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Summary

[EA]

F{2 BE R IR I (non-invasive brain stimulation: NIBS)i3 4k 4 72 BB A5 B D A TR
BPEESH CONANRSZEIN TS, NIBSIE, KEABORICHERT 52
BAFHME;AENTE, FOEFENEELED NMDA 2R EEHEICL VEE
XnAT b, NIBS it MUIZUF FATE#HZFHEL CNE EEZ L TND.
L LZLDONIBS 7a ha—cBnT, EHEHRER CTHLEOMRL—E LR
W, S (EBREICEVESLHRERNTD) LW IHREDNSS. PAS(paired
associative stimulation), TBS(theta burst stimulation), TDCS(transcranial direct current
stimulation)® & 5 72 71 s 33—k, WHREMOBAZED D, 30-50% CTHEE S
AMEBBLNRNE IR TWVS.

Tk 2 NFEER L7~ BARIE 4 S8 RRESHIIE (quadripulse stimulation: QPS)i 4 - D HiAH
PERFE RSB SV AN SR, TR0V AR (inter-stimulus interval:
ISI) % 1.5-100ms & L, 73—R ORI (inter-burst interval: IBI) % 58 & LT
30 S RIHK T A HNMETCH L. ISIZZBLEED I EITL-T, QPSITARMEED
BN 2 WG HEIC (LS D T LA FRETH S, &V ISI(1.5ms-10ms)ic X0 EH)
5 96 B (motor evoked potential: MEP) % # K X, &\ ISI(30ms-100ms) Tik MEP %
BT &85, BEOKRSTIE QPS DOFIRKEE 1T EBNIHER: D B E (active motor
threshold: AMT)® 90% & 130% TEW A3 72 <, FNERERTIX 15 2 TRV F LN
T, 30 o ORBEBSMNETH T,

L L, IBI &ALV ZAEIC DWW TITRER /ST A—F B EZDh> TRV,

F7-, BHEERERSHEI AEREICE L THREIEN I ERMONTVDHNR,

—FMERE D QPS IC DWW T HIRE STV, & 2 TARFF Tk QPS DiziE 72 H

WS A—HEBREL, HREICIDPDREOIELSEOHFE OV TRE L.
(7]

35 A\DLEIC L ARABEEAR X OEBRE (kiks4, BHE274, 20-538)T
EBRAFTHIE. £ TOERT, MEP IIRSHNCER (Magstim 200° : Magstim #£
#1) |z 8 DERIFIE oA VAR L, AESENAS & {E RHED)® motor hot
spot Z i L, QPS #fi#% T4 FDI ® MEP Zf#k L. ~—A T A 2O MEPIZX5
%3053 MEP DG 2R 0EE L Lz, QPS it 4 B OREKRIMEER 48k LEE
HEF D FDI motor hot spot & HEERAL & L TITo7z. T E TOWME The b iRV IR
BHEAE 5 7= 1ST Sms @ QPS(QPSS)H X OMIEZN R 2345 b 4u7z 18T 50ms D
QPS(QPS50)% iV /. EBR 1 T2 >0R~e% Bl 258, 58) #ElLE. /3
2K E 1440 ICEE L, FEEREZZN TR 1IS0BLIU3045E Lz, EBR21E3
SOELBIBI G, 758, 108) 2B L7z, FEFEEREZ 30 2CEEL, ¥l
BV ABER FNEI 1440, 960, 720 & L7z, ZEBR 3 TIIELAAME QPS & iRl
QPS DFNEE B LTz, EBR 4 TITER 1-3 THELNRE2FMEHTIC QPS O
HEROBAZLDIEL>EZZFM L.

[FER]

EE | - fESROMERY, WESE AR QPSS, MEMSEERT QPS50 BT
< IBI5 # Cliaiiligig | o R EHFHERHEEMER MR THREROTZ. L1,
IBI2.5 ¥ Cik QPS5, 50 & bICHBERMREZRDeh o7z, 3EROLSEIHT T
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ISIOERHER LV ISIXIBI ZEA/EANRES bz, TIME ©FEZE, IBI, IBIX
TIME, ISIXTIME, ISIXIBIXTIME O AAEAITFED bR oTz.

HER 2 : IBIS W ClIAREZ: MEP (b % & 7= L7228, IBINOM TIEELER DD
o7, IBI7.5#TiX MEP DL 55D, IBIS OF{LEIZH L THRVWEHE
Thol-. 3EROSEOSIT TIIEDRISIICAEEZDH Y, ISIXIBIZAEERABAL
7=, TIME ©OEZhE, IBIXTIME, ISIXTIME, ISIXIBIXTIME DOAZEAERILFE
D ENE o T, BEAKRETIX QPSS T IBIS # & IBI10#, IBI7.5# & IBI10 £,
QPS50 TiZ IBIS # & IBII0 B DEEFIICHEZEZR O, QPSS, 50 & HIZIBIS#H &
IBI7.5 B DEEICE EZEII 2 vo72. QPS50 CTIBI7Z.5# & IBIIO M THLEERDH R
Mote. ORI, BIISHOEETEHPRBLELRWI LE2RRLTNS. 1
R DL RS HT T QPS5 @ IBI7.5 # T TIME O EZE O Lo Tz,

FE 3 . BEAEME QPS & ZHEME QPS WL ISI MEWMZ X D W7 M D MEP Z 4k
E =LA, TAEME QPS o%h Rk 25-30 B OFHE CE L, BAEM: QPS 23 60 47
BEOHFEEZ L6 Lz, 3EROSBSHT CTIX ISIXTYPE X TIME D22 A {EH 238
L Th-otz. BN QPS & ZHEME QPS Tik#ll# 30 0 DzhEDS QPSS5, 50 DX
FIZBWTELWENRRD b, MM QPS XEAMEME QPS IZH~TRRDOEHKEHN
EHBEBLP/NI LRI

