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Abstract

Hip extensor muscle size is related to sprint running performance. However, the mecha-

nisms underlying this relationship remain unclear. To gain insights into this issue, the pres-

ent study examined the relationships between the individual hip extensor sizes,

spatiotemporal variables (step frequency and length, and their determinants), and sprint

velocity during maximal velocity sprinting. Magnetic resonance images of the hip and right

thigh were obtained from 26 male sprinters to determine the volumes of the gluteus maxi-

mus, individual hamstrings and adductors, and gracilis. Muscle volumes were normalized to

their respective body mass and recorded as relative muscle volumes. The sprinters per-

formed a 100-m sprint with their maximal effort. Their sprint motions were recorded using

cameras to calculate the mean sprint velocity and the spatiotemporal variables at 50–60 m

interval. The sprint velocity was significantly correlated with the relative volume of the semi-

tendinosus (r = 0.497, P = 0.010), but not with the volumes of the other examined muscles.

The relative volume of semitendinosus significantly correlated with the stance distance (r =

0.414, P = 0.036) and the stance distance adjusted by the stance time (r = 0.490, P =

0.011). Moreover, there were significant correlations between the stance distance and step

length (r = 0.592, P = 0.001), and between the step length and sprint velocity (r = 0.509, P =

0.008). These results suggest that the semitendinosus contributes to attaining long stance

distance and thereby high sprint velocity during maximal velocity sprinting.

Introduction

Sprint running is one of the fastest forms of unaided locomotion for humans on land and is a

fundamental movement required in a number of sports. Many studies [1,2] have focused on

the factors influencing sprint performance. Sprint velocity is the product of step frequency and

step length, which are determined by the times and distances of the stance and flight phases
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[2]. To achieve either or both high step frequency and/or long step length, the lower limb mus-

cles play significant roles by generating high forces during sprinting [3,4]. Of all muscles, the

hip extensors, which include the gluteus maximus (GM), thigh adductors, and hamstrings,

were reported to be highly activated [5,6], and exerted substantial force during both flight and

stance phases [4,7], contributed to back-swing velocities of the legs [4], and produced horizon-

tal ground reaction forces [8]. Based on these findings, the force generated by the hip extensors

could be a crucial factor in sprint performance.

Since the force-generating capacity of a muscle is primarily determined by muscle size

[9,10], it is easy to conjecture that having large hip extensors is advantageous for achieving

high performance in maximal velocity sprinting. However, large muscles entail large body

mass, having a negative effect on the body velocity. Increasing size of marginally advantageous

muscles could thus impair sprint velocity [11]. Therefore, it is speculated that size of muscle(s)

which contribute greatly to sprinting is related to sprint performance, whereas that of the

other hip extensors is not. In this regard, several studies demonstrated that the sizes of GM

[12,13], thigh adductors [14–16], and hamstrings [12,15], relative to body mass were signifi-

cantly correlated with sprint velocities (or times). However, previous studies [12,15] evaluated

the size of hamstring muscle group as a whole, although the group is actually comprised of

three muscles (but delineated by four names: the semitendinosus [ST], the semimembranosus

[SM], the biceps femoris long head [BFlh], and the biceps femoris short head [BFsh]). These

muscles reportedly exhibited diverse morphologies [17] and activations during sprinting [6].

Therefore, the contributions of the individual hamstring muscles to sprint performance may

be variable among them. For example, ST volume was larger in sprinters than in non-sprinters

[11,13], and the magnitude of the difference (54%) was substantially greater than those in the

other hamstrings (20–26%) [11]. Furthermore, mechanisms underlying the relationship

between the hip extensor size and sprint velocity remain unknown. Since the sprint velocity is

determined by spatiotemporal variables (step frequency and length, and their determinants)

[2], clarifying the relationships among the muscle sizes, spatiotemporal variables, and sprint

velocity would provide useful insights into this issue as well as valuable information to athletes

and coaches for developing effective training programs according to their target spatiotempo-

ral variables.

