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Electromyographic Studies on the Function of the External
Sphincter Muscle of the Anus

Keiichird NAGANO
(Laboratory of Veterinary Physiology)
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Fig. 1. Dissection of the external sphincter muscle of the anus
Upper figure : Interior of the anal part of the rectum (quoted
from BRADLEY, O. C.)
Lower figure : Muscle of the anal region, lateral aspect (quoted
from MILLER, M. E.)
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Fig. 2. Nerves, arteries and muscles of the male perineum,
caudolateral aspect (quoted from MiLLER, M. E.)
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Fig. 3. Electromyogram recorded from the external anal sphincter by
electrical stimulation applied to the pudendal nerve (intact)
Arrows indicate stimuli
Time mark, 10 cycle/sec.
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Fig. 4. Electromyogram recorded from the external anal sphincter by
electrical stimulation applied to the pudendal nerve (cordotomy)
Arrows indicate stimuli
Time mark, 10 cycle/sec.
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Each arrow indicates the site of electrode inserted
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Fig 6. Electromyogram of the external anal sphincter showing the response
to the tactile stimulation upon the circumanal region (intact)

At each arrow the circumanal region was touched with fingers
Time mark, 10 cycle/sec.

(2) ERBBOEAL : Z O, WEA AL THIE L Tis\ T b MW7 < WFETEB & £5E L T
7% LIELIEREOEENZT 5. ELOFRIEROLCBIETH3H b0, SR Fr
M52 Thadirbibs. (a) AR ZHE BHARIAL, LE BRI 2D
ZEEICIR A I TR B, L 100~200 1V ORI THfE L C Ui S A il 2 2 (Al 20K
WIRIEZRL, 1 BRLEC i » TlRCIEETB 2 i L 7o, BRI O LTk Phasic Uitk -
THBI9 % Interference voltage Th 2. [AIRFICILIIR BT 2H AL D, BHLAIITE o8
ThH B0, WEEEMOBELHICHAL .. SR 2, HCloEEammT 3 X
SWCAERU 7o (Fig. 6). Ml L 2 WiEORMO%, RIFKATORIEH L BB ~DOBITITBRT, K
EENRBRZCE DL Tonte. (B) BENED EFIC X 2REOE ANO i EIiLri a4 B
U, $hFELHGHT 52 10 5. PEEOFRNEHEANED ERCMFHT 2 & B 3D T, kOHEER
BATIL > Tohto. RISEBROCIERIC e Nz 22 L2l 22 L3 ARETH 2005, HilE 48

¥

s oot o 11 S e g A et st it

500 4V 'Lf'

Fig. 7. Influence of raising intra-abdominal pressure on the discharges
in the external anal sphincter

At arrow the abdomen was pressed with a palm
Time mark, 100 cycle/sec.
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Fig. 8. Influence of raising intra-rectal pressure on the discharges
in the external anal sphincter

The part between the two arrows shows the period of
maintained distention of rectum by air inflation
Time mark, 10 cycle/sec.
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Fig. 14. Diagram showing the change of the slow undulation
accompanied by the development

2, 4, 6, 8: The age of month
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Fig. 15. Correlation chart of ¢-S points accompanied by the development
2-8 : Same as shown in Fig. 13
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Fig. 18." Diagram”showing the original time-series and slow undulation of
discharge intervals during the seesaw movement (A, B)
Upper tracing : Original time-series. Lower tracing : Slow undulation

