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ABSTRACT

Objective: The aim of this study was to determine whether bipolar radial head arthroplasty may transfer less load to the
capitellum than monopolar radial head arthroplasty and native radial heads.

Methods: Six human elbow joints were obtained from six fresh frozen cadavers (3 males, 3 females; mean age = 78 years, age
range = 66-80). None of the elbow joints had a previous osseous injury, a chondral defect, osteoarthritis, or instability. In group 1,
load transfer of the native radial head was measured in each specimen under 100 N of compression force using a custom-made
load cell at 0°, 30°, 60°, 90°, and 120° flexion of the elbow in supination, neutral rotation, and pronation, respectively. After
excision of the radial heads, the same testing protocol was first applied for monopolar radial head arthroplasty (Group 2) and
then for bipolar radial head arthroplasty (Group 3).

Results: The mean load transfer on the capitellum was significantly higher in each forearm rotation and all angles of the elbow
flexion in the arthroplasty groups than the native radial head group. Mean load transfer values of bipolar prostheses were
between the values of native radial heads and monopolar prostheses in all positions. Bipolar prostheses showed similar load
transfer characteristics compared to those of the native radial head in supination at 60° flexion; in neutral rotation at 0°, 30°, 60°,
and 120° flexion; and in pronation at 90° and 120° flexion.

Conclusion: The results of this study have revealed that bipolar radial head arthroplasty transfers similar loading as the native
radial head on the capitellum in certain forearm positions and at elbow flexion angles. No significant differences could be found
between load transfer values of bipolar head design and monopolar head design except in the pronation at full extension.

Introduction now because they have acceptable valgus and axial

stability in addition to providing a successful axial load
Radial head fractures are relatively common and are

found in approximately one-third of all cases of elbow
fractures.' Radial head arthroplasty is a generally suc-
cessful treatment method, especially in young patients,
in cases where the head cannot be reconstructed and

transfer.>*° There is no definite consensus as to which of
the metallic monopolar or bipolar prostheses should be
preferred, although many studies have researched the
advantages and disadvantages of those designs.'"** Bi-

polar prostheses have been developed to minimize de-
when the fracture is highly comminuted.” Periprosthetic

radial neck resorption, humeral osteopenia, and capitel-
lar chondral degeneration are expected long-term com-
plications after arthroplasty.*® Considering that the

sign incompatibilities and improve compliance with the
capitellum. Therefore, we hypothesized that there will
be less load transfer to the capitellum with a bipolar

prosthesis than with a monopolar prosthesis. For this
patients are generally young and will use the implanted

prosthesis for many years, degeneration on the capitel-
lar cartilage surface can cause chronic pain and
disabilities.® Joint overstuffing, radial prosthesis and ca-
pitellar articular surface mismatch, initial trauma, and

purpose, we created a cadaver model to investigate the
load transfer effects of bipolar prostheses on the radio-
capitellar joint compared to monopolar prostheses and
native radial heads biomechanically at various flexion

. . . and rotation angles.
characteristics of the used implant may trigger these

complications.” In order to minimize capitellar degen-
eration, the chosen prosthesis should create an environ-
ment similar to normal considering the in vivo joint

Materials and Methods

Seven cadavers were planned to be used in this study
physiology, and all designs continue to be developed  with the permission of the local ethics committee, but
with this aim.? Various types of radial head prostheses

are available and metallic-type prostheses are preferred

one cadaver was excluded due to an ulna fracture
during the preparation phase. The remaining six
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elbows (all were right elbows) from six fresh frozen cadavers (3
females, 3 males; mean age: 78 years, range: 66-80 years) treated
with formaldehyde were included in the study. They were stored
at — 20°C and thawed for 24 hours at room temperature before the
experiment. All cadavers were clinically and macroscopically exam-
ined to exclude possibilities of elbow arthritis or instability. The
accuracy of the examination was confirmed by X-ray imaging and
the cadavers underwent 1.5-T Magnetic Resonance Imaging (MRI;
Gyroscan Intera, Philips Medical Systems, Best, the Netherlands).
None of them had previous osseous injuries, chondral defects, or
gross pathologies. There were no limitations in the passive range of
motion of the elbows.

