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 Aux membres du jury : 

 

À Monsieur le Président du Jury, le Professeur Laurent Laccourreye, 

Je vous remercie de m’avoir fait l’honneur d’accepter la présidence de ce jury. Je 
tenais particulièrement à vous remercier pour votre accompagnement tout au 
long de mon internat au CHU d’Angers. De mon semestre passé dans votre 
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bienveillance, disponibilité, connaissance, et engagement professionnel. Je tenais 
à vous témoigner mon profond respect pour le chirurgien que vous êtes. Vous 
êtes un chef de service passionné, dévoué et à l’écoute de vos internes, et pour 
tout cela, merci. 

 

À Monsieur le Professeur Boris Laure,  

Au moment où j’écris ces lignes j’ai la chance d’être votre interne. Mon semestre 
dans votre service et à vos côtés m’ont fait grandir, mûrir et surtout m’affirmer 
en tant que chirurgien. Vous êtes un exemple de professionnalisme et de talent 
chirurgical. C’est un véritable plaisir de vous accompagner sur vos interventions 
aussi surprenantes qu’exaltantes. Car auprès de vous, aucune intervention ne 
semble difficile. Je tenais à vous témoigner ici ma reconnaissance et ma profonde 
admiration. 

 

À Monsieur le Docteur Alexandre Gueutier,  

Alexandre, tu as été un modèle pour moi. Tu as été dans les tous premiers à 
m’apprendre les qualités d’un bon chirurgien : la rigueur, l’exigence, la précision 
et l’habilité. Les différents semestres passés à tes cotés m’ont formé, fait évoluer 
et ont fait de moi ce que je suis aujourd’hui. Le chemin est encore long et je sais 
que je peux compter sur toi afin de continuer à me guider. J’ai beaucoup appris 
auprès de toi, et pour cela je tenais à te remercier. 

 

À Madame le Docteur Hélène Libouban,  

Je vous remercie de m’avoir guidé dans l’aboutissement de ce travail. Je tenais à 
vous exprimer ma reconnaissance pour le temps passé sur ce travail et pour votre 
présence aujourd’hui. Merci pour toute l’aide que vous m’avez apportée, pour 
votre patience et votre disponibilité. 
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 À Monsieur le Directeur de thèse, le Docteur Jean Daniel Kün Darbois  
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ne te remercie donc pas aujourd’hui uniquement pour les nombreuses heures que 
tu m’as accordées pour la rédaction de ce travail, mais pour l’ensemble de mon 
internat au CHU d’Angers. Ta qualité d’enseignement et ta volonté de 
transmission de ton savoir ont permis de faire ce que je suis aujourd’hui en tant 
que chirurgien. Pour l’ensemble de ton œuvre, merci.  
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À mes co-internes, Justine, tu as été ma première « petite-chef », ce semestre 
ensemble (mon premier et ton dernier) m’a profondément marqué. Grâce à toi 
j’ai fait mes premiers pas dans notre discipline et j’y ai gagné une profonde et 
sincère amitié. À Nicolas, pour ces semestres et superbes soirées passés 
ensemble. À Adèle, la nouvelle petite chef toujours curieuse, brillante et 
intéressée, sur qui je peux compter à tout moment ; À Hédi le petit nouveau 
promis à de grandes choses ! 
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À l’ensemble du service de Chirurgie Maxillo-Faciale de Tours, à Aline, ces 3 mois 
avec toi m’ont tant appris, Arnaud, Chrystelle, Claire, Marion et Sarah, et à mes 
co-internes, Cerise, Patrick, Jean et Thomas. 
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 A ma famille et mes amis 

 

À mes parents, je vous témoigne ici toute ma gratitude. Vous avez toujours voulu 
le meilleur pour moi, vous m’avez toujours encouragé et vous avez fait de notre 
enfance un réel bonheur. Si j’en suis là aujourd’hui, épanoui dans mon travail et 
dans ma vie, c’est grâce à vous. Il y a eu des années difficiles (ah le lycée …), 
mais j’ai toujours pu compter sur votre inconditionnel soutien à toute épreuve. 
Merci pour votre amour et j’espère que ce travail vous rendra fier de moi. 

 

À mon petit frère, toi qui as rapidement été plus mûr que moi, toi qui me rends 
fier grâce à ton parcours, avec qui j’ai partagé tant de souvenirs et avec qui j’ai 
hâte d’en créer beaucoup d’autres. Tu as toujours été là pour moi et tu as réussi 
à me supporter toutes ces années. Il nous reste désormais à vivre de nouveaux 
moments ensemble, et je suis persuadé que le meilleur reste à venir ! Et à ta 
merveilleuse Cancan, merci de rendre mon frère si heureux et aux futurs 
weekends à venir à Nantes !  

