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Mathematical modelling for the comparison of plate and
intramedullary osteosynthesis stability in intraarticular distal

radius fractures

Vicek M!, Landor I?, Horak Z3?, Musil V#, Sosna A2, Jonas D?

Second Medical Faculty, Charles University in Prague, Teaching Hospital Motol, Ist Clinic of Orthopaedic Surgery,

Department of Traumatology, Prague, Czech Republic. dr.martinvlcek@gmail.com

Abstract: Background: A comparison between plate and intramedullary osteosynthesis techniques in terms of
the biomechanical stability of distal radius fracture fixation.

Methods: Mathematical modelling was used to simulate distal radius fractures, type C1 and type C2, and to compare the
stability of osteosynthesis in both techniques under several wrist joint load conditions: axial compressive loading of the
radius, bending loads in volar and dorsal flexion and radial and ulnar deviation, and axial torsional loading of the forearm.
Results: For both type C1 and type C2 fractures, the stability of intramedullary osteosynthesis was comparable
with plate osteosynthesis in dorsal flexion. Plate osteosynthesis proved to be more stable only in ulnar devia-
tion. The intramedullary X-screw technique provided more stability when loads were applied in volar flexion,
radial deviation, pronation and supination, and in axial loading of the radius.

Conclusions: The result of mathematical simulations was comparable for both types of fracture. It showed a
higher stability of intramedullary osteosynthesis. Although when lower force intensity was applied, both tech-
niques were comparable (Fig. 8, Ref. 16). Text in PDF www.elis.sk.

Keywords: mathematical modelling, distal radius fracture, locking plate osteosynthesis, intramedullary osteo-

synthesis, stability.

The current preferred method for the surgical treatment of dis-
tal radius fractures is volar locking plate osteosynthesis. Various
designs of angle-stable plates pre—contoured to fit the distal radius
are available and are very similar in their properties and outcomes
(1-4). Although this method is versatile for a broad range of indi-
cations, attempts to use less invasive methods for simple fractures
shouldn’t be ignored. It includes development of various implants
for intramedullary osteosynthesis of distal radius fractures (such
as Targon DR, Micronail or X-screw). Promising results with few
complications have been reported by Dutch researches in extra—
articular and partial intra-articular fractures treated by intramedul-
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lary fixation. In this study, the Micronail fixation system provided
a good stability for the wrist. All fractures healed without major
loss of alignment and outcomes were comparable with those of
plate osteosynthesis (5).

German authors achieved positive results with the screw-plate-
hybrid Targon DR in surgical treatment of type A2, A3 and B1
fractures (6). However, intramedullary osteosynthesis is unsuitable
for type B2 and B3 fractures since the fracture line is running in
the sagittal plane (7). The use of this method in type C fractures
is still debatable.

In intramedullary osteosynthesis, all implants are inserted
from the radial approach through the radial styloid process and
this requires the presence of a sufficiently large fragment. Distal
epiphysis fragments located medially to this large fragment is in
this technique secured only with screws or wires that are not angle—
stable with the implant. Therefore, osteosynthesis can be stable
enough on the condition that the bone is not comminuted. In view
of this, only type C1 and C2 fractures can be treated by this method.

The aim of our experimental study was to compare the plate
osteosynthesis and intramedullary X—screw osteosynthesis, in
terms of biomechanical stability of fixation, in distal radius type
C1 and C2 fractures.

Material and methods
Mathematical modelling for the comparison of a locking plate

and an intramedullary osteosynthesis was based on the anatomical
angle—stable T-plate (Medin a.s, Nové Mésto na Morave, Czech Re-
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Fig. 1. Mathematical simulations of type C2 distal radius fractures
fixed using: a) intramedullary osteosynthesis, b) plate osteosynthesis.
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Fig. 2. Relationship between a compressive force and a magnitude of
displacement under axial loading of the radius.

public) and the intramedullary X-screw system (Zimmer, Inc., War-
saw, Indiana, USA). The former was selected because its technical
data were available from the time of its construction, and the latter be-
cause its previous use showed the most problematic clinical results.
The stability of osteosynthesis with these implants was evaluated in
type C1 and C2 distal radius fractures whose models consisted of
three and six bone fragments, respectively. Totally, four mathemati-
cal models were created (Fig 1). Deformation and stress responses
of the implants, the bone fragments to model loading of the distal
radius region were evaluated by the finite element method (FEM).