EBR 4 : IBIS 7, WITLEERR 30 4y D&k CHEgRtE, IEM QPS ZHMEfT L7z, #RE
BT BEDEAZER KENLOD, BEINDHZE LI OIERR & - I HBRE
XA Th oz, HERDBFSE TR h7z responder/non-responder O | E A HAE A T
IZ. QPS HifT# OREBEDFEHE/ AR —R T A AEOFHERIT L Y QPS DFEHH /2%
RBEEH Uz, HEEME QPSS K T, 2RI 1.60 TH Y, IENE QPS50 #
B OB 0.67 ThoTz. QPSSIZLY 86%, QPS501ZL Y 94% DHERE BNENE
FutEgsEfE, TSR AEL. &5 sham FMIC X A5 MEP OEBVZHH L, £h
WZH LT EDRREE QPS DEIENBH L ONEMmat Liz. 30 oMo Lz MEP %
1& L7 L%, sham HIEIC T MEP X 0.76-1.24 OZEEB 258072, ZiUIERE X
NTWBRERIZEE LTS, ZORKRIZEY QPS5i1Z2T 124 LA E, QPS501CT
0.76 LA F DZhEMN %2 B 7= 485 E % responder, 0.76-1.24 O#ZERFE % non-responder,
QPS5 12T 0.76 LLF, QPS50 2T 1.24 LA EO#¢ERE % opposite-responder & EZ L 7c.
ZhIZ X B & QPS5 DAENERIL 80%, QPS50 TiX 63% EIETT5HH DD, opposite-
responder X QPS5 THT023% TH Y, QPS50 TIIHEETH o7z,

[Z£]
AAFFEOFERIT QPS DHRIILEN THRDIE L 2E D72V 2R LTS,
B T 2 O FEDN R e BRI 1T D QPS DR A BEt Uiz b KBRS
ThHY, ZOFEREREZHTIENT, QPSBER BRI TH H/37 A —F et
TAHAVENRB-T-.
[QPS DT X —#]

FEER 1-3 OFE R NIBS & FARICHTGEE, 1SI, IBI, MBSV AR, Rl
SR, SA AW ELEDNRAT A= REORRICBEE L TNDZ EEREL
TW3. IB2.5 D QPS BREL FIRERERNoREIERFTFH LAEWER TH 2.
VIRT O CHRIBRFRR L OISV A A B D LTz QPS BEIRER S BhoTcic
%, IBI % 48ME L TR L 23 & F—IcHi 2 72 QPS IXAZ TIX2W & TRl L
TEREBICITESN Th o 7. IBIZ.SFD QPS5 OFRB o7z Z & HAERNSEE L.
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QPS50 TiZ IBI7Z.5 BB W T 50 002V RV biv/z. T DORERIFISI, IBI, #
WERE, WISV RABUCEENREEERRSH Y, BE—0RT TIREODRELIRE
LZRWNWEWIEELZRL TS, ZHITEHB SV AL FE—TCTH->TH IBI A
B A LA BT KX S BET S 2 ) Huang HbOHELE—HK LTS, 20
IO B EERAIZTBS DET Y VIR THLRENTWVWD. #->TNIBS D
BEFERTA—FERETHEDIZIIETONRT A—FZDMEAEDLEERTF LRTH
bV, EEZIISEOMEIZENRT A—FOELxDFESEETHTFATLILED
2T HFA TR L, QPS @ IBI OFREZEIC DWW THBE - dfEma T I &iET
X ARV, 30 S ORI TR E I M E R RO T e B R B GEI S S DI
VENG LRV, #HROEE TTFSBROMEOERBLETHS. LrLAHE
@F%i F Y PF D QPSR T A—FRFEER MEP b b b3 2L EZHAL
L ETERENSKE V. EFR 3 TIREMEME QPS B3 MM QPS L bR F/m
= & DR &I, BN QPSITH AT ZAEM: QPS TIHZh R OFHEREM 230372 Y 2>
oTe. FREABROBIIC X 5 & BRI & MR iﬁﬁ&gwﬁﬁot#
2—arEFELTEY, #e2 2N E= 2 —a U E R 5 AR
LT, BUFRMERIE I Ham — 2 MRERZ A L TV S leEr H 5. &b _n@“
BAERERSAECTMS)ICB W T, BRI T AR e L TRERR
HEMERIMNE S TWAD. ZHMETMS Tidks M E=a—a R LIS
%,ﬂﬁ@%%&@@ﬁﬂ%®ﬂ%ﬁbAW#$LTLiOtbkéhfwé el
hWorESEZ5HE, BEMAMEQPS X _FME QPS I L TREWRRIREZFA L TWND &
EZxEh5.
[QPS DENREDREEME., ZEIE]
QPS D% BARM:, HINMGREE 2 AMT95%, HINEERR 30 47, HlE v 25K
1440, ISI5 £7-1% 50ms, IBIS# & L, #BREMOMDEDIXLOZIZOVWTRE L.
TROOBBIIHEH—E L TEY, QPSS Tt 80%ICHEEZI RN b,
QPS50 TIIHEIABN RN 10%, FEZEDN 90% Th 7. QPS D MEP IRIEH
R—R2 5 A4 N L TRV THERE 2 TN — L LT RITIOPCERENTH D
77, #ERFE % sham BRI L - C MEP OZ 8% FE{l L 7= 9 2 C, responder &
non-responder, opposite responder {Z X4y L7z. Z DX 45Tl responder DEISIFET
L QPS5 T 80%, QPS50 T63% Th-oTz. %@éntw%kﬁﬁwﬁ%#z%nt
opposite responder |% QPS5 T 3%, QPS50 THEETH V) BEFITVLhoTz. Khim
T,mﬂ@&Eﬁ%%@%ﬁﬂ%;E?%%@ﬁﬁéhk%ﬁTfﬁ%ﬁ%ﬁﬁL
TW5. SRIOFETIEEN TN OHERE T EBRE COEBMEIHRE L Ty
73 (inter-trial variability), VT4FO#E CTIXR—HBRHE BT 2R OLBEHEIIHERAE
FoOZRIZELTORNE ERTWS. H6-5T, QPSIZEWTHEHERE OERM
TOMBOERIIDHENEFEENDD, SLIIMEDPSLETH S, NIBS DEIRO
EAZECITES, R, TR, £EZOEENE, HiEsoBR, BrERIE
BELTWALERTWS. ZRHDOETFR, AfEE, ERonE, FERELSMHE
O TIIHRF SN TE LT, SBBRFTTRETHS.
[#&m]
QPS DINENZ LWy, BWETHILDIFLEL AL > TH 20-40% ThH Y, HIEHEF
[ 30 2R, IBIS#d QPS ITHBHILE LI-RE/BOoNLEM4THD. Ll
REERR IS OEEN, EHEECHRRBRERETHEE LILBRBZ N )
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XE Do TRV, 5%13 QPS #MREAOIREICEA T 5720, ZThbnsk
HEBF LTV LERSDS.
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Abstract

Background:

Responses to plasticity-inducing brain stimulation protocols are highly variable. However,
no data are available concerning the variability of responses to quadripulse stimulation
(QPs). '
Objective:

We assessed the QPS parameters of motor cortical plasticity induction in a systematic
manner, and later investigated the variability of QPS using optimal parameters.

