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Abstract
Purpose In this retrospective study we evaluated the short-
to medium-term results after 20 Coonrad-Morrey revision
total elbow arthroplasties (TEAs).
Methods We included a consecutive series of revision TEAs
performed at our institution from 2004 to 2010. At a mean
follow-up of 4.4 years, patients were evaluated using the
Mayo Elbow Performance Score (MEPS), the Oxford
Elbow Score (OES) and standard radiographs.
Results The mean age at revision TEA was 65.8 years. The
median time of implant survival for primary prosthesis was
9.5 years. The mean post-operative MEPS was 79. The
mean OES was 58, 66 and 53 for function, pain and
social-psychological dimensions, respectively. At follow-
up the range of motion had improved significantly. There
were two cases of radiolucent lines and two cases of minor
bushing wear; however, none of the implants were clinically
loose. In one case deep infection led to a further revision.
Two patients had post-operative ulnar nerve paraesthesia.
Conclusions Results after revision TEA using the Coonrad-
Morrey prosthesis are acceptable with a low short- to mid-
term failure rate. Revision improves range of motion and
provides pain relief. One case of deep infection with recur-
rent revision is of concern. The treatment can be used as an
option for failed TEA.

Introduction

Revision total elbow arthroplasty (TEA) is a challenging
procedure. Loss of soft tissue support and bone stock leads
to a more unstable elbow joint. The linked TEA provides
better stability than the unlinked TEA that depends on soft
tissue support for stability [1]. Previous studies have shown
acceptable results with the linked Coonrad-Morrey TEA for
both primary and revision surgery [2–6].

Primary TEA used to be a salvage procedure only for
low-demand patients but is increasingly being used for other
indications including fractures, osteoarthritis and instability
[7, 8]. TEA is technically demanding [9] and regardless of
design, reports on primary TEA have stated an overall five-
year failure rate between eight and ten percent and approx-
imately 15 % after ten years [10, 11]. Though the compli-
cation rate is decreasing, revision TEA will remain a
challenge in the future [12–14]. Increasing implantation
rates in younger patients may lead to an increase in revision
procedures. Therefore, it is essential to evaluate the results
after revision TEA in order to improve decision-making in
relation to revision TEA surgery.

The purpose of this study is to evaluate the clinical and
functional results after revision TEA using the Coonrad-
Morrey linked TEA.

Materials and methods

In this retrospective study we reviewed a consecutive series
of 20 revision TEAs in 19 patients performed with the
linked Coonrad-Morrey TEA (Table 1). Revisions were
performed at the Shoulder and Elbow Clinic, University
Hospital Herlev, Denmark in the period from 2004 to 2010.
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The mean age at revision TEAwas 65.8 years. The median
survival of the primary TEA was 9.5 years. Four different
prostheses were revised, including Souter-Strathclyde
(Stryker UK, Newbury, UK) (n=7), Capitellocondylar
(Johnson & Johnson, Warsaw, IN, USA) (n=4), Pritchard II
(DePuy, Warsaw, IN, USA) (n=1) and Coonrad-Morrey
(Zimmer, Warsaw, IN, USA) (n=8). Indications for primary
TEA were: rheumatoid arthritis (RA, n=14), fracture (n=2),
osteoarthritis (n=2) and non-union following fracture (n=2).
Indications for revision TEAs were loosening of stem (n=14),
loosening of spline (n=1), fracture (n=2), deep infection (n=
1), ulnar stem fracture (n=1) and maltracking (n=1). Two of
the procedures were second revision TEAs, primarily revised
due to loosening; both index revisions were performed at
another hospital.

Nine linked and 11 unlinked TEAs were revised. The
average preoperative arc of motion was 80° (SD=24°), with
extension averaging 31° (SD=19°) and flexion averaging
111° (SD=19°). Average supination and pronation were 47°
(SD=16°) and 52° (SD=14°), respectively.

Clinical and radiographic assessments

At a mean follow-up of 4.4 years (range 2.6–8 years) the
revision TEAs were evaluated radiographically with conven-
tional anteroposterior and lateral X-rays. Radiographs were
evaluated for signs of fracture of bone or implant, bushing

wear and loosening. Loosening was defined as described by
Morrey and Adams and is specified in Table 2 [15].

