B

3%

)

Techniques and Methods Ei#%¥=piaki-

0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2023,50(12):3023~3031

www.pibb.ac.cn

JE IR LR T IR M IfT 52175 4 it
ESHNTHRE
i/:,\'_?l,z,w 71:]; *;}'\37:7%4,5) 5’{’:7’74 123 ,1%4,5)**

(VAL R KA S R S TR, bt 1001915 2 EEREE RIS R 5 KAS PR Be 28 RE, bt 1000705
D ALt A AV BIIESE T, dbat 1000705 ¢ ERREGE Y HEATSE T, At 1001015 ¥ P EBREER R, JEET 100049)

e 4,5)
S

HWE BB LEMGRIT (optically pumped magnetometer, OPM) fiif#%[Fl (magnetoencephalography, MEG) 1F i —1tK
WIREMUR TR, fEZ2HPRNBT T B TIMEGEMEGES “HIX” WREEST, i N DI RETS s 5T 32 4t TE 1 iy HoR 1T
Heo ARSCETEARITOU OPM-MEG 1 I 5 552 A8 RS NI (9155 70 A 22 545 . F73% SR T 9 181l OPM-MEG X 10 44 filt
AR B WA AT R R E S W A TR . A 3 AR 1 000 MR ORISR AR, ARIBUITA S Sk i U (YD) FIARIE
(ZHh) WREmNES . &R A ER, XUl OPM-MEG I 2| {5 SR BE RIS | 51558 MEG AEAEIT DX o U
SR TS MEG, HALS MEGMELLC SR IIA{E S B2 TR nES . 818 ARUFRIESS T W OPM-MEG £ Il it
FUEPE SO AIRE ), JF H AU BEAE RIBCE - w A5 B, Rl T REAFAE THE 58 MEG Il i 5 X YK DI RETS 2015
T X AEETALGE MEG 1L s 128 H i ST ok 1T 8RR, XUl OPM-MEG 1 225l s R P PE IR 27 F T R B 12
WIF TSR HAT RO FE g o X TIUF 9 048 JE R T WU OPM-MEG EWT 3615 & A5 S HF 5 PN L, NG SR AR ITBEE
TR

KR WAL, AR, BURIRBERON, WU

FE#SES R338, TH77 DOI: 10.16476/j.pibb.2023.0438

W Jig 557 S0 [ DX, 35k A DX [ g A i 1] 0
G V) ) R 54, AR 223K AR Y X B T SQUID-
MEG WIS H X ) b XEEH XA g2 A A
ORI ) A T 3L, DRI, AR AR B ik 4
PR AN ER

Y WE5E 1T (optically pumped magnetometer,
OPM) SEITAERIF A& Iy —Fhi& HI T MEG HUfL %%
AR, 5 SQUID-MEG L., OPM % /&4% 75 % i

Jivi #%% &l (magnetoencephalography, MEG) /&
S i w4 1 N U | SO & E2lS EREER 2 Y vl o NI S R U1
FENFER RGN 2205 Bl o B e 0] e A 240 o b, 3k ™
AU NG, DT R R il il 22 e R FL TG 3 1
IR AR N KB REF TSR 182 [ R[] 53 3
FRREE, KNS RE R 2B S B E R
i 5HAMGSARE AR, MEG I 15
e O RO RN AR, RS TEORG B b e 5 KR Y 3%
X, R, ERWETRESE T TW

(superconducting quantum interference device,
SQUID) [ MEG 7E 52 JZH0 J7 TH HA — 5 1 R PR
PEo BT ICHERBR ], SQUID-MEG 1& /&%
FEIR AT, SRR T W )RR AE S R
R B AE2E 5 o IX R R A LS8 7 ) X T
SQUID-MEG Tfil & & HARMIY “HIX". 1EH AU,
R BT B R SR N, AR S RO
fE, [BAEGAR P145 S Al e oA i gk o i,

TTAHE (TAEREE-25°CE+60°C), FfH AT PITE kL
e e RiG AT E B, XS OPM-MEG &4t 1]

