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A Survey of the Number of Cases Experienced by Trainee Dentists in Post-graduate
Dental Clinical Training in Niigata University Medical and Dental Hospital

NAKAJIMA Takako”, ISHIZAKI Hiroko®, TAGUCHI Yuya®, SHIMADA Yasuko?,
ITO Harue?, OKUMURA Nobuaki®, KOBAYASHI Tetsuo”,
UOSHIMA Katsumi® and FUTII Noritaka

U Division of Dental Educational Researeh Development, Niigata University Graduate School of Medical and
Dental Sciences

? General Dentistey and Clinical Education Unit, Niigata University Medical and Dental Hospital

9 Division of Bio-Prosthodontics, Niigata University Graduate School of Medical and Dental Sciences

Abstract The aim of the present study was to clarify the number of cases experienced by trainee dentists
and the factors affecting the number in the post-graduate dental clinical training in Niigata University Medical
and Dental Hospital, and to consider the validity of setting a target number of cases to be experienced. A
questionngire survey on the number of cases that trainee dentists had experienced by themselves during the
period of under-graduate and post-graduate clinical training was performed on 115 trainee dentists belonging to
the independent-type program of post-graduate dental clinical training in Niigata University Medical and Dental
Hospital during 2008-2011

The avez‘age number of cases experienced by each trainee dentist was close to the target number of cases of
the program, although variations were ohserved among the trainee dentists. There was 4 tendency that frainee
dentists who were in charge of more patients in post-graduate clinical training and experienced more cases in
under-graduate clinieal training, experienced more cases in post-graduate clinical training. The number of
frainee dentists in each year affected the number of patients that each trainee dentist was in chérge of.

This survey clarified the required number of patients for euch trainee dentist to accomplish the target number
of cases, and a biased distribution of the number of patients among the trainee dentists, enabling a strategy to be
taken to improve the program and its management. These results suggest that there is some value to setting a
target number of cases 1o be experienced in order to evaluate the post-graduate dental clinical training program
and its management condition.

Key words  independent-type post-graduate dental clinical training, trainee dentists, under-graduate clinical
training, experienced case number, patient number in charge
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A systematic educational program for evidence-based dentistry
and clinical epidemiology

. - . Lo ) e - . 12) e, 3 .
Naoki Kakudate”, Tomoya Hanatani", Junichi Karaki', Takaki Fukuizumi'?, Tetsuro Konoo®, and Tatsuji
)
Nishihara

Y Educational Cooperation Center, Kyushu Dental University
» Laboratory of Social Dentistry, Division of General Education, Kyushu Dental University,
? Division of Comprehensive Dentistry, Kyushu Dental University,
Y Division of Infections and Molecular Biology, Kyushu Dental University

Abstract  We propose the “hybrid-type dentist”, a research-minded clinician who combines clinical
epidemiology and clinical skills with evidence-based dentistry. At Kyushu Dental University, we have launched
systematic lectures and seminars in clinical epidemiology and EBD to develop hybrid-type dentists. First, we
provide lectures in epidemiology & EBD practice to 4th year dental students. Contents include: 1) asking focused
questions, 2) designing research, 3) finding evidence, 4) critical appraisal, and 5) systematic review & practice
guidelines. Second, we have started a weekly seminar in clinical epidemiology & EBD. Participants are faculty
members, and undergraduate and graduate students. We assist them in extracting their own clinical questions in
the completion of a research protocol. Systematically educated hybrid-type dentists will contribute to the
development of dentistry and the future of the dental profession

Key words evidence-based dentistry, clinical epidemiology, critical thinking, hybrid-type dentist, clinical
decision making
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One-leg standing time with eyes open:
comparison between the mouth-opened and
mouth-closed conditions

Mitsuyoshi Yoshida®, Yayoi Kanehisa®, Yoshie Ozaki®, Yasuyuki lwasa®,
Takaki Fukuizumi®, Takeshi Kikutani®

"Dental Department, Hiroshima City Rehabilitation Hospital, Hiroshima, Japan, *Department of Oral Functional
Management, School of Oral Health Sciences Kyushu Dental University, Kitakyushu, Japan, 3Department of
Dentistry, Saiseikai Yahata General Hospital, Kitakyushu, Japan, “Department of Dentistry, Haradoi Hospital,
Fukuoka, Japan, °Laboratory of Social Dentistry, Kyushu Dental University, Kitakyushu, Japan, ®Division of
Clinical Oral Rehabilitation, The Nippon Dental University Graduate School of Life Dentistry, Tokyo, Japan

Objective: Many studies report a significant relationship between the one-leg standing time with the eyes
open and the occlusal relationship. To determine the association between proprioception (the periodontal
membrane vs muscle spindle) to the one-leg standing time, the authors compared the one-leg standing
time with eyes open between mouth-opened and mouth-closed conditions.

Methods: The study participants were 107 healthy, elderly patients. The authors measured the one-leg
standing time with eyes open between mouth-opened and mouth-closed conditions.

Results: The one-leg standing time was significantly shorter with the mouth opened (21.1=19.1 seconds)
than with the mouth closed (25.1+21.4 seconds). Patients whose one-leg standing time was equal or
shorter with the mouth opened than with the mouth closed were not different from the other patients with

regard to age, handgrip strength, BMI, and the number of remaining teeth.
Discussion: The vertical mandibular position may affect body balance.

