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Post exercise changes in visual evoked potential
measures and contrast sensitivity function

Dr. Catherine Joseph *

Visuul evoked potential (VEDP) latency and amplitode changes and contrast seositivity (O5) measons
were studivd inoa pre-post exerclse poaradigm, Results were suggestive of temporal alterations of
visnal processing with attenuated neuronal activation and C8 incresse in higher and lower spatiol

frequencivs, alter cxercise.

Kevwords; Visual functions, workload, exercise,

hestudy of the eftects of exercise on visugl
funcuions has recervied relutovely itk impor-
lunce. Mo researchers have concentrated
On measuring aspects such ps stricture of the visaul
field duing exeiciae [ 1] und changes in pupil sjze
ae fonetion of exercite [21 General measures uf
en studied more. Statie wid

durnir

visnal aluiny have he
Kinetic acwimizs [3] were mewsurcd before.
At

and aftor weiminitice of mild. mo 2 and seiere

exercise wirkloads, static sisbal acuity improved

during and after exgrcise, Different workload
intensitics showed no significant differances;
wheress kinetic visual acuines decreased 10 rela
1o 1o worklos
enties [4.5] mentoned the resulis of 2
earler studies which showed thas visual ac
proved after-corain sporting events. Ongiof
[ 4] swdicd the effecoof heavy exereise THar viurd Stwp
Test) op visual atuity inou luburatory seuine. Visual
suuly was measured at threshold levels at which
frarings of four different spatial frequencies wears
ohserved in exercise and no eavros
el five subjeets shivwad improved visual aciaty in
the exercise sessions and it was concluded that heavy
exercise load does have 4 temporary effect in im-

imemsaly; EWo TeROns In the sev-

number of

e oassions All

prwing visnal acoiy

{1k
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b worore recent stody (6] visual aeoity wag
rorind o deteriorate Tollawiag o 1S ininute bicyeld
ergometer pedallinog under e condition of 4

winty such as wecommodation, refraction and vee-
tral disceriment ability woere measured. The visml)
Funetivis which ._'h:mg,c.d'r:i-._:nlt'ir_an”_-..- atter the ey
ercise waere detenaration of visual acuity and e
tenston of accommodative new point distmee, The:
critleal Micker frequency with hinoeular vision wis)
one of the meastres which showed deterioration only
arrer maxumnum load exercise,

resupe vision envirgnment. Compongnts ut'u-i.suaj_-l

Iherelore literature reports suggesl uquivﬂnﬂl
effects of eaercise, some indicale improved visul
acuily whilc othars sugpest detereratton. Howeves

It s seen that varous measeres have been used i
detine visual acuity and different experimental di
stens and ypesof exereise have heen used (o sl
cacrcise elfeots, leading to vared results from wh
A generilised conclusion s not presently avail
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Fowt eweveire champer o visngl eveked patenial miearsirey

The o of the presem study wos o study post exer-
cist e Mevts on visual processas; measored by visial
evoked prtential (VLEP and contrast sensiiviny (05)
Hidices.

Metliod

Toeunly vy headthy ande juseans witle the e e
(STY) s 20 %2 iy (F OB mean heiphn of §7 730
(L2 and menn weight ol 62 82 (6.649) kg wih
el (00 o0 Detler )y visual wowity setved as sul
et They  were all neurologically  and
gphthalmalogically normal and were not on meds
cdtion. They were bricted about the procedures and
Maeir imlesrmeel consent obtamed. None of the sub-
lects had any prior experience with ¥ EF or €5 1es!
ing, Subjects were Tromm army wiais. A totad number
el 34 subjoats woere inpially sereened, however siy
werediscarded Lor reasons such as poor visunl s
ity or being predically or physically unfit. Another
six were discarded on recording misinly beeasse of
ek of monvaton and cooperation. Alter consent
wis obtained the binocular visual aouity was meas-
bred wsing u Snellen lest type cliarl Tor distant vi-
siom andh height and weight measurements were then
taken. ‘['tas was the pre recording phase,

The procedure for B experiment wis divided
it three matn parts. pre exercise recording phase
{20 min}, exercise phase {6 & min}, and post cxer
eise phase (1-20 pun). Three tvpes of parameters
were teconded in the pre and prst exercise phase;
VEP components. C5 thresholds and autonomie
indices,