Each cadaver was cut from the level of the humerus at which the
deltoid attaches. It was planned to transmit the load from the forearm
so that measurements could be done at different elbow flexion and
forearm rotation angles. For this process, Kirschner wires passed
through the second and third metacarpals in the hand were fixed to
the circular fixator, and in order to control the movements of the wrist
during compression and determine the amount of rotation,
a Steinmann pin was placed in the radial diaphysis. With the help
of a Steinmann nail placed from the rotation center of the capitellum,
it was aimed to be able to produce different flexion angles, and
a second frame was prepared and adapted to the first system. In
order to measure different flexion angles, a goniometer similar to
the one used by Morrey and Stormont*® was fixed to the humerus and
ulna and angular changes were applied to the system.

Load cell

A custom-made load cell previously used in the literature was
adapted for load measurement'**® (Figure 1). Strain gauges (FLA-
1-11 TML, Tokyo Sokki Kenkyujo Co., Tokyo, Japan) were positioned
on the 1-mm-thick load cell frame. It was aimed to measure the forces
coming from each direction by placing a rosette-type strain gauge on
the bottom of the surface corresponding to the capitellum joint sur-
face. Load cell outcomes during compression tests were assessed by
a portable data logger (TML TDS-303). An axial compression-traction
device (AG-I 10 kN, Shimadzu Corporation, Kyoto, Japan) was used to
calibrate the load cell. The load cell’s strain/force raw data were
processed using OriginPro 7.5 software. The obtained calibration
equation and strain/force graph were used in compression tests
(Figure 2).

Surgical technique

A lateral modified Kocher approach was used for exposure.’® The
annular ligament and capsule were transected without harming the
collateral ligaments to expose the radial head and neck. The radial
neck was excised using the native radial neck as template material.
The diameter and thickness (height) of the native radial head were
measured. If a measurement was between two sizes, the smaller-sized

HIGHLIGHTS

. The transmitted load on the capitellum increased when the elbow position
was changed to 30° flexion from full extension and then decreased while
flexion degree increased from 30° flexion in all groups.

. Neither bipolar nor monopolar radial head design has the ability to
transfer load on the capitellum as the native radial head did.

Although load transfer values of the bipolar head design were lower than
those of the monopolar design, the bipolar prosthesis design did not have
significant superiority over the monopolar prosthesis design except in the
pronation position at full extension regarding load transfer to the
capitellum.
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Maximum strain

Figure 2. Graph of load cell Newton strain curve and polynomial analysis.

prosthesis was preferred. The medulla of the radius was prepared with
a rasp based on the insertion of the biceps brachii muscle. An appro-
priately sized prosthesis that closely replicated the measurements of the
native radial head was selected in order not to overstuff the radiocapi-
tellar joint. The prosthesis was then inserted into the radial neck without
cement application. All implants were performed by press-fit technique,
so there was no mobilization of the prosthesis. All measurements were
performed in standard circumstances. After the replacement, the annu-
lar ligament and capsule were repaired using non-absorbable sutures.

Design of prostheses

Based on the studies published by Popovic et al. in 2005 and Skalski
et al. in 2004, modular, monopolar, and bipolar head prosthesis de-
signs were produced by Ortopro (Izmir, Turkey)'”*® (Figure 3). These
prostheses were made of stainless steel (316L). Five stem diameter
options between 6 mm and 10 mm and five head sizes between
18 mm and 26 mm were manufactured.

Testing protocol

The Shimadzu AG-IS axial compression device was used in this study
(Figure 4). Each of the specimens were loaded three times at each
elbow position for preconditioning. A compressive load of 100 new-
ton (N) was applied considering similar studies in the literature.***°
This amount of load is thought to reflect the forces passing through
the radiocapitellar joints during light-duty activities in daily life.** The
capitellum cartilage was shaved off by 1 mm in order to prevent
overstuffing, and the bone and the custom-made load cell were placed
into the radiocapitellar joint without changing the height of the
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Figure 3. Technical drawings and products of bipolar and monopolar prostheses.

radius. The amount of load passing through the native radiocapitellar
joint was then respectively measured in full supination, neutral rota-
tion, and 60° pronation at 0°, 30°, 60°, 90°, and 120° flexion of the
elbow (Group 1) (Figure 5). In the second phase, the radial head was
excised as described in the standard surgical radial head prosthesis
technique, and a modular monopolar prosthesis with an anatomical
stem was inserted, and measurements were repeated at the same
angles (Group 2). In the last phase, the monopolar prosthesis was
removed, and a bipolar prosthesis with the same stem size and head
diameter was inserted into the joint. Measurements were repeated
again at the same angles (Group 3).