Keywords: Handgrip strength, One leg standing time with eyes open, Remaining teeth

Introduction

In today’s aging society, a variety of initiatives have
been proposed to address a major focus in primary
care: falls and fractures prevention. The World
Health Organization (WHO) declared the 2000-
2010 decade as the Bone and Joint Decade.' In
response, Japan has taken active steps towards
preventing primary nursing care and nursing care
risks due to locomotive difficulty. This is fueled by
new concepts of the locomotive syndrome. A method
of assessing the risk of falling is the one-leg standing
time with the eyes open.? Several reports suggest that
this standing time is significantly related to the
number of remaining teeth and the occlusal relation-
ship.>® However, the causal relationship between
these factors is not yet fully understood, and it is

Correspondence to: Mitsuyoshi Yoshida, Dental Department, Hiroshima
City Rehabilitation Hospital, 1-39-1, Tomo-minami, Asaminami-ku,
Hiroshima, 731-3168, Japan. E-mail: mitsu@ hiroshima-u.ac.jp
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assumed that the connection lies between the
proprioception of muscle spindles (e.g. the period-
ontal membrane or the masseter muscle).” Some
researchers have examined the relationship between
body posture and the mandibular position by using a
stabilometer in young subjects, and they concluded
that the foot center of pressure is not influenced by
asymmetric malocclusion or by different dental
positions.®? This may indicate a need to focus on
the effects of extreme mandibular positions in the
elderly population to reveal this relationship.

If the proprioception of the periodontal membrane
and muscle spindle affect the one-leg standing time
with eyes open, a difference between one-leg standing
times with the mouth opened and mouth closed
would be expected. Therefore, to determine whether
such a difference existed, the authors measured and
compared the one-leg standing times with the eyes
open and the mouth opened and mouth closed in
community-dwelling elderly people.

voL. 000 NO. 000



Yoshida et al.

Mouth opened and closed one leg standing time with eye open

Table 1 Comparison between the sexes in age, grip strength, body mass index, number of remaining teeth, and normal

one-leg standing time with eyes open (mouth closed)

Sexes
Physical Indices Male Female P
Age (years) 75.9+5.1 75.4+5.1 0.650™°
Hand grip strength (kg) 33.0::6.5 19.5+4.5 0.000*
BMI (kg/m?) 24,425 24.6:43.2 0.903"°
Number of remaining teeth 22.4+8.0 19.0+9.6 0.932"%
Normal one-leg standing time (seconds) 25.3+22.3 25.0+21.2 0.071M8

Note: BMI=body mass index; NS=no significant difference.
*P<0.05, based on the Mann-Whitney U test,

Methods

Healthy elderly residents (32 men and 75 women) aged
65-89 years (average age, 75.6:£5.1 years) from the
Yahatahigashi Ward of Kitakyushu City, Japan were
selected for the study. All participants came to the
research area (i.e. a community center) voluntarily.
Brief medical interviews were performed. Patients with
bone and joint disecase, neuromuscular diseases, or
temporomandibular disorders were excluded as sub-
jects. The study was approved by the Saiseikai Yahata
General Hospital Ethics Committee and was con-
ducted with assistance from the Saiscikai Yahata
General Hospital in Kokura, Japan.

The authors measured physical indices such as
height, weight, and grip strength in the dominant
hand and the one-leg standing times with the eyes
open. Body mass index (BMI) was calculated by
weight/height®. For the one-leg standing time with
eyes open, the authors measured the length of time
with the mouth closed (i.c. ‘normal’) and with the
mouth wide open—each for a maximum of 60 sec-
onds. The authors randomized the order of measure-
ments (i.e. open versus close) and waited a minimum
of 1 minute between measurements. A dentist con-
firmed the number of remaining teeth through an
intraoral examination: wisdom teeth were included in
the measurement, but roots were excluded.

The statistical software PASWver.18 (IBM, Tokyo,
Japan) was used for the analysis. These physical
indices were compared by nonparametric analysis
because one-leg standing times were counted up to
60 seconds. Spearman’s rank correlation coefficient
was assessed between the normal one-leg standing
times and the age, grip strength, BMI and number of

remaining teeth. Using the Wilcoxon signed-rank
test, one-leg standing times with the mouth closed
were compared to one-leg standing times with the
mouth opened. Furthermore, subjects were divided
into two subgroups: (1) patients whose one-leg
standing times were equal or shorter with the mouth
opened than with the mouth closed and (2) patients
whose one-leg standing times were prolonged with
the mouth opened. Physical indices of these sub-
groups were compared using the Mann-~Whitney U
test. The significance level was set at 0.05.

Results

The mean number of remaining tecth was 20.129.2,
Everyone who had lost molar teeth contacts on
both sides was wearing removable dentures. There
was no difference between the sexes for all physical
indices examined, except for grip strength (Table 1).
Therefore, all variables were compared between both
sexes. A significant correlation was observed between
normal one-leg standing time with eyes open and age,
handgrip strength, BMI, and the number of remain-
ing teeth (Table 2).