VEP Becording: Silver, silver chlonde elecirodes
were atlached with paste al O und Fpe, Ceowas
s g pround. Fleetrode impedance was kept be-
low 5 K Ohms. Signals were amplified using o
Nicolet (USA) Palifinder Plus Compuler System
_iﬁﬁ:ugha hanopass of - HMEE A NECT TOES visial
stimulator provided visual stimuli for recording the
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VLEPS, the stimul were displayed on an 18" televi
SR IO O

The rnemtor was conbred gt | from the nasion
with the centre of the sceeen at the subject’s ye
Fevel wmd Do win ststrocied o Dxate on e eed spol
i the centre of the monitor to stabslize Hxation wnd
1‘\{{|'|T“n'l.|.-lj.|.!|.-'1ﬂ li[' ws also cautioned aboul move
ments amd attentivencss The observer’s head pos
fon aml cye Oxation were continuousbyementlored

Binveular viewing conditbons were used.

The checker bowrd pattern was présented In re
versal mode (199 H2) and the stmulus duration
was [ posec Amplifier sensinvity was 100 py
LEK) non pepected spmuln were averaged pertoal and

analysr me was 50 meosee

Troals wete repemed when there were low
guality waveforms and VEPs were repeated twice
1o ensure rephicability. The checker board pattern
was viewed from | om distance, was size B and was
presented o ol field, The cheok visualbangle was
A Dt ws stomed And analysed ol line. Latencies
woere messured o the pesk of the st mujor
positive deflecuon (P wheress N1 and N3 werg
measered e the peaks of tie firstand second major
negative deflections. VEP component amplitudes
were measured relanve w the baseline and differ-
ence wave form peak amplitudes were also made.
The components warg picked by €ye using a com-
puter display and corsor placement procedure. There
wigre three lateney and Ove smplitude (including
difference ) values for every condition. The Sign test
was usad 1o test tor stausucal sigmificance;

8 Tresrong U5 was moasured psyvehophysically with
the guwomated C8 (unchion measunng apparalus
iNedet Optromes, T3-20000 which consists ol o
cathode ray tube, a control box and a key hoard.
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Past exercise changes m visual evoked porential measires

Vertical iationary, achromane sinusotdal gratingy
having o ronge of 0.5 22.8 cideg spatial Tieguen-
cres were generated by the system and displayed on
a bople resolution cathode ray tabe. The toean lumi-
mapce was calibrated wath a budlt in photocell cali-
bration system o 10 cd/m® at the start of each ses
sitmn, apaxdnsaem contrast ol the gprating was 0,50
The spatial frequency and contrast of the grating
were controbled by mcroprocessor The display sub
ended o visual angle of 5500 ¢ 4300 ot 3w

Subject’s binocular contrast thresholds tor sta-
Doy @eatmgs weére inepstred in oo partiadly dok-
enéd Toom with narural pupls, measurements were
deme ml 3 viewing desdapee using sl six spiatiad
frequencies, (05 1AL 30, 64 11 4 and 22.8 cideg.
Practice test nals were done annl the subject clearly
understood the nstructions

Conrast thresholds for cach spaual frequency
were measured using Von Bekesy's tracking proce-
dure and followed 3 sumlar protecol a8 outlined 1n
o previpus study |71 Single treshold determinants
were made for each of the ight spatal frequencies,
€5 fmetipns were noted during the experimantal
session so that any anomalous threshold could be
probed. Tha experimenter raigsted subjacis on thosa
[reguencics where thresholds devigwd more than
the estimngted normial curve for cach subject. The
curve wak estimared by finting invened T-shapoid
fupetion Uuougly the dita points by exe,

Polypraph recotdings were-taken on-a Medicarc
Polyrite 8 channel system. The measures recorded
were finger pulse amphmde, EEG, skin resistance,
resprration and EMG. Results are not discussad in
this paper.

