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Blood Glucose Measurement Principles of Non-invasive Blood
Glucose Meter: Focused on the Detection Methods of Blood Glucose
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Medical Research Center, Seoul National University, Seoul, Korea
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Abstract: Recent technical advancement allows noninvasive measurement of blood glucose. In this literature, we
reviewed various noninvasive techniques for measuring glucose concentration. Optical or electrical methods have
been investigated. Optical techniques include near-infrared spectroscopy, Raman spectroscopy, optical coherence
technique, polarization, fluorescence, occlusion spectroscopy, and photoacoustic spectroscopy. Electrical methods
include reverse iontophoresis, impedance spectroscopy, and electromagnetic sensing. Ultrasound, detection from
breath, or fluid harvesting technique can be used to measure blood glucose level. Combination of various methods
is also promising. Although there are many interesting and promising technologies and devices, there need further
researches until a commercially available non-invasive glucometer is popular.

Key words: noninvasive, glucose, glucometer

8 A2, Aok AT S
Fbsha gleH1. 71802 At
3 A #2397

fo &
o

fo o
ﬂlh‘,
© 4

H 2 of

ojr
( 10
) il
e o
ofl h%

ok
w19

RN

!
0

EJ
QL'
ot
N_l
o
°
o
N

2
T
il
ofr
o
or =
L
i
N
=
o
ko
e
o ©
M
lo
ox o

i1 o,
o
o

o gt
I o

fo o
)
ol
=)
rr
>>l_
L
Nor
&9
rsi'
et
oft
N
i
[0
ok
N,
%

ok X X

o
et
i)
oft
Ane
o
o,
=)
Jo
ofx
fo
9‘11‘
i
|t
ol

R

10

oM.

o

ro,

(S

— rE
e N 2
o
ot

@ oft do oX

o ool

d

et
ofl
[N
o
N
1o
ofN ¥
ko
ox
o,
o)
N
i)
k1
%0
£
N
i
L e

d

oy e |

oX KU o [ [0 o pi mu
o
j"lﬂ
rr

N,
fr
jus)
ar
!
1=
It
il
3y
)
ek
12
tlo
>
_?L
Q

Corresponding Author : ZJZIEj
(110-744) A& T2 st 101 Aistagd nils528at
TEL: +82-2-2072-3295 / FAX: +82-2-747-5639
E-mail: jintae73@snu.ac.kr
£ A 20129 % AFoREeAd S+t

Hha] XY (121720] 25 551)0] 2]8)] 4238
B1=

HEpA| 9] A

glon ojo] gA=T

A]
—|_.

2

) ‘_X]'Oﬂ;ﬂ EE‘-\—]' g-’j@'% % 1:]‘-—1‘51[0] %,ﬂ

o olf7t E 4 alek. A

AHEAY vHeS A== tggg
0] o} ol/]_ o]

(<]

|
Oﬂ*

el

FFEHS W 5
oL 3
o

2 FHag) slg= 9ol Q)
gk Feleolu 52 9Ad] gl =

olof| 1A 200] AZF FAE fﬂe%’f—;ﬁﬂ 3}
£5]o] 971, 7]40] HhAo R ofg] HpH o g F
_i_x-lo] RsaAch 2AE A ZAo] 7

o A g

== Qhd glo] Z‘ih:]—e
oA =), RA WAl B Ex
Mg 5 7)o A éz AL olg] 9
H]—tH Lj\;“H 1P

mﬁL el ol

oz
(e]
=

o 051
v
o
o
N
Jr
)
o
rr =
M
2 z
2,
BARCREO
KU gl orlromet 1@ X
o 2w
40 N 12 ol XN

_Il)l' d
o
P‘L
(e
ol
rE
N
S
oX M,
o
o
N
o Ty
ok
22

g o ¢
o
ot
SL
il
ol

A2
N

Z

i

1o
I oon M
N

o o
B>
¥ Hoorr b 2 W

o
32
=

s
=)
2 @9 4= Pdle *1—% OE 7ol ¥EE =



Journal of Biomedical Engineering Research 33: 114-127 (2012)

TS $2E SE gk oY PAE @Y WS WL o83 B S AL $4 o] st
uS St B AEY FUOE SHUNS Folsl 14 She o Uk B} £ 2o masiof 3. 1 5
S RS GF WG 34 7146 AT BAT ) 2 WS b TS JREAL, 28 B Ha, Wit
gHoz Basichn & 4 4 Aolth & ATlAE @ 93 BAL AT U WEwh 2an 2ud ¥
A7) el BAE Wy SAME AFHoR dolrn  Holet WMo A & I=le M I AE W
A AED YA 24 HAD AB hel FUARE e & B AR, de ol el A Ael)et 2t
= st [7]. ot} ZH4] A% o = W] T4 A0t Ak Ao
o8] AR B HEo| Wshe 2Ho) A we| st

I RAE ot S5 2| Bl G 3] U, oleid AelS ErjE W of

goto] BY Eg éwg % olek. s el At A

1. Zefmol o g4 ASE B9 FE ol2lo] tiakt 2xe] 4o o
DA B 37 A sleld K AT ol B aAE e Wik, et A £ £9: 8 Dte Do)
el FOPAL S ol 83k Flolch. WakA ol A 9 2 W4 /14T 4 Utk p & scattering center]

A E3HH (Infrared spectroscopy), 29 23 (Raman Uk, a = scattering center®] A&, Nycatter = scattering
spectroscopy), 2 7Hd ZH (Optical coherence tomo- center® ZFEE, Nyegium <~ MAL FHEO|L) FF 23
graphy, OCT), 34 (Polarization), &34 (Fluorescence), oA= AA 2ZAQ] A7} scattering centero|il EoHoj
|4 23 (Occlusion spectroscopy), B4 2 (Photo- A= ZEIL7} scattering center o|th. At A4 9]
acoustic spectroscopy) 5°| Ut W ogsto] A9 & vl SUMESE dadtthal A Qloh Wk e &
5 Z2A3l= AL 9bd3] v|AGF o) Ap2o] gloma Zo] ¥gFo| ¢ittd EutE "le] 7br X Beer-Lambert H
of@s) muwl A ojulo] FAY W 27N F 5 Ho] oa) [=Le™ = 74T 5 k. ¢ & ofi= 8o

e slolck SR YA e AYE wolidl ol HE ) S o & e A & £3) A

o) 7 A7 51 913 oA% Fe] Sl ol olck, 2Ael ExsE Sl S d %4 T

A F1gz0] A Fole. e B AEE A AR dolob R 24l
=1}

10| Zha7} s dold A g AW ¢t Hrh e = =
(1) A ) B3 (Infrared spectroscopy) o] EAoR Fofxl Blof uhof mat A ATH8].
B o ofy E4 Bxlo] Wil ojwA urSss 2|2 2| Q)4 B2 750-2000 nm o] upES ZH= LA 94l