Methods:

First, two different interburst intervals (I1BI) with the same total number of pulses were
compared. Next we investigated three different IBls with a different total number of pulses
but with same duration of intervention. We also compared the after-effects of monophasic
and biphasic QPS. Finally, variability of QPS was tested in 35 healthy subjects. Twenty motor
evoked potentials (MEPs) were measured every 5 to 10 min for up to one hour after
intervention.

Results:

QPS at an IBI of 5 s produced MEPs changes that are dependent on the interstimulus
interval of the four magnetic pulses, consistent with previous reports. Unexpectedly, QPS at
an IBl of 2.5 s did not induce any plasticity, even with the same total number of pulses, that
is, 1,440. QPS at an IBl of 7.5 s produced a variable response but was likely to be comparable
to conventional QPS. Biphasic QPS had shorter lasting after-effects compared with
monophasic QPS. Finally, the after-effects of QPS were relatively consistent across subjects:
more than 80% of subjects responded as expected in the excitatory QPS at an IBl of 5 s.

Conclusions:

The IBI, total duration of the procedure and pulse waveform strongly affected the
magnitude or duration of the plasticity induced by QPS. In this cohort, 80% of subjects
responded to excitatory QPS as expected.

Keywords: Quadripulse stimulation (QPS), plasticity, Motor Cortex, variability.

Highlights.

-Paradigm parameters, such as inter-burst interval (IBI), duration of the procedure and pulse
wave-form have significant effects on cortical excitability changes induced by QPS.

-QPS at an IBl of 5 s, delivering 1440 monophasic pulses over 30 minutes, was found to be
optimal for increasinrg cortical excitability changes in M1.

-The excitatory QPS 5 ms, given at an 1Bl of 5 s over M1, induced an expected motor cortical
facilitation in 80% of subjects in this cohort.
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Introduction

Non-invasive brain stimulation (NIBS) has been widely used in a variety of neuroscience
fields and clinical settings. This is primarily due to its ability to induce lasting after-effects
after the stimulation period. Indirect evidence in which N-Methyl-D-Aspartate (NMDA)
receptor antagonist blocks at least some of the effects induced by NIBS suggests that they
might represent an analog of synaptic plasticity in the human brain [1]. Thus, NIBS offers a
potential means for interfering with neuronal function, as well as therapeutic applications.
Nonetheless, one of the major issues of any NIBS protocols is the high variability of their
effects [2]. Given the high inter-individual variability in response to other plasticity protocols
such as paired associative stimulation (PAS), theta-burst stimulation (TBS), and transcranial
direct current stimulation (TDCS) in which 30% to 50% of participants fail to respond in the
“canonical” way [3-12], we aimed to investigate the variation in response to quadripulse
stimulation (QPS), another NIBS protocol for plasticity induction [13-16].

QPS consists of bursts of four monophasic TMS pulses, separated by inter-stimulus
intervals (ISI) of 1.5, 5, 10, 30, 50 or 100 ms, which are repeated with an inter-burst interval
(IBl) of 5 s (i.e., 0.2 Hz) for 30 min (i.e., 1440 pulses in total). Depending on the ISI, QPS
induces bidirectional changes of corticospinal excitability as indexed by the size of the motor
evoked potential (MEPs); QPS at short ISls (QPS-1.5, QPS-5, QPS-10) produces a long-lasting
increase in MEP, while QPS at long ISls (QPS-30, QPS-50, and QPS-100) induces a lasting MEP
decrease for approximately one hour [14]. In the original report, the stimulus intensity and
duration of QPS that is proportional to the total number of pulses are systematically
investigated; there was no difference in the amount and duration of plasticity when using a
QPS intensity of approximately 130% of active motor threshold (AMT) (suprathreshold) and
90% AMT (subthreshold) [13]. For the duration of QPS, 30 min (i.e. 1,440 pulses) but not 15
minutes (i.e., 720 pulses) was sufficient to induce facilitation of MEPs. However, the optimal
IBl and total number of pulses (or duration of QPS) for inducing the largest after-effect
remain unclear. We hypothesized that the total duration of monophasic QPS (i.e., 30 min)
can be shortened to 15 min when an IBl of 2.5 s is used for monophasic QPS because the
total number of pulses of this particular protocol is identical to conventional QPS (i.e., 1,440
pulses). However, this result did not support our hypothesis due to the lack of plasticity by
QPS at an IBI of 2.5 s. Thus, we subsequently assessed these parameters in a systematic
manner although we were not able to study them fully due to mutual interaction between
certain parameters. Furthermore, we hypothesized that QPS using monophasic pulses may
be more effective than conventional rTMS using biphasic pulses because monophasic
repetitive TMS (rTMS) is likely to be more powerful than biphasic rTMS [17]. This hypothesis
was also assessed by comparison between monophasic QPS and biphasic QPS in this
investigation. _

Finally, we investigated the variability of QPS using optimal parameters. We considered
that this variability had practical importance in clarifying these issues, given the potential
uses of QPS in clinical settings.
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Materials and Methods

Subjects

Thirty-five right-handed subjects (8 females, 27 males; 20-53 years old, mean age + SD:
37.7 + 8.4) participated in this study. None of the participants had any contraindications to
TMS, took any medication on a regular basis or had a positive history of psychiatric or
neurologic diseases [18]. All subjects provided written informed consent to participate in
this study. This study was approved by the Ethics Committee of Fukushima Medical
University and the University of Tokyo.

Recordings

During the experiment, subjects were seated on a comfortable chair. The right first dorsal
interosseus (FDI) muscle activity was recorded via Ag/AgCl cup electrodes in a belly-tendon
montage. Raw signals were amplified and bandpass filtered (100 Hz to 3 kHz, Multi Amplifier
1000, DIGITEX LAB Co. Ltd., Japan). Signals were digitized at 5 kHz and data were stored on a
computer for offline analysis (MultiStim tracer; Medical Try System, Japan).