 

À mes grands-mères, je ne vous ai jamais assez remercié pour votre soutien, vos 
conseils et votre amour toutes ces années. Pour toutes ces petites attentions tout 
le long de mes études et depuis toujours (les petits paquets d’Oréo glissés 
discrètement dans le sac, le poulet blanc avec les frites, tous ces après-midi chez 
vous avec les cousins, les assauts répétés dans les boites à bonbon, ces superbes 
vacances à Annecy, à la montagne,  …), vous nous avez tellement gâtés toutes 
ces années. Milles merci mes Mamies ! 

À mon grand-père Alain, merci pour ton soutien et ta volonté de faire de tes petits 
enfants, tes petits artistes. Merci mon Papi.  

À mes oncles et tantes Tatie Carole, Tata Nathalie, Tonton Patrick et Tonton Alain, 
Laurence et Gilles mes cousins et mes cousines Aurélie et Jérôme (et le p’tit 
Jules !), Arthur et Diane, ma Juju et Jéjé, Adrien et Cléa, Eliott et Romane, 
Grégoire (et ??  ͧͪͩͨ ), Nanette ma filleul, Marie, pour tous ces magnifiques 
moments partagés ensemble, et pour ceux qu’ils nous restent à partager. 

À ma belle famille, merci pour tous ces très beaux moments passés ensemble. 
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 À Antoine, finalement même après un album complet de Norah Jones, les mots 
me manquent pour décrire notre amitié … de la petite section de maternelle à nos 
thèses, 24 ans plus tard, nous sommes encore et toujours ensemble !  Tu as 
toujours été là pour moi Bro, et ce n’est pas près de s’arrêter ! Finalement tu ne 
crois pas que nos mères avaient raison ? (Désolé Barb’s)  

À Titi, notre roc, même si certaine personne aime à répéter qu’au pays des 
aveugles les borgnes sont rois, Titi, tu es la définition de la force, de l’amitié, du 
soutien à tout moment pour tes proches, et depuis ce terrain de rugby à 
aujourd’hui, je suis fier et heureux de t’avoir à mon côté. 

À mon Guillaume, depuis qu’on est haut comme trois pommes et plusieurs 
cimetières militaires plus tard, tu es toujours là ! J’ai tellement de chance de 
t’avoir comme ami, merci. 

Au (Dr) CLB le major, merci de montrer l’exemple sur ta rapidité, ton sérieux, tes 
qualités de selfs control, et à (Madame) Océ pour ta patience à me supporter 
depuis le collège, merci. (Vous vous marriez quand ?)  

À Féfé, merci pour toutes ces belles années d’amitiés et à toutes celles à venir !  

À Léo le plus beau, pour ton humour et ton amitié.  

À Tutur, le Dr Strange de mon cœur, Boubouche, Tripon, Lulu, Nico, Charlie, les 
Babars, Alexis, Ludo, Frémont. 

Aux Anges et Démons : Mandou et Stefan, Zezette, Caro et Max, Amandine L, 
Léa, Dorine et Nico, Jeanne, les pépettes, Charlotte, Elise, Clara, Guillaume, Julia, 
Camille. 

Aux amis d’Alençon, Antoine et Margaux, Costa et Charles, Maud et Mehdi, Margot 
et Alex. 

Aux amis d’Angers, tout d’abord mes colocs, Martin et Arthur, Jerem’, Berro, 
Romain, Guidav, Jeremy, Chachou, Pepette, Anne Laure, Nina, Isa, Elo, Aurélien, 
Jean, Antoine, Nono, Cohen, Kévin, Léa, Tristan, Elias … et à tous ceux que 
j’oublies ! 

 

Enfin, à Margaux, merci de m’accompagner depuis toutes ces années. Merci pour 
ton soutien, ton amour, tes petits mots doux glissés entre mes To-do list. 
Ensemble, nous passons notre dernière épreuve après toutes ces années de 
concours et d’examens réussis. Maintenant il nous reste à écrire un avenir 
merveilleux tous les deux. A tous ces futurs et beaux projets, à tout ce que nous 
allons construire. Je t’aime. 