Patients were clinically assessed with the Mayo Elbow
Performance Score (MEPS). Results of the MEPS are divid-
ed into four categories: excellent (>90 points), good (75–89
points), fair (60–74 points) and poor (<60 points). Clinical
examination included goniometric assessment of range of
motion (ROM), extension, flexion, supination and prona-
tion. Furthermore, we assessed longitudinal, rotational and
varus-valgus stability and determined motor or sensory loss.
Patient-related outcome measures were evaluated using
the Oxford Elbow Score (OES) [16, 17]. The OES was
translated into Danish prior to this study following the
instructions by Beaton et al. [18]. The native authors
have accepted the back-translation and the Danish ver-
sion has been validated but not yet published. Finally, all
patients were asked whether they were very satisfied,
satisfied, less satisfied or unsatisfied with the TEA at
follow-up.

Statistical analysis

Statistical software R version 2.12.2 was used for statisti-
cal analysis. Preoperative and post-operative ROMs were
normally distributed on a histogram, and change was
tested with the use of Student’s paired t test (p<0.05
being significant). Kaplan-Meier analysis was used to

Table 1 Patient characteristics

RA rheumatoid arthritis

Case Age at
revision
(years)

Sex Indication for
primary TEA

Primary TEA Survival of primary
TEA (years)

Indication for
revision TEA

1 69 M RA Souter-Strathclyde 15.75 Loosening

2 65 F RA Souter-Strathclyde 11.75 Loosening

3a 41 F RA Capitellocondylar 14.17 Loosening

3b 39 F RA Coonrad-Morrey 14.92 Loosening of spline

4 66 F Fracture Coonrad-Morrey 1.17 Infection

5 57 F Osteoarthritis Coonrad-Morrey 1.42 Loosening

6 88 F RA Capitellocondylar 15 Fracture

7 70 F RA Capitellocondylar 10.08 Maltracking

8 64 F Osteoarthritis Coonrad-Morrey 4 Loosening

9 59 F RA Capitellocondylar 5.42 Ulnar stem fracture

10 74 F RA Souter-Strathclyde 9.25 Loosening

11 76 M Fracture Pritchard 17.5 Loosening

12 69 F RA Souter-Strathclyde 9.33 Loosening

13 78 F RA Souter-Strathclyde 9.58 Loosening

14 77 F Non-union Coonrad-Morrey 0.5 Loosening

15 74 M RA Coonrad-Morrey 0.67 Loosening

16 78 F Non-union Coonrad-Morrey 5.58 Fracture

17 47 F RA Coonrad-Morrey 8.58 Ulnar stem fracture

18 47 F RA Souter-Strathclyde 13 Loosening

19 77 F RA Souter-Strathclyde 12.33 Loosening
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assess the implant survival rate. Failure was defined as partial
or complete removal or exchange of the components.

Operative technique

The linked Coonrad-Morrey prosthesis with cement fixation
of both stems was used in all revisions. The implant allows
7–10° of varus-valgus movement and 7–10° of axial rota-
tion. All patients were positioned on the side with a tourni-
quet applied to the upper arm. A posterior skin incision was
made followed by identification of the ulnar nerve.
Decompression of the ulnar nerve was performed. The nerve
was not transposed in any of the cases. The joint was
exposed as described by Souter [19, 20]. In all cases five
biopsies as per Kamme-Lindberg were sent for histological
examination and culture [21]. Infection of the elbow joint
was defined as more than one biopsy containing infected
tissue. Second-generation cephalosporin was given intrave-
nously preoperatively, and eight and 16 hours post-
operatively. The cement-within-cement technique as de-
scribed by Athwal and Morrey was used for the revisions
[7]. A drain was always used and was removed again after
24 hours. The joint was left in a cast at 30° extension for
12 days. In the subsequent three months the patients fol-
lowed a training programme guided by a physiotherapist.

Results

Clinical results

At follow-up the average MEPS was 79 (SD=17, range 50–
100 points) and was excellent for seven, good for four, fair
for six and poor for three patients. Eight patients had no
pain, seven had mild pain and five had moderate pain. The
average score for the pain component of the MEPS was 30
(SD=13) (range 15–45) and the average score for the func-
tional component of the MEPS 20 (SD=20) (range 0–25).

