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Relationship between gait performance and delayed onset muscle
soreness following eccentric contraction of triceps surae muscle

Yasuhiro Banno

Faculty of Health Sciences, Nihon Fukushi University

Abstract: This study investigated indicators of muscle damage and physical disability including gait function during
delayed onset muscle soreness (DOMS) following eccentric contraction (ECC) of the triceps surae muscle to determine
the relationship between DOMS and physical performance. Seven healthy male students were informed about the pos-
sible risks involved in this study, and each provided written, informed consent to participate. None of them had partici-
pated in a regular exercise program for at least 6 months before starting the study. All participants performed ECC
of the left side triceps surae muscle. We measured MVC, ROM, calf circumference, muscle soreness, muscle thickness,
plasma CK activity, Mb concentration, salivary chromogranin A concentration (sCgA), gait speed and other gait pa-
rameters immediately before and following, and 2 and 7 days after ECC. We found that MVC significantly decreased
immediately after ECC, whereas muscle soreness, sCgA, and gait speed and ankle joint from toe off to mid stance sig-
nificantly increased at 2 days after ECC. Other markers did not significantly change. DOMS following ECC of the tri-
ceps surae muscle induced not only increases in muscle soreness and sCgA but also impaired gait performance (i.e.
decreases of gait speed, ROM of ankle/knee flexion and push-off) in human males.

000000000 (delayed onset muscle soreness: DOMS) 0O, OO O OO (eccentric contraction: ECC) O 0 0O O
goooo, boboboobooooobobogoobo, OO W3 UUUbOobUobD 1oObOUbDOUoOobUObUODbDUOD. OO
ooooooooooooo, boMSOOOooooooooooooooooog, boMSOOODooooooooooo
oo00o0ooo0o0o0ooo0o0o0oU0ooo0000Uo0o0o000oU0o0. D00, DOoOoOoOo boOoMSOOOOOOOO
0o0ooooooooooo0o00oooooooo0. OO0, 0Do0DD0D0OOO0O000O0 boOMSOOOOO, DO0DODOOOOd
gooooooobdooboobo, obogboboboooooooobOobOo . OO0, bopooDoroobO, bODODOO
O0o0o0oOo ECCO00ODO0O0O. ooOoOg, visual analogue scale (VAS) O000000O0O, 00000000000
0o, bogoooo, Dooo, 0oooo0, UO0O0O00O0oO00, 000 chromogranin A (CgA) 00, I0mOO0O0O,
ooooooooooOooOoUoooOooOOoUOoOOoOooOO, ECCOooOooUooDooO, 200, 70000000. VASO
ECCOOO0O0U0OO0O ECCOU 2000000000000. 000000000 UOOOO ECCOOOOUDDO ECCO
0000o0ooo0ooooo. 000 CgAOUOOD10mOO0O0O00 ECCOODOOOOO ECCOO 2000000000
O00. 0oooooooooooo, ECCOO000000 ECCOoO20000000000000000000OO0,,

gobobooooobooobooboboboooboobobobobob0obDo. DbooboobDobUobobOoboboobDoDbUOoD.
ooooooo, 0000000000000 ECCOooooog, ECCO000200000000000000000,



gooooooooooo 0220 2019030

gooooooboooboobooboo. oo, 1ombobgoooo, oboboboboboboboobooboo
ooooooU0Od. D00, 00DO00D00DUO0DO0O0oOOOO0oOoOoO, boMSOODOOOoDOoOoOoOoOOoOoO

gbobooooo.

Keywords: 00000, 00O0O0OODOO, 00000, 0DOOO

oooooo

00000 (delayed onset muscle soreness: DOMS)
o, 000bbodbob 2400000, OOobOoooo
goooooooo, obbobwm3ooooboooooag,
70100 00000000000O00OY. boMSO, OO
ggooogobooboobob, obooboooobda
oo, gobooboobobooboobooooobg
gooodooboo, bobboobuoobbooobd
ggoodgobooboobobooboobooobag
goooooboobooobooboobo, ooobdg
gogooooboobuooboob, obboobbooobd
ggoogooboo, booboboobooboooobda
oo2.