A, Forward-inclined standing posture

B, Backward-inclined standing posture

t, Lifting of the board

}, Sinking of the board

S, Stopping of the seesaw movement
MBZAL L ELIL T 5. IRTERFED Slow undulation |3 b7 fi AR o RIS HEAT O FHFTIC B L, % 4=
S R0 Swaying movement r —FH L T\ 3 & Wbl B A%, FDWFRTh - T b A2V D5k
WO & PEOBIRA R > CHIET 2 B2 TCL VWL 5 Th B,
DECHENMBORBL R ZEBICONT, -8 OB Miadi~THar 5. Fig. 19 (A, A) RiL
7o TS ARG, WER G T OEBIC KT 2 NMU O TR RIS 2 710 4 RO ¥iis % 0 % & i
ALUTGHHLIELOTH S, BlE% ELIcE (A) T, dcRElla% L8 (A) ChHE
o =S 8 (AL W, FERTERMEO S ISR > Tn T, BEV RSB ORI S I D h LD
S ATSUHIL T3 Z L &R LTWw5. Fig. 19 (B, B) I, K %2475 Slow undulation %4
WIcFRD, 7z Irregular fluctuation 7 bsRadvte oS B CH 2. HOBE LD L2310
BEHROEE DAL T B35, ©-8 AOFTHLE L EWBELEED T-8 difgo B 576
LT3, HBEOBEHRC T 2P L D Db D EEOBHEORE O A L 7t - TV B, -S
ROGIOERRIE > T B L DICHZ B, IemAsL, AL D BELSOEHICEIT 2 -S S0X
WERNL 5 THB. FLRMAO¥ EOBERZ B L, 1-S MO L 7 5 R B O Mk
D TS BT > CTHAET B0, FILERB EOEFOE KA L T 5B. =S HOBEIE -
WAL, AT CIRE L OB B BRI RN X - TiF eV, - T, NMU oyESjo Cortica-
lization % FFFEL, &L FMMF 2 BEINTETFi7e 5 fodic, Wi NMU 0 iEE o Spinalization
DTN B ERTILRTIONZ 7w, WERICLTh, BT 2 Se 3 Lin k-,
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Fig. 19. Correlation chart of 7-S points during the seesaw movement

A, A’ : Forward-inclined standing posture

B, B’ : Backward-inclined standing posture

O, During the seesaw movement

@, Before and after the seesaw movement

S, Standard deviation calculated from the origianl time-series
S’, Standard deviation calculated from the irregular fluctuation

WESD YR B e & B B AR OIEEI O T, T KRG B PRIREE OTEB) O S E ST
FBZLMTEB L) Z XX, D THRFE MR TS S,

ks OB EB)C 31 5 Cortical {x Spinal {3, BAETLOTE D H OE  OWFEAD - T,
2 DB EITIZIT L T 388, RO Ca g /o EE) ¥ T REBDOHEIHEORALE I HTZ
LRTELORHFLVEHRTEH B, 2L C, EELERTOREDORIAE TR Corticalization
RO, EER L 5 X 5 e ERTOREBGIE, BLORM BB O Y& Corticalization,
B T BT O MESSAY Spinalization B < & ) AL, HHIORIFOBF N OHE X TIMEGTE
L EThHB.
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KGRI Tl - C, HRMIEEEIRO TMAZT 5. 8- T, ATDOBMHEHZ &S A v v
20T, EWCERKRISER Th ARMEMEAEEL, A Y SV AOFERNHFHERDO LD TH - T, K
R D b DT - T HUSOERTARETH - C, REdD 2 W IAHIOWFhrrRTZ i
Fe 2. DML EREONSES A ARCE LTI VD, RHOEYCT 5 REORE S F
B LR ZEL T Ve B, L% Th2 L ThuE, AFOMROME L L Bk~
I 5, WRGYISTER) L\ 5 T OO & DFEANRAND, B0 MR EIRTHR S 7DD &
LTS TEHED L WEARC D 5 5. LT, KEOFEYCHT 2 K5% 5 - Tk { & L ITEWRA
53 EBbhz, B, HRRARCREESE L LT Methamphetamine s JOF Caffeine, Choling-
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sterase #Iff|3K » L C Prostigmine, %L -CrfffkERMHGI2E £ L € Chlorpromazine % {#fL 7.
#5118 Methamphetamine [ZXtd 5 I
Methamphetamine (%, Philopon & LClbh T\ 25EET I >~ ® 17T, Adrenalin OFE 4T
3 %75, Adrenalin  Z D4 BN A # L < Jac3 5. 2SR A S 3 2 RMIBERIEgg s
R FIBEANEFE L <3R4,
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Fig. 20. Effect of subcutaneous injection of Methamphetamine
on the discharge intervals

