Short Research Article
Contact Analysisfor Coupling of Plates and Screws
In Fracture
Fixation of Cortical Bone

ABSTRACT

Internal fixation is a common treatment for bone dcture. Bone fracture occurs due to different reasosuch as
motor vehicle accidents, falling,...etc. The treatntés performed by fixing plate and screws to thadture site. Lack
of stability of the implants (plates and screws) ynkead to delay in healing or failure of treatmenMicro-motion

between the implant and the bone may cause formatd fibrous tissue around the screw which will ldao implant
loosening. On the other hands, firm fixing of theoaventional implants (Dynamic Compression Platespynlead to
delay resorption and delay in healing. Recently, dked Compression Plates were introduced to get other
shortcomings of the existing Dynamic Plates. In La Plates the hole and screw head were threadegrtvide
more stability and reduce contact with the bone fage. In this communication we conducted computata analysis
to compare the stability of both sets of implan®esults have revealed that Locked Plates providearstable fixation
and resistance to micro-motion. However, stressedting might occur which will delay healing. Futurdesigns of the
Locked Plates can focus on improving stability aneducing damage to blood supply which will shortédme healing
period. Computational analysis (finite element agals) can be effectively used to guide these futdesigns.

Keywords: Internal fixation of bones, Locked plates in bgriegnamic compression plate, 3-D FEA model for bone
fracture

1. Introduction

Internal fixators is a common treatment for boraeture [1 — 3]. Bone fracture, specially the ferfiacture, is a serious
health problem [3 — 4]. Long bone and humeral Hometure may occur in falling, motor-vehicle acaidis, sports
related-incident and assault disrupts the stiffreéshe bone and results in painful loss of limhdtion. Soft tissue
complications such as reflex dystrophy which masgutb blood supply and cause pain due to immolitina[5].
Internal fixation (surgical stabilization using ifapts) restores continuous stiffness, abolishes @ad allows early
mobilization. Mobilization of the articulations pents soft tissue complications that were the aftier extensive
external splinting of articulations by plaster caStill, internal fixation, especially when cadieut without care,
produces damage to the vascular support of bonsafhtissues.

Common method of internal bone fixation employgsgsavith simple holes for the screw and does ne¢ lzany locking
mechanism between the screw and the plate. Whdertethod makes a firm initial contact betweenlibee and the
plate it may become loose due to the movementeo$thew and will not support the fracture site sAewn in Figure 1,
the lateral relative motion may cause bone resumgt).

On the other hand, locked plating, which througkrimal threads on the plate restrains the relatiggon between the
screw and the plate, can provide support for thetfired site while it is not firmly contacting thene as shown in
Figure 2. This feature is advantageous since i$ co¢ affect the blood circulation around the fuaetsite. Locked
plating was first used in maxillofacial surgery @ndpine surgery, and recently is used in orthapsargery. The use
of locked plating has a particular advantage inep&t with osteoporosis and in metaphyseal boag the weaker bone
that is close to the joints. In fact, the treatrsasftperiarticular fractures, i.e., fractures tbatur through the joint
surfaces and extend below the joint surface, haea improved by the advent of locked plating. Somleopedic plates
have both locking and unlocking screw holes. Howgetle question of when and where to use Lockeglar
Dynamic plates has received less attention initeeture.
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Figure (1): Loosening of the screw and plate camsiin internal fixation. Resorption will occur the contact area
between the screw, the plate, and the bone. [5]
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Figure 2: Locked plates and screws [5].
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A number of models have been used to study thenaltéixation of bones. Cordey and Perren introdutte composite
beam theory approach with apparent limitation agficéency to analyze the micro-motion between tleepand the
bone [6]. Simon and Woo used very simplified 1D,&3D models, concluding that these models neegsdrement
to quantify the stresses and strains in criticahar7]. New designs suggested using stiffnessdrptiites to balance
between required stiffness and biological priositig]. Many 2D FE models were introduced in matugies to analyze
this problem, however the approximation of a coogitd 3D FE model by simplified 2D model was theenited error
in all these studies.

The concept of biological internal fixation is ktkeveloping. The rigidity of the plates currenihyuse is a controversial
subject. Bones re-fracture, screws failure andjéetifailures were observed. There is a need feareb and
development of structural analysis tools for thaleation of current and future internal fixatioma designs in order to
provide a plate that is strong enough to promaetére healing yet not so stiff as to hinder bareadeling.

2. Materialsand Methods

The focus of the finite element analysis is ontthe contact areas: first, between the screw anglédte and second,
between the plate and the bone. The Discretizedn@gizal Model (DGM) consists of 415 geometricaine and 180
volumes were created manually. The DGM volumes isbo§ hexahedron and prism volumes. The prism walsi were
used to fit the conical shape of the screw headr(6diameter) as well as the whole screw shaftif#diameter). The
bone cross section is approximated to square sezt®n (20mm x 20 mm), length of the whole bor288 mm with a
fracture gap of 10 mm. The plate rectangular csestion is 10mm x 4 mm. Two types of contacts betwthe screw
and the plate are considered and modeled, rigitdsenting locked) and sliding (representing dymascontact). The
Finite Element model of the bone and the plate wiereloped and shown in Figure 3 below using ADIdbftware
(ADINA Inc., MA). For the locked surfaces of theaf and the screw a “Rigid Link” elements were usil the
master and slave nodes. For the unlocked platesatiactingsurfaces were assigned. The assembly mesh ha8Dsed
8-noded Solid elements. The number of element608 £lements for the bone and 6784 elements fasdievs and the
plate. The total number of nodes in the whole rhizd&3488 nodes. The advantage of this modelasiths very
flexible and the geometry can be changed by mopwigts around to fit different designs of plates aorews. Details
of creation the DGM and creating the mesh wereildetan previous work [9]. The model was subjecdtedbending (0.6
Nm), torsion (0.2 Nm), and shear (100 N) loads.

