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Abstract

Growth Effects of Botulinum Toxin Type A Injected into 

the Masseter Muscle of a Developing Rat Mandible  

 Botulinum toxin type A (BTX-A) reduces muscular contractions by temporarily 

inhibiting acetylcholine release at the neuromuscular junction. In dentistry, 

BTX-A is used for the treatment of masseteric hypertrophy, temporomandibular 

disorder, and severe bruxism related neurologic disorder. If it is injected into 

the masseter muscle in the growing stage, resultant muscle atrophy and 

paralysis might affect the growth of the mandible and/or condylar cartilage.

 The purpose of this study was to determine the effects of the BTX-A injected 

into the masseter muscle of a developing rat mandible.

 Eighty 4-week old male Sprague-Dawley rats were divided into four groups: 

group 1; control group, group 2; saline injection group, group 3; BTX-A 

injection group, group 4; baseline control group. Group 4 was sacrificed at the 

beginning of the experiment to provide baseline values of mandibular 

measurements. Rats in group 2 and group 3 were administered with saline and 

BTX-A solution respectively. Three experimental groups were raised under the  

same environment and killed after four weeks. 

 The mandibles of the BTX-A injection group demonstrated shorter mandibular 

body length, condylar length, coronoid process length, anterior region height, 

coronoid process height and condylar height, compared to the control and 

saline injection groups (P < 0.05). The saline injection group showed shorter 

condylar length than the control group, but the remaining parameters did not 

show any statistically significant differences between the two groups (P < 0.05).  

In the histologic study,  masseter muscle of the BTX-A injection group showed 
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atrophy of muscle fibers. The histologic feature of the condylar cartilage 

demonstrated that the proliferation and hypertrophic zones were significantly 

thinner in the BTX-A injection group compared to the control and saline 

injection groups. It is shown that BTX-A injection clearly influence on 

inhibitory action of the developing mandible due to apoptosis at the 

proliferation stage of the reserve zone.

key words : botulinum toxin type A (BTX-A), masseter muscle, mandibular   

             growth
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Growth Effects of Botulinum Toxin Type A 

Injected into the Masseter Muscle of a 

Developing Rat Mandible

  

Jiyeon Kim, D.D.S., M.S.D.

Department of Dental Science, Graduate School, Yonsei University

(Directed by Professor Heung-Kyu Sohn, D.D.S., PhD.)

Ⅰ. Introduction

 Botulinum toxin type A (BTX-A) is a paralytic neurotoxin produced by 

Clostridium botulinum, a causative agent in food borne botulism (Toyoda H et 

al., 1980; Pearce LB et al., 1994; Jankovic J and Brin MF, 1997; Carruthers A 

and Carruthers J, 2001; Kim HS et al., 2003). There are different strains of C. 

botulinum and they produce serologically distinct types of botulinum toxins. 

These toxins are designated as A, B, C, D, E, F and G, and type A is the 

most potent. For the past two decades, many researchers have focused on type 

A toxin since the BTX-A was the most commercially available form (Moore AP 

and Wood GD, 1994; Brin MF, 1997; Tan EK and Jankovic J, 2000; Aoki KR, 

2001; Carruthers A and Carruthers J, 2001).

 BTX-A binds specifically to the cholinergic motor end-plate and is actively 

taken up by motor neurons. Its action mechanism within the neuron is 

uncertain, but it blocks the release of acetylcholine and causes presynaptic 

neuromuscular blockade (Moore AP and Wood GD, 1994; Niamtu J, 1999). 
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When highly diluted unit dose is injected into the striated muscles, the toxin 

produces a reproducible temporary state of regional denervation (Borodic GE 

and Pearce LB, 1994; Smyth AG, 1994).

 The discovery of its mechanism by Burgen et al. in 1949 laid the theoretical 

foundation for the development of the toxin as a therapeutic tool (Jankovic J 

and Brin MF, 1997). Since the first use of BTX-A in the treatment of 

strabismus by Scott A, BTX-A has proved to be effective in the treatment of 

disorders characterized by localized muscle hyperactivity. These conditions 

include blepharospasm, oromandibular dystonia, cervical dystonia (torticollis), 

laryngeal dystonia, Writer's cramp, achalasia, cerebral palsy, and myofascial 

pain (Scott AB et al., 1989; Borodic GE and Pearce LB, 1994; Smyth AG, 1994; 

Jankovic J and Brin MF, 1997). Recently, BTX-A has been applied to rhytids in 

the glabella, forehead, lateral canthal skin and neck for cosmetic purposes 

(Carruthers A and Carruthers J, 1998, 2001; Niamtu J, 1999). Furthermore, 

BTX-A injections can provide relief from tension and migraine headaches 

(Carruthers A and Carruthers J, 2001). Finally, BTX-A is used in the treatment 

of focal hyperhidrosis (Jankovic J and Brin MF, 1997). The BTX-A can be used 

for almost any conditions in which a reduction in the amount of contracting 

muscle or glandular secretion is desired.

 In dentistry, BTX-A is used for the treatment of masseteric hypertrophy with 

or without bruxism and/or clenching and temporomandibular disorders. When 

it is injected into the hypertrophied masseter muscle, it gives rise to 

semi-permanent, transient decrease of muscle volume. As a result, 

parafunctional habit is reduced along with cosmetic improvement (Moore AP 

and Wood GD, 1994; Smyth AG, 1994; Freund B et al., 1999; Mandel L and 

Tharakan M, 1999; von Lindern JJ et al., 2001; To E et al., 2001). In addition, 

BTX-A injection provides an effective treatment for severe bruxism related 

neurological disorders such as Rett syndrome, mental retardation, anoxic 
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encephalopathy and cerebellar hemorrhage. The primary muscles involved in 

bruxism are the temporalis and masseter, and weakening these muscles with 

BTX-A would resolve the condition. Therefore, BTX-A injection into the 

masseter muscle can be a viable treatment option (Ivanhoe CB, 1997; Tan EK, 

2000).