The average one-leg standing times with the mouth
closed and with the mouth opened were 24.84+21.33
and 21.55%19.24 seconds, respectively. The time was
significantly shorter with the mouth opened than with
the mouth closed. The shortened group -patients,
whose standing time was equal or shortened with the
mouth opened than with the mouth closed, consisted
of 19 males and 46 females. The prolonged group
patients, whose time with the mouth opened was
prolonged, consisted of 13 males and 29 females.
There were no significant differences between the two

Table 2 Comparison between the normal one-leg standing time with eyes open (mouth closed) and the age, grip
strength, BMI, and number of remaining teeth

Age Grip strength Body mass index Number of remaining teeth
Normal one-leg standing time Correlation coefficient —0.376 0.193 -0.194 0.316
P 0.000* 0.047* 0.045* 0.001*
Note: *P<0.05, based on Spearman’s rank correlation coefficient.
2 CRANIO®: The journal of Craniomandibular & Sleep Practice 2014 voL. 000 NO. 000
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subgroups in age, handgrip strength, BMI, or the
number of remaining teeth (Table 3).

Discussion

The results of the current study confirmed previous
findings that a significant correlation exists between
the one-leg standing time with eyes open and the
number of remaining teeth. Furthermore, the authors
found that the one-leg standing time was significantly
shorter with the mouth opened than with the mouth
closed. It may be concluded that the vertical mandib-
ular position affects the one-leg standing time.

Gangloff and Perrin!' report that body swaying
increases when conduction anesthesia is performed
on the mandibular foramen in young, healthy
subjects, and they also indicate that the center of
gravity changes, depending on experimentally con-
ferred mandibular positions.'* Both studies support
the possibility that the periodontal membrane func-
tions as a proprioceptor that governs body balance.

On the other hand, Perinetti er al®® found no
evidence of changes to the center of gravity in
patients with malocclusion, and concluded that
postural control is not different in the closed-mouth
state, which includes mandibular rest and the
intercuspidation positions.™*

Based on the authors’ hypothesis that muscle
spindles are more important than the periodontal
membrane for postural control, the one-leg standing
times with the mouth opened and with the mouth
closed were compared. Bracco et al.'® report that the
myocentric position determined by muscle contrac-
tions lead to smaller differences in the center of
gravity, compared to the rest position of the
mandibular joints and centric occlusion. In addition,
Sforza et al'® found that changes to the center of
gravity can be stabilized with equivalent muscular
activity from the right and left masseter muscles
during sprinting. Previous studies by the authors

Table 3 Comparison between the ‘shortened’ and

‘prolonged’ subgroups

Subgroup

Physical indices Shortened Prolonged P

Age (vears) 75554 757+45 0.896N
Hand grip strength (kg) 235+86 23.6+7.2 0.592N
BMI 242+29 25131 0.237"°
Number of remaining teeth 20.9+8.9 18.6x9.6 0.266N°

Note: NS=No significant differences (at P=0.05, based on the
Mann-Whitney U test).

In the ‘shortened’ group patients, the one-leg standing time was
equal or shortened with the mouth open than with the mouth
closed. In the ‘prolonged’ group patients, the one-leg standing
Ptime was prolonged with the mouth open.
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indicate that edentulous patients with an unstable
lower jaw are more prone to shifts of their centers of
gravity and that the number of falls can be reduced in
patients with dementia who wear dentures.*'” These
observations suggest that mandibular stability is
important for postural control, and the results of
the current study support this conclusion.

However, many methods are available for measur-
ing the one-leg standing time, and researchers select
the method.'® It remains to be seen whether the
methods used in this study (e.g. one measurement
lasting up to 60 seconds) were appropriate. To gain
further insights into the role of the mandibular
position on postural control, the authors believe that
a more detailed investigation employing a stabil-
ometer will be necessary.

Conclusion

In this study, the authors found that the one-leg standing
time with the mouth opened was significantly shorter
than the time with the mouth closed. This may be
because the proprioception of the periodontal mem-
brane and muscle spindles becomes functional in the
mouth-closed condition. The authors conclude that the
vertical mandibular position may affect body posture.
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Table 1 Attributes of subjects
All Conventional ~ Intentional — p-value’
(n=105) preparation  preparation
(n=53) (n=52)
n (%) n (%) n (%)
Gender Male 48 (45.7) 24 (45.3) 24 (46.2) 929
Female 57 (543) 29 (547) 28 (538)
Age 50> 37 (35.2) 16 (30.2) 21 (404) 274
50= 68 (64.8) - 37 (69.8) 31 (596)
Root canal filling material Presence . 48 (45.7) 25 (472) 23 (44.2) 762
of preoperative Absence 57 (54.3) 28 (52.8) 29 (55.8)
Radiolucency Presence 51 (486) 22 (415) 29 (55.8) 174
Absence 54 (514). 31 (585) 23 (442)

Preoperative pain Absence® 44" (41.9) 25 (472) 19 (36.5) 604
Presence** 61 (58.1) 28 (52.8) 33 (635)

Medication Yes 67 (63.8) 37 (69.8) 30 (57.7) 196
No 38 (36.2) 16 (30.2) 22 (42.3)

* : WBFPR-scale Ry, ** : WBFPR-scale Ri-Rs, T @ x*test (p<005).

FIELBEK, BEEFSOHM TITo 7.

