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Abstract
The aim of this retrospective study was

to undertake a comparative evaluation of
the Evolve® modular metallic radial head
implant prosthesis and the MoPyC® pyro-
carbon prosthesis in acute care. Seventy-
five patients having a comminuted radial
head fracture with an Evolve® prosthesis
(=G1) and 11 with a MoPyC® prosthesis
(=G2) were available for a follow-up.
Postoperative patient outcomes were evalu-
ated according to a standardized follow-up
protocol which included the Morrey rating
system. Assessment criteria were range of
motion (ROM), functional scores, and rate
of complications. G1 showed a mean
Morrey score of 86 points. Four direct pros-
thesis complications were observed in this
group (n=75). The average achieved
Morrey score in G2 was 84 points. In this
group (n=11), 2 direct prosthesis complica-
tions were diagnosed. The average range of
motion did not differ greatly between both
groups. Radial head replacement with either
prosthesis yielded sufficient to satisfactory
results in a mid-term perspective regarding
the range of motion and function of the
elbow joint when performed in carefully
selected patients. The Evolve® Prothesis
appears to show a slightly lower rate of
complication by way of a similar functional
outcome.

Introduction
The radial head is involved in about

one-third of all elbow-fractures and up to 2-
5% of all fractures,1-3 but in combination
with the accompanying injuries of the
elbow joint it is problematic. The insuffi-
ciency of the radial head as a radial pillar of
this joint leads to instability of the entire
elbow joint.4-7 Some authors recommend,
that fractures with more than 3 fragments
should not be reconstructed, because of a
higher risk of a weak outcome and a higher
rate of complications. Previous studies have
shown that, in the case of radial head frac-
tures with unstable ligamentous apparatus,
the step towards endoprosthetic replace-
ment should be taken and a complete radial
head resection should only be performed in
exceptional cases; partial removal is no
longer recommended.8-10 Resection can only
be performed if the joint is completely sta-
ble. However, if the joint is unstable during
surgery, a radius head prosthesis should be
considered. The indication for a radial head
prosthesis is usually given intraoperatively,
if the elbow joint is unstable, as follows:
radial head comminuted fracture with
elbow dislocation, comminuted fractures
with injury to the collateral ligament or
comminuted fractures with injury to the
interosseous membrane. Over the years,
various prostheses have appeared on the
market, with the first generation of radial
head prostheses being characterized by high
complication rates and poor outcome. In the
meantime, however, some second-genera-
tion prostheses have established themselves
and in some cases they have achieved very
good results.11-17

The aim of this study was to evaluate
two of the prosthesis models that are used
by the present authors with regards to their
clinical and functional outcomes in acute
care.

Materials and Methods
For the present study, two collectives

were recorded at the two locations where
the present authors are practitioners. One
patient group was treated with the Evolve®

prosthesis (Wright Medical Technology,
Inc., Arlington, USA) (=G1) and a second
group was treated with the MoPyC® pros-
thesis (Tornier, Montbonnot-Saint-Martin,
France) (=G2).

In this study, all patients were examined
according to a standardised follow-up pro-
tocol, which included the topics of pain,
strength, function and everyday complaints.
The measurement of the maximum force

was undertaken with the Jamar® hand
dynamometer. To assess the outcome of the
treatment, the Morrey score (2) was used.
Furthermore, the subjective satisfaction of
the result was evaluated. The fracture clas-
sification and the data evaluation were
based on the international distribution
according to the Mason classification,18

modified according to Broberg and
Morrey.19 In addition to age and sex, the
course and mechanism of the accident as
well as the extent of the concomitant
injuries were surveyed.
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Postoperative-treatment
Early functional mobilization was

enforced at the earliest opportunity where
possible. The patients, who had a refixation
of the collateral ligament, were instructed to
avoid varus and valgus stress for 6 weeks. A
dorsal splint was applied to limit the exten-
sion of the elbow, if a refixation of the
processus coronoideus was indicated. To
prevent periarticular ossifications, which
are very common after treatment of radial
head fractures, all patients were medicated
with 145.6 mg diclofenac-colestyramin for
4 weeks postoperatively.

Radiographic examination
In the course of this retrospective study,

the x-ray images, being computed tomogra-
phy (CT) or magnetic resonance imaging
(MRI) scans, were interpreted by two ortho-
pedic surgeons. The radiographic evalua-
tion and assessment impinged on the basis
of the radiological images of the accident
and the follow-up images. The assessment
criteria were correct articulation of the joint
components, implant position, humeroul-
narthrosis, prosthesis loosening and lysis
margin formation.