 Patients with masseteric hypertrophy or temporomandibular disorder are 

mostly adults but bruxism related neurological disorders could happen at any 

age. Although BTX-A injection is the treatment of choice in that condition, 

clinicians should consider the effect of BTX-A on the mandibular growth when 

injecting it into masseter muscle of the growing patients. Since the masseter 

muscle is a jaw protruder and elevator muscle, it is closely related to the 

mandibular growth. 

 It has long been thought that bony processes are dependent on normal 

muscle function for their development and maintenance (Moss ML, 1969; 

Nakata S, 1981; Hinton RJ, 1991). Moss and Salentijn, in their functional matrix 

theory, suggested that muscles act as periosteal functional matrices  and 

govern the growth and position of certain facial bones (Moss ML and Rankow 

RM, 1968; Moss and Salentijn, 1969; Nakata S, 1981).

 The influence of the masticatory muscle on craniofacial growth has been 

studied extensively. Burdi AR and Spyropoulus MN (1978) studied prenatal 

growth patterns of the human mandible and masseter muscle complex, and 

demonstrated that the ramal growth of the mandible was more closely related 

to changes in the masseter muscle than the mandibular body growth. Kreiborg 

and his colleagues (1978) suggested that the inactivity in the muscles of 

mastication and in the facial muscles and the altered balance between the 

individual group of muscles greatly influenced the craniofacial morphogenesis 

and the development of the occlusion. In 1981, with the study on postnatal 

mice, Nakata showed that physiologic functions of the dentofacial complex 
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were correlated with the development of the muscle. Takada et al. 

demonstrated a contribution from the geometric orientation of the masticatory 

muscles to the development and maintenance of the dentoskeletal system 

(Takada K et al., 1984). Sato and his associates examined human fetuses and 

they suggested that muscle development may be related to bone calcification 

during mandible formation (Sato I et al., 1994). In 1995, Kiliaridis demonstrated 

that the elevator muscles of the mandible influenced the transverse and vertical 

dimensions of the face.

 Given these previous findings, one may assume that BTX-A injection into the 

masseter muscle in the growing stage and the resultant muscle atrophy and 

paralysis affect the growth of the mandible and/or condylar cartilage.

 The purpose of this study was to determine the effects of the BTX-A injected 

into the masseter muscle of a growing rat mandible. For this purpose, the 

overall growth alteration in the mandiblular measurements was evaluated in 

the control, saline injection, and BTX-A injection groups. In addition, the 

relationship between the histologic changes in the condylar cartilage and gross 

changes in the growth of the mandibles was examined. Histologic changes in 

masseter muscle following BTX-A injection were also evaluated.
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Ⅱ. Materials and Methods

1. Experimental Set 1

 A. Subjects

 Eighty 4-week-old male Sprague-Dawley rats were randomly divided into four 

groups. The body weight of each rat was measured. One group of rats were 

sacrificed at the beginning of the experiment to provide baseline values of 

mandibular measurements. The remaining three groups were designated as 

control group (group 1), saline injection group (group 2) and BTX-A injection 

group (group 3) respectively.

Group 1 : Control group 

Group 2 : Saline injection group 

Group 3 : BTX-A injection group 

Group 4 : Baseline control group 

 B. Study Design

 Rats in group 1 were utilized as the control. The masseter muscle of rats in 

group 2 and group 3 was injected with normal saline and BTX-A solution, 

respectively. The BTX-A used in this study was BTXA
Ⓡ
 (Lanzhou Institute of 

Biological Products, China). BTXAⓇ was supplied as a freeze-dried powder of 

100 units (U) and was reconstituted before use. One vial of BTXA
Ⓡ
 (100 U) 

was diluted with 2㎖ saline to make a concentration of 50 U/㎖.

 0.05㎖ (2.5 U) of BTXAⓇ solution was administered on both the left and right 

side of superficial portion of the masseter muscle. Total dose was 5 U in each 

rat. Although the masseter muscle of a rat is large and easily detected, careful 
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palpation of this muscle was done before injection since the injection was 

performed in the resting state (Fig 1). The injection site was the bulkiest area 

of the masseter muscle (Fig 2). The toxin was administered using a 1.0㎖ 

syringe and a 26 gauge needle. It is essential to deposit the toxin within the 

muscle and to avoid a superficial injection. Therefore, injection depth was 

maintained at about 2-3㎜.

 For the saline injection group, 0.9% sterile saline (without preservative) was 

used. Injection technique and volume of saline were equal to the BTX-A 

injection group (0.05㎖ per side).

 All animals were kept for 4 weeks in rooms. The temperature was maintained 

at 22℃ and there were alternating periods of artificial light and darkness. They 

were fed with standard rat pellets and water ad libitum. During the later two 

weeks of the experimental period, rats in the BTX-A injection group were 

provided with grounded pellets accompanied with standard pellets to 

compensate for the possible effect of a reduced incisive function. All subjects 

were weighed weekly and were sacrificed at 8 weeks of age.

                  

  

Fig 1. Masseter muscle in the rat.

           M, Masseter muscle;  

           P, Parotid gland;

           LI, Lower  insiors; 

           UI, Upper insiors
             

      Fig 2. Injection of BTX-A into the  

                        masseter muscle.
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 C. Dry Mandible

 Fifteen rats in each group were killed by ether overdose. Twenty rats 

sacrificed at the start of the experiment for baseline control were prepared 

with the same method as shown in the following.

 After being decapitated and skinned, all animals were boiled in water for 4 

hours to dissect and remove flesh conveniently. The mandible bone itself was 

separated into the two halves.

 Photographs of dry mandibles were taken using Coolpix 995 (Nikon, Japan), 

which was held in a constant distance (24cm) from the basal plate and a ruler 

was placed aside from specimen prior to each photograph. The half of the 

mandible was placed with the buccal surface upward.

