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Examination of Stability 

of Osteo-Syntetic Matherial 

By Software Bone Stimulator 

ABSTRACT

Introduction. Software simulator model (SSM) is a computer program written in 
one of the many programming languages. Based on the given input data on math-

ematical biomechanical model of bones and on various osteosynthesis material 

models, it calculates and provides the required output results of dilatation (mm) at 

the site of the fracture in relation to the applied axial and a lateral force (N).

Aim of the study. To examine the budget voltage and deformation of the compres-
sive forces and bending simulator software model in dynamic compression plate 

(DCP), dynamic locked extension compression plate (LCP), locked intramedullary 

nail (LIN) and Mitkovic internal fi xator (MIF).

Material and methods. CATIA software was used to create a 3D model of the 
DCP, the LCP, MIF, LIN, while ANSYS (SCA) software was used for the calculation of 

stress and strain for the pressure and bending. The tested material was loaded by 

compression forces up to 500 N and bending forces up to 250N.

Results. Results of biomechanical tests on SCA showed that, according to biome-
chanical stability, LIN was in the fi rst rank, with coeffi cient ranking KLIN = 0.1950. 

Subsequently, there was TDCP with KDCP=0.1970, MIF with KMIF=0.2238 and 

LCP with KLCP=0.2394.

Discussion. Based on the input data, mathematical model is formed and it uses 
the entered data, calculates and edits the required results. There is a tendency in 

today’s world to make the standardization of software testing, so that tested results 

are easily applied and interpreted in scientifi c research purposes.

Conclusion. First in rank by biomechanical stability was LIN with coeffi cient rank-
ing KLIN = 0.1950. Subsequently, there was DCP with KDCP=0.1970, MIF with 

KMIF=0.2238 and LCP with KLCP=0.2394.

Key words: biomechanics, dynamic compression plate, CATIA software, ANSYS.

 (Scr Med 2016:47:41-46)

# $ % & ' ( ) ' * + , + - . / 0 / ) / . ) 1 ) ' 2 ) ( ,3 4 5 & 2 ' 2 6 , & ( ( 7 ) 7 '5 8 9 : ; ; ) < ; 6 : 4 & + , ( = 2 * (