Transcranial magnetic stimulation

Single-pulse TMS was performed with a figure-of-eight coil (internal wing diameter of 7
cm) connected to a Magstim 2007 stimulator (The Magstim Co. Ltd). The hotspot was
identified as the position where the largest motor evoked potential (MEPs) were elicited
when applying the same intensity stimulation with the coil held 45 degrees to the midline,
tangentially to the skull and the handle pointing backwards. The spot was consecutively
marked on the scalp with a waterproof pen alongside to 2 additional orientation marks
needed for exact repositioning of the coil. The resting motor threshold (RMT) was
determined as minimum stimulator output intensity needed to achieve a minimum MEP-
amplitude of 50 pV in the completely relaxed FDI-muscle in at least 5 out of 10 trials. We
also assessed active motor threshold (AMT) as the lowest stimulator output intensity
evoking an MEP of at least 200 pV in 5 out of 10 consecutive trials while subjects maintained
10-% of their maximum voluntary contraction (MVC) in the target muscle.

Quadripulse stimulation (QPS)

Quadripulse stimulation (QPS) was applied to the hand area of the left motor cortex using
a combining module (The Magstim Co. Ltd.) connected with four stimulators (Magstim 2007,
The Magstim Co. Ltd.) as previously reported [14]. The conventional QPS protocol consisted
of a burst of four TMS pulses separated by an interburst interval (IBl) of 5 s. Each burst
consisted of four monophasic magnetic pulses separated by interstimulus intervals (ISI) of 5
ms (QPS5, excitatory QPS) or 50 ms (QPS50, inhibitory QPS), which can induce a
Potentiation and depression after-effect lasting up to 90 min [14]. The stimulus intensity of
QPS was set at 95 % AMT in all experiments. For the experiment 1 (see below), we used the
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octopulse stimulation (OPS) system (The Magstim Co. Ltd.). It consists of eight monophasic
magnetic stimulators (Magstim 200%, The Magstim Co. Ltd.) connected with a specially
designed combining module (The Magstim Co. Ltd). This device combines the outputs from
eight stimulators to allow a train of eight monophasic magnetic pulses to be delivered
through a single coil. Because it takes approximately 4 s for recharging one monophasic
stimulator, the conventional QPS system is not able to accomplish QPS with an 1Bl of 2.5 s.
We used two QPS systems connecting with the same coil through an octopulse system for
giving QPS with an IBI of 2.5 s. For the experiment 3, we used biphasic mode of QPS: it
consists of four biphasic magnetic pulses produced by biphasic stimulators (Magstim
SuperRapid, The Magstim Co. Ltd.) connected with a combining module (The Magstim Co.
Ltd), which allows a train of four biphasic pulses to be delivered via a single coil.

Experimental parameters

As a measure of corticospinal excitability, we recorded twenty MEPs elicited by single
pulse TMS with the intensity adjusted to evoke an approximately 0.5 mV peak-to-peak
amplitude (Slgsmy) at rest at baseline condition. The stimulation intensity was kept constant
throughout the experiment. The inter-trial interval was set at 4.5-5.5 s for the follow-up
MEP measurements. Muscle activity was monitored throughout experiments using high gain
audiovisual feedback (1000uV/div) on an oscilloscope, which enabled them to keep their
target muscles relaxed.

Study design (Figure 1)

In all experiments, baseline corticospinal excitability measurements were followed by
different QPS intervention (see below). After the application of QPS, 20 MEPs were recorded
every 5 min for 30 min-, and every 10 min from 30 to 60 min after the intervention (6-9 time
points, T5, T10, T15, T20, T25, T30, T40, T50, T60) (see below).

Experiment 1: This experiment was performed to compare two different IBls, 2.5svs. 5 s
(Fig. 1). This experiment also allowed the study of the difference between total duration of
QPS, 15 min vs. 30 min with the same total number of QPS pulses (i.e., 1,440 pulses). The
stimulus intensity of QPS was set at 95% AMT. Ten subjects participated in this experiment.
Two IBls were tested with excitatory QPS5 (n=5) (QPS5-1BI2.5 vs. QPS5-IBIS) and inhibitory
QPS50 (n=5) (QPS50-1BI2.5 vs. QPS50-1BI5). MEP measurements were performed up to one
hour after the end of QPS.

Experiment 2: We compared three different IBls, 5, 7.5, and 10 s (Fig. 1). Because the total
duration of QPS was fixed at 30 min, the total number of pulses was different among the
conditions; 1,440 pulses for an IBl of 5 s, 960 pulses for an 1Bl of 7.5 s, and 720 pulses for an
IBI of 10 s. Ten subjects participated in this experiment. Three IBIs were tested with
excitatory QPS5 (n=5) (QPS5-IBI5, QPS5-IBI7.5, vs. QPS5-1BI10) and inhibitory QPS50 (n=5)
(QPS50-1BI5, QPS50-1BI7.5, vs. QPS50-IBI10). MEP measurements were performed up to an
hour after QPS application.

10/27



Experiment 3: Monophasic and biphasic QPSs were compared. For biphasic QPS, the coil
orientation was the same as in monophasic QPS condition. Stimulus intensity was set at 95%
AMT, as measured using the biphasic QPS system. Twelve subjects participated in this
experiment. Two configurations were tested with excitatory QPS5 (n=6) (QPS5-Mono vs.
QPS5-Bi) and inhibitory QPS50 (n=6) (QPS50-Mono vs. QPS50-Bi). MEP measurements were
performed up to an hour after the end of QPS.

Experiment 4: The experiment was performed to confirm the variability of the lasting
effect of QPS. In total, 35 subjects participated (18 subjects were naive). All subjects were
enrolled in the following two experiments in a randomized order. Conventional excitatory
QPS5 and inhibitory QPS50 were used in this experiment: QPS5 and QPS50 consist of bursts
of four stimuli (i.e. an ISl of 5 ms or 50 ms), repeated every 5 s ((i.e. an IBl of 5 s) for 30 min
(total 1,440 pulses). The stimulus intensity was set at 95% AMT. MEP measurements were
performed up to 60 min after QPS application.

In all of the above experiments, two consecutive experiments were separated by at least
one week in the same subject.