The mathematical model of an angle-stable plate was provided
by the Medin company in the *SAT format, an electronic version
3D geometric models. This model was imported into the ABAQUS
6.9 software (Simulia, Providence, Rhode Island, USA), which al-
lows for finite element modelling of loads imposed on either parts
of or the whole of a system by external forces. The simulation re-
sults presented information on the distribution and magnitude of
both stress and deformation in the part considered, i.e., a fracture
fixed with an osteosynthetic implant.
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Fig. 3. Relationship between a bending force and a magnitude of dis-
placement in volar flexion of the wrist.
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Fig. 4. Relationship between a bending force and a magnitude of dis-
placement in dorsal flexion of the wrist.
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Fig. 5. Relationship between a bending force and a magnitude of dis-
placement in radial deviation of the wrist.

The geometric model of an intramedullary X—screw system
was based on a physical screw manufactured by Rhinoceros 4.0
and Commercial software for three-dimensional NURBS model-
ling (McNeel, Seattle, Washington, U.S.A.). Both the screw and the
plate models were imported in a *SAT format, into ABAQUS 6.9
software. To simplify the calculations for the implant parts contain-
ing screw threads, all these parts were substituted with the smooth
surface of a cylinder running through half of the width of screw
threads. This method is common and widely used in mechanical
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Fig. 6. Relationship between a bending force and a magnitude of dis-
placement ulnar deviation of the wrist.
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Fig. 7. Relationship between a torque moment and rotation in fore-
arm pronation.

engineering. It makes calculations less demanding and removes
the risk of false stress values on the rims of threads. As proven, this
simplification makes no difference on the stability of the system as
awhole and its stiffness or the strength of each of its components.

The geometric model of a radius was constructed from a series
of CT images of a healthy subject’s wrist (resolution, 512 x 512
pixels; single pixel size, 0.412 mm; section distance, 0.5 mm) in
a *.DICOM format regularly used for saving CT images of indi-
vidual sections. In a specialized Mimics 12 software (Materialise,
Leuven, Belgium), these served to create a 3D geometric model
of the distal radius and its triangular surface mesh in an *.inp for-
mat. Using ABAQUS 6.9 software, 3D finite element grid was
subsequently constructed.

The ABAQUES 6.9 programme was used for all calculations in
this research. Both fragments of the radius bone and components
of osteosynthesis implants were meshed by linear, four—sided
solid C3D4 elements; only the models of K-wires were meshed
by linear, six—sided solid C3D8 elements.

Material models

Ti6Al4V titanium alloy are used for both implants, was simu-
lated as a homogenous, isotropic and elastoplast material in all
analyses performed.
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Fig. 8. Relationship between a torque moment and rotation in fore-
arm supination.

Bone tissue in all analyses was simulated as a non—homog-
enous, isotropic and elastoplast material. For each bone fragment,
mechanical properties were determined by the width of compact
bone and trabecula bone density in the corresponding area of the
distal radius on the healthy patient’s CT scan. The density of the
bone was distinguished by grades of grey; with lighter colour in-
dicating a higher bone density.

Mathematical modelling also presented the bone tissue as a
material when the ultimate failure load was exceeded. Responded
by a reduced stiffness and load—bearing capacity, in certain cir-
cumstances this can be interpreted as “bone tissue disturbance”.
The ultimate failure load results in permanent damage to the ma-
terial. If load exceeds yield stress, the material is irreversibly de-
graded. These can be illustrated with the example of a steel wire.
If loaded with a small force, the wire will bend. If the force stops
acting, the wire will resume its original shape. If the wire is load-
ed in excess of yield point, it will remain bent forever but will
still keep together. However, if loading force is still higher and
even exceeds breaking strength, the wire will break into two parts.

Damage to bone tissue in this case is not understood as a com-
plete loss of integrity resulting in a fracture, but as a local defect
inside or on the surface of a bone. This is the sample of stripping
the thread of a screw in the bone. The bone as a whole is undam-
aged and retains its stiffness although, in the near vicinity of the
screw, the bone tissue is permanently damaged. As a result, the
screw is no longer firmly anchored in the position.

Boundary conditions and loading

The analyses were performed to determine stability of the
whole complex, i.e., fractured bone fixed with an osteosynthetic
implant, subjected to loading forces. In all analyses, the proximal
part of the radius was firmly fixed in space. Therefore, any action
of external forces was unable to move in any direction. For calcula-
tions, the model was gradually subjected to forced loads simulating
tension (in the long bone axis), bending (volar and dorsal flexion;
radial and ulnar deviation) and rotation (pronation and supination).