DoOMSOOOoooooooooooooooo,
goooooobooooobboouobbobooog
(eccentric contraction: ECC) 0D 0000 OOOOO
oo®0000, 000000, OODDODOOODOO
000000 i1000000000%. oooao,
boMSOOODOOOOoOOOoODODOoDOoDOooOoOooOd
ugd, ooboobuooboob, oboobooobdg
ooooo®*®, 0ooo0o0oo0oo0oo0oo0oo0oo0oooOooOoO0
oo0o0O0o0oO00oO0?, o0o00O0O0OO0OO0OO0OOOOOO0
do00O0O0OO0OO0OO0OOOOOOOOO®POO000000
ggo. oo, gobooboboobo, bobooobda
Oo0oooood, 0oooOo0 (range of motion:
ROM) 000000 OO0OO0O®00000000. OO
O, 00000 DOMSOO0OOOOOoOOoooooooon
gooooobooboobobooboobooooobg
goood.

o0, boMSOOODOOOoOOoOOoOooooooooo
00, 000o0ooooooooooo boOMSOOO
gogooooboobuoo, booboobobooobd
DOMSOODOOOOODODOoOOoOOoOo. oooooo,
gooooobooboobobooboobooooobg
gogoodo, gobuoobobooboobobooobdg
ggooooboobooob. oo, bgboooobda
goooooobooboo, bbooboobooooobd

goob, boooooooooboobo. oooo, o
goooooDboMSOUOUOO, DOoOoooooooo
gboboboooboo, oboboboboobooooo
gbobobobooboooboobooboboboooooo
O0. 000, DooooooooOoOo ECCooono
ooooboMSOOoOoOoOd, boooooooooo
gbobobooboobooboboboboooo.

goon
1.00

gbeb0ooOobOObOODbObDObOOOOODOn
O0O00o00oO0O0oOo0oOooOoDooD 70 (ooOoO 194
+ 080, OODODO 1722+ 45cm, OO OO 61.7+ 54
kg) 0000 ODUO0OOOODOOOUUOOO. DOOO
00 ECCOODOOOOOODO, booobobobooboo
goooo (oo 40, 0O030). 00, OODOO
gbobobooboobooboboboboooooo
gbob, boooboobooboboboooo.

g0, 00o0ooooboboboboooooogo
U, 0boboobooboobobobobobooooo
ugbo, boobooobooobooobooboobobooo, oo
gobob tboboboooboobobooboboobooooo
gbooboob.

2. ECCODDDO

ooooo, Dooooo boMSooOoooooo,
000000000000 0000 ECCOOOOO
gb. obobo, booooboboboboooooo
gbobobooboooboobobobo, oooooo
gbobooboooboooboobobo, oboooooo
goooooog (oo oe) OosOO0DObDOO
goooooono (gb 20°) OODOOOO, OOD 1
oooooooo (oo o) oooooooooo
oo300 (os3wo)obob. oo, DOooOo 1100
oo00,300000000000s5000 (@s00)
gooo.



3. 0000000oo

ooooo, ECCoooooooo, 200, 700
0O, 000000000b0Ooo00oobogooooooo
OO0, oooooo boMSOOOOOoooooooo
goooooooobooobooooob, ooooogo
ooooo, oooooo boMSOOOoOOoOoOoooo
oo00ooooooooooooooooo ROM, O
oooooboMSOOOOoOoooooooooooo
gobobogoooboboobi1ombOoooooooog
000000000, 000000 chromogranin A
(CgA) DOOD0OO0O, DOOOoOoooooooo. o
O, 0000000C00DbO000D.

Hoooooooo

oooooooooooobooooog @o,
3000rpmx 150) OOOODOOOO. ODOO, OO
0000000000000000000 creatine
kinase (CK) 0O 00O myoglobin (Mb) OO O OO0
goo.
2) 0000

goooooo, oboobobooboooooboo
o, ooooos, 7,9, 11, 13, 1I5em oo
ooooooog, e0bobOobbooboono.
3) 00000

goboooboo, boboboobboooboo
gooboobooobuoobooo, oobobooo
gooboo0oobooooooooobooooon
XarioTM, 0000000000 0OO0) oOOOO0
O.000, 00000000000 (Photshop C
S5, Adobe) OO OO, DODOOSmmOOOOO
gobodebUdlbbUOUObbOOOobOObDbOOn
goboobooobuooboono.
4y Joooooooo

gobooooboo, boboboobboooboo
goboobobooobuooboooboobobooon
gooooooobbo. ooo, 100mmOdodOO
gddo bbb, boouodobob tbboboboo
OO0, OOO0O0O0000 visual analogue scale
(VAS) 0000000,
5 00oooooo

ooooooooo, ooooooo (PRIMUS
RS, BTe TECHNOLOGIESTM) O 0O0O, 0OOO

gooooooooooo Db220

OO0 (oo o°) DOOO0ODbOODOODbODOOO
gooooobo. 1boboboboos0oogoo, eod
go0oodoooobo0o400000000. 00O
gobodoboboooboobbooobo, bbooo
gooo30oooooonoon.
6) ROM

gobooooboo, booboobboooboo
O ROM (Active Range Of Motion: AROM) 0O O
ooo. 0o, ooboooboooobo, oobooo
goobo, bboobuoobboooboobobooo
goobooboooobuoobo ogoboobbooo
oobodobooooooo.
7) 10mOO000

