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The potent eff ect of IL-10 induced β-endorphin on alleviating 
trigeminal neuropathic pain
LUTFI PUTRA PERDANA，Masamitsu Oshima，Daisuke Ikutame，Yoshizo Matsuka
Department of Stomatognathic Function and Occlusal Reconstruction, Graduate School of 
Biomedical Sciences, Tokushima University, Japan  

HIMAWAN-4

[Objective] 
Trigeminal neuropathic pain (TNP), characterized 
by chronic facial pain, results from trigeminal 
nerve damage1. The complex neural pathways 
contribute to the difficulty in finding effective 
treatments, limited relief and having undesirable 
side effects1. IL-10 emerges as a promising 
therapeutic target for pain relief 2,3. However, its 
mechanism has not yet been explored in TNP. This 
study aims to investigate the potential therapeutic 
mechanism of IL-10 in the trigeminal ganglia (TG) 
of the TNP model. 

[Method] 
The TNP model was established in Sprague-
Dawley rats by performing Infraorbital Nerve 
Constriction (IONC) unilaterally. Recombinant 
IL-10 (rIL-10) or PBS was administered directly 
into TG on the IONC side seven days post-IONC. 
We assessed the impact of inhibiting Stat3 , an 
essential protein involved in critical cellular 
processes in inflammation, by administering 
the Stat3  inhibitor, STATTIC. Behavior tests 
were conducted utilizing an electronic von Frey 
and a thermoception analyzer, assessed using 
repeated measures ANOVA followed by Tukey-
HSD. Real-time PCR was performed to quantify 
the expression of inflammatory markers and 
pain-related signalling pathways within the TG 
and analyzed with an independent t-test. Double 
immunofluorescence staining was employed to 
visualize the localization of β -endorphin with 
GS and NeuN in vivo  and in vitro . Differences 
were analyzed using one-way ANOVA followed by 
Tukey-HSD. 

[Results and Discussion] 
rIL-10 signifi cantly reduced pain behaviors, both 
mechanical and thermal thresholds in the TNP 
model, indicating its potent analgesic eff ect. Real-
time PCR demonstrated significant upregulation 
of Pomc, a gene that produces β -endorphin. 

Double immunofluorescence staining revealed 
increased β -endorphin expression in satellite 
glial cells and neurons. Stat3 may involved in this 
mechanism due to pretreatment with STATTIC 
signifi cantly inhibited the antinociceptive eff ect of 
the rIL-10 and reduced β -endorphin expression. 
These findings open new understanding into 
novel therapeutic options targeting IL-10 in TNP 
through β-endorphin release. 

[Reff erences] 
1) fi nnerup NB, Kuner R, Jensen TS. Neuropathic 
Pain :  From Mechanisms to Physiolog ical 
reviews2021; 259–301 
2) vanderwall AG, Milligan ED. Cytokines in 
Pain: Harnessing Endogenous Anti-inflammatory 
signaling for improved Pain Management. 
Frontiers in immunology 2019; 3009 
3) iwasa T, et al. IL-10 and CXCL2 in Trigeminal 
Ganglia in Neuropathic Pain. Neuroscience letters 
2019; 132-138

（  Name of approved Ethics Review Committee：
Ethics Committee of Tokushima University　
Approval Number：T2020-108）
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Alterations in vertical dimensions can lead to 
temporomandibular joint disorder (TMD): A Case Report
Ratri Maya Sitalaksmi，Primanda Nur Rahmania，Muhammad Dimas Aditya Ari，
Harry Laksono，Valerian Laksono
Universitas Airlangga  

HIMAWAN-5

[Introduction] 
The absence of a posterior tooth may lead to a 
reduction in occlusal vertical dimension (OVD), 
which is recognized as a contributing factor 
to temporomandibular joint disorder (TMD).
The stomatognathic system naturally adapts 
to decreases in OVD, therefore if there is any 
decrease in OVD, stomatognathic system will 
adapts and could cause a temporomandibular 
joint disorder.
[Case Summary and Treatment Details] 
34-year-old female came to Universitas Airlangga 
Dental Hospital with a chief complain of pain 
in right jaw, temple area, and around the ear 
for last 1 month. Pain increases when chewing 
food, opening mouth, and moving jaw forward 
or to the side. No clicking. Clinical examination: 
patient using fixed-fixed bridge in maxillary 
region and attachment retained partial denture on 
mandibular region with bad occlusion. Pain free 
opening 14mm, maximum unassisted opening 
23mm, hard end feel. Pain on palpation on right 
side M. Temporalis, M. Masseter, and TMJ. The 
diagnoses are myalgia, right arthralgia, disc 
displacement without reduction with limited 
opening. The patients have agreed this case to 
presented.
[Progress and Discussion]
First visit, patient assessment with DC/TMD, and 
prescribed with pain reliever, anterior jig, and 
N-position exercise. Second visit, mouth opening 
increased and impression for occlusal splint 
fabrication was done.1 Control 2 weeks after using 
occlusal splint there are major improvement 
on mouth opening and pain decreases a lot.2

Definitive treatment plan was with overlay 
partial denture with increasing 0.5 mm OVD in 
posterior.3,4

[References]
1. Wassel RW., Adams N., Kelly PJ. 2006. The 
treatment of temporomandibular disorders with 
stabilizing splints in general dental practice: one-

year follow-up. J Am Dent Assoc. 137(8);1089-98.
2. Gugucevski L. ,  Gigovski N. ,  Mijoska A. , 
Zlatanovska K. ,  Arsova-Gigovska A. 2017. 
Temporomandibular  d isorders  treatment 
with correction of decreased occlusal vertical 
dimension. J Med Sci 5(7);983-63.
3.  Moreno-Hay I . ,  Okeson JP.  2015. Does 
altering the occlusal vertical dimension produce 
temporomandibular disorders: A literature review. 
J Oral Rehabilitation Vol. 42; 875-82.
4.Yang HY., Yang TC., Wang TM., Lin LD. 2019. 
Mandibular Overlay Removable Partial Denture 
for Restoration of Worn Dentition: A Case Report. 
J Prost Implantology 8(3):23-8.