 Linear measurements of the mandible were made on a computer image 

transferred from a digital camera. The mandibular measurements used in this 

study was adopted from Dr. Asano s study (1986) in which he evaluated the 

effects of mandibular retractive force. Landmarks and measurements of the 

mandible are shown and explained in Fig 3. 
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Fig 3. Landmarks and measurements of the mandible used in this study.

           Me, most inferior point of mental protuberance; 

           Me', most inferior point of anterior alveolar bone; 

           Me'-Me”, tangent to the bottom of angular process through Me; 

           Go, most posterior tip of the angular process; 

           Cd, the central point of the condyle; 

           Cd‘, crossing point on Me- Me” perpendicular to Me- Me”from Cd; 

           Co, tip of coronoid process; 

           Co', crossing point on Me- Me” perpendicular to Me- Me” from Co; 

           Me-Go, mandibular body  length; 

           Me-Cd, condylar length; 

           Me-Co, coronoid process length; 

           Me-Me', anterior region height; 

           Co-Co', coronoid process height; 

           Cd-Cd', condylar height

  

 D. Histologic Study

 Five rats in each group were anesthetized with ether, catheterized on the left 

ventricles with right atrium of heart opened, irrigated with brief saline and 

perfused with 4% paraformaldehyde solution. The decapitated, skinned heads 

were fixed in 4% paraformaldehyde in PBS (phosphate buffered saline) at 4℃.
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  (1) Condylar Cartilage

 Temporomandibular joint (TMJ) area was resected and decalcified with 10% 

EDTA for 4 weeks. The specimens were embedded in paraffin according to the 

conventional procedure. Serial sagittal sections were made at 5㎛ thickness. 

   (A) Morphological Changes 

 To observe the morphological changes in TMJ, the section was stained with 

hematoxylin and eosin (H-E) as a conventional method. 

   (B) Immunohistochemistry for Cell Proliferation (PCNA Staining)

 The deparaffined specimens were treated with 0.3% hydrogen peroxide in 

absolute methanol to inhibit their endogenous peroxidase activity. The 

specimens were incubated with monoclonal anti proliferation cell nuclear 

antigen (PCNA) antibodies (1:200, Noemarkers Inc., USA) at 4℃ overnight. 

After washing with PBS, the specimens were reacted with two consecutive 

incubations with secondary antibodies (Zymed Laboratories Inc., USA) and a 

HRP-conjugated enzyme solution (Zymed Laboratories Inc., USA) at room 

temperature for 1 hour each. Finally, the specimens were visualized using a 

DAB Reagent kit (Zymed Laboratories Inc., USA). The immunostained sections 

were counter-stained with methyl green solution.

   (C) Immunohistochemistry for Cell Death (TUNEL Staining)

 For TUNEL (Terminal deoxynucleotidyl transferase mediated dUTP nick-end- 

labeling) staining, an in situ Cell Death Detection Kit (Roche Diagnostics 

GmbH., Germany) was used to detect apoptosis. The fixed specimens were 

treated with 0.3% hydrogen peroxide in absolute methanol, which was followed 

by rinsing with PBS. The samples were incubated with a reaction mixture 

containing a TdT enzyme and were fluorescein-labeled dNTPs at 37℃ in a 

humidified chamber for 1 hour. The reaction was quenched and the peroxidase 

conjugated anti-fluorescein antibodies were used to detect the fluorescein- 
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labeled nucleotides at 37℃ in a humidified chamber for 30 minutes. The signal 

was detected using DAB as a color substrate. The sections were counter-stained 

with diluted methyl green solution.

  (2) Masseter Muscle

 The masseter muscles were resected from the mandibles and embedded in 

paraffin. Serial sagittal sections were made at 5㎛ thickness, deparaffined and 

stained with hematoxylin and eosin as a conventional method. 

 The stained sections were studied by light microscopy, photographed and 

analysed.

 E. Statistical Analysis 

 The distribution of the data (body weight, mandibular measurements) in the 

samples was analyzed for skewness and kurtosis, and the parametric t test was 

used on the assumption that the samples were normally distributed.

 The body weight of the three groups were compared every week. One-way 

analysis of variance and Duncan's multiple range test were used. The 

differences of the rate of weight gain among the three groups were evaluated 

with one-way ANOVA. 

 Mandibular measurements were evaluated for the presence of intergroup 

differences with a one-way ANOVA. Differences between specific groups were 

assessed with Duncan's multiple range test.

2. Experimental Set 2

 Since the mean body weight of the BTX-A injection group was smaller than 

the control and saline injection groups from the second week of the 

experimental set 1, the resultant difference of mandiblar measurements might 



11

be influenced by the difference in body weight. Therefore, the mandiblar 

measurements of the two groups of untreated rats having the same age but 

different body weight was evaluated. Initially, it was attempted to match the 

mean body weight of newly recruited rats with those of control group and 

BTX-A injection group of experimental set 1.

 However, the animals of experimental set 1 weighed beyond their standard 

weight during the experiment and rats with desired mean body weight at the  

8 weeks of age could not be obtained. Therefore, twenty 10-week-old rats were 

prepared instead. Ten rats were equally weighed as the group 1 (about 320g), 

while the other ten rats were equally weighed as the group 3 (about 300g). 

Group A : Large animal group

Group B : Small animal group

 The mean body weight increased slightly during the adaptation period. All 

animals were weighed and sacrificed in the same manner as experimental set 

1. Dry mandibles were prepared, photographs were taken and measurements 

were made with the same methods previously described.

