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Abstract

The primary purpose of this study is to evaluate the effect of thread length in
cancellous bone screws after their placement in a synthetic bone substitute, using an
experimental procedurethatinvolved applying shearloadingto the specimens. Atthe same
time, a numerical model was developed using finite element method to simulate the
mechanical response of the system and to investigate parameters that could not be
examined experimentally.

For this purpose, the specific characteristics of osteosynthesis screws related to
their geometry and function were examined, and the influence of critical factors on their
biomechanical behavior was investigated. Initially, the properties of bone tstheahe
microscopic and macroscopic level, as well as its biomechanical response, are presented to
understand the fundamental characteristics that determine its behavior. Subsequently, the
types of fractures and the osteosynthesis techniques appliethicaklpractice are
analyzed, highlighting the importance of proper screw selection and placement for
successful stabilization. Finally, emphasis is placed on the geometrical characteristics of
osteosynthesis screws and the way in which these characteafftct their interaction
with the bone and the overall behavior of the construct.

Subsequently, a single geometrical characteristic of the screws, the thread length,
was specifically investigated through the design and execution of tests under shear loading.
Partially threaded cancellous screws with a major diameter of 6.5 mm andffexerdi
thread lengths were used. In Group A, screws with a thread length of 16 mm were inserted,
while in Group B screws with a thread length of 32 mm were used. The specimens were
subjected to shear loading in an MTS Insight testing frame under disg@aeeontrolled
conditions, with relative sliding applied between the two synthetic bone blocks. For each
specimen, the foredisplacement curve was recorded, based on which stiffness,
proportional limit, yield force and the corresponding displacement eadcellated. The
results were compared between the two groups to determine whether statistically
significant differences existed in the mechanical properties under investigation.

The results showed that Group B, in which screws with a thread length of 32 mm
were used, exhibited statistically significant higher stiffness, proportional limit and yield
force comparedto Group A, in which screws with a thread length of 16 mm werbdloised.
statistically significant difference was observed in yield displacement between the two
groups.

In parallel, a numerical model was developed using finite element method, with the
aim of simulating the mechanical response of the system and investigation parameters that
could not be examined experimentally. The model included the geometries of yartiall
threaded screws and synthetic cancellous bone substitutes, as in the experimental tests, and
the appropriate loadingand contact conditions were defined. Based on the validated model,
an extensive parametric analysis was performed, examining the edfdotsding and
contact conditions, material properties, as well as geometrical characteristics of the screw.
From the corresponding foralisplacement curves, the mechanical properties of the
system were calculated. Although the numerical model succerdgzproximating the
overall response of the system and consistently reproducing certain basic principles and
properties, it also showed discrepancies from the experimental results, laying the

10



groundwork for discussion in future finite elements investigation.

From the presentstudy itis concluded thatthread length is an important geometrical
characteristic of cancellous bone screws that can affect not only tregpslirength of the
screws, as reported in literature, but also the mechanical responseostdbeynthesis
when subjected to shear loading. At the same time, the numerical analysis carried out
represents both the potential and the limitations of such an approach, opening the way for
significant improvements in future studies. Overall, this wodymrovide the basis for
further research that will examine in greatlpth the behavior of different screws in
osteosynthesis under shear loading, both experimentally and numerically.
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Tension and compression

cycles create a small

electrical potential that

stimulates bone deposition
and increased density at

points of stress.
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Ao o h 8¢ am U Uon Mises(MPa)

10241 Max

9,1052
7,9692
6,8332
5,6972
45613
3,4253
2,2893
1,1533

0,017305 Min

—

B

Koo hdadKaesUUsoe

0,048772 Max

0,043362
0,037952
0,032543
0,027133
0,021723
0,016313
0,010904
0,0054939

8.4163e-5 Min
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0,49479 Max
0,43981
0,38483
- 0,32986
0,27488
D 0,21991
- 0,16493
0,10995
I 0,054976
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Koo hdlBasUdUsse

Ao oh 42¥ v5i.d verlMiEas(MPa) & U

" U

o

yj Ugagy G GUYs3 .

10,241 Max
91052
7,9602
6,8332
5,6972
45613
3,4253
2,2893
1,1533
0,017305 Min

2 U0U0Us ndedlh § U G«
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0,043362
0,037952
0,032543
0,027133
0,021723
0,016313
0,010004
0,0054939
8,4163e-5 Min

KoohddKatltUsoe " UPUe YUz §WHiDd UG

0,49479 Max
043981
0,38483
0,32986
0,27488
0,21991
0,16493

B
i 0,10995

"

0,054976
0 Min
Kooh adben i Odlgde h i Gy & 0Us hlldeydh § U G
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720,4 Max
640,36

560,32

480,28

400,24

320,2

240,16

160,12

80,085
0,046269 Min

Ao o h 49¥ Y50.d verlMisas(MPa)

Koo h 48 a57.0 5 Us g y dicgcrasUuon Mises

| am——

Koo hd7rydleyd Ue gy b tiammises

Koo fhd8es5r.fijgd oUs oavUsyd Uvxs if YWibd bonwises s Ueg oaccaal
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0,0069033 Max
0,0061363
0,0053693
0,0046024
0,0038354
0,0030684
0,0023014
0,0015344
0,00076745
4,6593e-7 Min
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)~ §dld Us e glisedlli (pdila sRWUs @9 gyda»eUUquJoU R VRV
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MPa
10,241 Max
9,1052
7,9692
6,8332
5,6972 Ao o fh 2A4pssl.Ue x =7 co:
4,5613
3,4253
2,2893
1,1533
0,017305 Min

Koo f 21ips30.Ue x =0

Koo h 23ips3).Ue x=200m

Ko afh 24dps3).0e x=300m
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Ko o h 24idps3).0 e x=e300m

Koo f 28dps3).Us x=530m

Koo h 2Mips3).Ue x=700m

MPa
10,241 Max
91052
7,9692
6,8332
5,6972
45613
3,4253
2,2893
1,1533
0,017305 Min
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) 8 Uds @~
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A5 o h 23dps3).Ue x=450m

Koo f 2Mipsd).Ue x=600m
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