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Custom-made Mouthguard Fabrication by Using Gothic Arch Tracing 
for a Jaw Deformity

WATANABE KAZUHIRO1）, MIYAO MOTONOBU2）, EHARA YUICHI1）, NAGANAWA KOSUKE1）, 
TAKAHASHI MOE1）, UKAI AKIRA1）, MATSUSHITA TAKAHIRO1）, YASUMURA SHINICHI1）, 

HARADA NAOMU1）, SUMITOMO SHINICHIRO1）, MURAMATSU YASUNORI1）

To fabricate a custom-made mouthguard （CMG） for a patient with a jaw deformity, we examined his 
mandibular position by using a Gothic arch tracer.
A 19 year old man presented with malocclusion and temporomandibular joint dysfunction. He was a 

competitive volleyball player and needed a custom-made mouthguard （CMG） to prevent injury during his 
activity. At the fi rst visit, the extraoral examination revealed that the mentum deviated to the left. The intraoral 
examination revealed Angle class III malocclusion, left posterior crossbite, left deviation of the lower middle 
line in the intercuspal position, and anterior deep overbite （overjet: -3.1 mm, overbite: 1.4 mm）. He also had 
pains in the left temporomandibular joint and masseter muscle, but no abnormal bone morphology was found 
in the temporomandibular joint. Therefore, the patient was diagnosed with skeletal mandibular protrusion 
and type II temporomandibular disorders.
To treat this malocclusion, orthodontic surgery was required; however, the patient did not want to have 

any aggressive treatment as long as he was an active athlete. Therefore, we decided to fabricate a CMG for 
preventing injury and stabilizing the jaw position.
We used a Gothic Arch tracer to record the mandibular movement and positions and found that the 

tracing showed asymmetric movement to the right, indicating that the movement of the left mandibular 
condyle was inhibited. Assuming that Gothic arch apex position is pressureless mandibular retraction position 
（reference position）, we fabricated a CMG in the reference position to stabilize the mandibular while the CMG 
was being worn.
We took bite registrations in the Gothic Arch apex and centric occlusal positions to fabricate CMGs in both 

positions. We then examined the occlusal contacts, grip strength, and fi t state when each CMG was worn.
The results showed that the occlusal contact points were distributed more evenly when CMG in the Gothic 

Arch apex position was used than that in the centric occlusal position was used. The grip strengths of both 
hands were greater in the Gothic Arch apex position than in the centric occlusal position. The right and total 
grip strengths were signifi cantly greater than the other measurement values （p < 0.05）. The patient had a 
slight discomfort wearing the CMGs because these were his fi rst CMGs, although he felt that the CMG in the 
Gothic arch apex position was more stable in his mouth than that in the centric occlusal position.
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INTRODUCTION

Mouthguards （MGs） are recommended to be worn 
during sports activity to protect athletes from injury 
of the oral and maxillofacial regions.1） The rate of MG 
use has been increasing as various sports associations 
require or recommend athletes for wearing MGs.2） 
There are two types of MGs: commercial and custom-
made types. The former includes stock type, which 
is preformed mouth pieces, and formed type, which 
end-users can customize. The commercial types 
are aff ordable, but their fi ts may be poorer and less 
effective in protecting athletes from injury than 
custom-made mouthguards （CMGs）. A CMG is 
designed by a specialist adequately considering injury 
prevention and proper jaw position, depending on the 
athletes’ conditions and the sports they are involved 
in.3-5） Many researchers have reported their methods 
for CMG fabrication;6-8） however, no report was 
found for fabricating CMGs in a mandibular position 
recorded by Gothic Arch tracing.
Here, we used a Gothic Arch tracer to record 

the mandibular movement and positions in a 
jaw deformity patient with temporomandibular 
dysfunction to fabricate a CMG effective for injury 
prevention and occlusal stability. 
We obtained consent from the patient for this 

publication.

CASE SUMMARY

A 19 year old college student presented to 
our hospital with malocclusion, trismus, and 
temporomandibular joint pain. He was a competitive 
volleyball player and needed a CMG to prevent 
orofacial injury during his sporting activity. At 
the first visit, the extraoral examination revealed 
that the mentum deviated to the left. The intraoral 
examination revealed Angle Class III, left posterior 
crossbite, and anterior deep overbite （overjet: -3.1 
mm, overbite: 1.4 mm）. The lower midline deviated 
to the left in the intercuspal position, implying 
that the movement of the mandibular condyle was 
inhibited. He also had pains in the left mandibular 
joint and masseter muscle, but no abnormal bone 
morphology was found in the temporomandibular 
joint. Due to his severe jaw deformity, we asked an 
orthodontist to analyze his dentofacial morphology. 