 Duncan's multiple range test was performed to determine whether the 

intergroup difference was detected.
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Ⅲ. Results

1. Experimental Set 1

 A. Body Weight

 Means and standard deviations for the body weight of the three groups in  

the experimental set 1 are shown in Table 1. While there were no statistically 

significant differences among the three groups at the age of 4 weeks, there 

were statistically significant differences from the age of 5 weeks to 8 weeks (P 

< 0.05). Duncan's multiple range test indicated that body weight of  BTX-A 

injection group was statistically less than those of control group and saline 

injection group (P < 0.05). Fig 4 represents bar graphs of the body weight 

changes during experimental period. The rates of weight gain of the three 

groups were 1.27 in group 1 and group 2, 1.25 in group 3. There were no 

statistically significant differences in the rate of weight gain during the 

experimental period between three groups (P > 0.05).

Table 1. Mean body weight (g) of the three groups of the experimental set 1,

        measured weekly during the experimental period.

week 4 week 5 week 6 week 7 week 8

Group 1 124.05 (±6.03) 166.62 (±7.08) 240.11 (±9.49) 277.51 (±11.37) 318.17 (±13.21)

Group 2 124.75 (±4.76) 165.45 (±7.92) 237.23 (±7.54) 276.06 (±10.36) 313.08 (±13.65)

Group 3 124.70 (±3.78) 151.91 (±13.00)* 222.68 (±13.58)* 263.79 (±13.10)* 299.40 (±16.83)*

Values are means (± SD). Number of animals in each group is 20.

Group 1 ; Control group

Group 2 ; Saline injection group

Group 3 ; BTX-A injection group

* Mean is significantly different from those of group 1  and group 2 (P < 0.05).
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 Fig 4. Weekly measurements of body weight in the three groups during the  

        experimental period. Vertical bars represent SD. Control; Control      

        group, Saline; Saline injection group, BTX-A; BTX-A injection group

 B. Mandibular Measurements

 The mandibular measurements of the baseline control group and the results of 

their normality test are shown in Table 2. All parameters were distributed 

normally (P > 0.05).

 The mandibular measurements of the experimental set 1 are shown in Table 

3. In all six measurements, the BTX-A injection group had a smaller dimension 

compared to the control group and saline injection group (P < 0.05). 

Differences between the measurements of control group and saline injection 

group were not statistically significant, except for condylar length, which 

showed a small but statistically significant difference (P < 0.05). The condylar 

length was the greatest in the control group, intermediate in the saline 

injection group, and the least in the BTX-A injection group.
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Table 2. Mandibular measurements and the values of Shapiro-Wilk's W  

         statistics of baseline control group (4 weeks of age)     

   Measurements Mean (±SD) ; ㎜   W

Mandibular body length 15.83 (±0.26) 0.97

Condylar length 17.08 (±0.27) 0.97

Coronoid process length 15.56 (±0.35) 0.98

Anterior region height 3.70 (±0.10) 0.95

Coronoid process height 9.78 (±0.22) 0.97

Condylar height 7.90 (±0.20) 0.95

W; Shapiro-Wilk's W statistic, N=39

All parameters are distributed normally (P > 0.05).

Table 3. Mandibular measurements of the three groups of the experimental set 1  

        (8 weeks of age)

Measurements (㎜) Group 1 Group 2 Group 3 

Mandibular body length 20.64 (± 0.32) 20.47 (± 0.32) 20.09 (± 0.46)*

Condylar length  21.88 (± 0.24)**　  21.71 (± 0.24) ** 21.60 (± 0.39) **

Coronoid process length 20.12 (± 0.35) 20.00 (± 0.30) 19.75 (± 0.36) *　

Anterior region height 4.82( ± 0.13) 4.81 (± 0.12) 4.65 (± 0.12) *

Coronoid process height 13.37 (± 0.21)　 13.33 (± 0.24) 12.83 (± 0.32) *　

Condylar height 11.16 (± 0.27)　 11.17 (± 0.26) 10.26 (± 0.37) *　

Values are means(± SD). Number of animals in each group is 20.

Group 1 ; Control group

Group 2 ; Saline injection group

Group 3 ; BTX-A injection group

* Mean is different from control and saline injection groups (P < 0.05).

** Mean is different between each groups (P < 0.05).
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 C. Histologic Study

  (1) Condylar Cartilage

   (A) H-E Staining

 The sagittal sections in the superior part of the condylar cartilage of the 

experimental groups are illustrated in Fig 5. In the condylar cartilage of all the 

experimental groups, four major zones were clearly defined; the fibrous 

covering, reserve, proliferation and hypertrophic zones.

 However, the cartilage of the BTX-A injection group showed significant 

differences compared with the control and saline injection groups. The fibrous 

covering and reserve zones were not significantly different from those of the 

control and saline injection groups. But the proliferation and hypertrophic 

zones were significantly thinner than those of the other groups.

FR
P

H

  

A                           B                            C                     

Fig 5. Sagittal sections of the superior part of the condyle in each group, stained with hematoxylin 

          & eosin. A, Control group;   B, Saline injection group;   C, BTX-A injection group 

          F, Fibrous covering;  R, Reserve zone;   P, Proliferation zone;  H, Hypertrophic zone  

         ( Original magnification ⅹ200 )
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   (B) PCNA Immunohistochemistry

 Fig 6 presents the PCNA staining photos of the condylar head of the three 

groups. The findings were similar in all three groups. Immunopositive reaction 

was detected mainly in the cells of the proliferation zone and slightly positive 

reaction was shown in the cells of the reserve and hypertrophic zones. The 

fibrous covering layer showed a negative reaction in all three groups. In the 

control group, proliferation zone was the thickest but no strong cell 

proliferation was observed, compared with the BTX-A injection group.

    

A                           B                            C

Fig 6. Sagittal sections of the superior part of the condyle in each group with PCNA staining. 