（Informed consent was obtained from all patients 
and subjects prior to the presentation.）
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Assessment of cytotoxicity of oil palm based micro crystalline 
cellulose reinforced acrylic denture base resin.
Jacob John，Amira Ali Abdel Rahaman
Dept of Restorative Dentistry, Faculty of Dentistry, Universiti Malaya

PPS-O-1

Objective
Microcrystalline cellulose (MCC) of the oil 
palm biomass, with its remarkable reinforcing 
capability, low density, and environmental 
benefits, has lately been applied to develop 
environmentally friendly polymer composites 
or green composites.  It also enhances the 
mechanical properties of the polymers and has 
good esthetic attributes1. The aim of this in vitro 
study was to determine the cytotoxicity of acrylic 
denture base resin (DBR) material reinforced with 
oil palm based MCC in different concentrations 
before and after thermocycling. The cytotoxicity 
of the conventional and commercially available 
high impact DBR was also evaluated.
Method
Three different resin mixtures (C, D  and E ) 
were prepared from poly (methyl methacrylate) 
(PMMA) dissolved in methyl methacrylate and 
mixed with 3 different concentrations of the 
MCC. The resin C  contained an addition of 2% 
by weight MCC, resin D  had 2% MCC replacing 
equal amount by weight of the PMMA and resin 
E , 5% MCC replacing equal amount by weight of 
the PMMA. Resin A  used conventional polymer 
while resin B was commercial ly available 
high impact polymer. Extracts were prepared 
according to ISO 10993-12 from newly made 
and from thermocycled specimens and their 
effect on the cell viability of normal human oral 
fibroblasts (NHOFs) examined by MTT assay. 
ANOVA (Analysia of Variance) was used to 
assess any statistically significant differences 
in cytotoxic i ty  levels  among the groups .                                                                      
Results and DiscussionThe results showed 
that all test groups were non-cytotoxic, with 
more than 90% viability and no statistically 
significant difference between the groups. This 
demonstrates that exposure of NHOFs to eluates 
from polymer-MCC mixture did not promote 
cell death or significant toxic effects before and 
after thermocycling, when compared to the 

conventional or commercially available high 
impact DBR material. Correctly processed oil palm 
based MCC reinforced polymers are not cytotoxic 
to NHOFs, has the potential to enhance the clinical 
service life of dentures. and are therefore likely to 
be safe for use in dental applications. 
References
1) Rahaman A, John J, Mani SA, et al: Effect 
of Thermal Cycling on Flexural Properties of 
Microcrystalline Cellulose-Reinforced Denture 
Base Acrylic Resins. J Prosthodont 2020; 29:611-
616.
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Histological observation on periodontal tissue after vertical 
root fracture repair with 4-META/MMA-TBB resin
Chuta Kooanantkul，Masako Nagasawa，Tongtong Zhang，Katsumi Uoshima
Niigata University Graduate School of Medical and Dental Sciences

PPS-O-2

[Objective]
Periodontal pocket will remain after vertical root 
fracture (VRF) repair and could be problematic. 
To solve this problem, the purpose of this study 
was to investigate tissue responses to VRF repair 
with 4-META/MMA-TBB resin (Superbond, 
Sun Medical, Japan; SB), SB mixed with nano-
hydroxyapatite (naHAp/SB), and enamel matrix 
derivative (Emdogain, Straumann, USA) (Em/
naHAp/SB).
[Method]
Thirty 4-week-old Sprague-Dawley rats were 
used. After general anesthesia, both maxillary 
first molars were extracted. VRF imitating groove 
was created at the mesial surface of the mesial 
root from the cementoenamel junction to the root 
apex using a diamond disc and pulpal tissue was 
removed. For SB and naHAp/SB group, materials 
were mixed and applied to the cavity. For Em/
naHAp/SB group, Emdogain was mixed with the 
naHAp/SB. In the control group, the groove was 
not repaired. Tooth was soaked in saline solution 
for 10 min before replanting and stabilized with 
adjacent tooth. Opposing tooth was extracted. 
Three rats from each experimental group and 
one rat from the control were euthanized after 
2, 4, and 6 weeks. Samples were stained with 
Hematoxylin and Eosin and Masson Trichrome 
histologically investigated, and analyzed with 
descriptive statistics.
[Results and Discussion]
No ankylosis, inflammation, or root resorption 
was observed in naHAp/SB and Em/naHAp/SB 
groups. Newly formed bone and cementum-like 
tissue were found in periodontal ligament but 
fibrous tissue was aligned parallel to the root 
surface. Connective tissue layer became narrower 
when the time passed. In SB group, mild-moderate 
inf lammat ion was observed whi le  severe 
inflammation was observed in the control group. 
No hard tissue formation was found in the latter 
two groups. Even naHAp/SB was shown to induce 

hard tissue formation in case of pulp-capping [1], 
The challenge of this study was that the ratio of 
cavity/tooth size was considerably bigger than 
that of clinical repair.
[Conclusion] 
The possibility of regenerating the hard tissue at 
the surface of repair materials upon VRF repair 
was suggested. Longer observation period is 
required to confirm the findings.
[References]
Yoshida S, et. al. Development of a novel direct 
dental pulp-capping material using 4-META/
MMA-TBB resin with nano-hydroxyapatite. Mater 
Sci Eng C Mater Biol Appl. 2021; 130

（Name of approved Ethics Review Committee：
Niigata University Graduate School of Medical and 
Dental Sciences Animal Experiment Committee　
Approval Number：SA00289）
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Evaluating the connectors parameters for the fracture 
strength of all-ceramic resin bonded bridges
Siti Mariam Ab Ghani1），Mas Linda Osman1），Tong Wah Lim2），Hung-Chih Chang3），
Amir Radzi Ab Ghani4）

1）Faculty of Dentistry, Universiti Teknologi MARA, Malaysia，
2）Faculty of Dentistry, The University of Hong Kong, Hong Kong SAR，
3）Department of Biomedical Engineering, Hungkuang University, Taiwan，
4）College of Engineering, Universiti Teknologi MARA, Malaysia  

