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Introduction

Although there is still some controversy regarding the 

treatment of extra-articular distal humerus fractures, many 

surgeons recommend surgery with plates and screws,1–7 while 

others give precedence to functional bracing, even in the case 

of a radial nerve lesion.8,9 Robinson et al.1 reported a better 

healing response in operated patients with an extra-articular 

metaphyseal fracture of the distal humerus compared to patients 

treated non-operatively. Jawa et al.10 found a more significant 

loss of elbow and shoulder function in non-operated vs. operated 

patients, and concluded that operative treatment provides a 

quicker and more complete recovery, warning, however, that it 

also increases the risk of complications in the form of iatrogenic 

injuries of the radial nerve and wound infection.

The main objective in the management of these fractures 

is to re-establish alignment and obtain stable fixation in order 

to facilitate as soon as possible early range of motion, which is 

necessary for a good functional outcome.2,3

Distal humeral fractures have a relatively small incidence, but 

a large number of subtypes.9 No prospective randomized studies 

have been published on their outcomes, and the majority of 

the studies carried out were retrospective and involved a small 

number of patients.10–23

Hence it is not possible to draw conclusions from them on 

the ideal configuration of the implant for stabilization of distal 

humerus fractures.

K E Y W O R D S

Distal humeral fracture

Extraarticular

Biomechanics

Finite element analysis

Osteoporosis

Plate fixation

Stability

Stiffness

A B S T R A C T

Introduction: The biomechanical properties of extra-articular fractures of the distal humerus have 

not been researched sufficiently. The aim of the study was to examine three different models of 

osteosynthesis for extra-articular distal humerus fractures. Osteosynthesis with two parallel or 

perpendicular plates is a common method of osteosynthesis for those fractures. We wanted to examine 

the biomechanical performance of a newly designed Y plate, and compare it to the previously used 

osteosynthesis methods.

Materials and methods: On an osteoporotic computational model of the distal humerus, a 10 mm gap was 

made, 25 mm above the olecranon fossa, and osteosynthesis was performed with the newly designed 

Y-shaped plate and with 3.5 reconstruction plates in parallel and perpendicular configuration. The 

numerical simulations in axial compression, bending and varus loading were conducted using the 

finite element method.

Results: On all models the largest displacements in the area of the fracture gap appear around the 

lower anterior edge. The parallel plate construct had the highest stiffness among the three plating 

techniques in axial compression. In bending and varus loading the construct with the newly designed 

plate had the highest stiffness, but in axial compression demonstrated the lowest. The parallel plate 

configurations had higher stiffness than the perpendicular ones in all three loading directions and the 

difference is most pronounced in axial compression.

Conclusion: The displacements that appeared in all three plating systems are minimal and within the 

limits that meet the requirements of sufficient biomechanical stability in the usual time for the healing 

of fractures in that region. The newly designed Y-shaped plate for extra-articular fractures of the distal 

humerus is a possible alternative to the usual method of osteosynthesis with two plates in the case 

of an extra-articular fracture of the distal humerus. Further biomechanical studies are needed for a 

decisive conclusion.
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There have been no studies dealing with fractures on the 

transition of the distal diaphysis into the distal humerus. In this 

region, no studies have been conducted using the finite element 

method.

The aim of this study was to preconfigure the Y reconstructive 

plate intended primarily for the treatment of intra-articular 

fractures of the distal humerus, and to convert it for extra-

articular fractures of the distal humerus and distal humeral 

diaphysis, as well as to examine its biomechanical performance 

comparing it to the existing osteosynthesis methods with two 

reconstruction plates in perpendicular and parallel position 

using the finite element method. Our hypothesis was that the 

osteosynthesis with a novel Y plate would show at least the same 

stability of distal humerus fractures as well as the double plating 

systems with reconstruction plates in parallel and perpendicular 

configuration.

The finite element method is a highly valuable test method 

comparable in value to experimental biomechanical studies.24

Materials and methods

Computational simulations using the finite element method 

were performed with the models of the test and control groups 

under axial, lateral and bending load.

