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Fig. 1. Clinical findings reported from oral and
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Fig. 2. Marking of injection point
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Table 1. Definition of Measurement Position

Position Location

1 10mm above inferior border of the mandible
2 20mm above inferior border of the mandible

3 40mm above inferior border of the mandible

Fig. 4. Selection of measurement position
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6) EA WY Table 2. Mean of differences between pre and post
% AT A= o|E 13 T o|S59] A injection ~ masseter  thickness  (mm)  and
9 TFEAE Filgoen & A3 giE 7245} cross-sectional area  (mm2) at  each
7] 918} one sample t testE AAEHE T REHF position in group 25U (n = 8)
AR 52 FAE B ¥R ARG Aol - T =
= AAS7] Y5t ANOVA testEs HA)s L2 -
= oe t ]j M_ o ] };}it} Tr - 1 262 + 1.30 0.0007
€ BAAEE FAYIIA SAS 815 AHEEHAT
Tl -1 1.75 + 148 0.0127
m. od7+Z ot Tr - 2 2.37 + 091 0.0002"
T1 - 2 2.00 + 0.92 0.0005"
=9 2= = MFE X0
E %5U =2l 1,2, 3 posion ZE5 &= Aol Tr - 3 0.37 + 091 0.2849
gtk
Tl - 3 1.00 + 0.75 0.0072"
#}-9-Z 7} positiondl| A & AF 2polzkS vlwatd Ar -1 106.25 + 52.41 0.0007"
A< 73—?— 3 position +Z& A £g EE position Al -1 8312 + 5231 0.0028"
X o HAo] AL = 111 X «
M mastglor, MHe 3 positionel] 4 Ar - 2 10025 + 49.47 0.0004
ZH a3k tH(Table 2). .
Al - 2 109.87 + 56.28 0.0009
2. 25Us 2| 1, 2, 3 positon ZHFE = MZF A} Ar - 3 5150 + 26.24 0.0009"
o Bt Al - 3 51.25 + 32.76 0.0031"
0= o o N o o ~ Tr-1, 2, 3 : differences between pre and post injection
3= 7t position©] A = A Apolgh= Hlastd masseter thickness (mm) at position 1, 2, 3 in the right
79l 7% 3 position F& A€ ZE position side
01]/\1 7HAastg o, WA A9 EE positionol A TI-1, 2, 3 : differences between pre and post injection
439 tHTable 3). masseter thickness (mm) at position 1, 2, 3 in the left
side
3. 35U 22| 1, 2. 3 positon APE = XS X0| Ar-1, 2, 3 : differences between pre and post injection
A7 masseter cross-sectional area (mm2) at position 1, 2, 3
== in the right side
_ _ Al-1, 2, 3 : differences between pre and post injection
o = 7} ]S % 1O =
#-¢-= 2 positionel A = N AF Aol H]E_o]_-?j masseter cross—sectional area (mm2) at position 1, 2, 3
TS 7 3 position —"r—f—% A @)k BE position in the left side
oA Frastom, Wae A3 DOSlUOl'l “‘4’ S5 A * . significant differnece (P < 0.05)
2]st EE positiondl A A3 tH(Table 4).
4. 35Us 9| 1, 2, 3 positon FFE =& M=FE X o e s _ o =
ey B S poslon HYS S EE A wz wan, waAAe G ol gl wasige 7
o =ht AdAe 5 U0 7, 3B U o, 25 U 9F wgergax
_ B3 2,35 U 4% ngaag 44 2 0w
BE EF FUA FAS WA mE Relelx] o 0 L o Eor
IR A ek on wite] $ARLATE WY
23T Table S ERIEIE LD CERET S
- Aolo] whE EE »}EW] ST AALAE F
5. & H% T, 9iA Rolo| W2 2 bl 05 1= o ow WAL Ao
Ask IF o2 =4 Yeigtery A B
4rHEE FUE AolE HolA FdthFig. 5, 6,

Table 6, 7).
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Table 3. Mean of differences between pre and post