 

Une pensée émue à mon Papi Gérard, j’aurais tant aimé pouvoir te décoiffer et 
t’entendre bougonner en te voyant lire ce travail. Tu nous manques et nous 

pensons tous fort à toi. 
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Liste des abréviations 

BTX Botulinum toxin  
BV/TV Trabecular bone volume/Total bone volume 
Ct.Th Cartilage thickness 
En.Ct.Th Enthesis cortical thickness 
En. Th Enthesis thickness 
En. Vol Enthesis volume 
Micro CT Microcomputed tomography 
P-En. Ct. Th Post enthesis cortical thickness 
MCC Mandibular condylar cartilage 
SEM Standard error of the mean 
SD Standard déviation 
SNAP 25 Synaptosomal associated protein 25kDa 
TMJ Temporo mandibular joint 
UA Uranyl acetate 
VOI Volume of interest 
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Repeated unilateral injections of botulinum toxin in 

masticatory muscles in adult rats do not amplify condylar 

and alveolar bone loss nor modify the volume of the 

hypertrophic bone proliferation at enthesis 
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INTRODUCTION 
 

Botulinum toxin (BTX) is a bacterial metalloprotease produced by an anaerobic bacterium, 

Clostridium Botulinum. There are 7 serotypes of BTX (A to G), but only serotypes A and B 

are used in clinical practice. The most common serotype is the A. This neurotoxin is a 

specific ligand of the presynaptic membrane of neurons of the neuromuscular junction. It 

specifically degrades the SNAP-25 complex of proteins which is necessary for the release 

of acetylcholine at the axon end. In consequence, acetylcholine is not released from the 

presynaptic membrane and does not bind to postsynaptic neuromuscular receptors 

preventing the neurotransmission (1-3). It then leads to a skeletal muscle paralysis and 

atrophy which are fully reversible in a few month (4).  

The use of BTX in orofacial clinical practice is now well established. It was discovered in 

the 19th century and was first used, as a therapeutic application, in 1977 in extra-ocular 

muscles injections for strabismus treatment (5). BTX is widely used nowadays to treat 

several diseases with muscular dysfunction such as bruxism, temporo-mandibular joint 

disorder, orofacial dystonia or myofacial pain (6, 7). It is also widely used for aesthetic 

purpose such as the management of facial wrinkles, brow ptosis, excessive gingival display, 

masseteric hypertrophy, platysmal banding, facial nerve paralysis, hypertrophic scars and 

keloids (8). A recent review supports the efficacy and safety of facial BTX injections in 

clinical practice (9). However, a few studies report mandibular bone consequences, such 

as a decreased bone density, in human after single or repetitive BTX injections in 

masticatory muscles (10, 11).  

Bone remodeling is a balance between bone resorption and bone formation. Osteocytes 

are intraosseous cells that are sensitive to mechanical stimuli. They play a major role in 

the initiation and control of bone remodeling and bone homeostasis (12, 13). According to 

Moss functional matrix theory, muscle contractions are necessary for bone homeostasis 

and a muscle hypofunction leads to bone alterations such as osteopenia (14). It has been 

shown previously, in animal models, that intramuscular BTX injections lead to long bones 
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osteopenia (15, 16). It was also shown that single BTX injection in masticatory muscles 

induce mandibular bone loss at alveolar bone and condyle (16-19).  

The occurrence of a bone hypertrophic metaplasia at the enthesis of Mus. Digastricus has 

also been showed to be linked to BTX injections in masticatory muscles of rats (18). Some 

cortical bone modifications of the Mus. Digastricus enthesis has also been previously 

reported in human (11). To our knowledge, this fact has not been investigated by any 

other author to date and the effects of repeated injections on this bone proliferation have 

thus not been analyzed. Repeated injections are currently performed in human clinical 

practice (20). In consequence, it would be of great interest to investigate the effects of 

such repeated BTX injections on that animal model.  

The aim of the present study was to evaluate mandibular bone changes, especially on this 

bone proliferation, after unilateral repeated injections of BTX in temporal and masseter 

muscles in adult rats at 1, 2 and 3 months, using microcomputed tomography (microCT) 

to perform 2D and 3D analyses.  

 

MATERIAL AND METHODS 
 

Animals and experimental procedure 
 

Eighteen weeks-old male Sprague-Dawley rats (n=24), weighing 564 ± 46 g, were used 

for the study (Janvier-Labs, Le Genest-Saint-Isle, France). They were acclimated for two 

weeks to the local vivarium conditions (24 °C and 12 h/12 h light dark cycle) where they 

were given standard laboratory food (UAR, Villemoison-sur-Orge, France) and water ad 

libitum.  

Rats were randomized into 3 groups. Rats of the group 1 received a single BTX injection 

(Group 1, n=8), rats of the group 2 received two BTX injections (Group 2, n=8) and rats 

of the group 3 received three BTX injections (Group 3, n=8).  Each injection was performed 

with a 4 weeks period after the prior injection. To ensure comparability among each group, 



 

4 
 

all rats were the same age at the first injection. Left sides were considered as a control 

side since no injections were performed there.  