The test model was a construction with the newly designed 

titanium plate (Figure 1a) placed on the bone with 12  titanium 

screws, and the control models were parallel (Figure  1b) and 

perpendicular steel reconstruction plates (Figure  1c), with the 

arrangement of screws as shown in the figures. In both control 

models, two 3.5 reconstruction plates with 8 holes were placed, 

with 3 screws made of stainless steel on each side of the gap, 

6 screws per plate.

The plates, screws, and the external and internal contours 

of the intact synthetic osteoporotic distal humerus (Synbone, 

Malans, Switzerland) were scanned with an optical 3D scanner 

(Atos III Triple Scan, GOM mbH, Germany). From these scans, 

the geometries were reconstructed using Geomagic Spark (3D 

Systems, USA) and GOM Inspect (GOM mbH, Germany) software 

packages. All screws were modeled without threads. A 10 

mm long gap was placed on the computer model of the distal 

humerus, 25 mm above the olecranon fossa. Each model was 140 

mm long and constrained at the proximal end. The computational 

simulations were performed using the finite element software 

Abaqus 6.10-1 (Dassault Systèmes, France).

Contact interactions using surface to surface finite sliding 

with a coefficient of friction of 0.325 were defined between the 

bone and the plates. Tied constraints were applied between 

the screws and plates, as well as between the screws and the 

surrounding bone in all constructs.

The models were meshed with ten node quadratic tetrahedral 

elements (C3D10). The intact bone consisted of 407,699 elements, 

and each plate construct of approximately 800,000 elements. 

The element size was chosen based on a mesh convergence 

analysis of displacements and Mises stresses by using a model 

of the intact humerus.

Computational simulations were performed with loads 

on the specific part of the articular segment of the distal 

humerus, distally from the gap, following the principles from 

the latest biomechanical studies dealing with distal humerus 

fractures14,16–18, with the radial column being loaded with 60%, 

and the ulnar column with 40% of the total load. The load and 

humerus positions were as follows: Axial load or anterior 

deflection in which the upper arm was placed at a flexion angle 

of about 5° in relation to the longitudinal axis of the humeral 

diaphysis (Figure 2a); Bending or posterior deflection with the 

upper arm flexed at a 75° angle in relation to the longitudinal 

axis of the humeral diaphysis (Figure 2b); Lateral or varus load 

in which the load is applied laterally on the radial condylar, with 

the humerus placed horizontally (Figure 2c).

In order to avoid the appearance of plastic deformations, 

in the axial direction the models were loaded with 200 N, and 

in bending (posterior deflection and varus loading) with 30 N. 

These loads were applied on the surfaces as shown in Figure 2.

Stainless steel and titanium alloy were assumed linear elastic, 

homogeneous and isotropic, with a Poisson’s ratio of 0.3 and 

modulus of elasticity of 200 and 110 GPa, respectively.24,26

The Poisson’s ratio for osteoporotic bone was set to be 0.427 

and the moduli of elasticity used for the cortical bone in axial 

compression, posterior deflection and varus loading were 

3400 MPa, 1150 MPa and 660 MPa, respectively. As there was 

no information from the manufacturer about the bone material 

properties, these moduli of elasticity were determined by 

comparing linear elastic displacements obtained numerically by 

finite element analysis and experimentally on identical synthetic 

osteoporotic humeri.

Results

In all samples, maximum displacements appear on the distal 

articulation part more pronouncedly on the radial column, and 

are the largest in bending. Figure 3 shows the control group 

model with a perpendicular configuration of the reconstruction 

plates under lateral load in which the displacements are the 

largest.

Maximum displacements on the models of the test and control 

groups for all three loading directions are shown in Figure 4, and 

the stiffness under the same loading conditions in Figure 5.

Fig. 1. Computational models: a) with newly designed Y-shaped plate, b) with 

parallel reconstruction plates, c) with perpendicular reconstruction plates.
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Fig. 2. Loading conditions of computational models: a) axial load or anterior deflection, b) bending or posterior deflection, c) lateral or varus loading.

Fig. 3. Displacements magnitude on the model with a perpendicular configuration of reconstruction plates under lateral load.