5. F— 2%

F— RIS, MEHENTY 7 b (SPSS ver. 20, IBM)
RV, {ERER L NN AER B 5 SR
FHIEOHEEWDWCER L, BERKOFEEOEID
LT IRERZTVRE L., BREEROSWTICIE, #
EBEHz MBEBOREOHERE LU, ZhiclET
PERPHIEHE LTCuIRAT 4 v Z7ERSWHZAL
THRE L 7. SEHENEEEZIC >V TR, S ERAES
REL,

&= 3
Table 1 KNREOBHEEE 2ZRT. MHERIZEMEL 48

£ (46%) THEEDSTH (54%) THY, FEpid 50 %
ARWiHS 37 4 (35%) TH0BRLLEDI68 % (65%) TH-

7z, BELAEOTFIGFERIIS66 R TH o7, WMTORE

FEMOBEET "H0, 484 (46%) T Ly »
574 (54%), B TH D, 25514 (49%) T Mk
Ly 28544 (51%) Thote. MBiOEEIE THb, »
614 (58%) T Tzl 25444 (42%), HEOHFE I
Ty 674 (64%) T "Ly 2384 (36%) T
Hotle, EBHEHBIIBWT, RERERLERWIEAE
 BTRERERED Ao (XEE, p<005).

. Table 2 KFERBOERCEBIMLL L ERERT.

AREDECCRAERER 134 (245%), EREIEK
HEF 134 (250%) CREBEEHRIE L. HEITIRE

#1644 (333%) LM 104 (175%) T, FEHTIZ 50
B EDBAIT 114 (159%), 50 BRARB DB AT 154
(417%) PREEB2HE L 7. BEREMOERTIX
FTHb, T204 (417%), T Ly T64 (105%) 725,
BREDEETIX THb,y T134 (255%) »5, il
T 134 (241%) PMBEE2FRIE L7z, WiEEOH
BT THh DBEAETI6H (262%), 2Ly DEA
T104 (227%) HMERELREL . B#EOFET
ETHo, T134 (194%) 23, ML) T 134 (342%)
DRI R R LT, BBlcowTi, FE TS
T44 (211%), MEETIEL (176%), KEABETS4
(263%), TETIXRIETIH (300%), NEAKT54
(294%), KEHET 6 4 (26.1%) B EEEERIE L.
Table 3ICREHKEDEVIC L 2BREREE OB

 EEBROEETY. ROREE L BRNHARECET 3

BERRT IREEZT o ER, BN AERDIES
2% 5.29+2.20 [H] & fERIRRED 4261167 Bl & LB L TH
RICHEEEAEM L 7= (p<005).

Table 4 L MBBEHOREOERE, K, £ =1
BEREMOBR, BEHRRE RRUBER, HiEED
82 & L CTHIE WFPR-scale rank 8 & V3% L 0B
%, UPRT 4y JEUESTTTRE LIERERT. B
ERIEM PMENCRERNICEE L EA, BEREN
B oBARICH~NS L 0dds HT 79 (95%EHEK
R : 2460~25412) Th-otz. FEEIC, EBCBEL T
50 BRI DHAE, 50 B _EDHE I T Odds i
39 (95%fEHEXM : 1.269~11662) TH -z, '
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Table 2 Frequency of postoperative pain in each attribute

Postoperative pain

Non-occurrence Occurrence

(n=79) (n=26)

n (%) n (%)

Method of root canal Conventional preparation 40 (755) 13 (24.5)
preparation Intentional preparation 39 (75.0) 13 (25.0)
Gender . Male 32 (66.7) 16 (333)
Female 47 (825) 10 (175)

Age ’ Less than 50 21 (58.3) 15 (41.7)

More than 50 - 58 (84.1) 11 (159)

Root canal filling material Presence 28 (58.3) 20 (41.7)
of preoperative Absence 51 (89.5) 6 (105)
Radiolucency Presence 38 (745) 13 (25.5)
Absence 41 (759) 13 (24.1)

Preoperative pain Absence* 45 (738) 16 (262)
Presgnce** 34 (77.3) 10 (22.7)

Medication Yes 54 (80.6) 13 (194)

» No 25 (65.8) 13 (34.2)
Dental group Maxillary Anterior 15 (789) 4 (211)
Premolar 14 (824) 3 (176)

Molar 14 (737) 5 (263)

Mandibular Anterior 7 (70.0) 3 (300)

Premolar 12 (70.6) 5 (294)

Molar 17 (739) 6 (26.1)

* . WBFPR-scale Ry, ** : WBFPR-scale R;-Rs

Table 3 Differences in average treatment times conven- -
tional preparation method group with the inten-

tional preparation method group

Number of treatments

Method of root
canal preparation n Mean®SD p-value*
Conventional preparéﬁon 53 426+167 0.0086
Intentional preparation 52 529%220
*: ptest (p<0.05) ' N

% E

C SEIOMR TR, BEAMREROERNZHBARKOER

LIRBRROREL 2SRRI TOR LD, &
I ERLBEEEED bhkd o, —F T, MEE
TEOREHE I3 BEFEHL0RRBTHBIE, BLU
BT S FRIBM PETET 5 T L MR EE O FIE & ¥t