BTX injections were performed in each Mus. Temporalis and Mus. Masseter of the right side 

only. Each injection procedure was performed as follow: rats were anesthetized with 

isoflurane and received unilateral injection of type A BTX, 1UI for each muscle (Botox®, 

Allergan Inc., Irvine, CA, USA); three points of injections for each Mus. Masseter and two 

for each Mus. Temporalis were necessary as previously described (18, 19) (Fig. 1).  

 

 

Fig. 1. Chart of the study. 

 

Rats were weighed weekly and were sacrificed 4 weeks after their last injection of BTX. 

Facial skin was carefully dissected and removed to perform visual examination of right and 

left masticatory muscles. Hemimandibles were then dissected, defleshed and fixed in 10% 

formalin until use. 

Animal care and experimental protocols were approved by the French Ministry of Research 

and were done in accordance with the institutional guidelines of the French Ethical 
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Committee (protocol agreement number 01732.01) and under the supervision of 

authorized investigators. 

 

Cartilage contrasting procedure 
 

In order to allow articular cartilage analysis, a contrasting method was used as previously 

described (19). Briefly, condylar processes were separated from the rest of each 

hemimandible and immersed for 24 hours in uranyl acetate (UA). UA (Merck) was prepared 

as a 3% solution in 50° ethanol; the solution was filtered on a 0.2 µm syringe filter and 

stored at 4°C in the dark.  The “stained” specimen was then rinsed during one hour in 

running tap water and transferred in formalin. 

 

Microcomputed tomography (microCT) 

 

MicroCT of right and left hemimandibles was performed using a Skyscan 1172 X-ray 

computerized microtomograph (Bruker microCT, Kontich, Belgium) equipped with an X-ray 

tube working at 70 kV/ 100 µA. Bones were placed in plastic tubes filled with water to 

prevent desiccation. The tubes were fixed on a brass stub with plasticine. Analysis was 

done with a pixel size corresponding to 10.5 µm; the rotation step was fixed at 0.25° with 

a 0.5 mm aluminum filter. For each hemimandible, a stack of 2D-sections was obtained 

and reconstructed using Dataviewer software (Bruker) and analyzed using CTan software 

(Skyscan, release 1.13.11.0).  

 

2.1 Alveolar and condylar bone measurements 

To insure the quality and reproducibility of 3D measurements, reorientation of the alveolar 

and condylar sections was performed using Dataviewer software. Regions of interest for 

measurements were then manually selected on several 2D sections in order to create a 3D 

volume of interest (VOI) using CTan. At least ten sections were manually selected for the 

alveolar bone. Anterior limit was the first image where first molar roots and crown were 
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visible. Posterior limit was the last image where third molar crown and roots were 

observed. Teeth roots, alveolar canal and cortical bone were not included in the VOI which 

comprised only trabecular bone (Fig. 2A). For condylar bone, height sections were 

required. Anterior limit was the first image of trabecular bone visible when the posterior 

limit was the last image of trabecular bone visible. Cortical bone and subchondral bone 

were not included in the VOI (Fig. 2B). BV/TV was obtained with 3D measurements using 

CTan. According to guidelines for assessment of bone microstructure in rodents using 

MicroCT, trabecular bone volume (BV/TV) is the fraction of the VOI occupied by trabecular 

bone, expressed in % (21).  

 

2.2 Condylar cartilage thickness measurements 

Condylar cartilage thickness (Ct.Th) measurement was performed on 2D sagittal sections 

obtained by using the cutting plane facility of the CTan sowtware. For each condyle, 12 

measurement points were used i.e. 4 measurements on 3 different frontal sections were 

used. The first frontal section used was the most median section where cartilage thickness 

seemed the thickest. The other two sections were made 125 images in front and behind 

this first frontal section. These measurements were averaged and expressed in µm for each 

condyle. Articular cartilage was considered as the area comprised between the tide-mark 

and the external surface (Fig. 2C).  

 

2.3 Enthesis hypertrophic bone proliferation measurements 

The occurrence of a hypertrophic bone proliferation of the Mus Digastricus enthesis, on 

right sides of BTX injected animals, was expected as they had been previously described 

in this animal model (18). 2D and 3D measurements of those bone proliferations were 

performed for each hemimandible using CTan software. The following parameters were 

measured:  

- enthesis volume (Enth.Vol. in mm3), by manually selecting the volume of interest from 

the first image of visible bone hypertrophy to its last image.  
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- enthesis thickness (Enth.Th. in µm), which was defined as the longest height of each 

enthesis.  

- enthesis cortical thickness (Enth.Ct.Th. in µm), which was defined as the thickness of 

underlying cortical bone. 

- post enthesis cortical thickness (Post-Enth.Ct.Th in µm), which was defined as the 

thickness of underlying cortical bone measured at the first distal section without visible 

bone proliferation  (Fig. 2D-E).  

