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Abstract  

Objectives: Radial head fractures often require prosthetic replacement, but post -surgical complications 
like radial neck osteolysis, capitellum osteopenia, and ulnohumeral  osteoarthritis can arise due to 
altered elbow biomechanics. This study used the finite element method to evaluate how radial head 
prostheses (RHPs) shape and material affect elbow joint biomechanics.  

Methods: A 3D elbow model was developed, including bones, ligaments, and cartilage. Implants featuring two 
geometries (anatomical vs. axisymmetric) and three materials (polymethylmethacrylate [PMMA], polyether ether 
ketone [PEEK], and Cobalt) were tested. Bones were considered isotropic and heterogeneous, ligaments and 
implants linear elastic, and cartilages were considered hyperplastic materials. Stress distributions, contact stresses, 
and contact areas were assessed during elbow flexion and forearm rotation. 

Results: During forearm rotation, Cobalt RHPs exhibited lower stresses in the radial neck, indicating higher stress 
shielding, and all axisymmetric implants showed increased edge loadings. In rotation, only the PMMA anatomic 
RHP showed close contact stresses to the intact model, while all other models resulted in lower stress levels. In 
flexion, anatomical designs produced more uniform stress distributions in the radial neck that resembled intact 
conditions and matched intact capitellum contact stresses, in contrast to axisymmetric designs. The reduction in the 
contact area in the ulnohumeral cartilage was most noticeable with all axisymmetric RHPs in flexion. 

Conclusion: The lower contact areas, higher contact stresses, and lower stresses at the radial neck observed in 
the presence of most axisymmetric RHPs and anatomic Cobalt RHP can be correlated to postoperative 
complications. The findings suggest that polymeric anatomical RHPs may be superior to conventional metallic 
axisymmetric options in preserving elbow biomechanics and reducing postoperative complications. However, their 
long-term effects need to be further explored. 

        Level of evidence: VI 
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Introduction

adial head fractures comprise one-third of elbow 
fractures, caused by a fall on an outstretched arm or 
typically resulting from axial and valgus forces or 

posterior rotational patterns.1,2 Radial head replacement is 
performed for displaced and comminuted radial head 
fractures with disrupted ligamentous stabilizers to restore 
load transfer and decrease the forces exerted on the 

ulnohumeral joint. Aside from the advantages of radial 
head replacement, some poor outcomes have been 
reported.3,4 Different aspects of radial head prostheses 
(RHPs), such as material and design, including stem length 
(short or long stem), head design (monoblock or bipolar), 
head symmetry (axisymmetric vs. nonaxisymmetric), and 
fixation (loose fit, press-fit or cemented) may affect the  
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normal biomechanics of elbow, joint stability, contact 
mechanics and kinematics, and implant or cartilage wear 
which can ultimately contribute to the post-traumatic 
sequelae.5  

The first radial head implant of vitalium was introduced in 
1941,6 followed by silastic implants in 1969, which were 
later abandoned due to unfavorable outcomes.7 Materials, 
such as titanium, cobalt-chrome, and stainless steel, were 
used. However,  these materials were associated with 
relatively fast cartilage wear and neck resorption post-
surgery, likely due to their higher stiffness than the adjacent 
native cartilage and bone.8 Previous tribological, in vivo, 
and finite element (FE) studies generally suggest that 
materials with considerably lower stiffness levels than 
metals, particularly polymers, can better preserve the 
opposing articular cartilage and prosthesis’s longevity.8 The 
most studied polymers are ultra‐high‐molecular‐weight 
polyethylene, polycarbonate urethane (commercially 
known as Bionate), and also polyether ether ketone 
(PEEK),5 which is widely applied in orthopedic surgery due 
to its biocompatibility, elastic modulus comparable to the 
cortical bone, and sterilizability.9 There are also reports 
about using biocompatible polymethylmethacrylate 
(PMMA) bone cement with encouraging results.10, 11 For 
instance, antibiotic-impregnated PMMA has been used to 
make a custom-made radial head prosthesis with promising 
results and decreased chance of osteolysis and infection.12 
However, the biomechanical performance of PMMA or 
PEEK-made radial head prostheses has not been thoroughly 
evaluated. Another crucial aspect of RHP's success is its 
geometry. While the natural radial head is asymmetric, the 
most commonly used prostheses for radial head 
replacement are axisymmetric. With the development of 
computer-aided modeling, anatomic prostheses have been 
proposed as alternatives to traditional implants. Several 
retrospective studies have shown satisfactory short- and 
mid-term outcomes with anatomic RHPs. However, further 
research is needed to determine their mechanical 
superiority over standard RHPs.13 