74

RHAMICERICBIEL T,

S, REIRKRD I HEDE S CHHEENE O A I
ENHB LRHAZRE LD, MEFEH L EREEIRO
phishol, Thid, REREHTEIBRANEZERLD
B L VHEET 5 L2 BERTH Y, EiHo3hE
REL UTEERNHBEARERL D DXL, BRASAD
AFTANLETBEbLELRORNLT, ERNTE
REBTIBRANANOBEORIL 2B THENEL
2B, BEERREERERLVVBRRMIcwEDLLsE S
TENTE, THOoPHEZINDZLEIZXD 200K
FEOMTESH oD TCREVr EELI NS,
UL, BERIWIEAERDIZS PREBERLERLTE
BICHREBERESEN L b, BRPAOEEOE
Fick b, BEOITHRLPER - BIEROMEINEN,
BEREE COHBIPRE - EFHEN S,

FERICE L CRMERERBORELEELTE D, 50 %
REOBECHBEBIRELL TV EWIERTH- T
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of preoperative Absence™
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‘ Absence”
Preoperative pain Absence 095 0.68-1.33 268
Presénce* ’ _
Medication Yes 201 066-6.15 001
No* i
(* : reference)
R OBTIREHIEIIE L TORVADS FELT
BY, BEOBRAPEU LSV Er o/l LPHER bva ik

h5. Thbb, S0FRRHMOBETIE, BREORAICKYD
BEWMEIBRANCHE UHEI W 2EOEAPEr o/
AL S B LELZ TV S, '

¥7z, MR RETEMPFEET 5 L HMBEED
BELEEL T, Zhid, BERECE TRER
ANDRBREYEOF LHEL, BLUOREREMDPY —
5 — 2B EOBREDEBITRBAANCHLBELTYS
AN D2 LEL LN

BEICAFEORAL LT, BEOBERT-oTW
nZl, SUYFLIEEERE AT TR LR
BIFohs, 5512, ERERLBERWIERERD 283
T 5 v ¥ MUEERB R T, BEORBPNZTFELE
B, FROBEEB X UVERECEIHLIP LS PR
LT BERHB LEZA TS, EbiT, MAEE
OEEREMICHBRE L T BEFHZLEXS
h5.

w &

SEIOER T, BERKEDOB Y L EHEEORE
LD ZEN L ERZRIBD ooz, 1)
BEOERPS0FRARMCHE L, BLU2) RAEMHH
WA FEET A Lick Y, WEREBORKEFHEEIEL
RBZENRBIN, Thdo2Ho0BRIZ, fiTaio
RETOMBEBOEZ 5 X7 2 FHIT 3BEE LR
B R BRI TRI N,

1) Langeland K, Conn F, Block RM, Va R, Grossman LI A
histopathologic and histobacteriologic study of 35 peri-
apical endodontic surgical specimens. J Endod 1977; 3:
8-23. .

2) Stashenko P. Role of immune cytokines in the pathogen-
esis of periapical lesions. Endod Dent Traumatol 1990;
6: 89-96. , L

3) Marton IJ, Kiss C. Protective and destructive immune
reactions in apical periodontitis. Oral Microbiol Immu-
nol 2000; 15: 139-150.

" 4) Wang J, Jiang Y, Chen W, Zhu C, Liang J. Bacterial flora
and extraradicular biofilm associated with the apical
segment of teeth with post-treatment apical periodonti-
tis. J Endod 2012; 38: 954-959.

5) Ricucci D, Siqueira JF Jr. Biofilms and apical periodonti-
tis: study of prevalence and association with clinical and
histopathologic findings. ] Endod 2010; 36: 1277-1288.

6) Noguchi N, Noiri Y, Narimatsu M, Ebisu S. Identification
and localization of extraradicular biofilm-forming bacte-
ria associated with refractory endodontic pathogens.
Appl Environ Microbiol 2005; 71; 8738-8743.

7) Noiri Y, Ehara A, Kawahara T, Takemura N, Ebisu S.
Participation of bacterial biofilms in refractory and
chronic periapical periodontitis. ] Endod 2002; 28: 679-
683.

8) Banchs F, Trope M. Revascularization of immature per-
manent teeth with apical periodontitis: new treatment
protocol?. J Endod 2004; 30: 196-200.

75



412

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Chueh LH, Huang GT. Immature teeth with periradicu-
lar periodontitis or abscess undergoing apexogenesis: a

paradigm shift. ] Endod 2006; 32; 1205-1213.

Iwaya SI, Ikawa M, Kubota M. Revascularization of an
immature permanent tooth with apical periodontitis and
sinus tract. Dent Traumatol 2001; 17: 185~187. -

Ng Y-L, Mann V, Gulabivala K. A prospective study of
the factors affecting outcomes of nonsurgical root canal
treatment: part 1: periapical health. Int Endod J 2011;
44: 583-609.

Siqueira JF Jr, Rég¢as IN, Favieri A, Machado AG,
Gahyva SM, Oliveira JC, Abad EC. Incidence of postop-
erative pain after intracanal procedures based on an
antimicrobial strategy. ] Endod 2002; 28: 457-460.

Igbal M, Kurtz E, Kohli M. Incidence and factors related
to flare-ups in a graduate endodontic programme. Int
Endod J 2009; 42: 99-104. )
Alves Vde O. Endodontic flare-ups: a prospective study.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2010; 110: e68-e72.

Oshima K, Ishii T, Ogura Y, Aoyama Y, Katsuumi L
Clinical investigation of patients who develop neuro-
pathic tooth pain after endodontic procedures. J Endod
2009; 35: 958-961.