PPS-O-3

Objective:
All-ceramic resin bonded bridges (RBB) have 
gained popularity due to the minimal invasive 
concept and fulfi ls the aesthetic demand. 
Connector component in an RBB is the most 
critical area with minimal dimensions receiving 
occlusal load. This study aimed to evaluate and 
compare the fracture toughness of two commonly 
used all-ceramic material with diff erent connector 
dimensions. 
Method: 
40 extracted human incisal teeth were used as 
the abutment for the RBB. Zirconia (Zir) and 
lithium disilicate (LD) were fabricated in a form of 
anterior RBB cantilever (n:20). For each material, 
4 diff erent connector parameters were tested (n:5). 
40 RBB were cemented and tested with load to 
fracture. Type of fracture failure were observed 
and classified as favorable and unfavorable. A 
two-way ANOVA was used to analyze the result. 
For the FEA, CBCT of a master model comprised 
abutment tooth with cemented RBB was taken. 
A 3D models were established using the reverse 
engineering method and the CAD software used 
to assemble the RBB model with diff erent material 
and shapes of the connector. Simulation load of 
150N and 200N were tested and the stress and 
strain were recorded.
Results and Discussion:The highest fracture 
toughness was trapezoidal shape with max volume 
Zir 269 ± 27N and LD 180 ± 83N. The lowest 
value was trapezoidal min volume Zir 237±52N 
and LD 116 ± 25N (Fig 1). The two-way ANOVA 
revealed a statistically significant interaction 
and Post-hoc Tukey showed no significant of 
the different connectors dimension in the same 
material but significant differences between 
material. Favourable failure upon loading was 
observed in 80% Zir and 100% LD. FEA exhibited 
varied stress pattern obtained from different 
models. The location of the maximum stress 

pattern changes according to the dimensions of 
the connector (Fig 2). Within the limitation of the 
present study, it can be concluded that ceramic 
type and connector dimensions have an impact 
on the structural integrity of the RBB framework 
upon occlusal loading.
References:
1. Alraheim IA. Five-year success rate of resin-
bonded fixed partial dentures: A systematic 
review. Journal of Esthetic and Restorative 
Dentistry. 2019, 31, 40–50.
2. Kwon SJ, Lawson NC, McLaren EE et al. 
Comparison of the mechanical properties of 
translucent zirconia and lithium disilicate. J. 
Prosthet. Dent. 2018, 120, 132–137.
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Eff ect of diff erent surface treatments on the bond strength 
between light-cure hard chairside relining material and CAD/
CAM milled denture base material
An Thi Khanh Nguyen1），Tamaki Hada2），Maiko Iwaki2），Shunsuke Minakuchi1），
Manabu Kanazawa2）

1）Gerodontology and Oral Rehabilitation Department, Tokyo Medical and Dental University，
2）Department of Digital Dentistry, Tokyo Medical and Dental University  
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[Objective]
Novel light-cure hard chairside relining material 
overcoming previous limitations such as restricted 
working time and difficulty in removal from 
undercut areas has been developed. However, its 
bond strength to denture base materials fabricated 
by CAD/CAM remains uncertain. This study aimed 
to compare the bond strength between milled 
and auto-polymerized denture base material to a 
light-cure hard chairside relining material, under 
diff erent surface treatments.
[Method]
PMMA disk (Ivotion Base, Ivoclar Vivadent) was 
used in the experiments, while autopolymerizing 
resin (Fit Resin, Shofu) poured into disk-shaped 
silicone moulds served as control. Surface of 
each disk specimen, milled into dimension of 15 
x 15 x 10 mm, was wet-polished with 500-grits 
abrasive paper and divided into 3 groups (n=8): 
no treatment (NT), sandblasting (SB) with 50 μ
m Al2O3 and bur roughening (BR) with flame-
shaped crosscut carbide bur (7NF, Shofu). Relining 
procedure was performed with light-cure hard 
chairside reliner (HIKARELINER, Tokuyama 
Dental) and light-curing device (Portalite, 
Tokuyama Dental). After water storage at 37°C for 
24 hours, tensile test with universal test machine 
(AG-Xplus, Shimadzu) and fracture mode analysis 
at 100x magnifi cation (VHX-1000, Keyence) were 
performed for 48 specimens. Bond strength was 
analyzed using two-way ANOVA with post-hoc 
Tukey tests, considering surface treatment and 
material as factors (α = 0.05).
[Results and Discussion]
Experimental groups showed significantly lower 
bond strength than controls (p<0.05). Sandblasted 
groups exhibited significantly higher bond 
strength than nontreated and bur-roughened 
groups (p<0.05). While adhesive failure was 
predominantly observed, control groups with 
surface treatments primarily displayed cohesive 
failure. The adhesion process initiates as adhesive 

dissolves the outer layer of denture base, 
facilitating deeper penetration for the reliner. 
Because this process is also influenced by the 
cross-linking degree of polymers, reduced bond 
strength observed in milled PMMA disks might 
stem from its cross-linked polymer chains, in 
contrast to linear chains in auto-polymerized 
resin(1).  Under the limited conditions, it is 
concluded that the bond strength of CAD/CAM 
material is clinically acceptable and can be 
improved by sandblasting.
[References]
1) Koseoglu M, Tugut F, Akin H. Tensile bond 
strength of soft and hard relining materials 
to conventional and additively manufactured 
denture-base materials. J Prosthodont 2023; 32
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Titanium surface functionalization with vinylphosphonic acid 
- glutathione coating for suppression of ROS-induced cell 
damage and improvement of osteogenesis
Huichuan Xu，Kosuke Nozaki，Takeshi Ueno，Hao Wu，Noriyuki Wakabayashi
Tokyo Medical and Dental University  
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Objective
Titanium surface functionalization is a potent 
and versatile method to enhance the biological 
reactions of implant biomaterials1. Beyond the 
fundamental necessity of biocompatibility, an 
advanced strategy for treating titanium surfaces 
must be capable of controlling the surrounding 
microenvironment effectively. Prior research 
has shown that titanium implants can lead to an 
overproduction of reactive oxygen species (ROS), 
thereby hindering the process of bone formation2. 
To  address  th is  i ssue ,  the  present  work 
demonstrated the synthesis of vinylphosphonic 
acid (VPA)- glutathione (GSH) molecule via thiol-
ene click reaction and its controlled-release when 
pH was elevated. Furthermore, Ti substrates 
modified with VPA-GSH coating exhibited high 
antioxidant activity.
Methods
The polished Ti discs were treated in UV-
Ozone cleaner. The DPAP, as a photoinitiator, 
dissolved in tetrahydrofuran was added to the 
mixed solution of VPA and GSH under the UV 
light for 24h. Afterward, titanium discs were 
soaked in VPA/GSH/VPA-GSH solutions at 70 ℃ 
for 12h, respectively (named as TiV, TiG and 
TiVG groups). The surface morphology and 
chemical state were analyzed using FE-SEM 
and XPS. The hydrophilicity was measured. The 
release of GSH and H2O2-scavenging eff ects were 
evaluated. MC3T3-E1 cells were cultured on the 
Ti substrates. The intracellular ROS was stained 
with DCFH-DA. After treating cells with H2O2

to simulate oxidative stress, cell viability and 
residual H2O2 concentration were measured. ALP 
activity assay was evaluated for the diff erentiation 
of MC3T3-E1
Statistical analysis was performed by 1-way 
ANOVAs and followed by Tukey’s test as a post 
hoc evaluation. All data were expressed as mean 
± SD.
Results

