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SUMMARY: Stability is necessary to ensuring proper bone repair after osteotomies and fractures. The aim of this research was
to analyze how the repair of pseudoarthrosis sites was affected by different conditions in related to soft tissue. Antaebstedmneas
designed with 18 New Zealand rabbits. Six study groups were formed. An osteotomy was performed on the mandibular body of each
animal and muscle was installed at the osteotomy site to model pseudoarthrosis. Fixation by surgery was then carrieglatgs using
and screws. The animals were submitted to euthanasia after 21, 42 and 63 days to make a descriptive comparison ofctdie histologi
results. No animal was lost during the experiment. In all the samples, bone formation was observed with different demgeessof pr
Defects treated with or without removal of the tissue involved in pseudoarthrosis presented comparable bone repair, $howing tha
stability of the bone segments allows the repair of adjacent tissue. In some samples cartilaginous tissue was assaaatedhatteg
formation. Stabilization of the fracture is the key in bone repair; repair occurs whether or not the pseudoarthrosietssteslis
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INTRODUCTION

Mandible fracture is close to 25 % of maxillofacial Thus rigid or stable internal fixation using plates and
fractures (Gassnet al, 2003). The etiology and clinical Screws has been a big pillar in the repair of maxillofacial
presentation is related to certain variables, such as the fof@ctures and osteotomies. Including the many advantages
of the trauma, the point to which it was applied, locdhat it presents, its ability to stabilize segments with precise
conditions such as tooth presence, the patient's syste@igtomical positioning help the bone repair in different
conditions and the use of some drugs (Madge, 2009; clinical scenarios.

Tuckeret al, 2013).
A complication in bone repair of osteotomies or frac-

Andreasseret al (1998) analyzed bone repair intures is the nonunion. Although the incidence is low, when
subjects treated with rigid internal fixation (RIF) or undeft occurs itis difficult to treat and frequently requires further
maxillomandibular block (MMB), finding that faster bonesurgery. Lamphieet al (2003) presented 4.8 % of cases
repair was observed in subjects with RIF, although after twéth nonunion, while Olatet al (2013) presented only a
months, both presented the same bone repair quality. Dodsétgle case in their sequence of 66 patients treated for frac-
et al (1990) found no differences in complications whetures in the mandibular body. Seematral (2010) also
they compared patients with RIF and BMM. A logicapresented 4.8 % cases with pseudoarthrosis; they determined
conclusion from these two studies is that stability of the botiéat age, gender (including hormonal elements), presence
segments allows bone repair irrespective of where tigé multiple fractures or the use of MMB had no correlation
stabilization is applied; bone repair is also observed Mith the presence of pseudoarthrosis. This suggests that other
subjects treated with an external splint on the mandiblecal variables, or systemic variables specific to the patient,
(Tuckeret al). may be related with the occurrence of nonunion, one of which
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is tobacco (Cheat al, 2018). In an economic analysis, LeeGroup 4. Osteotomy, immediate reduction and RIF;

et al (2019) indicated that nonunion was more frequent euthanasia at 42 days.

the mandibular body of elderly subjects, and that these ca-

ses involved higher treatment costs and use of hospiGfoup 5. Osteotomy and induction of pseudoarthrosis; at

resources than other types of mandibular fractures. 21 days a new surgical approach was created and the site
fixed with plates and screws and without any kind of

Failure of segment stability (Madsehal) and the curettage; euthanasia at 63 days.

presence of large spaces between the stabilized fragments

(Olateet al 2019) are associated with absence of bone rep&@roup 6. Osteotomy and induction of pseudoarthrosis; at

and with the presence of inflammatory infiltrate 021 days a new surgical approach was created, with extensive

connective tissue, and such cases develop into nonuniouarettage of the pseudoarthrosis zone, followed by fixation

The aim of this research was to analyze bone repair innéth plates and screws; euthanasia at 63 days.

pseudoarthrosis model generated in rabbit mandibles,

determining the importance of stabilization of the fragmentsistological analysis.After the experimental times of 21,

in bone repair. 42 and 63 days after the first surgery, the animals were
submitted to euthanasia. The surgical pieces were obtained
by total resection and fixed in a solution of formalin 4 %.