G1 (Evolve®-Prothesis)
In group 1, 75 patients (35 men, 40

women) who were treated with an Evolve®

prosthesis in the period from 05/2001 to
11/2009 for radial head comminuted frac-
tures were included in the study and re-
examined.

The Evolve® prosthesis is a metal
monoblock prosthesis consisting of two

variable components, the prosthesis head
and the prosthesis stem. These are inter-
locked intraoperatively. The prosthesis sur-
face is polished and thus fulfils a rotating
placeholder function.12,14

The mean follow-up time was 41.5
(mean: 33.0; min: 4 - max: 93) months. The
average patient age was 55.9 (55; 26 - 85)
years.

Left-side or right-side dominance was
involved in 38 cases.

Overall, there were 2 (2.7%) Mason II
fractures, 21 (28.0%) Mason III fractures,
and 52 (69.3%) Mason IV fractures. 

Surgical treatment was performed 8
(30.0; 6 - 265) days after injury on average.
Thirty-five patients (46.7%) were treated
within the first 5 days after injury, and 40
patients (53.3%) were treated at later time
points. Delayed treatment was mostly
because patients came from external hospi-
tals within a period of several days after
injury. 

The results regarding this patient popu-
lation, having an Evolve® radius head pros-
thesis, have already been published. 

G2 (MoPyC®-Prothesis)
For group 2, 11 patients (9 women, 2

men) who had a radius head fracture
between 09/12 and 8/16 were recruited and
they were treated using a MoPyC® radial
head prosthesis (Bioprofile, Tornier,
Montbonnot-Saint-Martin, France). 

The stem and the neck of the modular
MoPyC® radial head prosthesis are made of
titanium alloy. Each is available in 4 differ-
ent sizes. There are 3 different sizes of the

spherical head, which is made of pyrolytic
pyrocarbon. That provides 48 different pos-
sibilities for assembly of the prosthesis,
which leads to a high wear resistance and an
elasticity modulus, similar to the character-
istics of human bone and cartilage. The
non-cemented system is fixated using a pri-
mary press-fit fixation due to a dynamic
expansion device in the stem, which pro-
vides good biocompatibility.20-27

The mean follow-up time was 46.1
(48.0; 15 - 67) months. The average age was
52.8 (52.0; 18 - 76) years. In 8 cases
(72.7%) the right upper extremity was
affected and in 3 cases (27.3%) the left
upper extremity of a complete right domi-
nant collective was affected. 

According to the Mason classification,
2 patients (18.2%) presented a Mason III
fracture and 9 patients (81.8%) presented a
Mason IV fracture. In 5 cases (45.5%) there
was a direct elbow trauma, in 4 cases
(36.4%) a fall on the arm extended forward
and in 2 cases (18%) a backward fall. Five
patients (45.5%) suffered a trauma in their
domestic environment 5 patients (45.5%)
suffered a trauma while undertaking sports
or leisure activities. The remaining one
patient (9.1%) was injured on the way to
work. On average, the patients received sur-
gical treatment on the 3.4 (3.0; 0 - 8) day
after the accident. Postoperative exercises
were started after 3.0 (1.5; 1 - 12) days on
average.

A part of the first early data from G2
has already been published. 
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Table 1. Accompanying injuries.

                                                                                                G1*                                                                                    G2
                                                                Number (n=75)               Percentage rates                  Number (n=11)                  Percentage rates

Patients with accompanying injuries                                 64                                                  85.3                                                      10                                                      90.9
Patients without accompanying injuries                           11                                                  14.7                                                       1                                                        9.1
Fracture of the proc. coronoideus                                    38                                                  50.7                                                       7                                                       63.6
Injury of the radial collateral ligament                             18                                                  24.0                                                       9                                                       81.8
Injury of the ulnar collateral ligament                              13                                                  17.3                                                       8                                                       72.7
Fracture of the olecranon                                                    5                                                    6.7                                                        3                                                       27.3
Essex-Lopresti-lesions                                                          1                                                    1.3                                                        0                                                        0.0
* Percentage rates refer to the number of patients instead of the number of accompanying injuries as described in the previously published data.

Table 2. Range of motion.