Glennon JP, Ng YL, Setchell DJ, Gulabivala K. Preva-
lence of and factors affecting postpreparation pain in

" patients undergoing two-visit root canal treatment. Int

Endod J 2004; 37: 29-37. .
FERE, JENEIE, EEZEE, KSHA, FTILE
BABEEE 2 V5 1 AV ADRYEOTHE, HlES
gk 2004 ; 47 - 823-828, .
A . A D%, Mod Physician 2003 ; 23 : 317~
321. :

FANEF. Wong-Baker D7 x4 ARy — VO HEEIE
FeEEE L ERRE. RANREHRTE 2002511 (2):21-
27, )

Siqueira JF Jr. Microbial causes of endodontic flare-ups.

76

H & w # & %

21)

22)

23)

24)

25)

26)

27)

28)

AR
e i

M AR o578 H5%E

Int Endod J 2003; 36: 453-463,

Signoretti FG, Endo MS, Gomes BP, Montagner F,
Tosello FB, Jacinto RC. Persistent extraradicular infec-
tion in root-filled asymptomatic human tooth: scanning
electron microscopic analysis and microbial investiga-
tion after apical microsurgery. J Endod 2011; 37: 1696~
1700.

Senges C, Wrbas KT, Altenburger M, Follo M, Spitzmiil-
ler B, Wittmer A, Hellwig E, Al-Ahmad A. Bacterial
and Candida albicans adhesion on different root canal
filling materials and sealers. J Endod 2011; 37: 1247-
1252.

Salvia AC, Teodoro GR, Balducci I, Koga-Ito CY, Oliveira
SH. Effectiveness of 2% peracetic acid for the disinfec-
tion of gutta-percha cones. Braz Oral Res 2011; 25: 23~
217.

George S, Basrani B, Kishen A. Possibilities of gutta-
percha-centered infection in endodontically treated
teeth: an in vitro study. J Endod 2010; 36: 1241~1244.
Ricucci D, Siqueira JF Jr. Fate of the tissue in lateral
canals and apical ramifications in response to pathologic
conditions and treatment procedures. J Endod 2010; 36:
1-15.

Nair PN, Henry S, Cano V, Vera J. Microbial status of
apical root canal system of human mandibular first
molars with primary apical periodontitis after “one-
visit” endodontic treatment. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2005; 99: 231-252. '
Takemura N, Noiri Y, Ehara A, Kawahara T, Noguchi N,
Ebisu S. Single species biofilm-forming ability of root
canal isolates on gutta-percha points. Eur J Oral Sci
2004; 112: 523-529.

Barrieshi KM, Walton RE, Johnson WT, Drake DR.
Coronal leakage of mixed anaerobic bacteria after obtu-
ration and post space preparation. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1997; 84: 310-314.



WebPub Journal of Scientific Research Vol. 2(7), pp 82-86, February 2014

Available online at http://www.researchwebpub.org/wjsr
Copyright © 2013 - 2014 Research WebPub

Full Length Research Paper

Research WebPub

New system for detection of oral bacterial adhesion to macrophages
in vitro

Masaki Morishita 2, Ryosuke Saeki’, Toshinori Okinaga', Wataru Ariyoshi', Nobuo Okahashi®,
Michihiko Usui?, Keisuke Nakashima® and Tatsuji Nishihara"

'Division of Infections and Molecular Biology, Department of Health Promotion, Kyushu Dental University, Kitakyushu
803-8580, Japan
“Division of Periodontology, Department of Oral Function, Kyushu Dental University, Kitakyushu 803-8580, Japan
*Fujikasui Engineering, Otake, Hiroshima 739-0652, Japan
4Department of Oral Frontier Biology, Graduate School of Dentistry, Osaka University, Suita 565-0871, Japan

*Corresponding author Email: tatsujin@kyu-dent.ac.ip

Accepted 16 December, 2013

Abstract

Streptococcus sanguinis, @ member of the viridans group of oral streptococci associated with infective
endocarditis, possesses pili reported o be a potential virulence factor based on their ability to adhere to human
epithelial cells. We developed and examined a system for detecting bacterial adhesion to cells in vitro to
determine the possible involvement of S. sanguinis pili in attachment to the macrophage cell clumps. We
stimulated the mouse macrophage cell line RAW 264.7 with lipopolysaccharide (LPS) derived from
Aggregatibacter actinomycefemcomitans. To evaluate the adhesion ratio of bacteria to macrophages, green
fluorescence protein (GFP)-expressing S. sanguinis strains were detected using a fluorescence microscope.
The S. sanguinis SK36 strain showed strong attachment to macrophage cell clumps, while treatment with LPS
remarkably enhanced that adhesion. In contrast, an S. sanguinis' SK36 pili-deficient-mutant (Apili} did not
attach to macrophage cell clumps even after LPS treatment. Although the pili of S. sanguinis SK36 showed
strong binding activity to intercellular adhesion molecule-1 (ICAM-1), no such binding was detected with S.
sanguinis SK36 Apili by Quartz-crystal microbalance (QCM) technique. Our results suggest that the adhesion
occurs via interaction of S. sanguinis pili with ICAM-1 present on macrophages.

Key words: LPS, macrophage, microchannel chip, periodontopathic bacteria, Streptococcus sanguinis.

