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Mechanical Strength and Stiffness of
Biodegradable and Titanium

Osteofixation Systems
Gerrit J. Buijs, DMD,* Eduard B. van der Houwen, MSc,†

Boudewijn Stegenga, DMD, MSc, PhD,‡

Rudulf R.M. Bos, DMD, PhD,§

and Gijsbertus J. Verkerke, MSc, PhD�

Purpose: To present relevant mechanical data to simplify the selection of an osteofixation system for
situations requiring immobilization in oral and maxillofacial surgery.

Materials and Methods: Seven biodegradable and 2 titanium osteofixation systems were investigated.
The plates and screws were fixed to 2 polymethylmethacrylate (PMMA) blocks to simulate bone
segments. The plates and screws were subjected to tensile, side bending, and torsion tests. During tensile
tests, the strength of the osteofixation system was monitored. The stiffness was calculated for the tensile,
side bending, and torsion tests.

Results: The 2 titanium systems (1.5 mm and 2.0 mm) presented significantly higher tensile strength
and stiffness compared with the 7 biodegradable systems (2.0 mm, 2.1 mm, and 2.5 mm). The 2.0 mm
titanium system showed significantly higher side bending and torsion stiffness than the other 8 systems.

Conclusion: Based on the results of the current study, it can be concluded that the titanium osteofix-
ation systems were (significantly) stronger and stiffer than the biodegradable systems. The BioSorb FX
(Linvatec Biomaterials Ltd, Tampere, Finland), LactoSorb (Walter Lorenz Surgical Inc, Jacksonville, FL),
and Inion (Inion Ltd, Tampere, Finland) 2.5 mm systems have high mechanical device strength and
stiffness compared with the investigated biodegradable osteofixation systems. With the cross-sectional
surface taken into account, the Biosorb FX system (with its subtle design) proves to be the far more
superior system. The Resorb X (Gebrüder Martin GmbH & Co, Tuttlingen, Germany) and MacroPore
(MacroPore Biosurgery Inc, Memphis, TN) systems present to be, at least from a mechanical point of
view, the least strong and stiff systems in the test.
© 2007 American Association of Oral and Maxillofacial Surgeons
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ufficient revascularization, anatomic reduction, and
roper immobilization of bone segments are essential
spects of the healing of fractures and osteotomies.1,2

mmobilization of bone fragments is currently ob-
ained by the use of osteofixation plates and
crews.3,4 The plates and screws are applied subperi-
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steally to secure sufficient revascularization.2 These
xation devices must withstand the local deforming
orces that are exerted through the maxillofacial mus-
les.
Currently, titanium fixation systems are success-

ully used to realize adequate immobilization.5 These
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BUIJS ET AL 2149
ystems, however, have several disadvantages: 1) the
eed for a second intervention to remove the devices,

f indicated6-8; 2) interference with imaging or radio-
herapeutic techniques9-11; 3) possible growth distur-
ance or mutagenic effects9,10,12-14; 4) brain dam-
ge13,15; and 5) thermal sensitivity.16

Biodegradable “dissolving” fixation systems could
educe the problems associated with titanium sys-
ems.17 However, these systems are mechanically
eaker than titanium systems because of the use of
iodegradable polymers. Moreover, adverse reactions
o the degradation products have been reported.18-21

espite these disadvantages, there is a continuous
rive to explore fixation devices that will degrade
hen bone healing has occurred.22 The question as to
hether biodegradable systems are proper alterna-

ives to titanium systems has been the subject of
esearch for decades.23 Nevertheless, the mechanical
roperties of biodegradable systems have hardly been
bjectively compared in the scientific literature. In
ddition, many biodegradable fixation systems with a

Table 1. CHARACTERISTICS OF INCLUDED OSTEOFIXATI

Brand Name Manufacturer Composi

iodegradable Systems
BioSorb FX Linvatec Biomaterials

Ltd. (Tampere,
Finland)

