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PEREEKZD impedance, %51 U reactance KDL

Region

No.

Impedance (K{1) and reactance factor
for 3Hz A. C.

5 males 5 females

max. min, mean max, min. mean

1. tunica mucosa labium inferioris
2. muco-gingival junction
3. gingiva (buccal side)
4. gingiva (lingual side)
5. caruncula sublingualis
6. facies inferior linguae
7. apex linguae

8. dorsum linguae

9. radix linguae

10. margo linguae

11. gingiva (buccal side)
12. gingiva (lingual side)
13. palatum durum

14. palatum molle

15. uvula

16. tunica mucosa buccinator

9.40  6.00  7.04 14.10  5.80 9.56
(0.300 €0.29) (0.28) €0.55) (0.46) (0.40)

9.40 4.30. 6.92 13.00.  6.40 8.16
(0.36> (0.31) (0.32) 0.51> €0.26) (0.40

5.60  4.60  5.00 9.30. 7.70.  8.52
(0.25) €0.21) (0.262 0.400 (0.50) (0.4D

720 430 5.72 10.00  7.70_  8.58
0.1 (0.12> (0.22) 0.54) (0.5 (0.4
7100 5100 5.78 1410 7.10.  9.00
(0.33) (0.45) (0.3D €0.31) (0.54> (0.43

9.00 4.60  6.88 7.60  6.30  7.54
(0.36) (0.28) (0.3 0.36) (0.51> (0.4%

13.00  5.00 7.62 9.70  6.80_ 7.72
(0.34) (0.31) (0.35 €0.50> (0.38) (0.46>

6.00  4.60  5.30 10.30.  5.50  7.20
(0 41) €0.28> (0 35) 0.6 (0.44) (0.5

6. 4.40 5.00 10.70 5.50  7.14
(0.50) 0.49 0.3D 0.63) (0.45 (0.54

7.90 510 6.36 11.70.  6.60_  8.06
0.25) (0.40) (0.3 .61 (0.45) (0.46)

14.60 3.70.  7.33 11.70 . 7.70  9.44
0.2 (0.1 0.2 €0.50) €0.49 (0.4

15.00  6.30  10.24 13.70 9.40 10.90
(0.19 (0.53) (0.26> 0.49) (0.4 (0.4

23.00 14.00  17.44 14.70  11.00_ 12.76
0.16) €0.23> €0.200 | (0.25 (0.46) (0.3

17.00.  7.00  11.18 12.00  8.30  9.84
(0.18) (0.31> (0.25 €0.300 (0.3 (0.39

8.80 7.10 7.92 14.30_  8.60  10.36
(0.25) (0.19) (0.35 0.44> (0.43) (0.44

9.00 5.80 6.44 12.00.  7.30. 8.92
0.24> (0.28) (0.28 0.45) (0.38 (0.39
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N2 i &S CX 2 218, max; &AfE, min; K/JME, mean; FHE
Impedance (K{1) and reactance factor Impedance (K1) and reactance factor
for 100Hz A. C. for 1KHz A. C.

5 males 5 females 5 males 5 females
max, min. mean max, min, mean max, min. mean max. min. mean
4.30 3.20 3.70 4.60 2.30 3.68 1.90 1.60 1.74 1.70  1.40  1.56
(0.40) (0.51> (0.48 €0.49) (0.43) (0.44 0.63) (0.45) (0.56) (0.49) (0.4 0.46
4.30 2.60 3.68 4.60 2.60 3.92 3.20 1.60 2.10 2.00 1.30 1.74
(0.38) (0.36) (0.39 (0 49) 0.44) (0.4 0.51) (0.43) (0.49 (0.51) (0.40) (0.4D
4.40 2.50 2.78 3 2.90 3.40 2.60 1.50 2.02 2.20 1.60 1.88
€0.41> (0.33) (0.29 (0.29) €0.38) 0.3 (0.49) (0.41> (0.44) (0.40) (0.40) (0.4
3.30 2.00 3.14 4.40 2.70 3.32 2.50 1.60 1.96 2.100 1.50 1.76
(0.33) (0.28) (0.36) 0.31) (0.260 (0.30) (0.38) (0.3 (0.36) €0.45 (0.30) €0.36)
3.00 2.30 2.72 3.80 2.40 3.32 1.60 1.40 1.48 1.80  1.30 1.60
0.36) (0.34> (0.36 (0.49) (0.39 (0.38) 0.41> (0.4D (0 44) €0.500 (0.36) (0.46)
4.70 2.20 3.12 3.30 1.90 2.42 1.70 1.30 1.48 1.50 1.10 1.28
(0 60) (0.42) (0.46) 0.45) (0.41) (0.43 (0.45) (0.46> (0 46) (0.49) (0.34) (0.44