Fig. 4. Maximum displacements on the distal end of the test and control group 

models compared to intact bone. Fig. 5. Stiffness of the plate constructs and intact bone under different loads.
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Displacements on the fracture gap for all models were analyzed 

in point A on the distal edge of the fracture gap (Figure 6). This 

point was selected because the analysis of displacements along 

the edge of the gap showed that the displacements in all models 

are the largest at that point and are shown in Figure 7.

Maximum von Mises stresses in the bone are smallest in 

the parallel configuration, and largest in the construct with the 

novel Y-shaped plate (Table 1). Under axial load in all models, 

the maximum stresses appear in the holes next to the fracture 

gap. Under bending and lateral load, the stresses are the greatest 

in the furthest proximal holes or at the clamped end, which was 

also confirmed by the results of preliminary studies.

In plates, similar as in the bones, maximum von Mises 

stresses are in the test plate (Table 1). The greatest difference 

in comparison with the control plates appears under axial load, 

while under bending and lateral load the differences are not 

significant.

Discussion

All of the previous biomechanical studies dealing with 

distal humeral fractures established the articular or immediate 

supracondylar level as the site of instability, which is imitated 

by the gap in the biomechanical model.11,13–18 No study to date has 

addressed the issue of biomechanical stability on the transition 

of the distal humeral diaphysis into the distal segment of the 

humerus.

The objective of the study was to examine the biomechanical 

properties of the newly constructed Y plate intended for the 

treatment of extra-articular fractures of the distal humerus, 

and to compare it with the existing common methods, with 

parallel or perpendicular plates. In the development of the idea 

of a new plate, several available facts were analyzed which could 

help improve the mechanical stability, as well as biomechanical 

studies and clinical papers with reference to complications, 

taking into account local anatomic conditions and common 

surgical procedures and approaches.

Loads were applied in the position of humeral flexion (75°) 

and extension (5°) with regard to the longitudinal humeral axis, 

as was done in the most recent studies.15–17 Loads applied in the 

study are within the physiological limits of loads in everyday 

activity of the postoperative rehabilitation period, and we 

avoided applying loads that would cause permanent plastic 

deformations on the implants. Furthermore, choosing the 10 

mm gap length for this study was aimed at achieving extreme 

instability on the biomechanical model.

As computational simulations in this case served for 

orientation purposes, the final design of the novel Y plate was 

not insisted on in further research.

When selecting the appearance, primarily the arrangement 

of screws on the novel Y plate, effort was made to achieve a 

construction that would result in minimum displacements in 

the direction of the load that causes greatest displacements, by 

comparing it with the constructions of the existing implants.

Under physiological conditions, most pronounced are the 

flexion15 and lateral12,18 load, while the axial load is considerably 

smaller. Significantly smaller displacements under axial 

load obtained in this study as well suggest a substantially 

lesser importance of that load in the overall evaluation of the 

construction’s biomechanical stability, which is in line with 

previous studies17, although they were not conducted on the 

same level of the distal humerus.

As already mentioned, previous biomechanical studies 

were conducted on the intra-articular level, which renders the 

comparison with them more difficult. Those studies are very 

uneven: with regard to the number and types of models, methods 

and load directions, methods and precision of displacements 

measurements, and thus the conclusions derived from them are 

hardly mutually comparable.11,13–18

Using the finite element method, attempts were made to 

find the optimal plate configuration which would improve 

its biomechanical properties, taking into account the specific 

anatomy of the distal humerus.

In addition to the bending and axial load, special attention 

was paid to the lateral or varus load as a previously neglected 

load with pronounced clinical significance. Namely, the force 

of gravity which acts on the long lever arm (the forearm) while 

the elbow is flexed and extended during activities apparently 

requiring minimal use, leads to repeated varus stresses in the 

elbow. As observed in previous studies, it is due to varus stresses 

that pseudoarthrosis of the distal humerus usually occurs in 

the region at the metaphyseal and supracondylar level of radial 

columns.12

It was precisely the lateral load on all models in this study 

that led to the largest displacements on the models, both on the 

articular surface and on the gap site.

Fig. 6. Point A on the distal edge of the fracture gap.