          A, Control group;  B, Saline injection group;  C, BTX-A injection  group ( Original 

          magnification ⅹ200 )

   (C) TUNEL Staining

 In all groups, TUNEL positive cells were observed in the proliferation and 

hypertrophic zones (Fig 7). Negative reaction was detected in the fibrous 

covering and reserve zones. Although the hypertrophic zone of the BTX-A 

injection group was significantly thinner than the control and saline injection 

groups, the degree of the TUNEL positive reaction was found to be similar to 

those of the control and saline injection groups.

 A main difference was observed in the proliferation zone. Specimens of the 

BTX-A injection group showed a strong positive reaction to TUNEL stain in 

the proliferation zone especially in the starting area of this zone.
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A                           B                            C

Fig 7. Sagittal sections of the superior part of the condyle in each group with TUNEL staining. 

          A, Control group;  B, Saline injection group;  C, BTX-A injection  group ( Original   

          magnification ⅹ200 )

  (2) Masseter Muscle

 Cross-sections of the masseter muscle in each group are shown in Fig 8. 

Muscle fibers of the control group and saline injection group have a normal 

polygonal shape without necrosis or inflammation and the fiber size was 

uniform. Nuclei were located at the periphery of the fibers in a 

subsarcolemmal position. 

 Slight differences were observed in the muscle fibers of the BTX-A injection 

group compared to the control and saline injection groups. The diameters of 

the muscle fiber of the BTX-A injection group were more irregular and the 

nuclei were packed more densely than those of the control and saline injection 

groups. Intrestingly, in the muscle of the BTX-A injection group, few muscle 

fibers with central nuclei was observed.
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A                           B                            C

Fig 8. Cross-sections of the masseter muscle stained with hematoxylin & eosin.  

          A, Control  group; B, Saline injection group;  C, BTX-A injection  group   

          ( Original magnificationⅹ 400 )

2. Experimental Set 2

   The body weight of the animals in the experimental set 2 is shown in 

Table 4 along with that of the experimental set 1.

 The mandibular measurements of the experimental set 2 are shown in Table 

5. Differences between the large animal group and small animal group 

measurements were not statistically significant, except for the mandibular body 

length (Me-Go; see Fig 3). The mandibular body length was longer in the large 

animal group and shorter in the small animal group (P < 0.05).

Table 4. Mean body weight (g) of experimental animals: Mean (± SD)

Experimental set 1 Group 1 (20) Group 3 (20) 

Body weight 318.17 (±13.21) 299.40(±16.83)

Experimental set 2 Group A (7) Group B (7)

Body weight   330.00 (±5.55) 312.51 (±4.76)

Values in parentheses indicate the number of animals in that category.

Group 1 : Control group,            Group 3 : BTX-A injection group

Group A : Large animal group,      Group B : Small animal group



19

Table 5. Mandibular measurements of the experimental set 2 : Mean (± SD)

Measurements (㎜) Group A Group B 

Mandibular body length 20.93 (±0.39) 20.64 (±0.34) *

Condylar length 21.94 (±0.28) 21.76 (±0.30)

Coronoid process length 20.30 (±0.49) 20.11 (±0.28)

Anterior region height 4.87 (±0.16) 4.77 (±0.12)

Coronoid process height 13.37 (±0.27) 13.30 (±0.23)

Condylar height 11.32 (±0.20) 11.21 (±0.22)

Number of animals in each group is 7.

Group A : Large animal group

Group B : Small animal group

* Indicates a significant difference between the groups (P < 0.05).
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Ⅳ. Discussion

 Systemic and local mechanical factors exert an important influence on the 

postnatal growth and development of both mandibular condylar cartilage and 

long bone epiphyseal cartilage. However, there are significant differences in the 

responses of these two cartilages to mechanical influences. The cartilage of the 

mandibular condyle appears to be more sensitive to local mechanical influences 

than the epiphyseal cartilage. It is conceivable that growth with mechanical 

influences affect cellular activity in the mandibular condylar cartilage in a  

different manner in the epiphyseal cartilage (Meikle MC, 1973; Bouvier M and 

Hylander WL, 1984; Copray J et al., 1985; Hinton RJ, 1991; Kantomaa T et al., 

1992; Pirttiniemi P et al., 1996)

 The mandibular condyle has been the focus of numerous studies investigating 

local growth-control mechanisms because of its presumed sensitivity to 

variations in the local mechanical environment. Local mechanical conditions 

affecting the condyle have been altered in various ways, including 

condylectomy, intermaxillary fixation, removal of incisors, alteration of dietary 

consistency, muscle resection, and application of protrusive or retrusive 

orthodontic appliances (Bouvier M and Hylander WL, 1984). The discussion 

will focus on the latter three methods that change muscle tonicity since this 

study was to investigate the effects of reduced muscle tonicity induced by 

BTX-A on the mandibular growth.

 Removal of incisors are usually accompanied with alteration of dietary 

consistency or muscle resection. Only one study performed removal of incisors 

independently. In 1977, Simon analyzed the effect of loss of incisal function in 

rats on mandibular joint microanatomy. Two experimental groups of rats had 

their incisors removed and cut, resulting mandibular joint experiencing a lesser 
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magnitude of compressive forces than would be produced normally. The 

thickness of the condylar cartilages in the animals of these two groups was 

significantly reduced than that of the control group. He concluded that 

compressive forces at this joint was necessary to stimulate normal cartilage 

development (Simon MR, 1977).

 A frequently used method for changing local mechanical condition is 

alteration of dietary consistency. Many experiments have shown that feeding 

soft-diets to growing animals creates changes in the mandible, especially in  

condyle and ramus. These studies demonstrated that soft-diet animals had 

smaller maxillary and/or mandibular size in specific measurements even 

though there was no significant difference in cranial size. (Watt DG and 

Williams C, 1951; Bouvier M and Hylander WL, 1984 ; McFadden LR et al., 

1986; Kiliarides S et al., 1996; Ulgen M et al., 1997; Maki K, 2002). Tuominen 

and his colleagues (1993) reported that the articular surface of the glenoid 

fossa was steeper and the mandible was more retrograthic in soft-diet rabbits. 

