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Chapter 1 General introduction

Resistance training has been reported to acutely and chronically influence passive muscle stiffness.
Passive muscle stiffness is a determinant of joint range of motion (ROM) that can influence athletic
performance and the risk of musculoskeletal injuries. Thus, it is important to understand the resistance
training-induced changes in the muscle stifthess. However, no consensus has been reached regarding the acute
changes in muscle stiffness by resistance exercise, possibly due to the difference in program variables (e.g.,
contraction mode, exercise ROM, muscle lengths, and exercise duration) among previous studies. Moreover,
limited studies have investigated the chronic changes in the muscle stiffness by resistance training,

The general purpose of the present thesis was to clarify the acute and chronic effects of resistance
training on the passive stiffness of the hamstring muscles. To this end, [ investigated the acute changes in the
passive stiffness of the biarticular hamstring muscles (biceps femoris long head, BFlh; semitendinosus, ST;
semimembranosus, SM) after resistance exercise with different combinations of contraction modes and
exercise ROMs in Chapter 2, and different combinations of muscle lengths and exercise durations in Chapter
3. Through the experiments in Chapters 2 to 3, the combination of program variables that could greatly
decrease passive muscle stiffness was selected. The selected program variables in resistance exercise were
used to investigate the training-induced chronic changes in the passive stiffness of the biarticular hamstring
muscles in Chapter 4.

Chapter 2 Acute changes in passive stiffness of the biarticular hamstring muscles induced by resistance
exercise: effects of contraction mode and range of motion

Thirteen healthy young male participants performed three sessions of resistance exercises
consisting of stiff-leg deadlift (SDL) with different contraction modes and exercise ROMs on separate days
as follows: (1) eccentric contractions with a wide exercise ROM (EW); (2) eccentric contractions with a
narrow exercise ROM (EN); and (3) concentric contractions with a wide exercise ROM (CW). Before and 3
min, 30 min, and 60 min after completion of each session, the shear moduli (index of passive muscle stiffness)
of the biarticular hamstring muscles were measured with using an ultrasound shear wave elastography.
Additionally, maximal joint ROM, passive torque, and maximal isometric torque of knee flexion were
measured. The main results were that the shear modulus of SM was significantly lower at 3 min post-exercise
(median value [interquartile range]; 120.2 [114.9 to 135.47] kPa) than at pre-exercise (130.3 [123.7 to 142.2]
kPa) in EW, but not in EN or CW. There were no significant changes in the shear moduli of BFlh or ST at any
time points in any exercise sessions. The results suggest that the combination of eccentric contractions and a
wide ROM during resistance exercise is important to acutely decrease passive stiffness of a specific muscle.



Chapter 3 Acute changes in passive stiffness of the biarticular hamstring muscles induced by resistance
exercise: effects of muscle length and exercise duration

Thirteen healthy young male participants performed three sessions of eccentric-only resistance
exercise consisting of SDL with different muscle lengths and exercise durations (duration per repetition x the
total number of repetitions) on separate days as follows: (1) short muscle lengths with a short duration (SS);
(2) long muscle lengths with a short duration (LS); and (3) long muscle lengths with a long duration (LL).
The measurement variables and time points were the same as the experiment in Chapter 2. The main results
were that SM shear modulus was significantly lower at 3 min post-exercise (128.1[120.2 to 136.1] kPa) than
at pre-exercise (135.2 [129.0 to 140.5] kPa) in LL, but not in SS or LS. The magnitude of decrease in the shear
modulus of SM was greater in LL (—11.3 [-15.2 to —2.6] kPa) of Chapter 3 than in EW (=5.5 [-13.3t0 —1.9]
kPa) of Chapter 2. No significant differences were observed in the shear moduli of BFlh or ST between pre-
exercise and 3 min post-exercise in any sessions. These results suggest that the combination of long muscle
lengths and a long duration during eccentric-only resistance exercise has great potential for acutely decreasing
passive stiffness of a specific muscle.

Chapter 4 Chronic effects of resistance training on passive stiffness of the biarticular hamstring
muscles

Twenty-four participants were divided into the training (n = 12) and control (n = 12) groups. The
participants in the training group performed three sets of 10 repetitions of eccentric-only SDL with LL for 10
weeks (two sessions per week). Meanwhile, the participants in the control group did not perform any
resistance training or stretching for the lower limb muscles throughout the intervention period. The maximal
ROM, passive torque, shear moduli of the biarticular hamstring muscles, maximal isometric torque of knee
flexion, and volumes of the individual hamstring muscles (BFlh; biceps femoris short head; ST, SM; whole
hamstrings) were measured before and after the intervention period. During the intervention period, two
participants in the training group and one participant in the control group dropped out of this experiment. The main
results were that shear moduli of the biarticular hamstring muscles did not significantly change after the
intervention period in the training or control groups. Meanwhile, maximal isometric torque of knee flexion
and muscle volumes of BFlh, ST, SM, and whole hamstrings were significantly increased after the
intervention period in the training group. The results suggest that the passive stiffness of the biarticular
hamstring muscles does not change even after eccentric-only resistance training with LL.

Chapter 5 General discussion

The present thesis showed SDL with EW and LL immediately decreased the shear modulus of SM,
whereas that with EN, CW, SS, or LS did not acutely change the shear moduli of any of the biarticular hamstring
muscles. Moreover, the magnitude of the immediate decrease in SM shear modulus was greater after SDL with LL
than after SDL with EW. These results suggest that the combination of long muscle lengths and a long exercise
duration during resistance exercise is important to immediately decrease the passive stiffness of a specific
muscle. Meanwhile, a 10-week training intervention using eccentric-only SDL with LL did not change the shear
moduli of any of the biarticular hamstring muscles. This result implies that even eccentric-only resistance
training at long muscle lengths with a long exercise duration does not chronically change passive stiffness of
the biarticular hamstring muscles.