In the present study, FE analysis has been used to assess 
the effect of RHP materials (including metal, i.e., cobalt, 
PMMA, and PEEK) and geometries (including axisymmetric 
vs. anatomic designs) on the biomechanics of the elbow 
joints based on stress distribution, contact stress, and 
contact area data. The results were compared with the 
intact joint. The findings of this study can be used to 
optimize the radial head prosthesis design to improve the 
outcomes after surgery. 

Materials and Methods 
Three-Dimensional Model Generation 

A 25-year-old healthy woman underwent an elbow 
computed tomography (CT) scan using a clinical scanner (GE 
Healthcare, Pewaukee, WI, USA) with 140 kV, 80 mAs, 0.5 x 
0.5 mm/pixel resolution, and 1 mm slice thickness. The 
elbow was positioned in extension and full supination 

during CT scanning. The CT images in the DICOM format 
were imported into Mimics (Materialise V.21, Leuven, 
Belgium) to model a 3D intact elbow joint [Figure 1A]. 

The elbow bones were segmented based on the bone 
Hounsfield Unit (HU) threshold [Figure 1B]. Then, the model 
was transferred to 3-Matic software to smoothen the outer 
surfaces and convert them to a solid format [Figure 1C]. In 
this study, the humerus and ulna articular cartilages were 
modelled with a 0.85 mm thickness7 in 3-Matic [Figure 1D], 
which was an average thickness reported in the literature 
(ranging from 0.19 to 1.73 mm).14-16 

A copy of the solid model of the bones was introduced into 
SolidWorks v2015 (SolidWorks® Dassault Systemes, 
SolidWorks Corp., Waltham, MA, USA) to simulate radial 
head excision and design the radial head implants. The radial 
head was cut at the level of the head-neck junction to mimic 
head excision surgery for implantation [Figure 1E]. Two 
radial head implant shapes were modeled in this study:1) 
anatomic [Figure 1F and 2] axisymmetric [Figure 1G]. Three 
materials were used for RHPs, including PMMA, PEEK, and 
Cobalt. The implant models were designed in SolidWorks 
software based on the intact radial head bone anatomy for 
the anatomic non-axisymmetric design and the available 
standard models of the metal radial head prosthesis for the 
axisymmetric design. The axisymmetric implant head 
diameter, head height, stem diameter, and stem length were 
set to be 18, 8.5, 4.5, and 20 mm, respectively, based on the 
provided data for the Evolve radial head prosthesis 
(EVOLVE® Modular Radial Head, Wright, Memphis, TN, 
USA). 

The ligaments of the elbow joint were created in 
Solidworks based on their anatomical landmarks as 
reference points and added to both intact and implanted 3D 
models, including medial ulnar collateral ligament anterior 
bundle (MCLA), medial ulnar collateral ligament posterior 
bundle (MCLP), proximal radioulnar ligaments connecting 
the radius and ulna bones [Figure 1H], lateral ulnar collateral 
ligament (LUCL), and the annular ligament (AL) [Figure 
1I].17 

Non-homogeneous material properties based on local 
bone density )ρ) were assigned to the bones using 
previously derived equations (Eqs. 1 and 2) for elbow joint 
bones.18,19  [Figure 1J]. 