                                                                                           G1*                                                                                  G2
                                                              Affected side              Non-affected side                  Affected side                     Non-affected side

Flexion                                                              125.7° (130; 90 - 150)°           138.5° (140; 120 - 150)°                128.2° (130; 95 - 145)°                  136.8° (140; 130 - 140)°
Extension                                                        -16.5° (-15; 0 - (-50))°              1.2° (0; 10 - (-30))°                    -16.7° (-9; 0 - (-70))°                            0.9° (0; 0 - 5)°
Pronation                                                              70.5° (80; 0 - 90)°                   83.6° (80; 70 - 90)°                        73.2° (80; 5 - 90)°                           86.4° (90; 80 - 90)°
Supination                                                        67.1° (80; (-45) - 90)°               84.3° (85; 60 - 90)°                        75.5°(80; 5 - 90)°                            86.4°(90; 80 - 90)°
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Analysis of the data
The analysis of the data was performed

using Microsoft Office Excel® 2016 and
IBM SPSS® Statistics 24. Data are shown
as mean value, median and range.

Results

Associated injuries
G1: In 85.3% of the cases an accompa-

nying injury of the affected extremity was
present. The most frequent concomitant
injury was elbow joint dislocation with tear-
ing off of the coronoid process (50.7%) fol-
lowed by injuries of the radial collateral lig-
ament (24.0%) (Table 1).

G2: In 10 patients (90.9%), other
osseous or ligamentous damage was present
in addition to the radial head fracture (Table
1).

Functional outcome
The range of motion of both groups is

described in Table 2. 

Strengh
G1:  On average, 25.1 (24; 4 - 50) kg

could be measured on the affected side and
32.4 (32; 10 - 56) kg could be measured on
the uninjured side. Handgrip strength of the
injured arm compared to the non-injured
arm was 78.8%.

G2: The maximum power of the affect-
ed extremity was on average 25.5 (22.0; 10
- 58) kg compared to 26.6 (22.0; 14 - 48) kg
of the opposite side. The injured side
showed 95.6% of the handgrip strength
compared to the non-injured arm. 

Analysis of the scores
G1: According to the Morrey score 25

patients (33.3%) received the rating of very
good,2 31 patients (41.3%) good; 17
patients (22.7%) satisfactory and 2 patients
(2.7%) poor. The patients had an average of
85.7 (90.2; 44 - 100) points on the Morrey
Score (Figure 1).2

On the Mayo Elbow Performance Index
(MEPI)(28) patients achieves an average
83.3 (85.0; 40-100) points (Table 3). The
DASH-scores showed an average of 26.1
(22.5; 0.0-75.8) points (Table 4).28

G2: In group 2 the average Morrey
score was 84.3 (90.0; 53 - 100) points.2 Two
patients (18.2%) had a good result, 6
patients (54.5%) had a very good result and
3 patients (27.3%) had a sufficient result
(Figure 1).

The mean MEPI(28) was 75.5 (80.0; 40
- 100) (Table 3). The DASH-score showed
an average of 22.8 (19.2; 0.0-53.3) points
(Table 4).29

Complications
G1: In the Evolve collective 4 (5.3%)

direct prosthesis complications were
observed. In 2 cases, revisional surgery was
necessary because of persistent pain and
radiologic findings of loosening of the pros-
thesis. One patient showed an implant dis-
placement according to radiographs per-
formed during the study. Revisional surgery
was offered to the patient. This patient
refused the revision due to their lack of pain
and good ROM. The fourth direct prosthesis
complication was a disconnection of the
head stem interface. A new identical pros-
thesis was implanted. 

One other case experienced a loosening
of the prosthesis after falling down on the

same arm five months after the first opera-
tion. This case was not declared as a (direct)
prosthesis complication because of the trau-
matic genesis.

Beside the aforementioned specific
prothesis complications, 3 additional gener-
al complications were noted. 

One patient required a neurolysis of the
ulnaris nerve because of persistent pain,
another patient developed a neobursa, and
in one case extensive swelling and blister-
ing was observed.

With these general complications the
overall complication-rate for G1 is 9.3%.

G2: In 3 cases (27.3%) complications
occurred postoperatively, of which 2
(18.2%) were directly caused by the pros-
thesis. One patient reported a numbness in
fingers D III to D V since the operation.
Initially, this numbness decreased, but the
improvement stagnated in the course of the
operation, so that no further improvement
could be expected at the time of the data
collection. In another patient, with an initial
Monteggia fracture, postoperative instabili-
ty continued with a tendency to subluxation.
An attempt was made to have tendon plastic
surgery that could not completely eliminate
the instability. Finally, a full elbow prosthe-
sis was implanted and a stable situation was
achieved. However, at the time of the fol-
low-up examination there was a high degree
of movement restriction in this case (exten-
sion/flexion: 0/70/140; pronation/supina-
tion: 5/0/5). One case showed an inlay frac-
ture, hence a change was necessary.

