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The effects of ascorbic acid on the morphology and cell proliferation
of three-dimensional stem cell spheroids

"Department of Periodontics, College of Medicine, The Catholic University,
?Prodizen Inc
Hyunjin Lee", Seong-Il Yeo?, Jun-Beom Park”

Purpose: The effects of various concentrations of ascorbic acid on stem cell spheroids derived from intraoral areas are not
known yet. Thus, the purpose of this study is to evaluate the effects of different concentrations of ascorbic acid on the morphology
and cellular viability of stem cell spheroids derived from the gingival tissues.

Materials and Methods: Stem cells were plated onto silicon elastomer-based concave microwells and grown in the presence of
ascorbic acid at concentrations ranging from 0.003% to 0.3%. The morphology of the cells was viewed under an inverted
microscope at day 1, 2, 3 and 5. Qualitative live/dead assay and quantitative cellular viability using Cell Counting Kit-8 were
performed on day 2 and day 5.

Results: Gingiva-derived stem cells formed spheroids irrespective of ascorbic acid concentration in silicon elastomer-based
concave microwells. Increase in the diameter of spheroid were seen with higher concentrations of ascorbic acid. Higher cellular
viability was seen in higher concentrations of ascorbic acid.

Conclusion: Within the experimental setting, the application of ascorbic acid on stem-cell spheroids produced an increase in the
size and higher viability with higher dosage. It can be suggested ascorbic acid be applied with stem cell spheroids for tissue
engineering purposes.

Key words : ascorbic acid; cell proliferation; cell survival; cellular spheroids; gingiva; stem cells
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I. INTRODUCTION

Ascorbic acid is the active component of
vitamin C, and it is reported to be a naturally
occurring organic compound with antioxidant
properties'?. Ascorbic acid is reported to be an
important co-substrate of a large class of
enzymes and regulates gene expression by
interacting with important transcription factors®.
It is shown to play an important role in all
stressful conditions linked to inflammatory
processes and involve immunity?.

Ascorbic acid is shown to play a role in cell
proliferation. A new class of antiproliferative
molecules were suggested to come from ascorbic
acid derivatives®?. High concentrations of L-
ascorbic acid specifically inhibit the growth of
human leukemic cells via downregulation of
hypoxia-inducible factor-la transcription®.

Ascorbic acid and retinoic acid acted
synergistically in inhibiting human breast cancer
cell proliferation®. It was shown ascorbic acid
may involve the expression of genes that induce
differentiation and block proliferation and the
up-regulation of antioxidant enzymes and
proteins involved in apoptosis, cell cycle
regulation and DNA repair®”.

Ascorbic acid is shown to be associated with
the differentiation of the tested cells* ® .
Ascorbic acid is an inhibitor of pre-adipocyte cell
line differentiation with a dose-dependent
effect®. Conversely, ascorbic acid was known to
favor the expression of the osteoblastic
phenotype in several bone cell systems®. The

effects of ascorbic acid on pre-osteoblast gene

expression were tested, and ascorbic acid was
shown to be essential for the proliferation and
differentiation of preosteoblast”. Three-
dimensional culture systems have been applied
for the evaluation of the effects of the applied
agents and they have various advantages over
two-dimensional culture systems'*'?. Cells in
three-dimensional cultures can grow in all
directions, mimicking the characteristics in vivo
tissue'” The effects of various concentrations of
ascorbic acid on stem cell spheroids derived from
intraoral areas are not known yet. Thus, the
purpose of this study is to evaluate the effects of
different concentrations of ascorbic acid on the
morphology and cellular viability of stem cell

spheroids derived from the gingival tissues.

I. MATERIALS AND METHODS

1) Isolation and culture of human gingiva-
derived stem cells

Gingival tissues were collected from healthy
patients undergoing clinical crown lengthening
procedures. The design of the study was reviewed
and approved by the Institutional Review Board
of the Catholic University of Korea’s College of
Medicine(no. KC11SIS 10348). Informed consent
was obtained from all patients according to the
Act on Legal Codes for Biomedical Ethics and
Safety and the Declaration of Helsinki. Human
gingiva-derived stem cells were isolated and
cultivated following the protocol published in the

author’s previous study'.
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The gingival tissues were collected and
contained in sterile
saline(PBS;

Gyeongsangbuk-do, Korea) that included 100

phosphate-buffered
Welgene, Inc., Gyeongsan-si,
U/mL penicillin and 100 yg/ml streptomycin
(Sigma-Aldrich Co., St. Louis, MO, USA) at
4°C. The

separated into 1-2 mm?’ fragments, digested in 0.2

tissues were de-epithelialized,
um filtered and modified in a media containing
dispase(l mg/ml; Sigma-Aldrich Co.) and
collagenase type IV(2 mg/ml; Sigma-Aldrich
Co.). The cell suspension was filtered with a 70
um cell strainer(Falcon, BD Biosciences, Franklin
Lakes, NJ, USA), and the cells were incubated at
37°C in a humidified incubator with 5% CO.,.
After 24 hours, the non-adherent cells were
washed with phosphate-buffered saline(Welgene,
Daegu, South Korea). Fresh media was replaced

every two to three days.

2) Formation of spheres and evaluation of
cellular morphology

Cells were plated onto the silicon elastomer-
based concave microwells(H389600, StemFIT
3D; MicroFIT, Seongnam, Korea) with 600 ym at
a density of 4 x 105 cells/each well and cultured
in the media (alpha-minimal essential medium(e-
MEM, Gibco, Grand Island, NY, USA)
supplemented with 15% fetal bovine serum
(FBS, Gibco), 200 mM L-glutamine(Sigma-
Aldrich Co.), 10 mM of ascorbic acid 2-
phosphate(Sigma-Aldrich)) in the presence of
ascorbic acid(Sigma-Aldrich Co.) at final
concentrations of 0.003%(x 1), 0.03%(x 10), and

0.3%(x 100) (Fig. 1). On day 2, 3 and 5, inverted
microscopy(CKX41SF, Olympus Corporation,
Tokyo, Japan) was used to evaluate the

morphology of the tested stem cells.
3) Determination of cell viability

Spheroid viability was qualitatively analyzed
by the Live/Dead Kit assay(Molecular Probes,
Eugene, OR, USA). The assay is based on the
principle that the activity of intracellular esterase
causes non-fluorescent, cell-permeant calcein
AM to become intensely fluorescent, giving the
viable spheroids an intense, uniform, green
fluorescence. Ethidium homodimer enters the
damaged cell membrane and then binds to
nucleic acids, thereby producing a red
fluorescence in the dead cells.