ZA51e] 1 BRY £ 52 & =45 Y AFE  (near infrared spectroscopy, NIR) I} 2500-10000 nm 9]
©oguolth e BAS BH o) v Aeh 24, § 99 2 $49)4(mid infrared, MIR)S o8k, )
SHD AL £ ek E ofd A9h wol BAN B N yo| En ARsiu Pobdel wHos dge 24
QAW I 24 £ oAUAE Wik giet 9o up skt glo] a3 Folivt "t Z LZ'Z(S‘cl'a‘cum corneum)
Aol what 4=, B, A AEE I8 & 4 qed o] F Qus HE F2 Feste] Yo B3 s Folt). o)
A& ~HEGolg}t Ko AqE LA )2 wFo] Aol FanstA| ZHASa) QuE
Frequency (Hz) 10" 10" 10° 10" 10” 107 10"
] ] ] ] ] ] ]
X-rays Ultraviolet le Infra-red
NR MR
T T [ oow oo T T T T |
Wavelength lnm 10nm  100nm  1000nm 10000nm  100#m  1000gm  10mm
1pm 10 #m 1 mm

TR, A1t 2HER

Fig. 1. Electromagnetic spectrum

HA |9 3ol wte} Sole wg wetch. HA|ahs sbgel ute} o2 AL AT Qlom, Bis 4EE b he] T et
o] o] 71 cgojsie] el o3, vholzst, Aeldl, 291, T, e, XAl gbalolebn i

115



=R

=]

=]

o,
=T

m

_t:l‘

L

=
il
1% J

X o
i

off
[
QL
i
_g
gy
S“'.:
>
s °
1o
=
o
s
(op)
(e}
O
p_A
LW
(e}
(e}

4

4 w2 B 1 A olera @
S 9 = whE 2AoF Z muddt £~ A
| 2 & uH o] “optical window =}l
22 750-2000 nm 9] A2 2= LA QAo
AR} THsstel om oab Hobel mAY
9] didel sol th11,12] (3™ 1). spA|RE
Hede = dEshed =2t "ol vk ZE LA
Wet T B4 A 2w, gel AHEy u(spectral
A7) hiZolch (Y 2). E7E o] i) =

o3k n|Eo|Ho|tt, Byt of 7179 =x
Zpol7 A7) wiize] A FHolA T S ATt =
o] 4= Agrrh WY 2t 2ALA JelolA e ot
AHEY 4y} &, JrIFEr], TR xulk Zo] 715k A

SEY wep HAA e meba el 2d g §20]

il

o

402
e
R

1.0 W
Glucose

08 ] _\\

0.6 -

0.4 -

Normalized absorbance

Water
0.2 -

0.0 Ly T T T T T T T 1
1700 1800 1900 2000 2100 2200 2300 2400 2500

‘Wavelength, nm

O3 2. 2y} 59 S AlS
Fig. 2. Absorption signal of glucose and water

PGS

Measuring head

Skin
0
0

17! 3. Photonic glucose sensor 2] gzl =4 1

= b= S84 Bls) HEo|AQl TS ZHA Hrt.
Z2 9142 2500-10000 nm ] TS 0] &3H}H[7].
o) dof| Hlsl] mpo] ABR Akt dAdo] HL tfAl Ho]
Z2 08 wdsly] Ao W o] &
2o g o] Bzt W pume| Exfsiet. o]
FollA ZHE o e R AupH 07 giAtE AL AlkE
gut o] gsk &= gt} S Qe Fart Hrh= wo] 9l
Ak gofl olal AdE wrt LA Qs LAYsh= o
Hr} t] Soldolat= o] 9tk o]AL xwFo| 2

oAl Hol= C-C, C-H, O-H Ex}2] d1Zdo] Lojupa
BzwA] AAEE S5ulrh o] ) oA TEE )
ool

s ol-gsf A WellA & < o8 7t

A ol go] e} RS 4 31*— Z ZPXJVP 0] HhAte}
T Hl_,] ﬁioﬂ Of]
ofyzl oy 7H4] &
A% —v—Xﬂ ok o5, S AEHE
5= vzt F9 %‘—EE
S5zt | ﬁﬂ } g 5 O“3}[13] o ?‘5}7%]5 24
o Adfolct. €, AL, 1Fo k=, W v, B2
P WA "l o]AL WS o] &3
go] Fofof & Aot

Cyblocare A= NIR £ 0]83t AF
sensor)S 7)2F =o|th(http://www.cybiocare.com). 3}4]
gk gea WLAS AAlsks Aol oheh AT A 7]
59 sl AoR YelA Atk WY BES £84E WOl
apeie et Aho] QA AelA Holxi 4
2 ol gRleky FARUCHY 3). & o AE
(BICO Inc) o] A<S AxML o]gst BAd I =4
7|12 dEA a1, 19983 S-HolA 9000 o ZufjE =
£ gloit Mokt YR|ES LA UA AT ARE A

ol A Akl Aol

51
rL

’

-

3£ (Photonic glucose

©] Diasensor

(2) 2H9F B33 (Raman spectroscopy)

o)A 2f

e SR Boke U At o] Ay

Fig. 3. Schematic illustration how to track blood glucose level with photonic glucose sensor

Zto] 2t Zlujof o] A2 Zlg SJulsial Zo] 25 Fo] B2 A vt



Journal of Biomedical Engineering Research 33: 114-127 (2012)

1 a9 4e x2=ge] 2k AuEGoelt), o] 7] o]

ok AdEYS mEsky e S0 AHUEYD PR

gonz LA o g thg S22 o] A

2 ok B3 330 dFS @ e Ax Aol Akt

8 Ho) WES Bae] A G W RS G

= oSl BHY] Fko FFS 7| wiZol AN T

g FES ST 5 YrH14]. Bol Hok Y= FE ST o

gt A EYe ZA QMY thEA Eof o3 WilE d

etk 2 BAE ol 8) 99 34 F9R wol AF

MV MV VY M7 TN o] gk a0l dn] e 2804 B su o

300 700 1100 1500 WA =2 P FH0] & FEE TSk d ozl &

Wavenumbers (1/cm) A Wolishr] wizolth[15-17]. sHARE 4 Al HlolA&

T3 4. xwge) et AHEY AESE7] mimol A0 EAE E 4 e ERE oA

Fig. 4. Raman spectrum of glucose A2 wolok shal, oluf Al s} oFsjA Ao] HAH
O = AN AUTH18]

(excited state)@ E% 5 HlA}E| (ground state)= Hof

A, BA7E QF o U AR GaekAL HEShEAl Bl (3) 4 7M] 2dH(Optical coherence tomography, OCT)

HAH 2 ot o= AL 2 Algtolzkar siot. o] gl 2 OCT = =957 diode (superluminescent diode) ©f|4]
o

c}
ok At S FalA AAME T BT oA o v WS THdste] 92 FJHE 29 BEAS w2 A
Blo] dojuA| "t BHo| &4 &2 WESI= oUA= ZF E9 oA & HojErh, A oA Hlo] Akl AN} T
AL A B et WS TAZE 7] Wi ol B0l B 24 E wet 9 Ytk 18e
ARBES BNt BAO EAERE 22T 4= 97 "ok, 2 OCT 9] JR2 A9 F F=& 95T 4= Q. & 17
OCT system
W Photodiode

Reference Arm Digital signal

processiong

Mirror
Computer

SLD
A =1300 nm

Sample Arm 50/50

Beamsplitter

Fiber—optic
Probe

17 5. 9 7] #gy

Fig. 5. Optical coherence tomography (OCT) system

SLD 2} UL "lo] beamslittero] 2J3} 1} o] referencen arm ¥} sample arm© 2 33t} Z2Jof| A Alghs "9lo o]

arm 2 E}IL Eofet reference armol| A Eok2 Witk A 1M #4-S fU%Ich PhotodiodeZt A58 HR|3lo] 5E F7g3l).
SLD: 247 diode (superluminescent diode).



