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Iki Farkli Test Modelinin Karsilastirilarak Tek Tarafli Cignemenin

Biyomekaniginin Oncii Arastirmas:

In Vitro Calisma

Esin DEMIR®

“Department of Oral and Maxillofacial Surgery, Selcuk University Faculty of Dentistry, Konya, TURKIYE

ABSTRACT Objective: This article reports a preliminary study un-
dertaken to investigate the biomechanics of unilateral chewing due to
lateral segmental defects extending to angulus, introducing modified
designs of 3-point and 2 point testing models. Data concerning test set-
ups used in biomechanic studies of mandible in the literature have been
analysed. Material and Methods: Load/displacement data were gath-
ered for the mandibles with the same defect and reconstructed with re-
construction plate in a standart way. Standard models underwent
unilateral loading with two different test set-up. The first set-up was
consistent with 3 point testing model (Group I) while the second set-up
was simulating 2 point testing model (Group II). Furthermore, literature
related with in vitro studies of mandible were searched and testing set-
ups used in these studies were evaluated. Results: The mean displace-
ment for Group [ was 12.11 mm (£3.36), Group II was 19.56 (+0.92)
mm. Group II had significantly greater (p=0.000) displacement when
compared with Group 1. The mean force before failure for Group I was
850.3 N (+136.1 N), Group Il was 1117.83 N (£107.3 N). Models tested
with two point system failed at significantly greater force (p=0.000),
Conclusion: Three point testing model was more efficient and reflect-
ing the chewing forces better under unilateral loading. Many biome-
chanic studies in the literature adopted three point system for their
studies.

Keywords: Mandible reconstruction;
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OZET Amagc: Bu makale, angulusa uzanan lateral segmental defekt se-
bebiyle meydana gelen tek tarafli ¢ignemenin biyomekanigini arastira-
rak, 2 nokta ve 3 nokta test modellerinin modifiye dizaynlarinin
denendigi 6ncii calismayi rapor etmektedir. Mandibulanin biyomekanik
calismalarinda kullanilan deney diizenegi bilgileri de analiz edilmistir.
Gerec ve Yontemler: Ayn standart defekt olusturulmus ve rekons-
tritksiyon plagi ile ayni standart yontem ile rekonstriikte edilmis mandi-
bulalarda yiik/displasman verileri elde edilmistir. Standart modeller 2
farkli deney diizeneginde sabitlenerek tek tarafli yiiklemeye maruz bira-
kilmustir. Birinci deney diizenegi (Grup I) 3 nokta test modeli ile uyumlu
iken 2. deney diizenegi (Grup II) 2 nokta test modelini simiile etmekte-
dir. Ayrica mandibulanmn in vitro galigmalart ile ilgili literatiir taranarak,
bu ¢aligmalarda kullanilan deney diizenekleri degerlendirilmistir. Bul-
gular: Ortalama yer degisikligi Grup I’de 12,11 mm (+3,36), Grup II’de
19,56 (+0,92) mm olarak bulunmustur. Grup II Grup I ile karsilastirildi-
ginda istatistiksel olarak anlaml oranda daha fazla displasman goster-
mistir (p=0,000). Basarisizliga neden olan ortalama maksimum kuvvet
Grup I’de 850,3 N (+136,1 N), Grup II’de 1117,83 N (£107,3 N) olarak
bulunmustur. iki nokta sisteminde teste tabi tutulan modeller anlamli
olarak daha fazla kuvvet dayanim gdstermistir (p=0,000). Sonug: Uc
nokta test modeli daha etkindir ve tek tarafli yiiklemede ¢igneme kuv-
vetlerini daha iyi taklit edebilmektedir. Birgok biyomekanik ¢alismada,
deneylerinde 3 nokta test modelini benimsemislerdir.

Anahtar Kelimeler: Mandibula rekonstriiksiyonu;
¢ene neoplazmlar; ag1z neoplazmlari

Biomechanical studies to get better understand-
ing of fixation systems have been carried on ortog-
nathic, trauma or segmental defect models. Fixation

systems were tested with chewing forces after secur-
ing the models in a set-up. Researchers developed 2
point and 3 point test set-ups basicly although a few
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more systems that modified these two main systems
were published in the literature. Vertical loading was
simulated actually in studies, whereas lateral and ro-
tational forces may be encountered clinically espe-
cially in segmental defect cases whom might chew
unilaterally or have lost majority of chewing muscles
on related side due to surgical resection.

Biomechanical studies carried on models with
segmental defects were predominantly tested with
three point test set-up and under bilateral loading.'
Rendenbach et al. compared fixation systems on re-
construction models with 2 point test set-up under
unilateral loading.’?