The average score for the pain component of the OES
was 66 (SD=27) (range 12.5–100). The average score for

the functional component of the OES was 58 (SD=29)
(range 0–100). The average score for the social-
psychological component of the OES was 53 (SD=30)
(range 0–100) (Table 3).

At follow-up ROM had increased significantly (Table 4).
The average arc of motion at follow-up was 109° (SD=22°)
with flexion averaging 132° (SD=13°) and extension aver-
aging −23° (SD=13°). The average arc of rotation at follow-
up was 124° with supination averaging 57° (SD=18°) and
pronation averaging 66° (SD=17°).

Eleven patients were very satisfied, seven patients were
satisfied and one patient was unsatisfied with the TEA.

Radiographic results

Of the 20 patients 18 were evaluated with standard elbow
radiographs. Two patients were not radiographically
assessed due to their medical conditions, but they were
clinically assessed by a visit in their home. There were
two cases of radiolucent lines type 1 (Fig. 1). Neither of
these cases was clinically loose. Two cases of minor bushing
wear were identified. One patient had loosening of the
spline (Fig. 2), but scored 100 on the MEPS, had a ROM
of 145° and did not have any symptoms. The patient was
informed and offered surgery, but is currently not willing to
attend further surgery. She is followed up once a year.

Table 2 Definition of loosening

Type Definition

0 No radiolucent line or one less than 1 mm wide and involving
less than 50 % of the bone-cement interface

1 A radiolucent line 1 mm wide and involving less than 50 %
of the bone-cement interface

2 A radiolucent line more than 1 mm wide and involving more
than 50 % of the bone-cement interface

3 A radiolucent line more than 2 mm wide and traversing the
entire bone-cement interface

4 Gross loosening of the implant

Table 3 MEPS and OES scores

Case MEPS OES-function OES-pain OESSP

1 50 25 37.5 31.25

2 80 75 81.25 75

3a 55 37.5 43.75 25

3b 100 93.75 100 100

4 100 93.75 93.75 100

5 65 37.5 37.5 56.25

6 95 93.75 100 81.25

7 100 100 87.5 87.5

8 55 37.5 12.5 12.5

9 60 31.25 31.25 25

10 65 62.5 50 62.5

11 60 0 100 0

12 75 75 68.75 43.75

13 95 50 81.25 75

14 70 12.5 37.5 25

15 100 56.25 62.5 37.5

16 85 81.25 75 68.75

17 80 56.25 50 31.25

18 100 87.5 100 87.5

19 70 43.375 50 18.75

Mean 79 (SD=17) 58 (SD=29) 66 (SD=27) 53 (SD=30)

SP social-psychological
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Complications

One patient was revised 12 months after revision due to
clinical deep infection despite negative culture. Though
treated with antibiotics after soft tissue revision, the infec-
tion was not eradicated and removal of the prosthesis was
performed after 12 months due to persistent infection. The
implant was revised in a two-step procedure but the infec-
tion recurred. A new two-step procedure was performed
successfully.

Three patients had ulnar nerve paraesthesia prior to revision
TEA, and neither one resolved after revision. Two patients
developed ulnar nerve paraesthesia post-operatively. One of
these had resolved at follow-up. In one case the spline con-
necting the ulnar and humeral parts of the TEAwas loose, but
the patient did not want revision due to lack of symptoms.

Discussion

In this retrospective study we found a significant improve-
ment in ROM with an increase in arc of extension-flexion
from 80° preoperatively to 109° post-operatively and an

increase in the arc of rotation from 99 to 124°. The five-
year survival in this study was 95 %. The average MEPS of
79 points is defined as a good result. We have not found any
studies on primary or revision TEA that uses the OES and
therefore we can only compare our results to other studies in
terms of MEPS and ROM.