118

1
=
et
ek
oft
i
o2
N
lo
ek
oft
A
o2
e
_VE
ek
oft
oY
iy
o
23
olN
o
i

|
o
4o

of ARk ol g3k WP HSEHARE Aol H e bl
We| FEE 235t Jlo] ohe Wo] 21 wu HE
AR Wt 7)o S AL WA vhbEs W A
RALE QA S ol e Holtt.

0CT At algltlel e vsw AL 2

o,
o
m
oS
30
rr
W,
o
1o
=)
o
=
HE
o
N
o
o
tlo
N
N
>
v
)

ok \ly} 9P A 1HMiEdS Aol :LE]_L_ a 7%;.
1:} OCT 2 A73t qu_
SR} T HAE
A7 Fasit19, 20]
=2 =] OCT 7] ° ‘_P‘_O AHAZ o] 43| _q_'_%
3 = = Utk X
5] (dermis)ll 2] OCT A15.9] ok ALz o) tﬂw
ou|3la o] AL EET Ero] WIS ouE £ Qi) §)
ARt OCT W2 e Alghe ol8ste Wt vz
2 2Z9 3o A BXo ZAE, 2A LA B9
trok o] uj$- wizslch 3 Swof oA E A g
& W= Aes dEA ri13].

uﬁl'm

B

2

o

(ol

:rj ¢
Lrﬂm%ﬂw—ﬂmﬁml

(i, HHN'
rlit

i

(4) H33H(Polarization)

ALAr o] A (enantiomer)7} T-GEH {HE Yo
E713 o dojub= dAf, 2 33 H B4 optical rotatory
dispersion)Z °|-8&3H & F=E SA7Ich Blo| v ¥
stol| whet of| BAo] FaH Frrt GEAEE o] RAS
AHEHOR YeRd £ Qi) B2 ALAL o] dAA o,
Hago] go] B9E So1g F uf Wo| WYL 54

[oN
D

Light beam

Polarization |

orientation
[

Glucose solution of
concentration

7 6. XY s 9 §I%t WY ¥

Fig. 6. Priciple of polarization for noninvasive glucose
monitoring

g FH A= 2l 5k,
2l 31 Zreof whel A%t

£3 Ae], B4 sl 4 54

hes 3)3slA k.

=oixdxc
Net rotation & ¢J&} -2 FAloz AHF=ECH Y 6).
L =4 wgold 549 94 2@ (gml)),
d & AUt Agf(m), ¢ = T F=(g/L) °lth. o] 3H
Al o] o) 2% HEE o)F olgs B FE
£ ST 5 A7) skARE 3 Hee e 2y

pHel osiM= Faa oA

rﬂ

t}. gty ascorbate U

albumin 2 Fsteow sl Bo] 24of glow
ol gt Solwsl HWolx wgo

olck. mRofA] wel

AR BPH AL Yol T35S B3 2] ofy:

—-0Hn—

oAl o] sl Qlek21]. sHARE o] 24yt
Ztdf(cornea) & do] @Al Qlo] Hof. okt
(humor aqueus) &} o Alo]9] swof A7} Q= &

A= At

(5) &Y H(Fluorescence)

of Wi B4 Fulgol W wom xAo] PHL %
A7 RS olg3 olth. gol o} gl ol A
o} @lo] 42 ZolwW 340, 380, 400 nmelA o] Wl
w3 380 nm 4] He} Fgol WALEITh B FEL §
] o o] o) AR, AT WHES B 24
A Apei3lo] B WAk olelell T Alg FAE U 4
QIck. T R A, 3 £ Sl ARk W 4 9l
oH[22]. BHE WA AEE F= 0l —e™) 2 74

& 4= Qlth. &= quantum efficiency, Ip 7] 4
at Sk, d= 49 E3t A, ¢ fluorophore
wol Th] WAkl A fmolct.

ZeE Az $ohd GAAE Rasjol WY FE
Yok 2w Qiu P Bl whul AT o] w3 of
34 Y boronic acid EE1

-85t ol
[23-25]. Boronic acid %= S45-2 pHol| J&F Ho|

AN Lo il L
ol
m

o W g
filo

(]
nX‘i
e 3 019 i

Eye Em
Ex \
J3 7. FHE 922 5= S 99 mAE

Fig. 7. Schematic of a tear glucoase sensing device
Ex: a light into the eye, Em: emission intensity from the eye.



Journal of Biomedical Engineering Research 33: 114-127 (2012)

L ouo] itk B ThEI g S SR AT 3E7 A8W T Bold] We] ARl ABE ZEAA 5
& el ol sl sl el 9ol w7k 5l gieks g ven
S Ak AgtEe] d o Qlt AEE w1 & dAA v 7|7l OrSense’s NBM-200Go|th(http:/
FS =43}7] Y34 fluorescence resonance energy www.orsense.com). o] AL FA}e] &vtEr L9|Hof ¥Ud
transfer &} Z-> “o“ﬂ% ARg-slioF FITH[26]. O] AAE 714 ARSRITHLE 9). AlA o= Yol o=
VeraLight A= B33 o] g3ho] the B2 AMsts W23l oly gAT, 12l 9k Ant Bl gt
714(SCOUT DS®>% AL AT 8. (itpiwww. A B12] H21S SIS 7197] ek chapel ek
veralight.com) HAIZIC® FGAE AASHA= Htg  A7|of ghies JQtE|o] glon, &5 F= Zoe S0l
A oivls) A AEA N SRPA IRA 5A g Hof 3l
=49 FFS FE010] G 7HsA0l & HE AESH Zege AkS 8 A7l 24 1 24S s
= ZIAolek. WixgtAfol A d 2O o)), ASHARE, e WA Afelo) 2 ATt BEUA| S AEE E0A
A& oggFo] ulA] 3y W3}, advanced glycation end Al A& T4 Al7|3 AupF o st HARE & g
products(AGEs) o] 2], A} o], Zebdl wal Ad(cross  tf. AupHom Geert V1SS JAE 240 9 &

linking) WS1E 7107 AL wlRolA Hae] HALS
2510] Yool 715 AS AN Tiol A AGE 7} B
942 Jueo] FEEo] Rorks AT 9lrh27).