O005m (00 25m) 000 15mOd0000O,
goooooooo, ooooob 1omOdoonoO
gobodbobooobuoobbooob. obob 400
oo, 0o0ooboobo30bobooooog.
8) oooopooooooog

goooooo, oobo, osboobboooboo
gooo, boogoobuooboooobo. ooba, o
000000 oooooobooooboooobooon
O, 0000000000 (FORM FINDER, INC)
00000000 30HzO00000O, 000O0OOO
00000 (0) 0000000 (000) 0000
Oo0oooOo, Doooooooooooooo Mi-
crosoft Excel 2016 0 Solver 00O OO OOOOOOO
ooooooo.
9) 00O CgAO D

ECCODDDOOOO0OoOoooooo ECCOoOn
0500000000000 000, O0bobOoOoo
O00o00DoooooO (SARSTEDTe) O 100
gooboooboooobouoob. oob, obbooo
00000 CgADODoooooopoooooog
O albumin 00000 .

4. 0000

goooooooboobo, obobooooog, go

oo, ooooO0, Doooooooog, ROM, 10m
goob, boooooobooboboboooooo
gbobo, ooboooboooboobob, boooooo
ooooooooooooooo, ECCobooo, 2
00, 700000 ECCOODDOUOODOOO, OOO



gooooooooooo 0220 2019030

CgADOUOODO, DUOODODODODODODOOOOOOUOOO
gboboboooooboobobob, boooooo
gboobooooo.

OO0, 0ooUoOoo, Doooooo (KyPlots.o,
Kyens Lab) OO0, OD00OOOS5%00000. 00O
oooo ECCOoOoooooo, 200, 70000
gbobobooboooobooboboboo, ooo
0000000 Scheffe0 000000000 ODOOO.
gbo, boboboboooboobooboboboobo+x00o0
gbooobao.

oood
1 oooooooo

O00ooo0ooUoooOo, oo CKoOoooOo Mb
Ooooooo. oo CKOooo ECCOOO 147.2+
35.81U/L, 00O OO 155.8+ 36.0IU/L, 200 132.9+
40.21U/L, 700 147.7+ 63.21U/L, OO MbO OO,
ECCO OO 55.9+ 23.6ng/mL, 0000 60.6+ 14.0
ng/mL, 200 46.6+ 26.0ng/mL, 700 43.6+ 11.1
ng/mLO0O0O, OO0 CKOOOODOOO MbOOOO

60 1

50

40 1

30 1

20 1

VAS  (mm)

10 1

@ : BEEE O : thEHES)

-20 r . . T
EEET EBES® 2RA%  TR%
A EEFEREBN

0, ECCooougoguoo ECccoooo, 200, 70
oooooooooooooo.
2) oooo

ooooo, ECCOO0O 339+ 19em, OOOO
34.6x 20cm, 200 34.7+ 1.6 cm, 700 34.6+ 1.9cm
ooo, ECCOoobooooo ECCoooog, 200, 7
goo0oo0oOooooopoooo.
3) Joooo

oooooo, ECCO0ODO 124 03cm, OOOO
15+ 0.3cm, 200 1.3+t 04cm, 700 1.1+ 04cm O
oo, ECCObooooo ECcCoooo, 200, 7
goo0oo0oOoOopoOoooooo.
4) OOoOooooooo @

goooooOooOoOoOoOoOoooooooooooo
O0000o0ooooo0ooooooo VASOOODOOoOOo
O0. 000000000 0oooo ECCODO 0.4+
11lmm, OOOO0 6.1+ 13.3mm, 200 22.7+ 18.6
mm, 700 17+ 34mm, D000 0O0 ECCOOO
09+ 1.1mm, 0000 124+ 244mm, 200 30.4%
197mm, 70009+ 1.1mmO00, OOOOCOO

60

50 *

40

30

VAS  (mm)

...O//C

O : BEEE O : hENHES)

EgE EFES 28% TH®%
B. REEEBERF

O1. 000000 (VAS) Dooooo

000000 (e) 000O0DO (o) 000O0D (D0 A) 0O0O0DODOOO (DO0B)O0OOODOODOOOOOO
00000 visual analogue scale (VAS) 00O . 0O0O00O0OO, 0000, 00000, 000O0O0O0OO0OO 20
goodooooooooooo0. 0o, 0ooboooobOoooboOo, ObbooobOoOooO 200000000000
0000 (0O0Op<0.05,vs.000). OO, O0ODOODOOD+0000000.