The purpose of the present study was to examine the relationships between the sizes of indi-

vidual hip extensors, the spatiotemporal variables, and sprint velocity during maximal velocity

sprinting. It was reported that GM volume was correlated with sprint time [12,13]. Among the

hamstrings, the ST displayed the longest fiber length [17], which is a determinant of the maxi-

mal shortening velocity of the muscle [18] and affects the force-velocity relationship [19]. It is

therefore likely that ST is more suited to generating a large force during sprinting, in which

the angular velocity of the hip extension is substantially high [20]. Additionally, the activity

level of ST was reported to be higher than that of BFlh in the middle flight and late stance

phases during maximal velocity sprinting [6]. Considering these points, we hypothesized that

GM and ST volumes relative to body mass are correlated with specific spatiotemporal variable

(s) and therefore the sprint velocity.

Methods

Participants

Twenty-six male sprinters (age: 20.2 ± 1.2 years; body height: 1.741 ± 0.057 m; body mass:

65.8 ± 6.2 kg; mean ± standard deviation) participated in the present study. A priori power

analysis was conducted using G�Power (version 3.1.9.2) [21] to detect statistically significant

correlations between muscle volumes and sprint performances with an alpha level of 0.05 and
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a power of 80%. Effect size was assumed to be 0.62 based on the results of a previous study [22]

that reported a significant correlation between the lower limb muscle volume and maximal

sprint velocity. As a result of the power analysis, the required sample size was estimated to be

18. To account for possible attrition and missing data, 26 sprinters were therefore recruited for

the present study. The sprinters engaged in sprint events (i.e., 100-, 200- and 400-m sprints),

and their personal best records for the 100-m race ranged from 10.35 to 11.33 s (10.77 ± 0.27

s). They had� 3 years (8.1 ± 2.7 years) of experience in sprint running. Nine of the sprinters

had a history of strain injury in the hip or thigh muscles during the last 1–4 years prior to this

study. All participants were informed of the purpose and potential risks of the study and pro-

vided written informed consent. The present study was approved by the Doshisha University

Research Ethics Review Committee (16035) and was conducted in accordance with the Decla-

ration of Helsinki.

Magnetic resonance (MR) imaging

Using a 1.5-T scanner system (Echelon VEGA, Hitachi, JPN), T1-weighted MR images of the

hips and right thigh were obtained. The participants were instructed to refrain from intensive

practice and training on the day of the test until MR imaging was conducted. The following

imaging parameters were used for scanning images: slice thickness, 0.6 cm; gap, 0.4 cm; echo

time, 8.8 ms; repetition time, 500 ms; field of view, 25.6/40 cm; and acquisition matrix,

256 × 192 (reconstructed matrix, 512 × 512). The participants lay prone with their knee and

hip joints extended in the magnet bore. The hip scans were conducted using a 16-channel

body array coil while participants held their breath for 20-s in order to prevent the potential

influence of motion artifacts resulting from respiration. To reduce the effect of fluid shift

caused by the change in posture on cross-sectional areas (CSAs) of the thigh muscles [23], the

participants were placed in the prone position for at least 20 min prior to the thigh scans.

The muscle CSAs of the following nine muscles were analyzed from the origins to the inser-

tions using 3D slicer software (www.slicer.org) [24] by tracing their outlines: 1) GM, 2) ST, 3)

SM, 4) BFlh, 5) BFsh, 6) adductor longus (ADL), 7) adductor brevis (ADB), 8) adductor mag-

nus (ADM), and 9) gracilis (Gra). The volume of each muscle was calculated by summing the

CSAs of each image times 1 cm (the sum of the slice thickness and interslice gap). The above

analyses were performed twice by an investigator, and the mean values were used for subse-

quent analyses. The coefficient of variation (CV) for the two measurements was 3.6 ± 3.1%,

and the intraclass correlation coefficient (ICC) was� 0.911, except for ADB (ICC = 0.541)

because of its unclear outlines in the scanned images. Muscle volumes were normalized to

body mass and recorded as relative muscle volumes (cm3/kg).

Sprint running

After a sufficient warm-up period, the participants performed a 100-m sprint with their maxi-

mal effort on a synthetic track. During the testing session, they wore their own sprint spikes.

