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Prosthetic replacement of the
radial head
Proximal osteolysis and correlation with
patient characteristics and indication for
index surgery

Introduction

Radial head replacement surgery is an
established treatment option for elbow
pathologies [1–4]. It is indicated for un-
reconstructable radial head fractures in
elbow trauma andmay be used for the re-
placementofarthriticdegenerationof the
radial head or trauma sequelae. It serves
as a significant mechanical support at the
forearm side against valgus forces, but
also plays an important role in maintain-
ing forearm longitudinal stability [5–7].
Different types of prostheses have been
used. In general, the implants can be dif-
ferentiated into monopolar and bipolar
implants. While the bipolar implants al-
low movement of the head component,
the monopolar ones rely on a simpler
construct with rigid fixation of the head
to the respective neck or shaft [8, 9].
Although the clinical outcomes after ra-
dial head arthroplasty are reliable, spe-
cific complications have been reported
[9–12]. One of these is malpositioning
of the implant, where the levelof theartic-
ular surface is placed too high in relation
to the native height of the radial head
[13–17]. Further complications include
infection, implant dissociation and stiff-
ness [1, 3, 18]. As a common problem
in musculoskeletal replacement surgery,
loosening of radial head prostheses has
also been described and usually occurs
around the shaft component [19]. The
precise pathomechanisms of loosening

are not fully understood; inflammatory,
septic and mechanical factors are dis-
cussed. A less well-known form of bone
loss aroundradialhead implantshasbeen
observed in the clinical setting and is re-
ferred to as collar resorption. This de-
scribes bone loss at the proximal part
of the radius, just distal to the neck of
the prosthesis, which may arise during
follow-up and is usually asymptomatic
(. Fig. 1). Popovic et al. published their
series on mid-term follow-ups of bipo-
lar cemented radial head prostheses and
reported a frequency of 31% of resorp-
tion just distal to the collar [20]. This
entity is observed in various types of ra-
dial head prostheses. The present study
aims to display the incidence of collar
resorption in a monopolar press-fit im-
plant and investigate whether it corre-
lates with specific patient characteristics
such as gender, age, indication for index
surgery and the size of the implant used.

Methods

This is a monocentric retrospective co-
hort study on patients having undergone
prosthetic replacementof the radial head.
Therefore, after obtaining approval from
the local ethics committee, the operative
database of the authors’ institution was
reviewed. Patients that had undergone
radial head prosthetic replacement dur-
ing the years 2013 and 2018 and for
whom a minimum radiological follow-

up of 6 months was available were in-
cluded. Patients that received a radial
head prosthesis for unreconstructable
fractures or that suffered from arthritic
degeneration of the radial head artic-
ular surface were included. Primary
arthritis cases, as well as secondary
arthritis as in fracture sequelae, were
included. All patients were treated with
a monopolar press-fit implant (MoPyC,
Tornier, France). Age, sex, indication
for prosthesis and size of prosthesis were
recorded. A total of 30 patients were
included in the analysis; 15 patients were
female and 15 were male. The mean age
was 60.1 years (range 26–82; ±SD 14.2).
In 16 patients (10 male, six female),
the indication was for trauma sequelae
or revision; mean age was 56.5 years
(range 32–82; ±SD 12.15). In 14 patients
(five male, nine female) the indication
for radial head replacement was acute
unreconstructable fracture of the ra-
dial head; mean age was 64.29 years
(range 26–81; ±SD 15.6). The implanted
shaft size was “small” in seven patients,
“medium” in 18 patients, “large” in four
patients and “X-large” in one patient.
The mean duration of X-ray follow-up
was 23 months (range 6–72; ±SD 16.1).