Dose, 1mg/kg

A, Before injection

B, 30 minutes-1 hour after injection
C, 1.5 hours after injection

D, 2.5 hours after injection

LR, Smg/ml OO 1mg/kg ORBTHRTESL, HEHE2EM 3040 & TERILEBIC
BWTEE LT/ - 7. Fig. 20 1%, TORONERIES 4 v 7 2 OREFOEILOMTEH 5. 15
% 1B E TORETIY, RBENITE Z7wvAs, 1R 30 2L ¢, SFIgREMMmT L
AETAETH BT HT, REHOENREL KL e>TL %, LirL, 28M3I0O I E&TsE,
HOTERAT & MO LB O 27, F 1 FEREEREO Ao 03 2 G E T 2
S TEBOEMREIAL T 5. FEFGECE S AR ORI O ZLE I HIcFEL <M b fcdic, FR7
s BAER B A B L T, Fig. 21 (¥ Fig. 20 ORGERIE S 4 ¥ 2 7 2 OB BIETH 3.
Thebb, RHEAIZCEE OISR L T3 LA bt 1R 30 30 BEch, $BIEE)
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5 0= MOEALE AR TH B L (Fig. 22), FRINC
so—m B W TCEAEZLDFED Hivic 1 B304
sl 2 oS AU, EEMRRL D SHS T

¢ o1m- AT Ay AEkkAs B8 L €, Spinalization -

I BIHIETNC X9 5 Spinal 58 D B2

S TW5BZ L ERFL T 5. HiEH)o Spinal

D 170= i, WRRKETEHE OB EEHENC T B IR
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Fig. 21. Effect of subcutaneous injection of Metha- TL BT EmERT 5. DL Metha-

mphetamine of the slow undulations
Dose, A-D : Same as shown in Fig. 20

—HL T3, F5HER 2 R 30 2 /v,
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msf 3 A
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Effect of subcutaneous injection of Methamphetamine on the z-S points
Dose, A-D : Same as shown in Fig. 20

#2185 Caffeine (x4 3 KiE
Caffeine Gi[} HRAER S D5 T DM X, VR AMS F AT, Ao\~ C IE

G EC G RIS 5.



CAN T LR A Y /OO R e R S (S o 155

LA N«Wﬁiwjaﬁf %"W Ll

- N !r “ J} %
ENEY
o

C,
D, 1.5 hours after injection
. E’
D 140=
120m l# [
i

¥ bk

Dose, 0.5 mg/kg

2 hours after injection

- gl

Fig. 23. Effect of subcutaneous injection of Caffeine and Sodium
Benzoate (CSB) on the discharge intervals

BGUI DX LEERF vV v anze 4y (T¥h, CSB) T, Caffeine 35 0.5 mg/kg %
TCER L. Fige 23 (340 55O KERIES 4 ¥ 25 A ORBEHH LA TR LI b D Th 5. FhiRE
§3T o 553, Methmphetamine D& L ZZLOH b AET D, FEREE 30 5O Hgrg S
el e, 1R 30 o360, WEMREOZBOENREL AL TCWE. SDF A4 ¥2 5 aibigls
IREFEEFHML TR TH % L, Fig. 24 O, FiRO 2 DO CRBEOEREEEL, L
APBRNITE 5. KRILEIE B RR OB v~ v OB B A KB 5 & 0 5 RE R WU, o
DENLE DEBDFEAE LW O S D Ch 5. Hg Caffeine w454 X fc ik, RIEC BRI
POSU, W7l Bl L eas, iitE, (RO BT L 550500 2 Wl /il it 7 <, HEE o %P
ZCI\. DEWIRD DRI =S )ik ke, TONMik % b L, Fig 25 TZZMEH, =-S5
DAREIERHIRR L D L2 24 R L, 7 Corticalization %273 LC\~3 Caffeine o it
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Fig. 24. Effect of subcutaneous injection of CSB on the slow undulations

Dose, A-E : Same as shown in Fig. 23

T i 3 1

o
) €0 100 14 s Gl 480 100 120° ms:

Fig. 25. Effect of subcutancous injection of CSB on the «-S points
Dose, B-E : Same as shown in Fig. 23
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RREBRORETEA, WiikEo Cortical {ky L THid, AR - Methamphtamine i 313 2 %
B L REBEMC KT 2IRiG:, (EFBFERRREZ L2 RT3, =iz SElE Cortical
U, FRHCS W TRRD RO T, KOOSR L ol Th 3.

