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Abstract: The mixed dentition period in school age is an important period during which the masticatory
function of adults develops. In addition, it is said that masticatory function is affected by tooth developmental
stage (dental age: DA) and physical status and ability. However, little objective examination has been done
yet. Therefore, it was decided to objectively evaluate the masticatory ability in school children during the
dental replacement period using gummy jelly and gum for measuring masticatory ability, and to examine the
relationship between masticatory performance and physical status and ability.

The subjects were 630 pupils (319 boys, 311 girls) who were 4th to 6th graders and underwent school
screening at a elementary school between November 2015 and December 2017. Based on the results of dental
examination, we classified into I A, IIB, IIC, and IVA groups according to Hellman's dental age. The objec-
tive masticatory performance was assessed in two different aspects by using gummy jelly (sharing ability)
and color changeable chewing gum (mixing ability). In addition, height/weight, grip strength, and maximum
walking speed were evaluated. Comparison of masticatory performance and physical status and ability at DA
examination was performed using Mann-Whitney U test, linear mixed model and a post-hoc test, and the rela-
tionship between masticatory performance and physical status and ability at each DA was evaluated by
Spearman'’s rank correlation coefficient.

As a result, sharing ability was significantly decreased at IIB, but not significantly decreased for mixing
ability. We also found a weak correlation between masticatory performance and physical status and ability at
each DA, depending on the test food.

It is suggested that the objective masticatory performance (sharing ability) decreased during the lateral
tooth group exchange period, and that there is a correlation between masticatory performance and some
physical status and ability.
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FEMNOWIIZHINE, BRADIHBHEEN L SET2EE RN E 2o Tnd . F7-, IHBEREIIHROEHER (K
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CCHMERE DRI 7 32 — (RWiEE))) BLXOBEDL ) #a (RATED) 2 HWT, wWylxciios#®EIc s 40
WERE % 2 DR LES» L ZBICFHME L, & SI24K - BEEEOBEICOWTHREI§ 2 L & L7z

FEEIX, 20154F 11 A A5 2017 4F 12 3 O BN ILEE O H/NEFRIC B W CEREZ 2521 72 4 ~ 6 -4 DR 630 44
(B394, K31 4) 2HRE Lz HEHEZ O S Hellman DI EFHFERICHE L C, MA #, TIBH,
MCH#, NVABICHELL. WHEEN SRAENIIZNZN AT THEICLI VL. F2, HE KE EH &K
BATHE 2 W L, SRlnic B 2IHBRER A a7 L FH - fkne)) & O#IZOWT, Spearman D NEAAHBIFREL,
Mann-Whitney U test, #IEEAEETIVEB X U post-hoc test & F WV THEIAIIMES 217 - 72.
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3. METEFERIDIR

Kok e & B L OIEMERE S, Ri%, B IREED
OLIRIE, FRFEIERRE L, thki & Fimb L0
SOXHEAERZBERREE LEMBREET VB LU
Wilcoxon signed-rank test @ Bonferroni i % |2 £ %
post-hoc test & I\ CHET 247> 72, Bl 7 7 T —
TRE LT 7z. KMl B I 2 IHMERET & TR
RE - R1% & OMIBIIC DWW TIE, Spearman D NEALAH R FR
ok F o CHGET 21T - 72, #EFHTIC 13 SPSS” Statis-
tics version 25 (AR IBM, H5) %M\, Ak
5 %IZEE L7z

A =
1. WHREOHE

P REITENE328 % (BIE167 %4, &I 161 %)
T, WIMhMELZIT > 720~ A 813630 4 (51319
%, BB %) Tho/z, 3, BTl 723
4, BMIL, BHOMTOEZIASN o720, F3IE
) — (WrEES)) LA s (GRARET)) 12X 2 IHMEEE)) A
I7BIOBATHEEL, BEOIT) LB L TH
BEIZEWMEE 2o 72 (Table 1).
EXREIIRBIT Lk oOFE &1L, MBE (55.2%) #°
L% <, VA B (63%) 25ibd VMo 7z (Table 2).
MA BETIZBEROEESLVOICK L, TMCEETIZLR
DEIENL o Tz, FERNCHREOE G % ik L
7e8ih, 44EAETIXMB#E (602%) & IMA B (321%),
54EAETIXMB #E (620%) L IMC#: (25.3%) A"ENZ
NREZ D725 644 TIZMB & (374%) L 1IC
B (394%) 2SHEEPLL, VA B (21.3%) OEI4 ASHE N
LTz HHlic B 5 FERIIB LM TIRIZEL
Mo 72D, HFEIIBT Dk ILEROHER * M Tl