Using starting blocks, they started the sprint at arbitrary times of their own choosing. Their

sprints were recorded using three cameras. Two of the cameras (EX-100PRO, CASIO, JPN,

frame rate: 120 fps, exposure time: 1/2000 s) were used for panning and placed 25- and 75-m

from the starting line to cover the first (0–50 m) and second (50–100 m) halves of the sprint,

respectively. The third camera (HAS-U2, DITECT, JPN, frame rate: 250 fps, exposure time: 1/

2000 s) was fixed on the 55 m point from the starting line to cover the 50–60 m interval, which

corresponds to the maximal velocity phase of sprinting [25]. The maximal sprint velocity was

strongly related to 100-m sprint time [26]. Besides, the sprint velocity was correlated with spa-

tiotemporal variables in the maximal velocity phase [27]. Based on these points, we decided to
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analyze 50–60 m interval. To measure sprint times of the 50–60 m interval and of 100 m, refer-

ence markers were positioned at 50-, 60-, and 100-m points from the starting line on the right

side of the running lane. The 100 m sprint measurements and MR image recordings were sep-

arated by 10 ± 18 days (0–61 days).

The mean velocity of the 100 m sprint was calculated by dividing the running distance (100

m) by the 100 m sprint time. The 100 m sprint time was calculated by dividing frame counts

from the start to finish of the sprint by the frame rate of the cameras (120 fps). The start of the

sprint was defined as the instant when either of the hands were taken off the ground. The finish

of the sprint was defined as the instant when the torso overlapped the reference marker at the

100-m point. The mean sprint velocity was also calculated for the 50–60 m interval by dividing

the distance of interval (10 m) by the time taken to cover the interval. The sprint time of the

interval was calculated by dividing frame counts between the instances when the torso over-

lapped the reference markers at 50- and 60-m points by the frame rate of the camera (250 fps).

The spatiotemporal variables were calculated in the 50–60 m interval. The stance phase of

the right leg was defined as the part of a running cycle from the touchdown of the right foot to

the right toe off, and the flight phase was defined from the right toe off to the touchdown of

the left foot. The stance and flight times were calculated by dividing each frame count during

stance or flight phase by the frame rate of the fixed camera (250 fps). The sum of the stance

and flight times was computed as the step time, and its inverse was defined as the step fre-

quency. The stance and flight distances were defined as the horizontal distances that the ante-

rior-posterior center of the pelvis traveled during the corresponding phases, respectively.

These horizontal distances were calculated using Image J software (National Institute of

Health, USA) by digitizing the anterior-posterior center of the pelvis at the touchdown of the

right foot, the right toe off, and the touchdown of the left foot. The sum of the stance and flight

distances was computed as the step length. These variables were calculated for two steps within

the 50–60 m interval, and the mean values were used for subsequent analyses. The spatiotem-

poral variables of 10 participants were analyzed twice to evaluate the measurement reproduc-

ibility. The CV and ICC for the two measurements were 0.6% and 0.991 for step frequency,

0.7% and 0.983 for step length, 1.4% and 0.960 for flight time, 1.9% and 0.845 for stance time,

1.6% and 0.963 for flight distance, and 1.8% and 0.682 for stance distance, respectively.

Statistics

Simple linear correlations between two measured variables were tested using a Pearson’s prod-

uct moment correlation coefficient. According to a previous study [2], it was expected that

there would be interactions between the spatiotemporal variables. When such interactions

were found, a semi-partial correlation analysis was used to adjust the effect of the other vari-

able. The 95% confidence interval (CI) for the correlations were calculated. Statistical signifi-

cance was set at P< 0.05. All statistical analyses were conducted using IBM SPSS software

(version 25; IBM, USA).

Results

The sprint velocities of 50–60 m interval and of 100 m were 10.2 ± 0.3 m/s and 9.1 ± 0.2 m/s,

respectively. There was a significant correlation between sprint velocities of 50–60 m interval

and of 100 m (r = 0.951, P< 0.001). A significant correlation was found between the relative

volume of ST and sprint velocity at the 50–60 m interval (r = 0.497, P = 0.010, Table 1). How-

ever, the relative volumes of the other examined muscles were not significantly correlated with

the sprint velocity at the 50–60 m interval (r = −0.096 to 0.313, P = 0.119–0.791).
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Fig 1A shows correlations between the sprint velocity and the spatiotemporal variables at

the 50–60 m interval. Sprint velocity was significantly correlated with step length (r = 0.509,

P = 0.008, Fig 1A), but not with step frequency (r = −0.037, P = 0.857). Step length was signifi-

cantly correlated with both the stance distance (r = 0.592, P = 0.001) and flight distance

(r = 0.893, P< 0.001). The step frequency was significantly correlated with both the stance

time (r = −0.577, P = 0.002) and flight time (r = −0.831, P< 0.001).