%5 315 Prostigmine [Z%}3 3 KRS

Cholinesterase 1| & L C o Prostigmine {3, #4.4C & > CAChOERA XL, BI5 R ALz
FRIEF A Bldod.

B}

ms
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40m

B 100m
80
GO
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Dose, 0.01 mg/kg
. A, Before injection
¢ = B, 10-30 minutes after injection
o= C, 1-1. 5 hours after injection
o= D, 2-2.5 hours after injection
100
80m
G
40
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100w
|
60= f
40m

Fig. 26. Effect of subcutaneous injection of Prostigmine on the
discharge intervals

L 7o 38913 Vagostigmine G, i 0.01 mg/kg % p¢ Fiy¥st Lz, Fig. 26 13, F0rE0HK
WIS A4 ¥ 277 A DZCRRERECOR L2 O TH 5. BEHATOKRERES 4 v 2% 203, 27 h
TEDONEE A>T 528, TEFHE 10~30 5 ICiXZ B OE R L, 2EOHHED W LT
5. WERXZOHMFORINL, 1R 30 51 BE O AIE L <, DT G- ORIBICHIF L
T\ B, ZORERAD LRI 0L T2 5 &, Fig. 27T 1033 L 512, #57% 10~30 4010 3s
WD EEOIRIEIIIES AT L FAA EE B3, 1FH 30 570 & D75 28 FHHNC R BN L T\ 3.
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Fig. 27. Effect of subcutaneous injectton of Prostigmine
on the slow undulations
Dose, A-D : Same as shown in Fig. 26
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Fig. 28. Effect of subcutaneous injection of Prostigmine
on the z-S points

Dose, A-D : Same as shown in Fig. 26

X5 t-S HONMEDOEB TH B L, 10~30 ORI, EHATO 7-S diflic " ThH e b Bl
CARITEL T L, W15 251 Spinalization 23T - T\ % & L &L T\ 5% (Fig. 28). Acetylcholine
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DHRRERER > 7 7" AT BRI & 2 SR T W 355, % 72—7J51c Neuron o & 5 7 Az
23 ACh 12 L 2HAH HAC Lo 4 5 29, WIS LT b ik ERIC I 2 E 231 AChH
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5 415 Chlorpromazine (Z%1¥ 3 K5

LR, BUBSER 25 U 1eiE O ARG~ OVEI AR L 12D Th 435, -2 F 1Pl R 1 L 40
filtric @) < Chlorpromazine %% /- U C % o ik #5-<C &,
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A, Before injection
10 minutes after injection
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Fig. 29. Effect of subcutaneous injection of Chlorpromazine
on the discharge intervals

TEAIL 7= 2613 Wintermine ©, FI&HY 0. Smg/kg & U, MR 1/2 & F\ T2, JiiNRilse
R 10 PELWHLII U ®, 1HEH 30 40 & THOIRMER KL, 2 i5A 8L T + R
MILAXC o, &4 7% IER OIS Ebv f’%unrbt KRR 7 ORI 47 4 v 27 5 A 280 BikE%
Fig. 29 WRL 7o, ANRU ok 5, 10 90755 1 8ER 30 453 I o JE 23 0kE L NV SY A
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Fig. 30. Effect of subcutaneous injection
of Chlorpromazine on the slow
undulations

Dose, A-D : Same as shown in Fig. 29
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AOPCI %, Fig. 30 \TRR e B L ORI
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(Fig. 31) 3% 10 40 % T, T 0c RO
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5 72 10 4y LIf% 1R 30 4r £ T -8 JU, &
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SRR R I A L, Tonic 7 iHE 4 HHiG5
B 5T BICHE ST, S fid & FoaE il
VAT A AT B & 5 /s 5. Chlorproma-
zine |3, AN OUSEEERC S L T <
Z LAt 1o Th BH, FRIC X - T
L 7= g )3 Cortical {L L T\~ 3 & &2\ TIE

IR ;r L 2 2 I 'S T
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62 80 160 120 140 ms 60 80 100 120 140 ms