INTRODUCTION

Streptococcus sanguinis is a gram-positive facultative
anaerobe and normal inhabitant of the healthy human
mouth, where it is most often found in dental plaque (Paik
et al., 2005). A number of studies have reported that S.
sanguinis is a major factor that activates and aggregates
platelets, and induces infective endocarditis (Douglas et
al., 1993), which occasionally occurs when bacteria in the
bloodstream attach to abnormal heart valves or damaged
heart tissue (Li et al., 2000). Recently, Okahashi et al.
showed that pill, unique long filamentous structures, on
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the bacterial cell surface of S. sanguinis contribute to
formation of biofilm on saliva-coated surfaces (Okahashi
et al.,, 2010; Okahashi et al., 2011).

We previously have reported the development of a
microchannel chip to observe mouse macrophage cell
clumps on micropillars and that periodontopathic bacteria
showed significantly increased cell clump formation on
those of lipopolysaccharide (LPS)-activated
macrophages (lsoda et al., 2009). In addition, we
clarified the mechanism of cell aggregation and the



association between periodontitis and atherosclerosis
(Tsutsumi et al., 2010).

In the present study, GFP-expressing S. sanguinis
strains were subjected to a flow system to evaluate their
ratio of adhesion to macrophages with use of a
fluorescence microscope. To the best of our knowledge,
this is the first report of a suitable evaluation system to
detect bacterial adhesion to macrophage cell clumps in
vitro. Furthermore, we clarified the interaction of S.
sanguinis pili with intercellular adhesion molecule-1
(ICAM-1) on macrophages.

MATERIALS AND METHODS
Cell culture and bacterial strains

The mouse macrophage cell line RAW 264.7 was obtained from
American Type Culture Collection (Manassas, VA, USA). Cells
were grown at 37°C in a-minimal essential medium (a-MEM;
GIBCO BRL, Grand Island, NY, USA) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), penicillin G (100 U/ml), and
streptomycin (100 pg/mi) in an atmosphere of 5% CO; in air.
Bacteria were cultured in Brain Heart Infusion broth (BHI; Becton,
Dickinson and Company, Sparks, MD, USA) at 37°C in an
atmosphere of 5% CO, in air. The properties of S. sanguinis SK36
and an SK36 pili-deficient mutant (Apili) were previously described
(Okahashi et al.,, 2010). RAW 264.7 cells were plated in 100 mm
culture plates at a concentration of 1 x 107 cells/ml before the
experiments, then stimulated with Aggregatibacter
actinomycetemcomitans Y4 LPS (1 pg/ml) for 24 h. A
actinomycetemcomitans Y4 LPS was prepared using a phenol
water extraction method and purified as previously described
(Nishihara et al., 1986).

Construction of S. sanguinis SK36-GFP and SK36 Apili-GFP

To generate GFP-expressing S. sanguinis strains, the highly
expressed constitutive lactate dehydrogenase (/dh) promoter and
green fluorescence protein (gfp) gene were generated by PCR
using Accuprime Pfx (Invitrogen), with the primers I/dh F:
GGGGGATCCCTTCCGAGCAACAATAACACTC  and Idh R
GGGAAGCTTGTGGCAGGTATTAGGGATA, both of which had
been phosphorylated with T4 polynuclectide kinase (New England
BioLabs, Inc., Ipswich, MA, USA). The Idh promoter was amplified
with chromosomal DNA of the S. sanguinis strains, while the gfp
gene was amplified with chromosomal DNA of the S. sanguinis
strains and pVIVO1-GFP/LacZ (Invitrogen, Camarillo, CA, USA).
The amplicons were ligated together and digested with BamHI and
Hindlll, then the digested fragment was ligated to pDL278 digested
with BamHI and Hindlll (Chen and LeBlanc, 1992). The plasmid
was transformed to S. sanguinis strains and transformants were
selected on BHI plates containing spectinomycin (1000 ug/ml).

Immunofluorescent imaging of cell-bacteria adhesion

We utilized a microchannel chip fabricated from silicon (Sumitomo
3M, Ltd, Tokyo, Japan) and acrylic resin. The chip was placed on
the stage of an optical microscope, and connected to both the
reservoir containing sample solution and a peristaltic pump with a
tube as previously described (Isoda et al.,, 2009). The culture
medium was circulated for 2 h at room temperature by the pump.
Digital images of macrophages adherent to micropillars in the
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channels were obtained using a CCD camera connected to the
optical microscope. RAW 264.7 cells were flowed onto the
microchannel chips at a concentration of 1.5 x 10° cells/ml for 2 h at
room temperature. S. sanguinis SK36-GFP or Apili-GFP organisms
were flowed onto the microchannel chips for 30 min at room
temperature, with culture medium extensively flowed to remove
non-adherent bacteria. Bacteria remaining on the cells were
visualized using a Fluorescence Microscope BZ-9000 (KEYENCE
Corp., Osaka, Japan), with images captured digitally in real time
and processed using BZ-Il imaging software (KEYENCE Corp.),
then digitally recorded and stored as TIFF (tagged image file
format) files. Subsequently, the percentage of stained area was
analyzed using BZ-ll analyzing software (KEYENCE Corp.). The
adhesion ratio of the bacteria was defined as the bacterial area
(um?) / area of macrophage cell clump (Um?).