The present work demonstrated the synthesis 
of the VPA-GSH molecule via the thiol-ene 
click reaction and its reversibility. TiVG surface 
improved surface hydrophilicity, sequentially 
promoting MC3T3-E1 cell adhesion and impaired 
ROS generation. Furthermore, Ti substrates 
modified with synthet ic VPA-GSH coat ing 
exhibited high antioxidant activity by releasing 
GSH. Thereby, osteogenesis of MC3T3-E1 cells 
was enhanced represented by ALP activity 
increasing.
References
(1)Chen W.;  Shen X. ;  Hu Y.  et  al .  Surface 
Functionalization of Titanium Implants with 
Chitosan-Catechol Conjugate for Suppression of 
ROS-Induced Cells Damage and Improvement of 
Osteogenesis. Biomaterials 2017, 114. 
(2)Ueno T.; Ikeda T.; Tsukimura N. et al. Novel 
Antioxidant Capability of Titanium Induced by UV 
Light Treatment. Biomaterials 2016, 108.
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Evaluation of pressure generated by different tray design 
using digital occlusion analyzer device: An in vitro study
Minji Sun，Seojune Choi，Hong Seok Moon，Jaeyoung Kim
Department of Prosthodontics, Yonsei University College of Dentistry
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[Objective]
This in vitro study aimed to evaluate the pressure 
generated by various tray designs during 
impression making. The null hypothesis was that 
no differences would be found in the pressure 
depending on the variations in tray relief and vent 
hole design.
[Method]
A specialized testing device was fabricated to 
measure a pressure. A digital occlusion analyzer 
device (T-scan, Tekscan Incorporation) was used 
to quantify and visualize the applied pressure. 
Three trays were designed to fit the sensor size of 
the device. Each tray was divided in half to feature 
different amounts of relief on each side; the contol 
group with 0.5mm relief, and the experimental 
groups with reliefs of 1 mm, 2 mm, and 3 mm. 
Additionally, three other trays were designed with 
varying vent hole designs on the experimental 
side; the control group has no vent hole, while 
the experimental groups varied in vent hole size 
and number. The relative pressure of each side 
was measured. Two types of polyvinyl siloxane 
impression materials (A, B) were used. Kruskal-
Wallis test was used to evaluate the effect of relief 
amount and vent hole design. 
[Results and Discussion]
A significant difference in relative pressure 
was found between the relief amounts of 2 
mm and 3 mm when using impression material 
A. With impression material B, there were 
significant difference in relative pressure across 
all combinations of relief amounts. In terms of 
the relative pressure based on the size and the 
number of vent holes, a statistically significant 
differences were found among the three groups. 
The pressure generated during impression 
making was affected by by the type of impression 
material and tray design. The efficacy of different 
techniques for selective pressure application can 
vary depending on the impression material used. 
Using multiple small-sized holes has a significantly 

greater relieving effect than using a few large 
holes. 
[References] 
1) Boucher CO. Impressions for complete 
dentures. J Am Dent Assoc, 1943, 30.1: 14-25.
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Complete Denture Sound Intelligibility Subjective Instrument 
Development
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Objective: Edentulous directly impacts patient’s 
various functional and aesthetic roles, thereby 
affecting their quality of life.1 Non complete 
denture users reported limitations in their food 
options and social interactions compared to 
denture users.2 A removable denture which aims 
to solve these effects, still contribute to speaking 
disorders. It can restrict tongue flexibility, narrow 
the oral cavity, and alter the articulation areas 
of the palate and teeth.3 Currently, there is no 
subjective instrument available to measure this 
sound distortion. The OHIP-EDENT instrument still 
not represent the subjective expression of sound 
intelligibility satisfaction.4 This preliminary study 
aimed to develop a valid and reliable subjective 
instrument to quantify sound intelligibility after 
using complete denture. 
Method: The study under Ethical number 73/
Ethical Approval/FKGUI/X/2022. 25 complete 
denture user interviewed on their perceptions 
and experience of speech disturbance to develop 
subjective instrument. Thus, the instrument tested 
to 40 new respondents.
Results and Discussion:There were 64% of 
females and 36% males participated in the 
interview, age varied 40-79 years old (59,20
± 10,58). Another 40 respondents consisted 
of 32 female and 8 male tested for subjective 
instrument, age varied 48-88 years old (60,95 ± 
9,82). Instrument validation was done through 
face validity and reliability using the Interclass 
Correlat ion Coeff ic ient .  The Chronbach’s 
Alpha  score 0.93 indicated excellent internal 
consistency. Almost all items showed a Corrected 
item-total correlation  greater than 3, but there 
were still 4 items needed further evaluated 
(less than 3 points). Under the limitation of this 
research, it can be concluded that this subjective 
instrument valid and reliable. 
References:
1) Emami E et al. The impact of edentulism on 
oral and general health. Int J Dent. 2013. 2) 

Rajaraman V et al. Effect of edentulism on general 
health and quality of life. Drug Invent Today. 
2018; 549-55. 3) Artjomenko V, Vidzis A, Broka K. 
The assessment of speech quality and intellibility 
after replacement of lost teeth with removable 
dentures: review of literature. Acta Chir Latv. 
2012; 72-77. 4)Saddq HT, AL-Kaisy N, Ibrahim 
OR. Evaluation of patient satisfaction with existing 
complete dentures for those patients attending 
college of dentistry University of Sulaimani. 
Sulaimani Dent J. 2020; 90-98