Posteroanterior cephalometric analysis showed that 
the mentum deviated 4 mm to the left from the facial 
midline, and lateral cephalometric analysis showed 
an ANB angle of 5.6º, indicating skeletal mandibular 
protrusion （Figs. 1, 2, 3, and 4 and Table 1）. As a 
result, we diagnosed the patient as having high-
angle skeletal Class III with left deviation of the 
mandibular and type II temporomandibular disorder. 
To treat this malocclusion, orthodontic surgery was 
required; however, the patient did not want to have 
any aggressive treatment as long as he was an active 
athlete because the treatment might have affected 
his performance. Therefore, we decided to fabricate 
a CMG for preventing injury and stabilizing the jaw 
position.

TREATMENT

Because the patient’s mandibular deviated to the 
left in the intercuspal position, we used a Gothic 
Arch tracer to record the mandibular movement 
and position and found that the tracing showed 
asymmetric movement to the right, indicating that the 
movement of the left mandibular condyle was inhibited 
（Fig. 5）. Then, we took bite registration in the Gothic 
Arch apex position to fabricate an MG in the position 
（Fig. 6）. Also, as a control, we took bite registrations 
in the centric occlusal position to fabricate another 
MG in the position. Because of the deep overbite, MGs 
were fabricated for being placed on the mandibular. 
An ethylene-vinyl acetate （EVA） mouthguard sheet 
with a thickness of 3 mm （YAMAHACHI DENTAL 
MFG, Aichi） was used to fabricate the mouthguards 
with a pressure molding machine （DRUFOMAT-
SQ, Rinkai Inc., Tokyo） to add the same pressure on 

Fig. 1. Frontal facial photo in the centric occlusal position
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each CMG.2） To examine the stability of the CMGs in 
the mouth, we marked the occlusal contact points by 
using Blue Silicone Low Flow （GC, Tokyo） and then 
visualized them by using Bite Eye BE-I （GC, Tokyo）. 
To assess isometric strength when CMGs were worn, 
the grip strengths of both hands were measured 3 

times in the standing position with each CMG by using 
GRIP D digital grip dynamometer TKK 5101 （Takei 
Scientific Instruments, Niigata）.9） For statistical 
analysis, Student’s t-test and Microsoft® Excel® 2016 
（Microsoft Corp., Redmond, USA） were used, and 
p < 0.05 was considered statistically signifi cant. We 

 
Fig. 2. Intra-oral photos in the centric occlusal position

 

 

 

 

      

Fig. 3. Orthopantomogram and Schüller projection
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left occlusion）. The contact areas were distributed 
mostly on the right occlusion in the centric occlusal 
position and were evenly distributed on the left and 
right in the Gothic Arch apex position. Bite Eye 
BE-I automatically described the occlusal contact 
balance on a 5-point scale （A = symmetry and E = 
asymmetry）. The balances in the centric occlusal 
position and Gothic Arch apex positions were 
categorized as E and A, respectively （Fig. 7）.
With CMG in the centric occlusal position, the 
means of the grip strength were 46.3 kg for the right 
and 43.4 kg for the left, and the total grip strength 
was 89.7 kg. With CMG in the Gothic Arch apex 

obtained information on the fi t state and the stability 
of the mandibular position with each CMG from the 
patient to assess the diff erence between the CMGs.

RESULTS

In analysis of occlusal contact points, 24 points were 
observed in the centric occlusal position and 36 in 
the Gothic Arch apex position. The occlusal contact 
areas were 136.8 mm2 in the centric occlusal position 
（97.4 mm2 on the right occlusion: the observers’ left 
and 39.4 mm2 on the left occlusion: the observers’ 
right） and 113.9 mm2 in the Gothic Arch apex position 
（54.2 mm2 on the right occlusion and 59.7 mm2 on the 

    

Fig. 4. Cephalograms and cephalometric analysis
a: Midline deviation of the mandibular
b: ANB angle
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position, the means of the grip strength were 54.2 
kg for the right and 48.7 kg for the left, and the total 
strength was 102.9 kg. All means of the grip strengths 
with CMG in the Gothic Arch apex position were 
greater than those with CMG in the centric occlusal 
position, and the right and total grip strengths were 
signifi cantly greater than other measurement values 
（Student’s t-test, p < 0.05） （Fig. 8）.