Only one study demonstrated greater height and length growth of the condylar 

process in soft-diet rats than hard-diet ones (Tuominen M et al., 1994). They 

concluded that lessening of the load increases condylar growth until a new 

balance was achieved. Soft-diet animals had thinner, more porous cortical bone 

with poorly developed trabeculae in the ramus, and gererally slower mineral 

apposition (Kiliarides S, 1989; Yamada K and Kimmel DB, 1991; Kantomaa T et 

al., 1994; Bresin A et al., 1999; Maki K et al., 2002). In histologic examination, 

many investigators found smaller condyles and thinner condylar cartilages in 

soft-diet rats. (Hinton RJ and Carlson DS, 1986; Bouvier M, 1998; Yamada K 

and Kimmel DB, 1991; Kiliaridis S et al., 1999). When feeding was switched 

from soft-diet to hard-diet, the differences between control animals became 

insignificant, especially in young animals. It suggested that TMJ had a certain 

capability to adapt to an altered function (Bouvier M, 1988). In this study, 
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analysis of mandibular size and the histology of condylar cartilage showed the 

same results with those of previous studies. 

 Similar results were reported in the studies that investigated the mandibular 

and condylar growth changes in the masticatory muscle resected animals. 

Backward mandibular rotations were observed after masseter muscle resection. 

(Monje F et al., 1994; Navarro M et al., 1995). The mandibular dimensions 

related to the areas of muscle attachment were significantly reduced in the 

masseter muscle resected rats (Hinton RJ, 1991; Monje et al., 1994). The 

condylar head had a more conical appearance and total condylar cartilage 

thickness was smaller in the masseter muscle resected group (Ghafari J and 

Heeley JD, 1984; Navarro M et al., 1995). However, Monje and his associates 

(1994) observed increased thickness of condylar carilage in masseter muscle 

resected rats despite their pear-shaped deformity of the condyle and backward 

mandibular rotation. On the other hand, Sato (1986) performed unilateral 

denervation of the masseteric nerve on growing rats. Cellular proliferation and 

collagen formation had decreased in the operated side and gradually 

disappeared. These results suggested that the change in masseter muscle 

imbalance was not progressive and mandibular condylar cartilage had excellent 

adaptability.

 Traditional orthopedic appliances that induce mandibular growth inhibition or 

stimulation are chin cup and hyperpropulsion device (mandibular protrusive 

positioning device). The repositioning of the mandible with a propulsion in 

experiments, caused an increase in the growth of the condylar cartilage by 

stimulating cellular proliferation in the chondroblastic zone. The stimulation of 

the condylar growth has been considered to be the cause of lengthening of the 

basal mandibular arch (Charlier JP et al., 1969; Petrovic AG, 1972; Easton JW 

and Carlson DS, 1990). On the contrary, experiments with chin-cup showed 

condylar growth inhibition. The inhibition took place in prechondroblastic zone 
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where the number of cell division showed a decrease. The restraining action 

on condylar growth resulted in a decreased growth of the mandibular basal 

arch (Petrovic AG, 1972; Asano T, 1986). Asano investigated the growth 

behavior during and after chin-cup therapy. He reported that the mandibular 

retractive force could produce overall growth retardation and transformation of 

growing mandible, but the force had no effect on the growth behavior after 

the appliance was removed (Asano T, 1986). Anterior displacement of the  

mandible was produced by a removable stainless steel mesh, cast-gold splint or 

inclined plane cemented to the upper incisor in the previous studies (Tonge 

EA et al., 1982; Ghafari J and Degroote C, 1986). These studies demonstrated 

remodeling change in the articular tissue and the subchondral bone. The 

investigators reported that the change observed might be transient in nature 

and an expression of early maturation, or might fluctuate with various 

alterations in force levels transmitted to the cartilage by different functional 

positions of the mandible.

 Studies on congenital muscular dystrophy either in humans or animals 

demonstrated similar results with the studies that changed the muscle force 

artificially. Kreiborg and his colleagues (1978) suggested that the inactivity in 

the masticatory muscles and the facial muscles and the altered balance between 

the individual groups of muscles greatly influenced the craniofacial 

morphogenesis and the development of the occlusion. Ghafari and Cowin 

(1989) reported the muscular dystrophic mouse showed developmental changes 

in condylar morphology. This supported the concept of adaptability of condylar 

cartilage to local changes induced by progressive muscular weakness.

 The composite results of the reviewed references support the findings of this 

study. The detailed discussions of the results of this study are as follows.
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1. Mandibular Measurements

 Dry mandible was used to assess dimension of the mandible in this study. 

Since the mandibular bone of rats is very thin and superimposed with soft 

tissue, measurement of the roentgenographic cephalometry is hardly feasible 

especially in live animals. In this study, the baseline control group was 

included in the study design and the mandibular measurements of the baseline 

control group were normally distributed(Table 2). Therefore the mandibular 

measurements of all the experimental groups were assumed to be equal at the 

start of the experiment.  

 All six mandibular measurements of the BTX-A injection group were smaller 

than the control and saline injection groups (p < 0.05) (Table 3). Only condylar 

length showed a significant difference between the control group and saline 

injection group. This finding might be attributable to the difference in anatomy. 

Because of the difficulty in locating the condyle point, we assume that the 

result might be influenced by observational error. Generally, the mandibles of 

the rats in the BTX-A injection group had a smaller dimension, compared to 

the control and saline injection groups.