0000000 ECCOO 2000 ECCOOOOODO
0000000000. 00, 00000000000
00 ECCOOD 0.3+ 0.8mm, 0000 7.4+ 15.4 mm,
200 10.1% 12.3mm, 700 0.3+ 0.8mm, 0000
00 ECCOO0 0.3+ 0.8mm, 0000 7.3+ 13.4mm,
200 25.4+ 205mm, 700 0.0+ 0.0mmOO00, O
00000 ECCOD 2000 ECCOOODOOOODO
0ooooooo.
5) 0000000 (O 2)

000000000000O0O0, ECCOOOO 71.5
+ 2330, 200 84.1+ 2430, 700 90.1+ 182000
0, ECCODDD ECCOOO0ODO0OOOO0ONONONOODO
oo.
6) AROM

00000000000000 AROMO, ECCO
00 363+ 6.4°, 0000 325+ 8.0°, 200 38.1+
75°, 700 356+ 7.3°, 00 AROMO, ECCOOO
9.4+ 9.8°, 0O0DOD 10.6+ 12.1°, 200 8.8+ 7.4°, 7
00 106+ 73°000, 0O0O00O0O0O0O0O0O, ECC
OoooO00O00 ECCOO0OO, 200, 700000
000000000o0.

120

110
100 *
=
R
= 90
K
ilﬁ
80
14
#
8
w70
I
2
60
50

Vi
0 . r : r
EHE EFER 2A% THE&

02 000O0O0oO0oooooooo

0000000o0oo0oooooooO (100%) ooo
gobob. boboooooobooboboob, boooo

O00000O0o0oD0oOoO0O0O0oo0O0 (O0p<0.05 vs.

goo). oo, 0oooooogoo+x00O0oooog.

gooooooooooo Db220

7) 10m OJOO0O (O 3)

lomOdOOoo00O, ECCOOO 87+ 03sec, OO0
0 9.3+ 0.6sec, 2000 9.4+ 0.7sec, 700 9.3+ 0.7 sec
ooo, ECCODO 2000 ECCOoOoooooooono
goooog.

8) 00D DDDDODDODODOoO (O 4)
go0ooooUouooooooooo, Eccoooao
ooo, booooooo, ECcCoooo, 200, 7
gooooooooo, boooobobogooooooo
o, ECCOOoo, 200, 70000000000,
ooooooooog, ECCoooOo, 2000000
oooooooo. oo, ECCooOoo, 200, 70
ooo0, oooboooobooooooboboooooooo
goooo, ooboooooooooboboooooog.
OO0 ECCO0D 20000, D0O0DO0DODO0DODOOOOO,
gooo0oooDoooobooooo.
9) 00O CgADO DO (O 5)

000 CgADODO, ECCODODO 9.5+ 1550, OO
00 9.1+ 16.20 , 200 1335+ 37.70, 700 100.3
+ 1760000, ECCOO 2000 ECCOOOOOO
goooooooog.

9.6
9.4

9.2

10m 4785/ (sec)

9.0

8.8

8.6

R

0.0 T T T T
EfRT EFE®R 28% T8#%

O3. 10mO0O0C0O0OOCOCOO
IOomO000000000O00O000. 10mOO00O00OO

goboboboobo, bg20b00b0boooooo
00000 (O00Op<0.05 vs.O0ODO).



gooooooooooo 0220 2019030

20

— EEE
— B E
e 28
suw FEEEH

RRAETAE (degrees)

04 000000000000 O0O0O0O0O0O
gobooboobooooooooboob, boobooooooooobooboboboboooboooboooboboboobooo, o
gobooboooooboooooboooboboboooooo . 00, obobobobooobooboobobOob, boobooo
gbobobooooooob. bobo 20000, O0OODOODOODOODOOOOOOOD.