4. 2.50 3.32 3.90 2.60 3.24 1.70 1.30 . 1.60 1.20 1.44
(0.50) €0.49) (0.46) 0.300 (0.46) (0.42) €0.59) (0.40) (0.53) (0.56) (0.49) (0.49
2.50 2.00 2.30 2.80 2.10 2.46 1.50 1.00 1.32 1,30 110 1.20
(0.43) (0.41) (0.40) (0.45) (0.400 (0.43) (0.55) (0.36) (0.45) €0.46) (0.44) (0.45
2.60 1.70 2.14 2.30 1.80 2.04 1.20 1.00 1.10 .80 0.90 1.16
(0.38) (0.36) (0.38 0.400 (0.38) (0.3 (0.44) (0.38) (0.43) (0.33) (0.3 (0.38)
4.60 2.60 3.48 4.80 2.60 3.42 1.70 1.30 1.52 1.70 1.10  1.40
(0.48) (0.40) (0.45 (0.45) (0.41) (0.4D 0.59) (0.46) (0.52) 0.55) (0.44) (0.49
6.10 2.00 3.94 4.30 3.00 3.50 2.60 1.60 1.98 2.50  1.70  2.04
(0.39) (0.34) (0.40) 0.34) (0.39 (0.3 (0.40) (0.4 (0.43 (0.43) (0.38) (0.4
8.30 3.60 5.78 6.20 3.60 4.90 4.10 2.00 3.04 2.80 1.80 2.52
0.29> €0.29) (0.3 (0.3 (0.4 0.3 0.73> (0.4 (0.56) (0.51) (0.44) (0.47
16.30  10.40 12.16 7.60 4.30 6.56 5.80 3.70 4.62 3.10 2.70  2.84
(0.43) (0.400 (0.3D 0.300 (0.2 (0.34) 0.76) (€0.76) (0.73) €0.66) (0.55) (0.62)
9.60 4.30 7.18 7.40 2.60 4.78 3.60 2.10 2.84 3.30 2.00 2.48
€0.29) (0.38) (0.35) €0.33 (0.3 0.3 (0.68) (0.56) (0.62) €0.54) (0.54> (0.55)
8.50 5.40 6.28 8.60 3.20 5.36 4.80 1.70 3.08 2.50 0 2.20 2.36
(0.35) (0.36) (0.40) 0.400 (0.39 (0.33 0.64 (0.41> (0.6 €0.56) (0.54) (0.56)
4.40 3.20 3.82 5.60 3.50 4.24 2.00 1.60 1.86 2.30 1.40 1.86
0.45) (0.38) (0.38) 0.49) (0.40) (0.42) (0.63) (0.44) (0.5 (0.60> (0.50) 0.53
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N EFETROWAXMFHIAM D impedance ED
Max1 5 SRS IZ], Mawor; FEHEA(Z]. BREHERET AL,
maxi. > mandi. ; maxi. = mandi. ; maxi. < mandi.
male 37 (61.7%) 2 (6.7 i 1 1.6
female 6 (50.0%) 6 (50.0) ‘ 0 0
TOTAL 72
%V impedance—BAL MR OO HBFAIH L HBR
Straight ; E# %, concave ; M%, convex ; W&l M-type ; MF&l, W-type ; WA,
others ; TOMOR, WEEBTEI LA,
sex ‘M straight concave convex M-type W-type others i total
maxi. Dpuccal 25 (41.7%) 11 3 2 6 13 60
* lingual | 50 (83.3 ) 2 5 0 0 3 60
male buccal | 30 (50.0 ) 0 11 8 | 10 60
. bucca .
mandi. Jingual | 51 (85.0 ) 2 4 1 0 2 60
. buccal 7 (58.3 ) 2 0 1 1 1 12
maxi. proual |9 C75.0 ) 0 3 0 0 0 12
female buccal | 7(58.3 ) 0 4 0 0 1 12
. bucca .
mandi. jjno0al | 10 (83.3 O 0 2 0 0 0 Y
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B (8~15KQ at 3Hz) %2R $+h5, EW
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ThdH. EROMBOBNRE L WA |Z] DO
CHBEY#ED LR ERH & Lk, MAER
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#1219, 6mm’=20mm* T H B b, HROBME
WRIINS : 1 &b, CZTHEEKE|ZX
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BRCEELDOEHEO S ER IR L, B
Bfb”, @M OREENELTELS TH
bo EELOOBNEKEKRD > B, Bad ko
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S ERCT %) WL AF 00
BHN, BEIZ g LB EEREMD
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Abstract : By means of an apparatus designed by MITA, the elecirical impedance and reacta-