According to the information from the patient, both 
CMGs fi tted well in his mouth, and no diff erence was 
found in breathing diffi  culties, speaking problems, and 
discomfort feelings between these CMGs. However, 
the patient felt better occlusal stability when wearing 
the CMG in the Gothic Arch apex position. Therefore, 
we instructed him to use the CMG in the Gothic Arch 
apex position.

Fig. 5. Gothic Arch Tracing
※: Gothic arch apex position

 

 

 

 

 

 

 

Table 1. Lateral cephalometric analysis
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DISCUSSION

In recent years, people of all ages, regardless of 
gender, have begun to participate in sports, showing 
an increase and diversification of sports injuries. 
Increased physical strain caused by improved physical 
ability and sports skills may aff ect the severity of the 
injuries.10） MGs can effectively prevent maxillofacial 

injuries, so sports dentists recommend for inducing 
MGs, especially CMGs.1-5） According to the reports on 
mouthguard use during sports activity, many athletes 
wear CMGs following the rules of sports associations, 
in which appropriate safety measures have been 
taken.2, 11） Evidence-based CMG fabrication methods 
published by the Japanese Academy of Sports 
Dentistry12） have been becoming widespread; however, 

 

 

 

 

 

 

 

Fig. 6. Intra-oral view with CMGs. This indicates the position of the midline of the maxilla and mandibular dentition.
a: Centric occlusal position
b: Gothic arch apex position

Fig. 7. Analysis of occlusal contact area （red） with Blue Silicone® & BiteEye BE-Ⅰ®.
Visualized occlusal contact area （mm2） and occlusal contact points （number） were converted into digital data and 
calculated by the right occlusion （L: the left side）, the left occlusion （R: the right side）, and their total （T）. The occlusal 
contact balance between the right and left was automatically described on a 5-point scale （A = symmetry and E = 
asymmetry）.
a: Centric occlusal position
b: Gothic arch apex position
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most of the methods focus on more fabrication 
techniques than assessments of occlusal correlation 
and jaw position.13）

Kataoka et al.14） investigated 1,503 college students 
aged 18 to 19 years and found that 481 students had 
malocclusion. Ueno15） also reported that malocclusion 
was found in 30% of Olympic athletes at their medical 
checkups. Given that about a third of people in these 
population have malocclusion, dentists should assess 
athletes’ occlusion to fabricate CMGs in a proper 
position of the mandibular. Because of the patient’s 
skeletal condition and the lower midline deviation in 
the centric occlusion, the left joint overload may cause 
temporomandibular joint dysfunction, and an impact 
on the mandibular could cause a fracture of the body 
and condylar process of the mandibular. Therefore, it 
was important to correct the jaw position during his 
sporting activity. 

Also, unstable occlusion could increase the sway 
of the center of gravity, leading to decreased sports 
performance.16） We used a Gothic Arch tracer to 
record functional mandibular movement and, based 
on the assumption that Gothic arch apex position is 
pressureless mandibular retraction position （reference 
position）, we attempted to correct the jaw position 
by placing a CMG at that position. 17, 18） Gothic arch 
tracing is generally used to accurately record centric 

relation and functional mandibular movement in 
complete denture fabrication.19） Before a treatment 
for malocclusion, the jaw position is usually assessed 
by use of a face bow transfer and a semi-adjustable 
articulator, but the operation is highly specialized. 
Gothic Arch tracing is considered that general clinical 
dentists could easily diagnose the jaw position. There 
are no reports of applying the Gothic Arch tracing to 
MG fabrication, so this article is the fi rst report using 
Gothic arch tracing for MG fabrication.
In the occlusion analysis when MGs were applied, 
the combination of Blue Silicone Low Flow and Bite 
Eye BE-I system allowed us to assess the occlusal 
contacts in both positions accurately. Kurokawa et 
al.13） reported that this combination was simple and 
accurately visualized the points. In addition, occlusal 
contact points were not qualitatively assessed by use 
of articulation paper or recorded with Dental Prescale 
and Occluzer if MGs were made from EVA. Thus, 
the combination of Blue Silicone Low Flow and Bite 
Eye BE-I system is very useful for analyzing occlusal 
contacts with MGs.
Takeda et al.5） conducted a collision experiment 

using MGs supporting different areas and a skull 
model to investigate the occlusal condition of MGs 
on injury prevention. They found that the strain 
was generated or concentrated in the mandibular 

Fig. 8. Measurements of the grip strength with CMGs
a: Centric occlusal position
b: Gothic arch apex position
（Student’s t-test, P < 0.05）