(6) H& £33 (Occlusion spectroscopy)
A e wel 4 B olg. BRI A4
sl @77k 3lo] B wol ujolx] kS $Ushe
A9) 2717k A S| el A Foln Fakg 271
X717 ) EERE ARHE s BAT 1 F9E
EE wjd Ato]o] ZF&E (refractive index)& 74 A
A Al ASS Zolw Wo tA £02 Fuksit A
A Wtk ABHOR Tre Bust /s o He
A7} o] BET A% EahEl el Jui Z7jeh)

r}H28]. 1A oA B m) u)2alx|ul A o)A /s1A 9] A 8! 9. OrSense’s NBM-200G

Qelo] WIS o] 8ahal ko] 7|9t o]Abe] oFEle Fig. 9. OrSense’s NBM-200G
aixjo] 7let 29lsol L] NS 7194 AMelel, Wel At

HAARS 0]-&35}e] 2231= AH] (http:/www.orsense.com).

119

less
Glucose

more
Glucose

17 10. 2=rdo] W] Zleje] njx|= JF
Fig. 10. Schematic description of the influence of glucose on
light propagation

7128l 8. SCOUT DS* EEGE RS G A7) B 1 BYS B gl v
Fig. 8. SCOUT DS°® Apole] F A7} B SR RS FoIH AR ASE 4 A

VeraLight A= 332 ol85t0] P &S AEsk= 7IAS N 7|3 Apr o 33t ARE 37 she], Ang o Psrt 37}
v} 2ot} (http: //WWW verahght com). SR A2} d T4am] T Edlsis "o rl 27151 ©



120

T8 g9 249719 €9 34 99 89 HdER SHesE - oA - X
1 {Pulsatile signal ™ Occlusion signal i o u|RA]= gvko) st Byt Hasioh.
0.8 _ .
(7) BL3F B3 (Photoacoustic spectroscopy)
5 5 =]
= ofwl Bo] g mol oS Fooki o]HE L
> = = .
3 o= Mgkt 9o IS HHA ST 22 Y
% o4 | TS WEHCH[B0]. 2 We FE vlAlE 2L A
L= Start of Occlusion o o] SlaLo. Ol S = o
i oA d HAE gttt ol WSt 23w
0.2 - _ . . -
r2l u}sS hydrophone &2 piezoelectric AH|2 =74
; 1 . . 3 et
0 d i = e Wost A5 AL P= WO ZEO. A O
Time (sec) T3 AT AE P = REu(PvY/Cot 22 5402 L}
12! 11. NBM o] 4= 94 & Z/beis Als 7w el = Q=T ke A, B = HHE olUAlL we = S
Fig. 11. Increased in vivo transmission signal recorded by 7=, B= FF A=, v 289 £&, n=2, C, = £
the NBM device of B4 ewolth. 4] BAL AT GOl A8 4
E7F 29 5] 2o de AR Qe & SRR i) spearRaHe o by Eo] 7hAo) izttt A
B SIS EA ST G AEUS A NS UE o g Bake A4S B4 ASEE ohet Akt A
He} 100 5 73t fs0] 27|15 2h= A7 IS o)A 2 2 signal- o o _
to-noiseS SR QTG ] ol A Aol oS mefaol gt
o _

SET Bl W i 2715
71419 Be=E &o7] flsiA
oo sh=d, o] AHle that &
AR, o AH|et th=A, o] 7[A= =
3 wbbEl Wk ohje} 242 Fal
2 11 A&7 AAE 7FEAEA "o
HEAPLA] (reflection mode)ofl At} o W 3
FESH Hoh. ojZlo] T SA9 YIRS ol ¢
AR oz FABHE 2] ohd WA 240 gt Bl

i,
=
[
o
—_
=

jui

i

o rq
qu‘r‘

T 5 i
|

)

1

il

WL
H o

>~
ob
<t
e
DO

flo

I
]

N\
o
ol
ot
N
sz 4o Syl

off

A

P

2 o
=2
N
T
ol
ol
=

o

B —
2 ox
o
ox
1o

2.
)

A=
T T
Aere ek 2Rt

_ﬁ
i
i
2
)
s
B

fF o
k3
ot
lo
oo
=
1z
O
2
1209
ol
T
fuj
inj o
o KU

T E ox
rE
offt
1o
L\_] B
N

N

AZ
2
foi
N
N
t+
Q
=]
o
17
i
=
)
i
[

=
=

Fl
il
oft
=

o3
i1
o
>
E)"
2
o
et
o
oz
o jor T g L

fin)

J gl B NS
oX,

fooft pot rok

Eéll
H
1o
o
©
)
At o
>

X,
_?L
Q2
i
i)
2
o
Hu
o,
H

QI:Z'" ( -o]'%»]—xﬂ P -o]'aé

ATAA]) Y 24 (free fatty acid, chylomicrons)o] 3&t=

ool A5 4 (Reverse iontophore-

=%](Electromagnetic sensing) ¥4lo] Qlt}. 7] ®IH

Constant current source

l
| I
Anode glectrolyte Cathode
7 _
Cl
Glucose .,
Na

T8 12, o o] 2418 e

Fig. 12. Mechanism of reverse iontophoresis

ol =3 = Aol ARE F2 57 HH 9 o sodium
3} chlorider} 242 £33 QF40 2 o] Fl7] ik, gt o) s}
7} S 2R o3} o] 7 iE FHslo] o) F5HA H=d o]t
XSS electro-osmosis 2}l &,



Journal of Biomedical Engineering Research 33: 114-127 (2012)

(1) ool A=<l HMA(Reverse iontophoresis)

vjso] It &3 Aol ARE E A Hu B of
@ sodium I} chlorideZ} zHz &=y} of=Z 0 & o]%35}A
A} gt 2o] Wabl g BAE olet 2o Hne %
Wsfo] o5 A ==t o3t @44 electro-osmosis 2t
I FIHE 12). 9= $4 pHellA S48+ 57 g
of = HOo= A o]Fo] WolR|al gl e o &
F=T 5 QAek[31]. 9 FoflA T2 glucose oxidaseo] o
3} AFslE]al Hy097} Eth(glucose + Oy — gluconic acid +
Hy0y). 1714 platinum ©= 21 =04 HyOp — O,
+2H"+ 2 electrons ¥h-g-o] dojupil A= & £ sht
T 2719] AxpE Hgste] ARE S2A gt As 3
e AR 2y 2 RS 2 "ok o] W
o] &3t Al A2z AA7A] FUsHA FDA 52l
A2 GlucoWatch(Cygnus, Inc., RedWood City, CA,
USA)olth. AR+ A AHAl #E @9 SH7IE

=X]

&3l calibrations sfj5=ofof gL, A2t S5 2laliAl 1

o o

320 238 glucopad £ oF 12 AJZF vjc} ZHolZeoiof 3
t}. glucopadsE ZHA = warming up A7+ calibration
o] 3ol Hagt thyol ok ® A EAl= 7] A
oz Qg Wy AT ghRe] 24 RIS 12 7 vj}
HpLojof k= Zlojth.