Statistical analysis

In experiments 1 and 2, three-way repeated measures analysis of variance (ANOVA) was
computed with factors ISl (QPS5 and QPS50), TIME (T5-T60) and IBI (experiment 1, 2.5vs 5
s; experiment 2, 5 vs.7.5 vs. 10 s) using normalized MEP values after the intervention
without including the baseline value (1.0). For experiment 3, three-way ANOVA using
normalized MEP values after the intervention was performed with factors ISI (QPS5 and
QPS50), TIME (T5-T30) and TYPE (monophasic vs. biphasic). The Greenhouse-Geisser
correction was used if necessary to correct non-sphericity. For each QPS condition, one-way
repeated measures ANOVA was applied with the factor TIME (baseline, T5-T60 for
experiments 1 and 2; baseline, T5-T30 for experiment 4) using non-normalized MEP-values
to confirm the significant changes from baseline MEP sizes. For baseline measurements data
were reported as the mean value * standard deviation (SD). Data were analyzed using SPSS-
software (SPSS ver. 17.0 for Windows; SPSS Inc.).
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Results

No adverse effects were reported. Baseline physiological measurements are shown in
Table 1 and did not differ significantly between stimulation conditions.

Experiment 1: This experiment was performed to compare two different IBls, 2.5s5vs. 5s
with the same total number of pulses (i.e., 1,440 pulses) (Fig. 1). Thus, the difference
between QPS-IBI2.5 and QPS-IBI5 is IBI as well as the total duration of QPS, 15 min vs. 30
min. Figure 2A and 2B show the time courses of QPS in each condition (Fig.2A, excitatory
QPS5; Fig.2B, inhibitory QPS50). Consistent with previous reports [14], conventional
excitatory QPS5-1BI5 and inhibitory QPS50-IBI5 (i.e. an IBl of 5 s, for 1,440 pulses, Fig. 1)
produced a substantial increase/decrease in corticospinal excitability for about one hour,
whereas no changes were observed in corticospinal excitability after QPS5-1BI2.5 and
QPS50-1BI2.5. Indeed, three-way repeated measures ANOVA on combined QPS5-
IBI2.5/QPS5-1BI5/QPS50-1BI2.5/QPS50-1BI5 data revealed significant main effects of ISI, ISl x
IBl interaction, but no effects of TIME, IBI, IBI x TIME, ISl x TIME, nor ISI x IBl x TIME
interactions (Table 2). Post hoc analysis showed a significant difference between QPS5-
IB12.5 and QPS5-IBI5 (Bonferroni corrected, P<0.001), and between QPS50-IBI2.5 and
QPS50-IBI5 (Bonferroni corrected, P=0.033). One-way ANOVA on excitatory QPS5-IBI5 and
inhibitory QPS50-IBI5 data separately revealed a significant main effect of TIME, while
excitatory QPS5-IBI2.5 and inhibitory QPS50-1BI2.5 did not reveal an effect (Table 3). Any
interventions using IBI2.5 induced no motor cortical excitability changes.

Experiment 2: This experiment was performed to compare three different IBls, 5 s, 7.5 s, vs.
10 s with the same total duration of QPS (i.e., 30 min), and thus the total pulses of QPS were
different among the protocols; 1,440 pulses for QPS-1BI5, 960 pulses for QPS-IBI7.5, and 720
pulses for QPS-IBI10 (Fig.1). Figures 2C and 2D shows the time courses of each condition.
There were clear MEP changes after QPS-IBI5, whereas no changes after QPS-IBI10. For the
QPS-IBI7.5, it is likely that there are certain changes in MEP sizes, but these changes were
less stable than QPS-IBI5. Three-way repeated measures ANOVA revealed significant main
effects of ISI and ISl x IBl interaction, but no effects of TIME, IBI x TIME, ISl x TIME, ISI x IBI x
TIME interactions (Table 2). Post hoc analysis revealed significant difference between
excitatory QPS5-1BI5 and excitatory QPS5-1BI10 (Bonferroni corrected, P=0.003), excitatory
QPS5-1BI7.5 and excitatory QPS5-1BI10 (Bonferroni corrected, P=0.002), inhibitory QPS50-
IBI5S and inhibitory QPS50-1BI10 (Bonferroni corrected, P=0.031), but no difference between
excitatory QPS5-IBI5 and excitatory QPS5-1BI7.5 (Bonferroni corrected, P=1.000), inhibitory
QPS50-IBI5 and inhibitory QPS50-IBI7.5 (Bonferroni corrected, P=0.792), inhibitory QPS50-
IBI7.5 and inhibitory QPS50-1BI10 (Bonferroni corrected, P=0.261), indicating a less stable
effect after QPS-IBI7.5 compared with QPS-IBI5. Indeed, one-way ANOVA on each condition
also revealed significant main effect of TIME in QPS5-IBIS, QPS50-1BI5, and QPS50-IBI7.5, but
not in QPS5-1BI7.5, QPS5-1BI10, and QPS50-IBI10 (Table 3). Both excitatory and inhibitory
QPSs using IBI5 induced significant cortical excitability changes, those using IBI7.5 variable
excitability changes and those using IBI10 no changes.
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Experiment 3: To assess whether monophasic magnetic pulse configuration was more
effective for inducing cortical excitability changes than biphasic pulses, we performed the
experiments with monophasic and biphasic QPS. Figures 2E and 2F shows the time course of
each condition. Although both configuration types induced MEP changes depending on the
ISI, they lasted approximately 25 to 30 min in the biphasic QPSs, which were shorter
compared with monophasic QPSs. Three-way repeated measures ANOVA revealed
significant ISI x TYPE x TIME interaction (Table 2), indicating that the time courses of each
condition significantly differed. We found a significant difference between QPS-Mono and
QPS-Bi after 30 min in both excitatory QPS5 and inhibitory QPS50 conditions (Bonferroni
corrected, excitatory QPS5-Mono vs Bi; T30, P=0.038; T45, P=0.015: T60, P=0.003: inhibitory
QPS50-Mono vs Bi; T45, P<0.001; T60, P=0.013). In addition, separate one-way ANOVAs in
each condition revealed shorter lasting changes of MEP in biphasic QPS (Table 3). The
biphasic QPS induced shallower and shorter excitability changes than monophasic QPS.