 

On left sides, where no bone proliferations were expected, two measurements were 

performed on the corresponding sections using anatomical reference points such as teeth 

roots, for equivalent enthesis cortical thickness and equivalent post enthesis cortical 

thickness. 
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Fig. 2. MicroCT analysis, A) View of a region of interest used for 3D alveolar measurement 
of BV/TV. B) View of a region of interest used for 3D condylar measurement of BV/TV. C) 
View of a frontal section of right condylar process showing the distribution of the 4 points 
used for cartilage thickness (Ct.Th) measurement. D) View of a frontal section of a right 
hemimandible showing enthesis measurements: enthesis volume (Enth.Vol.) (outlined 
are), enthesis thickness (En.Th.) (white arrow), enthesis cortical thickness (Enth.Ct.Th.) 
(black arrow). E)  View of a frontal section of a right hemimandible showing post enthesis 
cortical thickness (Post-Enth.Ct.Th) measurement. 

 

Statistical analysis 
 

Statistical analysis was performed using the Systat statistical software release 13.0 (Systat 

Software Inc., San Jose, CA). All microCT measurements were expressed as mean ± 

standard deviation (SD). Body weight was expressed as mean ± standard error of the 

mean (SEM). Differences among groups were analyzed by a non-parametric ANOVA 

(Kruskall-Wallis) and between groups by the Mann and Whitney’s U test. Data from right 
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and left hemimandibles were compared using a paired t-test. Differences were considered 

significant when p < 0.05. 

 

RESULTS 
 

Body weight and anatomic muscle examination 
 

No significant difference in body weight was evidenced within each group during the course 

of the study except between group 1 and group 3, 4 weeks after the first injections of BTX 

(rats weighing respectively 559 g and 617g p<0.035) (Fig.3).  

 

Fig. 3. Evolution of body weight with significant differences between group 1 and group 3 

at four weeks. Data expressed in mean with standard error of the mean (SEM). 

Visual examination during dissection revealed that all rats of all groups presented a Mus. 

Masseter and Mus. Temporalis amyotrophy at the right side (Fig. 4A-B). 
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One rat of group 3 was sacrificed 8 weeks after the beginning of the study. He had started 

to lose weight 2 weeks before and was sacrificed for ethical purpose since no weight regain 

had been observed. Post sacrifice examination revealed severely overgrown superior 

incisors (Fig. 4C). 

 

Fig. 4. Macroscopic aspect of muscles after BTX injections; A) right Mus. Masseter (white 

dotted line) and left Mus. Masseter (white dash line); B) right Mus. Temporalis (white 

dotted line) and left Mus. Temporalis (white dash line); C) Overgrown superior incisors on 

sacrificed rat. 

MicroCT analysis of alveolar and condylar bone measurements 
 

All microCT measurements are summarized in Table I. Bone loss was evidenced on the 

right sides of alveolar and condylar bone. Alveolar BV/TV was found with an average -8% 

reduction at the right sides during the all study i.e. -6%, - 9% and -10% for group 1, 2 

and 3 respectively (Fig. 5A). Condylar BV/TV was found with an average -30% reduction 

at the right sides during the all study (Fig. 5B). Interestingly a time-related discrepancy 

could be observed between condylar and alveolar results (Fig. 6A-B). No difference within 

the same sides between group 1, group 2 and/or group 3 could be observed for condylar 

measurements whereas a significant increase of right and left alveolar BV/TV occurred 

between group 1 and group 3. 
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a Indicates a significant difference with the left side of the same group, p < 0.05 
b Indicates a significant difference with the same side of the group 3, p < 0.05 
c Indicates a significant difference with the same side of the group 2, p < 0.05  

 

Table I: Bone morphometric parameters. All data were expressed as mean ± standard 
deviation (SD). 

 

MicroCT analysis of condylar cartilage thickness measurements 
 

After UA impregnation, articular cartilage was clearly visible. No significant difference could 

be evidenced when comparing cartilage thickness between the right and left sides at group 

1, group 2 and group 3. A trend to a thicker cartilage thickness on right sides (BTX sides), 

with a decreasing difference over time, was however noticed (Fig. 6C). Cartilage thickness 

significantly decreased with time on both sides (Right side = - 35%, Left side = - 27%) 

 

MicroCT analysis of enthesis hypertrophic bone proliferation 
measurements 
 

Hypertrophic bone proliferation at the Mus. Digastricus enthesis was only detectable on 

right sides of BTX injected animals. Enthesis volume and enthesis thickness remained 

 Group 1  
left side 

Group 1 
right side 

Group 2  
left side 

Group 2  
right side 

Group 3 
 left side 

Group 3  
right side 

BV/TV Alveolar (%) 52.0 ± 5.0 b 45.6 ± 5.1 a, b 56.7 ± 4.5  48.0 ± 5.3 a 60.7 ± 7.1    51.5 ± 6.5 a 