Kinetic analysis using a quartz-crystal microbalance (QCM)
technique

A 27-MHz QCM (AffinixQ; Intium Inc., Tokyo, Japan) was employed
to analyze the affinity of the S. sanguinis strains with recombinant
ICAM-1 (R&D Systems, Minneapolis, MN, USA). ICAM-1 (2 ul, 400
pg/ml) was placed on the gold electrode surface of a QCM ceramic
sensor chip and kept overnight at room temperature. After washing
extensively with distilled water, the sensor chip was soaked in a
chamber containing 10 ml of phosphate buffered saline (pH7.2;
PBS) at 25°C until frequency equilibrium was attained. S. sanguinis
SK36 or SK36 Apili (OD 0.2; 200 ul) was added to the equilibrated
solution containing the ICAM-1-immobilized sensor chip. The
binding of S. sanguinis strains to ICAM-1 was determined by
monitoring the alternations in frequency resulting from changes in
mass on the electrode surface.

Statistical analysis

Statistical analyses of the adhesion ratios were performed using the
JMP® 9.0.1 software package (SAS Institute Inc., Cary, NC, USA).
A Tukey-Kramer HSD (honestly significant difference) test was
utilized to examine differences in regard to group means.

RESULTS AND DISCUSSION

Dental plague is a harmful product that is produced by
numerous species of microorganisms, resulting not only
in oral infectious diseases, such as dental caries and
periodontal diseases, but also systemic diseases. It is
well known that oral bacteria accelerate the development
of systemic diseases such as diabetes mellitus,
atherosclerosis, and cardiovascular diseases (Inaba and
Amano, 2010). In particular, periodontitis has been found
to have a good correlation with heart diseases, including
endocardial inflammation, cardiac infarction, and
atherosclerosis (Shay, 2002). We previously developed a
microchannel chip to observe mouse macrophage cell
clumps on micropillars (Isoda et al.,, 2009). Using that
chip, we also investigated the mechanism of cell
aggregation in order to examine the association between
periodontitis and atherosclerosis, which showed that the
rates of adhesion of A. actinomycetemcomitans to
micropillars were significantly increased with LPS-
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Figure 1. (A) Representative microscopic image of bacteria
attached to cell clump on the microchannel chip. (B)
Representative fluorescence microscopic image of bacteria
attached to cell clump. A flow test was performed with LPS-
stimulated RAW 264.7 cells for 120 min, followed by S.
sanguinis-GFP for 30 min. (C) The sidewall of the micropillar was
used as the area of analysis (250 ym x 500 pm).
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stimulated RAW 264.7 cells via upregulation of ICAM-1
(Tsutsumi et al., 2010).

A number of studies have demonstrated that oral
bacteria may be associated with infective endocarditis
(Barrau et al., 2004). Among them, S. sanguinis was
found to be the most common viridans group
streptococcal species implicated to be related to the
disease (Ge et al, 2008) and induced infective
endocarditis via activation of platelet aggregation in an
animal model (Herzberg et al, 1992). In fact, S.
sanguinis is the bacterial organism most commonly
isolated from infective endocarditis patients (Douglas et
al., 1993). It has been shown that dental procedures
such as tooth extraction, scaling of dental calculus, and
even tooth brushing and flossing may lead to the
presence of oral bacteria in circulating blood, which is
called bacteremia (Roberts, 1999).

The pili of pathogenic streptococci, such as
Streptococcus pyogenes, Streptococcus agalactiae, and
Streptococcus pneumonia, have been shown to
contribute to adherence to human cells (Telford et al.,
2006). However, there are no known reports of a simple
system for detection of cell-bacteria adhesion in vitro,
thus we modified our previously developed microchannel
chip method to detect bacterial adhesion and employed it
in the present study.

We confirmed the presence of cell clumps around
micropillars (Figure 1A and 1C) and found that S.
sanguinis attached to those clumps in fluorescence
microscopy examinations (Figure 1B and 1C). As shown
in Figure 2, adhesion of LPS-stimulated cells to S.
sanguinis SK36 (4.433 + 2.911) was about 5.6 times
higher than that of the S. sanguinis SK36 Apili-treated
group (0.788 £ 0.633) (p < 0.05), indicating that pili on the
surface of S. sanguinis might be associated with
adhesion to LPS-stimulated cells. In our previous study,
A. actinomycetemcomitans LPS stimulation induced an
increase in expression of ICAM-1 on the surface of RAW
264.7 cells, suggesting that ICAM-1 is related to cell-to-
bacteria aggregation. Therefore, we also examined
whether pili adhere to cells via ICAM-1 on the surface of
macrophages using a QCM technique.

S. sanguinis strains were loaded onto ICAM-1-
immoblized sensor chips at 25°C. As shown in Figure 3,
the frequency was decreased by approximately 2000 Hz
in S. sanguinis SK36 Apili, while that was decreased by
approximately 14000 Hz in S. sanguinis SK36. These
results suggest that pili on the surface of S. sanguinis
bind to ICAM-1 on the surface of the cell clumps and also
support previous findings showing that non typeable
Haemophilus influenza bound to respiratory epithelial
cells by binding of pili to ICAM-1 (Avandhanula et al.,
2006).

Our findings also indicate that LPS enhances not only
cell-to-cell (Tsutsumi et al., 2010), but also bacteria-cell
aggregation via ICAM-1 on the surface of macrophages.
Furthermore, there is a possibility that cell-to-bacteria