Table 5. Mean of differences between pre and post

injection  masseter  thickness  (mm)  and injection  masseter  thickness  (mm)  and

cross-sectional area (mm?) at each cross-sectional area (mm?) at each

position in group 25Us (n = 8) position in group 35Us (n = 8)
Variable Mean+SD P value Variable Mean+SD P value
Tr -1 362 £ 244 0.0041° Tr -1 312 + 203 0.0033"
T -1 262 £ 184 0.0051" T -1 450 £ 267 0.0021"
Tr - 2 262 £ 168 0.0031" Tr - 2 337+ 150 0.0004
Tl - 2 287+ 1.3 0.0005 Tl - 2 350 + 192 0.0013"
Tr - 3 062 + 118 0.1803 Tr -3 150 £ 1.19 0.0093"
T -3 137 £+ 0.74 0.0012° Tl -3 137 £ 118 0.0136
Ar -1 154.25 + 146.60 0.0206" Ar -1 13375 = 81.32 0.0023"
Al -1 12837 £ 90.23 0.0050" Al -1 14650 + 110.16 0.0066"
Ar - 2 144.00 £ 85.38 0.0020" Ar - 2 14825 + 69.77 0.0006
Al -2 15050 £ 65.70 0.0003" Al -2 180.62 + 93.11 0.0009
Ar - 3 5562 + 64.14 0.0439° Ar - 3 61.25 + 44.69 0.0061"
Al -3 7887 = 71.80 0.0172° Al -3 62.37 + 74.12 0.0489°

* ¢ significant differnece (P < 0.05)

Table 4. Mean of differences between pre and post

* ¢ significant differnece (P < 0.05)

Table 6. Total mean differences between pre and

injection  masseter  thickness  (mm)  and post injection masseter thickness (mm) &
cross-sectional area (mm?) at each cross-sectional  area  (mm?9)  at  every
position in group 35 U (n = 8) position in each group (n = 16)
Variable Mean+SD P value Group thal Mean <D
Tr - 1 300 £ 092 0.0001° DIEEAEE
T -1 962 + 199 0.0074° 25U thickness 5.062 2.235
Tr - 2 262 £ 1.06 00002 25Us 680 3819
I - 2 275 + 159 0.0017 U 6312 3113
Tr - 3 062 = 158 03052 3oUs 6687 4614
Tl - 3 100 + 106 0.0331" 25U cross—sectional area 255.625 103.767
Ar - 1 11362 + 59.02 0.0010° 25Us o8l 23261
Al-1 10550 + 90.96 00135 U 212250 143.146
Ar - 2 1775 + 32.14 0.0001° 3oUs 3663 218200
Al - 2 11462 + 54.12 0.0005
Ar - 3 55.50 + 42.17 0.0074
Al -3 3750 + 73.17 0.1905
* ¢ significant differnece (P < 0.05)
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Fig 5 Comparison of total mean differences
between pre and post injection masseter
thickness (mm) at every position in each
group (n = 16)

Table 7. Comparison of mean differences in
masseter thickness (mm) change
according to injection dose, presence of
splint (ANOVA, n = 16)

P value
Injection dose 0.0916
Splint 0.0224°

% significant difference (P < 0.05)
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Fig 6. Comparison of total mean differences
between pre and post injection masseter
cross—sectional area  (mm®) at  every
position in each group (n = 16)

Zol o] A gl A ﬂfﬁ?l';‘é%i]% A
o2 % EAHES Eole
a%g wogy’ 1
Tojgha oyt wget 7‘3 A 2 F
ayoR S NS @A Kt F
59 A7 o]&H= BEHE A¥ =
S g ARAHE Fola Atk 2HA E AT
= AZHYSH o]do] T A g o] &H= BHE
s A FAoFARE Wb AR e w
FEFS LopR A} AP

A BEDw A¥ S4v A¥OoR 59 F4
Al presynaptic recepter §-9] A7 @t
oPEZde Felg AAFoEN FAHOE J1Y

A 259 vkl AR f5S TP
ojgg VTR BT A Sae et ¢
FHEoke] AR, mAESE, WS wAdE, B
TRV, FEE A, ELHW% 9 A&
2] AHEHol gt HAZde Aol 7
Wakgore] 2otEs B F5ol tiek s go] B