SR 70L/30D
PLA

Resorb X Gebrüder Martin
GmbH & Co
(Tuttlingen,
Germany )

100 DL-Lac

Inion 2.0 mm Inion Ltd (Tampere,
Finland)

LDL Lactide
TMC/PGA

Inion 2.5 mm Inion Ltd (Tampere,
Finland)

LDL Lactide
TMC/PGA

LactoSorb Walter Lorenz
Surgical Inc
(Jacksonville, FL)

82 PLLA/18
PGA

Polymax Mathys Medical Ltd
(Bettlach
Switzerland)

70L/30DL P

MacroPore MacroPore
BioSurgery Inc
(Memphis, TN)

70L/30DL P

itanium Systems
KLS Martin Gebrüder Martin

GmbH & Co
(Tuttlingen,
Germany)

Titanium (p

KLS Martin Gebrüder Martin
GmbH & Co
(Tuttlingen,
Germany)

Titanium (p

*According to the specifications of the manufacturers.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxi
reat variety of dimensions and co-polymer composi-
ions are commercially available. As a result, the me-
hanical characteristics differ substantially, which
onsequently hampers surgeons in their selection of
n adequate fixation system for a specific situation.24

etermining the different mechanical properties of
itanium and biodegradable osteofixation systems
ould support the procedure of finding the right fix-
tion system for the right situation.25

bjectives

The objective of this study was to present relevant
echanical data to simplify the selection of an osteo-

xation system for situations requiring immobiliza-
ion in oral and maxillofacial surgery.

aterials and Methods

The specimens to be investigated were 7 commer-
ially available biodegradable (5 � 2.0 mm, 1 � 2.1

YSTEMS

Sterility

Screw
Diameter*

(mm)

Screw
Length*
(mm)

Plate
Length*
(mm)

Plate
Width*
(mm)

Plate
Thickness*

(mm)

terile 2.0 6.0 25.5 5.5 1.3

terile 2.1 7.0 26.0 6.0 1.1

terile 2.0 7.0 28.0 7.0 1.3

terile 2.5 6.0 32.0 8.5 1.6

terile 2.0 7.0 28.5 7.0 1.3

terile 2.0 6.0 28.0 6.0 1.3

xpired 2.0 6.0 25.0 6.7 1.2

terile 1.5 6.0 18.5 3.5 0.6

terile 2.0 6.0 25.5 5.0 1.0
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2150 BIODEGRADABLE/TITANIUM OSTEOFIXATION SYSTEMS
m, and 1 � 2.5 mm) and 2 commonly used com-
ercially available titanium (1.5 mm and 2.0 mm)

steofixation systems. The general characteristics of
he included plates and screws are summarized in
able 1. The nonsterile titanium plates and screws
ere sterilized in our department in the usual man-
er. The manufacturers of the biodegradable systems
upplied sterile implants, with the exception of the
acroPore implants (MacroPore Biosurgery Inc,
emphis, TN), for which the expiration date had
assed (average, 6 to 12 months). The plates under

nvestigation were 4-hole extended plates. Eighteen
lates and 72 screws of each system were subjected
o 3 different mechanical tests.

The osteofixation plates and screws were fixed to 2
olymethylmethacrylate (PMMA) blocks that simu-

ated bone segments. There was no interfragmentary
ontact to simulate the most unfavorable clinical sit-
ation. Two screws were inserted in both PMMA
locks according to the instructions of the individual
anufacturer (with prescribed burs and taps). The

pplied torque for inserting the screws was measured
o check whether it was comparable to the clinically
pplied torque (“hand tight”) defined in a previous
tudy.26 The holes were irrigated with saline before
nsertion of the screws, to simulate the in situ lubri-
ation. The 2 PMMA blocks, linked by the osteofix-
tion device (1 plate and 4 screws) were restored in a
ater tank containing water at 37.2°C for 24 hours to

imulate the relaxation of biodegradable screws at
ody temperature.27 The tests were performed in
nother tank containing water at the same tempera-
ure to simulate body temperature. Saline was not

FIGURE 1. Tensile test set-up.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral
axillofac Surg 2007.