« P E SR TR (2019YFA0707103, 2020AAA0105601) ,
F R HARRF 4 (31730039, U21A20388), IRl k5 H
(XDB32010300, ZDBS-LY-SM028) , &+ £ B 2030 & K 5l H
(2022zD0211901) AL HARFHEILS: (2210009) B,

s W THIE R

Tel: 18610779716, E-mail: fanwang@ibp.ac.cn

Wk B 1. 2023-11-07, $Z HHE: 2023-11-14



+3024- EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (12)

LT I AS [R] Ao 2 7 3R, I 4R A T R ) £ R 3
e, HET, ©4RIER OPM-MEG {55 filiibi= £
FEUTSEE K3 T S RS YRR &
PEAR 50 el , PEIRIE, OPM-MEG i A LLAG: il
/N D S E S, JRENIRTER G SRR
AR TR o X — RS OPM-MEG 7E i
Blgts h B 2 M s, MET
SQUID-MEG, OPM-MEG 1) —~ & S A $ 2 fig
WA NS T G 2 Al AR AR . XA
15 OPM-MEG fig i 440 £ Ik SQUID-MEG ¥ £ J7
AR, JHRACE 2mAgEE . Bk, aTRb
OPM-MEG A~ U 4 & T W H K
(electroencephalography, EEG) 5 SQUID-MEG [
PRAS, T HAEKINEA 58 4% 5 7 1 i 2 i
AHUES T EA BRI, XN IRREAF 7T 40
WOFRE TR RENE, A BRIl 5
TRITHROLE iR . i AR S R

AR BR Bt B2 N (frequency-following response,
FFR) FJE—Fh b S A5 05 o] A BTAH #2237 51
(iCss, I T 56 7 R e R M i .
Honl Ll £k . EEG MIMEG "' ZE i fT
sk ARG b, AR SRS o S ) s B T
AR 2 LT SR B — 3, TR RE AR . R
¥ FE. RPN R A 0, SR,
AR E TR, RIZRE)Z TS5 T
FFR {5 5 A s fA% . lan, Coffey % 2 7¢
— IS M A5 8 SQUID-MEG #4517 FFR
HA R motEk. ik, ATZH R E] FFR AU
e AR Mk, mHdE—2E CH L
MR VAR 2T 2 4% R 50, 76 FFR A
IR BT I, AR BEG 9 ARSI =B 1,
{H MEG 7 0 33X 25 55 B HL AT JL A0 RE 19 O 3
MEG REMS 1L b EEG S MR 00 B 5 B, JEE
THE R HE% (ST EEG), ERRUWITSE
RNAGS I, B IR RS (IMRT) B
HARL

AF5E R F 50 (1) OPM AL IR S5 51, 500 T
FFR X — FLS A FRE S 7E AR R X AT (DL #R
YD) FiAgm (DURFRZH) PN BS540
AitEOL . 8 iT X — IRl HAg R )2 R 2 T Tk
M55, B1EHZR OPM-MEG 16 Ik N ELSCRi S 5
PRI Al T RFAE o SRR ZNG A B TR A
PR FER B4 BALE, LA OPM-MEG 7E il B2 fiff
FEI RSN FHTE 77

1 A &

AT T 10 A IEHGREE TR (44
ke, SEWAER 27 %) . TEX S S E TS )
B PPN, 25 W R A e 4% 2l & e F3 RA
15 dB Wr Sy 42 Wy 37K, HORHRAS AE T i 22 5ok
PRI S o ARSEIRAR T 2 AU A 2 R K22k
W ES©®EELSWAE (IS
BM20190001) , SZ50 i #2455 (& BAR 1 . it Sh,
2 5EAEE T IERES, I T s H
). AR RERY XU, R S 55

TEABFFEH, FFR IR 8 o 300 e &
44 89 Hz Y IE 52 F AR S o A 1 B DX o
PRI SR, PP IR B B B, 3k S f]
P oA A M TR B ZE ) ER-3A ffi A =X H AL
(Etymotic Research Inc.) PItH[RIPRIG LIS S 55
KCH- . B EALYR 200 ms 75 E fIEGC SR 1AM,
FHAB TN LA IE S A AR 6T 52 380, 4% 1 000
AR A — s S (RREEIT 2928 670 ) .
W E] A B (inter-stimulus interval, ISI) #¢iX B
I BEHL400~450 ms, LLRH R IST 22 2 AR Z
() SRR B S ] 1 245 o A0 ) 2 A2 )l )
PsychoPy3 F£F (V2020.1.3; ©J.W.Peirce) 523
o FESCER TR, a7 R L AR R AR AR
BB A AEIR 2 210 ms, FFAT+10 ms (1Y
Blal, TERf)E R R bR, X S GE IR AL SR i
177 A—AFnee e, AR DR B A Eaf . Sede
FEPBIEFRE AN 1 R . XA SR T RERS 1
WA HE A 3BT FFR 55, SEMIER T A X] 75 2 ]
W) WAL