Table 1 Characteristic of study population

Total Boys Girls
(n=630) (n=319) (n=311) p-value
Sharing ability 30 (0.1 34 (0.D) 30 (0.D) 0.046
Mixing ability 6.8 (0.1) 70 (0.1) 6.7 (0.1) 0.043
Body mass index 17.2 (0.1) 176 (0.2) 17.3 (0.2) 0.303
Grip strength (kg) 14.70 (025) 1565 (0.39) 15.04 (0
(

Walking speed (m/s) 195 (0.01) 201 (0.02)

34) 0218
186 (0.02) 0001

p-value indicated statistical significance between boys and girls.
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Table 2 Number of subjects and age of dental age by gender or grade

Dental age
Total
mA B mc VA
Number of subjects, n (%)  Total 630 105 (16.7) 348 (55.2) 137 (21.7) 40 (63)
Boys 319 68 (21.3) 182 (57.1) 52 (163) 17 (5.3)
Girls 311 37 (119) 166 (534) 85 (27.3) 23 (74)
Age, mean (SD) Total 108 (09) 98 (0.7) 104 (08) 110 (08) 115 (0.7)
Boys 108 (09) 98 (0.7) 105 (08) 111 (0.7) 117 (0.7)
Girls 108 (09) 98 (0.7) 103 (0.8) 110 (08) 114 (0.7)
Number of grades, n (%) 4th Boys 124 49 (395) 69 (55.6) 5 (4.0) 1 (0.8)
Girls 122 30 (246) 79 (648) 13 (107) 0 (0.0)
5th Boys 120 17 (142) 77 (64.2) 5 (20.8) 1 (0.8)
Girls 109 6 (55) 5 (59.6) 3 (30.3) 5 (4.6)
6th Boys 75 2 (27) 6 (48.0) 2 (293) 15 (20.0)
Girls 80 (1.3) 2 (275) 39 (488) 18 (225)
Sharing ability (Boys) Mixing ability (Boys)
8 9
*
6 * % * % 7 I\I/I—_—I
o
g S
8 4 (3 5
2 Dental age 0.748 3 Dental age 0.830
Age 0.462 Age 0.086
Dental age* age 0.557 Dental age* age 0.796
0 1
ImA B mc VA mA mB mc VA
Dental age Dental age
Sharing ability (Girls) Mixing ability (Girls)
8 9
* 3k
* %
6 * %k * 7
q) 9
S 4 8 s
a (0]
2 I\I’ Dental age 0684 3 Dental age 0.058
Age 0.464 Age 0.028*
Dental age* age 0.073
Dental age* age 0.849
0 1
mA B mc VA mA B mc VA
Dental age Dental age
Fig. 1 Comparison of mastication performance at dental age by gender

Mean and SE are illustlated. Astarisks denote the significance of difference between dental ages.
The p-value in figure is indicated the result of the mixed effect model.

* 1 p<0.05, **

1 p<001
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Body mass index (Boys)
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Grip strength (Boys)

83

Walking speed (Boys)

(kef) (m/sec)
25 25 * * 25 *
* * %
20
20 20
I___I/}/{ .5
15 Dental age 0.637 10 Dental age 0.672 1 2;2“' o8 8%;
Age 0.002 giitala % ggg% Dental age* age 0.311
Dental age* age 0.611 ge” age .
10 5 1.0
MA 1B MmMC NA MA B MmMC INA A 1B IIMC INA
Dental age Dental age Dental age

Body mass index (Girls)

Grip strength (Girls)

Walking speed (Girls)

(kgf) (m/sec)
2 25 2.5
° * % * - x
* % * %k *
20
20 o 2.0 I/‘\x/
X/;/I 15
15 Dental age 0.171 10 Dental age 0.247 15 Dental age 0053
Age 0.032* Age 0.192 Age 0.048
Dental age* age 0.182 Dental age* age 0.283 Dental age* age 0.047
10 5 1.0
MA B MmMC INA MA @mMB MmMC INA MA @IB @mC NA
Dental age Dental age Dental age

Fig. 2 Comparison of physical status and ability at dental age by gender
Mean and SE are illustlated. Astarisks denote the significance of difference between dental ages. The
p-value in figure is indicated the result of the mixed effect model.

* 1 p<0.05, ** - p<0.01
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2. BWEHICH T ZEBEEN AR - BIEEENDLER
F R BT B IHIEEE ) OHERS 12 DWW TR
L7 (Fig ). 79, BRIZBWTIX, TBHIZBW
THLDO Rl & R THBEIRWIERRE I A 3 7 2R L7z
A, BEABED AT ICOoOWTIIHEREM TELZ RO %
Mot —F, LRIZBWTIE, MABTNVABLDY
DHBEIRVIERE A a7 2" L, TIBEETIIC B4
LWICVABF LD QABIMEVIEKIEEI AT 2R L
725, RAREN A I TIZOWTIZ T IR & [FBE Il T
%i’%ﬂ@&f}‘o 7.