A8 B 54719 wwslel v Glucowatche] 548
15 & o Aglch E3t 9iof B2ksk= glucoPad’l 52
iAol U= A di5Aol ofgA Hal dF A=
1317} duigt BA R glucoPadES H235E & 228 L7
A TiReFel Gush 497t watch Sl )
UElo] fdatA A AEE AR AEY Glucall ofzh=
ABE olo] AR WS ol RAE W 247

o SN BRI oleirhA AR AAkE R oL 9l

It o\

1=}
3 IRt deld GEE ol H Bk
HRE SAo] K5t wof, shgal ARE wshiA
wxoR 2Rk fAAY Yulds suEol A
of. §2A9] AEEYE 100Hz 4 100MHz Ao
B o] g3k A YAk
HollAl, Bof el A7) WekE s 1A 4 9l
G AAE SIIA ek JEE A Fa(working fre-
quency)7} AlE|=]ojof 3] o= 1-200MHz o] 9IcH[32].

AN o o

rr

200MHz o]/4e] 24-& Fuba=i= A|zuto] Hjel FAik(beta-
dispersion, A& W Alxzato] AFute] ARE Aol &
< T ARE A= A FEAIZIAL o] 29] A
TRz et M E=E AsHAXIth v KHzoj o] W&
Fal=(< 100KHz) A=9] E=3}(electrode polariza-
tion) @ zZ] o] ou} Hik(alpha-dispersion)S Zj5}o
ARgE = @itk 1-200MHz ol A= XajoflA A&+t
o} Th =2 A|Zuo] HgF B (interfacial membrane polari-
zation, BA9 ok ape] dE A7 A1,

gl o 2o HE Waks HEF AZ U sodium
29| 74229} potassium o|& 5715 Zejsh Azl
S-g fEaith. oleig Wolah ZANEII] B4t W
off ola) wel] whol] AlEIE Alolo] & s
shol A% o mabga HEA, da B ws
chel ok Eh. 5 @ge] wske snet
$HA S4E ST QAR 27 s
gk FAA AEER ] HIlE 7hA2t @9 A= MHz

=

O

ofl

=

g“'mai'

ol g
fo

ot of rlo X

_?L
N
i
1o

A A% Wad 4 k. A A gohel =
#o] gl gt AmEAl ko] gew B, 9
£5) Falsee] ) oA aEze] Wshs 1 mMel
o 0.5-0.8 Ohm Aot}

Qods B g3 AWA WA= PENDRA®
(Pendragon Medical, Ziirich, Switzerland) o]c}. o] %+
Atz d A W dsh 248 oheh Auol
Foll gk g, Wl A4 A3, dloly A%, HlolE &4
= 9Ft 2ZEO)E 21501 QI8lth =
7F o Ae duEs jels S5k ddE S vt
T=9] #9= 20-60 mg/dV/Ohm ot} o718 &5 AAAH

H

AN g g Hof /fukAd FX13] 2 (open resonant

o
Ao
o2l
N

=
i
oft
23
B

T8 13. QJuels Bohe o83t Wit ANo] A7) mAE

Fig. 13. Simplified electrical model of sensor based on
impedance spectroscopy

L: 9% 799 <98 A(inductance), C: AlAQ]
(capacitance), R: T 59} 1 o}l 22]9] H A&}

17\ g%

121



122

T8 g9 249719 €9 34 99 89 HdER SHesE - oA - X
. A9t AZ}L71% B (electromagnetic sensing)o A= & 9l
G Abo]o] H714E o] 83ITH36,37]. F QIEE ] HAAE
s ' &t(electromagnetic coupling) Mo S-AA| EAlo| uw}
Vet Visens P, S usteha, Bole) fAl A el o8 g W
: Vo meel BAWY] & =S ST 4 ok AT 2o
et e R wol W o o]9)o) T ofe] Bl ojsiy
( __k' gojo] 447 o] geld S ok AREel gk
SKin

T2 14. A 12 e 24 A7) mAw

Fig. 14. A schematic presentation of the impedance mea-
surement with a resistive divider

Viet 7 AYAPER7] Al 5oln, Re A% £87]5 F4d8k= &
glo] o] Agto|n, Zi= u)Fofl FAHE AlA| o] Ju]e20]n, Ve,
£ 2 A4 Aolchd 18 2),

o] Bzl 4 A Fukds el el 2 ARVt BEuA, Juid
27k 239,

circuit)7} ZA3cH(d 13).

o] B|ZolA Akt Fuks W) el 2 ARv} B
A, duEazE SAET A Ale] Ex17](Voltage Con-
trolled Oscillator) 2= &4 AXZ 0.3V u|ute] AAJ5H
o] AEH el Agku)7]of o) AlssE= o
At ke #E] WollA SAET(@E 14). v d9d

2 34500 S I,

Zisens ™ RS(USens/ Uges- USens)

T A F AN R daA BIEAee] 4
AL B5%AEGT 20054 BlAH TRAFSHACH33)
Qs BYsp] o7 SN R 7 AAEel 9
Aefol] ofsh o] Fuli= Wste] obF e mAHe
ol 2l AujEl TR EHD wsk 2ol e A
R olth. mAERe BRE w4, L&, A9 o)
sed, sl uldat g sk ® ohe} £, 1)
S, ol nlAl Eifoll oJsf Wit e Fgs)
o] &%t F FHL FE AolA st AU &=
Stofl digt 2 o] Hasirh[34,35]. o= =7t S/
ujef Faxdh wf F%194>(resonance point)7} EebA]7]
olct.
Glucoband 2= AlZ% impedance ¥T]E 7|§to 2 3}
Bio-Electromagnetic Resonance 7]&& AME3St Fa1d &
o 2379 dxo 7 A g Zolthhttp://www.calisto-
medical.com).

s}

il

&
=
=]

hiy

ofs

(o Hz (B

-

(3) AA714 A (Electromagnetic sensing)
uds Bapgsl v 222 Bepe] f47) 4

2 ol galA Hck. Yuldi Lol A9 AR ol g3t

3. 7|E}
BEPH W A/12e P ALSHE oy 74
Yo T G 5747] Aol olFolxx k. A

& FEH WY B 23R 279 EYEE ol
AR 2T W, B7] ThaolA Eel w2

2! 15. Symphony tCGM System

Fig. 15. Symphony tCGM System

Prelude® SkinPrep System 2 0]-&3f uj5-o] E3}4& Z7}A]7]
a1 7P ool A Lerhe 53 & T 0 = YA E 5o http:/
Iwww .echotx.com/symphony).