Plates and screws usually made of stainless stééhoium. For this study the material is assun@elde stainless steel.
Bone is assumed to be transverse-isotropic. Thekbetodels in Figure 3 below were provided by thith@pedics
Department in State University of New York (SUNYPewnstate Medical Center in Brooklyn.
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Figure 3: Experimental models (Dynamic and Lockkdags) provided by Orthopedic Dept at SUNY-Dowrsststiedical
Center (Left), Finite element model using four sewith high mesh density around the plate and lmmestruct to
produce better results. Thick lines show the agsamnt of contact surface (Right). Details of thegedure used to build
the DGM and creating the mesh is reported in oevipus work [9].

3. Resaults

The analysis was run for ten time steps to obs#rgepropagation of stresses in every step in botistcucts. The

maximum shear stress along the contact area betivedsone and the plate is shown in Figure 4. Tieausis observed

to be higher near the screws especially the scrhighnis near the fracture site. In twisting, Vonsiélé stresses were
plotted along the one side of the plate in theiSe step as shown in Figure 5.
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Figure 4: Comparison of developed shear stresh®bdne contact surface in case of Locked and Dinam
plates over one screw (closer to fracture site)
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Figure 5: Effective stresses along one side oftage near one screw for Dynamic and Locked plé&&®sses increase
near the hole site closer to the loading location.

Stresses around the screw in torsion were analgimdfor different time steps in both plates sutggcto the same
loading as shown in Figure 6. The stresses obsetvezt higher for Locked plate till the "L@ime step while the
Dynamic plate has failed to go beyond tffetine step, which is an indication of loosening amstability as shown in
Table 1.
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Figure 6: Stress variation (in Pascal) over theusitference of the screw at different time step$fgmamic and Locked
plates in torsion.

Table 1: Stresses induced in torsion (0.1 Nm) fmeed and Dynamic Plates in ten time

steps
Plate Type Maximum Stress Stability after 10 TintepS
Locked Plate 0.39 MP: Stable
Dynamic Plate 0.26 MPa Unstable aftef"STime Step

4. Discussion

The main goals of fixation devices are to mainematomic alignment, stimulate healing process, @ogide stability
[10]. For locked plates the analysis shows deveknt of high stresses around the screws as showiguimes 5 and 6.
This might be due to the resistance in the threddlse hole and the screw head. However, this aoctation of stresses
lead to reduced stresses over the bone contaeiceuss observed in Figure 4 which will improve tibaling time of the
bone. Nevertheless, bone needs some stressesusogtiowing and healing but how much enough is enauil be the
challenging question. On the other hand, two séesanight be predicted. The first one is stressldiig where most
of the stresses will be carried by the plate ameves which will cause weakness of the bone anddongcovery period.
The second one is possibility of formation of plastinge due to increased stresses over the thafatie hole and the
screw. This may lead to surface wear of the consacfaces and release of tiny metallic particlest tmight be
transported through the lymphatic system of theyltodcause some implications. This might be avoidgdmproving
the materials of the screws and the plates inrdgion to minimize the release of these partidhesssure exerted by the
plate on the bone surface may cause damage to klgmuly and delay healing. To minimize vacsculanage less
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number of screws can be used [11]. The advantagsiiof Locking mechanism is that the plate mayneetd to get into
contact with the bone. We will investigate this rabich future communication.

To give a general view for the results based omreig 4, 5, and Table 6 one should note that Lopkates carry more
external loads with less deformation than Dynaniatgs. Humeral Locking Plate will demonstrate inyad rigidity
and less hardware failure than standard Dynamieglbefore & after cyclic bending and torsionaldiog in a humeral
nonunion model [9, 12]. Dynamic plates might befulséor patients who have less active schedule saghsenior
citizens but may not be adequate for younger patiwho have more active life style.

The maximum stress in the plate occurs at theuradite where an unused screw hole, Figure Znemlly located. It
is recommended that the screw hole at the frasiteebe eliminated. This reduces the stress coratémt and increases
the torsional and bending rigidity of the plateuldag a more stable implant. Future developmenhefconstruct may
consider reducing the contact area between the atat the bone as shown in Figure 7 but the effettis decrease in
stability should be investigated. The advantagebefE model presented here is that it is flexétsid the geometry can
easily be changed by relocating specific geomewiats to fit new plate construct without needddong re-meshing
process. The limitation of the model is in the nembf screws used and approximating the bone gegritetn semi-
circular to rectangular.

osos19—1 P =

Figure 7: reducing the contact surface betweepldite and the bone may improve healing, Perrin [1].

We have validated the FE model that is adoptedigstudy [9, 13]. Unlike previous studies of 3Dité element
models in fracture fixation [14 — 16], this FE mbidediscretized in order to accommodate contattetited in most of
the previous 3D models used to analyze this probieithe tendency to minimize the role of contastileen
components of the construct. Modeling 3D contacblems is one of tedious tasks in finite elemeraigsis. The
discretized model did not only address the cornisacte, but presented a flexible geometry modeldaatbe used by
researchers to fit to different designs of implahtt many include changing hole shape, Figurda2e mnd screw
dimensions, and location of holes. The draw-badkefmodel is approximating the semi-cylindricalss section of
long bone by a square cross section. On the otrad,twhile most of the studies focused on compsadsiading
scenario [14 — 15], the presented study addressescenario of torsion and bending. This commuitinatvill be
extended in the near future to present a new gtrdyompression forces to validate it against &méstudy for
experimental compression [15].
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