Kk BT 0% - BIRRE D OHERIZOWTH L
A L7z (Fig 2). BIRIZOWTIE, BMI &4k

W TEZRO R, o720, BHIE, NVAHIZEWT
MA#, MCHXY bAERICHWEZRL, FITHE
X, MCHEEVARICBWTIBRELY bAEISHEVE
R L7z, —7, "RIZOWTIE, BMIIE, IICEEIC
BOWTIABL ) bHFEIZEWEZ R L2320, BML
B, BATHEL, NABICBWTIIA R, IBH X
DHERIEEZ R L.

3. BEEBICHTIKEEENDEREGENDEDEFE (Ta-

ble 3)

MREEERTIX, MBEIZBWTOAEEZIEFIZ
WIEDHBE 2 B 7. BN L7286, BEOI
CHLENVABIIBWTAHEZTREEDIEOHBEI RS 5
N, LROMBEIZBWTHELZHVIEOHEAED &
nr.
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Table 3 Correlation between mastication performance and physical status and ability at
each dental age by gender

Dental age
A B mc VA
Total Sharing ability vs Mixing ability 0.203 0.195** 0172 0.230
Sharing ability vs Body mass index  0.150 —0.054 -0.004 —0.242
Grip strength 0.221% 0.077 0.049 -0.115
Walking speed ~ 0.295** 0.175"* 0.245"*  —0228
Mixing ability vs Body mass index  0.268" 0.048 0.050 0.200
Grip strength 0301**  0194** 0063 0277
Walking speed  0.207 0273** 0137 -0.080
Boys Sharing ability vs  Mixing ability 0.159 0.134 0411**  0510"*
Sharing ability vs Body mass index  0.113 -0192* -0243 -0.290
Grip strength 0.207 —-0.009 0.035 0.102
Walking speed 0.354** 0.118 0.220 -0.057
Mixing ability vs Body mass index  0.232 0.031 0.072 0.178
Grip strength 0.341** 0.201* 0.068 0.326
Walking speed 0.222 0.176™ 0.262 -0.198
Girls Sharing ability vs Mixing ability 0.156 0.251** 0.045 0.001
Sharing ability vs Body mass index  0.129 0.099 0.095 —0.220
Grip strength 0.193 0.172* 0.059 -0.218
Walking speed ~ 0.170 0.200* 0.224™*  —0.394
Mixing ability vs Body mass index  0.230 0.055 0.006 0.236
Grip strength 0.126 0.182% 0.060 0.310
Walking speed  0.087 0.370**  —0.068 0.066

* 1 p<005, * 7 p<0.01

4. BEWEICH T BRETREES EHIE - AR & DR EDOBIZIZTB BB W T DA, HELRIFFIZITN~ET
(Table 3) WIEOFE 238072, BIRIZOWTIE, BMI & DI
FOEE 2 XN wfi B2 BT BMI & 0 EEFRICB W CHERE BT RO o728, BHL

CRAEELHBIIREOLNT, B OMIZIZTA B DOIIZIZIMA L TIB FEIZBWT, FIEE & oMIZIE

IZBWTDOH, HFITHEEEORIZIFTA~TIC HIZBW» MBHIZBWTOAR, HEZIFFIZFHENA~FENIEOHE

THERIEOMMZZED . BEIZOWTIE, BMI & ROz, RIZOWTYH, BMI & OBIZIE 4 i1z

DN iHIBﬁ IBWTOREERIFFIZTHVEOHE BWCHEBEARMBEZRED R, 7205, B7% 6 CIHELT

i, H1 %fﬁtm’aﬁa:ciﬂmﬁb’iﬁwf@&ﬁi B & ORICIZTIB HICBWTOA, FEALRIEFIZIHV

BEFVIEOMHBE 2 R 7275, B L ORI & i ~55VIEOR % RO 72,

WCHELRMBZREO Lo, BIZowTik, BMI

EOMICITEZEWIICB N THELRHBEZRO o7 Z =

P, BHEOBIZIZMB HICBWTOALELIFFICE 1. RS IC KB IEMEHE H DHERE

WIEDHIR 2 R, BRATHEE & ORIZIZTIB #F & MC # RBFFEDFER L, WBWTRETIIE T JEIZ B\ TR B
BV THEZRVIEOMBE 2RO 72, THEANZ BT HILFAEOPHEIZ L D Vo ZZAKTT 21