MATERIAL AND METHOD They were decalcified and routine histological processing
was carried out; 6mm slices were cut, with hematoxylin-
eosin staining. Descriptive analysis was performed and

Eighteen New Zealand rabbits aged between 3 anad6émparison between groups was realized.

months weraelected and separated into 6 groups of 3 animals

each. The animals were kept with water and food ad libitum,

and their daily functioning was cared for. RESULTS

Fracture and pseudoarthrosis model. Mandibular frac-
ture was realized by surgery with submandibular approach The experimental animals were kept without
following the protocols of Thomsen & Ericson (1987) andomplications during the study period; no animal was lost.
Alister at al. (2017). The approach allowed a vertical osteotoriijne following analyses were carried out for each group:
3 mm wide in the mandibular body, using a low-velocity drill.
Group 1. Connective tissue and abundant chondrocytes were
The method for inducing pseudoarthrosis consisted observed, with absence of granulation tissue and accompanied
interposing muscle tissue into the osteotomy space (platysimaosteogenic activity with immature bone tissue; tissue with
muscle) for 21 days after the osteotomy, following observatiosganized structure and incipient bone repair (Fig. 4).
described by Haug & Schwimmer (1994) (Fig. 1).
Group 2. Cartilaginous tissue was observed at the periphery
For RIF was used a 1.5 straight plate and 4 screwsthe defect, with osteogenic activity showing the presence
(Fig. 2). The subjects were assigned to 6 groups withf islands of immature bone tissue and discrete formation of
methodologies for the osteotomy, pseudoarthrosis model anone callus; in all areas the presence of blood vessels and
euthanasia as presented below (Fig. 3). centres of ossification was observed (Fig. 5).

Group 1. Osteotomy, immediate reduction and RIFGroup 3. Close to the osteosynthesis plate, remnants of
euthanasia at 21 days. cartilaginous tissue were observed in the absence of

granulation tissue; advanced osteogenic activity was
Group 2. Osteotomy and induction of pseudoarthrosis; 2@bserved with presence of mainly mature bone tissue in the
days a new surgical approach was created and the site fizeglysis zone. The presence of well structured bone callus
with plates and screws and without any kind of curettageas observed in the majority of the sample (Fig. 5).
euthanasia at 42 days.

Group 4. The presence of cartilage was observed, with
Group 3. Osteotomy and induction of pseudoarthrosis; absence of connective tissue and absence of granulation
21 days a new surgical approach was created, with extendigsue. Well organized bone tissue was observed with
curettage of the pseudoarthrosis zone, followed by fixatiggresence of bone callus, blood vessels and centres of
with plates and screws; euthanasia at 42 days. ossification in the majority of the samples (Fig. 4).
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Fig.72. Rigid internal fixation insalled in the animals. A) group in hich all the pseudoarthrosis tissue between the $egrbents

was removed; B) group in which the tissue between the bone segments was left in place. In both groups, stabilizatios avith plate
screws ensured the immobility of the segments.

0 days

21 days

Mandible 20 surger 30 surger 4o surger:
Osteotomy LI S o
Muscle
Interposition
- Fig. 3. Diagram of the experi-
investigation. Analysis was
RIF - Ras carried out in both groups in
accordance with this protocol.

42 days we—— 63 days
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Group 5.

Fig. 4 Hlstologlcal |mages inH-E (250mm) obtained from group 1 (A) and group 4 (B), treated W|th RIF |mmed|ately
after the osteotomy and euthanasia after 21 days (A) and 42 days (B). (C): presence of homogeneous cartilaginous
tissue; ONI: presence of immature new bone tissue; ONM: presence of mature new bone tissue.

The presence of cartilage was observed at tl&roup 6. No presence of cartilaginous tissue was observed;

periphery of the osteotomy, with presence of fibrous tissue; there was evidence of the presence of initial bone tissue,
one sample, presence of adipose tissue was observed; maith the cortical in the active remodeling phase and empty

bone tissue was not observed in any of the samples, and tisspaces typical of incipient repair stages. Blood vessels and
was maintained with some areas of connective tissue and areastres of ossification were observed, indicating bone

of ossification, with presence of blood vessels indicative ddrmation (Fig. 6).

structure in the ossification process (Fig. 6).

312

Fig. 5. Hlstologlcal |mages in H-E (250 mm) obtalned from group 2 (A) and group 5 (B), treated with RIF 21 days
after provoking the pseudoarthrosis model and without removal of any type of tissue at the time of the second
surgery to install the fixation. Euthanasia after 42 days (A) and 63 days (B). (C): presence of homogeneous
cartilaginous tissue; ONI: presence of immature new bone tissue; ONM: presence of mature new bone tissue.

Fig. 6. Histological images in H-E (250mm) obtamed from group 3 (A) and group 6 (B), treated with RIF 21 days after
provoking the pseudoarthrosis model and with removal of all the tissue between the bone fragments at the time of the second
surgery to install the fixation. Euthanasia after 42 days (A) and 63 days (B). (C): presence of cartilaginous tissuerah the lat
regions of the defect; ONI: presence of immature new bone tissue; ONM: presence of mature new bone tissue.



