
S. Vlad and R.V. Ciupa (Eds.): MEDITECH 2011, IFMBE Proceedings 36, pp. 294–297, 2011. 
www.springerlink.com 

The Study of Massive Trochanterion Fractures 

A.I. Botean, I.A. Takacs, and M. Hardau 

Technical University of Cluj-Napoca / Strength of Materials Department, Mechanical Faculty, Cluj-Napoca, Romania 

Abstract— This paper studies the massive trochanterion 
fractures using two methods of fixation, namely DHS (Dy-
namic Hip Screw) and Gamma rod. The analysis is carried out 
both experimentally (photoelasticimetry and tests on human 
femur) and numerically (finite element method). 
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I.   INTRODUCTION  

The massive trochanterion fractures are among the most 
common fractures seen in elderly subjects and can be gener-
ated even after minor trauma [1]. This type of fracture re-
quires an emergency surgery, minimally aggressive to speed 
up mobilization and reduce the subjects immobilization 
period in the supine position so that the recovery can be 
initiated early.  

Kyle’s classification of the trochanteric fractures divides 
them in four categories (Figure 1) [4]: 1 – stable intertro-
chanterion fractures without displacement and tearing; 2 – 
stable intertrochanterion fracture with displacement and 
minimum tearing; 3 – unstable intertrochanterion fracture with 
displacement and posterior-medial breakage; 4 – unstable 
intertrochanterion fracture with posterior displacement, poste-
rior-medial breakage and undertrochnaterion component.  

The stability is provided by the bone tissue or by the par-
ticular soft parts. This study examines the biomechanics of 
the osteosynthesis using two methods (Figure 2):  

1. DHS (Dynamic Hip Screw) – in which case the force 
arm unloads the body’s weight on a larger length, posi-
tioned between the femoral head and the plate fixed to 
the external cortex;  

2. Gamma rod – in which case the rod is inserted in the 
centre of the shaft, without opening the focus area of 
the fracture.  

 
Fig. 1 Trochanterion fractures – Kyle’s classification [4]  

 

Fig. 2  a) The fixation of the massive trochanterion – DHS method;  
b) The fixation of the massive trochanterion – Gamma rod [4] 

II.   EXPERIMENTAL ANALYSIS 

The study is carried out on two femoral bones that repre-
sent the massive trochanterion fracture. For osteosynthesis are 
used a DHS system (Figure 3) and the Gamma rod (Figure 4). 

The experimental setup is composed of the following 
elements: 1 –U2B10kN (HBM) force transducer that estab-
lish the value of the load; 2 –WA20mm (HBM) displace-
ment transducer that show the movement of the femoral 
head on the vertical direction; 3 - Catman Easy (HBM) data 
acquisition interface; 4 – Spider8 (HBM) data acquisition 
system. 

When using the DHS system the femur is loaded with the 
maximum mass of 134.6 kg, the recorded displacement of 
the femoral head being 14.48 mm. The higher values of the 
loaded weight produce pronounced crushing and the contact 
areas cannot support the load. 

When using the Gamma rod the maximum weight that 
loads the femoral bone is 161 kg and the displacement re-
corded in the vertical plane is 7.61 mm. In this case as well, 
the crushing problem in the contact area becomes extremely 
important. 

To highlight the state of stresses in the contact area be-
tween the metal elements and the bone matter we appeal on 
an optical investigation method, namely the photoelastici-
metry. Based on experimental optical principles and 
mathematical theory of elasticity, photoelasticity was noted 
from the very beginning to be a simple experimental tech-
nique with broad possibilities of application in the state of 
stresses and strain analysis. Unlike other tensometers meth-
ods (mechanical, optical or strain gauges method) which 
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provide information in discrete points, photoelasticimetry 
provides a complete full field of stresses, thereby enabling 
the determination of stresses (in magnitude and direction) at 
any point on the tested model [2], [3]. 

 

 

Fig. 3 Experimental setup for testing the model with the DHS system 

 

Fig. 4 The loading and straining manner using Gamma rod 

Thus, in Figure 5 is shown the three dimensional model 
obtained by casting epoxy resin, in which a DHS system is 
introduced.  

In terms of quality, analysing the distribution of the is-
ocromates (Figure 5b and 5c), the maximum load areas are 
in the points O1 and O2 as well as O3 and O4. 

In Figure 6 is presented the three dimensional model 
made from epoxy resin in which a Gamma rod is inserted. 

Qualitatively speaking, analysing the distribution of the 
isocromates (figure 6b and 6c), we can see that the maxi-
mum loaded areas are in the points O5, O6 and O7, O8. 

The results lead to important qualitative indications on 
the most loaded areas, representing the basis for a numerical 
analysis (finite element method) or giving information that 
deserves to be taken into account in choosing the optimum 
process in regard to the fixation of fractures of the massive 
trochanterion. 

 

a) b) c)

•O1

•O2

•O3

•O4

 

Fig. 5 Model obtained from  epoxy  resin – DHS system: a) model before 
loading; b) plane section through model without fracture; c) plane section 
through the model with fracture 
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Fig. 6 Model obtained from epoxy resin – Gamma system: a) model before 
loading; b) plane section through model without fracture; c) plane section 
through the model with fracture 

III.   NUMERICAL ANALYSIS 

For numerical modelling using finite element method  
the specific features of the osteoarticular system’s biome-
chanics should be considered. Finite element calls as input 
the actual numerical values of the elastic constants and of 
the loads. Great difficulties arise from trying to determine 
them.  