J'—_’Q:ﬂ 9}]\1—4_20722)

o 50 oetd = e REYE AY =
FA 3ANE F 2SuA 2 ZREAA wr oF
31%9] s By, A AHEE 99 2556
MM 197 w2 o] 9Zo] SAHATt R1sY
t}. Von Lindern 5V 79 9] w2 Ht)Z 3497
F= ue REYE A 545 FAE dToA



position FH&S A3t BE o, EE positionol A

FAE F 3F0A 85 Abole] @A w9 f5<
318} #astdor fdsiA 3B U t}o A T&

B, Ho 257HL71A] Eﬂa} Adga B

9t} 34 van Zandijcke S7& B4 dH oA 3E EE positiondl A FA 9} WA o] 7rAas o] 2
B e HASte A o] o] F4S Hole 34} 72 5 o AgATG At W GHF 3 positionel A
NA w2 FFT REYE AY 548 FASH T 542FA A7 Yede AS ¢ 5 doH 35
of olZo]o] A TAE FEASAIL, Ivanhoe T U} wIAAA] olAa AYPHeZHE 7P ©
2o cardiac arrestol] 98 ¥4 EApe] A% o7 7%3]77}7‘] THAFEHT} °)1‘3}* AL & F U

o] T4 EETFE A¥Y FAFTALRE 3L dAH Aol A T Bl JJrT AR S AN &
o7 ZAANE ¢ A} Bskgl o™, Pidock & H]Emo] o2 AA, J4'~7<] 1622 st on
o S gre F71E Qg A3 o] o] Eajel| A < A$9 1, 2, 3 position Jﬂ% —r”ﬂ 2}, WAz §
o Zoe Hug v glek 22y To §7) 3 2 & o1&3e] Musdck FAZLE B UL, B U
w32 ZAS W Fd A probe Yol wet T, 25 USF a8 ] 42k 35 U FARS w
a7 el F lom _1[44/\40] gojxitka & JAGA] A2 T £Oo 2 A U om wdo] F
&tk adA H 2 5L 9% oAl A A A= JL%L"M“}X] AZA O a7 Sle
sl G EQ o R S5t REYE AY SAFTA Ao 2 Yepska &3¢ aold W2 ad= YR

o)

N F A 290 BUPL RS ZIRWL A G FAZLETNE 4B ) 25 U} B Ue
nje

T WA A FARE TS & Afo] B k= E%LOV‘“}X]E TAYE
O ZH HZA FHFI Bl st 5597} o 237 ok RS € F e &Rt w
wagte A%4E ABRFQ HoFE B on, £ 3ge f94 e 47} UER}A] kA
up e 1499 EH*JZM]H Artst dFHFGo = T E Zpol7t YRR thefst Ao s
Bl oA A 259 HARR S48k Hlast A7 g Ao] vta AlgET HHNAE TY

Atk 28 7 5 Aas d2EgS ugtd ST £O2E EA U oY WATA 8 47
HeYstA 4 mm FAZ st 1 dHS o] &3} ‘ﬁi oA Ae AfolE HolA| gkt WA Ht
F9& S48 oH 4 mme GHFAS A9 FAAXAE + Ttol] 22 £AE Holy {9
7b Atkal e ¢ glom wdRuef FutA e 4 ]74] UEhA] o5 AL SAEA a7 A
o] AHAAdANE FoFALY] o] FAREFY A, thekgh wte] @ Aoz Qe xFHAF A
Apo] WER1A], W F-5] 9] Afolo] mE AQIA] A Yehde A 55 9002 183 4 Qlth
37) o]t} ¥ 52 FH planeoll H&sHA 10 mm o’fe] AE T & uf HAitst dFE gy
FAZ #gstHoy, ol nFUES Az X & HF9 T XA SHs}7] A=
B oo w2e AAE A% 9SS SASY At dAs g HGS FEY F Jde 749 head
FolAgal B & Qi) old WS wEsle] B Ay splint®] FQ/go] glom, wERuHsE FFAo
A= HAjlst GFFGA] wIFPLEgL T F 2 33T Aee 45EYE 1 mm FAZ = W
2 Holal g 7HAst 7|EHQl sfetside] st HE el B w Fogho] fARe tidAE 4
A ZFQF3A, F8A 2AHL FAF AYA T 24 Ao Z 3t AFE & & ool dvha Al HE
2 1A"S T AUt e AN FA< o F oz B A7Vt &% 6719 o] A& H o
9HS SAFoEH APYS FolaAt & B0 E 670 Foll AdEo] FolAE BHEDFE