The correlation coefficients among relative volume of ST and the spatiotemporal variables

at the 50–60 m interval are presented in Table 2. There were no significant correlations

between relative volume of ST and the step frequency (r = 0.091, P = 0.660) or step length

(r = 0.166, P = 0.418). Among the determinants of the step variables, the relative volume of ST

was significantly correlated with stance distance (r = 0.414, P = 0.036), but not with flight or

stance times, or flight distance (r = −0.013 to 0.177, P = 0.388–0.950). Since a significant corre-

lation was found between the stance distance and stance time (r = 0.841, P< 0.001), the stance

distance was adjusted by the stance time in the semi-partial correlation analysis. The result

showed that the relative volume of ST was also significantly correlated with the adjusted stance

distance (r = 0.490, P = 0.011, Fig 1B).

Discussion

The present results showed that the relative volume of ST was positively correlated with sprint

velocity at the 50–60 m interval, whereas those of the other muscles were not. Furthermore,

the relative volume of ST was positively correlated with the stance distance, even after adjust-

ment for the stance time. These results partly support our hypothesis that GM and ST volumes

relative to body mass are correlated with spatiotemporal variable(s) and sprint velocity. It has

been demonstrated that hip extensor size is related to sprint performance [12–16]. Although

we used a cross-sectional design in the present study, the findings suggest that ST size contrib-

utes to achieving long stance distance and thereby high sprint velocity.

The sprint velocity at the 50–60 m interval was correlated with step length, but not with

step frequency. The step length was correlated with both the stance and flight distances. These

results are partially consistent with the results of Hunter et al. [2], who examined the step

Table 1. Simple correlation coefficients between individual muscle volumes relative to body mass and mean sprint

velocity at 50–60 m interval.

Muscle volume Sprint velocity

r [95% CI: lower, upper limits] P
GM 0.227 [−0.176, 0.565] 0.265

ST 0.497 [0.136, 0.742] 0.010�

SM 0.244 [−0.158, 0.577] 0.230

BFlh 0.085 [−0.313, 0.457] 0.681

BFsh −0.096 [−0.466, 0.303] 0.639

ADL 0.064 [−0.332, 0.440] 0.755

ADB 0.055 [−0.340, 0.433] 0.791

ADM 0.313 [−0.085, 0.625] 0.119

Gra 0.187 [−0.216, 0.536] 0.360

� indicates a significant correlation between the muscle volume and sprint velocity (P< 0.05).

CI: Confidence interval, GM: Gluteus maximus, ST: Semitendinosus, SM: Semimembranosus, BFlh: Biceps femoris

long head, BFsh: Biceps femoris short head, ADL: Adductor longus, ADB: Adductor brevis, ADM: Adductor

magnus, Gra: Gracilis.

https://doi.org/10.1371/journal.pone.0249670.t001
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variables and sprint velocity at the 16 m mark during 25 m sprint. In their study, sprint velocity

was correlated only with step length, and step length was correlated with flight distance but

not with stance distance. The reasons for these differences are unclear, but may be related to

the differences in the sprint phases (maximal velocity vs. acceleration phases) or participants

(sprinters vs. athletes who engaged in several types of sporting events). It is likely that in sprint-

ers, long stance distance contributes to achieving long step length and therefore high sprint

velocity in the maximal velocity phase.

There was a significant correlation between the relative volume of ST and sprint velocity at

the 50–60 m interval. In addition, the relative volume of ST was positively correlated with

stance distance, even after adjusting for stance time. The semi-partial correlation result

Fig 1. A, Simple correlation coefficients between the sprint velocity and the spatiotemporal variables at 50–60 m interval of a 100-m sprint. � indicates

P< 0.05. The values show the correlation coefficients between the variables. B, The relationship between the semitendinosus (ST) volume relative to the

body mass and the adjusted stance distance at 50–60 interval of a 100-m sprint. The stance distance was adjusted by the stance time using a semi-partial

correlation analysis.

https://doi.org/10.1371/journal.pone.0249670.g001

Table 2. Simple correlation coefficients between the semitendinosus volume relative to body mass and the spatio-

temporal variables at 50–60 m interval.