（Informed consent was obtained from all patients 
and subjects prior to the presentation.　Name 
of approved Ethics Review Committee：Ethical 
Committee Board Faculty of Dentistry University 
of Indonesia　Approval Number：registration 
number 73/Ethical Approval/FKGUI/X/2022.）
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Basic properties of machinable fully-sintered dental zirconia
Risa Iwase，Masanao Inokoshi，Okkar Kyaw，Bohua Wang，Shunsuke Minakuchi
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Sciences, Tokyo Medical and Dental University
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[Objective]
Zirconia-based restorations are fabricated 
by milling semi-sintered zirconia blocks with 
subsequent sintering in a furnace, as conventional 
dental  z irconia ceramics are chal lenging 
to machine after sintering.  However,  this 
conventional method is hindered by lengthy 
fabrication times. Recently, machinable fully-
sintered zirconia ceramics have emerged to 
expedite the fabrication of zirconia-based 
restorations. This study aims to examine the 
density, crystallography, mechanical strength, and 
microstructure of machinable fully-sintered dental 
zirconia.
[Method]
Two types of machinable fully-sintered zirconia 
(FS-100Z, Kuraray Noritake Dental) disk-shaped 
specimens (15.0 mm diameter; 1.2 mm thickness) 
were prepared: 1) via the uniaxial pressing method 
and 2) through machining. Specimen density was 
measured using the Archimedes method following 
ISO 18754:202. Crystallographic analysis 
employed X-ray diffraction (XRD) with subsequent 
Rietveld refinement. Biaxial flexural strength 
tests were conducted on each specimen (n=30/
group) using a universal testing machine (EZ-LX, 
Shimadzu) at a crosshead speed of 0.5 mm/min, 
in accordance with ISO 6872(2015). Statistical 
analysis of biaxial flexural strength utilized 
Weibull analysis with the maximum likelihood 
method (R4.2.2, R Foundation for Statistical 
Computing). Microstructural analysis employed 
scanning electron microscopy (JSM-IT800, JEOL)
[Results and Discussion] 
Uniaxially pressed specimens exhibited a density 
of 5.963 g/cm3, while machined specimens 
had a density of 5.978 g/cm3. Weibull analysis 
demonstrated signif icantly higher biaxial 
flexural strength in uniaxially pressed specimens 
compared to machined ones. Rietveld analysis 
revealed that uniaxially pressed specimens 
contained approximately 94 wt% of the tetragonal 

zirconia phase with minimal monoclinic zirconia 
phase. Conversely, machined specimens exhibited 
reduced tetragonal zirconia phase and increased 
monoclinic and rhombohedral zirconia phases. All 
specimens displayed high tetragonality (1.204). 
These findings suggest that machining introduces 
a monoclinic zirconia phase in machinable FS-
100Z. Additionally, microstructural analysis 
indicated that machining may induce microcracks 
on the surface, potentially reducing the biaxial 
flexural strength of machinable FS-100Z.
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Nobel bone density evaluation based on drilling torque value 
using a newly designed drill
Kaien Wakamatsu，Kazuya Doi，Reiko Kobatake，Yoshihumi Oki，Hiroshi Oue，
Takayasu Kubo，Kazuhiro Tsuga
Hiroshima University
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[Objective]
Bone density at the implant site is evaluated 
indirect ly  and subject ive ly  by computed 
tomography (CT) evaluation and the drilling 
sensation of implant socket. Evaluation of implant 
site by drilling has been reported, however, the 
correlation between bone density and drilling 
torque value is not clear. In this study, we aimed 
to investigate bone density classification of 
cancellous bone using a newly designed drill.
[Method]
Experiment 1: Polyurethane cancellous bone-
like blocks corresponding to Misch classifications 
D1-D4 were prepared (ASTM F1839-08). A φ
3.0 mm reading drill (control 1, IDI Evolution, 
Italy) and a φ 2.7 mm reading drill (control 2, 
original manufactured) were used as controls. A 
φ 2.7 mm density measurement drill (original 
manufactured) was newly designed. Drilling 
torque value (DTV) of each drill was recorded 
by a surgical implant motor device (Surgic 
Pro2; Nakanishi inc., Japan). Measurement was 
performed at a speed of 35 rpm under continuous 
water irrigation, and the measurement depth was 
3 mm (n =25). Experiment 2: Bovine ribs were 
prepared, and density measurement drill was 
used for evaluation. Gutta-percha points were 
marked on the bone at 1-2 cm intervals, and then 
multi-detector CT imaging was performed (slice 
thickness: 1mm). CT value and DTV of cancellous 
bone region were measured at each marked site. 
The obtained CT value was classified according to 
Misch classification, and the correlation between 
CT value and DTV was investigated.
[Results and Discussion]
In experiment 1, DTV of control 1 and density 
measurement drill were significantly different 
among all of D1-D4 (p ＜ 0.01), however, control 
2 showed no significant difference between D3 
and D4. In experiment 2, Misch D2 (n=87), D3 
(n=92), D4 (n=133) and less than D4 (D5, n=52) 
were obtained based on CT value, however, there 

were no D1 site. Measurement of DTV using 
density measurement drill enabled D2-D5 density 
classification (p ＜ 0.05), and the CT value was 
positively correlated with DTV (r=0.86). These 
results indicate that a newly designed density 
measurement drill was able to classify bone 
density of cancellous bone despite of its narrow 
diameter, and may be useful for intraoperative 
bone density evaluation of implant treatment.
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Masticatory performance and related brain features of 
patients with temporomandibular disorders before and after 
treatment
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[Objective]
This research aimed to assess alterations in 
pain intensity, masticatory performance (MP), 
and the corresponding brain structural features 
associated with treatment in patients with 
temporomandibular disorders (TMD).  
[Methods]
TMD patients who experienced tenderness in the 
masseter muscle were recruited. Clinical factors, 
including MP and masseter muscle palpation 
(MMP), were evaluated before treatment (T0) and 
three months later (T1). MP was quantified using 
the variogram index (VARG), which assesses the 
performance of food mixing efficacy1. Muscle 
palpation was assessed for masseter on each 
side (0= no pain, 1= discomfort under pressure, 
and 2= pain on palpation). The MMP score is the 
sum of the scores from both sides (0-4). Gray 
matter volume (GMV) was analyzed based on T1-
weighted magnetic resonance imaging images 
at T0. Whole-brain analyses were conducted 
to identify brain regions where GMV showed 
statistically significant difference between the 
patients with and without improvement in MP and 
MMP (using an intensity threshold of uncorrected 
p<0.001) while controlling for covariates such as 
age, gender, number of missing teeth, and total 
intracranial volume. 
[Results and Discussion]
Twelve TMD patients (female/male=10/2, 
mean age=39.3 years) were recruited. The 
subjects showed a significantly lower VARG (i.e., 
higher MP) in T1 compared to T0 (Wilcoxon 
Signed Ranks Test, two-tailed, p=0.050), but 
no significant improvement in MMP (Wilcoxon 
Signed Ranks Test, two-tailed, p=0.098). At T0, a 
significant positive correlation was found between 
VARG and MMP (the lower MP, the higher pain, 
rho=0.691, p=0.013) whereas this correlation was 
not present at T1 (p=0.392). Higher GMV in the 
left inferior temporal gyrus (ITG) was observed in 
the patients, without improvement in MP (n=5), 

compared to the patients with improvement in 
MP (Figure A). Higher GMV in the ITG was also 
observed in the patients without improvement 
in MMP (n=6), compared to the patients with 
improvement in MMP (Figure B). Our preliminary 
findings revealed that individual differences in 
structural brain features may be associated with 
the treatment outcome in TMD patients

[References]
Lo KC, Lin HH, Lin CS. A novel method for 
assessing oral mixing ability based on the spatial 
clusters quantified by variogram. J Oral Rehabil. 
2020;47(8):951-60.