42
Scripta Medica
Vol. 47 • No 1 • April 2016. • www.scriptamedica.com

Introduction > ? @ A B A C D E F G H I H A I H J A K C L K F H I K A M A K B H N F H I K A M J H F G ? B D? O D F A P L M L Q A F L ? K ? O O I A R F S I H D T U O F H I D S I V L R A M A R R H D D F ? F G H O I A R WF S I H E O ? I L K F H I K A M D F A P L M L Q A F L ? K E A K ? D F H ? D C K F G H D L D L J X M A K FF G A F D F A P L M L Q H D F G H P ? K H O I A R F S I H L D S D H B T Y G H L J X M A K F D A I HJ A B H ? O P L ? L K H I F J H F A M D @ G L R G B ? K Z F R A S D H R ? J X M L R A F L ? K DB S H F ? L K R ? J X A F L P L M L F L H D @ L F G F G H F L D D S H T > ? @ A B A C D E B H D L V K H BL J X M A K F D A I H S D H B L K A @ A C F G A F F G H L I R ? K D F I S R F L ? K R A S D H DJ L K L J S J B A J A V H F ? [ A D R S M A I L Q A F L ? K ? O P ? K H D A K B F G H L K F H V WI L F C ? O F G H X H I L ? D F H S J T \ ] ^_ D F H ? D C K F G H D L D J A F H I L A M D @ L F G @ G L R G F G H L K F H I K A M ` N A F L ? KL D F G H J ? D F O I H a S H K F M C X H I O ? I J H B A I H A D O ? M M ? @ D b B C K A J L RR ? J X I H D D L ? K X M A F H W c d e E M ? R f L K V R ? J X I H D D L ? K X M A F H g h d e Ei L F f ? [ L R L K F H I K A M ` N A F ? I g i j k E M ? R f H B L K F I A J H B S M M A I C K A L M WL K V g h j > Tc d e G A D D X H R L A M M C B H D L V K H B G ? M H D O ? I D R I H @ D E @ G ? D H F L V G F H K WL K V J A f H D F G H O I A V J H K F D R M ? D H I F ? H A R G ? F G H I E A M M ? @ L K V F G HR I H A F L ? K ? O A N L A M R ? J X I H D D L ? K T Y G H G ? M H O ? I D R I H @ A M M ? @ D F G HL J X M A K F A F L ? K ? O D R I H @ D A F A K A K V M H S X F ? l m n T ^h d e X M A F H G A D D R I H @ G ? M H D D L J L M A I F ? c d e X M A F H E P S F ? K ? K HD L B H E F G H I H L D F G I H A B H B G ? M H O ? I F G H D R I H @ @ G L R G B ? H D K ? F A M WM ? @ F G H A X X M L R A F L ? K ? O F G H A P ? [ H J H K F L ? K H B A F F G H A K V M H Th d e X A K H M A M M ? @ D F G H X ? D L F L ? K L K V ? O F G H D F A K B A I B D R I H @ @ L F GA D X G H I L R A M G H A B E A D @ H M M A D K H @ M C B H [ H M ? X H B D A O H F C D R I H @@ L F G A G H A B F G A F L D K ? F R G H B A K B L D H J P H B B L K V L K F G H D R I H @G ? M H D L K F G H X A K H M D T oh d e X A K H M A M M ? @ D A R ? J P L K A F L ? K ? O D F A K B A I B D R I H @ @ L F G AD X G H I L R A M G H A B A K B D R I H @ @ L F G A G H A B F G A F H J P H B D E @ G L R GX I H [ H K F D M ? ? D H K L K V P H F @ H H K F G H D R I H @ A K B F G H X M A F H P H F F H IF G A K F G H c d e T p R I H @ D F I A X X H B L K F G H X M A F H V L [ H D F A P L M L F C @ L F G W? S F F G H K H H B O ? I F G H X A K H M F ? P H X ? D L F L ? K H B ? K F G H P ? K H T ^ ] oi L F f ? [ L L K F H I K A M ` N A F ? I g i j k L D X M A R H B A M ? K V F G H P ? K H@ L F G ? S F F G H X H I L ? D F A M ? O O I A V J H K F D A K B @ L F G J L K L J A M B A J WA V H F ? D ? O F F L D D S H TY G H I H A I H O ? S I J ? P L M H F H I J L K A M D F G A F V M L B H A M ? K V F G H R A I I L H I TY G H R A I I L H I L D q J J A @ A C O I ? J F G H X H I L ? D F H S J T Y G H F H I J L WK A M D A I H ` N H B @ L F G D R I H @ D L K J S M F L X M H X M A K H D T j K F G H D H M ? R A WF L ? K D E ? K M C ? K H L K F H I K A M ` N A F ? I L D L K R ? K F A R F @ L F G X H I L ? D F H S JB L A X G C D L D T p R I H @ D A I H X M A R H B X I ? N L J A M M C A K B B L D F A M M C F ? F G HR A I I L H I T c L D F A M M C X M A R H B D R I H @ D A M M ? @ D X ? K F A K H ? S D B C K A J L Q A WF L ? K T rp S R G D F A P L M L F C L D A R G L H [ H B @ L F G F G H S D A V H ? O O I A V J H K F D A K BF I A K a S L M L F C ? O F G H O ? R S D ? O F G H O I A R F S I H T s L F G F G H [ H I F L R A M L Q A WF L ? K ? O X A F L H K F D E F G H X I ? N L J A M O I A V J H K F F I A [ H M D F ? F G H B L D F A MR A S D L K V F G H R ? J X I H D D L ? K A J ? K V F G H O I A V J H K F D ? O F G H O ? R S D? O F G H O I A R F S I H A K B F G S D H K G A K R L K V F G H X I ? R H D D ? O ? D F H ? V H K WH D L D T t e L R F S I H q T u