B
M

sed because of possible corrosion of the test and
nvironment set-up. Omitting the use of saline was
xpected not to be of influence to the test results.
The plates and screws were subjected to tensile,

ide bending, and torsion tests. The tensile test was
erformed as a standard loading test (Fig 1). Side
ending tests were performed to simulate an in vivo
ilateral sagittal split osteotomy (BSSO) situation (Fig
). Torsion tests were performed to subject the os-
eofixation devices to high torque to simulate the
ost unfavorable situation (Fig 3). The 2 PMMA

FIGURE 2. Side bending test set-up.

uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral
axillofac Surg 2007.

FIGURE 3. Torsion test set-up.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral
axillofac Surg 2007.
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BUIJS ET AL 2151
locks, linked by the osteofixation device, were
ounted in a test machine (Zwick/Roell TC-FR2,

TS.D09, 2.5 kN Test machine; force accuracy, 0.2%;
ositioning accuracy, 0.0001 mm; Zwick/Roell Ned-
rland, Venlo, The Netherlands). Regarding the ten-
ile tests, the 2 PMMA blocks and thus the osteofix-
tion plate were subjected to a tensile force with a
onstant speed of 5 mm/minute until fracture oc-
urred (according to the standard American Society
or Testing and Materials D638M). For the side bend-
ng test, the 2 PMMA blocks were supported at their
nds, whereas the plates were loaded in the center of
he construction with a constant speed of 30 mm/
inute (with this speed the outer fibers were loaded

s fast as the fibers of the osteofixation system in the
ensile test) until the plate was bent 30 degrees. For
he torsion test, the 2 PMMA blocks were twisted
long the long axis of the osteofixation system with a
onstant speed of 90 degrees/minute (with this speed
he outer fibers were loaded as fast as the fibers of the
steofixation system in the tensile test) until the plate
as turned 160 degrees.
During testing, the applied force was recorded by

Table 2. APPLIED TORQUE OF INSERTED
OSTEOFIXATION SCREWS

Test System Mean SD

ensile BioSorb FX 81.23 0.41
Inion 2.0 74.29 0.31
Inion 2.5 156.81 0.76
LactoSorb 97.96 0.48
MacroPore 62.42 0.47
Polymax 57.05 0.58
ResorbX 56.13 0.23
Titanium 1.5 251.21 1.54
Titanium 2.0 369.84 1.09

ide Bending BioSorb FX 81.50 0.57
Inion 2.0 74.40 0.54
Inion 2.5 157.24 0.35
LactoSorb 97.63 0.32
MacroPore 62.17 0.75
Polymax 56.83 0.23
ResorbX 55.90 0.26
Titanium 1.5 248.23 0.70
Titanium 2.0 370.20 1.02

orsion BioSorb FX 80.93 0.43
Inion 2.0 74.50 0.83
Inion 2.5 156.80 0.76
LactoSorb 97.88 0.56
MacroPore 62.21 0.45
Polymax 57.46 0.41
ResorbX 55.91 0.30
Titanium 1.5 248.53 1.36
Titanium 2.0 367.96 1.97

OTE. Mean � mNm.

uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral
axillofac Surg 2007.
he load cell of the test machine. Both force and n
isplacement were measured with a sample fre-
uency of 500 Hz and graphically presented in force-
isplacement diagrams. During tensile tests, the
trength of the osteofixation system was monitored.
he stiffness was calculated for the tensile, side bend-

ng, and torsion tests by linking the Fmax 25% and
max 75% points (to exclude inaccuracies of the start
nd end of the curves) of the maximum force on the
orce-displacement curves and determining the direc-
ion-coefficients of the curves.

