
Bridging mandibular discontinuities caused by 
tumour resections with reconstruction plates provide 
a better functional and aesthetic outcome for pa-

tients.1 Locking reconstruction plates which provide 
advantages over conventional plates have been 
emerged recently. The locking plates are character-
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ABS TRACT Objective: Surgical treatments of neoplasias may result 
in segmental loss of mandible with limited remaining bone stumps. 
Locking recontruction plates are being used to bridge mandibular dis-
continuities caused by resections. The aim of this study is to evaluate 
biomechanical resistance of mostly recommended numbers of screws 
when locking systems were used for lateral segmental defects. Ma-
terial and Methods: This in vitro study was conducted on 
polyurethane mandibles with simulated lateral segmental defects ex-
tending to angulus. 13 synthetic polyurethane mandibles were used in 
this study. Mandibles were fixed with four screws and three screws on 
each segment in Group I and II, respectively. Mean yield displace-
ment, yield load, loading values at 1, 3, 5 mm diplacement and dis-
placement at 80 N, 100 N, 200 N, 300 N loading were compared 
among the 2 groups. Results: Group I withstood significantly greater 
average force before failure than that of Group II (p=0,000). There 
was no statistically significant difference in displacement at failure 
between groups. There was no statistically significant difference in 
loading at 1 mm displacement between 2 groups. Conclusion: Fixa-
tion with 3 screws on each side of such lateral segmental defects does 
not provide sufficient stability. Therefore minimum 4 screws should 
be adopted.  
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ÖZET Amaç: Neoplazilerin cerrahi tedavisi, çene kemiğinde geniş seg-
mental kayıplara neden olup, kalan çene kemiği miktarını kısıtlamaktadır. 
Mandibula rezeksiyonu sonucunda meydana gelen devamlılık defektleri-
nin köprülenmesinde, kilitli rekonstrüksiyon plakları kullanılmaktadır. Bu 
çalışmanın amacı, lateral segmental defektlerin rekonstrüksiyonunda ki-
litli plaklar kullanıldığında sıklıkla önerilen vida sayılarının biyomekanik 
dayanımının değerlendirilmesidir. Gereç ve Yöntemler: Bu in vitro ça-
lışma, angulusa uzanan lateral segmental defektlerin simule edildiği po-
liüretan mandibulalar üzerinde yürütülmüştür. Bu çalışmada, 13 poliüretan 
mandibula model kullanılmıştır. Grup I ve Grup II’deki modellerde man-
dibula segmentleri sırasıyla her segmente dörder vida ve üçer vida ile fikse 
edilmiştir. İki grubun maksimum yer değişikliği, maksimum kuvvet, 1, 3, 
5 mm displasmana neden olan kuvvetler ve 80, 100, 200, 300 N kuvvet al-
tında displasman değerleri karşılaştırılmıştır. Bulgular: Grup I’de başarı-
sızlığa neden olan kuvvet ortalaması, Grup II’ye göre anlamlı olarak daha 
fazladır. İki grup arasında, maksimum yer değişikliği miktarları açısından 
anlamlı bir fark bulunmamıştır. İki grup arasında 1 mm deplasmana neden 
olan kuvvet miktarları da anlamlı bir fark göstermemiştir. Sonuç: Bu ça-
lışmadaki gibi lateral segmental defektlerde, defektin 2 yanına üçer vida 
yeterli stabiliteyi sağlayamamıştır. Bu nedenle minimum dörder vida uy-
gulanması benimsenmelidir. 
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ized with having extra threads on both plate holes and 
screws that results with lock up of plate and screw.2 
Locking systems provide higher long-term stability 
than conventional systems.3 

Use of ideal length and number of screws to ob-
tain rigid internal fixation is a corcerned issue of 
maxillofacial surgery field in clinical practice. Haug 
investigated if resistance of conventional reconstruc-
tion plates to masticatory loading were effected by 
numbers of screws per side.4 Such experiments that 
evaluate the affective factors on biomechanical dura-
bility under masticatory forces were carried on 
bovine bones.4,5 Three screws and four screws per-
side are suggested numbers for an acceptable stabil-
ity.2 

Limited number of biomechanical investigations 
have been published regarding screw numbers for 
segmental defects. The aim of this biomechanical 
study is to find out if number of screws is an effective 
factor to stabilize lateral segmental defect including 
angulus when locking systems are used. 

