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ABSTRACT

Muscle soreness is subjective muscle pain that occurs after high-intensity exercise,
and the disappearance of muscle soreness is often used as an indicator of recovery
from muscle damage. However, due to methodological limitations, it has not been
clear whether muscle soreness reflects structural damage of muscles. The purpose of
the present study was to clarify changes in muscle damage/inflammation and muscle

soreness after endurance running using the magnetic resonance imaging (diffusion
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tensor imaging), and to examine whether muscle soreness is an indicator of recovery

from muscle damage. We measured subjective delayed onset muscle soreness

(DOMS), T2 relaxation time and diffusion parameters for each of 12 muscles of the

lower limb using MR before and after a 20 km race including up-hill and down-hill

in 16 male and female recreational runners. The results showed that the peaks of the

DOMS and T2 relaxation time were on 1-2 days after the race, and recovered 3-4 days
after the race. On the other hand, the mean diffusivity (MD) of some of the thigh

muscles increased until 3-4 days after the race. In conclusion, even after the recovery of

muscle soreness after the 20 km race, it is likely that muscle structural changes due to

muscle damage or inflammatory reactions are still occurring, and it is not appropriate to

use muscle soreness as an index for resume of exercise.
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2 Delayed onset muscle soreness (DOMS) after the running race
*#% and * indicate significant change between two-time points (p<0.001 and p<0.05, respectively)

% 1 T2 values changes

T2 values (ms) Mean £ SD Change (%)
PRE DI1-2 D3-4 PREto D1-2 DI1-2toD3-4 PRE to D3-4

BFsh 39018 39.7t1.6 389+14 1.9% -2.1% -0.2%
BFlh 39214 399+1.3 39014 1.8% -2.1% * -0.4%
ST 38.0+1.1 385+1.1 379+1.0 1.2% -1.5% * -0.3%
SM 383+1.1 39.0+1.2 386+1.1 1.7% -1.0% 0.6%
RF 374%1.0 379+1.0 37309 1.3% -1.5% * -0.3%
VL 40314 407+1.2 403*=1.2 1.0% -1.0% 0.0%
VI 40715 413+1.1 409+0.8 1.7% -1.2% 0.5%
VM 395+15 399+13 395+1.1 1.0% -1.2% -0.2%
MG 38712 394x1.0 38.7+1.1 1.9% -1.9% * 0.0%
LG 388*1.2 39.8t1.2 385=*1.1 2.6% ** -3.1% *** -0.6%
SOL 40.1+1.2 402+12 399+1.2 0.2% -0.8% -0.5%
TA 376+1.0 378+1.1 375+1.2 0.5% -0.6% -0.1%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius
lateralis, SOL: soleus, TA: tibialis anterior. ***, ** ‘and * ; significant change between two-time points (p<0.001, p<0.01 and
p<0.05, respectively).
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5 2 Fractional anisotropy changes

Fractional anisotropy Mean = SD Change (%)
PRE D1-2 D3-4 PREtoDI1-2 DI1-2toD3-4 PRE to D34

BFsh 0.26 +0.03 0.26=0.03 0.26=0.02 -1.6% 1.7% 0.1%
BFlh 0.21+0.01 0.20=£0.02 0.21£0.02 -4.1% 2.2% -2.1%
ST 0.22=0.02 0.22=0.02 0.22%0.02 -4.0% 1.1% -2.9%
SM 0.19+0.02 0.19+0.01 0.19+0.01 1.1% -0.4% 0.7%
RF 0.19+0.03 0.19+0.02 0.20+0.03 -0.1% 5.0% 4.9%
VL 0.20+0.03 0.20+0.02 0.20+0.02 -0.6% 1.2% 0.6%
VI 0.19=0.02 0.19=0.01 0.19+0.01 0.0% 0.2% 0.2%
VM 0.17+0.01 0.17+0.01 0.17+0.01 -2.4% 0.1% -2.3%
MG 0.20£0.02 0.21£0.02 0.21£0.02 0.6% 1.4% 2.0%
LG 0.22+0.03 0.22+0.03 0.23£0.03 -1.3% 4.2% 2.9%
SOL 0.18=0.01 0.18=0.02 0.18+0.01 -0.9% 2.1% 1.2%
TA 0.22+0.02 0.22+0.02 0.22+0.02 0.4% -0.1% 0.4%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius

lateralis, SOL: soleus, TA: tibialis anterior.

# 3 Mean diffusivity changes

op e 2 Mean = SD Change (%)
Mean diffusivity (mm/s) - o p DI1-2 D3-4 PREtoDI-2 DI-2toD34 PRE to D3-4
BFsh 183+006  188+010  1.87+008 2.9% -0.6% 2.4%
BFlh 1754008  178+006  180+0.07 1.6% 0.7% 2.3%
ST 1724006 175004  1.77+0.06 2.2% 0.7% 3.0%*
SM 171006  175+005  1.76+0.06 1.9% 0.7% 2.7%
RF 158+011  158+009  1.60+0.12 0.2% 12% 1.4%
VL 171005  174+006  1.76+0.08 2.3% 0.9% 3,207
VI 1774005  179+005  180+0.07 12% 0.8% 2.0%
VM 1724004 1734004 1744005 0.4% 0.8% 1.2%
MG 1674007  169+005  1.68+0.05 0.9% -0.6% 0.3%
LG 1724010  173+005  1.73+0.08 0.6% 0.0% 0.6%
SOL 1744006 174+004  175+0.04 0.3% 0.5% 0.8%
TA 1664006  167+004  1.67+0.06 0.8% -0.1% 0.7%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius
lateralis, SOL: soleus, TA: tibialis anterior. **Significant change between two-time points (p<0.01).
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