Wi TAEE— bR = N T, (T H9E
i OPM 14 %25 (Gen-1.5/2.0 QZFM; QuSpin Inc.,
USA) 4IRS X4 OPM 14 B 4 22 B fF —
AR TT R 3D FTER L 2 I, XA Sk AR5 IR
HRMR X, RN T DR AR FE SR A, 24T T h
Fefiit. 5 E WA SOk i GE f A T AR
TR A R I B AT 1 B gE— 2D m] 1 4B
fifr, DAIE WX SE X BRI T K . OPM-MEG £ 4t
AR AR N Y RN Z 3 Rl BsP U AR i, ik FPixe g
WS ARTPE 2 B 207 10 L A G S5 o Bdiimad
WE S H AP 5K 16 7 ) NI (National Instruments,
USA) BaRERIATRIL, A 1 BR#TRE ™A= 1Y
HEGTh R , OPM AL IRER G 5 A ] 20 SR 45 1 3 Jit
55 o PR R SR AR R AT, SRR



2023; 50 (12

¢ EIREEER T MR T 5 F & LS ST IRR

+3025-

Amupitude
=)

0 005 010 015 020
L Us

005 010 015 020
t/s

. Trials: 500 .

Fig.1 Stimulus waveform and the experimental paradigm

A single 200 ms sound stimulus was recorded as a trial; in two adjacent trials, stimuli presented in positive and negative phases. 1 000 trials were

repeated in each set of experiments. ISI: inter-stimulus interval.
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Fig.2 Signal topology and sensor signal distribution

(a) Signal topology map of SQUID (bottom) and OPM (top)-MEG. Both can reflect the relative strength of the signals in the three regions. (b) Layout
of the sensor on plane topology of the 3D printed helmet. (c¢) The statistics of in total 270 sensor data in three areas of 10 participants; the difference
between YZ axes of no higher than 10% was regarded as Y=Z. More number of sensors in left temporal showed the result of Y>Z than the other two
regions with statistically significant differences (P=0.049). SQUID, superconducting quantum interference device; MEG, magnetoencephalography;
OPM, optically pumped magnetometer.
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Fig.3 Power spectral density, waveform superposition average and time—frequency analysis results of response
Analysis of the 89 Hz sine wave response signal: power spectral density (top), waveform superposition average (middle) and time-frequency analysis
(bottom) for OPM-(left) and SQUID- (right) MEG. SQUID, superconducting quantum interference device; MEG, magnetoencephalography; OPM,
optically pumped magnetometer.



2023; 50 (12

EXRF, & RREGRVT RT3 R MRS S HHRER

£3027-

PR L, AR E R, MR
R T ENTARB TARERTE, EIFASEmXT
{55 ELLPE A RIE

BE— S HIPTTESE TRIHEE (0~0.25) WAIFE
SRR AR B, TRAISEICT 10 £ 84
P IRAR AP -V AE,  JF XX SO RE AT T IR A
IR o N A 44 Bl A T A DX I A A R
e -8 {73 A TP S5 I, AT L b 3 15 2 g
T3 P DX e oy 0 A (EL A s 1 L . [ 4
EOULHLE R T 3% 10 42 5545 A MUX I 42 %4y
5 - (E I . ARG E R, 1k
HE—DMABRER . fEH—XIN, S
A B — BRI A, KRB eSS 5
AMARAE—> XN A5 5 - IR R 2 N . SR