The spheroids were washed twice with PBS,
followed by suspension in 1 mL of «a-MEM
(Gibco) containing 24 of 50mM calcein
acetoxymethyl ester working solution and 4 41 of
the 2 mM ethidium homodimer-1 for 15 min at
room temperature. In this way, the spheroids
were stained with calcein acetoxymethyl ester
and ethidium homodimer-land spheroids were
observed under a fluorescence microscope
(Axiovert 200; Zeiss, Germany) and confocal
laser microscope(LSM800 w/Airyscan, Carl

Zeiss, Germany) at day 2 and 5.
4) Determination of cell viability

The cell viability analysis was performed on

day 1, 2 and 5. Tetrazolium monosodium

504 | cghx| 2ol AREIEIR] Ms5H HM9S 2017
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salt(Cell Counting Kit-8; CCK-8, Dojindo,
Tokyo, Japan) was added to the culture, and the
cells were incubated for 2 h at 37°C. The
spectrophotometric absorbance at 450 nm was
measured for the evaluation of formazan product
using a microplate reader(BioTek, Winooski, VT,

USA). The tests were performed three times.
5) Statistical analysis

The data were shown as means =+ standard
deviations of the experiments. A test of normality
was performed, and a one-way analysis of
variance with post hoc Tukey’s test was
performed to determine the differences between
the groups using a commercially available
program(SPSS 12 for Windows, SPSS Inc.,
Chicago, IL, USA). The level of significance was

considered 0.05.

Il. RESULTS

1) Evaluation of cell morphology and
cellular viability

Gingiva-derived stem cells formed spheroids
irrespective of ascorbic acid concentration in
silicon elastomer-based concave microwells(Fig.
1). The morphology of the stem cell spheroids at
shown in Figures 2A-2C. The
morphology of the spheroids at day 2 was similar
to that of day 1(Figs. 2D-2F). There were no

significant changes in the morphology with the

day 1 is

longer incubation time(Figs. 2G-2L).
2) Qualitative determination of cell viability
The results determined by fluorescent
microscope are shown in Figure 3. Most of the
cells in the spheroids emitted green fluorescence,

and the morphology was round without

. | Morphology

| Confocal microscopy

[ Viability

Fig. 1. Schematic illustration of stem cell spheroid fabrication with gingival-derived stem cells with different ascorbic

concentrations.
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Fig. 2. The morphology of the stem cell spheroids at day 1, 2, 3 and 5. The scale bar indicates 200 g#m.
(A) Group x 1 at day 1 (original maghnification x 200).

(B) Group x 10 at day 1 (original magnification x 200).

(C) Group x 100 at day 1 (original magnification x 200).

(D) Group x 1 at day 2 (original maghnification x 200).
(E) Group x 10 at day 2 (original magnification x 200).
(F) Group x 100 at day 2 (original magnification x 200).
(G) Group x 1 at day 3 (original magnification x 200).
(H) Group x 10 at day 3 (original magnification x 200).
(1) Group x 100 at day 3 (original magnification x 200).
(J) Group x 1 at day 5 (original magnification x 200).
(K) Group x 10 at day 5 (original magnification x 200).
(L) Group x 100 at day 5 (original magnification x 200).
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_l

Dray

Day 5

x 10 x 100

Fig. 3. Live/dead cell image of spheroids at day 2 and day 5 under fluorescent microscope. The scale bar indicates 500 #m.

(A) Group x 1 at day 2 (original magnification x 100).
(B) Group x 10 at day 2 (original magnification x 100).
(C) Group x 100 at day 2 (original magnification x 100).
(D) Group x 1 at day 5 (original magnification x 100).
(E) Group x 10 at day5 (original magnification x 100).
(F) Group x 100 at day 5 (original magnification x 100).

significant changes on day 2 and day 5. The
results obtained under confocal microscope is
shown in Figures 4 and 5. The results reveal a
clear image of live and dead assay. The green
fluorescence showed more intense assay with a
higher concentration of ascorbic acid on day 2.
However, the red fluorescence was also higher
with an increase of the ascorbic acid
concentration. The similar trends were seen in

the results at day 5.

3) Diameter of stem cell spheroids and
quantitative analysis of cell viability

The stem cell spheroid diameter results are

seen in Figure 6. The average spheroid diameters

of the x 1, x 10 and x 100 groups at day 2 were
615.7 £ 147.4 um, 651.0 = 127.5 um, and 694.2
+ 86.4 um, respectively. The diameters of the x 1,
x 10 and x 100 groups at day 5 were 623.6 =+
151.1 um, 631.6 + 134.9 um and 690.7 =+ 86.4 um,
respectively. There were increasing diameters
with higher concentrations of ascorbic acid;
however, this did not reach statistical
significance (P > 0.05).

The results of cell viability using CCK-8 after
culturing at day 1, 2, and 5 are shown in Figure 7.
The viability values of the x 1, x 10 and x 100
groups at day 1 were 0.318 + 0.019, 0.300 +
0.058 and 3.484 + 0.303, respectively (P <
0.05). The viability values of the x 1, x 10 and x
100 groups at day 2 were 0.350 £ 0.019, 0.507
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Merge Center

x 10

Fig. 4. Qualitative results of cellular viability at day 2 under confocal microscope. Live image, dead image, merged image and
central images are provided. The scale bar indicates 100 g#m.
(A-D) Group x 1 (original magnification x 100).
(E-H) Group x 10 (original magnification x 100).
(I-L) Group x 100 (original magnification x 100).

Dead Merge Center

.

x 1

x 10

| ] kK
x 100

Fig. 5. Qualitative results of cellular viability at day 5 under confocal microscope. Live image, dead image, merged image and
central images are provided. The scale bar indicates 100 g#m.
(A-D) Group x 1 (original magnification x 100).
(E-H) Group x 10 (original magnification x 100).
(I-L) Group x 100 (original magnification x 100).