Subjective rating of the patients 
G1: Seventy-six percent (76.0%) of the

patients in G1 reported the absence of or
only a slight pain; 24.0% reported regular

                                                                                                                              Article

Table 3. Mayo Elbow Performance Index of
G1 and G2.

                                    G1                 G2

Average                                 83.3                     75.5
Median                                  85.0                     80.0
Minimum                                40                        40
Maximum                              100                      100

Table 4. Disabilities of Arm, Shoulder and
Hand score of G1 and G2.

                                    G1                 G2

Average                                 26.1                     22.8
Median                                  22.5                     19.2
Minimum                               0.0                       0.0
Maximum                             75.8                     53.3 Figure 1. The Morrey score of G1 and G2.
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and/or constant pain; 77.3% of patients
reported a reduction in strength.

Fifty-five patients (73.3%) rated the
operative results as good or very good; 14
patients (18.7%) were satisfied with the
results; and 6 patients (8.0%) were dissatis-
fied. Thirty-three patients (44.0%) reported
no restrictions at all in their daily activities;
38 patients (50.7%) reported resting the
affected extremity on a daily basis; and 4
patients (5.3%) reported serious restrictions
in daily activities.

G2: In G2, 3 patients (27.3%) com-
plained of regular pain sensations. The
remaining 8 patients (72.7%) reported feel-
ing occasional or no pain. 

Nine patients (81.8%) reported a sub-
jective loss of strength compared to before
the trauma. The other 2 patients (18.2%) did
not feel this deficiency.

In each case, 4 patients (36.4%) rated
the result as very good and good. Two
patients (18.2%) gave the rating of ‘satis-
factory’ and 1 patient (9.1%) gave the rating
of ‘dissatisfied’. Four patients (36.4%)
reported minor restrictions in everyday life
and rest. The remaining 7 patients (63.6%)
reported having no restrictions whatsoever
in their everyday activities.

Discussion
The biomechanically important role of

the radial head for the stability of the elbow
is known from various studies in the body
of literature. Depending on the flexion posi-
tion of the arm, forces acting axially on the
forearm are transmitted by up to 60% to the
upper arm via the radial abutment.4,5,30-32

Injuries of the radial head, especially
when the ligamentary structures are
involved, pose a challenge. In these cases,
resection alone would lead to instability of
the joint. If osteosynthesis is not possible,
only the endoprosthetic restoration remains.
Various models for this purpose are avail-
able on the market.33-35

The present study evaluated the clini-
cal-functional results of the Evolve® pros-
thesis and the MoPyC® prosthesis.     

The weaknesses of this study are the
low number of patients in G2 and the retro-
spective design. 

The strengths of this study are the uni-
form post-treatment and data collection
scheme that are valid for both treatment
methods, and these can be positively
emphasized.

According the Morrey score patients
with the Evolve® prosthesis achieved an
average result of 1.4 points more than
patients fitted with a MoPyC® prosthesis

(G1: 85.7; G2: 84.3).2 This comparable
result is also evident after the scores that
were derived from the Morrey rating.2 G1
received in 74.7% of cases a very good and
a good result (56 patients), in 22.7% of
cases (17 patients) a satisfactory result, and
in 2.7% of cases (2 patients) a poor result.

In G2, 72.7% of cases had a very good
to a good result and in the remaining 27.3%
a sufficient result; no patient showed a poor
result.

The MEPI for G1 is with a mean score
of 83.3 points which is slightly higher than
in G2 (75.5 points). According to the DASH
score the patient in G2 had minor restriction
in their everyday life compared to the
patients in G1 (G1: 26.1; G2: 22.8).29

The measured dimensions of movement
are similar between the two groups. The
average flexion differs by only 2.5° (G1:
125.7°, G2: 128.2°), and the average exten-
sion deficit is almost identical with 16.5° in
G1 and 16.7° in G2. For supination (G1:
67.1°, G2: 75.5°) and pronation (G1: 70.5°,
G2: 73.2°) the results of G2 are slightly
superior. Compared to the opposite side, the
force measurement in G1 was, at 78.8%,
inferior to G2 with 95.6%, but in absolute
terms the difference was considered to be
negligible (G1: 25.1kg, G2: 25.5kg).

In group 1, a prosthesis-specific com-
plication was found in 4 patients (5.3%)
during the follow-up period. In 2 cases per-
sistent pain and a loosening led to a revi-
sion. One displacement of the prosthesis
and 1 disconnection of the head were
observed. 