Statistical analysis

All results were evaluated using SPSS 11.0.1 (SPSS Inc., Chicago, IL,
USA). Values of P < 0.05 were considered to be significant. The differ-
ences between prosthesis measurements (Groups 2 and 3) and the native
radial head (Group 1) were evaluated as dependent variables due to the
application of both prosthesis designs to the same cadavers and com-
pared using the non-parametric Wilcoxon test. The data obtained from
the two prosthesis designs (Groups 2 and 3) were compared as indepen-
dent variables using the non-parametric Mann-Whitney U-test.

Results

The amount of load that passed through the radiocapitellar joint at
full extension in all groups was numerically smaller than the amount
of load at 30° flexion. It was observed that the amount of load
increased in the first 30° of movement and then gradually decreased
as the flexion degrees increased. It was determined that the values
measured during pronation were higher than the values measured in
supination and neutral rotation. All groups showed similar increasing
and decreasing patterns with different elbow flexion and rotation
angles. It was found that the prosthesis load values of Groups 2 and
3 were significantly higher than those of Group 1 at every angle.
Another remarkable point was that the mean load values in Group 3
were between the values of Group 1 and Group 2 at all angles of
flexion and rotation (Table 1).

Comparison of the native radial head group with the arthroplasty
groups

Supination measurements

When the results were evaluated, there was no statistically significant
difference between the groups in full extension. At 30°, 90°, and 120°
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flexion, each of the arthroplasty groups showed significantly higher
mean load values than Group 1. Although no significant difference
was found between the bipolar prosthesis group and the native radial
head group at 60° flexion (P =0.75), the monopolar prosthesis and native
radial head measurements were found to be different (P =0.028).

Neutral rotation measurements

When the results at different flexion angles in neutral rotation were
evaluated, the monopolar prosthesis had significantly higher mean
load values at 0°, 30°, 60°, and 120° flexion compared to the native
radial head (all P-values were calculated as 0.028). The bipolar pros-
thesis group showed similar characteristics to the native radial head
(P=0.463, P=0.075, P =0.4.463, and P = 0.075, respectively) at these
flexion angles, but both arthroplasty groups were found to have
higher mean load values than Group 1 at 90° flexion (P = 0.028).

Pronation measurements

Comparison of the two prosthesis designs and Group 1 in pronation at
90° and 120° flexion showed that both designs had higher mean load
values than Group 1 (P = 0.028). However, no significant differences
were found at other angles.

Comparison between the arthroplasty groups

In the second phase, the Mann-Whitney U-test was applied to com-
pare two independent variables from non-parametric tests to deter-
mine if there was any significant difference between the two
prosthesis designs. No statistically significant differences were found
between the two prosthesis designs except at 0° flexion in the prona-
tion position (P = 0.037), although the bipolar prosthesis had lower
mean load values than the monopolar prosthesis in all positions.

Discussion

Our hypothesis that the bipolar prosthesis design did not have super-
iority over the monopolar prosthesis design regarding load transfer to
the capitellum except in the pronation position at full extension was
not proven. This study presents the most numerous combinations of
elbow flexion and forearm rotation among the biomechanical studies
performed on radial head arthroplasty to date. Knowledge of radial
head positions in transmitting force seems to be crucial when con-
sidering arthroplasty. According to the load values obtained in this
study, when the elbow flexion changed to 30° flexion from full
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Figure 4. Measurement image of Shimadzu axial compression device at 30° flexion
and in neutral rotation position.

extension, the transmitted load on the capitellum increased in the
same way in the arthroplasty groups, similar to the native radial head
group, and then decreased in the same way while flexion degree
increased from 30° flexion. Rotating the forearm changed the force
transmission while the elbow was flexed. This study confirmed that
pronation of the forearm consistently transmits more force to the
capitellum than supination and neutral rotation. The results were
congruent with the findings in the literature.***

Although radial head arthroplasty is a relatively old method, capitel-
lar articular surface degeneration appears as an important problem in
mid- to long-term follow-up in the event of disproportionate trans-
mitted loads. In this study, it was aimed to investigate the transmitted
loads of metallic anatomical monopolar and bipolar radial head
prostheses onto the capitellum and to compare them with the loads
transmitted by the native radial head. This study showed that the
bipolar prosthesis design generated loads similar to those of the
native radial head. Higher load values were obtained in all elbow
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Figure 5. Measurement image of native radial head at 30° flexion and in neutral
rotation by custom-made load cell inserted into the radiocapitellar joint.