.
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Fig. 7. Cellular viability on day 1, 2 and 5.
* Statistically significant differences were noted when compared with group x 1 and x 10 at day 1.
** Statistically significant differences were noted when compared with group x 1 and x 10 at day 2.
** Statistically significant differences were noted when compared with group x 1 at day 5.

+ 0.025 and 2.374 =+ 0.141, respectively (P < IV. DISCUSSION

0.05). The results at day 5 were 0.276 + 0.013,

2.483 + 0.006 and 2.067 =+ 0.062, respectively This report discusses the effects of different
(P <0.05). concentrations of ascorbic acid on the

morphology and cellular viability of stem cell

spheroids derived from the gingival tissues.
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Ascorbic acid used in the test seemed to affect
the morphology of spheroids stem cells. An
increase in the diameter of the spheroids was
noted with a higher concentration of ascorbic
acid within the tested concentration and
qualitative CCK-8 results showed higher
mitochondrial activity with a  higher
concentration of ascorbic acid. In the previous
report, the addition of ascorbic acid resulted in
cell viability increase®. The dosage of ascorbic
acid varies among different studies”>®'*'>. The
dosage used in this study corresponds to 0.16
mM, 1.6 mM and 16 mM. Previous studies
testing the effects of ascorbic acid on osteoblast
cells used the concentration of 284 m¥. In
another report, the researchers suggested the
recommended dosage of 50 .m for the osteogenic
differentiation of bone marrow derived stem
cells™. It should be noted the use of higher doses
of ascorbic acid may yield a negative effect on
cell viability”. However, there could be dose
variations used to achieve the maximal effect,
depending on the system model, the stage of
differentiation of stem cells and the culturing
time period'*'®.

Many ways have been suggested for making
the cell spheroids'*”. The hanging drop method
is one of the most widely used for the fabrication
of three-dimensional spheroids®”. Another
bioreactor method-having a rotating platform-
can be applied for cell spheroids'®. In this report,
the silicon elastomer-based concave microwells
were used for the fabrication of stem cell
spheroids. Microwell culture systems were

suggested to produce spheroids in the defined

size with homogenous colonies*. Microwells
having a poly(ethylene glycol) surface were
reported to generate retrievable cell colonies
with controlled sizes and shapes with high
viability®.
Cells in

characteristics over two-dimensional monolayer

spheroids  show  different
cultures'”. These spheroids are shown to interact
with their surroundings in all three dimensions
better than in two-dimension culture systems'?. It
has also been suggested three-dimensional
cultures show higher stability and higher
resemblance to human tissue, and this may lead
to less use of animal models for the
experiments'’. Moreover, cell spheroids, when
applied in cell therapy, may have greater
advantages. Stem cell spheroids are reported to
show longer stemness maintenance when
compared with two-dimensional cultures®. Stem
cell spheroids are shown to secrete significantly
higher amounts of growth factors, including
vascular endothelial growth factor A*». These
three-dimensional spheroids can be maintained
without routine passaging and manipulation® *®.
In another study, alkaline phosphatase activities
were significantly higher in the three-
dimensional cultures when compared with the
two-dimensional cultures'”-*”. Additionally, these
stem cell spheroids can be applied in
regeneration medicine without the aid of a
scaffold with a higher cell number**®.

Various tissues can be used for the candidate of
stem cells, including bone marrow, adipose tissue
and peripheral blood* *”. Bone marrow is a

reasonable source for stem cells, but the
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procedure for obtaining stem cells may lead to
higher pain and morbility*. However, the
intraoral area is a more attractive source for
mesenchymal stem cells because such a
procedure can be performed under local
anesthesia’’. The gingival tissue can be obtained
during routine daily practices with less

limitations for the supply**.

V. CONCLUSION

The application of ascorbic acid on stem-cell
spheroids produced an increase in the size and
higher viability with higher dosage within the
experimental setting. It can be suggested
ascorbic acid be applied with stem cell spheroids

for tissue engineering purposes.
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Outlier detection in dental research
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In clinical dental research, errors occur in spite of careful study design and conduct. Data cleaning procedures intend to identify
and correct these errors or at least to minimize their influence on study. Outlier is the one of these errors. Outlier detection is the
first step in data analysis process which has a serious effect in the field of dental research. Hence, this paper aims to introduce the
methods to detect the outliers and to examine their influences in statistical data analysis.
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T 2 Tl T = okl o) Bl 4 ook A spelge,
romxXX] o n gojee) B, X g
s > grubbs.test(data)
W&, s= EFHA oI,
ool whet T of vlwd 54 gho] a2 Grubbs test for one outlier
o A=, T 7} o] FrEtk 215 HAsH . data: data
NE go]E Q] 72 o= 0.9] G = 3.64020, U = 0.84944, p-value =
0.007089
25 LeRdT) alternative hypothesis: highest value 1441
is an outlier
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p=0.007089 & AT/HE 71257, dolel  Hlole] ASelAl BAL T grol 1 9| THE WS
223 9 N oINS EFSHI USSR ek Bk A=} 92 o) olhleka ik o)L 24
A

T

Hlofe] Al o3 B8-S selst] gfstol ke wlolElEe] P, WEA(variability)
of F7kHel gee) Aot BRsl), grubbs.flag A3, AAE 2EE Age] g o2l 2 ek,

s Aostal, APATlE RE o AE A S| Z4f-olli= w183 HlofE A ool oA E
H e QUTH R 5). A sfok ghet

o] 2of HHE9 —roﬂ’ﬂ 5% ~ 95" R ol 4] Hlojut
T 4= VAR el oh, Hatow HE 3 ol d2l= Hloly Ao, A HUPe] At
Hjj €] ELJE_}— 01 ks oA & 1k e g A2 HSkE & 4 Qloh, o A7t = Fakoll o
o}, o] B¢, Bt} FREHA = oA of| vl wI%k i A elehd vt A,
E%ﬂl%kol—i o5 o]88l= AL mi- Bl EEA Y « FAbo] F7FStAL FARAIAl HA ol gl
4= Qiek, whebs, Botat FEEARED 9|9l EA « o] 427} W sHA RE8HA] P oW (non—
Fo2H F94(median)®t MAD(median randomly), Hl°]E 2] A4 (normality)o]
absolute deviation) & AME-3517| %= g}, dagict,