Fig. 31. Effect of subcutaneous injection of Chlorpromazine on the <-S points

Dose, A-D : Same as shown in Fig. 29
@, --S points at spontaneous discharge
O, #-S points during maintained raising of tail (artificially)
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Fig. 33. 7-S curve responding to the stimulation

Fig. 32. 7-S curve responding to the stimulation . :
of visual sensation by switching-on and-

of auditory sensation by ringing the bell

Upper figure : Distribution of z-S points off of CIGC?” C' tort.:h B )
O, During the stimulation by ringing the Upper figure : Distribution of -S points

bell 10 times at intervals of 1 sec. during the stimulation
@, Before and after the stimulation O, During the stimulation by switching-on

Middle figure : Diagram showing the slow and -off 10 times at intervals of 1 sec.
undulation during the stimulation @, Before and after the stimulation
Lower figure : Diagram showing the cardiac Middle figure : Diagram showing the slow

beat intervals during the stimulation undulation during the stimulation )
Between arrows the auditory sense was Lower figure : Diagram showing the cardiac

stimulated by strike of bell beat intervals during the stimulation
Both arrows indicate the period of the

stimulation
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Fig. 36. Original records of the electromyogram (EMG), EMG’s integrate
curves and electrocardiograms (ECG) responding to the stimulation
of pain sensation

The recordings indicate EMG, integrate curve of EMG, ECG, and

signal of the stimulation downward from upper row respectively

A-F : Same as shown in Fig. 34

Time mark, 1 sec.
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Fig. 37. Influence of the stimulation of olfactory sensation by Aq. ammoniae

Upper figure : Original records of the EMG, EMG’s integrate curve, and
ECG during the stimulation
Remarks : Same as shown in Fig. 36
Middle figure : Diagram showing the slow undulation during the stimulation
Lower figure : Diagram showing the cardiac beat intervals during the
stimulation
The arrows indicate the stimulation
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Fig. 38. Distribution chart of z-S points responding to the stimulation of
auditory sense after the administration of Methamphetamine
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Fig. 39. Slow undulation and cardiac beat intervals responding to the stimulation
of auditory sense after the administration of Methamphetamine

Dose, Same as shown in Fig. 20
}1, Same as shown in Fig. 32
A-E, Same as shown in Fig. 38
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Fig. 40. Slow undulation and cardiac beat intervals responding to the stimulation
of auditory sense after the administration of CSB
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Fig. 41. Distribution chart of z-S points responding to the stimulation
of auditory sense after the administration of CSB

O, @ : Same as shown in Fig. 32
A, Before injection

B, 15 minutes after injection

C, 1 hour after injection

D, 1.5-2 hours after injection
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Fig. 42. Discharges from the external anal sphincter showing the responses
to the tactile stimulus on the circumanal region (cordotomy)

The arrow indicates touching on the circumanal region with fingers
Time mark, 10 eycle/scc.
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Fig. 43. Influence of raising intra-rectal pressure on the discharges in the
external anal sphincter

The part between the two arrows shows the period of maintained
distention of rectum by air inflation
Time mark, 1 sec,
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Fig. 46. Response of the external anal sphincter to the ligation of spinal
cord (14 days after ligation)

1, A-D, 2, Time mark : Same as shown in Fig. 44

E, Anus : Stimulation by pricking with an injection needle at 10 times
intervals of 1 sec.

F, Anus : Between signals the anal skin was nipped with a clip
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Fig. 47. Response of the external anal sphincter to the ligation of spinal
cord (35 days after ligation)

1, A-E, 2, Time mark : Same as shown in Fig. 46
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A-D : Same as shown in Fig. 50
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Summary

Together with the internal sphincter, the external sphincter muscle of the anus constitu-
tes the muscle system around the anal canal.

This muscle is composed of the striated muscle fibers, and, as is usual with other skele-
tal muscles, bclongs to the somatic motor system, being under the control of the spinal ner-
vous system. But, in the following items, its activities differ from those of the other skele-
tal muscles.

1. Having no direct participation in the somatic movement, the function of this sphinc-
ter muscle is confined to the closing of the digestive-tract-opening.

