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RESUMO GERAL

COSTA, B. E. Desempenho biomecénico In vitro de sistemas de fixacdo na
osteotomia sagital do ramo mandibular para grandes avangos mandibulares
com e sem rotagdao antihoraria. 2025. Tese (Doutorado) — Faculdade de
Odontologia, Universidade Estadual Paulista (UNESP), Aracatuba, 2025.

Este estudo in vitro teve como objetivo avaliar a estabilidade biomecénica de cinco
diferentes métodos de fixacado apos osteotomia sagital do ramo mandibular (OSRM).
Foram utilizadas 48 hemimandibulas de poliuretano, divididas em dois grupos: o
Grupo 1 foi submetido a um avanco linear de 10 mm, e o Grupo 2 a um avanco de
10 mm com rotagdo anti-horaria de 20°. Cada grupo foi subdividido em cinco
subgrupos (A a E), de acordo com o tipo de fixagdo: uma placa reta convencional,
uma placa angulada, uma placa sagital, uma miniplaca de 10 furos e duas
miniplacas de 4 furos. Testes de compressao foram realizados em maquina
universal de ensaio até que ocorresse um deslocamento de 3 mm entre os
segmentos. Medidas adicionais foram obtidas por meio de extensGmetros (strain
gauges) e analise digital de imagens. A resisténcia biomecanica foi maior no Grupo
1 em comparagdo ao Grupo 2 em todos os subgrupos. O Subgrupo E (duas
miniplacas) demonstrou a maior resisténcia em ambos o0s grupos, seguido pelas
placas de 10 furos e pela placa angulada. O Subgrupo C (placa sagital) apresentou,
consistentemente, a menor estabilidade. Diferencas estatisticamente significativas
foram encontradas entre os subgrupos dentro de cada grupo (p < 0,05). Foram
utilizados os testes de Kruskal-Wallis e Dunn com corregéo de Bonferroni, além de
testes de Mann—Whitney ou t de amostras independentes, conforme a normalidade
dos dados. Os resultados sugerem que configuragbes com duas placas oferecem
maior estabilidade biomecanica, especialmente em casos que envolvem movimentos

mandibulares rotacionais.

Palavras-chave: osteotomia; fixacdo interna de fraturas; mandibula; biomecanica;

modelos experimentais; cirurgia bucomaxilofacial.



GENERAL ABSTRACT

COSTA, B. E. In vitro biomechanical performance of fixation systems in sagittal
split ramus osteotomy for large mandibular advancements with and without
counterclockwise rotation. 2025. Tese (Doutorado) — Faculdade de Odontologia,
Universidade Estadual Paulista (UNESP), Aragatuba, 2025.

This in vitro study aimed to evaluate the biomechanical stability of five different
fixation methods following sagittal split ramus osteotomy (SSRO). Forty-eight
polyurethane hemimandibles were divided into two groups: Group 1 underwent 10-
mm linear advancement, and Group 2 underwent 10-mm advancement with 20°
counterclockwise rotation. Each group was further divided into five subgroups (A to
E), based on the fixation design: one conventional straight plate, one angled plate,
one sagittal plate, one 10-hole miniplate, and two 4-hole miniplates. Compression
testing was performed using a universal testing machine until 3 mm of displacement
occurred between segments. Additional measurements were obtained via strain
gauges and digital image analysis. Biomechanical resistance was higher in Group 1
than in Group 2 across all subgroups. Subgroup E (two miniplates) demonstrated the
highest resistance in both groups, followed by the 10-hole and angled plates.
Subgroup C (sagittal plate) consistently showed the lowest stability. Statistically
significant differences were found between subgroups within each group (p < 0.05).
Kruskal-Wallis and Dunn’s post-hoc tests with Bonferroni correction were used, and
Mann-Whitney or independent-samples t-tests were applied based on normality. The
results suggest that two-plate configurations provide superior biomechanical stability,

especially in cases involving rotational mandibular movements.

Keywords: osteotomy; fracture fixation, internal; mandible; biomechanics;

experimental models; oral and maxillofacial surgery.
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1 INTRODUCTION’

Sagittal split ramus osteotomy (SSRO) is one of the most commonly used
surgical techniques for correcting dentofacial skeletal deformities [1-3]. The
postoperative stability of this procedure depends on several factors, among which the
type of fixation employed is crucial. An inadequate choice of fixation system may lead
to complications such as relapse, lack of stability, and condylar displacement, thus

compromising surgical success and the functional recovery of the patient [4-6].

Fixation systems based on bicortical screws and miniplates have been widely
investigated in both laboratory and clinical studies, demonstrating superior
performance in stabilizing bone segments [7-9]. However, the ongoing development
of materials and surgical techniques necessitates a deeper biomechanical evaluation
of these approaches. Factors such as the magnitude of mandibular advancement
and the presence of asymmetries may influence the effectiveness of fixation
systems, making it essential to conduct comparative studies analyzing different

fixation protocols [10,11].

Additionally, new approaches using resorbable materials have been studied as
viable alternatives to titanium systems, focusing on reducing long-term complications
such as infections and the need for hardware removal [12,13]. Recent studies
highlight biomechanical differences between these materials, particularly in terms of

compressive strength and structural rigidity [14].

Preclinical biomechanical studies play a crucial role in validating fixation
devices by simulating the mechanical conditions to which the mandible is subjected
postoperatively. Among the methods used for this evaluation, compression testing,
strain gauge analysis, and 3D computational vision stand out [15,16]. These
experimental models provide a better understanding of the stresses generated in

fixation systems and their impact on bone stability.

Thus, this study aimed to evaluate the biomechanical performance of five

different fixation systems applied to two distinct mandibular advancement

Formatado de acordo com a Journal of Functional Biomaterials-
https://www.mdpi.com/journal/jfb/instructions
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movements in SSRO. The data obtained provide valuable insights for clinical
decision-making, supporting the optimization of surgical techniques and the
development of new fixation devices, thus ensuring greater predictability and safety

in orthognathic procedures.
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5 CONCLUSION

Despite these limitations, the evidence presented here contributes
meaningfully to the ongoing refinement of fixation protocols in mandibular surgery,
highlighting the mechanical and clinical advantages of dual-plate systems in

scenarios of increased biomechanical demand.
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