H | - =
OL*17t 24N DXl= FF A5 ol dlojel7} cheTt 2
## A
grubbs.flag <- function(x) { > grubbs.flag(data)
outliers <- NULL
test <- x
grubbs.result <- grubbs.test(test) ## Z1f
pv <- grubbs.result$p.value X Outlier
while(pv < 0.05) { 1 30 FALSE
outliers <- c(outliers,as.numeric(strsplit(grubbs.result$alternative,” ")[[1]1[3])) 2 171 FALSE
test <- x[!x %in% outliers] 3 184 FALSE
grubbs.result <- grubbs.test(test) 4 201 FALSE
pv <- grubbs.result$p.value .
} 88 1005 FALSE
return(data.frame(X=x,0Outlier=(x %in% outliers))) 89 1068 FALSE
} 90 1441 TRUE

rr

J2 5 FHESE U By H0[E{7t O[4kR| QIX| Eolok= BHAIE HoiF= J8. MaiZn om X=22l 1441 0] ORI
PRt
= .
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. . : o) o] IAIE oto L dlole e}
Median=5.00 Median=5.50 [ 2 "R ] Holoh BMI o 375 ehobi= Hlo]H S
Mode=5.00 Mode=5.00 oA F 817 IAIE B A= o]t 1| 6). =
Standard deviation=1.04 Standard deviation=85.03 E]‘SLO_ L]-OISL} BMI 94 37‘:]_7:”% R‘% /\}%6}01 Q?’]
A1 At Aotk 1),
o290 gt offlof whe} Pt EFHAF AT oVIAE 2 3 B, Age = BMI of] tigt -9
3 o2 AS & ¢ AUk oAt e AS B 3k g9lo] ol o (p=5907), °AE AAsIL
5.45, F=HAF 1,042 RHd, o] Ax|7} 23HE= A3 Al Age = BMI o diste] 743t JFHS
$olli= Hat 30, F2WA}85.03 o] Hrt, oA Zh= 2410134tk (p=0.004)
ofax] 243 gro] 2l HiCH: AL o 4 9
o}, ol2fgt gt FAAR A4S & off S + [ 31 SPSS] WA= o<l T2 40982
o ° O (o]
% JE) 5 r=0.077 a . r=0.411
< | oo o o | oo ° -
o o N o
2 6 °og o © o %5°%, ° ,_///
S o © 0© © OI;:L < | o © oooojf_,./-‘ 5 ©
— e ——— N o ) 7 o
2 l—o—— %5 = S
m q do o o m o "%
° 6o © o~ o < ° 5
& N _/ro'/ 900 o
o o - o
IS o o o
8 g & o o °
2 8 °
o o
© |
= 7T T T T T T T T T T T T T T T T
30 35 40 45 50 55 60 65 30 35 40 45 50 55 60 65
Age Age
21 6. Ljolef BMI of S QoS T2, 12 ARISE LiEKIC UBE O/} 3 ) Z8E 290/ 220 Jale
O|&AIE 7St ZOICL O|MRIE MHEEMN F 2217t0] AEAH 7L STFsIACH0.077 MM 0411). NS F
T HAE 2o{ECE A1 22 F Hagtel BAE el YoM +Ho HEHE 20|, 2EH J212 2o
£ HojECt
1. L40[2f BMI 2| E[HEA Z3f O|AX| ZE0{R0| ME Z3tE H|wofdiCh

0|7t ZatE 39

O|&AIE HAS &<

» anova(Im(BMI~Age))
Analysis of Variance Table
Response: BMI

Df Sum Sq Mean Sq F
Age 1
Residuals 48 455.17 9.4827

value Pr()F)

2,18 2.7804 0.2932 0.5907

> anova(Im(BMI[-c(1,6,49) ] ~Age[-c(1,6,49)1))
Analysis of Variance Table
Response: BMI[-c(1, 6, 49)]

Df Sum Sq Mean Sq F value Pr(>F)
Age[-c(1, 6, 49)] 1 58.224 58.224 9.149 0.004103 **

Residuals 45 286.378  6.364
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O 2 AANEE AR v, Al R o] ESS AR A1e] A[EjAe o, = 1]
o2 ASAES, e T I FEAES ARESE A7t glofof Ak, AAIR = o] A[EjA|af A
Al skdlck. 671 Foll AEjAE S7d5h

of oIk ol7k gli=A] A BThGE 2",
O BN AL olRAZE AEA BAS Bk

—

2 USAED 733 ES AET & X[EHX| = H|O[E. n2 BHALTE LIEFHLY

MES3E n=19 0.46, 1.33, 0.74, 0.26, 0.55, 0.46, 0.33, 0.49, 0.63, 0.35, 0.24, 0.31, 0.38, 0.46, 0.43, 0.55, 0.14, 0.44, 0.16
A& n=21 0.66, 0.69, 0.9, 0.7, 1.14, 0.51, 0.83, 0.45, 0.74, 0.55, 0.34, 0.14, 0.34, 0.57, 0.51, 0.63, 0.28, 0.46, 0.2, 0.23, 0.44

JI=EA
e33R sSA EEQF
ifXIs dHEs= WD 4584 05976
T2 95% UBFE Gt 3329
st 5840
5% _NBT A277
Rl 4400
B2d 068
EIWT 26048
Ak 14
Zl (Hak 1.33
EE 1.19
NEfs BH 24
A= 2132 524
B 6.667 1.014
+EXa =T 5386 05414
WT2 95% P Gt 4256
a3t 6515
5% ANETZ 5278
R b 5100
24 062
ESWIG .24808
S Ent A4
Z ek 1.14
=y 1.00
NEf+ EBH 35
A= 511 501
3= 298 972
uE=fs
HEp e
NEER 5 10 25 50 75 90 95
ASEI(FY1) IANs TSRS 1400 1600 .3100 4400 .5500 .7400 3
+E5a 1460 .2060 .3400 5100 6950 .8860 1.1160
Tukey2] Hinges XFTIs TEXa .3200 .4400 5200
S8 .3400 5100 .6900
T2 7. M3 +EAES A8 42 AR TE 294 T2
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Electromyographic activity of masseter and temporal muscle at
daytime clenching in adult and adolescent sleep bruxers

Sk iz

El

Department of Orthodontics, College of Dentistry, Gangneung-Wonju National University ;lj

Insan Jang, Kyoung-Hoon Lee, Dong-Soon Choi, Bong-Kuen Cha {l;