tatistical Analysis

Statistical Package of Social Sciences (SPSS Inc, Chi-
ago, IL; version 12.0) was used to analyze the data.
ean and standard deviation were calculated to
escribe the data. To determine whether there were
ignificant differences between the biodegradable
nd the titanium osteofixation systems in 1) tensile
trength and stiffness, 2) side bending stiffness, and 3)
orsion stiffness, the maximum values were subjected
o a 1-way analysis of variance (ANOVA). A correction
or multiple testing was performed according to Dun-
et T3 (equal variances not assumed). Differences
ere considered to be significant when P was less

han .05 for all tests.

esults

The torques used to insert the screws of the 9
steofixation systems regarding the tensile, side bend-

ng, and torsion tests are outlined in Table 2. Mean
orques as well as the standard deviations for each
ystem in all 3 tests were nearly similar.

The mean tensile strength and stiffness of the 9
steofixation systems are graphically presented in Fig-
res 4 and 5, respectively. The 2 titanium systems (1.5
m and 2.0 mm) presented significantly higher ten-

ile strength and stiffness compared with the biode-
radable systems (2.0 mm, 2.1 mm, and 2.5 mm).
egarding the biodegradable systems, the BioSorb FX,
Linvatec Biomaterials Ltd, Tampere, Finland), Inion
.5 mm (Inion Ltd, Tampere, Finland), and LactoSorb
Walter Lorenz Surgical Inc, Jacksonville, FL) systems
resented a significantly higher tensile strength
hereas the BioSorb FX and LactoSorb systems pre-

ented a significantly higher tensile stiffness com-
ared with the other biodegradable systems. The dif-

erences between the systems are outlined in Table 3.
he standard deviations for the systems regarding the

ensile strength and stiffness were small. A summary
f the descriptive statistics is presented in Table 4.
Mean side bending stiffness of the 9 osteofixation

ystems is plotted in Figure 6. The 2.0 mm titanium
ystem showed significantly higher side bending stiff-

ess compared with the other 8 systems. The 1.5 mm



F
s

B

F
s

B

2152 BIODEGRADABLE/TITANIUM OSTEOFIXATION SYSTEMS
IGURE 4. Mean tensile strength organized by system. Points in figure represent mean strength. Bars represent the standard deviation of the mean
trength.

uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
IGURE 5. Mean tensile stiffness organized by system. Points in figure represent mean stiffness. Bars represent the standard deviation of the mean
tiffness.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
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BUIJS ET AL 2153
Table 3. SIGNIFICANCE BETWEEN OSTEOFIXATION SYSTEMS IN TENSILE TEST

System
BioSorb

FX 2.0 mm
Inion

2.0 mm
Inion

2.5 mm
LactoSorb
2.0 mm

MacroPore
2.0 mm

Polymax
2.0 mm

Resorb X
2.1 mm

Titanium
1.5 mm

Titanium
2.0 mm

ioSorb FX
2.0 mm XXXX S S S S S S S S

nion S XXXX S S S NS S S S
2.0 mm

nion S NS XXXX S S S S S S
2.5 mm

actoSorb NS S S XXXX S S S S S
2.0 mm
acroPore
2.0 mm S NS NS S XXXX NS NS S S

olymax S NS NS S NS XXXX S S S
2.0 mm

esorb X S S S S NS S XXXX S S
2.1 mm

itanium S S S S S S S XXXX S
1.5 mm

itanium S S S S S S S S XXXX
2.0 mm

OTE. Underline indicates tensile strength; italic indicates tensile stiffness.
Abbreviations: S, significant; NS, nonsignificant.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
Table 4. SUMMARY OF DESCRIPTIVE STATISTICS TENSILE TEST