 There were significant differences in the mean body weight among the 

groups. Even though the rate of weight gain during the experimental period 

was not significantly different among the three groups (P < 0.05) (Fig 4), the 

rats in the BTX-A injection group weighed less than those of the control and 

saline injection groups at the time of sacrifice (P < 0.05). The difference in 

body weight was a problem we had anticipated to some degree. To prevent 

nutritional deficiency (due to reduced incisive function), the BTX-A injection 

group was provided with grounded pellets along with hard pellets. There was 

no detectable malnutrition, but the mean body weight of the BTX-A injection 

group was lower than that of the other two groups.  
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 Therefore, the experimental set 2 was designed to determine whether body 

weight (size) influences mandibular measurements. Although the two groups of 

the experimental set 2 were not the same in age with the experimental set 1, 

they were in the same growing stage according to the average weight chart of 

male rats (Rayne J and Crawford G, 1972). The final mean body weight was 

different from that of the experimental set 1, however, the difference between 

groups 1 and 3 in the experimental set 1 (18.70g) was similar to the difference 

between groups A and B in the experimental set 2 (17.49g). This difference 

was nearly 6% of the mean weight of each group (Table 3).

 The mandibular measurements were evaluated from the untreated animals of 

one large animal group and one small animal group. Differences in the 

mandibular measurements between the two groups were not statistically 

significant, except for the mandibular body length (P < 0.05). According to this 

finding, the resultant differences in mandibular measurements in the 

experimental set 1 can be considered to result from BTX-A injection and it 

might not be due to weight differences, even though one parameter showed an 

significant difference between the large animal and the small animal groups. 

While the weight difference itself might be the result of reduced muscle 

tonicity induced from the BTX-A injection,  one must not jump to conclusions 

by excluding other reasons.  

2. Histologic Study

 In the sagittal sections of the condylar cartilage of the experimental groups, 

hypertrophic zone was observed in all groups (Fig 5). This means that 

condyles of experimental animals were at the growing stage (Ghafari J and 

Heely JD, 1982; Kantomaa T et al., 1992; Visnapuu V et al., 2000). Thick 

fibrous covering layer was observed in all groups. While the reserve zone was 
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hardly seen in the areas of thick articular disc, a number of cell layer was 

observed in the reserve zone adjacent to the thin articular disc. There was no 

significant difference among the groups, in the thickness of fibrous covering 

and reserve zone. However, the proliferation and hypertrophic zones were 

thinner in the BTX-A injection group compared to the control and saline 

injection groups.

 In order to determine the causes of this difference, cell proliferation was 

evaluated. Proliferating cells were marked with proliferating cell nuclear 

antigen (PCNA), which is an acidic nuclear protein (Takasaki et al., 1981; Celis 

et al., 1984), the synthesis of which alters during the cell cycle, and increases 

during DNA replication (Toschi and Bravo, 1988) in the late G1 and S phase 

(Celis et al., 1984). The cell proliferation of each layer showed no specific 

difference among groups (Fig 6).  Even though the control group had the 

thickest proliferation zone, strong cell proliferation compared with BTX-A 

injection group was not detected. Therefore, cell proliferation of the groups 

could not account for the differences in the cartilage layer thickness among 

groups.

 In addition, TUNEL staining was performed to evaluate the effects of cell 

death on condylar growth. TUNEL staining was used to detect apoptosis. The 

fibrous covering and reserve zone showed similar findings in all groups as 

was in H-E staining and PCNA staining. However, proliferation zone of the 

BTX-A injection group showed a strong positive reaction to TUNEL staining 

compared with the control and saline injection group. The most severe cell 

death was detected in the proliferation zone adjacent to the reserve zone. 

Although the thickness of the hypertrophic zone of the BTX-A injection group 

was largely different from that of control and saline injection groups, cell 

death took place in a similar degree.

 This result suggests that muscle atrophy induced by BTX-A injection did not 
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affect the fibrous covering and reserve zone of the condylar cartilage. The 

fibrous covering is functionally important and the reserve zone has a growth 

potential ( Kierszenbaum AL, 2002). Thus the condyle preserves growth 

potential and there is no functional impairement. However, it is thought that 

induced cell death at the proliferation stage of the reserve zone inhibits the 

growth of the mandible and condyle.

 Histologic assessment of muscle fiber after BTX-A injection was previously 

performed by numerous investigators. In this study, muscle fiber diameters of 

the BTX-A injection group were more irregular than other two groups. 

According to reports of Borodic and Vilmann, my results implicate for 

reflection of muscle denervation (Vilmann H et al., 1990; Borodic GE, 1994). 

The formation of condensed myofibers  without inflammatory reaction in the 

BTX-A injection group might be an expression of its degenerative atrophy 

(Akagawa et al., 1983). In BTX-A injection group, muscle fibers with central 

nuclei observed partially and these fibers regarded as developing regenerated 

fibers after degeneration (Nishide et al., 2001).

 This investigation is a preliminary study for the application of BTX-A on the 

masseter muscle to regulate the local mechanical environment of mandibular 

growth as a means of reducing muscle tonicity. For this purpose, it must be 

reversible and have no harmful effect. Ultrastructural studies in motor 

end-plate and skeletal muscle fibers of rats showed that evidence for axonal 

sprouting and a myotoxic effect of BTX-A seemed to be related with the 

process of recovery following reinnervation (Duchen LW, 1971a; Duchen LW, 

1971b; Holland RL and Brown MC, 1981; Capra NF et al., 1991; Hassan SM et 

al., 1995; Juzans P et al., 1996). The effects of botulinum injections in the 

masseter may be completely reversible. BTX-A has no known adverse effects 

on central nervous system. Side effects are primarily relatd to the excessive 

weakness of the injected muscle or contiguous muscles (Borodic GE and Pearce 
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LB, 1994).