Axial
nyY
1000 m:ZzZ

800
=) =
= =
2 600 2
o =
g g
o o
& &
§ 400 ]
> >
< <
200

¢ S01 S02 S03 S04 S05 S06 S07 S08 S09 S10
Left temporal

1000 -

1, FEARFAAZE], B2 R fF]— AR B A ) 0
DXIfE], B(E 25 L B BCR AR S . XA RSl A]
RER A Z IR RS LR T, Cak
A REH A AR R T 2 54 1080, Bk T4
NS EHE XML AR KB Z2 AR 255, LA Rt
MR EIRANA—, X AGAL A5 Sk 0 2 [] A
TESLPREAE P E IR 2 — 2. I, J3Hr4s

N T TR i U S L R R O AN O
[, Z5%ZR2E AR SR A5 4
WFER . X — R 7B IS 2
B, TEBRIHEHSESEMEEREENE, R
K AT FEAS R AR I SE A 2E S ok IR, L
E— PR e Y — P RIER 1

24
1200 =:Z

Error bars:
+1 standard error

800

600

400

200

SO01 S02 S03 S04 S05 S06 S07 S08 S09 S10
Right temporal

Fig. 4 Distribution of sensor biaxial response peak—to—peak value in each area of the ten participants

For each individual participant, the signal peak-to-peak value deviation within one region was small, indicating a good agreement of measurements

across sensors within a single region. However, the mean difference between different individuals and between different measurement regions of the

same individual is relatively large.
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The auditory cortex (top) is located in the transverse temporal gyrus
region and has both tangential and radial currents. SQUID-MEG can
only detect electrical signals in the sulcus, while OPM-MEG can
reflect neuroelectrophysiological activity in both the sulcus and gyri.
The deep brain area such as the brainstem (bottom) is slightly different,
the signal is transmitted upward along the brainstem pathway, but the
brainstem is not strictly perpendicular to the Y axis or Z axis, so the
SQUID,

MEG,
magnetoencephalography; OPM, optically pumped magnetometer.

signal component can be detected in both axes.

superconducting quantum interference device;
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Abstract Objective Optically pumped magnetometer (OPM) -magnetoencephalography (MEG) is a rapidly
developing new-generation brain function imaging technology compared to the traditional MEG. Due to the
proximity of the detectors and the scalp, OPM-MEG offers higher signal intensity and, with its multiaxis
detection capability, can detect signals in the “blind area” of traditional MEG. It provides a powerful tool to the
research of brain function and clinical diagnosis. This paper aims to investigate the signal distribution differences
of biaxial OPM-MEG when measuring true physiological responses and to compare its performance with
traditional MEG. Methods In this study, ten healthy subjects were examined using a 9-channel biaxial OPM-
MEG during an auditory task involving frequency following responses (FFR). FFR-related magnetic responses
were acquired along both tangential (Y-axis) and radial (Z-axis) directions. We analyzed the OPM-MEG data
features in different axial directions and different regions, including signal intensity and regional mean energy.
Additionally, we compared the results with the data detected by traditional MEG. Results After processing 800
trials, the average signal energy in the Y-axis and Z-axis was found to be 0.971 0 and 0.767 3 respectively, with no
statistical significance (P=0.438). However, a regional analysis revealed distinct signal distribution patterns in the
left temporal area compared to the other two regions, which was statistically significant (P=0.049). Topographical
mapping showed a clear left-sided lateralization, similar to SQUID-MEG results. PSD analysis and wavelet time-
frequency analysis further supported these findings. In-depth analysis of peak-to-peak values from all sensors
during the stimulus period (0-0.2 s) revealed that within-participant measurements showed consistency, whereas
between-participant variability was considerable. This highlights the importance of considering individual
differences in future studies, as they can significantly impact measurement outcomes. The analysis revealed that
the biaxial OPM-MEG signals were stronger than traditional MEG signals. Furthermore, there were significant
differences in signal distribution and intensity between the two axes. In most subjects, tangential signals were
found to be significantly stronger than radial signals, which are generally difficult to capture using traditional
MEG. Conclusion Our findings demonstrate the capability of biaxial OPM-MEG in capturing real
physiological signals and show that it provides richer information compared to uniaxial measurement. This study
suggests that traditional MEG may be missing critical brain activities in its “blind areas”, highlighting the need
for optimizations in brain electrical activity models based on uniaxial (radial) MEG recordings. With its multi-
axis recording capability, OPM-MEG holds great potential in brain science research and the diagnosis of

neurological diseases, offering a more comprehensive and precise tool for understanding brain functions.
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