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Preliminary Study on the Application of Bioimpedance Technology
in Arm Infrared Physiotherapy

GU Chenlei LIU Yuhang LI Jingzhen WANG Lei NIE Zedong

( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

Abstract Infrared physiotherapy is a new method with the application of infrared light to human body parts,
whose effect has been widely reported in the treatment of various diseases. Nowadays, the effectiveness of
the infrared physiotherapy was generally assessed by the experience of the medical staff qualitatively. As
the parameters of blood flow is the key of physiotherapy evaluation, using a noninvasive, safe, and real time
monitoring way on blood flow during therapy will benefit guiding the physiotherapy arrangement to enhance
the therapy effect. This paper proposes a method based on bioimpedance technology for infrared physiotherapy
evaluation in human arm. Firstly, we choose the BIOPAC physiological information recorder as the core of

measure system, with double-probe method to measure ECG signal, and four-probe way to synchronously
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measure the bioimpedance change of human arm before, during and after the infrared irradiation. Then

removing baseline drift and extracting feature points by using wavelet transform, applying simple Bayesian

model to ensure the stability of the feature points. The experimental results show that (1) The arm

bioimpedance signal characteristic frequency matches the heart rate with an average difference 0.09%-1.60%.

(2) After the infrared irradiation, the ratio between secondary and the main wave peaks of arm bioimpedance

rises 3.91%-13.05%, namely, bioimpedance can represent the change in arm blood flow, and sensitive enough

to make an evaluation of infrared physiotherapy.

Keywords infrared physiotherapy; bioimpedance; blood flow; wavelet transform
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Fig. 1 Parallel model of single blood vessels and tissue
VAT 8 (I BELATE Z 9 -
yAVA
~Z17, ®
b p

PIIAG ATAS -

2 2
Z Z
dz=| —=— | dz,+| ——| dZ (2)
Z,+Z7, z+z ) "

A1 T BT AR A i I AR AR 51k, T
T I A1 B AH 2R SE Rt BT Z, 72— A0 3l A Y
WAL ANAE, T

2
1
dz= dz 3
(sz/sz ’ ®

R AU, B AR L B
kel B Z, > 7, RATEANA dZ~dz,
IPRBYEET

AZ=NZ, (4)
B 220 (4) AT %N, @iz A BH P i 1
VIR S, AT AR 422 3R B v H B AR 1
AT DL, 3k — 25 4y BT R AGE B AT 45 30 AH B2 f
WAE R
g LRk, AEMEPUE S R PUR S LIRS S
(IR AR A, KRR TESR B AR BTS2 (A0
D) A R A2 5 B, DR X T = 2%
BFF FE RN 12 W B B R

3 SLRAHRSHIELIE

KIS RN 6 AT HEEER, H
3B 3 A, Filk23~30%, (AE
45~70 kg. SEEFE &S A BIOPAC 16 JHiE
MP150 A # 45 Sid %1 BIOPAC EBI100C 4
W) BHPT RO AR B . BIOPAC ECG100C 0 H i
KAEHR (BIOPAC F 4t & AL & A5 B 5 7
BIOPAC System Inc. AFKM), #T Ag/AgCl
AN, CRITH InfraCare ZL4MFHEYT
1 (HP 3631, 300 W. Jei@%E Vi 40 cm X
30 cm) .

3 XWHRE
AL S 56 7 RN S  % (n i 2) 1Y)



5 1] MRS, S5 AENIHPTEARAE T B L INGTT T I BT 79

BAAZHREWT:

O X LRI B N AR O FEAE S, AR A R
10~15 cm;

@Y HL B R T A YUE 5, Hh
G 2 NEE B T4+ G) A1 2 AN K
(V+. V=), Wl sk El[E s fE A 11 em;

@ H IR A 1 mA, SN 25 kHz;

@OUHBESHEMHEPUE 5 RER ¥R
1 kHz;

OSLIRAFIRE Ry 23~24C,

B2 SWNEREE

Fig.2 Experiment structure
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Fig.3 Experiment scene
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Fig. 4 Primary bioimpedance signal Fig. 7 Fourier transform spectrum
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Fig.5 The signal after wavelet transform processing
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Fig. 6 Heart rate calculation
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Fig. 8 Bioimpedance flowchart of a single period

4 HER5SMH

4.1 LWHR
4.1.1 LESTEAEYEIUE SRR

RS R, 6 A EIBH I ORMAYHE
PUE SR LS R 9 . MWK 9 FIEH, T
BRLYUE SRR 508 B aH—5, HBHE
P ZEFRLE 0.09%~1.60%.