Experiment 4: In the final experiment, we investigated the variability of the QPS effect
using the optimal stimulation parameters shown above for inducing plasticity. We had
chosen QPS-IBI5 for 30 min for both excitatory and inhibitory QPSs, based on the findings
obtained in experiments 1-3. Figures 3A and 3B plot time courses of excitatory QPS5 (Fig.
3A) and inhibitory QPS50 (Fig. 3B) in all 35 subjects. Although there was a large variation in
response between individuals, it appears that only a small number of subjects responded to
QPS in the opposite way. Indeed, one-way ANOVA performed separately on excitatory QPS5
and inhibitory QPS50 data revealed a main effect of TIME in both excitatory QPS5 group
(F=9.417; df 6, 204; P<0.001) and inhibitory QPS50 group (F=13.261, df 6, 204; P<0.001).
Two-way repeated measures ANOVA on combined QPS-5/QPS-50 data showed a significant
main effect of QPS (F=78.7; df 1,68; P<0.001) and TIME x QPS interaction (F=2.7;
Greenhause-Geisser corrected df 3.3, 227.4; P=0.042). Thus, on average, there was a
potentiating effect of excitatory QPS5 and a depressive effect of inhibitory QPS50,
consistent with original reports [13-15]. According to the criteria of responder and non-
responder in previous studies [4, 12], we calculated the average effect of QPS expressed as
the mean of all post-QPS measures relative to baseline. Following excitatory QPS5, the
mean of the average effect was 1.60 (SD = 0.57; 95% confidence interval 1.41-1.79);
inhibitory QPS-50 decreased the response by 0.67 (SD = 0.22; 95% confidence intervals 0.60-
0.74). Figures 3C provides a simple summary of the response profile in this population in
terms of whether the average effect at post-QPS period was greater or less than 1. Over
80% of participants increased their response after excitatory QPS-5 (86%) and decreased
their response after inhibitory QPS-50 (94%). Although such a “dichotic” method to
differentiate the plasticity response would be beneficial for a better understanding of the
nature of NIBS plasticity, we have also attempted to evaluate the observed long-term effect
based on the estimation of natural variation of MEP size. We calculated the expected
variability based on MEPs after sham intervention (N=12, all naive subjects). The mean
(standard deviation) of normalized MEP sizes for 30 min was 1.00 (0.12). Thus, the range of
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MEP changes under the sham condition was between 0.76 and 1.24 in normalized values.
This value of normal range was nearly the same as a previously reported natural variation
[12]. According to this criterion, it is possible to roughly differentiate “responders” (in whom
expected responses (i.e., above 1.24 after excitatory QPS5 or below 0.76 after inhibitory
QPS50) were obtained), “non-responders” (in whom MEP size lies within the above
mentioned range, 0.76 to 1.24), and “opposite responders” (in whom opposite responses
(i.e., below 0.76 after excitatory QPS5 or above 1.24 after inhibitory QPS50) were obtained).
Figure 3D is the response profile based on this classification. Although the responder rate is
reduced in both excitatory QPS5 (from 86% to 80%) and inhibitory QPS50 (from 94% to 63%)
interventions and the non-responder rate increased substantially compared with the above
dichotic analysis, it should be noted that opposite responder was only 3% in excitatory QPS5,
and no opposite responder was found after inhibitory QPS50 (Fig. 3D).
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Discussion

The present results show that the response to the QPS protocol was mostly predictable
and not highly variable at least in this cohort. This value suggests that QPS should be less
variable than other plasticity protocols in which approximately 50% of the participants failed

I)I

to respond in the “canonical” manner [2]. To the best of our knowledge, this is the first
large-scale study of the variation in after-effects of QPS protocol in healthy volunteers.
Before discussing this favorable outcome, it is important to consider which parameters are
critical for the QPS protocol. Thus, we investigated which parameters of QPS might

substantially affected QPS-induced plasticity.

Parameters of QPS

Experiment 1 revealed that although the total number of pulses was the same (i.e. 1,440
pulses), the QPS at an IBI of 2.5 s (total duration of QPS, 15 min) did not induce any
excitability changes, whereas the QPS at an IBl of 5 s induced long-lasting changes. In
experiment 2, we showed that when the duration of the QPS was fixed at 30 min, plasticity
was induced by QPS5/QPS50 at an IBl of 5 s (1,440 pulses in total) and QPS50 at an IBl of 7.5
s (960 pulses), but neither by QPS5 at an IBI of 7.5 s (960 pulses) nor QPS5/QPS50 at an IBI
of 10 s (720 pulses). Experiment 3 revealed that biphasic QPS induced shorter-lasting
cortical excitability changes (up to 30 min after intervention) compared with monophasic
QPS. These data indicated that similar to other NIBS protocols, no single but multiple
parameters, including stimulus intensity, ISI, I1BI, total number of pulses, duration of the
whole intervention and pulse configuration, engaged in plasticity induction [19, 20].

One unexpected result from experiment 1 was that the QPS at an IBI of 2.5 s did not
induce any plasticity although the same total number of pulses (1,440 pulses) of QPS at an
IBI of 5 s induced significant plasticity. Previously, we showed that neither 15 min of QPS at
an IBl of 5 s (i.e. 720 pulses in total) nor 20 min of QPS at an IBI of 5 s (i.e. 960 pulses in
total) did induce any plasticity [13, 14], although 30 min of QPS at an IBl of 5 s induced the
plasticity. This finding indicated the dose dependency of QPS at an IBl of 5 s and 1,440
pulses in total was optimal to induce plasticity by QPS. Thus, we first hypothesized that the
total duration of monophasic QPS (i.e., 30 min) could be shortened to 15 min when an IBl of
2.5 s was used for monophasic QPS because the total number of pulses of this particular
protocol was identical to conventional QPS (i.e., 1,440 pulses). However, this finding was not
observed in the present experiment: QPS at an IBl of 2.5 s for 15 min (i.e. 1,440 pulses) did
not induce any plasticity. The other puzzling result was that excitatory QPS5 atan IBl of 7.5 s
did not induce any plasticity, while inhibitory QPS50 at the same IBl decreased MEP sizes
significantly for approximately 50 min in experiment 2. These data indicated that there is a
potential interaction among IS, IBI, total duration of pulses, and stimulation time and that
no single factor could determine the induction of plasticity. This finding was consistent with
the previous seminal study performed by Huang et al. (2005), showing that different IBls

profoundly influenced plasticity induction, even with the same total number of pulses [21].
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However, our results provide practically useful information because in all of the QPS
experiments using an IBl of 5 s produced significant MEp changes depending on the ISI of
four magnetic pulses, which indicated that the original QPS protocol might induce robust
plasticity. None of the modified versions of QPS using other IBIs were optimal for inducing
plasticity, when the total duration was fixed at 30 min. In addition, even when the total
duration of application time was shortened from 30 min to 15 min using an IBl of 2.5 s, this
did not produce any advantage in the efficacy of plasticity induction. Thus, although all
possible conditions were not tested, the present results suggest that the original QPS
protocol/parameters might be, at least at the moment, the most o

y be necessary to initiate
ulative and requires

ptimal for plasticity
induction.