 

 

  In these equations, a and b are the calibration coefficients, ρ 
is the bone density (gr/cm3), and E is Young's modulus 
(MPa). 
  Cartilage was considered as a hyperelastic tissue (with a 
Neo-Hookean strain energy function),20 while the ligaments, 
PMMA, PEEK, and Cobalt (metal) were assumed as linear 
elastic materials, based on previous studies [Table 1].20-24 

  

 

 

 



(499) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 13. NUMBER 8.  AUGUST 2025 

 

 

BIOMECHANICS OF RADIAL HEAD PROSTHESES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Different steps of creating the 3D model of the elbow joint: A) a frontal view of the CT scan images; B) Anterior view of the three masks defined 

for bones in Mimics; The purple mask shows the humerus, blue mask shows the ulna and yellow mask shows radius mask;  C) Anterior view of the 3D 

model of elbow bones after processing and smoothening the surfaces in the 3-Matic; D) the elbow bones with humerus cartilage (red), ulna cartilage 

(yellow) and radius cartilage (purple); E) radial head was cut to mimic bone preparation of implantation, then the model was meshed in 3-Matic; F) 

anatomical PMMA RHP; G) Metal RHP; H) lateral view of the elbow with ligaments I)  Medial view of the elbow ligaments, J) 3D model of the elbow joint 

bones with heterogeneous material properties assigned 

 

 

Finite Element Analysis 
  The 3D models were imported into Abaqus (Dassault 
Systèmes Simulia Corp, V6.14, Providence, RI, USA) for 
applying boundary conditions and FE analysis. The proximal 

end of the humerus was constrained in all degrees of 
freedom. A reference point (RP) was defined at the end of the 
radius and coupled to the ulna and radius. Then, a 40° 

Table 1. Material properties used for different parts of the FE models 

Component Young's modulus (MPa) Poisson’s ratio Shear Modulus (MPa) Bulk Modulus (MPa) 

Bone 16,17 E = 9.354 × 10-7 ρ 3.15 0.3 - - 

Ligaments (MCLA, MCLP, LUCL, and 

between ulna and radius) 19 
100 0.4 - - 

Ligament (AL) 20 250 0.4 - - 

PMMA 21 1240 0.3 - - 

Cobalt 18 230000 0.3 - - 

PEEK 22 4100 0.4 - - 

Cartilage 18 - - 0.37 0.31 
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displacement around the frontal axis (z-axis) was applied to 
the RP to simulate elbow flexion [Figure 2A]. To model 
forearm rotation, the ulna was constrained in all degrees of 
freedom, and the radius was allowed to rotate 80° around its 
long axis towards the neutral position since the CT scan was 

performed in full supination [Figure 2B]. Stress distribution 
in the models, contact area, and stress during flexion and 
rotation were studied and compared in the models under 
investigation, including one intact joint model and the six 
models containing RHPs. 

 
 

 
 

 
 
 
  
 

 

 

 

 

 

Figure 2. Loading and boundary conditions applied to the models: A) Elbow flexion was simulated by applying a rotation to the RP around the Z axis, 

which corresponds to the frontal axis; B) Forearm rotation was simulated by applying a rotation to the RP around the Y axis, which corresponds to the 

longitudinal axis of the bone 

Results 
The contact area and maximum contact stress in 

ulnohumeral, radiocapitellar, and radioulnar articulations 
and the stress at the radial head were compared between 
the six implanted models and the intact model during 
elbow flexion and forearm rotation.   

Contact Stress in Elbow Joints in Flexion 
Contact Stress on the Capitellum Cartilage 
  As is shown in [Figure 3A], increasing the flexion angle 
generally increased the maximum contact stress in the 
capitellum cartilage in the intact and all implanted models. 
With increasing flexion angle, the maximum contact stresses 
on the capitellum cartilage were larger in the presence of 
axisymmetric implants than in the intact elbow. In contrast, 

anatomic implants showed contact stresses relatively closer 
to the intact elbow. Although the shape of the implants 
played a great role in the value of the contact stresses, the 
implant's material had little effect.   

Contact Stress on the Ulnar Cartilage 
  An increase in the flexion angle increased the contact stress 
on the ulnar cartilage in all models. In contrast to the 
capitellum cartilage, at 30° and 40°s of flexion, the maximum 
contact stress on the ulnohumeral cartilage was larger in the 
intact elbow than in the implanted models. Still, anatomic 
implants showed maximum contact stresses relatively closer 
to the intact elbow, while axisymmetric implants resulted in 
lower ulnohumeral contact stress [Figure 3B]. 