DOS SANTOS, P. A,; TRIVELATO, A. E.; OLATE, S.; ASPRINO, L. & DE MORAES, M. Stability as a key factor for bone repair in nonunion of mandibular osteotomy.
Int. J. Morphol., 38(209-315, 2020.

DISCUSSION principally of fibrous tissue with abundant fibroblasts and
no osteoblast integration. Bone repair in defects of the fa-
cial skeleton is influenced by the distance between the bone

This work presents the results of bone repair in casesgments, their stability (immobilization) and environmental
of pseudoarthrosis model in rabbits. The investigation wasnditions (infection, quality of the periosteum, etc.) (Spanjer

carried out smoothly and no animal was lost during the stuait al, 2017).

When a fracture is treated in conditions of optimum Thus the repair zone between the bone segments is
stability using anatomical reduction and interfragmentatyighly active, since the cells present in nonunion areas are
compression, bone repair occurs by primary or direeiable and versatile development. In an in vitro study, Boyan
ossification, without formation of a periosteal callus (Delet al (1992) reported that cells present in this structure are
gado-Martinez & Alcantara-Martos, 2006). However, whenapable of responding to bone morphogenetic protein in the
the fracture or osteotomy is not completely stabilized arshme way as mesenchymal cells. Iwaketal (2009)
space or mobility exists between the fragments, secondafyowed that the hypertrophic tissue present in the nonunion
or indirect ossification occurs, which is the commonest forserves as a reservoir of cells with the potential to develop
of repair (Gerstenfeldt al, 2006). If the mobility exceeds into chondrocytes or osteoblasts. The conclusions of these
the tolerance to deformation of the tissue present in the calltvgp works are related with our conclusions and suggest that
alterations in the consolidation will occur such ashe nonunion can develop into a bone repair site without the
pseudoarthrosis or hypertrophic nonunion (Greeml, need for this tissue to be removed.

2005).
Wu & Chen (1997) compared open and closed

The speed of consolidation is influenced by the typechniques for treating cases of nonunion. They reported that
of bone, the type of fracture, the method of treatment, atttk closed technique produced faster bone repair, suggesting
the patient's age and general state (Paptedil, 2015; that a new operation of the nonunion site might damage
Rickettset al, 2016). Local factors such as separation ofascular support, making repair slower. Mu#eal. (2007)
the bone ends may also have an impact; this may be relatdslo reported that bone repair can occur when a new
with bone loss or resorption at the fracture site, interpositi@steosynthesis system is installed without any need to treat
of soft tissues between the bone ends, excessive tractiorfremove) the hypertrophic tissue at the nonunion site.
the use of internal fixation (Wraighte & Scammell, 2007;

Jahagirdar & Scammell, 2009). The versatility of the tissue involved in bone repair
at osteotomy sites allows distraction osteogenesis to be

In the facial skeleton, the repair of fractures andeveloped over a long provisional period. Likewise
osteotomies generally occurs by endochondral ossificatiacgntraction osteogenesis was confirmed by the study of
based on the formation of bone callus from the periosteufvikan et al (2011), who reduced the mandible size in an
and the endosteum. The process includes an inflammataryimal model, achieving reduction and nonunion at the end
initial phase, cartilage formation, mineralisation and bonef the mechanical procedure; the histological images showed
remodeling (Marsell & Einhorn, 2011). Insufficient orthat 3 months after movement was stopped, normal bone
interrupted immobilization and excessive separation of ttiermation was obtained.
bone fragments could produce pseudoarthrosis (Metcki
al., 2016) and maintain a condition in which the bone All these conditions indicate that the nonunion tissue
segments function as a joint and not a solid mineralizéetween bone fragments presents a great potential; for this
structure. reason it is currently the focus of new treatment methods to

improve the predictability of bone union in cases of complex

The results of the recent study published by Gdate pathologies or sequelae, and radiotherapy (Doneegs,
al. (2019) show the importance of the position and conditid2015). The application of low intensity pulsed ultrasound
of the bone segments when the repair process of a fractbes also been investigated as a strategy in the fracture zone,
or osteotomy is in the initial stage. The distance betweancreasing the differentiation of cells derived from the bone
the bone ends established in the different groups defined ttadlus (Imaiet al 2014).
type of repair and the evolution of the repair process. When
the separation between the mandible segments did not exceed These results show that the stability and proximity
5 mm, a clear endochondral repair was observed, while tbithe bone fragments play great importance in proper bone
group with a separation of 8mm between the bone fragmengpair. Factors like a long waiting time before stabilization
presented consolidation of the fracture; the cicatrize consistedthe fracture, use of tobacco and tooth extractions have
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