BV/TV Condylar (%) 66.7 ± 6.3  33.5 ± 4.5 a 69.4 ± 5.5  40.4 ± 3.6 a 67.6 ± 12.9  39.6 ± 6.8 a 

Cartilage thickness (µm) 161 ± 25 b 194 ± 37 b, c 132 ± 30 151 ± 27  118 ± 25  128 ± 27  

Enthesis volume (mm3) 0 0.198 ± 0.21 0 0.172 ± 0.178 0 0.211 ± 0.131 

Enthesis thickness (µm) 0 284 ± 195 0 240 ± 188 0 285 ± 111 

Enthesis cortical 
thickness (µm) 

452 ± 52 533 ± 95 421 ± 55 533 ± 95 a 448 ± 35 503 ± 57 

Post enthesis cortical 
Thickness (µm) 

396 ± 57 614 ± 111 a 451 ± 72 717 ± 103 a 443 ± 55 740 ± 60 a 
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unchanged with time. It is important to note that enthesis volume and thickness 

measurements presented high standard errors of the mean. A significantly thicker enthesis 

cortical thickness was found on the BTX injected sides only in group 2. However, a trend 

towards thicker enthesis cortical thickness is to note in group 1 and group 3. Post enthesis 

cortical thickness was found significantly and largely thicker on BTX injected sides 

throughout the study (Fig. 5C and 6D). No other difference could be evidenced between 

and among each group.  

 

Fig. 5. MicroCT analysis as seen on 2D sections; A) Sagittal sections of right (R) and left 

(L) hemimandibles in a rat from the group 1 showing difference at the alveolar bone; B) 

Frontal sections of right (R) and left (L) hemi condylar head from a rat from the group 3 

showing a marked trabecular bone loss; C) Frontal sections of right (R) and left (L) 

hemimandibles in a rat from the group 2 at the first distal section without visible enthesis. 

Note the increasing thickness of the cortical from the right side (white arrow) comparing 

to left side (white dotted arrow). 
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Fig. 6. Injected vs uninjected side comparisons; A) Trabecular bone volume in the alveolar 

bone (in %) with significant increase of right and left alveolar BV/TV occurred between 

group 1 and group 3; B) Trabecular bone volume in the condylar bone (in %) with a 

constant -30% reduction at the right sides during the all study; C) No significant 

differences between left side and right side in cartilage thickness, but a significant time 

related decrease; D) Post enthesis cortical thickness was found significantly thicker on BTX 

injected sides. 
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DISCUSSION 
 

Mandibular bone changes after BTX uni or bilateral injections into masticatory muscles in 

adult and growing animal have been described by a few authors (17). To date only a few 

studies have analyzed mandibular bone changes in human after single or repeated BTX 

injections (11, 22, 23). The present study aimed at studying the effects of multiple BTX 

injections on mandibular bone in animal since it had not been been studied to date. 

In our study, the control group was the non injected side (left side). Previous works on 

comparable animal models didn’t show any significant difference between the non-injected 

and saline injection sides used as control (18, 24, 25).  

Rodent incisors grow continuously and must be used regularly to keep them worn down 

and sharp. If alimentation and the wear of incisors decrease, a vicious circle is established 

where the animal will starve. Indeed, overgrown incisors that are not used enough may 

prevent animals from normal gnawing.  In our study, one rat was sacrificed because of 

overgrown incisor. No relevant case was found in the literature after BTX use. We 

hypothesized that an imbalance in mastication could explain this result.  

Muscular loading plays an essential role in maintaining bone volume and density (26). 

Mechanical forces exerted by the masticatory muscles stimulate the mandibular bone and 

alveolar process to maintain the underlying bone and teeth state. Alveolar bone mineral 

density is thus considered as correlated with masticatory function (27).  

In the present work, we found a decrease of alveolar trabecular bone density (alveolar 

BV/TV) on the BTX injected side as reported in many previous studies in adult rabbits or 

rats (18, 25, 28). To our knowledge alveolar bone loss is not found in only one study of 

the literature in which Mus. Temporalis were not injected and animals were sacrificed early 

i. e. two weeks after injection (29). Surprisingly, we evidenced an increase of alveolar bone 

density with time and repeated injections of BTX in BTX and control sides. A time-related 

increase of alveolar BV/TV in adult rats cannot be excluded, however it has never been 
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described in the literature. A hypothesis to explain that finding could be that a greater 

muscle activity occurs in non-injected sides in order to compensate the lack of muscle 

activity of BTX side, leading to an increased bone density with time in non-injected sides.  