 

 

 

 

 

 

 

 

 Figure 3. Maximum contact stress values of A) capitellum cartilage B) ulnar cartilage in an intact, Co_Anat (Metal_Anatomic), Co_ Sym (Metal_ 
Symmetric), PMMA_Anat (PMMA_Anatomic), PMMA _Sym (PMMA _Symmetric), PEEK_Anat (PEEK_Anatomic) and PEEK _Sym (PEEK 
_Symmetric) model in flexion 
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Contact Area in Elbow Joints in Flexion 
Contact Area of the Ulnohumeral Joint 
  In the ulnohumeral joint, increasing the flexion angle 
increased the contact area in the intact and all implanted 
models. However, at each flexion angle, the contact area in 
the intact model was relatively larger (15-19%) than those in 
the RHP models. The reduction in the contact areas for 
implanted models is shown in [Figure 4A]. The anatomical-
implanted models showed less than a 10 percent reduction 
in the contact area. In contrast, axisymmetric models showed 
a 13-19% reduction in the contact area of the ulnohumeral 
joint compared to the intact elbow. The material of the 

implants for both anatomical and axisymmetric implants 
showed no effect on the contact area of the ulnohumeral 
joint.  

Contact Area of the Radiocapitellar Joint 
  Similar to the ulnohumeral joint, the contact area in the 
radiocapitellar joint was increased with increasing the 
flexion angle in the intact and all implanted models. However, 
the contact areas were noticeably smaller in the presence of 
anatomic and axisymmetric implants than the intact elbow 
[Figure 4B]. We did not observe any material-related effects 
on the contact area of the radiocapitellar joint. 

 

 

 

 

 

 

 
Figure 4. The reduction in the contact area values in percent compared to the intact model in A) ulnohumeral cartilage and B) capitellum 
cartilage, at 20 and 40° flexion for the intact and implanted models using anatomical and axisymmetric prostheses 

 
Contact Area of the Radioulnar Joint 
  In the radioulnar joint, increasing the flexion angle 
increased the contact area in the healthy model (from 7.24 
mm2 at 20°s to 10.75 mm2 at 40°s of flexion). However, it 
almost did not affect the contact area in the implanted 
models. At all angles, the contact area in the healthy model 
was greater than the implanted ones. The contact areas of 
axisymmetric implants (in the range of 5.12 to 5.26 mm2) 
were relatively closer to the intact elbow than those of the 
anatomic models, which were close to zero. 

Contact Stress in Elbow Joints in Forearm Rotation 
Contact Stress on the Humerus Cartilage 
  The maximum contact stress on the humerus cartilage 
remained almost unchanged for all models during forearm 
rotation. The maximum contact stresses in the presence of  

 
the anatomic PMMA implant were very close to the intact 
model, while all other implants led to considerably smaller 
values [Figure 5A]. 

Contact Stress on the Ulnar Cartilage 
  An increase in the rotational angle increased contact stress 
on the ulnar cartilage, with its maximum value occurring in 
the radioulnar region of the cartilage in all models. 
Axisymmetric implants showed higher stress values than 
anatomic ones. At 80° of forearm rotation, the contact 
stresses of all anatomic implants remained similar to or 
lower than those of the intact model [Figure 5B]. The closest 
stress values to the intact model (4.96 MPa) were observed 
in axisymmetric PEEK (4.64 MPa) and Cobalt (4.23 MPa) 
implants, and the highest stress was observed in 
axisymmetric PMMA implant (11.6 MPa). 

 

 

 

 

 

 

 

 
Contact Area in Elbow Joints in Forearm Rotation 
  A comparison of contact area among the models during 

forearm rotation showed geometry as the most influential 
factor. However, the amount of change in the contact area in 

Figure 5. Maximum contact stresses at different angles of forearm rotation at A) humeral cartilage and B) ulnar cartilage 
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the presence of the implants was angle and joint-dependent.  