 MATERIAL AND METHODS 
RECONSTRuCTION METHODS AND  
pREpARATION Of MODELS 
Thirteen polyurethane mandibles (B-Tech, Ankara, 
Turkey) were used in this study. A sample size of 13 
models were reported to provide 90% chance of de-
termining biomechanical resistance in that experi-
ment by using power analysis. The instutional review 
board of University of Katip Çelebi exempted the 
study from review since it does not require the ethics 
committee approval for its conduct (18.02.21 and no: 

2021/0032). This study follows the Declaration of 
Helsinki. 

Two different screw numbers were used to fix 
reconstruction plate on the resection area. 2.4 mm 
locking reconstruction plates were used for both 
groups and plates were bended by the same investi-
gator with the same manner after marking the defect 
borders (Trimed, Ankara, Turkey). The plates were 
shortened to 19 holes for models in Group I. Seg-
ments were fixed by using four locking screws of 12 
mm length for both side of defect. Seventeen-hole 
locking reconstruction plate was fixed three titanium 
locking screws of 12 mm length for both side of de-
fect in Group II (n=6). Perforations were made with 
1.8 mm diameter drill and a drill guide (Figure 1). 

A standart defect was created for both groups. 
The defect extended from distal of the left first pre-
molar tooth to same sided mandibular ramus of the 
polyurethane mandibles to which bended reconstruc-
tion plates were fixed. Although applied defect sim-
ulated 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 biomechanically.  

BIOMECHANICAL TEST SET-up 
Biomechanical test was carried on by using a ser-
vohydraulic testing machine (TST 2500 mxe, 
MARESTEK Electronic Informatics System Design 
Ltd, İstanbul, Turkey). Although the outline of test 
setup was similar to that were used by Gutwald et al. 
and Schupp et al.3,6 Loading only to the healthy an-
gulus instead of simultaneous bilateral loading made 
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FIGURE 1: Lateral view of the reconstructed models fixed with 4 screws perside (Group I) (a) and 3 screws perside (Group II) (b).
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this setup different from mentioned setup systems.6 

A cylindirical rod was fixed to load cell of servohy-
drolic testing machine and the rod pressed to the con-
tralateral angulus with increasing forces since 
ipsilateral angulus region was resected (Figure 2). 
Test setup of this study which was consistent with 
three point method described by Armstrong et al. al-
lowed occurence of torsional forces as in the in vivo 
unilateral chewing.7  

Torsional single-cycle bending test under con-
tralateral loading was performed on models of both 
groups. Yield load and displacement amounts (load 
or displacement values that results with permanent 
deformation) were recorded. Permanent deformation 
was identified as the point at which the slope of the 
load vs displacement curve lost linear behaviour or 
plate breakage occurred. An another failure type oc-
cured in screw-polyurethane model interface. If this 
type of failure was experienced before plate break-
age and deformation, the load at which screw pull-
out observed was recorded as the failure load.  

Loading were applied to the unilateral angulus 
of models at a rate of 1 mm/min until failure. 

OuTCOME vARIABLES AND DATA ANALYSIS 
Mean yield displacement, yield load, were recorded 
by using data generated on test machine. Moreover, 
displacement amounts at 80 N, 100 N, 200 N, 300 N 
loading and load for displacements of 1, 3, 5 mm 
were quantified for both groups. 

The collected data were analyzed with SPSS (Sta-
tistical Package for the Social Sciences) 15.0 pro-
gramme. The groups were tested for normal distribution 
and equality of variances (p>0.05). Independent sam-
ples t-test were used to compare two groups. The level 
of statistical significance was accepted as p<0.05. 

 RESuLTS 
Seven models with four screw per side (Group I) 
proved a mean yield displacement of 11.27 mm 
(±3.6). However, mean yield displacement of the six 
models with three screws per side (Group II) were re-
ported as 8.4 (±0.43) mm under unilateral loading of 
mandibles. There was no statistically significant dif-
ference in means of displacement amounts at failure 
between 2 groups (p=0.081). 