180 *
170
160
150

140

130

EEEE O

b

Y

120

110

M i CgA

100

90

R

0

EEET EBER 28%

8%
O5.000CdADDDODOODOOO

5000000000b0b0dooouoooogo, ooo
0000000000 chromogranin A (CgA) 0000
od, boboooooboooooooooooooo. 5
oooooooooooooo CgAoDoooooo, oo
000O0D0D 2000000000000 (00 p<0.05,
vs.0OO). OO, O0D00O0ODOO00ODO+0000000.

goon

ooooo, oooooo ECcCoouooo, oo 2
ggoodgobooboobobooboobooobag
gooooobooboobobooboobooooobg
oooo. DOMSO, ECCOO0O0OO0OO0OOoooon
o, ECCOOU0O01030o0uoooooo, 710
gdobobobooooooooooobo (oo, oo
0) ooo®. 000000, DOODOOOO ECCO
oooooooooooooooooo, DOMSOO
goooooooo.

00, Armstrong 0™ 0, DOMSOOOOOOOO
oooddg, Dooooooooooo, Zoooo
gooooobooboooobooboobooooog
ooooog, ECConoouoooooooooooo
ggood, booboobobooboobooooba
oo, ooboobooooboobo, oboooobd
gdooooobooboiessobboooo. obog
O, 00oDOMSOOOO, D00OO0OO0OOO0OOOODOO
goooooboobo, oobooboobooooobd
O0. 000000, ooooo ECcCooono 200
OoDbOMSOODOUOOOO, D0O00o0oooOooooo
oooooooooooo CKooooo MbOO,



gdbodoboboobuooboboobuoobbooobdg
oo, goboobooboboobooboboooba
AROMOOOOOOOO, ECCOO000O0O0OOn
000000000, NesakaO™O, DOOOODOOO
ggooooboobooboboobooobo, obda
bDoMSOOOOODOoDOOoOOoOoOOOoOO, ODO0o0oood
oo DbOMSOOOOOOOOoOoODOooOOooOoO. 0od,
oooooooog, boMSOOODOoOOOOoOOoOooOo
gooooooobooboo, oboobooooboog
O0000o0oo0oOo0oooOoOooOoUoooooo®.
ggood, booboobobooboobooooba
DOMSOOODOOO0OOODOOOOOYOOOoOoooo
oooooooooooooo coooooooo
(C-reactive protein: CRP) O DOMS O OO OOOO
OoooOo®o0ooooo, boMSOOoOGOoOooao
goooooboo, bobboobuoobbooobdg
gooooboooobooo. booboob, boobog
oooooooooo ECCoOono, boooooon
oooooooooooDbDOMSOOOOOOOOooOO
gooo.

OO0, 00D00o0Ooooooo boMSOOOOOO
goooooodd, OmUJduooo, ood
ooooooooooo, 0oo CcAooooooo
oo0. 1omO0oooo, ECCOODDOOOO ECC
ggoo20b000bg, bboobooboooobdg
ggooooboobooboboo, ooboboooobda
gobooooboobooooboobooooboono.
goo, ooboobuooboboobuoobbooobdg
o, oogoboobooboboobo, bobooobda
ooooooooo, bOMSOoDOoDOooooooo
gooodo. oob, obbooboobooo, g
ggoodgobooboobboobooboboooobag
oo, ooooboboo0 iombooooooboog
goood. boobuoo, booboobooobdg
oooo, bOMSOOOOOo4gg ECCoooOo 700
goodd, omdooooogoogoogo, ogd
O0oooooooooo ECCOOOO 200000
oooooooo. oooooo, ECConouonoon
0oooDooDooDooDooDooDoooogo, DOMSO
gdbooooboobuoobobooboobbooobg
ooooo. 0ooo, Doo ECCODOO0Ooooon
gooooobooboo, boobooboooobd

gooooooooooo Db220

gobood, bdobuooobooboboobo.

oo, ogboogsbugbooobooboboon
ooooooo CgADOoOoooo, booooooo
gboobooboobobobobobobobobobo.
oooo, ECCO0D0O020000000000000
ooo, ooo CgAopoooooooo. CgAO, O
gdbooooboobuoobobooboobbooobg
ggooooob, obooobbooboob, oobda
gooooooboooooooooogoooo,
catecholamine 1 0 000000000 OOOOOOO
O0o0o. 00, 0oooooooo CeAOOOOO
0o, 00o0o0ooooooooooooogoo-ogd
OO0 (SAM system) OO0 00000000 O0OO0O
O00ooooo, 000000000000 cortisol
goooooooo, oobobbooboobooo, g
gdboodooboobuoobobooboobbooobg
Oooooo™®. 00, 0000 0000000000
goooooboooboo, bbooboobooooobd
gdbooooboobuoobobooboobbooobg
gobooboobo1940boo0boonboo, ooo
0 0booobo0ooobooboobooboooobg
oooooooooooooo. ooooog, ECC
gbob 2000000000, obobobooooo
gooooooboobooobobooboooo, obdg
gogoodooboobuoobob, oboobooobdg
0000000000000 OoOoOOg, SAM system
ooooooo, oooo CgAoDOopooooooon
gooooo.