 In this study, BTX-A was injected to the growing subjects. Safety of pediatric 

use of this toxin should be proved. Efficacy in children parallels that in adults, 

but long-term safety has not been studied in great detail. Preliminary studies 

in children have not revealed a more extensive adverse effect profile. However, 

BTX-A should be considered as a treatment option, only if alternative therapies 

have failed and when the severity of symptoms justifies the risk since the lack 

of information on chronic exposure, particularly in the developing children 

(Brin MF, 1997; Gordon N, 1999; Gaebler-Spira D and Revivo G, 2003; Sarioglu 

B et al., 2003). In order to use BTX-A as an adjunctive treatment in 

orthodontic and/or orthopedic treatment for growing patients, safety of 

pediatric use should be proved and pediatric dose should be determined.

 The dose of 2.5U in this study was determined by two preliminary 

dose-ranging studies. The doses varied from 0.05U to 5U on each side. As 

detectable effect was observed and there were no lethal adverse effect, 2.5U 

was determined. However it is a very high dose for rats compared with 

human dose. Therefore further studies should be performed to find the precise 

minimum effective dose.

 When examining the effect of various biomechanical humoral/hormonal factors 

on growth of the condylar cartilage, the developmental phase of the condylar 

cartilage should be taken into consideration (Copray J et al.,1988; Visnapuu V 

et al., 2000). Experimental rats in this study were 4 weeks old since this period 

is right after the weaning time. The previous studies reported that the condylar 

cartilage of rats showed transient degenerative features at the time of weaning 

at the age of 21 days, which is considered to be the major starting point of 

postnatal development of the rat condylar process (Luder et al., 1988; 

Kantomaa et al., 1992; Visnapuu V et al., 2000). However, further investigation 

at a different ages and a different experimental period should be performed. 
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 The differences in the mean body weight in this study could be a bias. To 

eliminate this variable, unilateral injection could be considered for further 

study.

 Taken together, functional differences between rat and human can be 

considered on many aspects concerning mastication, masseter muscle. It is 

shown that BTX-A injection clearly influence on inhibitory action of the 

developing mandible due to apoptosis at the proliferation stage of the reserve 

zone. Furthermore, these studies strongly implicate that clinicians must be 

cautious to deal with injecting BTX-A to children . 
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Ⅴ. Conclusions

 In order to determine the effects of the BTX-A injected into the masseter 

muscle of rats on the mandibular growth, mandiblular dimension and 

histologic findings in the condylar cartilage and muscle fiber were evaluated in 

the control, saline injection and BTX-A injection groups. The following 

conclusions could be drawn from this investigation.

1. The BTX-A injection group demonstrated shorter mandibular body length,  

  condylar length, coronoid process length, anterior region height, coronoid  

  process height and condylar height, compared to the control and saline  

  injection groups (P < 0.05). 

2. The saline injection group showed shorter condylar length than the control 

  group, but the remaining parameters did not show any statistically significant 

  differences between the two groups (P < 0.05).

3. In the histologic study,  masseter muscle of the BTX-A injection group  

  showed atrophy of muscle fibers.

4. The histologic feature of the condylar cartilage demonstrated that the 

  proliferation and hypertrophic zones were significantly thinner in the BTX-A  

  injection group compared to the control and saline injection groups. It is 

  considered that increasing cell death at the proliferation stage of the reserve 

  zone coordinately prohibits the growth of the mandible and condyle.
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국문 요약

성장기 쥐의 교근에 주사한 보툴리눔 A형 독소가 하악골 성장에 미치는 향

< 지 도 손 흥 규 교수 >

연세대학교 대학원 치의학과

김 지 연

 보툴리눔 A형 독소(BTX-A)는 신경근 접합 부위에서 acetylcholine의 분비를 일시적으

로 억제함으로써 근육 수축을 감소시키는 작용이 있어 여러 가지 근육질환의 치료 및 

미용 목적의 치료에 널리 사용되고 있다. 치과 역에서는 교근비대증, 측두하악장애, 

신경질환과 연관된 중등도의 이갈이(bruxism)등의 치료에 BTX-A가 이용되고 있다. 만

약 성장기에 교근에 BTX-A를 주사하여 근육의 위축 및 마비가 온다면 이는 하악골 및 

하악과두연골의 성장에 향을 미칠 수 있을 것이다. 이에 본 연구에서는 성장 중인 쥐

의 교근에 주사한 BTX-A가 하악골 성장에 미치는 향에 대하여  알아보고자 하 다.

 생후 4주된 쥐(Sprague-Dawley rat) 80마리를 네 군으로 나누어 제1군은 대조군, 제2군

은 식염수 주사군, 제3군은 BTX-A 주사군 으로 정하고 제4군은 실험시작시의 하악골 

크기를 알아보고자 바로 희생하여 하악골 크기를 측정 하 다. 제2군과 제 3군은 식염

수 및 BTX-A를 각각 교근에 주사하고 세 실험군을  모두 동일한 조건에서 사육한 뒤, 4

주 뒤에 희생시켰다.

 BTX-A 주사군의 하악은 mandibular body length, condylar length, coronoid process 

length, anterior region height, coronoid process height, condylar height의 6개 항목 모

두 대조군이나 식염수  주사군과 비교 했을 때 짧은 측정치를 보 다 (P < 0.05). 식염수 

주사군은 대조군과 비교시 dondylar length만 통계학적으로 유의하게 짧은 결과를 보

고, 나머지 5개항목은 모두 대조군과는 유의성 있는 차이를 보이지 않았다 (95% 유의 

수준).

 교근의 조직학적 검사 소견에서 BTX-A 주사군의 교근은 근섬유의 위축이 관찰되었다. 

하악과두연골의 조직학적 검사결과, BTX-A 주사군에서는 대조군이나 식염수 주사군 

보다 좁은 증식층과 비대층을 갖는 것이 관찰되었다. 이는 BTX-A가 예비층의 증식시기
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에 세포사멸을 유도하여, 하악과 하악과두의 성장을 억제하는 효과를 보인 것으로 생각

된다.

핵심되는말 : 보툴리눔 A형 독소 (BTX-A), 교근, 하악골 성장