The aim of this preliminary biomechanical study
is to compare two point system and three point sys-
tem for standart models with segmental defect that
would undergo unilateral chewing and to find out
which one is simulating reality better. Furthermore,
we reviewed the literature about the testing set-ups
used in biomechanic studies of mandible.

I MATERIAL AND METHODS

The Ethics Committee of University of Katip Celebi
exempted the study from review since it does not re-
quire the ethics committee approval for its conduct
(18.02.21 and no.2021/0033). Twelve synthetic
polyurethane mandibles (B-Tech, Ankara, Turkey)
were used in this study. This study follows the Dec-
laration of Helsinki.

Two different experiment set-up methods were
compared for the same models. In both testing
groups, a 2.4 mm locking reconstruction plate
(Trimed, Ankara, Turkey) was used and manually
bent by the same investigator to the reconstruction
model after marking the defect border. The plates
were shortened to 19 insertion holes. Fixation was
performed using four titanium locking screws of 12
mm length for both side of defect. Perforations
were made with 1.8 mm diameter drill and a drill
guide.

A standart defect was created for both groups.
The defect extended between the left first premolar
tooth and left mandibular ramus of the polyurethane
mandibles to which bended reconstruction plates
were applied. Although applied defect simulated the

ostectomies performed during the surgical treatments
of benign tumours or neoplasias, this type of defect
that include angulus was rare that has been tested bio-
mechanically.

BIOMECHANICAL TEST SET-UPS

A servohydraulic testing machine (TST 2500 mxe,
MARESTEK Electronic Informatics System Design
Ltd, Istanbul, Turkey) was used for this biomechan-
ical test. The outline of the first test set-up (Group I)
was similar to that of the Schupp et al. and Gutwald
et al.’s test set-up.>* A stainless steel sylindrical rod
was fixed to load cell of the servohydrolic testing ma-
chine and the rod pressed to the contralateral angulus
with increasing forces since ipsilateral angulus region
was resected (Figure 1).

Second test set-up (Group II) was constructed
like the system applied by Rendenbach et al. Both
condyles and ramus region were fixed with screws
and metal support. Loading was applied to contralat-
eral dental support in which two point system was
simulated (Figure 1). These two different set-ups
were compared under unilateral loading.

Loads were generated at a rate of 1 mm/min until
failure of sample. Outcomes of experiment were
recorded for each sample.

Loading was carried on until failure or plastic
deformation of models. Permanent deformation was
identified as the point at which the slope of the load
vs displacement curve became non-linear. Plate
breakage, model failure or screw pull-out were other
accepted failure mechanisms. The load at which these
failure types observed was used as the failure load.

FIGURE 1: Set-up of biomechanical loading configuration of Group | (a) and Group
Il and failure of model (b).
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OUTCOME VARIABLES AND DATA ANALYSIS

Mean yield displacement, yield load (failure load),
were recorded by using data generated on test ma-
chine. Moreover displacement amounts at 80 N, 100
N, 200 N, 300 N, 400N, 500N loading and load for
displacements of 1, 3, 5 mm were quantified for both
groups.

The collected data were statistically analysed
with SPSS (Statistical Package for the Social Sci-
ences) 15.0 programme. To compare two different
test set-up, independent samples t test was used. The
level of statistical significance was accepted as
p<0.05.

I RESULTS

Six models which were tested in three point set-up
(Group I) showed a mean yield displacement of 12.11
mm (£3.36). However, the six models which were
tested in two point set-up (Group II) showed a mean
yield displacement of 19.56 (+0.92) mm when load-
ing force was applied to contralateral side of
mandible. There was a statistically significant differ-
ence in means of displacement amounts at failure be-
tween two groups (p=0.000) (Table 1).

Standart models tested in Group I and Group I
withstood 850.3 N (£136.1 N) and 1117.83 N
(£107.3 N) average force before failure, respec-
tively. Group II could with stand significantly
greater mean force before failure than that of Group
I (p=0.004) (Table 1).

Pairwise comparisons revealed that the mean
displacements at 80N, 100N, 200N, 300N, 400N,
500N loadings of two point set-up (Group II) was
significantly greater than that of three point set-up
(Group I) (p<0.05) (Figure 2).

Loading values that result with 1, 3, 5 mm dis-
placement were compared. Models in Group II showed
1, 3 and 5 mm displacements under significantly lower
forces comparing with Group I (Figure 3).