（Informed consent was obtained from all patients 
and subjects prior to the presentation.　Name 
of approved Ethics Review Committee：Ethics 
committee of Taipei Veterans General Hospital　
Approval Number：2021-08-004CC）
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Effect of dual-cure adhesives on luting agents for glass-fiber 
posts: A network meta-analysis
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[Objectives]
This study is a continuation of our previous study 
(1), the aims of this study were to systematically 
review the literature and compare the relative 
effects of dual-cure adhesive on the bond strength 
of luting agents between glass-fiber posts and 
root canal dentin in short- and long-term aging 
conditions.
[Method]
The literature was electronically searched in 
PubMed, Embase, and Scopus. A manual search 
was performed by scanning the reference lists of 
the included studies. Two reviewers independently 
conducted the selection of studies, data extraction, 
and risk of bias assessment. Pairwise meta-
analyses were based on random effect models. 
Network meta-analyses were conducted within 
a frequentist framework with a multivariable 
random effects approach. The standardized mean 
difference and 95% confidence interval was 
calculated. All statistical analyses were conducted 
using STATA 16 (StataCorp, College Station, 
Texas).
[Results and Discussion]
Seventy studies were included and assessed 
the effects of five luting agents with dual-cure 
adhesives. For pairwise meta-analyses, in short-
term aging conditions, a significantly higher 
bond strength of self-adhesive resin cement 
(SARC) compared to etch-and-rinse adhesive 
resin composite core material (ERCM). The bond 
strength of self-etch adhesive resin composite core 
material (SECM) was significantly higher than that 
of etch-and-rinse adhesive resin cement (ERRC). In 
long-term aging conditions, a significantly higher 
bond strength of ERCM compared to ERRC and 
SECM. Furthermore, SARC showed a significantly 
higher bond strength compared to SECM and self-
etch adhesive resin cement (SERC). For network 
meta-analyses, the summary effect indicated no 
significant differences among five luting agents in 
both short-term and long-term aging conditions 

(Table 1). Compared to our previous study (1), 
using a dual-cure adhesive could improve the 
bond strength of glass-fiber posts to root canal 
dentin using ERRC in both short- and long-term 
aging conditions.
[Conclusions]
The present study suggested that when using 
ERRC for luting glass-fiber posts, a dual-cure 
adhesive could improve the bond strength of 
glass-fiber posts to root canal dentin in both 
short- and long-term aging conditions.
[References]
1) Angnanon W, Thammajaruk P, Guazzato M. 
Effective luting agents for glass-fiber posts: 
A network meta-analysis. Dent Mater. 2023 
Dec;39(12):1180-1189.
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Effects of ultraviolet weathering aging on the color stability 
and biocompatibility of various computer-aided design and 
computer-aided manufacturing glass–ceramic materials 
Effects of aging on the color stability and biocompatibility of 
various CAD/CAM glass–ceramics
Yu-Sung Choi1,2），Su-Hyun Choi1,2），Hyo-Jung Kim1,2），Eun-Bi Park1,2），Ju-Hyun Kim1,2），
Young-Eun Cho1,2），Jong-Hyuk Lee1,2）

1）Department of Prosthodontics, School of Dentistry, Dankook University， 
2）The Korean Academy of Prosthodontics, 705, korean science and technology hall new building, 
635-4, Yeoksam-dong, Gangnam-gu, Seoul, Republic of Korea

PPS-P-2

[Objective]
This study assessed the changes in color stability 
and biocompatibility of computer-aided design 
and computer-aided manufacturing (CAD-CAM) 
glass–ceramics after ultraviolet weathering (UW) 
aging.
[Method]
A total of 300 plate-shaped specimens (12.0 ×
14.0 × 1.5mm3) were prepared using a leucite-
reinforced glass–ceramic (IPS Empress CAD; E), 
a lithium disilicate (IPS e.max CAD; M), and two 
zirconia-reinforced lithium silicate (Celtra Duo; C, 
Vita Suprinity; V) glass–ceramics. Specimens were 
divided into three groups (n = 25, each), subjected 
to water storage at 37oC for 24h (control group), 
or UW aging at 150kJ/m2 (first-aged group) 
or 300kJ/m2 (second-aged group).1) The color 
stability, mechanical and surface properties, and 
biocompatibility of the CAD-CAM glass-ceramics 
were investigated experimentally, followed by 
statistical analysis.2-4)

[Results and Discussion]
The brightness and redness or greenness were 
reduced in all groups after aging. After the first 
aging, V exhibited the largest color change 
and E exhibited the smallest color change. 
After the second aging, E exhibited the highest 
nanoindentation hardness and Young’s modulus. 
The surface roughness was the highest for V after 
the first aging. Furthermore, the hydrophilicity 
of the materials increased after aging process. 
The cell proliferation/viability of human gingival 
fibroblasts was the highest in E before and after 
aging. Almost all cells survived for all groups 
based on a live/dead assay. Leucite-reinforced 
glass–ceramic exhibit the highest color stability 
and biocompatibility after aging. The color 

stability and biocompatibility of CAD-CAM glass–
ceramics depend on the aging process and 
material type. 
[References]
1) Lee SM, Choi YS. Effect of ceramic material 
and resin cement systems on the color stability 
of laminate veneers after accelerated aging. J 
Prosthet Dent 2018;120:99–106. 
2) Arocha MA, Basilio J, Llopis J, et al. Colour 
stainability of indirect CAD-CAM processed 
composites vs .  convent ional ly laboratory 
processed composites after immersion in staining 
solutions. J Dent 2014;42:831–38. 
3) Kim SH, Choi YS, Kang KH, et al. Effects of 
thermal and mechanical cycling on the mechanical 
strength and surface properties of dental CAD-
CAM restorative materials. J Prosthet Dent 
2022;128:79–88. 
4) Sun T, Liu R, Liu X, et al. The biocompatibility 
of dental graded nano-glass-zirconia material after 
aging. Nanoscale Res Lett 2018;13:61.