Objective: To compare the electromyographic activity of masseter and temporal muscles between bruxers and nonbruxers in rﬂ
adult and adolescent patients. lo
Material and Methods: The samples composed of the surface electromyography (EMG) recordings obtained from the rd
orthodontic patients. Sixty-eight patients who had bruxsim habit (43 female and 25 male) were divided into four groups according ng.'
to their age and gender. Control groups consisted of 79 patients who had not bruxism habit. EMG of the masseter muscle and ?_ﬁ
anterior temporal muscle were recorded before treatment in clenching at maximum intercuspation. The ratio of temporal and 2
masseter muscle activity (T/M ratio) was compared between bruxers and nonbruxers in adult and adolescent patients. i
Results: EMG of masseter muscle and temporal muscle were significantly higher in adult male bruxism group than control. T/M rot
ratio in adult male bruxism group was significantly lower than in adult male nonbruxism group. However, there was no significant re

difference in T/M ratio between adolescent bruxism group and adolescent nonbruxism group.

Conclusions: The balance in the activity of the masseter and temporal muscles may not differ between bruxers and nonbruxers
during adolescent periods. However, in adult period, the masseter muscle activity against temporal muscle is greater in males with
bruxism habit compared to non-bruxer.

Key words : Bruxism, Masseter muscle, Temporal muscle, Electromyography
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Fig. 1. Average of EMG values for 3 times clenching was measured.
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18.0; IBM Co., Armonk, NY, USA)S o]-&3}o] T TEAETF B o]ZoloA B 2 g B

HA =

AlRYSIATE 2 gl A S R RS Al Ao T/M ratio Egt o] Zro|tollA] o 22 7he

o mExA okon uhebd vlmsd fAALS Al 2 G TH(P0.05)(Table 1), 4% 7] o zpoto

ot} o|zro|2a} thRT 7+ Zpo]7} Q=] 2 H] (Adolescent female)ollA= o]Zolate] 7

’8]—7] Ate] Mann—-Whitney U-testS A3} ATt Hef frefotA| 2 gha el

T, 9022220 052 AQslct (P<0.05), T/M ratio®l|A= F2Jgt ZFo]7} vt

A k). A9l 2K Adult female)ollAE= o] Zo]

oA HEo|AF 221wl yIo] S E T} YT

I 2 Hr} $95H| =4 YRt T/M ratioolA= <
A] G013} fo) 7} Holz] ¢RIt Table 2).

—

II,

=1
r IJ

Ol
R

Table 1. EMG activity in male groups.

Adolescent male Adult male
Bruxism group Non-bruxism group Bruxism group Non-bruxism group
(n=12) (n=18) (n=13) (n=11)
Mean SD Mean SD p Mean SD Mean SD p
Age 1.3 2.3 10.8 2.9 0.51 21.4 3.2 20.7 1.6 0.81
Temporal muscle-right 82.0 40.0 14.4 36.9 0.80 79.2 47.3 33.1 21.0 0.00 *
Temporal muscle-left 90.7 73.8 89.6 422 0.54 7.9 329 38.7 26.9 0.01 *
Masseter muscle-right 85.9 61.8 75.9 50.2 0.64 104.1 60.4 215 229 0.00 *
Masseter muscle-left 103.4 72.6 67.4 47.6 0.11 1111 63.9 26.2 14.1 0.00 *
T/M ratio 1.1 0.5 1.3 0.4 0.11 0.8 0.3 1.7 1.2 0.03*
*P < 0.05
Table 2. EMG activity in female groups.
Adolescent male Adult male
Bruxism group Non-bruxism group Bruxism group Non-bruxism group
(n=23) (n=20) (n=20) (n=30)
Mean SD Mean SD p Mean SD Mean SD p
Age 1.0 2.6 13.1 2.0 0.01 * 25.2 1.8 24.8 9.9 0.47
Temporal muscle-right 80.9 31.8 52.6 325 0.00 * 69.0 38.3 47.0 40.3 0.01*
Temporal muscle-left 78.5 39.4 51.9 28.7 0.01 * 64.3 38.2 52.3 40.6 0.17
Masseter muscle-right 67.9 36.0 65.5 50.1 0.42 59.3 39.7 46.9 53.2 0.09 *
Masseter muscle-left 7.3 429 122 56.0 0.75 51.3 29.1 46.6 58.1 0.14
T/M ratio 1.4 0.8 1.1 0.8 0.09 1.5 0.8 1.3 0.6 0.68

P {0.05
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ABSTRACT
: Burning Mouth Syndrome

Department of Oral Medicine, School of Dentistry, Dental Research Institute, Pusan National University
Sung-Hee Jeong, DMD, Ph.D,

Burning mouth syndrome(BMS) is a burning sensation in the oral mucosa and doesn°@t have any identifiable oral lesion and
organic etiology. Diagnosis of BMS is mainly based on clinical features and serial exclusion of other possible causes. There is no
specific examination for BMS and that could embarrasse the dentist. In this study, the characteristics, differential diagnosis and
several treatments of BMS are presented so that dentists can better diagnose BMS to maintain a good relationship with the
patients.

Key words : Burning mouth syndrome(BMS), primary BMS, secondary BMS, differential diagnosis
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T2 E Y 55+ (Burning Mouth Syn o}, 22|t} wHEA R, ok SREARC B AR
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o] &, Y deg TS A of|A] Bl=gt 2(Idiopathic oral-lingual pain)o2 Hil%g]
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Oral ulcerative and vesicular diseases

Department of Oral Medicine, School of Dentistry, Kyungpook National University
Jin-Seok Byun, D.D.S., Ph.D.

Oral ulcerative and/or vesicular diseases have similar characteristics of clinical phenotypes. Detailed and careful history taking
is the cornerstone of the diagnosis of oral mucosal disease. Moreover, complete screening of review of system for patient is
important. Through this article, the simple ulcerative, recurrent ulcerative, acute multiple ulcer, chronic multiple ulcerative
diseases will be discussed. Clinicians have to keep in mind its differential diagnosis and management.