nce factor to sinusoidal alternafing current were determined at 16 regions of the soft tissue in
human oral cavity, especially including the normal gingiva. The frequency of current was main-
ly fixed at 3 Hz and a cotton-wick( ¢ = 5 mm) was employed as a different electrode. The results
obtained in this paper were as follows :
1) Within the oral cavity, it was indicated that impedance value for 3 Hz varied depending on
the local characteristics of the mucous membrane and showed highest (17.4 K{) at the surface
of the hard palate and lowest ( 5K{) at the tongue root. This local ﬂependency of the impeda-
nce was clearly observed in all subjects. 2) When the frequency of the current was varied from
3 Hz to 30kHz, the impedance value determined at a given mucous membrane was decreased with
increase in frequency. 3 Hz alternating current was found as a most adequate frequency for de-
tection of the local dependency. 3) The mean values of gingival impedance determined in 10
healthy subjects, 5 male and 5 female students, were about 7K{l for male and 9.3KQ for
female indicating that the gingival impedance of the female was higher than that of the male.
4) Daily variations of the gingival impedance observed in interdental papilla showed a typical
changes which indicated the highest value in early morning and became stable at low value in
later aftern‘oon The diminutive effect on the daily variations was produced by eating, speaking
and tooth br,ushmg, while the augmentative effect induced by sleeping. 5) The regional diff-
erences in 1mpedance value were observed between the two symmetrical part of attached gingiva.
The differences were always below 20%, however, the differences between the lingual and bucc-
al gingiva were remarkably observed in maxilla. 6) Developmental change of the gingival
impedance was determined during the tooth crown emerge through fusion of oral and enamel
epithelium into the oral cavity. The gingival impedance increased gradually before erution of
the tooth and then decreased abruptly at an early stage of tooth eruption. 7) Finally, the re-
lationship between the impedance changes and the pathologic tooth mobility was studied in
several patient with periodontal diseases. When the tooth mobility was increased, the imped
ance value of its surrounding gingiva was proportionally decreased.

1127-1137, 1961.

2% xm 5) Kubicek, W. G., Kinnen, E. and Edin,

1) BB E FEREA ve—Fva (28 A. : Calibration of an impedance pneumogr-
RO AYREE, B FESE 121 1166-1185, 1961. aph, J. appl. Physiol. 19 : 557-560, 1964.

2) REW, BAKZ, Ba®%— BEILE: 46 6) Hamilton, L. H., Beard, J. D. and Kory,
BELL vE~KF R, AEL 17 842-849, R. C, : Impedance measurement of tidal vo-

1955. lume and ventilation. J. appl. Physiol. 20 :

3) ERRE: }\ﬁw v~ & v ADRBERNPFR()
BSHRERREOR KNS o, %
B8, 161 1125-1136, 1957.

4) ZHRE, BERES, Fdh—, R E
S -4 /Z@J%O—ﬁ&, AFEE 13:

565-568, 1965.

7) Kira, S., Fukushima, S., Kitamura, S. and
Ito, A. : Transthoracic electrical impedance
variations associated with respiration.