The clinical documentation of the pa-
tientswas searched for symptomsof loos-
ening as well as for data on revision
surgery. Clinical outcome scores were
not evaluated in this study.
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Fig. 18 a X-ray taken after index surgery for an unreconstructableMason III fracture.bOsteolysis around the neck at
18months follow-up. There has evidently been bone loss around the neck of the implant, whilst no signs of looseningof
the shaft are present

Surgical procedure

Patientswereoperated insupineposition,
with the arm placed on an arm table. The
Kocher approach was used in all proce-
dures. The height of the prostheses was
levelled at the posterolateral edge of the
coronoid, according to current recom-
mendations [13, 21–23]. Implantation
was performed according to the manu-
facturer’s recommendations. The collar
of the implant was always abutting onto
the proximal end of the shaft, at the level
of the osteotomy. Hence, any gap be-
tween the collar and proximal end of the
radial shaftfoundonthe follow-upX-rays
could be attributed to osteolysis of bone;
if not, loosening and proximal migration
of the implantwaspresent. For closure ti-
tanium bone anchors were used to fix the
lateral collateral ligament and the com-
monextensor origin, before subtle suture
of the fascia and skin closure.

Analysis of imaging

The anteroposterior and lateral X-rays
available from the day after surgery, as
well as 6 months after surgery, were eval-
uated. The authors focused on signs of
loosening of the stem in the bony socket.
Therefore, three areas of interest were se-
lected according to three segments of the
proximal radius, surrounding the shaftof
the prosthesis. Segment 1 was set as the
proximal third of the overall length of the
prosthetic stem. Segment two was set to

be the middle third, and segment 3 the
distal third of the overall length of the
radial shaft (. Fig. 2).

The three segments were investigated
for signs of lucency between the bone
and the implant, as well as for signs of
resorption of bone mass. Migration of
the shaft, or complete loosening of the
prosthesis was documented. The extent
of bony resorption along the shaft was
also investigated. Tomeasure theamount
of bone loss (BL), in the lateral image, the
length of the affected segment of the shaft
component (LA)was set in relation to the
overall length of the shaft (OL), accord-
ing to the formula: BL= (LA/OL)× 100
(. Fig. 3). This yielded a percentage of
bone loss of the overall bone. Measure-
ments were performed at one time by the
first author.

Statistical analysis

Descriptive statistics were taken from the
measurements of the radiological imag-
ing. Mean,minimumandmaximumval-
ues as well as standard deviation were
computed. Statistical differences were
tested for significance using the Mann-
Whitney U test, and the level of signifi-
cance was set to p< 0.05. Using the Pear-
son test for correlation, the results were
correlated with the recorded character-
istics of the cohort, such as age, sex, in-
dication and prosthesis size and time of
X-ray.

Results

An analysis of the clinical patient records
confirmed loosening and a correspond-
ing revision procedure in only one pa-
tient. The others did not show clini-
cal signs of loosening according to the
records.

Imaging analysis

Of the 30 press-fit prostheses investi-
gated, 28 showed proximal osteolysis in
section 1 around the neck of the shaft,
accounting for 93.3%. Themean amount
of osteolysis was 8.8%± SD. 6.0 (range,
0.00–26.1) of the overall length of the
prosthetic shaft. Of the 30 prostheses,
one showed typical signs of shaft loos-
ening with extensive radiolucent lines in
the three contiguous zones, accounting
for 3.3% of all cases and for 3.6% of the
cases with proximal osteolysis. The loos-
ening was found in a 70-year-old female
patient. Revision surgery with resection
of the implant showed a negative micro-
biology report, making aseptic loosening
likely. With 18.5%of proximal osteolysis,
the case with implant loosening showed
the overall second highest amount of
osteolysis around the neck. There was
no significant difference (p= 0.64) in the
amount of resorption in section 1 be-
tween the primary fracture cases (mean
8.8± SD 4.5; range, 1.2–15.8) and the
group of secondary implantations due to
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Abstract
Background. Radial head replacement is an
established option in patients with commi-
nuted radial head fractures and complex
elbow trauma. While studies demonstrated
that asymptomatic radiolucencies around the
stem are common, the incidence and clinical
significance of bone loss at the proximal part
of the radius, just distal to the neck of the
prosthesis (collar resorption), is unknown.
Objectives. The aim of this retrospective
study was to analyse the incidence of collar
resorption after radial head replacement
and investigate whether this correlates with
specific patient characteristics such as gender,
age, indication for index surgery and the size
of implant used.
Materials and methods. The study group
consisted of 30 patients (average age
60.1 years) having undergone prosthetic
replacement with a monopolar press-fit
implant of the radial head at an average