95% Confidence Interval

System Mean^ SD^ Lower Bound^ Upper Bound^

ensile strength
BioSorb FX 2.0 mm 162.00 3.18 155.16 168.85
Inion 2.0 mm 101.98 5.11 95.13 108.82
Inion 2.5 mm 219.82 13.43 212.98 226.67
LactoSorb 2.0 mm 175.17 2.40 168.33 182.02
MacroPore 2.0 mm 65.07 16.92 58.23 71.92
Polymax 2.0 mm 89.68 5.52 82.84 96.53
Resorb X 2.1 mm 59.87 4.73 53.02 66.71
Titanium 1.5 mm 266.71 6.74 259.86 273.55
Titanium 2.0 mm 741.21 4.08 734.36 748.05

ensile stiffness
System Mean* SD* Lower Bound* Upper Bound*
BioSorb FX 2.0 mm 248.00 24.28 235.57 260.43
Inion 2.0 mm 87.56 11.66 75.12 99.99
Inion 2.5 mm 79.52 3.74 67.09 91.95
LactoSorb 2.0 mm 203.78 4.82 191.34 216.21
MacroPore 2.0 mm 52.87 16.57 40.44 65.31
Polymax 2.0 mm 80.08 5.74 67.65 92.51
Resorb X 2.1 mm 42.86 5.82 30.44 55.30
Titanium 1.5 mm 448.56 24.68 436.12 460.99
Titanium 2.0 mm 521.27 18.56 508.84 533.70

^in N.
*in N/mm.
Abbreviation: SD, standard deviation.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
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2154 BIODEGRADABLE/TITANIUM OSTEOFIXATION SYSTEMS
itanium and the BioSorb FX system presented a
early similar mean side bending stiffness. The side
ending stiffness of the BioSorb FX system was signif-

cantly higher compared with the other 6 biodegrad-

IGURE 6. Mean side bending stiffness organized by system. Points
ean stiffness.

uijs et al. Biodegradable/Titanium Osteofixation Systems. J Ora

Table 5. SIGNIFICANCE BETWEEN OSTEOFIXATION SYS

System
BioSorb FX

2.0 mm
Inion

2.0 mm
Inion

2.5 mm
LactoSor
2.0 mm

ioSorb FX
2.0 mm XXXX S S S

nion S XXXX S S
2.0 mm

nion S S XXXX NS
2.5 mm

actoSorb S NS S XXXX
2.0 mm
acroPore
2.0 mm S S S S

olymax NS S S S
2.0 mm

esorb X S S S S
2.1 mm

itanium S S S S
1.5 mm

itanium S S S S
2.0 mm

OTE. Underline indicates side bending stiffness; italic indicates
Abbreviations: S, significant; NS, nonsignificant.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxi
ble systems, whereas significance was not reached
or the 1.5 mm titanium system, mainly because of the
arge standard deviation of the mean of the 1.5 mm
itanium system (Table 5). The nonsignificant results

represent mean stiffness. Bars represent the standard deviation of the

llofac Surg 2007.

IN STIFFNESS TEST

acroPore
2.0 mm

Polymax
2.0 mm

Resorb X
2.1 mm

Titanium
1.5 mm

Titanium
2.0 mm

S S S NS S
S S S NS S

S S S NS S

S S S NS S

XXXX S NS NS S
S XXXX S NS S

S S XXXX NS S

NS S S XXXX S

S S S S XXXX

stiffness.
in figure
TEMS

b M

torsion
llofac Surg 2007.
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IGURE 7. Mean torsion stiffness organized by system. Points in figure represent mean stiffness. Bars represent the standard deviation of the mean
tiffness.
Table 6. SUMMARY OF DESCRIPTIVE STATISTICS TORSION AND BENDING TEST

95% Confidence Interval

System Mean* SD* Lower Bound* Upper Bound*

ide bending stiffness
BioSorb FX 2.0 mm 1.55 0.13 1.28 1.81
Inion 2.0 mm 0.57 0.06 0.31 0.84
Inion 2.5 mm 0.82 0.08 0.55 1.08
LactoSorb 2.0 mm 0.75 0.06 0.48 1.01
MacroPore 2.0 mm 0.24 0.02 -0.03 0.50
Polymax 2.0 mm 0.37 0.04 0.11 0.64
Resorb X 2.1 mm 0.25 0.03 -0.02 0.52
Titanium 1.5 mm 1.64 0.81 1.37 1.90
Titanium 2.0 mm 4.33 0.50 4.07 4.60