150

as supporting areas decreased, implying that CMGs 
in an unstable occlusal position was less eff ective in 
preventing injury. Thus, MGs should be fabricated in a 
position where the mandibular is stable for eff ectively 
preventing injury.
In patients with temporomandibular joint dysfunction, 
using stabilization splints may alleviate their symptoms 
and improve their physical ability,20, 21） as well as 
clenching in the maximal intercuspal position might 
increase the isometric strength of the limbs.22） However, 
Umetani et al . 23） and Inamizu24） demonstrated 
that people with mouthguards  repositioning the 
mandibular did not enhance instantaneous power. 
Our results showed that grip strengths of both 
hands were greater with a CMG in the Gothic Arch 
apex position than with that in the centric occlusal 
position, and the right and total grip strengths were 
signifi cantly greater than other measurement values. 
However, evaluating one patient is not enough to 
draw a conclusion; therefore we need more cases for 
evaluating assessing isometric strength for better 
performance.
Schulze et al.25） showed that the stabilized occlusal 
condition could fi x the center of gravity rather than 
increase instantaneous muscle exertion, leading to 
enhanced sports performance.4, 9） Our results showed 
that the CMG in the Gothic Arch apex position 
provides evenly distributed occlusal contact areas, 
suggesting that the sway of the center of gravity is 
limited within the proper jaw position.26）

Takeuchi et al.27） described that an introduction of 
MGs may cause poor concentration if athletes had a 
discomfort feeling, diffi  culty in speaking and breathing, 
and a mild vomiting reflex. These conditions may 
disappear as patients get used to MGs. If not, the 
design and thickness of the material should be 
changed. Although the patient has not had any strong 
discomfort with the CMGs, we should regularly check 
his CMG and adjust it if needed.

CONCLUSION

We applied a Gothic Arch tracer to record the 
mandibular position to fabricate the CMG in the proper 
jaw position. In patients with jaw deformity, mandibular 
movement should be examined by use of a device, 
including a Gothic Arch tracer, to fabricate CMGs to 
eff ectively stabilize jaw position and prevent injury. 

REFERENCES

1） Yasui T, Maeda Y, Tanaka Y, Ishigami K, Ueno T, 
Matsuda N, Masaru M, Tsukimura N, Takeuchi M, 
Takeda T, Nukaga Y and Bando Y. A Large-scale 
Survey of the Preventive Effect of Mouthguards 
against Traumatic Oral Injury during Sports; An 
Interim Report. J Sports Dent, 2013; 17: 9-13

2） Ishigami K; Takeda T, Nakajima K, ed. New 
Techniques for Fabrication of Custom-made Type 
Mouthguard. 1st ed. Tokyo: ISHIYAKU PUBLISHERS, 
INC; 2014: 8-16, 132-141.

3） Watanabe K, Sanaoka S, Takita F, Iwahori M, Nigauri 
A and Miyao M. Application of EVA Sheet for Lost-
wax Method. J Gifu Dent. 2010; 37: 47-52.

4） Ishigami K, Takeda T and Nakajima K. Sports 
dentistry-The importance of correct functional 
occlusion, jaw position and oral care in athletes-
（Japanese）. Practice in Prsthodontics. 2013; 46: 595-
604

5） Takeda T. The effect of wearing Mouthguard 
and difference of occlusal supportive area on the 
craniofacial safety. The Journal of the Tokyo Dental 
College Society. 2003; 103: 705-713.

6） Suzuki H, Ishikawa S, Aono H, Ueda J, Harashima 
T, Chiba H, Alenio C Mathias and Kawara M. 
Modification of a Custom-made Mouthguard 
for Prevention of Injury in Sports Athletes with 
Malocclusion. Int J Sports Dent. 2009; 2: 79-83.

7） Ihara C. Matsui R. Yamanaka T. Saito S. Isoyama 
E and Ueno T. Provision of Custom Mouthpiece for 
a Scuba Diver Affected by Temporomandibular 
Disorders Related to Diving. J Sports Dent, 2007; 10: 
108-113.

8） Atsumi Y, Iwasima H, Ozoe R, Endo T and Uno K. 
Fabrication of Custom-made mouthguard in cases 
of Jaw deformities during Orthodontic treatment 
（Japanese）. Odontology, 2009; 96: 142-149. 

9） Kujira Y, Yagi M, Kawano T, Makihara E and Masumi 
S. The Influence of Occlusal Contact Area and 
Occlusal Force on Grip. J Kyushu dent. 2011; 65: 76-82.