Group I and Group II withstood 638.42 N (±127 
N) and 368.6 N (±41.8 N) mean force before failure, 
respectively. Group I could withstand significantly 
higher mean force before failure than that of Group II 
(p=0.000) (Table 1). 

Pairwise comparisons revealed that the mean 
displacement at 80 N, 100 N, 200 N, 300 N loadings 
of Group II was significantly greater than that of 
Group I (p=0.000) (Figure 3). 

Loading values that result in 1, 3, 5 mm dis-
placement were compared. As there was no statisti-
cally significant difference in loading at 1 mm 
displacement between two groups, Group II showed 
3 and 5 mm displacements under significantly lower 
forces comparing with Group I (Figure 4). 
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Group I (Mean±SD) Group II (Mean±SD) Sig. (2-tailed) 
Maximum displacement 11.27 mm (±3.6) 8.4 (±0.43) mm 0.081 
Maksimum load 638.42 N (±127 N) 368.6 N (±41.8 N) 0.001

TABLE 1:  peak load and displacement values for Group I and Group II and comparison of two groups.

SD: Standard deviation.

FIGURE 2: Set-up of biomechanical loading configuration.
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 DISCuSSION 
Screw loosening is a common complication in max-
illofacial reconstruction and osteosynthesis cases 
since excessive stress due to masticatory forces may 
result in bone resorbtion around the screws.8,9 Al-
though local stress peak normally will not lead to 
spontaneous damage to the hardware or screws, fa-
tigue of materials may develop under masticatory 
forces. Clinical practice confirmed that hardware re-
lated complications possibly occur with function 
under masticatory forces.9 Isler et al. suggested that 
locking plates with more screws be employed to 
avoid complication of screw loosening in their retro-
spective clinical study.1 We aimed to improve our un-
derstanding of optimal screw numbers with locking 
recontruction plates required for better biomechanical 
characterictics in lateral segmental defects of 
mandible and to reduce the incidence of complica-
tions encountered in clinical practice. 

Restoration of the mandibular continuity with 
locking reconstruction plates is favored over con-

ventional reconstruction plates.3,6,10 Schupp et al. 
compared biomechanical behaviours of 2.4 and 2.7 
mm conventional reconstruction plates and 2.4 lock-
ing plates under cyclic loading. Reported results 
showed that 2.4 mm locking plates were significantly 
better in term of durability and resistance to fatigue 
comparing with others.3 Locking plate fixed with 
mono-cortical screws has been shown to be more 
durable than non-locking plating systems for 
mandibular reconstruction by using finite element 
analysis.11 Glória et al. presented a meta-analysis that 
compared non-locking or locking plates in term of 
bite force of patients with mandibular fractures. The 
overall results of that meta-analysis proved that non-
locking plates could not perform as sufficient bite 
forces in the incisor region and molar regions as in 
the locking plates.12 

Some published papers discussed the complica-
tions due to reconstruction plates.1,9 Arden et al. re-
ported complications of 31 patients with lateral 
segmental defect reconstructed with reconstruction 
plates. The complications included plate exposure 
and screw loosening, wound infection, plate fracture 
in order of descending incidence.13 A retrospective 
study of 68 patients considering the complications re-
lated with reconstruction plates reported screw loos-
ening as the most frequent complication especially in 
proximal part of plate.14 Non-locking plates were re-
ported to be related with complication of screw loos-
ening in a retrospective analysis of 23 patients.1 As 
proved in literature, locking plates are more advanta-
geous than non-locking ones. Therefore we have in-
vestigated if locking plates could show good 
biomechanic indurance with fewer screws. This study 
has been conducted on polyurethane type synthetic 
mandibles. Polyurethane material mimics wet bone 
since it has similar screw pull-out strength and inser-
tion torque.15 

An in vitro biomechanical study evaluated opti-
mum screw numbers to obtain acceptable durability 
in cases of atrophic fractures of mandible fixed with 
locking systems. One, two, three, four, five, six, 
seven and eight screws per side of fracture were 
tested and compared with each other. Loading values 
at 1, 3, 5 mm displacement and maximum load were 
evaluated parameters. While resistance values in-
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FIGURE 3: Displacement of Group I and Group II at increasing loads. 