Exervive sehednle: The subject underwent exsicise
on & G1H Monark (Stockholm) cycle ergometer with
a gradual increase of worklowd @ submusimal

Eil]

Cdagapdt e ol

exarcise schedule, Padalling frequency wis SU r|1'
pucatd byow metromoeme sel ol HEF andd was kepl
constant. Free pedalling was doae Lo 2 min ong
the workbued swas progrressively inereased in el
radution wlter 2 i ol exercising al cach level ol
the sand frequency. The subyect was instructed (g
o emerebsang do the poann ol exbaustion The wo ;
Toad and tine were poted af e cwd ol U FI:L'[|'=
ule

Procedure

The cxperamental procedore consisied of w20 i
pre exercise boseline mensurement during which!
the atonamie messures were Diest recorded Tor g
basal 5 oo peciod. Then the YEP und autonomis
maasired were recorded somultaneansly for .'mm_:' ;
5 auin period, ©F wis then mieasured atsix spatil
frequencies belweon (050 228 ofdeg, The Suhj
then exercised o the potnt ol exhaastion on the oy
cle ergometer aocording w a graded schedule. Thes
axercise was immediately follovwed by repeared
cordings of all the abuve measures withio 0.5 5
L muin (autonomie mdices) 5 1 min (VEP mes
tres, gverage time from 6,001 10945 min posl e
ciserand [0-20 min for CF thresholds (average st
ing time (086, average finishing rime 1986 il
Pl esurlse ).

Resuls

VER mieasires

) Leteney veldues; Trends of pre-post exercd
changes in lalency were ahserved, These varied
cording W the componenl measured, The num
of changes shown after exercise are shown inlab
I The S1ga test was done to evaliste any sig i
cant statistical differences. The N1 Tatency indicats
a stgnificantly farger nimber of increases wher
the 1 lteney indicated significandy morg dé
Credses. 3
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Poxt exercise changes in vivunl evoked potentiol measures © Jogeph of al

Tahle 1, Number of changes in
VEP lsteney mensures

VEP Camponent

Clunpe M1 Pl M2
Decrense 1 21 14
firense i e &
W clange 14 s I
eyl ERIEA e N i1u

“ e DBE, * p .02

Whizn chanpes were tabulated separately fo
rranps ol mdividuals reachong different levels of
workloads it wus seen et here were 3 sigmificant
mudrer of T lateney decreases an the pasim
warklond group (=300, pel (5],

There was & group mean increase of N1 ialency
when pre-post cotparisons were made However
Floand N2 latenaes showed a decrease alter exer-
vise, these values are shown i Table 2,

Table 2. Mean VEP lateney (m sec) in pre
and posl exercise eonditions

VEI comprnent

Conchioon ot | F1 M2
M 5] 414 14643
Fre exorzice iD 54 S0 10,52
M 60,73 B9 14514
Pt cxerciee %R 721 5.609 10570

i) VEP Amplitude vedwes: The number of dif-
ferent changes putlined in Table 3 were nat
stistically significant.

Table 3. Nomber of changes in VEP
amplitude measures

Disescticn VEP Cumponent

Nl 1 N2 [ k3 2
Pectease |5 |3 | & 21 %
lterease |5 [ 4 13 § I3
nvale 52 0608 -4 [ I VR
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When changes were tabulated separately fordif.
terent workload groups it was seen that there were
sighificuntly more decrease in N1 amplitude in the
mgxamum o worklomd group (7 = LYG, pe 10 and
N2 ampliude i the mimn worklomd groop (7
= 253, peldtia)

Huwever wll five measures of VEP amplilude
shivwed a group mean decrease post excreise, thesy

are shiown i Table 4.

Table 40 Mean VEP amplitude (u¥) in
pre and post exercise conditions

{endininn WVEF Cotnpanent
S| 1 N2 51} 2

Pre- % 200 6004 B B B
SrE i sD | 40 A2 R B T N 1] 50100

sz M 233 534 a0z .77 Bl
Fharelse S0 32 278 293 35 527

f_..r'n'lnr.'iq'._kl' sevrertivenv: Thata from ..I‘ | ‘.'\'l!h_]{“-t'[ﬁn WS Akd-
Ivsedin b
[ier cach suhject s OF for cach spatial frequency. The

tis stucky. Means and 308 were determined

number of subjects showing changes are shown in
Tahle 5 To assess the effect of exercise, Sipn sl
was computed and changes were non significany,

{rand means, miedians and 305 lor grouped data
were then computed, Table £ presents the raw data
with the mean lor thréshold and s 8D tor each
spatial frequency

The maximum €& for both grouped data was
pre, -2 and post, <247, the nverted U™ shaped
reldtion hetween C5 and spanal frequency was ob-
taincd. This.rend of changes sugzgested thatl maxi-
mum number of changes were in the lower and
hicher spatal frequencies, whercas prospost exer-
cise comparisuns showed relatively fewer changes

At e 3 and 6 ofdey freguency range
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Post exervise chanpes i vinen evisked potendfl measiees

Tahle 5.