Picture 1. Software model of Mitković internal fi xatorh j > D G ? S M B P H F G L R f H K ? S V G F ? R I H A F H D F A P M H ? D F H ? D C K F G H D L D EA K B F G H D R I H @ ? K F G H H K B ? O A K A L M D H R S I H D F G H D A J H L K F G HR ? I F H N E X I H [ H K F L K V I ? F A F L ? K A M E F ? I D L ? K A M J ? [ H J H K F P H F @ H H KF G H P ? K H O I A V J H K F D Tj K A B B L F L ? K F ? P L ? M ? V L R A M O A R F ? I D L K F G H I H G A P L M L F A F L ? K ? O O I A R WF S I H E P L ? J H R G A K L R A M L J X A R F L D R I L F L R A M L K G L D F ? V H K H D L D A K BJ A F S I A F L ? K ? O F G H R A M M S D T Y G H P I ? f H K P ? K H L D H N X ? D H B F ? [ H I CR ? J X M H N D H F D ? O V I A [ L F C E L K H I F L A M A K B J S D R M H X ? @ H I T Y G H I H WO ? I H E F G H M ? R A F L ? K ? O F G H O I A R F S I H L D H N X ? D H B F ? R ? K D F A K F O ? I R H D? O R ? J X I H D D L ? K E B H R ? J X I H D D L ? K E P H K B L K V A K B F ? I D L ? K T Y G L DL D F G H I H A D ? K @ G C F G H I H A I H B L H I H K F D F I A L K D L K F G H A I H A ? O F G HO I A R F S I H T s G A F L D F G H H N A R F D L Q H ? O F G H B L M A F A F L ? K ? O G H A M L K V L DK ? F C H F R M H A I M C B H ` K H B E P S F J A v ? I L F C ? O A S F G ? I D P H M L H [ H F G A F L FB ? H D K ? F H N R H H B q J J T\ w xp H M H R F L ? K ? O ? D F H ? D C K F G H D L D J A F H I L A M F ? D F A P L M L Q H F G H O I A R F S I HL D ? K H ? O F G H L J X ? I F A K F R ? K B L F L ? K D O ? I P ? K H I H R ? [ H I C Tx ] y
Aim of the studyY ? H N A J L K H F G H P S B V H F [ ? M F A V H A K B B H O ? I J A F L ? K ? O F G H R ? J WX I H D D L [ H O ? I R H D A K B P H K B L K V D L J S M A F ? I D ? O F @ A I H J ? B H M D L KF G H c d e E F G H h d e E h j > E i j k T k S I F G H I J ? I H E F ? I H A R G F G H R ? K WR M S D L ? K @ G L R G ? K H E ? S F ? O F G H D F S B L H B L J X M A K F D O ? I ? D F H ? D C K WF G H D L D D ? O F @ A I H J ? B H M D E G A D F G H P H D F P L ? J H R G A K L R A M R G A I A R WF H I L D F L R D F ? D F A P L M L Q H F G H O I A R F S I H T
Material end Methodsd U Y j U D ? O F @ A I H @ A D S D H B F ? R I H A F H A z c J ? B H M E A K B O ? I F G HR A M R S M A F L ? K ? O D F I H D D A K B D F I A L K O ? I F G H X I H D D S I H A K B P H K B L K V EU > p { p D ? O F @ A I H @ A D S D H B T p F I H D D A K A M C D L D A K B D F I A L K A K A M WC D L D @ A D X H I O ? I J H B P C ` K L F H H M H J H K F A K A M C D L D t k | U u T Y G HF H D F H B ? D F H ? D C K F G H D L D J A F H I L A M L D M ? A B H B P C F G H R ? J X I H D D L ? KO ? I R H D ? O S X F ? m } } > E A K B P H K B L K V O ? I R H D F ? l m } > T j K A B B L WF L ? K E @ H J ? K L F ? I H B F G H O ? I R H ? O B H O ? I J A F L ? K E @ G L R G ? R R S I I H BB S H F ? F G H O ? I R H ? O F G H X I H D D S I H E R ? J X I H D D L ? K ? I ~ H N L K V E A K B? K F G H D H P A D H D E @ H H [ A M S A F H B D F A P L M L F C T� H ? J H F I L R A M M C L B H K F L R A M E A K A F ? J L R A M M C D G A X H B J ? B H M D @ L F G AB L A J H F H I ? O z } J J E M H K V F G q } } J J E @ L F G A O I A R F S I H R I A R f ? Oq } J J @ H I H S D H B O ? I F G H H N X H I L J H K F A M D F S B C T Y G H D ? O F @ A I H