ooooo

00O, 000000 ECCOODOOO DOMSOO
ugb, boboobobooboboboboboooo.
oo, bobooboobooboobobobobooooo
gbobobooboooboobob. boboooooo
DOMSOOO, DODOoOoOoOooooooooooog
goboboboooboooooboo. oo, boooooo
ooooooO ECCOOO0OO, boooooooooo
oooooooooooooo, boMSOoOooooo
gboboboobooog, obobobooboooo,
gboboboobobooboboboboooooo
. oboobo, bobooboboboboobooooo
gb1dob210000000000000DO0O00O.



gooooooooooo 0220 2019030

gobob, boooboo, obooboobobooo, oo
gbobooboooboo. oboo, boboooooo
gbobobobooboooboobooboboboooooo
gbobobooboboo, oboboboooooo
gbobobooobooboo, oboboboobooooo
goo.

goon

1) Connolly DA, Sayers SP, et al.: Treatment and
prevention of delayed onset muscle soreness. J
Strength Cond Res 17 (1): 197-208, 2003.

2) Torres R, Ribeiro F, et al.: Evidence of the
physiotherapeutic interventions used currently
after exercise-induced muscle damage: systematic
review and meta-analysis. Phys Ther Sport 13
(2): 101-114, 2012.

3) Proske U, Morgan DL.: Muscle damage from ec-
centric exercise: mechanism, mechanical signs,
adaptation and clinical applications. J Physiol
537 (2): 333-345, 2001.

4) Maclntyre DL, Reid WD, et al.: Delayed onset
muscle soreness the inflammatory response to
muscle injury and its clinical implications. Sports
Med 20 (1): 24-40, 1995.

5) Fridén J, Lieber RL.: Eccentric exercise-induced
injuries to contractile and cytoskeletal muscle
fibre component. Acta Physiol Scand 171 (3): 321-
326, 2001.

6) Warren GL, Lowe DA, et al.: Measurement tools
used in the study of eccentric contraction-induced
injury. Sports Med 27 (1): 43-59, 1999.

7) Pyne DB.: Exercise-induced muscle damage and
inflammation: a review. Aust J Sci Med Sport 26:
49-58, 1994.

8) Sorichter S, Puschendorf B, et al.: Skeletal muscle
injury induced by eccentric muscle action: muscle
proteins as markers of muscle fiber injury. Exerc
Immunol Rev 5: 5-21, 1999.

9) Nosaka K, Muthalib M, et al: Attenuation of
muscle damage by preconditioning with muscle
hyperthermia 1-day prior to eccentric exercise.
Eur J Appl Physiol 99: 183-192, 2007.

10)

11)

12)

13)

14)

15)

16)

goodd, ooobo, o.bbooUoUoUUooo
oboboob. 0DODOgDo 33091, 2006.
Armstrong RB.: Mechanisms of exercise-induced
delayed onset muscular soreness: a brief review.
Med Sci Sports Exerc 16 (6): 529-538, 1984.
Nosaka K, Clarkson PM.: Variability in serum
creatine kinase response after eccentric exercise
of the elbow flexors. Int J Sports Med 17 (2): 120-
127, 1996.

Fujii Y, Ozaki N, et al.: TRP channels and ASICs
mediate mechanical hyperalgesia in models of in-
flammatory muscle pain and delayed onset mus-
cle soreness. Pain 30; 140 (2): 292-304, 2008.
Pizza FX, Cavender D, et al.: Anti-inflammatory
dose of ibuprofen: effect on neutrophils and exer-
cise induced muscle injury. Int J Sports Med 20
(2): 98-102, 1999.

Nosaka K, Clarkson PM.: Change in indicators of
inflammation after eccentric exercise of the elbow
flexors. Med Sci Sports Exerc 28 (8): 953-961,
1996.
goboooboobuoooboboobboooboo
0000000 A. D0oDoooog R&DOOODO
34 (3)017-22, 1999.