J.appl. Physiol. 30 : 820-826, 1971.



wEKHRE : 145-159, 1978

8) Go, K. J., Van der Veen, P.H., Ebels,
E. J. and Woundenberg, F. : A study of
electrical impedance of oedematous cerebral
tissue during operations. Acta Neurochir,
27 : 113124, 1972.

9) Van der Veen, P. H., Go, K. G., Zuide-
rveen, F., Buiter, D, and Van der Meer.
J. : Electrical impedance of cat brain with
coldinduced edema. Exp. Neurol. 40 : 675—
682, 1973.

10) Gazzanica, A. B., Bartlett, R. H. and Sho-
be, J. B. : Bilateral impedance rheography in
deep venouse thrombosis. Arch. Surg. 106 :
835-837, 1973.

1D %t B, 267, LHEgkR =@\ K #
BEERE, WEE—, R B BASRR 1 v
E— X VAERRAOWLET VA —2~FRiI B0
FHBOBEMRER BEHETFLEETY 12:
Suppl. 30-31, 1974.

12) BHEE, WA=, FEF=RE: §0BKA
R DWTD— - ZomiA, WHEH, 64:43
3-437, 1964. i

13) WEE—5% : EFoMEEEROBLEC O
T, #FEES, 12:1099-1101, 1955.

14) Klein, H. : Physico-chemical studies on the
structure of dental enamel III. A method
for determining the rate at which a salt may
penetrate the enamel. J. Deut, Res., 10:
727-731, 1931.

15) &#ARE®E : lontophorese BT % ERHHIIE
CHRCRERECBEE L ©) , OBERERE 16
411-429, 1942.

16) Mumford, J. M. : Relationship between the
electrical resistance of human teeth and the
presence and extent of dental caries. Brit.
Dent. J., 100 : 239-244, 1956.

1D PHESE  REROF L WHIERC ST, |
BREZ M, 25 1 161-171, 1958.

18) &R B, AMBICRL, P iE MAHERE K
—EF ; A Impedance Il E 5 @ & BEAYHF
% B1H, WEELBBHEHEOWMIEK BEKX
Bak, 1 : 88-102, 1976.

159

19) 1R —, EE=T, AFEERE, 5%,
el E, mEFX, BAEE KB, =H
X5E  FEHEAOBRER L LTOLMGE/K v
E—gvA, BHEFL A&TH, 11: Suppl
212-218, 1973.

200 teEER—, EH=TR, AxE#E =[X5,
RAERE, KEED, BER R, 4K’
LHABREGOMBITE I L 5 LEEN
DHEREEENOKE, ERATETLAKBIYE,
14 : Suppl., 301-302, 1975.

21) Blank, I. H. and Finesinger, J. E. : Ele-
ctrical resistance of the skin. Effect of size
of electrodes, exercise and cutaneous hydrat-
ion. Arch. Neurol. Psychiat., 56, 544-557,
1946.

22) Gerstner, H. and Gerbstidt, H. : Der We-
chsel stromwiderstand der menshlichen Haut.
Pfligers Arch. f. d. ges. Physiol. 252,
111-122, 1949,

23 RHERA  AMSEEOBEREHCET5HE,
INEBEDIEL, 1 2 84-89, 2 :1-4, 2:5-10,
1952.

24) Rein, H. : Electrophysiologie der Haut,
Jadassohn’s HB. d. Haut u. Geschlechtskr-
ankheiten, 1,43-63, 1929.

25) Gildemeister, M. : Die passive-elektrischen
Erscheinungen in Tier-und Pflanzenreich.
Bethe’s HB d. normalen und pathologischen
Physiol., VIII/2 657-696, 1929.

26) KEg BE: EHEILCABKE O ESKER OV
T, BER, 25:61-75, 1955.

27) hEEEH - (@F L WBEKEIHED & T oBR
BIUCACT) BAR4:FEE, 21, 1279-1287, 1959.
(OF _ECIDFEE, 21, 1288-1302, 1959.

28) Richter, C. P. and Katz, D.T. : Periphe-
ral nerve injuries determined by the electri-
cal skin resistance method. J.A.M.A. 122,
648-651, 1943.

29) Jasper, H. and Robb, P. : Studies of ele-
ctrical skin resistance in peripheral nerve
lesions. J. Neurosurg. 2, 261-268, 1945.





