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In order to gain a better insight into function of
the pelvic floor muscles (PFM), an

integrative instrument with multi-facet
dimensionality was designed by collaborating EMG
and position sensors for detecting contraction
dynamics of the muscles. With the surface
electromyography and 3D accelerometer sensing
technology, a novel data acquisition system with
convenience and portability to record the spatial
movements of the vagina in

relation to pubic bone and concurrent activities of
the bilateral PFM was developed.

This device was used in this proposed study to
contrast the functional difference of

the PFM, between healthy, low-tone and high-tone
pelvic floor dysfunction women, including
contractibility and endurance of the muscle.
Voluntary maximal contraction was evaluated in the
supine position. The results were compared with
results of digital evaluation and perineometer
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measures. The group differences of pelvic floor
function were validated, in terms of muscle tone and
contraction dynamics. This innovation facilitated a
better understanding of the functional role of the
PFM for continence mechanisms, as well as contraction
dynamics, and force regulation of the muscle. The
proposed study also add to in-depth understanding of
pathological mechanisms of PFM dynfunction for
clinicians. Also, this study bridged instrumental
design and clinical evaluation for existing PFM
dysfunction.

pelvic floor dysfunction, pelvic floor muscle,
evaluation, electromyogram, accelerometer, vaginal
probe, inertial sensors
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Integrative characterization of atypical continence mechanisms in women with pelvic
floor dysfunction using an innovative device
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In order to gain a better insight into function of
the pelvic floor muscles (PFM), an integrative
instrument with multi-facet dimensionality was
designed by collaborating EMG and position sensors
for detecting contraction dynamics of the muscles.
With the surface electromyography and 3D

accelerometer sensing technology, a novel data

acquisition system with convenience and portability
to record the spatial movements of the vagina in
relation to pubic bone and concurrent activities of
the bilateral PFM was developed.

This device was used in this proposed study to
contrast the functional difference of the PFM,
between healthy, low-tone and high-tone pelvic floor
dysfunction women, including contractibility and
endurance of the muscle. Voluntary maximal
contraction was evaluated in the supine position.
The results were compared with results of digital
evaluation and perineometer measures. The group
differences of pelvic floor function were validated,
in terms of muscle tone and contraction dynamics.
This innovation facilitated a better understanding of
the functional role of the PFM for continence
mechanisms, as well as contraction dynamics, and
force regulation of the muscle. The proposed study
also add to in-depth understanding of pathological
mechanisms of PFM dynfunction for clinicians.Also,
this study bridged instrumental design and clinical
evaluation for existing PFM dysfunction.

Key words: pelvic floor dysfunction, pelvic floor
muscle, evaluation, electromyogram,accelerometer,

vaginal probe, inertial sensors

R
LIFRC L iy b
% 3% (pelvic floor dysfunction) 32 3 32 4%
PERRE LA o MERA R 2 RICE B R
(Low-tone pelvic floor dysfunction) > 4=%]{R%Z -~
dAN KL G v X s BRI A G
VM ol L S B O 5 i R FEALS
R EME S ELER

B 2R R

Hgag 4 ende x ~ dop g S



W A2 R4 J\% 2 ('stress urinary

incontinence) & 4 7 B w ¢ Lo & i Fl2
— (Koebel etal., 2002) - » # % > Chenetal.
(2003) 1 5P BiAE®R20 P ERAGE AR RS

B0 #1247 =l ¢ 35%A K kG HRAE
JEA o Bk A F 2 RVUp i sk (High-tone
2 RVUR R R I
Ry
“#éi@&%%ﬁ%ﬂﬁﬁéﬁﬁﬁﬁﬁ’%
KA 2 AR AR &2 2 chit fi(Diendle
etal., 1998); % &>t w5 g i ¥ (painful
bladder syndrome) ~ & 4% 2

pelvic floor dysfunction) &

(pelvic floor muscle pain syndrome) - i

=% J§  (chronic
pelvic pain) g @ {253 2 I (interstitial cystitis)
¥+ (Lukban etal., 2002) - Howard (2003) = 3* 7
3.8% it 3 2 AUk F R 3R o
FRRAVE AL 2+ BRaER kg