Contact Area of the Radiocapitellar Joint 
   In the intact radiocapitellar joint, an increase in the rotation 
angle increased the contact area. We observed no effect of the 
rotation angle on the contact area in both anatomic and 
axisymmetric implants, as the contact areas between 
capitellum cartilage and all implants at all rotation angels 
equaled zero, which arises from the absence of cartilage 
thickness on the radial head prosthesis that leads to a gap 
between the articulating surfaces as mentioned previously. 

Contact Area of the Ulnohumeral Joint 
  In the ulnohumeral joint, increasing the rotation angle 

decreased the contact area in all models.  The contact areas 
of the ulnohumeral joint for all implants at different rotation 
angles were close to the intact joint, with less than 13% and 
5% difference for axisymmetric and anatomic implants, 
respectively, in 80o rotation [Figure 6]. During forearm 
rotation in axisymmetric implants, the contact area in the 
ulnohumeral cartilage was material-dependent. At 40 
degrees, the PEEK and PMMA axisymmetric implants led to 
contact areas very close to the intact model, while cobalt-
made RHP led to a larger contact area. All three axisymmetric 
implants at 80 degrees of rotation also showed a similar 
contact area to the intact model, while other implants led to 
slightly higher values.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Contact area in ulnohumeral joint at 40° and 80° of rotation 

 
 
Contact Area of the Radioulnar Joint 
  In the radioulnar joint, increasing the rotation angle from 40 
to 80° slightly decreased the contact area in the intact model 
(by as low as 2 mm2). In contrast, it generally increased the 
contact areas in all other implants. The geometry was the 
main influential factor, such that at 40o the anatomic and 80°, 
the axisymmetric implants were closer to the intact joint.  At 
all studied angles, the contact areas in the presence of 

axisymmetric implants were least sensitive to the rotation 
applied, as their corresponding contact areas increased by 
only about 1 mm2 as the angle increased from 40 to 80o, 
resulting in contact areas smaller than the intact joint. In 
contrast, anatomic implants were most sensitive to the 
rotation angle, close to the intact joint at 40°, and 
considerably larger contact areas were observed at 80° of 
rotation [Figure 7]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. The contact area of the radioulnar joint in different degrees of forearm rotation 

 
Von Mises Stresses in the Elbow joint 
Von Mises Stresses in Elbow Bones in Flexion 

  
 The von Mises stress distribution data in the intact and 
replaced radial head during flexion were indicative of the 
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role of the shape and material of the prosthesis on the stress 
levels. For instance, while the von Mises stress levels in the 
humerus, ulna, and radius bones increased with increasing 
the flexion angle in all models, the closest maximum stress 
values to the intact model (89.3 MPa)  at 40O flexion were 
related to the anatomic and axisymmetric PMMA (93.3 and 
93.1 MPa) implants. In comparison, all other models 
exhibited larger maximum stresses (range: 94.3-94.6 MPa). 
In the intact model, increasing the flexion angle increased the 
stress in the trochlea and capitellum, with most of the stress 
transferring through the ulnotrochlear articulation. In all 
implanted models, the stress levels in the ulnotrochlear 
articulation increased with the increase in the flexion angle. 
The anatomic and axisymmetric implants exhibited higher 
maximum capitellum stresses than the normal elbow joint.  
At a 40° flexion angle, the maximum capitellum stress in the 

intact model was 0.7 MPa. At the same time, it equaled 2.18 
MPa, 2.30 MPa, 2.21 MPa for the anatomic and 3.24 MPa, 3.50 
MPa, and 3.31 MPa for the axisymmetric PMMA, metal, and 
PEEK prostheses, respectively. 

Von-Mises Stress in Elbow Bones in Rotation 
  In all models, enhancing the rotation angle, similar to the 
flexion movement, increased the stress levels in the humerus, 
ulna, and radius bones and demonstrated higher stress levels 
than the intact model.  
  The implant shape showed a noticeable impact on the stress 
distribution in the distal humerus. Anatomic PMMA, 
axisymmetric PEEK, and metal implants showed the closest 
stresses to the intact model at 40- and 80-degree rotations 
[Figure 8].  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Figure 8. Stress contour on the distal surface of the humerus for intact and implanted models at 40° and 80 ° rotation 
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Von-Mises Stress in the Radial Neck and Head in Flexion 
and Rotation 
  In all models, increasing the flexion and rotation angles 
increased the stress levels in both the radial neck and head. 
In all implanted models, anatomic implants resulted in lower 
stresses in the radial head and neck (regardless of the 
implant material), closer to the intact model.  
  With increasing the rotation angle, both dish-loading and 
edge-loading of the intact radial head, indicated by black and 
red arrows, respectively, in [Figure 9], also increased. 
Interestingly, the implanted models showed decreased dish-
loading and increased edge-loading with the enhancement of 

