.7-11)
years of follow-up and consisted of a question-
naire, elbow function assessment (EFA), and AP
and lateral radiographs in a standard way (de Boer
et al. 1999). After implantation of the prosthesis, a
radiograph was taken every 2 years—or sooner if
the patient had any complaints.

The EFA-score (de Boer et al. 1999) is a clinical
score with a maximum of 100 points; the different
items are shown in Table 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
< 0.05 was considered significant. 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 mobi-
lized. The nerve was identified proximally and
exposed by dividing the roof of the cubital tunnel
between the two heads of the flexor carpi ulna-
ris. It was then retracted and protected during the
remainder of the procedure. A transverse incision
was made through the triceps aponeurosis, begin-
ning 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 lat-
eral head of the triceps and anconeus, and ending
at the subcutaneous border. The triceps was split,
respecting its muscle fibers. The ulnar part of the
lateral collateral ligament was left intact and the
annular ligament was opened to facilitate the dislo-
cation of the radial head in slight flexion and supi-
nation; 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 com-
ponents, the aim was 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 exten-
sion 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.
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Table 2. Pre- and postoperative range of motion in
degrees, with standard deviation in parentheses 2

Table 3. Pain at rest, pain with movement, and EFA-
score (mean values) 2

Preoperatively Postoperatively

Flexion 126 (16) 134 (10)
Extension deficit 39 (18) 32 (14)
Pronation 50 (23) 72 (18)
Supination 51 (26) 57 (25)

No signs of  Signs of
loosening  loosening

Pain at rest (range 0-10) ® 10 9.2
Pain with activity (range 0-230) ® 19 14
Total EFA score (range 0—100) 90 80

2 For flexion, extension and pronation, p < 0.005;
for supination, p = 0.2.

Results

5 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. 7 revisions had taken
place in the uncemented group: 1 for loosening
and fracture of the (long) ulnar component and 6
for aseptic loosening of the ulnar component after
a mean follow-up of 4 (1.5-6.3) years. 3 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, 5 other ulnar compo-
nents and 2 humeral components showed progres-
sive radiolucencies. In the hybrid group, 2 TEPs
showed progressive radiolucencies around the
ulnar component. Both patients have been asymp-
tomatic. 1 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.

The range of motion increased postoperatively
(Table 2). Pain at rest, pain with activity, and total
EFA score showed a significant difference between
TEPs with or without signs of loosening (Table 3).
Kaplan-Meier curves with with either revision or
radiolucencies as endpoint are shown in Figures 1
and 2.

Discussion

In this paper we have confirmed the findings of

ap < 0.05 for all three measurements.
b0 is max. pain

previous studies that the ulnar component is the
one most at risk of loosening (Potter et al. 2003,
Tanaka et al. 2006). Furthermore, in the present
series we found both revisions and radiolucen-
cies more often in uncemented ulnar components
than in cemented ones. Although the difference in
results could also reflect the skills of the surgeons,
and although a logistic regression analysis could
not be performed because the use of cement was
linked to individual surgeons, the results suggest
a major role for cement. Two surgeons used unce-
mented ulnar components; for one surgeon 4 of 24
prosthesis were revised, and for the other surgeon 3
out of 28 were revised. For the cemented ones (n =
40), which were used by two surgeons, no revi-
sions had been necessary.

We found the same good results as Kudo did for
the humeral components (Kudo et al. 1980, Kudo
and Iwano 1990). No fractures of the component
and only 2 loosenings (1 infected prosthesis) con-
trasts sharply with published results using the type-
4 prosthesis, which had a fracture rate of 31% and
a revision rate of 40% in Kudo’s own series (Kudo
1997) and comparably poor results in other studies
(Reinhard et al. 2003).

The Kudo type-4 prosthesis was introduced for
placing of an uncemented humeral component.
There was, however, an unacceptably high revision
rate, due especially to breakage of the 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 compo-
nent has been reduced.

Analyzing the type-5 Kudo prosthesis, Kudo
himself found no revisions in his group with unce-
mented ulnar components (Kudo et al. 1999), but
he only placed 11 uncemented components (out of
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Figure 1. Kaplan-Meier curve with revision as endpoint.

a total of 43 prostheses, so 32 were cemented ulnar
components) and the follow-up of mean 3 years was
relatively short (Kudo et al. 1999). Furthermore, he
found no lucency around the uncemented compo-
nents (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 stud-
ies being the longer follow-up 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. (2006), it was shown that all-polyeth-
ylene components show less favorable results than
the metal-backed ones.

Potter et al. (2003) found comparably good results
with cemented Kudo type-5 prostheses as we did,
with only 2 of 35 ulnar components showing com-
plete radiolucent lines after a follow-up of 5-7 years
(Kudo and Iwano 1990). Originally, Kudo used
only hybrid (humerus uncemented, ulna cemented)
total elbow prostheses (Kudo et al. 1980), and his
good results were with cemented ulnar components.
Although he found no radiolucencies in the unce-
mented ulnar components, he still advised the use
of a cemented ulnar component—which he used in
75% of the cases (Kudo et al. 1999).

Precise orientation of the components is essen-
tial, as the degree of motion and laxity of the elbow,

Years after index operation

Figure 2. Kaplan-Meier curve with revision or aseptic loos-
ening as endpoint.

wear, and loosening are significantly affected by
positioning of the humeral and ulnar components,
and their sizes (O’Driscoll et al. 1992, An 2005).
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 posi-
tion is harder to modify—especially the rotation.
The main achievement in this type of opera-
tion is reduction of pain (Kudo et al. 1994, 1999,
Khatri and Stirrat 2005) The function after a TEP
will never be the same as with a normal elbow joint
(Angst et al. 2005, Khatri and Stirrat 2005), but
there is a significant gain in range of motion (Kudo
etal. 1994, 1999, Khatri and Stirrat 2005). A review
by Little et al. (2005) 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
experience of orthopedic surgeons as a whole. Fur-
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thermore, many studies combine different implants
(Willems and De Smet 2004) or different indica-
tions. 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. (2005) for
the cemented ulnar component, but is much higher
for the uncemented ones.
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