follow-up of 23 months. Indications for
surgery included trauma sequelae or revision
in 16 patients and acute, unreconstructable
fractures of the radial head in 14 cases.
Symptoms of loosening and revision surgery
were recorded. Radiographs were analysed
for signs of lucency between the bone and
the implant as well as for signs of resorption
of bone mass around the neck (section 1).
These values were correlated with age,
gender, indication for index surgery and size
of implant.
Results. In all, 28/30 (93.3%) prostheses
showedproximal osteolysis around the neck of
the shaft. Of the 30, one prosthesis presented
signs of shaft loosening. The average amount
of osteolysis was 8.78% (range 0–26.1%;
±6.0%) of the overall length of the prosthetic
shaft (OL). There was no significant difference
(p= 0.49) between the amount of resorption
in section 1 between the primary fracture

cases (8.75± 4.5%; range 1.2–15.8%) and the
group of secondary implantations due to
degeneration or fracture sequelae (8.8± 7.2%;
range 0–26.1%). Furthermore, the analysis
did not reveal any statistically relevant
correlations between the amount of neck
resorption and the other cohort characteristics
(age, gender, size of the components).
Conclusions. In the study cohort, a high
amount of osteolysis/bone resorption was
assessed around the neck of the press-fit radial
head prosthesis used. However, no significant
correlation between collar resorption, patient
demographics and indication for index
surgery was found at short-term follow-up.

Keywords
Radial head replacement · Revision ·
Osteolysis · Collar resorption · Prosthesis ·
Loosening

Implantation von Radiuskopfprothesen. Proximale Osteolyse und ihre Korrelationmit
Patientenmerkmalen sowie der Indikation zur Indexoperation

Zusammenfassung
Hintergrund. Die Verwendung einer Radius-
kopfprothese ist eine etablierte Option bei
Patientenmit Trümmerfrakturen des Radius-
kopfs und komplexen Ellbogentraumata. Eine
Knochenresorption unterhalb der Kopf(-Hals)-
Prothesenkomponente am Übergang zum
Schaft zeigt sich nicht selten als radiologische
Auffälligkeit in den postoperativen Kontrollen.
Die Inzidenz und klinische Signifikanz dieser
Knochenresorption ist unbekannt.
Ziel der Arbeit. Ziel der Studie war es,
die Inzidenz der Knochenresorption nach
Implantation einer Radiuskopfprothese
zu ermitteln und zu untersuchen, ob eine
Korrelation mit bestimmten Patientenmerk-
malen wie Geschlecht, Alter, Indikation zur
Indexoperation und Prothesengröße bestand.
Material und Methoden. Es wurden 30 Pa-
tienten (Durchschnittsalter 60,1 Jahre) nach
Implantation einer MoPyC-Radiuskopfprothe-
se und einem durchschnittlichen Follow-up
von 23 Monaten eingeschlossen. Indikationen

zur Operation waren Traumafolgen oder
Revision bei 16 Patienten und akute nicht
rekonstruierbare Frakturen des Radiuskopfs in
14 Fällen. Symptome der Prothesenlockerung
und Revisionsoperationen wurden erfasst.
Die Röntgenbilder wurden auf Zeichen von
Strahlentransparenz zwischen Knochen
und Prothese sowie auf Zeichen der
Knochenresorption im Bereich des Halses
(Sektion 1) untersucht. Diese Befunde
wurde bezüglich einer Korrelation mit Alter,
Geschlecht, Indikation zur Indexoperation und
Prothesengröße überprüft.
Ergebnisse. Insgesamt 28 von 30 (93,3%)
Prothesen zeigten am Hals-Schaft-Übergang
eine periprothetische Knochenresorption
mit einer durchschnittlichen Länge von
8.78± 6,0% (Range 0–26,1%) in Relation
zur Gesamtlänge des Prothesenschafts.
Es bestand kein signifikanter Unterschied
(p= 0,49) bezüglich des Ausmaßes der
Resorption in Sektion 1 zwischen den Fällen