In experiment 3, we investigated whether monophasic QPS is better than biphasic QPS.
These results showed that this was the case, as biphasic QPS after-effects had a much
shorter duration than monophasic QPS. However, it is uncertain which neurons in the brain
are activated by magnetic stimuli, and we have no direct evidence for how monophasic and
biphasic magnetic stimuli differ in the efficacy of neurong| excitation. However, according to
epidural recording studies, it is likely that monophasic and biphasic pulses activate different
sets of neurons in the motor cortex. A mixture of variouys interneurons can be activated by
biphasic pulses, while monophasic pulses preferentially activate relatively homogenous
population of neurons [23]. Accordingly, it has been assumed that the monophasic mode of
repetitive TMS (rTMS) may have stronger after-effects than biphasic rTMS, as the activation
of relatively uniform populations of interneurons by monophasic TMS would readily result in
an effective summation of synaptic efficacy, while biphasic pulses may activate various
interneurons, resulting in some cancellation of inhibitory and facilitatory effects with one
another. Indeed, previous studies have clearly shown that monophasic rTMS is more
effective than biphasic rTMS [17, 24, 25]. In keeping with these reports, we observed that
monophasic QPS is capable of inducing longer-lasting after-effects than biphasic QPS.
However, we did not adjust the stimulus intensity as we chose it relative to AMT, but this

might be one confounding factor for interpretation.
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Variability of QPS

Figure 3 shows that the response to QPS protocols is relatively consistent across subjects.
We chose to examine one particular, originally reported type of QPS with canonical choices
of pulse configuration (monophasic), stimulus intensity (95% AMT), duration (30 min, i.e.,
1,440 pulses in total), ISI (5 or 50 ms), IBI (5 s), and target site (primary motor cortex), based
on the findings obtained in experiments 1-3. These results were relatively consistent: after
excitatory QPS5, approximately 80% of individuals showed facilitation, whereas after
inhibitory QPS50 the proportions were approximately 10:90 (facilitation: inhibition).
Grouping individuals according to whether the mean MEP amplitudes after QPS were larger
or smaller than baseline was somewhat arbitrary. Due to this limitation, we also the divided
individuals into “responder” (in whom expected responses (i.e. above 1.24 after excitatory
QPS5 or below 0.76 after inhibitory QPS50) were obtained), “non-responder” (in whom
normalized size lies within the above mentioned range, 0.76 to 1.24), and “opposite
responder” (in whom opposite responses (i.e., below 0.76 after excitatory QPS5 or above
1.24 after inhibitory QPS50) were obtained) according to MEP variability evaluation after
sham intervention. The responder rate was reduced in both excitatory QPS5 (80%) and
inhibitory QPS50 (63%) and non-responder increased substantially compared with
conventional classification. Unexpectedly, there were notably few opposite responders to
excitatory QPS5 (3%) and no opposite responders to inhibitory QPS50. The main conclusion
was that the after-effect of this type of QPS on corticospinal excitability was relatively
consistent. Although we did not test the session-to-session variation within each person
which might affect our results, recent studies have suggested that the intra-individual
variability is lower than inter-individual variability [26]. Thus, it is likely that such intra-
individual variability is also lower in QPS. However, this issue warrants further investigation.

Several determinants have been identified to explain the variability of NIBS plasticity
protocols, such as age, gender, time of the day, physical activity, prior history of muscle
activity, and genetics [11]. Furthermore, Hamada and colleagues have previously reported
that the variability of recruitment of interneuron networks is another determinant for TBS
and anodal TDCS [4, 12], as they may also have a functional relevance in terms of motor
learning [27]. However, we did not test these factors in relationship to QPS variability as
well as other potential sources of variability, such as ethnicity, direction of current flow,
thickness of bone, which should be fully investigated in future studies.

Limitation

We are aware of the number of limitations in this study. Frist, the number of subjects in
experiments 1-3 was small. Second, the study was performed in Japan, and thus, we cannot
exclude the potential effect of ethnicity and/or genotype. Third, the duration of effects of
QPS with an IBI of 7.5 ms was not explored. Fourth, another factor to be considered would
be “founder” effects, in which impressive effects for other NIBS paradigms have often been
reported by founder labs.
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Conclusion

The effects of QPS are variable but with less than 20% to 40% at maximum of individuals
having poor or absent responses. QPS at an IBI of 5 s for 30 min would be the optimal
protocol for inducing relatively constant long-term effects. However, we are uncertain
whether less variable responses to QPS can be obtained even with measures other than
corticospinal excitability, such as motor learning and clinical outcomes. Future studies are
warranted to test these parameters in order to apply QPS as a treatment options for

neurological diseases.
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Figures and Figure legends

Experiment 1

IBl=2.5s  ~1440 pulses
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30 min
Figure 1.

Original QPS protocol consists of 360 bursts of TMS pulses for 30 min with an interburst
interval (IBl) of 5 s. Each burst consists of four monophasic magnetic pulses (i.e. quadripulse
stimulation: QPS) delivered at inter-stimulus intervals (ISI) of 5 or 50 ms. In experiment 1,
two protocols were tested, termed QPS-IBI2.5 (top row) and QPS-IBI5 (second row). In QPS-
IBI2.5, IBI was set at 2.5 s, and total duration of QPS was 15 min, thus, in total 1,440 pulses
were induced. The other protocol was original QPS, which is equal to QPS-IBI5. In
experiment 2, three conditions were tested, as QPS-IBI5 (third row), QPS-IBI7.5 (fourth row),
and QPS-IBI10 (bottom row). As indicated, the total numbers of pulses were different
because we fixed the total duration of QPS at 30 min.
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Figure 2.