the rotational angle. Despite this, the maximum stresses 
were lower at the radial head at an 80o rotation in all 
implanted models than in the intact model. As seen in [Figure 
9], the cobalt-made RHPs, regardless of their shape, resulted 
in much lower stress in the radial neck during forearm 
rotation. All axisymmetric implants had higher edge loading 
than their anatomic designs. In flexion, anatomic RHPs 
showed a more uniform stress distribution in the radial neck. 
Although the stress was higher at the radial head in all 
implanted models, lower dish-loading was observed with 
anatomic implants, thus better resembling the stress 
distribution on the intact radial head.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Von Mises stress in radial neck and head for intact and implanted models in 40° of flexion and 80° of rotation

 

 

Discussion 
  Elbow hemiarthroplasty is generally presumed to result in 
reduced joint contact area and increased joint contact stress, 
leading to cartilage erosion and osteoarthritis pain. These 
postoperative complications are attributed to weak 
geometrical consistency and significant stiffness mismatch 
between the native radial head and the prosthesis, resulting 

in abnormal stresses and cartilage softening and 
degradation.5 Hence, this study aimed to investigate the 
effects of the shape and material properties of RHPs on the 
biomechanics of the elbow joints. The biomechanical 
performance of anatomical and axisymmetric RHPs made of 
cobalt, PMMA, and PEEK in forearm rotation and elbow 
flexion were evaluated and compared with the intact radial 
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head elbow model using the FE method. 
  The study's findings highlighted the significant impact of the 
implant's shape and material on elbow joint biomechanics. 
The implant's shape had the greatest effect on the contact 
area of the elbow joints, whereas its material primarily 
influenced contact stresses, particularly in the radial head. 
Additionally, the biomechanics of the elbow joints were 
sometimes dependent on the angle, with no clear pattern 
observed regarding the implant's stiffening or shape, 
especially in the von Mises stress of the distal humerus. 
  Analysis of the contact mechanics of the intact and 
implanted elbow models during flexion revealed that 
implant geometry significantly influenced maximum contact 
stresses and areas. At the same time, the material of the RHPs 
showed no effect. In the ulnohumeral joint, the anatomic 
implants were relatively superior at all flexion angles, 
showing contact areas closer to the intact model. In the 
radiohumeral joint, differences between the healthy and 
implanted models were more pronounced and varied with 
flexion angle; at 20° of flexion, the axisymmetric implants 
were better, but with increased flexion, the anatomic 
implants were superior as they led to higher contact areas 
closer to the intact joint, consistent with Langohr et al.’s 
findings.20 In the radioulnar joint, increasing flexion slightly 
increased the contact area in the intact model but did not 
affect the implanted models. The axisymmetric implants had 
larger contact areas like the healthy joint, while anatomic 
prostheses showed no contact areas. This discrepancy is 
because the anatomic implants were designed from CT scans 
that captured the bony regions, excluding the cartilage. This 
omission may disrupt joint contact. It has been suggested 
that incorporating a superficial layer to mimic cartilage in the 
design of anatomical implants could enhance their 
performance in restoring joint contact mechanics.20 
  In both the humeral and ulnar cartilages, the contact 
stresses in the presence of anatomic implants were closer to 
the healthy joint, regardless of the implant material. The 
presence of radial head implants led to higher contact 
stresses in the humeral cartilage compared to the intact 
model, which is consistent with the previously reported 
data.20 Still, the intact joint was associated with the highest 
contact stresses in the ulnar cartilage. In both the humeral 
and ulnar cartilages, the contact stresses in the presence of 
anatomic implants were closer to the healthy joint. Such 
abnormal and higher stresses produced in the joint after 
surgery, as in the case of axisymmetric implants, can 
negatively affect the mechanically sensitive cells and cause 
them to produce enzymes that lead to cartilage softening and 
degeneration.5 
  Radial neck osteolysis has been reported as a complication 
following radial head replacement,25 potentially leading to 
postoperative fractures. This issue is believed to involve 
stress shielding effects,25  which is reported using all types of 
metallic implants regardless of their fixation method.26 Our 
findings on stress distribution just below the RHPs support 
this hypothesis only for metal implants during forearm 
rotation, where significantly lower stresses were observed in 
the radial neck compared to the intact model for anatomic 