In 1997, King et al. [2] described the results with 41
Coonrad-Morrey revision TEAs at a mean follow-up of
six years. Indications for primary TEA were RA (n=20),
osteoarthritis (n=20) and tumour (n=1). The study reported
an improvement in MEPS from 44 to 87 and an average post-
operative arc of extension-flexion of 101°. King et al. found
nine cases of radiolucent lines around the humeral component
and six cases of radiolucent lines around the ulnar component.
In three cases a second revision was performed due to bushing

Table 4 Clinical results
Preoperative Follow-up Change in movement

(p value)

Extension deficit (mean) 31° (SD=19) 23° (SD=14) 8° (p=0.174)

Flexion (mean) 111° (SD=19) 132° (SD=12) 21° (p<0.001)

Arc of extension-flexion (mean) 80° (SD=25) 109° (SD=22) 29° (p<0.001)

Supination (mean) 47° (SD=16) 57° (SD=14) 10° (p<0.001)

Pronation (mean) 52° (SD=14) 66° (SD=10) 14° (p=0.002)

Arc of rotation, supination-pronation (mean) 99° (SD=24) 124° (SD=22) 25° (p<0.001)

Fig. 1 Radiolucent line around humeral stem of Coonrad-Morrey TEA
Fig. 2 Loose spline between humeral and ulnar stems of Coonrad-
Morrey TEA
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wear (n=2) and periprosthetic fracture (n=1). Furthermore,
one patient had permanent removal of the TEA due to recur-
rent aseptic loosening.

In 2006, Sneftrup et al. [6] reported the results with a
series of 24 Coonrad-Morrey revision TEAs. Indications for
primary TEA were RA (n=16), fracture (n=4) and osteoar-
thritis (n=4). At a mean follow-up of 4.1 years the mean
MEPS was 85. The arc of flexion-extension was 101° and
the arc of rotation was 109° and was comparable to the
preoperative measurements. In this study ROM at follow-
up was compared to ROM prior to primary TEA. Four
patients were re-revised within 18 months and the five-
year survival rate was 83.1 %. There were five cases of
bushing wear and nine cases of radiolucent lines.

In 2007 Shi et al. reported a five-year survival rate of
64 % on 30 Coonrad-Morrey revision TEAs with an average
follow-up of 5.7 years. The arc of extension-flexion im-
proved from 88 to 109°, and the arc of rotation improved
from 130 to 151°. The post-operative MEPS was 85 [5].

Finally, Athwal and Morrey published a study in 2006 on
26 Coonrad-Morrey revision TEAs after prosthetic fracture
using either the cement-within-cement technique (14 cases)
or the traditional method with removal of all cement (12
cases). The post-operative MEPS was 82 in the cement-
within-cement group and 78 in the traditional group. At a
mean follow-up of 5.1 years the arc of extension-flexion
was 108° [7].

Only a few studies on the Coonrad-Morrey revision TEA
have been published [2, 5–7]. The average follow-up is
approximately five years and the material consists of be-
tween 20 and 41 patients. The five-year survival rate in this
study is higher than previous studies as described by
Sneftrup et al. and Shi et al., but long-term follow-up is
needed for specific data on long-term survival rate. All
studies except the study by Sneftrup et al. report improve-
ment in ROM. All studies report comparable improvement
in pain score. Deep infection is a major concern due to poor
results and recurrent revisions. The incidence of deep infec-
tion after TEA is estimated to be between two and four
percent [22, 23]. A negative culture in biopsies taken at
revision does not seem to exclude infection and one has to
rely on the clinical signs of deep infection [6, 24].

It has been concluded in some studies that revision with
linked implants has a better outcome and survival rate than
unlinked implants [3, 25]. The five-year survival rate after
revision with the unlinked Souter-Strathclyde TEA has been
reported by van der Lugt and Rozing to be 73.8 % and by
Redfern et al. to be 86.7% [26, 27]. Both studies conclude that
the results are satisfactory. The results after linked and un-
linked revision TEAs are comparable, but the linked Coonrad-
Moorey TEA is a safe choice for revision in patients with or
without sufficient soft tissue support. Currently available
studies on revision TEAs mainly consist of small case series

with short- to midterm follow-up. Long-term follow-up and/or
multicentre studies comparing different implants would be of
interest.

Conclusion

In this study revision with the linked Coonrad-Morrey TEA
provides significant improvement in ROM, good pain relief
for both index linked and unlinked implants and low failure
rate. The results in this study are comparable to previous
studies. Future reports with the OES could be of interest to
compare patient-related outcome measures. The linked
Coonrad-Morrey TEA provides a good option for revision
in patients with a failed primary TEA.
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