In the models of fractures fixed with angle—stable plates, the
connection of a plate with screws and connection of bone fragments
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with screws were designated together as a TIE connection. To “tie”
can mean to link, bind, join, lock or knot and, figuratively, the TIE
connection makes the two surfaces placed one over the other behave
asifthey were “glued” or “knotted”. In ABAQUS, this specific type
ofjoining includes two contact parts whose knots are firmly tied to-
gether and the connection transfers a displacement from the superior
to the inferior contact surface without changing its value. Therefore,
itis able to transfer both tension and compression. In simple terms,
this connection can be regarded as a “glued joint” of two parts.

For contacts existing among fragments of the radius, among
components of the intramedullary X—screw system and between the
implant and bone, a normal “HARD” contact, with a coefficient of
friction (f) =0.15, was simulated. The designation HARD indicates
that two contact surfaces hit each other hard during displacement.
This type of contact involves two options: the surfaces can lean
against each other or can detach themselves. In comparison with
the TIE connection, only pressing force can be transferred. This
model simulates the real situation where incorporation of parts is
not possible, nevertheless their detachment is permissible.

Results

All computer simulation models were created as contact, non-
linear and static tasks aimed at finding responses (or stability) of
the whole system, i.e., an implant-fixed fracture, to a load applied.
The finite element modelling took in great consideration, in a great
detail, the mechanical properties of bone tissue at the site of osteo-
synthetic. For the comparison of the stability of osteosynthesis using
the angle-stable plate Medin with that of intramedullary X-screw
system, the model was gradually loaded with a forced pre-defined
displacement or rotation until any part of the model system failed.
This allowed us to evaluate the behaviour of a fractured bone fixed
with an implant after its loading by forces much exceeding those
acting at normal activities or involved in mechanisms of injury. At-
tention was paid not to the evaluation of tension of individual com-
ponents, but to the stability of the whole system until its complete
failure. Displacement of the reference knot located in the centre of
the articular surface of the wrist joint is presented in Figures 2 to
8. Displacement of individual bone fragments can’t be seen in the
graphs. A sudden sharp change in curve shape indicates a failure
resulting from an irreversible collapse of any part of the system due
toarapid fall in loading forces, with a displacement still increasing.

Regarding the axial compressive load of the radius from Fig-
ure 3, it is apparent that intramedullary osteosynthesis remained
stable and stiff until the maximum simulated load. On the other
hand, plate osteosynthesis began to lose stability at a compressive
load of 164 N in type C1 and at 141 N in type C2 fractures. A load
higher than these values resulted in a complete failure (Fig. 3).

Axial compressive load of the radius

From Figure 2 it is apparent that intramedullary osteosynthe-
sis remained stable and stiff until the maximum simulated load.
On the other hand, plate osteosynthesis began to lose stability at a
compressive load of 164 N in type C1 and at 141 N in type C2 frac-
tures. A load higher than these values resulted in complete failure.

10

Bending loads

Volar flexion. In plate osteosynthesis, a complete loss of stabil-
ity ensued under volar bending forces of 204 N and 113 N applied
to type C1 and type C2 fractures, respectively. Intramedullary os-
teosynthesis, on the other hand, remained stable under these loads
in both fracture types (Fig. 3).

Dorsal flexion. Stability of the whole model system in dorsal
flexion was almost identical for both osteosynthetic techniques
in the two fracture types studied, only with plate osteosynthesis
being slightly stiffer (by about 1 %) (Fig. 4).

Radial deviation. Plate osteosynthesis lost stability under a
load of 7089 N.mm in type C1 fracture and under 7501 N.mm in
type C2 fracture. Intramedullary osteosynthesis remained stable
at these values in both fractures (Fig. 5).

Ulnar deviation. Loading in ulnar deviation resulted in the
loss of stability of intramedullary osteosynthesis at a force of 2874
N.mm and 2100 N.mm in type C1 and C2 fractures, respectively,
while plate osteosynthesis was able to withstand these forces and
thus proved to remain stiffer under ulnar deviation loads (Fig. 6).

Axial torsional load of the forearm

Pronation. In type C1 facture, a torque moment of 3138 N.mm
produced a rapid decrease in plate osteosynthesis stability in com-
parison with intramedullary fixation. The type C2 fracture respond-
ed similarly. Value of torque for plate osteosynthesis was limited to
2509 N.mm. Differences in stiffness between the two fixation meth-
ods increased with increasing loads in both fracture types (Fig. 7).