DO, TORNEAERIZ L BIRDE TS 5 LT 25—

5. REMGICH T BRABEN EMHIE - FAEN EDRER 7T, BERNEERE S IR BT
(Table 3) EFLEWZ PO E Lo Tabs, HEOK
RFE AR TIE, BMI & OMIZIZITA FEIZBWTO W, RE Lo 2RI IC & o THFIZZHRI OHER
F, HBIJEOMITIZMA B & MBAIZBWT, BITHE WCRERECD DY, TBLMTOHMPELRLZ L
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e BREIELZ R T EENTWE Y. ThEITo®
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525 LTWA5,

AWRICBNT, WERBRDIEITABNLPONVARFE T
OEHN LI AW C—ED AT T &R L, WHEESI
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L7z, ZORRKRE LT, FLEDPTE L TH HAKARDIE
BHERT B F T OWEF w50 b A FE il Rt o 1K
TRPpEZoNE. 2LTC, 0L RREHMIRE
DEALD, IEHIZBIT S 7 I ¥ ) —OlgHiIZR LTl
CBEELI2b00, TAOMLORLICIFIZE A LR
3, HMPSEmI OB I X > TRIE S 720 0 L HEH
N5, LaL, 2HEEOIHBEED ORI, &k
W BW TR BB (1B ) OA TIEDOHIEAS
RO LN L, BRI B\ TR 28
KRECIKTFTLZEICLDRERE ST I AEINICH
HTERRBELTEY, HBESIIBWTERYET S
LEZOND.

7RSSR IE, B S DT AR, S E
DWW, WETIIKGTOR LiAsz & OMHBITENATH
HyrLasnNTHH Y, SHOKBELS L, EORE
BT L2EMIOVTEFARO TR, wo L YEF
Mz Tt 2 & 2 53 L2 ATEisE LETH 5
CEDURMEENT. T/, RARIOAREFHLL 725

YIS O B2 51T 5 IR EE ) 85

&, IR O T B IS, AP, ®aEfbr
WEL, #EIEZIEWEREOEEDHE S NS TRED D
. INOzTHT 4720120, 2 HEOREINZHE
REJIRTMEE 2 T, MR RE) O R & BORE |2 H83R L
WY IHMBIEEL2IT) CEVEETHLLEEZONL.

2. 1K1& - B{RRES) CTHMSRE

RA&EDIRIETH 5 BMI % thifis = &\ L 72354,
BRTREELRAER 2RO, o 12708, KRIZBWTIE
Pelin & & DITHINT A @M AR, BIRE L Tk
BOHEREMIIFEIICHBETI 22 LMo TEY, ¥
£, KE, HIRPEIVNELEETIREDIT) HRE
PoleDIR L, 6ELETIILIEDIT) R ELEER
L2 DHEDZENTWSE P Lo BMIIZBWT
BELRBIMARSLNZ EI2IE, TS E - REHOE
BrZ - feErE L oNL. —F, kDLl
RIZOWTIE, ERREOREED L OBICITA B
BWCTIEOHE, BIEORKEES) & OMIZIB #EIZHB W
THEOMBE &, 27 2RO LN/ IEOMEIE,
FRE AN UAREDFEE L T 5 13 ) ASILIERE T % J6i#
T5)RATHEMEMBIRNT B2 EATE LD, ADOHBIC
OWTIHEREOEE, J 72b 50 & OB EEASEED I
L. ZNET, HRIZBIT L BMI OEEIZBWTIE
THMRRE I AME C 2 B AIC B TR B 2 e T g
DETHIRe A R v 7y Fu—L4 EBEEDDH 5
TENHEENTWE T FEIIBWTY, IHEEE
LA S oBE SRR S T Y P, R e o %
HDE = Z1ET B 11~12 5% DA 5 B s
2B AR EMRE D ORTICIZEEEET b L%
Zbb.

FEREN I OIHE T H HIBT) & BATHEIZOWTIE, 3
7L BTk L & IS A A % R, SRR
LB — & LT OV BRI, B
HHORETH Y, LS EEE 1225 F CIlmEEE
HEBEST 2 EHESNTVDE P, FERMORKA
BATHE R D I A B N2, A BIT AT
RCIYGEOEEL LI hMEINTBY P,
BRI L2 BEMINOEEZZF2EEZONL. I
5 OIRIE L IHEBRED & OBBREIZ VTR LT L DT
H oA, Wil T LA LA, MBEICBWTE
WHHRE TR H 72 Z L ATBEBRZE V. HERR O R H v
A5, B BRBE I IC B B I A HEM O T % R IE T %
) AT, RENOMESHHEMIE L &3, FfcE
MR DFED BT B HIRRE ) & ORI A O -]
REMEASE 2 HIE. /INEAED HIRREINCE L TIE, ST
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BE2B DS 28 4R AT o 724677 - EEYRE ST E DK
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3. AMEDRR
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