Table 1. Mean Load values of the groups in different forearm rotation positions at
different flexion angles.

Flexion (Degree) Rotation Group 1(N) Group 2(N) Group 3(N)
0° Supination 54.56 69.01 59.66
Neutral 49.34 63.52 53.40
Pronation 61.95 72.72 62.94
30° Supination 69.13 84.83 81.14
Neutral 68.18 82.06 79.88
Pronation 74.87 85.18 83.79
60° Supination 63.15 78.84 74.21
Neutral 62.15 74.02 67.44
Pronation 66.98 80.47 74.70
90° Supination 44.22 63.52 57.38
Neutral 46.69 62.55 61.35
Pronation 49.43 69.65 63.21
120° Supination 38.40 57.43 50.80
Neutral 39.80 54.55 46.05
Pronation 40.03 61.22 55.38
N, Newton

flexion and rotation positions with the bipolar radial head prosthesis
than with the native radial head and lower values than those of the
monopolar prosthesis in this study. The bipolar prosthesis group
showed no statistically significant load increase compared to the
native radial head in supination at 0° and 60° flexion and in neutral
rotation at 0°, 30°, 60°, and 120° flexion positions. While there was
a difference in forward flexion angles in pronation, there was no
difference in other low-grade angles of pronation. The possible rea-
son why we did not determine a difference between the native radial
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head and the bipolar prosthesis at certain angles is that this prosthesis
has a moving head, and this design is, therefore, able to transfer loads
close to normal at the angles of physiological loading. Another possi-
bility is the migration of polyethylene used in the bipolar prosthesis
and reduction in prosthetic height. There may be a reduction in the
amount of load transferred in this way.

Both prosthesis designs are thought to have their own advantages and
disadvantages, and bipolar prostheses have been developed due to
problems with monopolar prostheses over time.'*'®* In this study,
the monopolar prosthesis had significantly higher load values than
the native radial head in every position except supination at 0° flexion
and pronation at 0°, 30°, and 60°. The main purpose of the develop-
ment of bipolar prostheses is to reduce stress on the implant/bone
surface thanks to the extra movement at the head of the prosthesis. In
this way, it is predicted that fewer problems such as capitellar erosion
and implant loosening will occur. However, it has also been suggested
that adequate elbow joint stability cannot be achieved with bipolar
prosthesis designs.”*** This issue was investigated by Pomianowski
et al. in 2001 and Hartzler et al. in 2004; no significant difference
between monopolar and bipolar prostheses was observed in terms of
joint stability, valgus stability, and rotation stability in those
studies.”*® In a study comparing monopolar and bipolar prostheses
with elbow fracture-dislocations, no clinically or functionally signifi-
cant difference was observed, reducing the concerns that bipolar
prostheses could pose problems for stability.”” In studies of metallic
radial head prostheses, it has been shown that contact pressures are
transferred to the capitellum more than in the native radiocapitellar
joint. The studies of Sahu et al.** and Bachman et al.? are compatible
with other literature findings. Sahu et al.*' showed a reduction in
contact areas in anatomical radial head design and higher contact
pressures compared to the native radial head. Chytas et al.*® in
a cadaver study, observed capitellum degeneration in vitro as
a result of repetitive loads in the metallic prosthesis group, but they
did not find capitellar degeneration in any, except for grade I damage
in a patient in the osteosynthesis group. It can be thought that there
are basically two reasons for the increase in transmitted loads. The
first is the inability of joint line restoration and the high placement of
the prosthesis, and the second is that the metal prosthesis used is
stiffer than the native radial head and can therefore be considered to
transmit more load to the capitellar surface. Standard measurements
and standard prostheses were used in order to not overstuff the joint
in this study. However, a biomechanical study showed that there may
be capitellar degeneration even if overstuffing is avoided.?® It has also
been clinically reported that degeneration and arthritic changes may
occur in the capitellum after radial head arthroplasties. Burkhart
et al.* reported capitellar arthritic changes in 5 of the 19 patients
they operated on, while Van Riet et al.’ reported severe capitellar
degeneration in 20 out of 47 patients.