Semitendinosus volume

r [95% CI: lower, upper limits] P
Step variables

Step frequency −0.095 [−0.465, 0.304] 0.643

Step length 0.278 [−0.123, 0.601] 0.169

Determinants of step frequency

Flight time −0.013 [−0.398, 0.376] 0.950

Stance time 0.177 [−0.226, 0.528] 0.388

Determinants of step length

Flight distance 0.109 [−0.291, 0.476] 0.597

Stance distance 0.414 [0.032, 0.691] 0.036�

� indicates a significant correlation between the semitendinosus volume and the variable (P< 0.05).

CI: Confidence interval.

https://doi.org/10.1371/journal.pone.0249670.t002
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suggests that ST contributes to attaining a long stance distance for a given stance time. These

results are partly inconsistent with the data of Ema et al. [28], who failed to find a significant

correlation between ST volume and sprint velocity at the 35 m mark during 50 m sprint in 15

sprinters. This discrepancy may be due to the differences in sample size (26 vs. 15), shoe condi-

tions (sprint spikes vs. running shoes [R. Ema, personal communication]) and/or the measure-

ment points of sprint velocity (50–60 m interval vs. 35 m). It should be noted that sprint

velocities in the present study (10.2 ± 0.3 m/s) were higher than those in the previous study

(8.8 ± 0.3 m/s), and presumably reflect the individuals’ maximal sprint velocities [25]. During

the maximal velocity phase, the ST was reported to be highly activated from the middle flight

to late stance phases in which the hip extension and knee flexion torques were generated [6]. It

was speculated that the hip extension and knee flexion torques in the late flight and early

stance phases contributed to reducing the horizontal braking force during the stance phase

[29], which could lead to an increase in horizontal distance that the center of mass traveled

during a limited time of this phase. Therefore, ST can contribute to attaining the long stance

distance by generating large hip extension and knee flexion torques during maximal velocity

sprinting. Furthermore, the knee flexion torque in the late stance phase can resist the knee

extension torque [4], therefore reducing the degree of knee extension. A previous study [30]

has suggested that the small degree of knee extension during the stance phase results in a long

stance distance for given changes in the hip and ankle joint angles (Fig 2). This may also be a

reason for the observed correlation between ST volume and stance distance. Meanwhile, the

correlation between ST volume and stance distance was not very strong (r = 0.490). This may

be related to large inter-individual variability in activity level of ST and BFlh observed during

submaximal velocity running [31].

Unlike ST, the relative volumes of the other hamstrings (SM, BFlh, and BFsh) were not

significantly correlated with the spatiotemporal variables or sprint velocity. It was reported

that the activity level of BFlh was lower than that of ST in the late stance phase [6]. Further-

more, according to a cadaveric study [17], fiber lengths of SM, BFlh, and BFsh are shorter

compared to that of ST. Since muscle fiber length is a determinant of the maximal shortening

velocity of the muscle [18] and affects its force-velocity relationship (i.e., the muscle with

longer fibers can develop a greater force than the muscle with shorter fibers for a given short-

ening velocity) [19], the short fiber lengths of SM, BFlh, and BFsh are less suited to generat-

ing large torques during sprinting where the angular velocity of the hip extensions were

reported to be substantially high (e.g., 668 ± 31˚/s during stance phase) [20]. Taken together,

such inter-synergistic differences in neural activation and morphological properties might

account for the differences in the correlation between muscle size and sprint performance. It

is likely that the contributions of SM, BFlh, and BFsh to sprint performance are relatively

small compared to ST.

There were no significant correlations among the relative volumes of the individual adduc-

tors or Gra and the sprint velocity at the 50–60 m interval. These findings are consistent with a

previous study [12], in which no significant correlations were found between the volumes of

the adductors or Gra and 100 m sprint time. Moreover, volumes of the adductors including

the pectineus and Gra were not correlated with sprint velocity at the 35 m mark [28]. However,

it was shown that volumes of the adductors, including Gra, were significantly correlated with

40- and 80-m sprint times [15]. Therefore, the associations of volumes of the adductors and

Gra with sprint performance remain controversial in the literature. Among the adductors,

ADM is the largest muscle [11], and has broad insertions into the femur [32]. For this reason,

the moment arm for the hip extension was reportedly different among regions within ADM

[33]. Accordingly, the whole volume of ADM measured in the present study included the
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fibers that contribute less to the hip extension. This might be related to the lack of correlation

between the relative volume of ADM and sprint performance.