2. In the execution of the function, mentioned above, this muscle receives no modifica-
tion from either co-operative musle or antagonistic muscle as is usually the case with other
skeletal muscles.

3. Constant contraction is the usual state of the sphincter muscle, and it is only in the
act of defecation that it relaxes.

4. From the aforesaid mode of activity, it may be reasonably assumed that the activity
of the sphincter muscle is regulated, on the one hand, by the spinal (reflexive) impulses,
while, on the other, by the cortical (voluntary) impulses. However, in either case, the only
one purpose of the activity consists alike in closing the anus.

Thus, the functional specific characteristics of the sphincter muscle make its myophysio-
logical research very full of interest.

Now, in the present research, in order to clarify the physiological properties of the ex-
ternal sphincter muscle of the anus, some electromyographic experiments were carried out us-
ing dogs.

Successive discharges of single NMU were led by a pair of silver needle electrodes in-
serted with the interclectrode distance of 1.0 to 1.5¢m, with the results summarized as follows.

1) The external sphincter muscle of the anus always holds a constant state of tonic
contraction.

2) The rectum distention by feces or by other artificial substitutes, or the heightened
intra-abdominal pressure weakens or cancels the tonic discharge of the sphincter.

3) The augmentation of the tonic activity of the sphincter is occasioned in response to
the stimulation of pain or of olfaction, especially the pain-stimulation given to the perineum
brings forth the vigorous outburst of action potentials, without fail. The stimulation of visu-
al or auditory sensations, however, has no influence on the tonic activity of the sphincter.

4) The v S curve obtained from the discharge-interval-time-series of a single NMU of
the sphincter muscle shows a longer horizontal and a more slowly ascending part than that
of the muscle of the hind limbs of the dog in normal standing, and is situated on the side
righter than that of the above mentioned limbs. From this fact, it may be supposed that the
sphincter muscle is activated chiefly by the spinal nervous system. And this 7-S curve is not to
be devided into two curves (K-curve and T-curve) as in case of other skeletal muscles of the
dog.

5) Both in the amplitude of the slow undulation and in the distribution of ;-S points,
no functional change of sphincter muscle taking place with the growth, from the age of 2
months to that of 8 months is to be observed. This enables us to suppose that the function-
al differentiation of the sphincter has been completed within 2 months after birth.

6) Sphincter activities under the various postures were examined. In the several pos-
tures on the horizontal ground (recumbent, supine, prone and sitting) ; in the forward- or
backward-inclined standing postures on the tilting board; and in the standing posture on the
moving board, the situation of the :-S curve on the correlation chart generally removes to
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the left side. It is supposed that this removal of the curve is caused by the increased acti-
vation of the motor area in the cerebral cortex regulating the activities of the muscle.

7) Administration of drugs causes some remarkable changes to take place in sphincter
activity. (a) Methamphetamine administered as a central-nervous-system-stimulant induces
spinalization, while Caffeine causes corticalization on this muscle. Thus, it is proved evident-
ly that, despite that these two drugs belong to the central-nervous-system-stimulant, on their
activating points, there is a marked difference between them. (b) Anticholinesterasic pro-
vokes spinalization. (¢) Central-nervous-system-depressants inhibit all sphincter activities.

8) Like other intact dogs, the spinal dogs respond sensitively to the stimulus, revealing
the tonic discharges of sphincter.

9) NomurA’s method was applied to EMG for the purpose of analysing the time-series
of the discharge intervals of a NMU. With the application of this method, the nervous me-
chanism was examined substantially and minutely: the existence of a predominant regulation
by the spinal components of the central nervous system was assumed, with the ascertainment
of the mechanism of corticalization. The sphincter muscle was confirmed to be activated
chiefly by the spinal nervous system (Spinal component). On the other hand, it was supposed
that this muscle receives reflexive impulses from the exteroceptive sense organs. Moreover,
the muscle also receives more or less impulses from the motor area in the cerebral cortex
(Cortical component). As mentioned above, the activity of this muscle is regulated chiefly
by the two components. The participation proportion of these two components in the acti-
vity of this muscle was ascertained more clearly than in case of the other skeletal muscles.