Change
05 In K
Lxorrcuse

v e s 14 11 Il

n7 11,3 11}

_.|'.--1..-"J'.u'l ol

Number of subjects showing changes in contrust sensitivity

Syratiald £ gLy | chile ]

B0 T

|94 [ {9
L I I

Table 6. Group mean and 51 of Tog contrast thresholds (n=21) for pre and post exercise couditions

Clondlitom

s il i

Pre exerose M -1.37 IR 4

D (47 L1 1 01s

Post exercise. M =143 2064 Byt )
D {121 .24

024

St frequeney videg |

falh 11,4 i |
2,34 R 1,51
(1M 1! 0,24 (122
2,35 Rt -1.5%
ih lit .22 022

I¥igcnssion

VEP VP mean laeney chunges Yaned according
to the component being measurid. N1 latency in
creansed wherdas PL and N2 latencied decreased uf-
ter exercise. The mean VEP amplitude changes in
all componens showed a decreased trend, Modula-
uens in EEG brain actvity dunng and after exer
cise have been reponed 10 carhier smudies [8,9]

@) VEP latency: The N1 iatency increass was sten
i1 the magonsy of all subjetts nmespsetive of work-
loud, Values of “latency 1o peak” includes signal
mransport time of the corical process and sugp
that there appears torbe a postexercise delay of proc-
vssiss underlving ths temporal component, How-
ever, Pl showed o reversed wend of decressed la-
tency after exercise. The N1 und P1 have been pro-
pised 1o be funcuenally and answmicully distinet
components, which largely reflect the outputs of the
parvacellular and magnocellular portions of the
wistnl svsten respectively. They differ in their spa
tial frequency and contrast responses The Ni has

been found to be lincarly dependent on the spattal
displacement of the partern during 4 reversal,
whereas the P1 s more dependent on the motion
ranstent” gencraled by the reversal [11] These

two compunents have shown ditterent changes iﬂf]
this study. 1t appears that various Facets of visul!
processes” are affected by cxervise in difterent wayss
and this hus possibly given rise to the dichotomug
findings i this Field

Results ol the Pl oand N2 latency messies
shiowed more varmbitity. In the minimal workload
aroup 11 lateney decrease ocourred in S04 of the
changes, However, in moderare and high worklond
groups this ineraased w725 amd 905, 5[3*-&&%{}{2
changes were N2 lalency decreases trrespeetive i
the workload, Since these components are of g8
longer laency, this change may be dus 1o slawes
cortical processes, und modulation complexities oS
neural [iring by attentional etfects observed at boll
the fevel of prmary cortex in human and in s
beyand the sirinte corlex [L1]

The N1 component generally showed pul
exercise latency incrouses and P1, lalency decte:
N2 showed cyuivocal effects. These differeng
canld he the resalt ol the dual effects of both works
toad and higher cortical processes (such
attemtiomal elfeuts) due to metabaolic ¢hanges causal

by exercise

bt S Aerospeee Med 4112}, 198
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Fost exervise changes or visial evebed potential measares . Joseph of af

b VEP compaelitnede. Al components showed uomcan
decrease alter exercise. In the mimimal and high
Sorkload proaps the percentape of decreased
champas vared froan S0=905 Inthe moderte proop
nowas from 42 535%, hoappears thar metabolie
chanpies afteeeither o low or high exerdse works
lond canses homeostatic mibalanees wluch i tum
elfewt processing ul visual sipenals,