The bone is highly anisotropic and inhomogeneous and it 
is desirable that the idealized structure to be developed as 
such. If in which regards the development of the structure 
no unsolved problems remain, the most difficult problems 
come from determining the variable elastic characteristics 
of the bone tissue [1]. 

Difficulties also result in determining the values of the 
loads and their points of application. In general, the forces 
are transmitted to a bone through the joint surfaces, which  
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are three dimensional, with a rather complicated geometric 
configuration. In these circumstances, the consideration of 
concentrated loads is a rough shaping of the reality, and the 
consideration of a distribute load requires knowledge of its 
distribution law. 

The method has proved effective in objectively and ef-
fectively analysing complex structures, such as those of 
osteoarticular system. 

In this case a plane model is provided that corresponds 
with the two cases studied. The mechanical characteristics 
of the epoxy resin suitable to the experimental model are 
taken into account. 

Figure 7a shows the meshing design of the experimental 
model for the first studied case using triangular finite ele-
ments. The material used for the numerical simulation is 
epoxy resin. The loading is performed with a uniformly 
distributed load (q = 10 N/mm). Also, in figure 7a are de-
fined the used constrains. Contact elements are not defined 
in this application. Instead, the material characteristics for 
the fracture’s fixation system of the model are (epoxy resin 
and steel). 

The Tresca equivalent stresses distribution that are calcu-
lated based on the maximum tangential stresses distribution 
and the third resistance theory are shown in Figure 7b. 

 

 
a) 

 
b) 

Fig. 7 a) Meshing design for the DHS model 
      b) The variation of the Tresca equivalent stresses – DHS model 

In Figures 8 and 9 we can see the distribution of the Tre-
sca equivalent stresses, both in the fractured section D-D’ 
and in the area where the metal plate is inserted E-E’. The 
highest stresses are in the section area (D-D’). For the area 
where the metal plate is inserted, the maximum values of 
the stresses appear in the fourth screw. 

The same analysis regarding the meshing model (Figure 
10a) and Tresca equivalent stresses variation (Figure 10b) 
are done for the Gamma fixation system. 

 

Fig. 8  The variation of the Tresca equivalent stresses in the D-D’ section – 
DHS model 

 

Fig. 9 The variation of the Tresca equivalent stresses in the E-E’ section – 
DHS model 
 

The variation of the Tresca equivalent stresses are pre-
sented for the fracture section F-F’ (Figure 11) and for the 
area where the safety screw is inserted H-H’ (Figure 12).  

 
a) 

 
b) 

Fig. 10 a) Meshing design for the Gamma model; b) The variation of the 
Tresca equivalent stresses – Gamma model 
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Fig. 11 The variation of the Tresca equivalent stresses in the F-F’ section – 
Gamma model 

 

Fig. 12 The variation of the Tresca equivalent stresses in the H-H’ section 
– Gamma model 

IV.   CONCLUSIONS 

From the study conducted we can conclude the follow-
ing:  

- the numerical and experimental analysis identifies the 
area where the load is maximum, which is the surface 
area between the greater trochanter and the lesser tro-
chanter. 

- by using photoelasticimetry it could be underlined the 
stresses distribution in the fractured area of the femoral 
bone. 

- from Figures 7b and 10b results that the equivalent 
stresses Tresca have maximum values in the inferior fi-
bres of the rods (DHS and Gamma system), noticing  
 

 

 that for the Gamma system they have maximum value 
(σech T = 58.09 N/mm2) in comparison with the DHS 
system (σech T = 36.89 N/mm2). 

- as well, in the contact area between the rod (or screws) 
and the model (bone tissue or epoxy resin) the loads 
level could be quantified. 

- thus, according with Figures 8 and 11, the DHS system 
has the maximum stresses (σech T = 22.5 N/mm2), in 
comparison with the Gamma system (σech T = 10.03 
N/mm2). 

- Figures 9 and 12 show the equivalent stresses Tresca 
distribution in the areas where the two systems are fix-
ated, the femoral bone shaft. It can be noticed that, in 
this area, in the case of the DHS fixation system the 
equivalent stresses Tresca are 5.01 N/mm2, while for 
the Gamma system their value is 5.42 N/mm2. 

- the comparative study between the two systems used in   
the fixation of a trochanteric fracture shows that the 
Gamma system is the better choice; the disadvantage is 
that is also the expensive one. 

ACKNOWLEDGMENT 

This paper was supported by the project "Improvement 
of the doctoral studies quality in engineering science for 
development of the knowledge based society-QDOC” con-
tract no. POSDRU/107/1.5/S/78534, project co-funded by 
the European Social Fund through the Sectorial Operational 
Program Human Resources 2007-2013. 

REFERENCES  

1. Antonescu, D., s.a., 1986, Metode de calcul şi tehnici experimentale de 
analiza tensiunilor în biomecanica. Bucuresti,  Editura Tehnica 

2. Cretu, A., 2001, Tensiuni... Stresses… Contraintes… Cluj-Napoca, 
Editura Mediamira 

3. Pastrav, I., 2001, Metode optice de analiza experimentala a tensiunilor. 
Lucrari de laborator. Cluj-Napoca, Editura U.T.PRES 

4. http://www.scritube.com 

Author: Takacs Ioana Alexandra 
Institute: Technical University of Cluj-Napoca, Strength of Materials 

Department 
City: Cluj-Napoca 
Country: Romania 
Email: ioana.takacs@rezi.utcluj.ro 


	The Study of Massive Trochanterion Fractures
	INTRODUCTION
	EXPERIMENTAL ANALYSIS
	NUMERICAL ANALYSIS
	CONCLUSIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