5 1] MRS, S5 AENIHPTEARAE T B L INGTT T I BT 81

LSRRI ES

1 2 3 4 5 6 7 8 9 1011 12 13 1415
Kl

B9 $HESRERSOREETLE
Fig. 9 The characteristic frequency and heart rate variation
4.1.2 RGPS F PR E
FEFELEMAIUE SRR RA, HER
W by 5 EPE by BIEREEAE ho/hy, 2N X,
2R 10 fros. B 10 "I, @it asbt
MR, FELDUE T HIRGBE h, 5 T PEME
hy HAE X THE, BTN 3.91%~13.05%, JF
HAZRS AL X 7E OB B A = IEH AH

HRES hfh, CLAMTYT hgh, RHDRES hyh,
R e s it
R
Ry —
—2
L  — 3
—4
—5
—6
\/
1 2 3456 7 8 910111213 1415
K din

Bl 10 HHEE X THiEs

Fig. 10 Change trend of characteristic value X
42 HRISMETL

M S0 45 R AT A (1) S256 3% 35 B R 4R
OHESENSEXNL, REDKTEHH
EoRME50RBMEHMA, HS0
LS S A — 80 P M EUE P E B Y
0.09%~1.60%, BIAW)BHYLAE 5 Al BL S b F
IR RSN SN b i Ui i EE N S L8 R B
Ik R AT AR B A 5 51 1 T8 i AR5 2
Q)@ astelidta, T8 mfE 5 iR g

Wl 5 EPIEE T, RFIEE X BETHIEE A
3.91%~13.05%, HIBHATIKAEB 2 AT SO T8 1
WG BN RN ARSI, ARk
RPN E b, SRR, maziiE g
ST, R AR b A B 3 B
B, DI AR I K S R R 2 T R

[Flif, AHEL T Dougal Al Lee™ i3 xf e 1
R I TR] R 214 BT B R AT VAl R A
O A REEARAE . Gtk (A S 50/E AR e Xt
bt (G 160 h) , ASEE 7 VA BVRFIE R X, B
SET . I R N SR BT VA A R, R B
LA T AR HERE RS R R R R gh b,
HEYN DR B S S (R EE IR
B AT TE ) 1O, I I 0 6 ok BT R
BEAT HIWTAR LG, ARSI 5 1 BRAE i 11 2 AT LS
R FEA B BT RO I LA B S VA 3
SRR FEIRELHMBSH, kit — P 5EERX
CLANERYT R B PEA

5 REERE

AR T — M T AE MR TEOR B 77 20
FE LA R R P A LA S AT R I . AR
LLANR T IR S AR YU R R E I R R,
BOF I TR & LRI R S8, AEL
TIEE B R B B B 5E T ARG ST &
%, 6 fLEEH A KA e T 3 4k
%o JEIEXLETE USSR SRS
NTFB MR AHEIRGSE K5 B A21L, seiss
RE 3R

(1) ZEP PGS TR ARSI 5 A0 B A
M2 WE OGS S BEZR 2T,
INEE s W o i ceke ol e e (11 R R B N
VIR U155 RENE /Ry S ML AT B AR AL MR 5

(2) AR SO AR = 5 A I 9 ) B s
AERETE AR I, R 5 T P I LU AE T8 “



82 4 %

54

VN 2017 4F

B—LLANE T —A )7 S0 i FR i SR I B B
U EARRAE, BRI AR YIBE LA 5 RE A8 DU 1M
BT R T HLAER (57 Bk, HH
X IX AR 55 AR B — o U, DA T DLE
RELANERYT ORI 2%