FIGURE 4: Load values at 1, 3 and 5 mm displacement.
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creased till 4 screws perside, values showed no more 
significant increase beyond 4 screws. Fixation with 
3 screws and 4 screws perside gave relatively better 
resistance values.2 We have evaluated maximum load 
and displacement, loading values at 1, 3, 5 mm dis-
placement and displacement values at 80, 100, 200, 
300 N loading in lateral segmental defects of 
mandible in the present study.  

Haug conducted an in vitro biomechanical study 
on bovine bones with linear fracture in which non-
locking reconstruction plates with various screw 
numbers were used for fixation. While insistent in-
crease in durability of system were reported with in-
creased screw numbers up to four screws on each 
segment, resistance of osteosyntesis showed no more 
significant increase above 4 screws. At four screws 
on each segment the plate was maximally secured to 
bone therefore masticatory forces could be trans-
ferred from bone to reconstruction plate.4 However 
another study using locking reconstruction plates and 
screws reported similar resistance beyond three 
screws. Plate and screw type were not the only vari-
ables as there are differences in methodology and 
models considering these two studies.2,4 There is an 
aggrement on screw number fewer than 3 could not 
provide sufficient resistance and screw number more 
than 4 have not increase resistance.2,4,16 Although, the 
idea of 3-4 screws on each segment was supported by 
some authors, extensive segmental lesions are on de-
bate since complications related with hardware occur 
in clinical practice. 

In the present study, three locking screws per 
segment and four locking screws per segment applied 
to locking plates in fixation of lateral segmental de-
fect were compared. The mean load values that cause 
1 mm displacement for 3 screw per segment with 
locking reconstruction plate was reported as 62.8 N 
and for 4 screw per segment with reconstruction plate 
was reported as 68 N by Pereira-Filho et al.2 In the 
current study, loading values of the same displace-
ment amounts for Group I and II were 65.1 and 59.3 
N, respectively. The mean load values that cause 3 
mm displacement for 3 screw per segment with lock-
ing reconstruction plate was reported as 118.5 N, and 
for 4 screw per segment with reconstruction plate was 
reported as 134.9 N by Pereira-Filho et al.2 However, 

equivalent values in our study for Group I and Group 
II was reported as 210 N and 142 N. Although no sig-
nificant difference was found between two groups in 
term of loading amount that caused 1 mm displace-
ment similarly to the study of Pereira-Filho et al., 
when considering loading amounts for 3 and 5 mm 
displacement, there are significant differences be-
tween fixing with 3 screws (Group II) and 4 screws 
(Group I) in our study. However, Pereira-Filho et al. 
proved that to be no difference between three and 
four screws in terms of loading amount for 3 and 5 
mm displacement.2 Inconsistencies in some issues 
between results of our and Pereira-Filho et al.’s 
study may have caused by differences in testing 
setup, defect tested by two study or materials’ spe-
cialities. 

Bujtár et al. investigated combinations of 
mono/bi cortical screws and non-locking/locking 
plates on hemimandibulectomy, corpus, symphyseal 
and subtotal defects through using finite element 
analysis. Three screws on either side of defect were 
reported to be adaquate for segmental defects except 
extensive defects.11 We evaluated biomechanical re-
sistance of fixing with three screws vs four screws on 
extensive lateral segmental defects including angu-
lus region in our study. As a result, in contrast to 
some studies, fixing with three screws does not give 
sufficient indurance comparing with fixing with four 
screws on segmental defects extend to angulus. Al-
though, limited surface area of proximal segment fol-
lowing a standard neoplasia resection extending up 
to entrance of mandibular canal and including coro-
noid process obligate the surgeons to use of fewer 
screws, alternative plates with ideal number of screws 
should be preferred instead of commercial plates with 
fewer screws. Customized plates with various kinds 
of plate design fixed with four screws in limited re-
maining bone areas following extensive neoplasia 
surgeries have been suggested by researchers.17,18 

 CONCLuSION 
In conclusion, although many variables such as screw 
lenght, screw diameter, defect size, defect location, 
bone composition could be discussed, mostly applied 
and suggested screw numbers have been evaluated 
on frequently encountered segmental defect in our 
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