A decrease of condylar trabecular bone density (condylar BV/TV) on the BTX injected sides 

was also evidenced in the present study. Those results are also in line with previous studies 

(18, 24). We showed a greater decrease of condylar BV/TV when comparing with alveolar 

BV/TV. This fact is constantly reported in previous studies with same animal models (17, 

18, 29, 30).  Interestingly, we did not evidence any change with time for condylar BV/TV 

unlike alveolar BV/TV even if results in adult rats suggest dose dependent deleterious 

changes in mandibular bone (30). We can hypothesize that this finding could be due to an 

earlier bone resorption occurring at condyles. This fact seems to be supported by other 

studies (29). It could be explained by the presence of secondary cartilage with osteoblasts 

and osteocytes in the subchondral bone (31). In addition, studies on rodent have shown a 

higher mechanical stress in the condylar region (32). Shi and al showed a decrease of 

nearly 30% of BV/TV of the trabecular bone in condylar region after one bilateral injections 

in Mus. Masseter of BTX on female rats (33). They demonstrated that condylar degradation 

resulted from decreased mechanical loading after BTX injection-induced masseter atrophy.  

Furthermore, the cartilage thickness showed a decrease after repeated injections of BTX. 

This suggest a time and dose dependance link. This is consistent with other previous work 

where triple bilateral injections of BTX into the Mus. Masseter led to a greater decrease in 

cartilage thickness with a reduction in chondrocyte proliferation and differentiation that 

may explain these results. (34). The mandibular condylar cartilage (MCC) is formed by 

fibrocartilage and has the unique capacity to adapt to loading changes (35, 36). By using 

BTX, this loading decrease, due to the decrease of Mus. Masseter and Mus. Temporalis 

activity, and result in an increased cells apoptosis in the MCC and subchondral bone (37). 

An outstanding consequence was this hypertrophic bone proliferation at an antagonistic 

muscle enthesis of Mus. Masseter and Mus. Temporalis. This bone thickening at the 

digastric fossa was found only on the BTX side. Previous work has hypothesized that this 
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bone proliferation was the enthesis of the Mus. Digastricus, according to this concept that 

increased muscle activity leads to increased bone remodeling (18, 38, 39). From this 

perspective, after paralysis of the elevator muscles of the mandible, an increase in the 

activity of the depressor muscles, such as Mus. Digastricus, could correspond to this bone 

proliferation.  

Our results showed a heterogeneous and non-time dependent distribution of enthesis 

volume and thickness. The thickness of the bone cortical at the muscle insertion followed 

the same distribution with a consistent aspect in time, despite the repetition of BTX 

injections. To our knowledge, only one study found this bone proliferation in human, using 

3D study of the lingual side of the mandibular symphysis (11).  

A relevant finding was this thickening of the enthesis adjacent cortical. As observed below, 

no time dependance link was found. To date, no study has shown similar results. Recent 

study on Mus. Masseter enthesis indicates that local mechanical environments, as muscle 

activity, generate differences in enthesis morphology and bone modification (40). 

We can hypothesize that increasing muscle activity insertions, as enthesis of a depressor 

muscle such Mus. Digastricus after paralysis of elevator muscles, may lead to an increase 

of cortical thickness at close to the insertions of this muscle. This remains to be more 

investigated in future studies, with more interest on the mandibular symphysis bone 

changes when studying effect of botulinum toxin in human or animal.  

 

CONCLUSION  
 

The aim of our study was to investigate the mandibular bone changes after repeated 

injections of BTX. Our results show a decrease of trabecular bone density in alveolar and 

condylar regions after masticatory muscles paralysis as reported before in previous studies. 
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However, iterative injections of BTX didn’t amplify bone loss compared to single injections. 

Only cartilage thickness of the condylar head shows a decrease with time and repeated 

injections.  

Concerning the bone proliferation at the enthesis of Mus. Digastricus, no time related 

association was found. It seems to be a variable and heterogeneous distribution, unrelated 

to the number of BTX injections. It seems to be a consistent and stable increase cortical 

thickness in regard to the enthesis and adjacent cortical.  

This study aimed to get closer to current clinical practice by studying bone changes after 

repeated injections of BTX.  

In addition, hypertrophic bone metaplasia at the insertions of Mus. Digastricus should be 

more considered in future studies when BTX is used in masticatory muscles.  
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DECHAUFOUR Pierre 

Les injections unilatérales et répétées de toxine botulique dans les muscles masticateurs 
de rats adultes n'amplifient pas la perte osseuse condylienne et alvéolaire et ne 
modifient pas le volume de la prolifération osseuse hypertrophique à l'enthèse.

