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Abstract

BRBOMESMZIRENICTMMIZBEIRIZSANIZ 71 ZAVT,
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KBRIE i (rectus femoris : RF), #MBI/Z i (vastus lateralis : VL), XB& =SB &K 58 (biceps femoris long
head : BF), 81 f& & fi(tibialis anterior : TA), FFBE &% M I 38 (gastrocnemius medial head :
GM)Zx&kEHE L, ¥F Y U HI(PRE), BE#(POST), 1HEB(D1), 3H B (D3),
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A, MGESOLOBHANEILDKREE E, TARY EBEICKEDN 2 1=, VL,

BFERV'SOL(T DB, PREEDEEENBWV)ICHTHFHEE L DSTEREL 127,

D8ICH TARFELVCMOEERFEREhEA 2/, LEN>T, HFEEOZRILORER,
THEARNICHEVTEH-CERELBV, BIC, 7INTY D ROTAOHEE DL,
HOBHAICEXNTIEL, EHFAOUAN) —ICRFEHREEMNBEETDIENHASH LRS-
o COMRTHEBE NI-HEEORHHE,

BRFOMFUETHS [HE] [FEE] IME] CETAIMEREZLERLTEY, MELVah
SEEHREBEVRENDHWNEBIBRENERREC D LELERRAZZENTED, AHR
BRE EEZEYEETEETDIRICO—FP, E>TLVRIELENDFEEZBRLEIDETEBTR
NAAREZEANZIRT D EDHICRIBEET,

We sought to identify changes in individual muscle hardness after a full marathon and to track time-
dependent changes using ultrasound strain elastography (SE). Twenty-one collegiate marathon
runners were recruited. Muscle hardness (i.e., strain ratio, SR) was measured using SE for the
rectus femoris (RF), vastus lateralis (VL), biceps femoris long head (BF), tibialis anterior (TA),
gastrocnemius medial head (GM), and soleus (SOL) muscles at the following time points: pre
(PRE), immediately post (POST), day-1 (D1), day-3 (D3), and day-8 (D8), after a full marathon. We
found that the SR decreased after the full marathon (i.e., the muscle became harder), and that the
lowest SR across all measured muscles was observed on D1. Although there was no difference in
the magnitude of change in SR between the muscles of the thigh, that of the MG and SOL were
significantly larger than that of the TA. Muscle hardness in the VL, BF, and SOL recovered at D8
(i.e., non-significant difference from PRE), whereas recovery of RF and GM hardness at D8 was
not observed. Thus, the degree of change in muscle hardness does not occur uniformly within the
lower extremity muscles. In particular, changes in muscle hardness of the TA after a full marathon
is small compared with other muscles and time-dependent changes in each muscle varies during
recovery. The features of muscle hardness identified in this study will be useful for coaches when
mentoring runners on proper forms and for training advisers and therapists who seek to address
deficiencies in running.
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Tracking of time—dependent changes in muscle hardness after a full marathon

1. HIREBRFROBE

BERHOMEFELIERENICE I IBERISANM ST4FAWNT, ISV RICEITAHE A DEEEEEEEL. B
KERILZTEBHTHEEH AT, 21 A\OKREISVUEFARRICSMUI-. BDEE (F7505, strain ratio: SR) (&, KERE
(rectus femoris: RF) . 4} 8 [5 f5 (vastus lateralis: VL) . KEE = 5E#H &K 58 (biceps femoris long head:BF) ., BiJI% & f# (tibialis anterior:
TA) . BEES 7 N {AIZE (gastrocnemius medial head: GM) &x & /&L, Y5V R (PRE). E#% (POST). 1 BB (D1).3 BB (D3). B &
U 8 HE (D8) EFTRIHDBIEFITL, HREBH LIz, TORR. JILISVYIRIZSRAFDLI=(FTahHE ., HIANKYELEST)
CEAEINFETRTOMIZBLTSRIE DI TRBBALLILERBLIz, KEEEOHD SR OELDKESIZIEEF LA,/
HMUMG & SOL DFAIDEALDKRESE, TA KYBEFEIZKEM o1z, VL, BF KU SOL(FT44E ., PRE EOBFBEENLZL) IZHIT
ZERHEE (L D8 TERIEL=M. D8 IZH TS RF EXU GM D EIE IFBREINLEMN o=, L= T. HEEDOLETILDOREEIX. TEH
ARIZEWTH—IZIEREELLZV IS, TILISVYED TADHEEOEL X, thOHAICLERT/HNK, EHADG)H/N\)—IZ
IR EEIEAFETEENBHLIELG =, COMBTHERBIN-HIEEDEFHIL. BEHD 3 HETHAHHAE][FE][#
B2 A EHEELEZRLTEY, MLV EHERYIBREIN DM NMEEN BB SN FEREC - EILLIRZAHIENT
T3, AMERFRL., EEBFEVEH TIHEETIRICO—F O, E2TVWEEEDRREFRRLEISET BTRNAROEFERLESN
HTBH=HIZ®/ILIBET,

2. MRERRAEEOBE G

We sought to identify changes in individual muscle hardness after a full marathon and to track time—dependent changes using
ultrasound strain elastography (SE). Twenty—one collegiate marathon runners were recruited. Muscle hardness (i.e., strain ratio, SR)
was measured using SE for the rectus femoris (RF), vastus lateralis (VL), biceps femoris long head (BF), tibialis anterior (TA),
gastrocnemius medial head (GM), and soleus (SOL) muscles at the following time points: pre (PRE), immediately post (POST), day-1
(D1), day—-3 (D3), and day—8 (D8), after a full marathon. We found that the SR decreased after the full marathon (i.e., the muscle
became harder), and that the lowest SR across all measured muscles was observed on D1. Although there was no difference in the
magnitude of change in SR between the muscles of the thigh, that of the MG and SOL were significantly larger than that of the TA.
Muscle hardness in the VL, BF, and SOL recovered at D8 (i.e., non—significant difference from PRE), whereas recovery of RF and GM
hardness at D8 was not observed. Thus, the degree of change in muscle hardness does not occur uniformly within the lower extremity
muscles. In particular, changes in muscle hardness of the TA after a full marathon is small compared with other muscles and time—
dependent changes in each muscle varies during recovery. The features of muscle hardness identified in this study will be useful for
coaches when mentoring runners on proper forms and for training advisers and therapists who seek to address deficiencies in running.
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