Plate deformation and breakage of the screw
were seen in two models in Group I. Screw pullout
was registered as failure modality for remaining 4
models in Group I. Model fracture was the main
modality of failure in Group II.

TABLE 1: Peak load and displacement values for Group | and
Group Il and comparison of two groups.

Group | Group Il Significance level
{meanzSD) {meantSD) (2-tailed)
Maximum displacement  12.11 mm (+3.36) 19.56 (+0.92) 0.000

Maximum load 850.3 N (£136.1N) 1117.83 N (£107.3)  0.004
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FIGURE 2: Displacement of Group | and Group Il at increasing loads.
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FIGURE 3: Load values at 1, 3 and 5 mm displacement.

I DISCUSSION

In vitro testing of osteosynthesis systems has been
done by using human cadaver mandibles, sheep
mandibles, polyurethane mandibles. To compare the
results with literature available and to obtain consis-
tent values, standardization of each variable is a must.
Then polyurethane mandibles are a leap forward than
animal or cadaver mandibles to serve a standart sub-
stratum for biomechanical studies. Many studies sup-
port polyurethane substrates for biomechanical
investigations since it is proved that polyurethane
showed similar biomechanic properties with native
bone.* To investigate the biomechanic behaviours of
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experimental systems, reproducible in vitro testing
method simulating chewing in the best way needs to
be developed. Three point model is an agreed method
to test materials for sagittal split osteotomy and an-
gulus fractures.’’

Previously published studies have used a 2-point
loading model in which proximal end of the plated
specimen is secured while a force is applied to the
distal end, opposite end of defect line in another
words (a cantilevered beam model).*'* Two point
system was criticized that it could not replicate assy-
metric bending or torsional movements of the human
mandible when in function and the complex interac-
tions among bone and muscle.!! As a consequence,
Armstrong is the first to define 3 point system which
is simulating chewing as if it is a isometric contrac-
tion like nature.'” However, loading was generated in
vertical direction as in the 2 point model. A study
which compares the stability of three different lock-
ing osteosynthesis systems used four point bending
system. Four point bending system which was tried
on straight block instead of mandible shaped sub-
strate has been developed by modifying three point
model.

In the current study, we aimed to find ideal ex-
perimental set-up for lateral segmental defects which
undergo unilateral forces. Two main set-up systems,
three point model and two point model, under unilat-
eral loading were compared. The results published by
Fontana et al. showed 2,3 mm plate withstood 737.8N
(£72.5 N) force before failure in three point system
under bilateral loading.'* In the current study, models
with larger defects reconstructed with 2,4 mm lock-
ing reconstruction plate which were tested with three
point system under unilateral loading gave 850.3 N
(£136.1 N) maximum loading amount. Slightly
higher values that is obtained in our study could be
explained with loading side or difference in plate
thickness. In our study, models that were tested in
two point system could withstand 1117.83 N
(x107.3) N before failure. Although the same recon-
struction models were used, a statistically significant
difference have been found in term of strength. This
could be explained both with difference in failure
modalities and difference in load distrubution be-
tween two groups. Screw pullout was predominantly
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observed in Group I as main failure modality was
model fracture in Group II. Screw pull-out came ear-
lier than the model fractures and two point testing
model conduct the load to model instead of dis-
trubuting the chewing force to hardware and screws.

The mean displacements were reported as 5.79
(£0.89) mm and 6.03 (£1.59) mm for 2,3 mm recon-
struction plate and 2,7 mm reconstruction plate, re-
spectively.'* In our study, maximum displacement
amount was 12.11 mm (£3.36) for Group I as the de-
fect size is longer than the previous study of Fontana
et al. and unilateral loading was applied to models in
our study.'* In Group II, significantly higher dis-
placement values at mentioned loading amounts and
at failure were reported.

However, Doty et al. reported incomparable
higher yield displacement amounts such as 94415,
99.8+0.3 and 99.7+0.4 mm for 2,4 low profile recon-
struction plates, 2,4 reconstruction plates and 3,0
locking reconstruction plates in lateral segmental de-
fects of mandible respectively.' Inconsistency be-
tween displacement values reported by Doty et al.
and of the present study and could be explained with
difference in testing set-up. Doty et al. applied a dif-
ferent kind of two point method in which only one
condyle was fixed and contralateral loading was ap-
plied.”® This kind of set-up conflict with the nature
since the condyle could not allow such high diplace-
ment in case of chewing. However, in biomechanical
studies, the most important point is to standardization
of experimental set-up in itselves for whole groups
of a study to obtain comparable values. Although
standardization of testing set-up among groups of
each different study could be obtained, a seek for
ideal and uniform set-up which simulates unilateral
chewing best is ongoing. Two point system in reverse
position as described by Dickard and Klotch is an an-
other modification of 2 point system.'®