（Informed consent was obtained from all patients 
and subjects prior to the presentation.　Name of 
approved Ethics Review Committee：Dankook 
University Dental Hospital Institutional Review 
Board　Approval Number：DKUDH IRB 2023-06-
001）
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Comparison of flexural strength in two 3D printed denture 
base resins with different thicknesses: An in vitro study
AEMAN ELKEZZA，MUAIYED BUZAYAN，QI QI CHONG，ZHI YUN LOO， 
MOHIDEEN FAROOK，JACOB JOHN A/L CHIREMEL CHANDY，Jimi Lie Yoon Zhen
Faculty of Dentistry, University of Malaya

PPS-P-3

Objective
To assess the flexural strength of two 3D- 
printed denture base resins printed in different 
thicknesses compare with heat-cured Polymethyl 
methacrylate denture resin

Method
A total of 90 rectangular specimens (65mm 
× 10mm) were made. the specimens were 
divided into three groups with 30 specimens 
each; NextDent Denture 3D+ (ND), DENTCA 
Denture Base II (DC), and heat-curing Polymethyl 
methacrylate denture base resin (PMMA), 
each group further subdivided to 3 subgroups 
(n=10) according to thickness (2.5mm, 3.0mm, 
or 3.5mm). The specimens were loaded until 
failure on a three-point bending universal testing 
machine. The collected data were subsequently 
analysed using descriptive analysis to check for 
data normality and one-way analysis of variance, 
to determine statistical differences with a 
significance level established at p=0.05. 

[Results and Discussion]
Resul ts :The DENTCA (3 .5mm) specimens 
demonstrated the highest flexural strength 
(110.13 ± 6.85 MPa) compared to the other 
specimens tested. Within the DENTCA group, 
significant differences in flexural strength of 3.5 
mm specimens observed compared to 2.5mm 
and 3.0mm specimens (p < .05). There was a 
significant difference in flexural strength in 2.5mm 
and 3.5mm thickness levels among all groups.

Conclusion: Within the limitations of the study, 
both material type and thickness influenced the 
flexural strength of 3D-printed denture base 
resins, the 3D-printed resin (DENTCA) showed 
the highest flexural strength value followed by 
PMMA, and least strength was observed in the 
3D-prented resin (NextDent). The flexural strength 
in 3D-printed resins exceeded the standards ISO 

20795-1:2013

[References]
1) Alaseef, N., S. Albasarah, et al. 2022. CAD-
CAM Fabricated Denture Base Resins: In Vitro 
Investigation of the Minimum Acceptable Denture 
Base Thickness’, J Prosthodontocs 2022; 31
2) Falahchai, M., M. Ghavami-Lahiji, et all. 
Comparison of mechanical properties, surface 
roughness, and color stability of 3D-printed and 
conventional heat-polymerizing denture base 
materials . J Prosthet Den 2023; 130
3) Fiore, A. D., R. Meneghello, et all. Comparison 
of the flexural and surface properties of milled, 
3D-printed, and heat polymerized PMMA resins 
for denture bases: An in vitro study. J Prosthodont 
Res 2022; 66
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Evaluating the Effi  cacy of Robotic Assistance in Dental Implant 
Surgery: A Comparative Study in a Mongrel Dog Model
Ji-Man Park1），Deok-Yeong Kim1），Ui-Won Jung2），Nam-Kug Kim3），Myung-Soo Bae3），
Jun-Hyeok Ock3）

1）Department of Prosthodontics & Dental Research Institute, Seoul National University School of 
Dentistry，
2）Department of Periodontology, Research Institute for Periodontal Regeneration, Yonsei University 
College of Dentistry，
3）Department of Convergence Medicine, Asan Medical Institute of Convergence Science and 
Technology, Asan Medical Center, University of Ulsan College of Medicine  

PPS-P-4

[Objective]
This study evaluates the effectiveness of robotic 
assistance in implant surgery on a mongrel 
dog model, focusing on the surgical duration, 
precision, and stability of implant placements. 
The objective was to compare the chair time for 
patients and the accuracy of implant placements 
using a robot-assisted surgical approach against 
traditional methods. 
[Method]
In this study, implant surgery on a mongrel dog 
was assessed using an implant surgery assistance 
robot. The mongrel dog used in the experiment 
had two implants placed on each side of the 
maxilla and three on each mandible side. Implant 
planning was based on CT scans, with the robot-
assisted group undergoing precise implantation 
facilitated by an optical camera system for 
accurate calibration between the robot and the 
dog. Calibration of the position between the 
robot and the dog was achieved using an optical 
camera, employing tracking markers and jigs on 
both the dog and the robot. The control group 
underwent both guided and freehand surgeries 
for comparative analysis.
[Results and Discussion]
Results indicated that the robot-assisted surgeries 
achieved implant placements within four minutes 
per implant, with no signifi cant deviation from the 
planned positions, demonstrating high precision 
and stability. The guided surgery in the control 
group showed similar timing and accuracy, 
whereas the freehand approach, despite the same 
duration per implant, exhibited less precision 
due to notable deviations from planned positions. 
These fi ndings suggest that robotic assistance in 
dental implant surgeries can signifi cantly enhance 
the accuracy and stability of implant placements, 
with efficiency on par with guided surgery but 

superior to freehand techniques. The study 
underscores the potential of robotic technology in 
advancing dental surgical practices and calls for 
further research into its clinical applications and 
the development of new treatment methodologies.
[References]
1) Jin X, Kim RJY, Park JM, et al. Accuracy of 
Surgical Robot System Compared to Surgical 
Guide for Dental Implant Placement A Pilot Study. 
J Implantol Appl Sci 2022;26:27-38.
2) Sin M, Cho JH, Lee H, et al. Development of 
a Real-Time 6-DOF Motion-Tracking System for 
Robotic Computer-Assisted Implant Surgery. 
Sensors (Basel) 2023;23:2450.