126 mg/dL

T3l 16. Easy Check™

Fig. 16. Easy Check™

57139 oME HES 24t
www.positiveidcorp.com).



1. 748 99 2747
Table 1. Non-invasive glucometer

g Al 34} 2739 URL 27597
cybiocare cybiocare b= http://www.cybiocare.com NIR spectroscopy
Inlight solution Inlight solution iRk http://www.inlightsolutions.com NIR spectroscopy
™ . . http://www.diabetesnet.com/diabetes-technology/meters-
Sensys GTS Sensys Medical, Inc. ] 5 monitors/future-meters-monitors/sensys-medical® NIR spectroscopy
. cXc Service Inc. A ehE . . s a
Diasensor (Biocontrol Technology Inc). o http://www.childrenwithdiabetes.com/d_06_e10.htm NIR spectroscopy
Dream Beam Futrex Me.d ical é:‘j}%'} http://www.childrenwithdiabetes.com/d_06_e20.htm?* NIR spectroscopy
Instrumentation, Inc. iR
™ . . http://www.diabetesnet.com/diabetes-technology/meters-
GlucoNIE. NIR DIagnostics w7 monitors/future-meters-monitors/nir-diagnostics® NIR spectroscopy
. Optiscan Biomedical . . . . A
25t OptiScanner Corporation bifich http://www.optiscancorp.com/optiscanner.html Mid infrared spectroscopy
LighTouch® Light Touch Medical Inc. b= http://www.lightouchmedical.com Raman spectroscopy
C8 Medisensors iR http://www.c8medisensors.com/home? Raman spectroscopy
Sentris-100 Glucolight Coporation b= http://www.onemedplace.com/database/list/cid/2047/2 Optical coherence
tomography
eralight = g ttp://www.veralight.com uorescence spectroscopy
SCOUT DS VeraLigh X*jfj http:// light Fl
-
RetiTech = http://www.diabetesnet.com/diabetes_technology/retitech.php® Fluorescence Technology
&71e . Occlusion
NBM 200-G Orsense Ltd. o= http://www.orsense.com NIR spectroscopy
Aprise Glucon Medical Ltd. g j]%:jr g o] 2] AlekR Photoacoustic spectroscopy
-7
GlucoWatch®G2  Animas Technologies ES-k http://www.diabetesnet.com/diabetes-technology/meters- . .
Bi = : . a Reverse iontophoresis
iographer (Cygnus Inc). =1 monitors/animas-glucowatch
GluCall KMH Co. Ltd. bifioh S o] x| AletA Reverse iontophoresis
Biovotion (Solianis B . . . . a
Pendra Monitoring ; Pendragon) e http://www.diabetiker-mailbox.com/bz/pendra.html Impedance spetctroscopy
A7 4 Glucoband Calisto Medical Inc. i‘_‘—f http://www.calistomedical.com Electromagnetic
SRS resonance
Touchg‘ (f 8 k Pro  Samsung (]; 1n£ " dChemlcals %7]:“% http://www.diabetiker-mailbox.com/bz/a3_834b.html]* Electromagnetic sensing
0. . ] H
GluControl sgﬁggye%ﬁ?cb}?enizgls E4s=13 http://www.diabetesnet.com/diabetes-technology/meters- Electromagnetic sensin
GC300® gCo Lid =1 monitors/future-meters-monitors/arithmed-gmbh? g g

€Ch

(3102) LBT-711 €€ YdIeasdy SULIGdUISU]] [BIIPIWOLY JO [RUINOL



1. (AHFAE 89 57471
Table 1. (continued) non invasive glucometer

144

g Al 84} Z729) URL 2797
Echo therapeutics
Symphony™ (Sontra Medical o= http://www.echotx.com/symphony-tcgm-system.shtml Prelude® 1] ¥ Prep System
Corporation)
SonoPrep® Sontra Medical S http://medicaldevicelicensing.com/public/companies/view/7518/ Ultrasound
b 7 sontra-medical ?
http://www.diabetesnet.com/diabetes-technology/meters- . .
i =] . .
SpectRx SpectRx Inc. 5 monitors/future-meters-monitors/spectrx® Laser microporation
7)er
\ http://www.glucomen.co.uk/
Glucoday®S  Menarini Diagnostics CO. bifich index.php?p=88&pp=74&ptitle=GlucoDay%20S%20- Microdialysis
%20Continuous%20Glucose%20Monitoring
Easy Check™  PositiveID Cooperation 33 http://www.positiveidcorp.com Breath
am Ultrasound,
GlucoTrack™ Integrity Applications Ltd. 8 http://www.integrity-app.com electromagnetic and heat
7 capacity
"Fx}0] website 47} oFaL o] Aujol FEF AHE AL 5 Y= Fad

40

i
ek
ofl

Ay
>

oL

1o
ek
oft
Ay

(&



Journal of Biomedical Engineering Research 33: 114-127 (2012)

AL ST W, 7 719 BEe ugsle] Jahye
2e)7] 918 thake e ExsH W ol gtk

(1) ZA N Z=2(Fluid harvesting)

glojA= 22 Y-S vhe & S AAU[38,39] ===
283 o] g3fo][40,41] AN FE3le] 1 olof Sof
Sl G SAsks Walolth 2Ajolnt Wolue] o
Sl wle] itk A o] whEolx7] o]

3t ojule] Bl Ael Wioleburk Ha F&HA

Z51120-100KHz) = 35 dAN(cavitation) &
2 gBo] ExpAS Z7) A|71tH42]. Echo therapeutics
Ao A= 22 ulE (Prelude SkinPrep System) ©]-8-5}o]
dno £4E £33 1 9ol AT Y 24715 4
g3} WS 24eE AL 3 Uekhitpwww.

echotx.com/symphony) (13 15).

(2) 37] 7k o8

57] ol viEE= acetonedt 2 7] 714 A= 5
L2 SR dadS ST 37 FY Methyl
nitrate 7} 5 & = ATHATE EUTH43]. 7]
methyl nitrate =7} A 18 dHS 9= AolE9] 4
34 @Y wol v Aol & o 10u) 7
=T

2| ddLo| A= acetone, methyl nitrate, g2, ethyl
benzene 9} 7 §7] 714 ST} B wote] Al 7
A7} 0.8830.2 211 %|¢rt44]. Easy Check™(PositiveID
Cooperation) o]2l= €9 &47|= 7] 7149 acetones
A5t s S0k AR Z FA L Foll dchhttp:/

/www.positiveidcorp.com) (C13 16).