=~ o RlentEIRA L Ae o AT i [RRARR
FEERIE A = ol AL R RN
BiE %7 2 AN Baanp 5 e
Flecd R B o % T

SALIE N 7 R o

LaFiz 1 L ]

RN N
It I SRl TR S e &
SRR B A M)t g 2 R AR
EREEAE 2 AR PiEETR o i AR
TR T AT B 2R MELE B R
T A Rk B (o & 4_&);%»;‘5;;
RAES (ep 2R ) ehd 2 R A
#1 e

WL pAma

LIRS i
T2 AR e B Y R 1
%8 % o Bt o Kegal (1948) # 1 #-pl3& % o

Fdpic g MEE R FIRY %ﬁd e
WFRR AR R 0 ¥ R {E
2 glenfe & o B@(2005) 35 K dpApdta
B B AR H 2 RICICHER o A S
WP OATEORIGE S B AP R A
FOTR A B irgp 0 AR WA A F 3 “gold

standard” R & 2 AN KRB o

1 R IFER B RE S S Ay WRIIE
% (Boetal, 2005) > i
S i RAERRE 2 AR ok
PR T IR BRI BRI OR S e T
FRA R § b B o

FlizbiE a3 Y 2 LFRRE L

2 f?&gmﬂi.‘ﬁﬁ¥ R EL

(perineometer) &k 4 (& e %

TR

o 2o F 0 S g IE3RAg § 4k (translabial ultrasound)
Ktgipl 2 RO jTigite & SCBnBT 4o
(Dietz et al., 2002) - gLip|* 255 (bladder neck) -
FRig 33 % (the proximal urethra) 2 # 2 & 3~4p ¥4
7 @ enBef B & (pubic symphysis) 2. B engE
Bret ok R OA AR Jeigend £ o b A pEd
BoA BT LM 2 RE A TR gl g
HEedh T S LA RIVCR R ﬁﬁiiﬁﬁi

FHAENUMRI &8 EMRI kR 2 &
LR B TR ALY s s LR A $
s 4p M AR 5 (Aukee etal., 2004) - 7 P B
LT LA RE G R aep BR o R
BAER P BT 2 AR S R o
A RAMRI REBRF ~WKRAFH 2 &
Tehkick S EFYRRET o

g kyered pIg ik (dynamometer) 7 7 &
BT iFende s &R ER > 2+ & § 7 strain gauge
(Dumoulin et al, 2003) - ¥ Bl & &7 35 F IEE
N L 28 ok R

&

Bt £
gk g Roveawef B ye4 B % (length-tension
b_ﬁ)\ 5

relationship) ¢t & B p o & 05 et 3



FIv T MBRIE 2 RIE AER AL
SRF AR o
B R AT fodR

L~ Pl 25V 2 - PR

>V F 4& (needle
electrode) & /B &R+
+ :}Em 1E > e H

4 35 % Foeomotor units 0 @ | E

o ZHZBLTRARY Y Lo
L TRk 4 F 2 RIUE i TR

A BRI e

@ H& (surface
electrode)
% % ke 4EMG 2 42 (root mean square)
AfpA R Ao % 4 anfe & (Vodusek,
1994) - p % % L ¥

SRR TR G &

— i ¢ Bipolarelectrode EMG
Tk 2 RIVE S LR
FRAVE KRl B0 W R A RY A
H- 435

o BT g g 2 R CURIB ALY e i %
T R R AR 1 L Rk
AFFLAFLANGE AL TR E (T
L (248 eh & Bp
0 FPRE A Rt 2 A N Ham e 2 A
¥ 2R B

(w,\

S F AP RE

I T3
(L)% il
&
Bt A4 B (SULgroup ) 5 18 B T v sk
%ﬁ*UCgmw)wﬁﬁﬂﬁw%ﬁégxnEnw@
P 12 pog s Ao (i) g gdER
o SN Y i R
BRI & Ak LAY B o

15 i= i & 4% (control group) ; 19 i

A, E R R — R e 2 R RS
B i e TRy B R e e

Boo2 e EKERY 0 RET 2 RIS
12 Oxford # 5.(0-5) » 05 & iz e 3 Jeig > 55 F
Fib A IS T PRS- 1 A RE 2 A
< EEF AR
Bitivlasg B4 HplE:

B2 RICRF 4T 8435 10 fyeh i AL
3% 5 )k A

R 2 R

gmgm#

Ji& 4 (baseline pressure) - 2_ {4 i& {7
2R BRI B 1 - Ak
Ao e feifd F 2 R S
SRERIEE g1 RERIE:
% 4% 10 4y ik 4 AL Ak fk (resting baseline) >
3= 5 fyehid ¥ 2 RO &

C. ‘51”81‘\{ _E‘g_sel:

Z fSEFERE
o TR {E IR Bl K-
TR
B-H LAtk Ta b

SR BN X} S
SRR VR TS U R i P
PF R 8 et i R EL >
BT, 0 e T s @S s 24 RS o T

SRR e P EER RS HEEI R

AR o PR TR OB PR

(3) szt 447!
#7118 F AL (raw data) #- MatLab #4845t o
R BAENE- AT o 2 (5 R 11 SPSS st 3
PR (7 A RDE o A A TR g A 2
FERFREER > NE TS 45 R % R AT
(one-way repeated measure of ANOVA) & 47 %
B (HRE MRS F 2 AV KRR B
4k 2RV ) Lmmdpik (AR
A RN 0 R

B )il R AR

(Rl

VRIEL WY fE i A

= AN Pty =1 =4
A BR s

SR BATH  HANA - c A2 TR



Table 111 Pelvic floor muscle function evaluated by

Table I. Basic characteristics of subjects vaginal device
Control group (n=15) SUI group 1C group Control group SUl group (n=19) 1C group (n=18)
n=19 n=18 n=15
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
age 43.27 11.63 48.11 9.63 41.06 8.50 Baseline EMG
RMS(mV) 0.230 0.056 0.191 0.09 0.253 0.128
Height (cm) 158.57 5.45 160.17 4.18 157.47 6.16
Contraction EMG
Weight (kg) 5.1 952 58.12 8:34 55.20 18 RMS (right side) (mV) 0.463 0.24 0.510 0.408 0.401 0.308
BMI (kg/m?) 22.96 3.67 22.59 2.41 22.22 2.48 RMS (left side) (mV) 0.450 0.187 0.518 0.370 0.395 0.303

Symmetry index (SI)

. ) L. between R’t and L't
Table Il. Pelvic floor muscle function evaluated by digital

) EMG
assessment and perineometer
Amplitude SI¥ 0.142 0.080 0.252 0.205 0.237 0.167
Control group SUl group 1C group
Firing time lag (ms) 179.1 1225 213.31 103.31 263.66 188.6
n=15 n=19 n=18
#: amplitude SI ipw B A3 0-1 2 B B4R 4p i B AR &
Pelvic floor strength® No. % No. % No %
No contraction 1 6.67 3 15.79 2 11.11
R SEL N (X 2E 4 B e - SNCT
Flicker 1 6.67 1 5.26 1 5.56 B 4w Ak 4 2R R 23
Weak 2 1333 7 36.84 4 2222 kA F 2R REESE o F 2RI T ﬂﬁ&""”
Moderate 5 33.33 2 1053 6 33.33 FIF A o B L LA RIp gwd $HE
Good 5 33.33 6 3158 4 222 o . e, o ,
B 2 RN Bmst 3 o 7 AT a()s
Mean SD Mean SD Mean SD
EMG v]rﬂﬁfﬁ 7 RMS (root mean square) ~ oz p*
Vaginal squeeze 34.94 12.11 16.03 12.38 19.64 14.22
o L 22
pressure (cmH20)" B (firing time) b o i & 4F-4 = & 3 R iy
a: non-parametric K independent samples test: no significant g4 @S IEE SR ARME) e N e T D
difference between groups Fe MRS F 2 RN Rl s Tt o

b: ANOVA test and Tukey post hoc test: significant difference s .
yP ‘ BEAREECS B R 2 AN Btk o 5
between all groups (control vs IC, p<0.0001, control vs SUI,

TR N G ORF A i ivity
p=0.006, IC vs SUI, p=0.006) T3 A # # B 7 EMG baseline activity
R SRS X SN R P

GRS RIEE 2Ry LRS- Z 27 ’
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