（Informed consent was obtained from all patients 
and subjects prior to the presentation.）
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Evaluation of extra-high translucent zirconia: translucency, 
crystalline phase, mechanical properties
Hiroto Nakai，Masanao Inokoshi，Haruko Katada，Risa Iwase，Okkar Kyaw， 
Shunsuke Minakuchi
Department of Gerodontology and Oral Rehabilitation, Graduate School of Medical and Dental 
Sciences, Tokyo Medical and Dental University

PPS-P-5

[Objective]The objective of this study was to 
investigate the translucency, crystalline phase, 
and mechanical properties of yttria-partially 
stabilized zirconia (Y-PSZ).
[Method]Three fully-sintered Y-PSZ zirconia 
specimens (Zpex 4.m, 4Y-PSZ, Tosoh; Zpex Smile.
m, 5Y-PSZ, Tosoh; Disk ZR lucent ultra, 6Y-PSZ, 
Shofu) were prepared. Dimensions of these 
zirconia specimens after sintering were 14.5 mm 
(diameter) and 1.2 mm (thickness). Translucency 
was assessed using a colorimeter (n=7). Data 
were statistically compared using the Shapiro-
Wilk test followed by either one-way ANOVA with 
Tukey post-hoc test or the Kruskal-Wallis test 
with Dunn’s test. Crystalline phase analysis was 
performed using X-ray diffraction (XRD), followed 
by the Rietveld refinement (n=3). Mechanical 
properties were assessed using a biaxial flexural 
strength test (n=20), followed by Weibull analysis.
[Results and Discussion]One-way ANOVA followed 
by the Tukey post-hoc test was used based on the 
results of the Shapiro-Wilk test. The translucency 
parameter (TP) values of Disk ZR lucent ultra 
were higher than the TP values of Zpex Smile.
m. The TP values of Zpex Smile.m were higher 
than the TP values of Zpex 4.m.Recently, high 
translucent zirconia was reported to have 
two peaks of tetragonal zirconia. First peak of 
tetragonal zirconia was written as t-ZrO2, second 
peak of tetragonal zirconia as t’-ZrO2, cubic 
zirconia as c-ZrO2, and monoclinic zirconia as 
m-ZrO2. Regarding zirconia-phase composition, 
XRD with Rietveld analysis revealed that t-ZrO2 
was the highest (45.6 wt%) for Zpex 4.m, followed 
by t’-ZrO2 (37.7 wt%) phase. On the other hand, 
in Zpex Smile.m and Disk ZR lucent ultra, t’-
ZrO2 (61.1-70.7 wt%) was the highest.Weibull 
analysis revealed that the Weibull modulus of 
Zpex 4.m, Zpex Smile.m, and Disk ZR lucent ultra 
were 5.8, 4.1, and 6.5, respectively, whereas the 
characteristic biaxial flexural strength of Zpex 4.m, 
Zpex Smile.m and Disk ZR lucent ultra were 1555 

MPa, 979 MPa, and 623 MPa, respectively.Our 
previous study reported that a higher amount of 
yttria zirconia composed, higher translucency, and 
lower mechanical properties zirconia had. Our 
results corresponded with their report.
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重度咬耗症とすれ違い咬合に対し外科的補綴前処置を併用し機
能回復を行なった症例
○柴口  塊
福岡歯科大学 咬合修復学講座 冠橋義歯学分野

Full-mouth rehabilitation with surgical pretreatment for severe attrition and non-
vertical stop occlusion
Kai Shibaguchi
Section of Fixed Prosthodontics, Department of Oral Rehabilitation, Fukuoka Dental College

専門医1

【諸言】
　臼歯部咬合支持の喪失や過度な咬耗は, 咬合平
面の不正や咀嚼障害, 審美障害等を引き起こし, 補
綴歯科治療を困難にさせる要因の一つである. 重
度咬耗による歯冠高径の不足に対する補綴空隙の
確保に際し, 咬合高径の挙上が望めない場合には
外科的な補綴前処置が必要となる場合もある1). 今
回, 顕著な咬合高径の低下を認めない重度咬耗症
例に対して外科的歯冠延長術を併用した補綴歯科
治療により機能性及び審美性の回復を行い, 良好
な予後経過を確認したため報告する.

【症例の概要・治療内容】
　患者は61歳の女性. 臼歯部咬合支持の喪失と下
顎前歯重度咬耗による咀嚼障害と審美障害を主訴
に来院した. 左右的すれ違い咬合, 及び下顎前歯部
重度咬耗による機能及び審美障害と診断した. 宮
地の咬合三角の分類では第Ⅲエリア（崩壊エリア）, 
症型分類 Level Ⅳに分類された（図１）. 口腔関連
QOLとしてOHIP-14はスコア34だった. 上顎に対
し残存歯は全て保存困難のため抜歯し即時型の全
部床義歯を適用し, 下顎に対し治療用部分床義歯
を適用することで, 暫間的な機能回復を行なった. 
上顎は抜歯窩の治癒確認後, 最終補綴装置製作の
ため通法に従い精密印象採得と咬合平面, 顎間関
係の設定を行なった. 歯冠高径の不足を認めた下
顎前歯に対し, 補綴前処置として外科的歯冠延長
術を行い, その後支台歯形成とプロビジョナルク
ラウンの装着を行なった. 上顎の人工歯配列位置
関係と顔貌評価等を参考とし, 最終的な支台歯の
形態と形成量の調整を行なった. 最終補綴装置と
して, 上顎はレジン床による全部床義歯, 下顎は残
存歯へ硬質レジン前装冠と欠損顎堤へ金属床によ
る部分床義歯を適用し, 機能性と審美性の回復を
行なった（図２）. 尚, 発表に際し患者より同意を
得た.

【経過ならびに考察】
　最終補綴装置装着後は4か月の間隔でメインテ
ナンスを継続している. 口腔関連QOL（OHIP-14）
は補綴装置装着後3年経過時でスコア2となり, 咀

嚼能力評価ではレベル5と判定された. 本症例では, 
下顎前歯の重度咬耗により歯冠高径の不足に対し
て外科的歯冠延長術の併用により, 咬合高径の挙
上が適応外となる補綴空隙不足症例に対し歯冠高
径の確保と, 機能性及び審美性の確保が可能となっ
たことが推察される. 

【参考文献】
１）Turner KA, Missirlian DM. J Prosthet Dent. 
1984; 52:467-74.

（発表に際して患者・被験者の同意を得た）
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