  Mots-clés : Enthèse ; Toxine botulique ; Injections répétées ; Mandibule ; Muscles masticatoires ; 
Animal ; Perte osseuse 
 

Repeated unilateral injections of botulinum toxin in masticatory muscles in adult rats 
do not amplify condylar and alveolar bone loss nor modify the volume of the 

hypertrophic bone proliferation at enthesis 

 

 Keywords: Enthesis; Botulinum toxin; Repeated injections; Mandible; Masticatory muscles; Animal; 
Bone loss 
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 Introduction : La toxine botulique (BTX) est une métalloprotéase bactérienne qui entraine une paralysie 
musculaire. Elle est utilisée chez l'homme, à des fins thérapeutiques, par injections dans les muscles masticateurs. 
Il a été démontré que cette toxine induisait une perte osseuse mandibulaire au niveau de l'os alvéolaire et du 
condyle avec l'apparition d'une prolifération osseuse au niveau de l'enthèse du Mus. Digastricus, après injection 
unique de BTX chez l’animal. L’objectif de cette étude était d'évaluer les changements osseux mandibulaires, en 
particulier sur cette prolifération osseuse, après injections unilatérales répétées de BTX dans les muscles temporaux 
et masséters chez des rats adultes.  
Matériel et méthodes : Des rats mâles adultes (n = 24) ont été randomisé en 3 groupes : une injection (groupe 
1 ; n = 8), deux injections (groupe 2 ; n = 8) et trois injections (groupe 3 ; n = 8). Chaque injection a été réalisée 
4 semaines après l'injection précédente. Chaque rat a reçu des injections de BTX dans le Mus. Masseter et Mus. 
Temporalis. Le côté gauche a été considéré comme le côté témoin. Les rats ont été sacrifiés 4 semaines après leur 
dernière injection. La micro-tomographie (microCT) a été utilisée pour effectuer des analyses 2D et 3D. 
Résultats : Une perte osseuse a été mise en évidence sur les côtés droits de l'os alvéolaire et condylien. La 
diminution du volume osseux a atteint - 6 %, - 9 % et - 10 % pour l'os alvéolaire pour les groupes 1, 2 et 3 
respectivement et - 30 % pour l'os condylien pour tous les groupes. Après 3 mois, la densité de l'os alvéolaire a 
augmenté autant du côté gauche non injecté que du côté droit injecté, tandis que la densité de l'os condylien est 
restée constante dans tous les groupes. L'apparition de cette prolifération osseuse au niveau de l'enthèse du Mus. 
Digastricus a été mise en évidence sur les côtés injectés de BTX. Aucune modification de cette prolifération osseuse 
n'a été constatée en fonction du nombre d'injections.  
Conclusion : Les injections répétées de BTX dans les muscles masticateurs entraînent une perte osseuse 
condylienne et alvéolaire mandibulaire majeure qui n'augmente pas avec le temps. Elles conduisent également à 
l'apparition d'une prolifération osseuse à l'enthèse du Mus. Digastricus qui ne dépend pas du nombre d'injections.  
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Introduction: Botulinum toxin (BTX) is a bacterial metalloprotease that induces muscle paralysis. It is used in 
human for therapeutic purpose in masticatory muscles injections. It has been shown that single BTX injections in 
masticatory muscles in animal induce mandibular bone loss at alveolar bone and condyle with the occurrence of a 
bone hypertrophic metaplasia at the enthesis of Mus. Digastricus. The aim of the present study was to evaluate 
mandibular bone changes, especially on this bone proliferation, after unilateral repeated injections of BTX in 
temporal and masseter muscles in adult rats.  
Material and methods: Mature male rats (n = 24) were randomized into 3 groups: One injection (Group 1; n = 
8), two injections (Group 2; n = 8) and three injections (Group 3; n = 8). Each injection was performed 4 weeks 
after the prior injection. Each rat received BTX injections in right Mus. Masseter and Mus. Temporalis. Left side was 
considered as the control side. Rats were sacrificed 4 weeks after their last injection. Microcomputed tomography 
(microCT) was used to perform 2D and 3D analyses. 
Results: Bone loss was evidenced on the right sides of alveolar and condylar bone. Decrease in bone volume 
reached – 6%, -9% and -10% for alveolar bone for group 1,2 and 3 respectively and -30% for condylar bone for 
all groups. After 3 months, alveolar bone density increased in both control left side and injected right side whereas 
condylar bone density remained constant in all groups and for both left and right side. The occurrence of a bone 
hypertrophic metaplasia at the Mus. Digastricus enthesis was evidenced on BTX injected sides. No modification of 
this bone proliferation was noticed in relation with the number of injections.  
Conclusion: BTX repeated injections in masticatory muscles lead to major mandibular condylar and alveolar bone 
loss that doesn’t increase with time. They also lead to the occurrence of an enthesis bone proliferation that is not 
dependent on the number of injections 