—r‘l_q,
N

x2

(3) Multi sensor and multi technology
ofg] 7k 7l& AAE o]&sto] skt AlA7L 2t
l= S Besto] o o]Qo] B4 UYes AT
A SAE 2 240 A%EE 997 98 e
. TherR kg W9IE ol gsto] wnel xxo| &
Hg olgat AN BEANE AT o] AlE
CH45,46]. 7] 7hA9} Wi = oA FHE o]
s 2AseE 8% QJth47]. Integrity Appli-
cations A= GlucoTrack™o]gh= &H|E 79k = olg| o]
Al 259, A7) AE, d AY 7eS JEskal o

(http://www.integrity-app.com). < o 9] W3V} =

;:O

¥ oY
S0P
= O Rl

Am

e 2
& o

ofl 32

=% equivalent thermal signal?} Z3u}9] Aul &
7t Z7isHe el olg.

e
2
X
N
=)
flo
o
24
et
et
ofl

i
©
o
w3 o 8
2 oY
By
B =
) a3
H 2 v o
X eX
A 52 e
ox, —— ok
AN

t
& e 1N

o N

- -

1o
>,
)
_>|L'
o
Wl
)
e
fr

o % filo
I
ok
4
0,
)
o

fr ot oy x rlr 1o rok

N e
>

2o
2

B2 rlo
L A i/ T

N

SN el N I =Y
Mo oxt O ofl O oX
20 tlo [o
e
2,
o ol
N, I
b o
= o
ri o
i) !
flo %
e
b o
= r
i1t o
olo N
B
S re
bl T Y
o

N
)
(e}
o
i
52
flo
re
-
o
Ral
S
o
i)
fo
sk
pady
|o
U
ox
L
i}
O,

[1] Korean Diabetes Association, Health Insurance Review &
Assessment service : Task Force Team for Basic Statistical
Study of Korean Diabetes Mellitus,” diabetes, st ed. seoul,
Golden Fishing Ground., pp. 14-17, 2007.

[2] UK Prospective Diabetes Study (UKPDS) Group, “Intensive
blood-glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33),” Lancet, vol.
352, no. 9131, pp. 837-853, 1998.

[3] The Diabetes, Control and Complications Trial Research,
Group, “The Effect Of Intensive Treatment Of Diabetes On
The Development And Progression Of Long-Term Compli-
cations In Insulin-Dependent Diabetes Mellitus,” New England
Journal of Medicine, vol. 329, no. 14, pp. 977-986, 1993.

[4] D.E. Goldstein, R.R. Little, R.A. Lorenz et al., “Tests of Gly-
cemia in Diabetes,” Diabetes Care, vol. 27, no. 7, pp. 1761-
1773, 2004.

[5] H.S. Kim, K.A. Kim, M.H. Chun et al., “Single use Auto-
matic Lancet to Minimize Pain During Skin Puncture,” J.
Biomed. Eng. Res., vol. 23, no. 4, pp. 323-327, 2002.

[6] K.S. Park, and E.J. Cha, “Accuracy Evaluation of the Alter-
native site Blood Glucose Test Using Error Grid,” J. Biomed.
Eng. Res., vol. 32, pp. 25-31, 2011.

[7]1 O.S. Khalil, “Non-invasive glucose measurement technolo-
gies: an update from 1999 to the dawn of the new millen-
nium,” Diabetes Technol Ther, vol. 6, no. 5, pp. 660-697,
2004.

[8] A. Sieg, R.H. Guy, and M.B. Delgado-Charro, “Noninvasive
and minimally invasive methods for transdermal glucose
monitoring,” Diabetes Technol Ther, vol. 7, no. 1, pp. 174-97,
2005.

125



126

FAE 3

ek

g

i

g

B(1Y
o2
e

i

3 AEH

Eou%‘gﬁ_

i\

4719] % 2 ¢

[e)
pal

el

A+ 70

[9] H.W. Lim, and N.A. Soter, Clinical Photomedicine. New
York, 1993, pp. 19-35.

[10] R.R. Anderson, and J.A. Parrish, “The optics of human skin,”
J Invest Dermatol, vol. 77, no. 1, pp. 13-19, 1981.

[11] S.F. Malin, T.L. Ruchti, T.B. Blank et al., “Noninvasive pre-

diction of glucose by near-infrared diffuse reflectance spec-

troscopy,” Clin Chem, vol. 45, no. 9, pp. 1651-1658, 1999.

S.D. Lee, K.W. Kwon, D.K. Koh et al., “Medical Applica-

tions of Near Infrared Spectroscopy and Diffuse Optical

Imaging (Review),” J. Biomed. Eng. Res., pp. 89-98, 2008.

S.J. Yeh, C.F. Hanna, and O.S. Khalil, “Monitoring blood

glucose changes in cutaneous tissue by temperature-modu-

lated localized reflectance measurements,” Clin Chem, vol.

49, no. 6 Pt 1, pp. 924-934, 2003.

[14] E.B. Hanlon, R. Manoharan, T.W. Koo et al., “Prospects for
in vivo Raman spectroscopy,” Phys Med Biol, vol. 45, no. 2,
pp- R1-R59, 2000.

[15] J.L. Lambert, J.M. Morookian, S.J. Sirk et al., “Measurement
of aqueous glucose in a model anterior chamber using
Raman spectroscopy,” Journal of Raman Spectroscopy, vol.
33, no. 7, pp. 524-529, 2002.

[16] J.P. Wicksted, R.J. Erckens, M. Motamedi et al., "Monitoring
of aqueous humor metabolites using Raman spectroscopy."
vol. 2135, pp. 264-274, 1994.

[17] S.Y. Wang, C.E. Hasty, P.A. Watson et al., “Analysis of
metabolites in aqueous solutions by using laser Raman spec-
troscopy,” App! Opt, vol. 32, no. 6, pp. 925-929, 1993.

[18] GL. Cote, “Noninvasive and minimally-invasive optical mon-
itoring technologies,” J Nutr, vol. 131, no. 5, pp. 1596S-
16048, 2001.

[19] R.A. Gabbay, and S. Sivarajah, “Optical coherence tomogra-
phy-based continuous noninvasive glucose monitoring in
patients with diabetes,” Diabetes Technol Ther, vol. 10, no. 3,
pp. 188-193, 2008.

[20] K.V. Larin, M.S. Eledrisi, M. Motamedi et al., “Noninvasive
blood glucose monitoring with optical coherence tomogra-
phy: a pilot study in human subjects,” Diabetes Care, vol.
25, no. 12, pp. 2263-2267, 2002.

[21] R. Rawer, W. Stork, and K.D. Muller-Glaser, “Polarimetric
methods for measurement of intra ocular glucose concentra-
tion,” Biomed Tech (Berl), vol. 47 Suppl 1 Pt 1, pp. 186-188,
2002.

[22] J. Sandby-Moller, T. Poulsen, and H. C. Wulf, “Influence of
epidermal thickness, pigmentation and redness on skin autof-
luorescence,” Photochem Photobiol, vol. 77, no. 6, pp. 616-
620, 2003.

[23] V.L. Alexeev, S. Das, D.N. Finegold et al., “Photonic crystal
glucose-sensing material for noninvasive monitoring of glu-
cose in tear fluid,” Clin Chem, vol. 50, no. 12, pp. 2353-
2360, 2004.