orsion stiffness
BioSorb FX 2.0 mm 0.96 0.10 0.80 1.12
Inion 2.0 mm 0.67 0.05 0.52 0.84
Inion 2.5 mm 2.36 0.12 2.20 2.53
LactoSorb 2.0 mm 0.56 0.04 0.40 0.73
MacroPore 2.0 mm 1.27 0.14 1.10 1.43
Polymax 2.0 mm 0.86 0.08 0.70 1.02
Resorb X 2.1 mm 0.32 0.04 0.16 0.48
Titanium 1.5 mm 1.34 0.08 1.18 1.50
Titanium 2.0 mm 4.17 0.54 4.00 4.33

*in N/mm.
Abbreviation: SD, standard deviation.

uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
uijs et al. Biodegradable/Titanium Osteofixation Systems. J Oral Maxillofac Surg 2007.
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2156 BIODEGRADABLE/TITANIUM OSTEOFIXATION SYSTEMS
ere additionally illustrated by the 95% confidence
nterval of the 1.5 mm titanium system, which over-
aps the interval of the BioSorb FX system. The stan-
ard deviations of the biodegradable systems were
mall, while the 2.0 mm titanium system also showed
higher standard deviation (Table 6).
The mean torsion stiffness of the 9 osteofixation

ystems is graphically plotted in Figure 7. As pre-
ented with the side bending stiffness, the torsion
tiffness of the 2.0 mm titanium system was signifi-
antly higher compared with the remaining systems.
he standard deviations of the biodegradable and 1.5
m titanium systems were small, particularly com-
ared with the standard deviation of the 2.0 mm
itanium system. The mean torsion stiffness for the 1.5
m titanium and 2.0 mm MacroPore system was

early equal, showing nonsignificance between these
systems. The Inion 2.5 mm system presented by far

he highest torsion stiffness of the biodegradable sys-
ems. Comparisons of the differences between the 9
steofixation systems are outlined in Table 5. Table 6
resents a summary of the descriptive statistics of the
ide bending and torsion tests.

iscussion

The differences in strength and stiffness can be
xplained by many different factors, including dimen-
ion (1.5 mm, 2.0 mm, 2.1 mm, and 2.5 mm), (co-
olymer) compositions, geometry of the plates and
crews, ageing of the plates and screws, and methods
o sterilize and manufacture the plates and screws.
ecause the differences between the osteofixation
ystems are multifactorial, it remains difficult to pose
a) specific reason(s).

The maxillofacial muscles exert high forces in
ifferent directions.2 Consequently, it is difficult to
imulate the in situ conditions in in vitro situations.
o obtain clinically valuable information regarding

he selection of an osteofixation system, the tensile
trength and stiffness, side bending stiffness, and
orsion stiffness were investigated as mentioned
bove. Adequate tensile strength and stiffness of an
steofixation system is essential for fixation of frac-
ures and osteotomies. The osteofixation system is
nevitably exposed to tensile forces when ade-
uately repositioned bone segments are exposed to

ocal deforming forces.28,29 The side bending test
as been performed to simulate the BSSO of the
andible.30 The BSSO procedure is often per-

ormed in oral and maxillofacial surgery.4 The tor-
ion test was used to simulate the torsion forces
hat are developed in the area between the 2 canine
eeth when a median fracture of the mandible is
resent. These torsion forces, however, are pre-

ominantly counteracted by the interfragmentary a
racture segments.31 A second argument to subject
he osteofixation system to the torsion test is that
orsional forces are extraordinarily destructive for
steofixation systems. During torsion of the PMMA
locks, they were prevented from moving along the

ong axis of the system to additionally load the
ystem to tensile forces. This simulates the most
nfavorable in situ situation imaginable. Another

mportant aspect of simulating the in situ situation
as to test the system as it is used and applied in

he clinic. The plates and screws were fixed with
rescribed burs and taps. Fixing the plates with
orresponding screws will provide more clinically
elevant information rather than fix the plates with
etal screws.25 In this way, information on the