X I ? V I A J R ? K F A L K D F G H O ? M M ? @ L K V [ A M S H D b H M A D F L R L F C E G L V G H M A D WF L R L F C E X M A D F L R L F C E ` I J K H D D E G A I B K H D D E F ? S V G K H D D E [ L P I A F L ? KA K B F ? I D L ? K P ? K H D T Y G H D H J ? B H M D A M M ? @ L B H K F L R A M P L ? R G H J WL R A M R ? K B L F L ? K D O ? I A M M F G H F H D F D E F G H F H D F D ? O ? D F H ? D C K F G H D L DJ A F H I L A M D T t e L R F S I H l T u
Picture.2. Software model of locked intramedullary nail - 
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Graph 1. The distribution of the compression force (N) in 

relation to the dilatation (mm) in tests at the SSM model com-
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Graph 2. The distribution of the bending force (N) in relation 
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Table 1. Test results on the SCA Simulator software CATIA 

and ANSYS

Range
Osteosynthesis material – 

SSM model

Coeffi cient 

Range

1 LIN 0.1950

2 DCP 0.1970

3 IFM 0.2238

4 LCP 0.2394
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Ispitivanje stabilnosti osteosintetskog materijala 

softverskim simulatorom kosti 

SAŽETAK

Uvod. Softverski model simulatora (SCA) je računarski program pisan na jednom od mnogobrojnih programskih jezika. Na 
osnovu zadanih ulaznih podataka na matematičkom biomehaničkom modelu kosti i na modelima raznih osteosintetskih ma-

terijala, on izračunava i daje tražene izlazne rezultaze o diletaciji (mm) na mjestu preloma u odnosu na primjenjenu  aksijalnu i 

bočnu silu (N).

Cilj rada. Istražiti proračun napona i deformaciju na sile pritiska i savijanja na simulatoru softverskog modela kod  dinamičko 
kompresivne ploče (DCP), dinamičko kopresivne zaključane ploče (LCP), intermedularnog zaključanog klina (LIN) i unutrašnjeg 

fi ksatora po Mitkoviću (IFM). 

Ispitanici i metode. Za izradu 3D modela DCP, LCP, IFM, LIN, korišten je softver CATIA, a za proračun napona i deformacija 
za pritisak i savijanje, softver ANSYS (SCA). Ispitivani materijal opterećen je silama kompresije do 500 N i silama savijanja do 

250 N.

Rezultati istraživanja. Rezultati biomehaničkog ispitivanja na SCA pokazuju da je, po biomehaničkoj stabilnosti, na 
prvom mjestu  LIN sa koefi cijentom ranga KLIN=0,1950. Zatim slijede DCP sa KDCP=0,1970, IFM sa KIFM=0,2238 i LCP sa 

KLCP=0,2394.

Diskusija. Na osnovu ulaznih podataka, formira se matematički model koji korištenjem  unesenih podataka izračunava i edi-
tuje tražene rezultate. U svijetu je danas tendencija da se napravi standarizacija softverskog ispitivanja, kako bi se ispitivani 

rezultati mogli jednostavno primjenjivati i tumačiti u naučno-istraživačke svrhe.

Zaključak. Prvi u rangu po biomehaničkoj stabilnosati je LIN, sa koefi cijentom ranga KLIN=0,1950. Zatim slijede DCP sa 
KDCP=0,1970, IFM sa KIFM=0,2238 i LCP sa KLCP=0,2394.

Ključne riječi: biomehanika, dinamičko kompresivne ploče, softver  CATIA i ANSYS.