mit Primärfraktur (8,75± 4,5%; Range
1,2–15,8%) und der Gruppe mit sekundärer
Implantation wegen Degeneration oder
Frakturfolgen (8,8± 7,2%; Range 0–26,1%).
Des Weiteren ergaben sich keine signifikanten
Korrelationen zwischen dem Ausmaß der
Resorption und den anderen Merkmalen
des Studienkollektivs (Alter, Geschlecht und
Prothesengröße).
Schlussfolgerungen. Im Studienkollektiv
konnte ein häufiges Auftreten einer Osteoly-
se/Knochenresorption am Kopf/Hals-Schaft-
Übergang der Prothese beobachtet werden.
Diese Knochenresorption zeigte jedoch
im Kurzzeit-Follow-up keine signifikante
Korrelation mit den Patientenmerkmalenund
der Indikation zur Revision.

Schlüsselwörter
Radiuskopfprothese · Revision · Os-
teolyse · Knochenresorption distal des
Prothesenhalses · Prothese · Lockerung
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Fig. 28 The segmentation of the overall length
of the implant in three sections is shown,with
section 1 being the proximal, section 2 themid-
dle and section 3 the distal segment

degeneration or fracture sequelae (mean
8.8± SD 7.2; range, 0.0–26.1).

Correlation analysis

The analysis did not find any statistically
relevantcorrelationsbetweentheamount
of neck resorption and the cohort char-
acteristics. It showed only a weak corre-
lation with patient age with r= –0.29 and
with the time of X-ray follow-up r= 0.24.
Also, gender and size of implant did not
show statistical context. Finally, the indi-
cation did not correlate with the amount
of neck resorption.

Discussion

The present study found a high amount
of osteolysis around the neck of the press-
fit prosthesis used. In conclusion from
the analysis of the imaging and clinical
records, proximal osteolysis is common
in the investigated implant and is not
indicative of loosening within the inves-
tigated follow-up period. It does not cor-

Fig. 38Digitalmeasurements for bone loss:
the red arrow represents the length of the af-
fected segment of the shaft component (LA),
while theblue arrowmeasures theoverall length
of theshaft (OL),whichare set in relationaccord-
ing to: BL= (LA/OL)× 100

relate with patient demographics in the
present cohort.

Pathologies of the radial head, like
fractures or degeneration, represent clin-
ically relevant entities. In the case of
radial head fractures, which are com-
mon lesions accounting for up to 20%
of all elbow injuries, anatomical recon-
struction and repair of the commonly ac-
companying lesions should always be the
primary goal if significant displacement
is present [24]. Only unreconstructable
fractures should be replaced by a pros-
thetic implant, as the authors do not be-
lieve that the high energy injuries that
often accompany traumatic joint insta-
bility can be treated with head resection
alone. Several studies have shown the
biomechanical benefits of replacing an
absent radial head with an implant, both
for valgus stability and for function of the
interosseous membrane [5, 6, 25]. How-
ever, as clinical studies found, prosthetic
replacement of the radial head comes
with complications, with loosening be-
ing the most common one together with
overstuffing [26]. The most commonly

observed loosening is aseptic loosening
[9].