£ A7ZAAM #F9Z 2 positionl] i = AE A% SLaFAEH BEYE AY SAFARS wt
2ol gk HlwEHH 77, WA A7 BE dolA AR Ao ApgEed ek vlu AT At
HEYE A¥ 5474 AYHe] 7}77}-r 1, 2 o] wTHINE 1 A% Zasithal AR HT
position®| A 3 posMonEE} aA Yyehyes AL &
—’F Row FAe A 25 U i 3 position $=, 25 V. 4 2

U ¢ wgerga=x :LF_L 3 position $=, 35 U + 3
position FH$ZS A9t EE positionol]| A F7 A4} 3298 8% 25 U, 25 Ut m etz
7b Aasln. "l Wlastd 35 U & 3 &2, 3B U, 35 Uk wtgdx] A2 wog v

253

Copyright (C) 2005 NuriMedia Co., Ltd.



1. 25 U 79l A] 3 position = FA 74, 25 U9 o
SO AR oA 3 position = FARA, 35
U Tl A 3 position +5F FAAS} 3= A87
2E A9sla BE FHdA 2595897 1
Eftom 35 USt w§eHGA welie Be §
HelA 5HSER7E T4 JAA YEST (P
< 0.05)

2. BEdw FAFARF 2ol(25 Ust 35 U)ol we

1. Legg JW. Enlargement of the temporal and masseter
muscle on the both sides. Trans Pathol Soc (Lond)
1880;31:361-366.

2. Gurney CE. Chronic bilateral benign hypertrophy of
the masseter muscles. Am ] Surg 1947,73:137-139.

3. Lobbezoo F, Naeije M. Bruxism is mainly regulated
centally, not peripherally: ] Oral Rehabil 2001;28:
1085-1091.

4. Okeson JP: Orofacial Pain : Guidelines for assess—
ment, diagnosis and management. 1996, pp. 142-158,
Quintessence, Chicago.

5. 499, ANz PIMFFATL w2 P ASE2 B
o mA= 93 digrAu#ehs)x] 1991;1:25-31.

6. Jankovic ], Brin MF. Therapeutic uses of botulinum
toxin. N Engl ] Med 1991;324:1186-1194.

7. Burgen AS, Dickens F, Zatman L]. The action of
botulinum toxin on the neuro-muscular junction. J
Physiol 1949;109:10-24.

8. Jankovic ], Brin MF. Botulinum Toxin: historical
perspective and potential new indications. Muscle
Nerve 1997;20 (suppl 6): S129-S145.

9. Smyth AG. Botulinum toxin treatment of bilateral

254

Copyright (C) 2005 NuriMedia Co., Ltd.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

masseteric hypertrophy. Br J Oral Maxillofac Surg
1994;32:29-33.

Moore AP, Wood GD. The medical management of
masseteric hypertrophy with botulinum toxin type A.
Br J Oral Maxillofac Surg 1994;32:26-28.

von Lindern JJ], Niederhagen B, Appel T, Berge S,
Reich RH. Type A botulinum toxin for the treatment
of hypertrophy of the masseter and temporal muscles:
an alternative treatment. Plast Reconstr Surg
2001;107:327-332.

To EW, Ahuja AT, Ho WS, King WW, Wong WK,
Pang PC, Hui AC. A prospective study of the effect
of botulinum toxin A on masseteric muscle hyper—
trophy with ultrasonographic and electromyographic
measurement. Br J Plast Surg 2001;54:197-200.
Park MY, Ahn KY, Jung DS. Botulinum toxin type A
treatment for contouring of the lower face. Dermatol
Surg 2003;29:477-483.

Kim HJ, Yum KW, Lee SS, Heo MS, Seo K. Effects
of botulinum toxin type A on bilateral masseteric
hypertrophy evaluated with computed tomographic
measurement. Dermatol Surg 2003;29:484-489.
Christensen LV. Effects of an occlusal splint on
intergrated electromyography of masseter muscle in
experimental tooth clenching in man. ] of Oral
Rehabil 1980;7:281-288.