Key words : Behcet°@s disease, Oral lichen planus, Recurrent aphthous stomatitis
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Xerostomia and halitosis : A review and current concepts

Department of Orofacial Pain and Oral Medicine, Kyung Hee University Dental Hospital
Yeon-Hee Lee, DDS, Ph.D

Xerostomia is usually caused by a reduced salivary flow or by changes in the biochemical composition of saliva. Halitosis or
oral malodor is an offensive odor usually originating from the oral cavity. Halitosis can lead to anxiety and psychosocial
embarrassment. The occurrence of halitosis closely related with intraoral conditions including the presence of xerostomia.
Especially, the relationship between xerostomia and halitosis is prominent in elderly patients receiving polypharmacy with at least
two systemic diseases. This study is a review of the update literature of xerostomia and halitosis. A large number of papers have
been searched and identified using the words <dry mouth>, <xerostomia>, <halitosis>, <elderly>, <causes>, <symptoms>,
<treatment> and <dentistry>. Papers not relevant to the issue were removed reducing the entries to 79 only. Most of identified
papers were systematic reviews, non-systematic reviews, and observational studies. With a proper diagnosis, identification of the
etiology and timely referrals certain steps are taken to create a successful individualized therapeutic approach. It is significant to
highlight the necessity of an interdisciplinary method for the treatment of xerostomia and halitosis to prevent misdiagnosis or
unnecessary treatment. This article concisely focuses on the development of a systemic flow of events to come to the proper
treatment of the xerostomia and halitosis.

Key words : Xerostomia, Halitosis, Polypharmacy, Elderly, Multidisciplinary approach
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Category Names of the drugs

Anti-cholinergics
Anti-histamines
Anti-hypertensives
Anti-psychotics

Tricyclic antidepressants Amitriptyline
Decongestants Pseudoephedrine
Anti-Parkinson' s disease drug

Anti-seizure agents

Cytotoxic agents

Sedatives and tranquilizers

Skeletal muscle relaxants

Atropine, scopolamine

Diphenhydramine, chlorpheniramine
Reserpine, methyldopa, chlorothiazide, furosemide, metoprolol, calcium channel blockers

Haliperidol, phenothiazine derivatives

Modified from Shetty et al. (2012) '

Chronic inflammatory rheumatic disorders
p Sjogren’s syndrome
» Rheumatoid arthritis (RA)
» Juvenile idiopathic(rheumatoid) arthritis
» Systemic lupus erythematosus (SLE)
» Systemic sclerosis (scleroderma)
P Primary biliary cirrhosis
Sarcoidosis
Diabetes mellitus
Human immunodeficiency virus (HIV) infection
Cytomegalovirus (CMV) and other herpes virus infection
Hepatitis C
Ectodermal dysplasia
Depression

Genetic or other chronic diseases associated with salivary dysfunction
Conditions causing metabolic changes associated with salivary hypofunction

P Dehydration

P Eating disorders (anorexia/ bulimia)
P End-stage renal disease

P Nutritional deficiency

Adapted from von Bulzingslowen et al. (2007)
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II. 3 Halitosis

TH, T 2 /A7 A WA E ] S F
3 Aol Q=2 wiEE= SIS WAE Wit
Halitosisgh= ©oj= 2tEloiQl halitus(breath)

9} oris(condition) ] gAol2 o]FoHct Tt
F ol olu ZE Sl AA|Q] R R viEE=
=33 HAHE FY= )45t oral malodor,

I

CHEHX| Tto|AFEl5|R| A5 M|9E 2017 | 645




Korean Dental Association

wie ot =1

halitosis, breath malodor 5& &83}o] AMES
3 deh

A, R AV 7 A 4 Sl e
Q2] 25~90%¢°] ol E Arg St AHgtow
AL BE AlgEo] o AEo] {3 E Fethal B

L vp Qlop 53] opfle| =7l AR H F
Qo A2k, ¢dst, BfelEH] 59 FEEo] A5l
3, FARFS Erso] EEsHA Eof A EE A
2Rl ZAolt}, 3= XA AgE ofy| 35
< FUSHA| & grom HEe Ul Bt of7
qht}, Ty, R AR AR, skl
o] Z83F JIXFE 4= ik :rL-Hﬂ Atk A2 Zﬂ

I

_

n

%

= ?4374 A9, Jz_v_. e 012 ¥ 4 9

PAAES = 3=

fo
k™
_>1_
ofy
_\lr‘
o
H
o
o,
4o
_{
>
2
2
r]I
2
|o
utl
-

T ofF heket deloll oJste] fdET AR
9] 7|(breath)oli= 2F 400712 o142l 34 5}
o] EAstE Ao dHfA glon, olF I
L FeTt 3] ArE AAsH "ot 3
T Aol QA BAE= oA 7IAlE 2 F
k4 35kE(volatile sulfur compound: VSC)
2 E3] 33leA(hydrogen sulfide) (HaS), WE

gl

1o
H

=’}

646 | CHEHR| Tt AFEISIX| K553 K95 2017

HEH(methyl mercaptan, CHsSH) ¥ tHE
3olE(dimethylsulfide, (CHs)2S)o|tk?, Sal=
4= 1.5ng/10ml, WEHFER 0.5ng/10ml F=
O] mjgkol e o} E 7|7 girh 1 Qof| = whulA o)
Fafjapgol| A WA %= 7ichi "l (cadaverine) ¥
EgAl(putrescine), ¥=YoHammonia), 2=
(indole), F= AFe] ot WA S Il A7k=
(skatole), HE]Z2AH butyric acid), Z23]-2AF
(propionic acid) & 294 X]H“F* ESE oF
400%F oo theft Ausol AAIEIL U, o]
g 3 3T E S Treponema denticola,
Porphyromonas gingivalis, Porphyromonas
endodontalis, Prevotelia intermedia,
Bacteroides loescheii, Enterobacteriaceae,
Tannerella forsythensis, Centipeda
periodontii, Eikenella corrodens ¥ -7 A]
Al5l= Fusobacterium nucleatum} 22 7]
A I exgre] sl AL Hok, nREe gl
A2 G Foll gl Aol A5k & o 24
4 Agsto] o S-S AR,
drdog FLHA gt FHA

(multidisciplinary approach)7} B83}7]

of 732 el olsfist= o] Fasith 5
A AATFEFH (genuine halitosis)@t WA 3
(delusional halitosis)® 5% & 4= o}, 24

T3= A2 (physiologic) <] 32}t ¥4
(pathologic)¥Q19] FH= HEgitt HHeld gl
O] 3= AAY] HAYE 7IEoE 7 W 21
TFF 7 9] A1) FHE Ym  Qlok,
(delusional halitosis)= 7M1}t +352252
2 TG 3).