and axisymmetric implants. However, no such stress 
reduction, which could lead to bone osteolysis due to stress 
shielding, was observed in other positions and models. In 
forearm rotation, the material and shape of the implants 
influenced the biomechanical data. The maximum contact 
stresses in the humeral cartilage with the anatomic PMMA 
implant were very close to those of the intact model. In 
contrast, all other implants resulted in lower contact stress 
levels, which may still be acceptable. In the ulnar cartilage, we 
observed angle- and material-dependent behavior. Anatomic 
implants produced stresses closer to the intact model, while 
the highest stresses were seen with axisymmetric implants 
made of Cobalt and PMMA at 60° and 80° of rotation, 
respectively. These higher stresses could lead to cartilage 
wear over time, potentially causing elbow joint pain and 
reduced range of motion.27 
  A comparison of contact areas during forearm rotation 
revealed geometry as the most influential factor. However, 
the changes in the contact area with implants varied 
depending on the angle and joint. Although a cadaveric study 
on radiocapitellar joint contact mechanics has shown that 
anatomic implants provide satisfactory results regarding 
contact area and pressure,28 our findings did not show such 
superior characteristics with anatomic models. In the 
radiohumeral joint, all implanted models showed zero 
contact area. It should be attributed to the absence of radial 
cartilage, which reduces thickness and increases the gap 
between the radial head and the distal humerus. However, in 
the radioulnar joint, the contact area was smaller with 
axisymmetric implants compared to anatomic models. As 
previously reported, it remained unaffected by the rotation 
angle due to its geometrical symmetry.20 This lower contact 
area can enhance stress, which is thought to increase the risk 
of long-term joint degradation.28  
  According to the study's findings, the shape of the implant 
had the greatest impact on the contact mechanics data. In 
contrast, the implant's material had a greater effect on von 
Mises stress in certain regions. Previous FE studies by Sahu 
et al.29 and Langohr et al.20 have also emphasized the 
influence of implant geometry and the orientation of the 
anatomic implants on the contact mechanics of the 
radiocapitellar joint. Additionally, research has shown that 
anatomic radial head prostheses have superior contact 
mechanics compared to axisymmetric and nonaxisymmetric 
designs, with increased contact area and decreased contact 
pressure.29 An in-vitro study examining the impact of RHP 
shape demonstrated a significantly lower contact area with 
axisymmetric prosthesis than quasi-anatomic or patient-
specific ones.30 However, a cadaveric study reported no 
statistically significant effect of the radial head prosthesis's 
geometry on the radiocapitellar joint's contact mechanics 
when using deformable materials like ABS plastic.29  Due to 
ABS’s minor shape changes under compression, no 
differences in the contact area were observed among 
reverse-engineered, quasi-anatomical, and axisymmetric 
implant designs. The researchers found that all implant 
shapes (anatomic and axisymmetric) made of ABS resulted 
in reduced contact areas and elevated contact stresses 
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compared to a healthy joint when the forearm was rotated 
from its primary 90o-flexion position.30,31  
  In this study, anatomic implants generally showed better 
contact mechanics, particularly in the radiohumeral joint or 
the capitellum stress in elbow flexion and forearm rotation. 
However, there were some instances where the results were 
angle-dependent, and these models exhibited inferior 
contact mechanics compared to the axisymmetric implants. 
Similarly, Langhor et al.20 reported that while anatomic 
implants could improve contact conditions in the 
radiocapitellar joint in specific rotations and flexions, they 
could also lead to higher contact stresses and smaller contact 
areas in some orientations. As a result, axisymmetric 
implants will remain as better choices, considering their 
better consistency in rotation.20 
  Regarding von Mises stress data in the intact and implanted 
models, the anatomic and axisymmetric PMMA and PEEK 
implants showed stress values closest to the intact models in 
the radial head during flexion. In rotation, the axisymmetric 
implants led to closer stress values to the intact model, 
though the trend was angle-dependent. In the capitellum, the 
stress was higher in all implanted models. Still, regardless of 
their material, anatomic implants exhibited closer values to 
the intact model, reducing the risk of cartilage erosion. A 
cadaveric study by Chytas et al. reported cartilage loss in the 
capitulum with metallic monopolar radial head prostheses 
after 700.000 pronation and supination forearm 
movements.27 The material was the most influential factor in 
the radial head during flexion, with PEEK and PMMA 
anatomic and axisymmetric implants showing the best 
results. In contrast, the cobalt implants resulted in 
considerably higher stresses due to their stiffness. No 
material effect was observed in this site during rotational 
movements [Figure 9]. Hence, both the material and the 
design of the radial head implant affect the progression of the 
joint's osteoarthritis. The weak geometrical consistency and 
significant stiffness mismatch between metal axisymmetric 
radial head prosthesis, which is currently used, and the 
native cartilage may lead to cartilage erosion and 
postoperative osteoarthritis.5  Materials with properties 
similar to the native radial head are recommended for the 
ideal radial head replacement.28 A recent study on the 
prevalence of osteoarthritis following radial head 
replacement in 73 patients over 3.4 years revealed a 72% 
incidence in the humeroulnar and 56% in humeroradial 
joints.24 The authors concluded that implant design 
influences osteoarthritis incidence, with fewer cases in 
patients with bipolar implants compared with those 
receiving unipolar implants, likely due to the larger contact 
area, reducing contact stress at the implant interface.25 
  Lowering the elastic modulus of implants generally 
improves elbow contact mechanics and prevents cartilage 
degeneration post radial head implantation, contributing to 
the long-term success of this procedure.8,32-35 Dedecker et al. 
reported that reducing the stiffness of the prosthesis used 
during hemiarthroplasty results in increased contact area 
and decreased peak contact stress.34 Similarly, Berkmortel et 
al. found that implant material significantly affects contact 