Supination. Both implants behaved as in forearm pronation,
only a rapid loss of stability in plate osteosynthesis was recorded
at lower values, i.e., a torque moment of 3027 N.mm for type C1
fracture and that of 2130 N.mm for type C2 fracture. Also, as in
pronation, differences in stiffness between the implants increased
with increased loads in both fracture types (Fig. 8).

Discussion

Using the mathematical modelling, the stability of type C1 and
C2 fractures of the distal radius fixed by either angle-stable plate
osteosynthesis or intramedullary X-screws was evaluated with
loading in various hand and arm positions, i.e., volar and dorsal
flexion, radial and ulnar deviation, forearm pronation and supina-
tion and with axial loading of the radius. The implant stability was
tested for all types of wrist motion that can be used in daily post-
operative activities and as part of rehabilitation programmes. For
completeness, these loads should have included an axial tensile
load applied to the radius as an antagonist load of compression.
However, since these loads are never used in physical therapy,
there was no reason to include it in the mathematical modelling.

The mathematical model showed that in dorsal flexion, the sta-
bility of intramedullary osteosynthesis was comparable with that of
plate osteosynthesis. Plate osteosynthesis proved to be more stable
only in ulnar deviation. On application of loads in volar flexion,
radial deviation, pronation and supination, and in axial loading of
the radius, intramedullary osteosynthesis provided more stability
to type C1 and C2 fractures than plate osteosynthesis.
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It should be kept in mind that the mathematical modelling was
performed with certain simplifications and generalizations. For
the models constructed as static, only one loading moment and a
response of the system was described. In reality, fractures treated
with either method are post—operatively subjected to repeated low
intensity loading, and this may be one of the causes of gradual
implant loosening and change in alignment.

Another factor affecting the interpretation of our results is
the mode of loading. In the model, forces from the reference
knot were distributed over the distal radial articular surface. In
real situations, muscles attached to fragments of the distal radius
can greatly modify the effect of loading on the articular surface.

Unfortunately, this limitation of the mathematical modelling
used will exist until relevant information on the strength of indi-
vidual muscles involved in wrist joint movements is published. In
addition, daily activities combine all three types of loading, i.e.,
compression, bending and rotation. This fact was not considered
in our mathematical modelling.

Despite the reservations mentioned above, our results can be
regarded as a helpful contribution to the use of plate versus intra-
medullary osteosynthesis for distal radius fractures as the aim of
the study was to compare these implants under identical conditions.

Good stability of locking plate osteosynthesis in distal radius
fractures has been reported in several biomechanical studies (8,
9). Its superiority over osteosynthesis without a locked screw plate
interface was proved (10—12). Evidence was also provided that in
type A3 fractures, volar fixed—angle plates with threaded locking
screws were mechanically superior to volar fixed—angle plates with
smooth locking pegs under torsional loading (13).

So far only a few studies comparing the stability of locking plate
and intramedullary osteosyntheses have been published. A recent
experimental study demonstrated that an intramedullary fixation ofa
distal AO—A3 radial fracture is biomechanically more stable than vo-
lar fixed-angle plating (14). Angle—stable plate and intramedullary
(Micronail) osteosyntheses provided a comparable stability for distal
radius fractures (15). Anidentical or higher stability has been dem-
onstrated for the intramedullary screw Targon DR, as compared with
three volar locking plates under volar and dorsal bending loads (16).

Our study concluded that the results of our mathematical mod-
elling were in concurrence with those of other authors. However,
for technical reasons, the use of intramedullary osteosynthesis for
distal radius fractures was limited in comminuted intra-articular
fractures in which the size of a displaced radial styloid fragment
is not large enough. Therefore, the placement of an intramedullary
system itself resulted in loss of fragment alignment. On the other
hand, osteosynthetic plates adjusted in shape to the bone surface
help to achieve anatomical reduction of fragments.

Conclusion

The conclusions drawn from the mathematical modelling com-
paring the plate and intramedullary osteosynthesis hold equally
for both type C1 and type C2 fractures of the distal radius. The
intramedullary Xscrew system is stiffer and more stable because
it can withstand higher loads than plate fixation, with no loss of

stability and without reduction of stiffness; under loads of less than
15 kg the stability of both systems is comparable.

After waging all these fact and making the best choice for
clinical medicine, it is necessary to consider differences in plate
and intramedullary screwing techniques because of their different
potentials for maintenance of anatomical reduction.
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