Clanges in VEP wnplitude alier cxerciae ure
likely 1o 1 tuen eftect visual procésses because of a
ks of rensons (o) there are vismal corticn] arcas
which way be additionally invelved in the process
g of motor modahines. These vispal areas are nol
only mterconnected by maony direct corcocorcal
pulllwul,'.\ Bt also are linked o subeortical nocle
which are also known o regulate avtonomic
respunses ) the inlluénce ol decénding sipnals
flowing from cortex 1o lateral gemculme nuclens
(LGN} waus shiowry in o study sedeiele found thal sig-
pals resuling {rom sumulason ina LGN neoron’s
receptive tield produced inhibitory signals from the
gortex 1o LGN (i) the corncooenicnlaie signal 1s
spatially structured in some neurons. The functonal
rele of this pathway mighe be 1o allow large areas
of cotlex to exert an influence on gentculostriate
framsmission frimn A small region of the visial field
withot degrading spatial resolution [11], (av) pre-
vinug [indings from (his Taboratory reported hat
VEP amplitude reduced when stimuli were centre
fiehd s compared Lo (o] Oeld [12], Avotber study
also reported @ stricture of the visual field dunng
und after excreise [1], These observauons lead w0
the: assumption that the VEF ampliude deercase
eesults from the attenuation of nevral foring caused
by homeastaric imhalanced phases of exercise al-
tered metabolism.

Thes chansees arc kel 1o be the mfuence of
tescanding signals from the cartex 1o LGN which
B known W receive heavy projections foan the
brainstem and rmdbran, which puts s responses
aunder the nfluenee of arousal [TL13] These
‘thanges may also result i visual alieranons of

Ind f Avvaspace ©Med 172), 197

sputiud strgctaring resubliog in decreased VEP an-
plrtiles

5 The trend of changes sugpested a marginal -
crease m USoan all frequencies excepling tor 3 ¢of
deg, More changes were seet in e lower and higlier
lreguenees and less were foomd o e mad ranpes
il 3 amd b oefdey. These Dindimgs are stmilar
study [4] whach showed improved visual acuity (us
iy different spatial freguency thresholds) after

heavy exereme load

Other research tound that state visual aeuiy
(SVA) measured with o Londolt ring object, 1m-
proved during and afier exercise [3]. A number ol
reporis which dealt with the effect exercise on S¥A
weraoited, In ene of thess they studied SV in 30
subijects oo L0 ki runping event und a0 8 subjecis
on bicvele ergometer work, In 22 of the 30 subjects
SV was incre
chanpes of SYA were variable in the eigomeler ex-

', decreasad 1ty 2, and re-

ased in the running event whereas

£rc1se, 11 tncreased o 2,
muned wnchanged in 4 subjects. Another study
measured SVA in 22 subjects on g LS ko walking
race SVA decraasad in 13 subjeces ar 68 km whereas
it wias upchanged at later stagss.

After o nenning2vent 73% of subjects showed
an Increcase in oviswal scoity, wnd L rémamed un-
changed in Z7%: of the subjetrs [3]. T 1019 sub-
Jects, sharpness of vision néreased and m another
4% maanmal morease ooourred after runndng at G
and 10 min. Another rescarcher's [4] rosolls alss
showed sustamned visual acuity increasge for as long
da 30 mn post exerCise in all his subjects,

Chverall these studios indicate that (1) i day sani-
ple-of individuals thers are intenindividual varia-
tions (i) time duration after the start/end of exer
vise mMuenves resulis oo various parameiers, Time
course changes was emphasised by one studv [1]
ad wnother study found wiorkload to be a factor of
mmportance (6]
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Fost exercise vhanges i visnal evokbed poten

There appews o be a trend of change showing
an overall inecrease moCS after exercise
aqualitative analysis of daa
i the mimmum workload groop there s mereasel
CS acevss ull sputial requencies excepiing one. At
wxlerate lowd the same patiern persists excepung
that the 3 and 6 c/deg treguencies show decroased
50 AL Tugh loond thes devreuse extends to 11 ehlep

bazed on

e results show that

LR ELE L pd gty il '\U | adiog Bt i o b (RN
Secondhy, e naajornt brpecis, S7-60% shiy
wver and mgher Spatial
frequencies whereas only 34-43%5%

an meredse in U om the K
show decrease w
C&. I the mid runges of 3 and 6 ofdeg the percent-
ages of suhjecis are nearly equal in-both groups vary
mg between 48 82% In summany there appediss (o
b o patterne of chatpe due o worklomd aod sputial
frequency differences,

Conclusion

VEP latency and amplitude changes and U5 meas
ules were studied 1na pre posl exercise purudigon,

Resulls were suggestive of temporal alterations of

visual processing with amepuatsd neuranal agnva-
ton and a trend of C5 mcrease in the higher and
lower spaual frequencies,
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