ntire system’s (device) mechanical characteristics
as obtained.
Stiffness was calculated in all 3 tests (tensile, side

ending, and torsion), while the strength is re-
orted in just 1 case (tensile test). The stiffness of
n osteofixation system is a more clinically applica-
le characteristic.32 Contrary to stiffness, the max-

mum strength will only become relevant when the
one segments are separated more than a few mil-

imeters, which inherently results in compromised
one healing. Enlargement of the healing period is
he result, and loosening of the screws and plates or
nfection is possible.32 Stiffness was calculated
rom the raw data as described in the Materials and
ethods section. Determining the 25% Fmax and

5% Fmax point, as well as the corresponding dis-
lacement, implies loss of accuracy because of the

imited sample frequency (500 Hz). This results in
igher relative standard deviations when compar-

ng the tensile strength.
The small standard deviations regarding the tensile

trength (predominantly the titanium systems) eluci-
ate that the method of testing and the test hardware
ere properly designed regarding reproducibility.
owever, the high standard deviations concerning

he stiffness of the titanium systems in both the tor-
ion (titanium 2.0 mm) and side bending (titanium 1.5
nd 2.0 mm) tests did not support the assumption of
roper method and hardware design. The explana-
ion for these phenomena could be the measurement
mprecision mentioned above or the variety in me-
hanical properties of the specimens of each system.
Another eye-catching point is that the torsion and

ide bending stiffness of the 1.5 mm titanium system
nd 4 (BioSorb FX, Inion 2.0, Inion 2.5, and Lac-
oSorb) of the biodegradable systems that were nearly
n the same range of stiffness. This is most probably a
esult of the smaller dimensions of the 1.5 mm tita-
ium system. Table 4 shows significant differences
etween the side bending stiffness of the biodegrad-

ble systems (caused by the small standard deviations)
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hile the differences between the 1.5 mm titanium
nd the biodegradable systems were not significant.

Titanium osteofixation systems were (significantly)
tronger and stiffer than biodegradable systems. De-
pite the favorable mechanical properties of these
ystems compared with the biodegradable systems,
he question arises whether the biodegradable sys-
ems pose adequate resistance to the local deforming
orces to achieve adequate bone healing in patients.33

fter all, the disappearance of a fixation system when
one union of the bone segments has been obtained

s still very appealing. The question mentioned above
an only be answered through well-designed random-
zed clinical trials that compare biodegradable and
itanium osteofixation systems. The present study,
owever, provides well-founded information to help
urgeons select a mechanically potent bone fixation
ystem for restoring, fixing, and stabilizing bone seg-
ents in specific situations in the maxillofacial area.
he objective of this study was to present relevant
echanical data to simplify the selection of an osteo-

xation system for situations requiring immobiliza-
ion in oral and maxillofacial surgery. This study has
resented that the tensile strength and stiffness of
oth titanium systems were significantly higher than
he biodegradable systems, whereas the differences
etween the biodegradable systems also showed sig-
ificance in most cases with regard to tensile strength
s well as stiffness. Moreover, it showed that the side
ending stiffness of the titanium 2.0 mm was signifi-
antly higher than the 8 remaining systems. The Bio-
orb FX also showed high side bending stiffness in
omparison to the other biodegradable systems, with
oth Resorb X and MacroPore at the lower side.
inally, this study has shown that the torsion stiffness
f the titanium 2.0 mm system was high compared
ith the other systems. Based on the results of the

urrent study, it can be concluded the BioSorb FX,
nion 2.5, and LactoSorb systems represent the higher
trength and stiffnesses among the investigated bio-
egradable osteofixation systems. With the cross-sec-
ional surface taken into account, the BioSorb FX
ystem (with its subtle design) proved to be the far
ore strong and stiff system. The Resorb X and
acroPore systems are, at least from a mechanical
oint of view, the least strong and stiff systems in the
est.26
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