area and peak contact pressure on the articulating surfaces.8 
However, the time-dependent behavior of these implants, 
such as fatigue, creep, stress relaxation, and high-speed 
loading, should be investigated. Lower stiffness materials like 
polymers are generally weaker and vulnerable to failure 
under extreme conditions,8 raising concerns about their 
long-term application. 
  The current FE analysis had some limitations and 
simplifications. Only the distal humerus, the proximal ulna, 
and the radius were modeled, excluding full arm motion and 
muscle forces. The entire elbow bones, shoulder and wrist 
boundary conditions, and their movements should be 
considered to achieve a comprehensive stress distribution. 
The FE models also assumed a constant cartilage thickness, 
which varies among individuals and is not uniformly 
distributed over the joint surface,14 which affects 
biomechanical results.35 Herein, forearm rotation, and elbow 
flexion were simulated, but not supination from the neutral 
position. Notably, in daily activities, the elbow rarely 
undergoes supination and typically experiences flexion 
angles of 15° or more, where it adapts well. Critical 
conditions and higher stress concentrations are observed in 
full elbow extension.36 Pronation results in greater pressure 
in the humeroradial joint than in supination.36 Therefore, 
activities or exercises that involve repetitive pronations and 
supinations in the full elbow extension or frequent elbow 
extensions and flexions can lead to abnormal stresses and 
accelerate cartilage degeneration and osteoarthritis .36 

Conclusion 
The optimal design of radial head implants is crucial for 

improving short and long-term postoperative outcomes. 
Anatomic designs made of less stiff polymeric materials 
could be considered an alternative to the conventional 
axisymmetric metallic design, though their long-term 
effects are still unclear. 
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