AE] A ¢Jole] = alx|Ho]n lelA o] WAl
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Genuine Halitosis | | Delusional Halitosis |
|
| Pseudo Halitosis Halitophobia |
Physiological Pathological
Halitosis Halitosis
I
Infra-oral Causes Extra-oral Causes
=  Xerostomia
= ete.
Modified from Saleh et al. (2015)*
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HEAA 719 =P, F4/9Hd HeAddt
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H 4 2 3 UM S} 2| E HAY

Category Names of the drugs

ZsK(Disease) LHAH(Odor)

0|5 B (Hepatic failure) SHHAY, M2 =h2E WHAI(sulfur odor, rotten eggs)
S=Z(Uremia) OfIL| O} LHAY

MEEM(Kidney dialysis) AMH|2ILY(fishy odor)

EHeA A EAE(Diabetic ketoacidosis) Tt sk LHA(sweetish fruit smell)

MEH/RIE|FEA(Scarlet or typhoid fever) ZTH0| HAH(musty smell)

7|5 &0f(Intestinal dysfunction) =56t Al YAl (heavy sour breath)

Z=8(Intestinal hemorrhage) M2 siol LHAH(decaying blood)

FHE ZHCHZ|(High dairy diet) SHE5} Al LA (sweet sour breath)

TR 2 A Fatty meal) XI=6t 4 HA(bitter, fecal stinking breath)

B34 ( | eukemia) M2 s LHA(decaying blood)

ZHC|CEE(Candidiasis) EEESE MAY(A) HAH(sweetish acid breath)
FAIAGRI 2 (ANUG) M2 71 HA(rotting hay)

%|Z=Z!8H Periodontal disease) o= E = 2345 UM (fetid, foul)

204, ol M=|(Bismuth, phosphorus intake) 1}, O HM(alliaceous (garlicky)
THAAN & 4= Q= FolE 7l 9 2E2 8 5 olF WA £57(Trimethylaminuria)< A}t
Zoj|A Hatw o] FHE FET A F=tEel oj = EgfwEoll(trimethylamine, TMA)¢]
Ot 4 AT PoiEY E A AU 2 5 Ao AT T k. ol
o] oo 7132 g5, vy 7RG, H 5o, A o=, of } TR AF A F3E FERtha &
A Y 45, A S A I ol o e A A, 041 9 ) R B
W, FEL VAT ¥ L HVIE A0l FHE o] 89 wrf 5, e 2 NBFS A %
Qo7)t Aoz el ek S5 4R ool At W, 55 W A

T3] Ad 5%= 1 D AAlEgo|A feE ol WP, olzek AAlde [ 59
t}. Kinberg 5(2010)2] H3to] W=, 35 7} 2 Ro|A ogd zAkel A Yol Hasitt w5k HAl
40499 RS LA 2 50901 S Felst A DU Eh oA} TS Lo Ao

A Fabe BYonw gl 14 Fk ol
7 el F shele AT, gAER s
(Gastro—esophageal reflux disease, GERD),
o] Al 2 A E 1 Etke Aem
ad A Qlct, Ag]zete utd 22 (Helicobacter
pylori) = $PEHGTE 4o ] -_rL” OPHQ}E A

: ZJ%{ EL ﬁolxlzou EMﬂ
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el ek,

FH= Aok A 2 Q54 B AR
A3EE Baltt. ofo] W frott ofzlolo] BojH
PSS 715 B WA U, Badrle) e

oA ORE Aol St st ke WA
Wtk Qigo] W2 AFe) Wk S5 FRE o
%1\ 1,]— Agﬂ;@ d/\}oi U’J—Aﬂ_,)r AxlAH_J HH]Q}
AZE R 0T HNHI Yk, EF 1=QIE A
He 29 9] AET T Ese AR

R

oo
Olr




213} 7159l OK(E 5)9] %

g0 R T 52
of7jsh=d| 711g 4= e, FHH T 2o Wok:
A Sl A om g,

PATHE 5 WA Bt AR Bl
Al W ool ol it ere A
o] 1 EAHE AXT 4 GrF . YATAL AT

0 THF U Qs Bska e ohe)

Syndrome, ORS)-Z 7l¢lo] AHA12] AlA| HAYZ} &
AstAY &7 3}3}1 7= & oE AlEE Fofio]
o}, AR E 2SS AAQ] HAllol theh 2521
HelAe Exom shu 24 e} A7k 18
3)u 5 U ASA AE sHkekes FAY AdE=
Y=o st A9A M2EC A& JAA
(selective serotonin reuptake inhibitors,
SSRI) o} &2 F9-=A2 o] S4= 433 7HAA|
44 e,

]

==

S A FolAl oFF7E bl wasks HE Uet 3. 79| Fict
™, $HAl= 221 vho] =7]= 35 SAgit)
TATHE THTFY AT ETOR Y] & ARHAQl A8l 5= ARt ARl Hglo] E
4 9tk 7MdF (Pseudo halitosis) A= A4 T Utk FFE 7 BAE Yoot #1710l ¢l
2 AL §ls dEolA T R E Task A= 7] ool Ak izl oo, i oR v
Ak} 2|7 Fofl Mol gl el = &4l =k, 5] Qlo] B FF7F S7HE Y| o4 2] Hfoll= 47
£ Zadte B9 28%+ 319 ASE YA 7], A7IZE, Al Fole 2229 HIto] s
otths Bazt Qiob?, 7144 o] gleol: = FFE Hre g FTRsHA "ok 3= SR AH4lo]
Tkl 7 Yeue e 79 ok HFeE AT L7 ke QLo i RE0) o= ‘ﬂ/\}a
Z(halitophobia) 7%l 158 Hoj= 0,5~1%¢l S0 dHFAY B g AFYAY 52 Hdt=
A YeRdTE? | o]egt exb= A2 Abdo] dash, T AR W o 2 oA Hr,
& Soll T2 AXES Aok gl el 3 A, 2ERpe) WS ARG o $FApe) F4x(chief
TGS LR HAE Ao Xk 9 e Al & complaints), 3l gk A& WY, Alo] 5ol
F ooz QoA e g Y WY E & ek AE 9 340 ARl TAE ERlsk= B
FE Halslor & Aotk 7} =l ojok Jit}, Q] Wl R]|& AL SOl
Al A oF # & £ 5 (Olfactory Reference T2 U= A, Blle] 35 AXPEA] o
5 739 ol oig ==
Lithium salts Penicillamine
Griseofulvin Thiocarbamide
Dimethylsulfoxide Ethyl alchol
Antihistaminics Diuretics