[24] R. Badugu, J.R. Lakowicz, and C.D. Geddes, “Wavelength-
ratiometric probes for the selective detection of fluoride
based on the 6-aminoquinolinium nucleus and boronic acid
moiety,” J Fluoresc, vol. 14, no. 6, pp. 693-703, 2004.

[25] B.S. Sekhon, “Chemical biology: past, present and future.,”
Current Chemical Biology, vol. 2, no. 3, pp. 278-311, 2008.

[26] R. Ballerstadt, C. Evans, R. McNichols et al., “Concanavalin
A for in vivo glucose sensing: a biotoxicity review,” Biosens
Bioelectron, vol. 22, no. 2, pp. 275-284, 2006.

[27] V.M. Monnier, O. Bautista, D. Kenny et al., “Skin collagen

[12]

[13]

glycation, glycoxidation, and crosslinking are lower in sub-

jects with long-term intensive versus conventional therapy of

type 1 diabetes: relevance of glycated collagen products ver-
sus HbA1c as markers of diabetic complications. DCCT Skin

Collagen Ancillary Study Group. Diabetes Control and Com-

plications Trial,” Diabetes, vol. 48, no. 4, pp. 870-880, 1999.

M. Kohl, M. Essenpreis, and M. Cope, “The influence of glu-

cose concentration upon the transport of light in tissue-sim-

ulating phantoms,” Phys Med Biol, vol. 40, no. 7, pp. 1267-

1287, 1995.

0. Amir, D. Weinstein, S. Zilberman et al.., “Continuous

noninvasive glucose monitoring technology based on "occlu-

sion spectroscopy",” J Diabetes Sci Technol, vol. 1, no. 4, pp.

463-469, 2007.

[30] R. Weiss, Y. Yegorchikov, A. Shusterman et al.., “Noninva-
sive continuous glucose monitoring using photoacoustic tech-
nology-results from the first 62 subjects,” Diabetes Technol
Ther, vol. 9, no. 1, pp. 68-74, 2007.

[31] P.Glikfeld, R.S. Hinz, and R.H. Guy, “Noninvasive sampling
of biological fluids by iontophoresis,” Pharm Res, vol. 6, no.
11, pp. 988-990, 1989.

[32] A. Caduff, E. Hirt, Y. Feldman et al., “First human experi-

ments with a novel non-invasive, non-optical continuous glu-

cose monitoring system,” Biosens Bioelectron, vol. 19, no. 3,

pp. 209-217, 2003.

A. Tura, “Noninvasive glycaemia monitoring: background,

traditional findings, and novelties in the recent clinical tri-

als,” Curr Opin Clin Nutr Metab Care, vol. 11, no. 5, pp.

607-612, 2008.

[34] A. Pfutzner, A. Caduff, M. Larbig et al., “Impact of posture
and fixation technique on impedance spectroscopy used for
continuous and noninvasive glucose monitoring,” Diabetes
Technol Ther, vol. 6, no. 4, pp. 435-441, 2004.

[35] D. Huber, M. Talary, F. Dewarrat et al., “The compensation
of perturbing temperature fluctuation in glucose monitoring
technologies based on impedance spectroscopy,” Med Biol
Eng Comput, vol. 45, no. 9, pp. 863-876, 2007.

[36] M. Gourzi, A. Rouane, R. Guelaz et al., “Study of a new
electromagnetic sensor for glycaemia measurement: in vitro
results on blood pig,” J Med Eng Technol, vol. 27, no. 6, pp.
276-281, 2003.

[37] M. Gourzi, A. Rouane, R. Guelaz et al.., “Non-invasive gly-

caemia blood measurements by electromagnetic sensor:

study in static and dynamic blood circulation,” J Med Eng

Technol, vol. 29, no. 1, pp. 22-26, 2005.

S. Gebhart, M. Faupel, R. Fowler ef al., “Glucose sensing in

transdermal body fluid collected under continuous vacuum

pressure via micropores in the stratum corneum,” Diabetes

Technol Ther, vol. 5, no. 2, pp. 159-166, 2003.

[39] J. Burdick, P. Chase, M. Faupel et al., “Real-time glucose

sensing using transdermal fluid under continuous vacuum

pressure in children with type 1 diabetes,” Diabetes Technol

Ther, vol. 7, no. 3, pp. 448-455, 2005.

S. Mitragotri, M. Coleman, J. Kost ef al., “Analysis of ultra-

sonically extracted interstitial fluid as a predictor of blood

glucose levels,” J Appl Physiol, vol. 89, no. 3, pp. 961-966,

2000.

[41] H. Chuang, E. Taylor, and T.W. Davison, “Clinical evaluation
of a continuous minimally invasive glucose flux sensor
placed over ultrasonically permeated skin,” Diabetes Technol

[28]

[29]

[33]

[38]

[40]



Journal of Biomedical Engineering Research 33: 114-127 (2012)

Ther; vol. 6, no. 1, pp. 21-30, 2004.

[42] J. Kost, “Ultrasound-assisted insulin delivery and noninva-

sive glucose sensing,” Diabetes Technol Ther, vol. 4, no. 4,
pp. 489-497, 2002.

[43] B.J. Novak, D.R. Blake, S. Meinardi ef a/., “Exhaled methyl

nitrate as a noninvasive marker of hyperglycemia in type 1
diabetes,” Proc Natl Acad Sci U S A, vol. 104, no. 40, pp.
15613-15618, 2007.

[44] T.D. Minh, S.R. Oliver, J. Ngo et al., “Noninvasive measure-

ment of plasma glucose from exhaled breath in healthy and
type 1 diabetic subjects,” Am J Physiol Endocrinol Metab,
vol. 300, no. 6, pp. E1166-E1175, 2011.

[45] A. Caduff, M. Mueller, A. Megej et al., “Characteristics of a

multisensor system for non invasive glucose monitoring with
external validation and prospective evaluation,” Biosens Bio-
electron, vol. 26, no. 9, pp. 3794-3800, 2011.

[46]

[47]

[48]

[49]

A. Caduff, M.S. Talary, M. Mueller et al., “Non-invasive glu-
cose monitoring in patients with Type 1 diabetes: a Multisen-
sor system combining sensors for dielectric and optical
characterisation of skin,” Biosens Bioelectron, vol. 24, no. 9,
pp- 2778-2784, 2009.

C. Turner, “Potential of breath and skin analysis for monitor-
ing blood glucose concentration in diabetes,” Expert Rev Mol
Diagn, vol. 11, no. 5, pp. 497-503, 2011.

I. Harman-Boehm, A. Gal, A.M. Raykhman et al., “Nonin-
vasive glucose monitoring: increasing accuracy by combina-
tion of multi-technology and multi-sensors,” J Diabetes Sci
Technol, vol. 4, no. 3, pp. 583-595, 2010.

I. Harman-Boehm, A. Gal, A.M. Raykhman et al., “Nonin-
vasive glucose monitoring: a novel approach,” J Diabetes Sci
Technol, vol. 3, no. 2, pp. 253-260, 2009.

127