A: Time courses of excitatory QPS5-IBI2.5 (red circle) and excitatory QPS5-IBI5 (filled red
circle). Excitatory QPS5-IBI5 induced MEP facilitation, while no changes in MEP sizes after
excitatory QPS5-1BI2.5. B: Time courses of inhibitory QPS50-IBI2.5 (blue circle) and
inhibitory QPS50-IBI5 (filled blue circle). Inhibitory QPS50-1BIS induced MEP suppression,
while no changes in MEP sizes after inhibitory QPS50-IBI2.5. C: Time courses of excitatory
QPS5-1BI5 (red filled circle), excitatory QPS5-1BI7.5 (red diamond), and excitatory QPS5-1B110
(red square). Excitatory QPS5-IBI5 and excitatory QPS5-IBI7.5 had a similar time course,
although variable responses were obtained by excitatory QPS5-IBI7.5. No changes were
found in MEP sizes after excitatory QPS5-IBI10. D: Time course of inhibitory QPS50-IBI5
(blue filled circle), inhibitory QPS50-IBI7.5 (blue diamond), and inhibitory QPS5-IBI10 (blue
square). Inhibitory QPS50-IBI5 produced stable decrease of MEP sizes, but much less by
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inhibitory QPS50-IBI7.5 and inhibitory QPS50-IBI10. Error bars indicate the standard error. E,
F: Time course of excitatory QPS5-monophasic (red filled circle), excitatory QPS5-biphasic
(red triangle), inhibitory QPS50-monophasic (blue filled circle), and inhibitory QPS50-
biphasic (blue triangle). Biphasic QPS had a shorter duration effect than monophasic QPS.
Error bars indicate standard error.

In all figures, the black arrow indicates the timing of QPS.
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Figure 3.

Time courses of excitatory QPS5 (A) and inhibitory QPS50 (B). The x-axis shows the time
points and y-axis shows the normalized amplitude of MEPs to baseline (B). The thick black
line and dot indicate the mean. C, D; The percentage of responder, non-responder, and
opposite responder is shown in each QPS session (see text).
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Tables

Table 1 Baseline physiological data

RMT AMT AMT biphasic Baseline MEP

sizes (mV)

Experimentl
QPS5-1BI2.5 51.0+85 35.8+4.0 - 0.39+0.23
QPS5-IBIS 51.4+93 38.0+£5.7 - 0.54 £0.30
QPS50-1BI2.5 52.4+6.2 38.2+3.6 - 0.78 £0.26
QPS50-IBIS 51694 40.0+1.6 - 0.60£0.33

Experiment2
QPS5-IBI5 54.4+6.2 37.2+33 - 0.62 £0.30
QPS5-1BI7.5 542+8.1 39.2+5.0 - 0.38 £0.12
QPS5-IBI10 53479 40.6+5.0 - 0.50+£0.11
QPS50-IBIS 56.0+3.2 38.8+1.8 - 0.72£0.25
QPS50-1BI7.5 52.6+6.7 39.6+£5.2 - 0.56 £0.23
QPS50-IBI10 52.8+8.0 38.4+35 - 0.40+£0.11

Experiment3
QPS5-Mono 60.0+13.6 422+5.2 - 0.43+0.13
QPS5-Bi 58.2+8.1 43.2+6.6 452+4.4 0.39+£0.10
QPS50-Mono 572.3+9.7 423+5.6 - 0.42 £0.09
QPS50-Bi 60.0+13.6 42.2+5.2 4531123 0.43+£0.13

Experiment 4
QPS5 51.2+10.6 37879 - 0.58 £0.26
QPS50 50.7 £9.1 38279 - 0.54+0.24
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Table 2 Results of three-way repeated measures ANOVAs

Experiment 1

Factor df Error F p
ISI 1 8 16.004 0.004
IBI 1 8 0.996 0.347
TIME | 2.861 22.888 1.564 0.226
ISI x 1BI 1 8 34.906 <0.001
ISIxTIME | 2.971 23.768 0.686 0.568
IBIx TIME | 2.861 22.888 0.232 0.865
ISIxIBIx TIME | 2.971 23.768 2.293 0.104
Experiment 2
ISI - 1 12 51.099 : <0.001
IBI 2 12 3.021 0.087
TIME | 3.872 46.469 1.123 0.357
ISI x 1BI 2 12 19.909 <0.001
ISIxTIME | 3.438 41.255 1.229 0.313
IBI x TIME | 3.872 46.469 0.510 0.838
ISIx IBI x TIME | 6.876 41.255 0.948 0.480
Experiment 3
ISI 1 10 24.567 0.001
TYPE 1 10 0.009 0.928
TIME 7 70 2.076 0.058
ISI x TYPE 1 10 2.358 0.156
ISI x TIME 7 70 3.122 0.006
TYPE x TIME 7 70 1.058 0.400
ISI x TYPE x TIME 7 70 4522 <0.001
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Table 3 Results of one-way ANOVAs for each condition

au P values compared with baseline (Dunnet’s test)
df | Error | F p 15 T10 T15 T20 | T25 T30 | T40 T45 T50 T60
Pperimentl
QPS5-IBI2.5 | 9 | 36 | 0.599 | 0.789
QPS5-IBI5 | 9 36 2.936 | 0.01 | 0348 | 0121 | 0162 | 0.008 | 0.021 | 0.010 | 0.001 0.007 | 0.025
0
pS50-1BI2.5 | 9 36 1.016 | 0.444
QPS50-IBIS 9 36 3.658 0.00 0.017 0.055 0.001 0.001 0.001 0.011 0.003 - 0.004 0.015
2
periment2
QPS5-1BI5S 9 36 4.766 0.00 0.659 0.034 0.018 0.002 0.004 0.001 0.002 - 0.007 0.016
1
QPS5-IBI7.5 | 9 36 1.381 | 0.233
QPS5-1BI10 | 9 36 0.803 | 0.616
QPS50-IBIS | 9 36 3.696 | 0.00 0.003 | 0.002 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 0.003 | 0.002
2
hp550_|B|7_5 9 36 3.060 0.00 0.004 0.007 0.731 0.014 0.016 0.015 0.010 0.007 0.065
8
PS50-1BI110 | 9 36 0.597 | 0.790
periment3 - -
IPS5-Mono 8 40 2.887 0.01 0.198 0.246 0.050 0.017 0.016 0.015 - 0.052 - 0.001
2
QPS5-Bi 8 40 5.951 0.00 0.389 0.067 0.010 0.001 0.002 0.483 - 0.997 - 1.000
1
S50-Mono 8 40 8.068 0.00 <0.00 0.002 <0.00 0.001 <0.00 <0.00 - <0.00 - <0.00
1 1 1 1 1 1 1
QPS50-Bi 8 40 6.639 0.00 <0.00 0.001 0.002 0.007 0.783 0.573 - 0.999 - 0.765
1
1

Bold indicates p-value less than 0.05.
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