Phenothiazines derivatives
Choral hydrate
Amphetamines
Suplatatosilate
Metronidazole

Tranquilizers
Nitrites and nitrates
Bisphosphonates
Arsenic salts
Paraldehyde
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E—4 —r‘JfH X*‘j’@}-r* A A ot
" Loesche@t Kazor (2002)"7} gt viof| ut
2, WA thaat 22 Ao A
ok 10 FEH7E Gl A, 20 m]oRst Aro] 1) 3
oo W A5, 41 FE= oY At 4,
51 - sl AY 7] ofe: 3. ol qlFellA
Fefgt WAl elA A & 4= UAIRE FoflAl=
A 3 4= gick. oA T WA 7 Sk =
S HelE o 0*%‘40145” EE ASE, 294
O] HANZ} vzt 7o) 74, or] 9] HAlA dllo]

0]O A 0o 52)
e = AT

THE A o2 S5 ek AR A A=
ul& 72 1)(Gas chromatography)”l it 3
A RS B o}cq Ao A|d 7Rssh AlZ
Sk = ot 3y SelgkEo] vl So] Aol W
SOl E WAZF U= A4 AAl & 4= Q. 17
u, Bk, Rajvk am 2 g H 2R 2 st
U= ©o] Qlvh ERh, 7 oFF = A 3 3t
A 0]9]9) OFAIE G T 4= Q7] wiitol 7 o
o] YR} e & FAS s Hrke 4= I, 11 9
of, IAZFE 74 o} gd 71A5A7]7]Q1 e
t|E(Halimeter) 2} L3 20KOral chroma), =
U 7= e EY BeEX(Twin breasor) 5]
AUtk e H2 thaxo] zpol= IR 7ko|3o] ofd
Rg2AofA AMGEl= 7k 471719 34 AR,
Ao AREH 7)7]= 8E~108 A, Lefoll 5%
3k 7kA 2A7)7)E 28 30%0l4 3E 30% H=H
7k F7o] 7hssitt, w41 S EjulEoA
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A7 100ppboldAl 327} A 4 Y= +317F
WSk Aoz 7ttt mEmRiEe] Blgo] &
Slepazo] Bl AiAe R &2 4F AFE RS
o2 78] gk FEstA o He 4= Qlrk. o] 7

T Aol M St 75 28 A= olejole gt
o) A5 Ak A5 EAE dAskL A =sh= Aol
0.

£ A SV dnlE B, HE-ZEEA
tobA] 249 9] Awsl, HRHBANA) AL SFxyor
BUEY, de|edwkS Aglat S 9t S A
# kg, Tagman DNA HAF 59 o2] 232 24
o] AAEAL o ot M S
HIRRAL A7 A Aolal Rz oA 0]-85}7] of

7] Wizel, A2 ARGEIA] Q=

_l

Q

LAY

TP AHEE Bt A 2012 B4
o= ) wolof Gtk Hela 2ol 1A
o ol Gl A= Eele] Hulsh s} )
NES Z7MI717E Sk debd, 29 areilt,

TR Al dEE Thofehe Ae 319 Attt
A gof HEEA] gt ot LHE Tadh=
A5 7Hol AR HANSymptom Check
List—90-Revision, SCL-90R)2] 7= tjele]
W, B2t BAISY] oA Bl =2 $AE

Helot,

V. FHANEF 9 P W2 Y HE

T 775 U] 99 B ke 774 ] 91o] 9

SHE SUEDE AR Aot $UH Bzt e

si, FAS SR U1S 2] A o]

7P Fash, TAE v BT cheRt Ul
!

ofsh WAL A97t oD AR Ag SYol
F2 713fof ek, Ao 3t AES Ut B
%% AEA Hel 3l L PO 13 A

28 A2t e ARtolny”,
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& 2 = AAT 4= ek 71AA R 3] AlA
o 2= AEA A A, & A, & BARA
g, 2AYE 52 Zofe} SlES 7ite] s
ol Slok, A|Eje} s 7AAC R AASH=
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6. TYUXE B9 BE 75 B A2 U 22

—

Patients with chief complaint of oral malodor

|

A thorough medical history including medication intake/
diet/ psychological status/ intraoral screening

Breath sampling in clinical setting
Measurement of salivary flow rate

[ Presence of Xerostomia [ ] Presence of Halitosis ]
* Imstruction for the management | Halitosis present Halitosis absent
of Xerostomia l
®  Prescription for Xerostomia
»  Medical referral Management Consider Delusional
and treatment Halitosis
for Halitosis T
l = Clinical psychologist
referral

|Reliefin Halitosis | = Explanation of halitosis
and instruction for oral
hygiene

3 A AEfekat, T AAT HEojollA d”o] o lso] M3k 4= L, olof wlE A RF
k= 2ol o {9 & 4 ok FHE AL 5 ok AT £ Al et
BRelH ol A1 849 s Al wpet Ax)E 4
o}t AT A AR BVl
V.38 ahul, Bl HHS AxHoR ZHAF|AL 2lgE
NG ARgSLo] S-S A7) A o' ghEajof g
Efhe Aol AY7leS Alskel WEEAL o pH ) ohlEQl B4 wiRe] Sk st
Hasieh oo 7 o 715E B, P W 7RO AHAGIAQ) & iAok 3 Aol
A S AAAZILL, 7 S FAAZIZL gk g A 3 A oA} ojmjolsm ARe] Al
ol Epel] FH[7E A olskR AhaE o] bR 3 M), Wik e, YAt 2 A A B2
So] AR ARk} 2o eAlS T2 A Eoh pE Hopoxlo] thzb dito] Wasitt A
ARl 22 Wk oheh, 13 SO deto] TAE A3 Ady ARHS Fu, AR $-84S 2A
4 9tk 53], Q152 HiFE SHA] o4k whyg 7] oA grozo] ALyt W st
kg 7R3 Qlo] SFEARE B glon ' Bl A
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