Manns A, Miralles R, Cusmsille F. Influence of
vertical dimension on masseter muscle electromyo—
graphic activity in patients with mandibular
dysfuntion. ] Prosthet Dent 1985;53:243-247.

Wood WW, Tobias DL. EMG response to alteration of
tooth contacts on occlusal splint during maximal
clenching. J Prosthet Dent 1984;51:394-396.

Clark GT. A critical evaluation of orthopedic interoc-
clusal appliance theraphy: design, theory, and overall
effectiveness. J] Am Dent Assoc 1984;108:359-364.
Kawazoe Y, Kotani H, Hamada T, Yamada S. Effect
of occlusal splints on the electromyographic activities
of masseter muscles during maximum clenching in
patients with myofascial pain—dysfuntion syndrome. J
Prosthet Dent 1980;43:578-580.

Freund B, Schwartz M, Symington JM. The use of
botulinum toxin for the treatment of temporo-
mandibular disorders: Preliminary findings. ] Oral
Maxillofac Surg 1999;57:916-920.

Silberstein S, Mathew N, Saper ], Jenkins S. Botuli-
num toxin type A as a migraine preventive treatment.
For The BOTOX Migraine Clinical Research Group.
Headache 2000;40:445-450.



22. Binder W], Brin MF, Blitzer A, Schoenrock LD, 24. Ivanhoe CB, Lai JM, Francisco GE. Bruxim after
Pogoda JM. Botulinum toxin type A (BOTOX) for brain injury: Successful treatment with botulinum
treatment of migraine headaches: an open-label toxin-A. Arch Phys Med Rehabil 1997;78:1272-1273.
study. Otolaryngol Head Neck Surg 2000;123:669-676. 25. Pidcock FS, Wise JM, Christensen JR. Treatment of

23. Van Zandijcke M, Marchau MM. Treatment of severe post-traumatic bruxism with botulinum
bruxism with botulinum toxin injections. J Neurol toxin—A: Case report. J Oral Maxillofac Surg 2002;60:
Neurosurg Psychiatry 1990;53:530. 115-117.

- ABSTRACT -

Effect of Botulinum Toxin type A and Occlusal Splint on Masseter Muscle Evaluated with
Computed Tomographic Measurement

Hee-Young Jang, D.D.S.M.S.D.Ph.D., Seung-Chul Kang, D.D.S,,
Seong-Taek Kim, D.D.S.M.S.D., Chong-Youl Kim, D.D.S. M.S.D.,Ph.D.
Jong-Hoon Choi, D.D.S.M.S.D.,Ph.D.

Dept. of Oral Medicine, College of Dentistry, Yonsei University

The purpose of this study is to evaluate the effect of botulinum toxin type A on masseter muscle atrophy and the
extent of masseter muscle affected from the injection site in relation to injection dose, with and without occlusal splint
therapy through computed tomographic measurement.

32 volunteers were divided into four groups — group 25U (injection dose of 25 unit), group 25Us (injection dose of 25
unit with occlusal splint), group 35U (injection dose of 35 unit), group 35Us (injection dose of 35 unit with occlusal splint).
Each group consisted of 8 people. 3 positions (position 1, 2, 3 - 10mm, 20mm and 40mm from the inferior border of the
mandible, respectively) were selected for the evaluation of the masseter muscle change. The following results were
obtained.

1. The thickness and the cross—sectional area of the masseter muscle had reduced in all groups except for the right side
thickness at position 3 of group 25U and group 25Us, and the right side thickness as well as the left side
cross—sectional area at position 3 of group 35Us. In group 35Us, the thickness and the cross-sectional area of the
masseter muscle had reduced significantly in all positions (P < 0.05).

2. There was no significant difference in the masseter muscle change between the injection dose of 25unit and that of
35unit.

3. The groups with occlusal splint showed greater reduction of the masseter muscle thickness than the other groups (P
< 0.05).

From the above results, botulinum toxin type A injection together with occlusal splint therapy in the treatment of

masseter muscle hypertrophy would be clinically effective.

Key words : masseter muscle, botulinum toxin type A injection, Computed Tomography, occlusal splint
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