As a result of this study, when we compared the two prosthesis designs
in terms of the loads transferred to the capitellar articular surface, we
could not demonstrate the advantages predicted for bipolar prosthesis
designs, and we could not determine a statistically significant difference
between the two designs except for the full-extension supination posi-
tion of the elbow, where the bipolar prosthesis was superior. Our failure
to detect statistical differences may be due to the small number of
cadavers or the setup of this study. In addition, there are many different
brands and types of prostheses currently in use, and it is not possible to
include every one of them in a single study. It can also be shown as
a limitation of this study that the used prosthesis lacked the concavity
seen in the native radial head’s anatomy. It would be more appropriate to
use either a prosthesis used in the practice or a prosthesis designed in
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accordance with the anatomy to ensure that the load transmission is
closer to reality. This in vitro study did not exactly resemble the clinical
setting, which usually has associated medial collateral ligament tears.*
The medial collateral ligament was intact in all cadavers, as revealed by
MRLI. Other limitations were that loads were measured indirectly, load-
ing was done only at 100 N, and the study was conducted in vitro. In
future studies, a larger number of fresh frozen cadavers should be used,
and a standard method should be determined for forearm loading tests.

The loads transferred to the capitellar articular surface vary with
prosthesis design, the arc of motion of the elbow, and forearm rota-
tions. Neither bipolar nor monopolar radial head design has the
ability to transfer load on the capitellum as the native radial head did.

Ethics Committee Approval: Ethics committee approval was received for this study
from the Clinical Researches Ethics Committee of Dokuz Eyliil University, {zmir,
Turkey (29.06.2006/158).

Informed Consent: N/A.

Author Contributions: Concept - M.O.A, M.A., N.T., AM.U, MO, AE,; De!.ta
Collection and/or Processing - M.O.A, M.A,; Literature Review - N.T., AM.U,;
Writing - M.O.A, N.T., AM.U,; Critical Review - N.T., AM.U., M.O., A.E.

Acknowledgment: We specially thank Prof. Dr. Onder Baran, who passed away in
2011. He took part in all stages of this study, and he still lives in our memories.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no financial
support.

References

1.  Klug A, Gramlich Y, Wincheringer D, Hoffmann R, Schmidt-Horlohé K. Epide-
miology and treatment of radial head fractures: A database analysis of over
70,000 inpatient cases. ] Hand Surg Am. 2021;46(1):27-35. 10.1016/j.jhsa.2020.
05.029

2. Cooney WP. Radial head fractures and the role of radial head prosthetic
replacement: Current update. Am ] Orthop (Belle Mead NJ). 2008;37(8 Suppl
1):21-25.

3. Van Riet RP, Sanchez-Sotelo J, Morrey BF. Failure of metal radial head

replacement. | Bone Joint Surg Br. 2010;92(5):661-667. 10.1302/0301-620X.

92B5.23067

Shore BJ, Mozzon JB, MacDermid JC, Faber KJ, King GJW. Chronic posttrau-

matic elbow disorders treated with metallic radial head arthroplasty. ] Bone

Joint Surg Am. 2008;90(2):271-280. 10.2106/JBJS.F.01535

5.  Flinkkild T, Kaisto T, Sirni6 K, Hyvonen P, Leppilahti J. Short- to mid-term results

of metallic press-it radial head arthroplasty in unstable injuries of the elbow.

J Bone Joint Surg Br. 2012;94 B(6):805-810. 10.1302/0301-620X.94B6.28176

Viveen J, Kodde IF, Koenraadt KLM, Beumer A, The B, Eygendaal D. Clinical

and radiographic outcome of revision surgery of radial head prostheses: Mid-

term results in 16 patients. ] Shoulder Elb Surg. 2017;26(3):394-402. 10.1016/j.

j8€.2016.09.047

Bachman DR, Park S, Thaveepunsan S, Fitzsimmons JS, An K-N, O’Driscoll

SW. Joint contact changes with undersized prosthetic radial heads. | Orthop

Trauma. 2018;32(11):e440-e444. 10.1097/BOT.0000000000001278

Bachman DR, Thaveepunsan S, Park S, Fitzsimmons JS, An KN, O’'Driscoll SW.