SO A VBT ARAE T8 204G 9T v 8
BT 7Y, RERE T — MR,
TIAEAE S o A R TG ZE LGy B, A3
W7 B R TE 30 min P IESAS I T A L buE
5o RUIE A TAERT MK, SO0 kR R
B, SEIGIRIEAT EANXTEAR, (H5 E A iR
HH B ) A ER R ) B2 2R R PR AR AR — 8 220,
Tt —DEEY AN QR T NEATIRACKREE, 38N
e S E, ik, AN FEEMRTUE S
() AR AR 1 EAT B T, AEAS 5 JE I e B AR
J&, RIUIBELE 0~10 Hz REREEFH NS E
4, HAFE R, HZEHEONS Mz sy
REZ MR A R — D RIE: &5, 1EIRR
NEFH AR, T R A A G A TR I/ 1 A AR
YEHEATEE /04, 10 B A AR 40 BE P A 3 DA
R M AT &, DRk 7R B SR At VAR R
)95 BRI 5 AR VI BR B A 5 AR G AT 20

& £ X M

(1] R, ZLAMERYT $2 BE PR 45 & Tk T SR
15 52 51 [J]. v [E s s 2E, 2008, 17(4): 552-553.

21 Bsk, AR, BORE, 55, LA ET LB
V5 2040 BT AR A R AT S [J]. 404,
1999(11): 9-13.

[3] Dougal G, Lee SY. Evaluation of the efficacy of
low-level light therapy using 1072 nm infrared
light for the treatment of herpes simplex labialis [J].
Clinical & Experimental Dermatology, 2013, 38(7):
713-718.

[4] Ervolino F, Gazze R. Far infrared wavelength
treatment for low back pain: evaluation of a non-
invasive device [J]. Work, 2015, 53(1): 157.

[S] LiK, Zhang Z, Liu NF, et al. Efficacy and safety
of far infrared radiation in lymphedema treatment:
clinical evaluation and laboratory analysis [J].

(6]

(7]

[9]

[11]

[12]

[16]

[17]

Lasers in Medical Science, 2017, 32(3): 485-494.
Kulick M. Evaluation of the combination of radio
frequency, infrared energy and mechanical rollers
with suction to improve skin surface irregularities
(cellulite) in a limited treatment area [J]. Journal of
Cosmetic & Laser Therapy, 2006, 8(4): 185-190.
Lin CC, Chang CF, Lai MY, et al. Far-infrared
therapy: a novel treatment to improve access blood
flow and unassisted patency of arteriovenous fistula
in hemodialysis patients [J]. Journal of the American
Society of Nephrology, 2007, 18(3): 985-992.
FERERE, X5, TREFS, &, MU P B A A%
8RS ARSI S5 AL S AR T A PR R
). Bl ERREA2E4R, 2014, 34(5): 704-708.
Garcia-Garcia HM, Gogas BD, Serruys PW, et
al. IVUS-based imaging modalities for tissue
characterization: similarities and differences [J].
International Journal of Cardiovascular Imaging,
2011, 27(2): 215-224.

Guo L, Shi R, Zhang C, et al. Optical coherence
tomography angiography offers comprehensive
evaluation of skin optical clearing in vivo by
quantifying optical properties and blood flow
imaging simultaneously [J]. Journal of Biomedical
Optics, 2016, 21(8): 081202.

Lauri L, Bykov A, Fabritius T. Quantification of
cell-free layer thickness and cell distribution of
blood by optical coherence tomography [J]. Journal
of Biomedical Optics, 2016, 21(4): 40501.

Chang S, Lanctot AC, Mccarter MD, et al. The
prediction of radiofrequency ablation zone volume
using vascular indices of 3-dimensional volumetric
colour Doppler ultrasound in an in vitro blood-
perfused bovine liver model [J]. British Journal of
Radiology, 2017, 90(1070): 20160661.

RS, Wi, AR, 5. R VEO L
BN KRFEREAL R IR R A (] DA TGRS &
Zk 8, 2012, 21(4): 418-419.

De Lorenzo A, Andreoli A, Matthie J, et al.
Predicting body cell mass with bioimpedance by
using theoretical methods: a technological review
[J]. Journal of Applied Physiology, 1997, 82(5):
1542-1558.

B, dRRAE, AL A e B BT R
FEE RN [J]. o E AR, 2015, 32(2):
234-238.

fEREE. AP B ST R BOR (7], o BT A
=K., 2004, 10(1): 21-25.

HAZ. AV RHETTHEAR AR (1], o EEY
YpE 2 7 2004, 21(6): 311-320.