Fig. 7. Displacements in point A on the distal edge of the fracture gap.

Table 1
Maximum stresses in the bones and plates of the test and control models

  Axial load Bending Varus load

  (200N) (30 N) (30 N)

Load   MPa MPa MPa

Parallel Bone 10.86 13.98 14.12

 Plate 309.40 143.10 160.80

Perpendicular Bone 18.48 14.95 15.19

 Plate 280.40 152.40 193.80

New plate Bone 25.01 14.87 16.54

 Plate 567.40 189.00 189.00
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The largest displacements were found on the models in the 

gap area, in the test and both control models in all three load 

directions, in the region of the lower anterior edge, and on the 

anterior surface of the distal humerus model in the gap area. As 

expected, due to the 60-40% ratio of the load on the articular 

surface, the largest displacements on the load site occurred on the 

radial column. It was also observed that the displacements under 

bending and lateral loads were greater than the displacements 

under axial load. Consequently, displacements under bending 

and lateral loads to the radial condyle are considerably larger 

than under the axial load, and thus with a greater significance in 

the overall assessment of the structural stability of implants. The 

implant, therefore, has the task of neutralizing the forces that 

cause the greater shifts in the area. That piece of information 

conditioned the construction of a new implant that neutralizes 

the shifts in those load directions.

The fundamental possible objection to this study is the 

possibility in both control models, parallel and perpendicular, to 

extend the plates distally and thus increase the construction’s 

biomechanical stability in those models. However, in that case 

the total number of screws in such models would increase 

significantly. Furthermore, due to the anatomy of the distal 

humerus, in reality it would be necessary to adapt the implants 

additionally to the complex anatomy of the distal humerus. 

Indeed, in clinical practice it is not common to place the plates 

and so many screws so distally in extra-articular fractures of the 

distal humerus.2–7,10,11

This study suggests that under physiological loads, which 

are common in the immediate postoperative period, the largest 

displacements on the joint surface are observed on the radial 

condyle, and the largest displacements in the gap area are 

observed in the front part. This information suggests that it is 

necessary, regardless of whether one or two plates are being 

placed, to achieve greater stability in the radial column area, 

which was also confirmed in clinical practice.2,4 The significance 

of lateral column stabilization is all the greater if we know that 

in the case of osteoporosis in the distal humerus region, it is most 

pronounced in the posterolateral segment.28,29 Moreover, it was 

found that the cortex in the medial column region is substantially 

stronger in comparison with the lateral column, both in the 

supra- and infracondylar region of the distal humerus.30

Significantly smaller displacements under axial load are 

comparable to those in the previous studies17, although they 

were not conducted at the same level of the distal humerus.

Axial fracture loading appears to be beneficial if applied in 

the early stage of fracture treatment. Namely, it is known that in 

delayed healing it can be beneficial to “dynamize” the fracture 

by compression (or traction) to assist healing.31 Therefore, axial 

instability that is more pronounced in the newly designed Y 

plate when compared to perpendicular or parallel plates could 

present an advantage in the healing of fractures in that region.

Simpler placement in comparison with the previously 

common osteosynthesis method with two plates is also a 

possible advantage of the preconfigured Y plate.

Conclusion

Under physiological loads, the radial column withstands 

greater loads, and displacements in the radial articulation 

surface are more pronounced. For that purpose, in extra-articular 

fractures of the distal humerus the implant should provide 

greater stability in the radial column area. In all three models 

(both the control and test models), the displacements occurring 

after all three loads are minimal and within the range that fulfills 

the requirements of sufficient biomechanical stability in the 

usual time for the healing of fractures in that region.

The newly designed Y plate for extra-articular fractures 

of the distal humerus is a possible alternative to the usual 

osteosynthesis method with two plates. A definitive conclusion 

would require biomechanical studies, either with a synthetic or 

a cadaveric model. Moreover, the impact of osteoporosis in the 

posterolateral segment of the distal humerus on the stability 

of the model, as well as the possible impact of LCP plates in 

osteoporosis requires additional biomechanical and clinical 

studies on larger samples, and measurements on biomechanical 

models performed with greater precision than was done in 

papers published to date.
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