Since the main aim of this study is to compare
experimental set-ups, we have chosen some studies
to compare that have similar variables but used two
different experimental set-ups. Ribeiro-junior et al.
verified the resistance to displacement of miniplate
fixation methods after SSRO with 3 point testing
method.>* Oguz et al. compared similar fixation sys-
tems after SSRO with 2 point testing method."”
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Avarage load for 3 mm displacement in models fix-
ated with 4 hole miniplate and screws were 49,2 N
and 16,9 N respectively, in Ribeirojunior et al’s and
Oguz et al’s studies.>*!” Furthermore, avarage force
for 3 mm displacement in models fixated with 4 hole
locking systems were reported as 55,2 N and 24,6 N
respectively, in 3 point testing model and 2 point test-
ing model.>*!” The biomechanical tests performed by
using a two-point model (cantilevered beam model)
gave higher displacement values which is against the
nature of isometric like chewing contractions.

Bayram et al. and Esen et al. have investigated
same materials (2 mm 4 hole miniplate fixation) on
angulus fractures of sheep hemimandibles by using
3 point system and 2 point experimental set-up, re-
spectively.'®!” Both of them have reported mean
displacement values under 20 and 60 N loading.
While Bayram et al. reported 0,46 mm displace-
ment value at 60 N loading, Esen et al. reported
2,68 mm displacement at the same loading
amount.'® As mentioned before, 2 point system gave
higher displacement values under certain forces.

Biomechanic studies of segmental defects of
mandible are more complicated than studies investi-
gating SSRO or fractures. The models which were
used in studies investigating SSRO were 2-dimen-
sional. The researchers used hemimandibles to sim-
plify experiment.?’->> However, it seems impossible
for mandibles with segmental defect in which hard-
wares have already crossed the midline or there were
limited area to apply load cell.>* As a consequence,
segmental defect studies have been run on whole
mandibles instead of hemimandibles trying to repre-
sent 3-dimensional clinical environment in the best
way. Use of hemi-mandible models in studies of
SSRO was criticized since insufficient demonstration
of mandible movements may as well result with error
in load distrubution. To overcome this problem, a six-
point biomechanical test unit was presented.”* Cila-
sun et al. suggested adding a piece to set-up to allow
the rotation of the condylar segment in a transverse
plane. However, lateral movements could not be dis-
played even with this detail.**

In biomechanical studies, loads were generated
in vertical direction in both 2 point and 3 point sys-
tems.>>** Futhermore, studies investigating biome-
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chanical behaviour of test materials on lateral seg-
mental defects of mandible applied vertical forces to
models. Although 30-70% load distrubution for re-
sected-unresected side were used by researchers, load
characteristic was again vertical.! However, lateral
and rotational forces should be considered and simu-
lated by an ideal set-up to obtain better results.

In the current study, we compared two point test-
ing set-up and three point testing set-up for lateral
segmental defects under unilateral forces. Three point
testing set-up simulate torsional, rotational forces bet-
ter than two point set-up. Screw pull-out was the
main failure reason in three point testing system
which is indicating torsional forces could be applied.
Screws closest to and farthest from the resection
margin on the proximal residual segment appeared
to be most prone to loosening in a photoelastic
study.?’ In our priliminary study, it is observed that
screws farthest from resection margin on proximal
side have been pulled out under loading. Then the
first set-up in the current study which was a modified
kind of 3 point system is simulating in vivo better
than the second one. However, in our study model,
fractures in contralateral angulus have been observed
as a failure mechanism in Group II which is unex-
pected kind of failure in vivo. Screw pull-out is more
realistic failure type which is indicating overloading
on screws.

I CONCLUSION

The main weaknesses of testing set-ups are that only
vertical loading was simulated. However, complex
bilateral movement of the mandible, especially dur-
ing unilateral chewing, may affect the biomechanical
results. In the current study, it is claimed that 3 point
system with unilateral loading is simulating lateral
bending movements or rotational forces better than 2
point system. However, data obtained from biome-
chanical studies should be supported by clinical out-
comes to direct conclusions about fixation systems.

Higher displacement values that are obtained in
2 point testing set-up conflicts with the nature of
chewing. As isometric like contractions exist during
chewing a bolus between teeth, increase of loading
rather than displacement should be encountered in
biomechanic studies. However, in two point testing
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set-up, higher displacement values have been ob-
tained which has no counterpart in clinic.
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