The effect of prosthetic radial head geometry on the distribution and magni-

tude of radiocapitellar joint contact pressures. ] Hand Surg Am. 2015;40(2):281-

288. 10.1016, jAthHAZ(]l-”L'l'I.[]()S

Lott A, Broder K, Goch A, Konda SR, Egol KA. Results after radial head

arthroplasty in unstable fractures. ] Shoulder EIb Surg. 2018;27(2):270-275. 10.

1016/j.jse.2017.10.011

Pomianowski S, Morrey BF, Neale PG, Park MJ, O'Driscoll SW, An KN. Con-

tribution of monoblock and bipolar radial head prostheses to valgus stability of

the elbow. J Bone Joint Surg Am. 2001;83(12):1829-1834. 10.2106/00004623-

200112000-00010

Chen H, Wang Z, Shang Y. Clinical and radiographic outcomes of unipolar and

bipolar radial head prosthesis in patients with radial head fracture: A systemic

review and meta-analysis. J Investig Surg. 2018;31(3):178-184. 10.1080/

08941939.2017.1299262

Moon JG, Kim J-H, Jung Y], Lim MJ, Lee H-D. Relationship between the tilt angle

of bipolar radial head prostheses and radiological radiocapitellar instability.

Acta OTtth Traumatol Turc. 2020;54(4):372-377. 10.5152 ’]'.ﬂOﬁAZ()ZU.'lf)]SS

Morrey BF, Stormont TJ. Force transmission through the radial head. ] Bone

Joint Surg Am. 1988;70(2):250-256. 10.2106/00004623-198870020-00014

10.

11.

12.

13.


https://doi.org/10.1016/j.jhsa.2020.05.029
https://doi.org/10.1016/j.jhsa.2020.05.029
https://doi.org/10.1302/0301-620X.92B5.23067
https://doi.org/10.1302/0301-620X.92B5.23067
https://doi.org/10.2106/JBJS.F.01535
https://doi.org/10.1302/0301-620X.94B6.28176
https://doi.org/10.1016/j.jse.2016.09.047
https://doi.org/10.1016/j.jse.2016.09.047
https://doi.org/10.1097/BOT.0000000000001278
https://doi.org/10.1016/j.jhsa.2014.11.005
https://doi.org/10.1016/j.jse.2017.10.011
https://doi.org/10.1016/j.jse.2017.10.011
https://doi.org/10.2106/00004623-200112000-00010
https://doi.org/10.2106/00004623-200112000-00010
https://doi.org/10.1080/08941939.2017.1299262
https://doi.org/10.1080/08941939.2017.1299262
https://doi.org/10.5152/j.aott.2020.19138
https://doi.org/10.2106/00004623-198870020-00014

Asik et al. / Acta Orthop Traumatol Turc

14.

15.

16.

17.

18.

19.

20.

21.

22.

Baran O, Sagol E, Oflaz H, Sarikanat M, Havitcioglu H. A biomechanical study
on preloaded compression effect on headless screws. Arch Orthop Trauma
Surg. 2009;129(12):1601-1605. 10.1007/s00402-009-097 1-0

Lo IKY, King GJW, Patterson SD, Johnson JA, Chess DG. A biomechanical
analysis of intrascaphoid compression using the 3.00 mm Synthes cannulated
screw and threaded washer: An in vitro cadaveric study. ] Hand Surg Am.
2001;26 B(1):22-24. 10.1054/jhsb.2000.0481

Cheung EV, Steinmann SP. Surgical Approaches to the Elbow. | Am Acad
Orthop Surg. 2009;17(5):325-333. 10.5435/00124635-200905000-00007
Popovic N, DjekicJ, Lemaire R, Gillet P. A comparative study between proximal
radial morphology and the floating radial head prosthesis. ] Shoulder Elb Surg.
2005;14(4):433-440. 10.1016/j.jse.2004.10.012

Skalski K, Swieszkowski W, Pomianowski S, Kedzior K, Kowalik S. Radial head
prosthesis with a mobile head. ] Shoulder Elb Surg. 2004;13(1):78-85. 10.1016/].
jse.2003.09.014

Gupta GG, Lucas G, Hahn DL. Biomechanical and computer analysis of radial
head prostheses. ] Shoulder Elb Surg. 1997;6(1):3748. 10.1016/S1058-2746(97)
90069-0

Kincaid BL, An KN. Elbow joint biomechanics for preclinical evaluation of total
elbow prostheses. ] Biomech. 2013;46(14):2331-2341. 10.1016/j.jbiomech.2013.07.
027

Sahu D, Holmes DM, Fitzsimmons JS, et al. Influence of radial head prosthetic
design on radiocapitellar joint contact mechanics. ] Shoulder Elb Surg. 2014;23
(4):456-462. 10.1016/j.jse.2013.11.028

Shepard MF, Markolf KL, Mallik Dunbar A. Effects of radial head excision and
distal radial shortening on load-sharing in cadaver forearms. ] Bone Joint Surg
Am.. 2001;83(1):92-100. 10.2106/00004623-200101000-00013

63

23.