The study by Popovic et al. investi-
gated in detail the radiological and func-
tional outcome of cemented bipolar ra-
dial head prostheses [20]. The authors
included 51 patients that had received
a radial head replacement for unrecon-
structable fractures. An intensive anal-
ysis was performed regarding signs of
osteolysis and bone loss around the stem
of the implant. The results showed that
in 16 patients, accounting for 31%, bone
loss around the neck of the prosthesis
was found. Besides that, 53% of the pa-
tients showed peri-prosthetic lucencies,
and in 10% progressive loosening was
present. The authors concluded that the
proximal bone loss might be caused by
wear debris and a subsequent inflamma-
tory response, or due to altered loading
at the neck, as a result of the modified
mechanical properties that arise with the
implant. Aseptic loosening is most likely
a product of mechanical failure of the
implant, where the fixation of the im-
plant is overcome by its load [27]. But
also, as shown for other joints, inflam-
matory factors may play a role as a re-
sponse to particle wear [27]. Loosening
can also be as a result of infection, where
inflammatory agents and bacteria lead to
bone resorption and, consecutively, loss
of fixation of an implant [28]. However,
the aforementioned patterns of loosen-
ing at the elbow usually happen along
the shaft of the prosthesis. Osteolysis
below the neck of a radial head implant
has only been investigated in a handful
of studies. Laumonerie et al. found os-
teolysis around the neck of the implant
in 33% of patients after implantation of
the MopYc prosthesis [29]. The authors
performed a meta-analysis, reporting on
a total of 171 patients, and explained the
high rate of proximal loosening with the
auto-expanding mechanism of the press-
fit implant, leading to stress shielding.
Based on the authors’ findings, they also
do not believe that the described bone
loss is a sign of loosening. They believe
that the observed osteolysis is occurring
according to Wolff ’s law (Julius Wolff
1836–1902), as a result of decreased me-
chanical loading in that area [30]. As fre-
quently observed with hip replacement,
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prosthetic implants reduce the mechan-
ical stress on certain areas of bone as
the load is transferred via the prosthe-
sis [31]. This phenomenon is known as
“stress shielding”. Wolff ’s law says that
alteration of mechanical stress will lead
to bone remodelling. In the case of re-
duced load, bone resorption takes place.
This might be the case in the investigated
press-fit implant. As it finds stable an-
chorage at the mid-section of the shaft
component, the area under the neck sees
a reduction in load, thus resulting inbone
resorption. The data presented here can
neither confirm nor exclude whether the
proximal osteolysis leads to loosening of
the implant. In total hip arthroplasties
it could be shown that a high amount
of stress shielding contributes to or even
causes loosening [30]. Although on the
basis of the current data it is tempting to
see no association between proximal os-
teolysis and loosening in general, due to
only one case of loosening in the cohort,
the limitations of the study do not allow
a final assessment. On the one hand,
with 30 patients, a limited cohort size is
presented. Implantation numbers for ra-
dial head prostheses are small compared
to other implants like in the knee or the
hip. Therefore, it is always challenging
to achieve large cohorts for elbow pros-
thetic implants. It would be of benefit
to have a larger cohort to investigate in
this regard. Multicentric studies would
likely be beneficial to this end. Due to the
number of cases, it was not possible to
create subgroups according to accompa-
nying lesionsorpathologies, whichmight
obscure the results of the present study.
Another limitation is the lack of clinical
outcomedata, whichwould enable corre-
lations to be drawn between the amount
of resorption and functional scores. This
would make it easier to judge the effect
of that bone resorption on the patient’s
well-being. Also, only one implant was
investigated; therefore, it remains to be
investigatedwhether other press-fit pros-
theses show similar areas of resorption.

Practical conclusions

To summarize the present study, the au-
thors conclude that the finding of neck
resorption in a press-fit radial head pros-

thesis shows no correlation with the co-
hort characteristics. This may be due to
mechanical factors or infection, which
can lead to resorption of the bone stock
around the shaft component of the pros-
thesis. Mechanical loosening probably
occurs due to a combination of com-
pression and bending and may be influ-
enced by inflammatory processes caused
by wear debris.
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