The overall complication-rate was
9.3%.

Group 2 showed 2 prosthesis-specific
complications and 1 general complication
(1x burst of the inlay, 1x instability of the
elbow, 1x neurologic damage) and, there-
fore, there was a distinctly higher rate of
complications (prosthesis specific: 18.2%,
overall: 27.3%).

In terms of patient satisfaction, the
MoPyC® prosthesis received 72.7% very
good to good ratings, comparable to the
Evolve® prosthesis with 73.3% very good to
good ratings. The ratings of patients who
reported no to minor restrictions in every-
day life are slightly lower in G1 with 94.7%
compared to G2 with 100%. Regular to fre-
quent pain is reported in G1 by 24.0% of
patients compared to 27.3% in G2.

In summary, the two prosthesis models
presented in this study produced a similar
outcome according to the extent of move-
ment, the Morrey score,2 the MEPI and
DASH-score,28,29 as well as in terms of pain
frequency. In prosthesis specific complica-
tions, the Evolve® prosthesis was superior
with a 12.9 percentage point lower rate.

Also, the overall complication rate was 18.0
percentage points lower in G1. From the
results of this study, a small superiority of
the Evolve® prosthesis can, therefore, be
derived due to the lower complication rate
with a largely comparable clinical, func-
tional result. However, the small collective
size in G2 must be taken into account.

In other studies, results that are compa-
rable to the present study were found.
Probably, the most meaningful data on the
MoPyC® prosthesis can be found in the
meta-study by Laumonerie et al., which
reports on 171 patients from 5 collectives
with a mean follow-up period of 3.1 years.
One-hundred-and-fifty-seven (157) (92%)
of the patients achieved good to excellent
results according to the Mayo elbow per-
formance score (MEPS>74). The complica-
tion rate was 13% with a reoperation rate of
11% and, therefore, is well below the com-
plication rate in this study. The most com-
mon complications were prosthetic disloca-
tion (5%) followed by stiffness (4%). The
mean flexion-extension arc is described
with 124.7°, the mean pronation is
described with 77.0°, and supination is
described with 76.8°.16

For the Evolve® prosthesis, in the study
by Laflamme et al. was described an aver-
age Mayo Elbow Performance Index
(MEPI) of 97, with 1 out of 100 points for
21 patients and a follow-up period of 10.4
(2.0 - 15.1) years.  The revision rate of 0%
is lower than in group 1. The mean flexion
deficit in the collective of Laflamme et al.
was 1°, the extension deficit was 12°, the
supination deficit was 14°, and the prona-
tion deficit was 5°.36

In general, prosthetic care seems to be
an adequate therapy for a well-selected
patient population. The MoPyC® prosthesis
offers an exact adaptation possibility to the
sites due to the many possible combinations
of the individual components. It could be
assumed, however, that this model is more
susceptible to complications due to its high-
er complexity. Some model-specific com-
plications are described for the MoPyC®

prosthesis by Hackl et al.37 The data in the
present study also show a slightly higher
complication rate in comparison. In the
aforementioned meta-study, the complica-
tion rate is already lower, but it is nonethe-
less somewhat higher than in the Evolve®

collective of Laflamme et al. and in the
present paper.  

In the short to medium term, both mod-
els can achieve a good clinical and func-
tional result, especially if the severity of the
injury is taken into account. The high rate of
concomitant injuries with approximately
90%, which in some previous studies was
significantly lower (30-68%), should be

                             Article

or_2020_12_1.qxp_Hrev_master  27/04/20  19:03  Pagina 34



                                                                           [Orthopedic Reviews 2020; 12:8386]                                                          [page 35]

emphasized once again.38,39 A slight superi-
ority may exist due to the seemingly lower
complication rates for the Evolve® prosthe-
sis. However, it is unclear whether the func-
tionality and the good medium-term results
will be maintained in the long term, and
whether a model will prove to be evidently
more robust or advantageous in the long
term. Further acquisition data is essential
for this purpose and studies with a longer
follow-up period should be undertaken.

Conclusions
The prosthetic treatment of unstable

radial head comminuted fractures remains
the procedure of choice for a well-selected
patient population. A clear recommendation
for one of the two examined prosthesis
models cannot be given from the data in the
present study or from the overall review of
the literature. The Evolve® prosthesis
appears to have a slightly lower complica-
tion rate. However, it is advisable to contin-
ue using the model, with practitioners hav-
ing the most surgical experience. Close
attention should be paid to the concomitant
injuries.  
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