24.

25.

26.

27.

28.

29.

30.

Swieszkowski W, Skalski K, Pomianowski S, Kedzior K. The anatomic features
of the radial head and their implication for prosthesis design. Clin Biomech.
2001;16(10):880-887. 10.1016/S0268-0033(01)00075-4

Rotini R, Marinelli A, Guerra E, Bettelli G, Cavaciocchi M. Radial head replace-
ment with unipolar and bipolar SBi system: A clinical and radiographic analy-
sis after a 2-year mean follow-up. Musculoskelet Surg. 2012;96(SUPP 1): 69-79
10.1007/s12306-012-0198-z

Berschback JC, Lynch TS, Kalainov DM, Wysocki RW, Merk BR, Cohen MS.
Clinical and radiographic comparisons of two different radial head implant
designs. J Shoulder Elb Surg. 2013;22(8):1108-1120. 10.1016/j.jse.2013.02.011
Hartzler RU, Morrey BF, Steinmann SP, Llusa-Perez M, Sanchez-Sotelo J. Radial
head reconstruction in elbow fracture-dislocation: Monopolar or bipolar prosthe-
sis? Clin Orthop Relat Res. 2014;472(7):2144-2150. 10.1007/s11999-014-3672-0
Antoni M, Kempf J-F, Clavert P. Comparison of bipolar and monopolar radial
head prostheses in elbow fracture-dislocation. Orthop Traumatol Surg Res.
2020;106(2):311-317. 10.1016/j.0tsr.2019.10.027

Chytas ID, Antonopoulos C, Cheva A, Givissis P. Capitellar erosion after radial
head arthroplasty: A comparative biomechanical study of operated radial head
fractures on cadaveric specimens. Orthop Traumatol Surg Res. 2018;104
(6):853-857. 10.1016/j.0tsr.2018.02.007

Burkhart KJ, Mattyasovszky SG, Runkel M, et al. Mid- to long-term results after
bipolar radial head arthroplasty. | Shoulder Elb Surg. 2010;19(7):965-972. 10.
1016/j.jse.2010.05.022

Van Glabbeek F, Van Riet RP, Baumfeld JA, et al. Detrimental effects of over-
stuffing or understuffing with a radial head replacement in the medial
collateral-ligament deficient elbow. J Bone Joint Surg Am. 2004;86(12):2629-
2635. 10.2106/00004623-200412000-00007


https://doi.org/10.1007/s00402-009-0971-0
https://doi.org/10.1054/jhsb.2000.0481
https://doi.org/10.5435/00124635-200905000-00007
https://doi.org/10.1016/j.jse.2004.10.012
https://doi.org/10.1016/j.jse.2003.09.014
https://doi.org/10.1016/j.jse.2003.09.014
https://doi.org/10.1016/S1058-2746(97)90069-0
https://doi.org/10.1016/S1058-2746(97)90069-0
https://doi.org/10.1016/j.jbiomech.2013.07.027
https://doi.org/10.1016/j.jbiomech.2013.07.027
https://doi.org/10.1016/j.jse.2013.11.028
https://doi.org/10.2106/00004623-200101000-00013
https://doi.org/10.1016/S0268-0033(01)00075-4
https://doi.org/10.1007/s12306-012-0198-z
https://doi.org/10.1016/j.jse.2013.02.011
https://doi.org/10.1007/s11999-014-3672-0
https://doi.org/10.1016/j.otsr.2019.10.027
https://doi.org/10.1016/j.otsr.2018.02.007
https://doi.org/10.1016/j.jse.2010.05.022
https://doi.org/10.1016/j.jse.2010.05.022
https://doi.org/10.2106/00004623-200412000-00007

	AOTT-D-20-00410