10） Watanabe K, Miyao M, Kubota T, Kasai T, Adachi 
M, Yamamoto H, Iwahori M and Sumitomo S. 
Maxillofacial fracture due to Sports in the Department 
of Oral and Maxillofacial Surgery, Asahi University 
Hospital. J Gifu Dent. 2017; 44: 29-34.

11） Toriumi T, Mori F, Sakai T, Suda Y, Kato K, Yoshida 
Y and Ishide Y. A survey on the use of mouth guards 
among members of the Keio University Athletic 
Association. Bulletin of the institute of physical 
education, Keio university. 2017; 56: 61-73.



Custom-made Mouthguard Fabrication by Using Gothic Arch Tracing

151

12） Yasui T, Maeda Y, Ishigami K, Ueno T, Koide K, 
Matsumoto M and Matsuda N. Standardized, 
Properly-made Mouthguards Based on the Consensus 
Statements Formed by the Japanese Academy 
of Sports Dentistry in 2014: Process of Consensus 
Formation and Its Background. J Sports Dent, 2015; 18: 
70-71.

13） Kurokawa K, Takahashi T, Ishigami T, Hayashi K, 
Mitsuyama A, Fukasawa S and Ueno T. A Preliminary 
Study on an Occlusal Examination Method for 
Mouthguards-Visualization of Occlusal Contact-. J 
Sports Dent, 2014; 18: 30-34.

14） Kataoka K, Ekuni D, Mizutani S, Tomofuji T, Azuma 
T, Yamane M, Kawabata Y, Iwasaki Y and Morita 
M. Association Between Self-Reported Bruxism 
and Malocclusion in University Students: A Cross-
Sectional Study. J Epidemiol, 2015; 25: 423-430.

15） Ueno T. Analysis of medical checks for Olympic 
Athletes. 3. From the situation of the dentist. Japanese 
Journal of Clinical Sports Medicine, 2015; 23: 375-378.

16） Ishigami K, Takeda T, Tsukimura N, Shimada A 
and Ohki K. Study on the Relation between the 
Stomatognatic System and the Systemic Condition 
-Analysis of Center of Gravity Fluctuations in 
Athletes with Imbalanced Occlusion-. Japanese 
Journal of Physical Fitness and Sports Medicine, 1997; 
46: 439-444.

17） Niwa K and Tajima M. The theory of Mastication 
and Occlusion. 1st ed. Tokyo: GAKKEN SHOIN; 2009: 
66-74.

18） Sadao S. Mandibular position concept and Clinically 
required mandibular position （Japanese）. The Journal 

of the Academy of Clinical Dentistry, 2001; 21: 376-383.
19） Ito Y, Kawabe Y, Motoki A, Kitakaze S, Mizobe K and 
Araki H. A Case of Occlusal Reconstruction with the 
improvement mandibular position. J Meikai Dent Med, 
2015; 44: 98-105.

20） Allen ME, Walter P, Mckay C and Elmajian A. 
Occlusal splints （MORA） vs. placebos show no 
diff erence in strength in symptomatic subjects: double 
blind/cross-over study. Can J Appl Sport Sci, 1984; 9: 
148-152.

21） Schubert MM, Guttu RL, Hunter LH, Hall R and 
Thomas R. Changes in shoulder and leg strength in 
athletes wearing mandibular orthopedic repositioning 
appliances. J Am Dent Assoc, 1984; 108: 334-337.

22） Ueno T. Study on Relationship Between Teeth 
Clenching in Intercupspal Position and Isometric 
Movement of Upper Limbs. J Stomatol, 1995; 62: 212-
253.

23） Umetani K, Tamaki N and Morita M. Effects of 
mouthguards on physical activity. J Okayama Dent, 
2009; 28: 115-121.

24） Inamizu T. Study on the eff ect of mouth-guards on 
muscle strength. Journal of health sciences, Hiroshima 
University. 2004; 4: 14-19.

25） Schulze A and Busse M. Prediction of Ergogenic 
Mouthguard Eff ect in Volleyball: A Pilot Trial. Sports 
Medicine International Open. 2019; 3: 96-101.

26）Yamamoto Y, Miyao M, Kishii J, Yamauchi M and 
Nagasawa T. The Occlusion Contact Condition and 
Center of Gravity Sway. J Gifu Dent. 2005; 32: 1-15.

27） Takeuchi M and Ishibashi J. Clinical Report: Risks in 
Mouthguard Use. J Sports Dent, 2016; 20: 7-12.