The relative volume of GM was not significantly correlated with sprint velocity. This result

disagrees with previous findings [12,13] that GM volume was negatively correlated with 100 m

sprint time. The reasons for the discrepancy between the present and previous results are not

clear at this moment, but may be related to the difference in range of participants’ sprint per-

formance: 10.35–11.33 s (present study) vs. 10.23–11.71 s (Sugisaki et al. [12]) and 10.03–11.50

s (Miller et al. [13]). In the previous study [13], GM volume was larger in the elite sprinters

(sprint time: 10.03–10.21 s) than in the sub-elite sprinters (sprint time: 10.36–11.50 s). Thus,

GM size may be important for achieving shorter sprint time than that of the present partici-

pants. In addition, GM also has a broad origin in the pelvis and insertions into the femur [34].

Hence, the contribution of muscle fibers to the hip extension could be variable depending on

the regions within GM. Moreover, the activity level during the hip extension exercise was

shown to be different among the regions within GM [35]. Therefore, such intramuscular dif-

ferences in function might account for the lack of significant correlation between whole vol-

ume of GM and sprint performance in the present study.

Fig 2. Schematic illustration of the body at touchdown and toe-off (modified from Ito et al. [30]). For a given

degree of hip extension and ankle plantar flexion during the stance phase, a small degree of knee extension (red sticks)

could result in a longer stance distance compared to a large degree of knee extension (black sticks).

https://doi.org/10.1371/journal.pone.0249670.g002
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Since large muscles involve a trade-off between high strength capacity and large body mass,

it is of importance for athletes and coaches to understand how individual muscle sizes are

related to sprint performance. The present study showed that relative volume of ST was associ-

ated with maximal sprint velocity and stance distance, whereas the other hamstrings, individ-

ual adductors, Gra or GM were not. Although we cannot determine the causality of the

relationship based on the cross-sectional observation, the present findings may suggest that a

selective increase in ST volume relative to the body mass leads to an increase in stance distance

and therefore an increase in sprint velocity. On the other hand, uniform hypertrophy of the

individual hip extensors is unlikely to result in an improvement in sprint performance, as the

gains in force-generating capacity may not exceed the negative effects of increased mass in

most of the muscles. To the best of our knowledge, no study has examined the relationship

between changes in ST volume and sprint performance. Bourne et al. [36], demonstrated that

knee flexion training, such as Nordic hamstring training induced greater hypertrophy of ST

compared to the other hamstrings. Meanwhile, a few studies found an improvement in sprint

time after long-term engagement in Nordic hamstring exercise [37,38]. Such training might be

beneficial for sprinters whose sprint performances are limited by their short stance distances.

There are several limitations of the present study. First, the present study lacked estimation

of muscle activation of the individual hip extensors or joint kinematics and kinetics during

sprinting. Further studies incorporating these variables are required to better understand the

relationships among the muscle sizes of individual hip extensors and sprint performance. Sec-

ondly, the step variables and their determinants were significantly correlated with body height

(r = −0.720 to 0.636, P� 0.019), and therefore, body height can affect the relationships among

muscle volumes and spatiotemporal variables. However, the semi-partial correlation analysis

that adjusted the stance distance by the stance time also controlled the effect of body height. In

fact, there was no significant correlation between the adjusted stance distance and body height

(r = 0.320, P = 0.111). Nonetheless, a significant correlation was found between the adjusted

stance distance and relative volume of ST. Thus, the body height may not significantly affect

the present findings. Thirdly, nine of the sprinters had a history of strain injury in the hip or

thigh muscles during the last 1–4 years prior to this study. It has been indicated that previous

hamstring strain injuries are associated with dysfunction of the hamstrings (e.g., low activity

level of BFlh during sprinting [39]), which could affect our findings. In this regard, we have

performed additional analysis testing the relationship between the relative volume of the indi-

vidual hip extensors and sprint velocity in the sprinters who had no history of strain injury in

the hip or thigh muscles (n = 17). As a result, only relative volume of ST among those of the

examined muscles was significantly correlated with sprint velocity of 50–60 m interval

(r = 0.642, P = 0.005, Table A in S2 File). This result was similar to that observed in the original

population (n = 26), implying that a history of strain injury may not have a significant influ-

ence on the present findings. Lastly, there is a risk of increasing type I error due to the multiple

correlation analysis. Meanwhile, the other studies also found a moderate correlation between

ST volume normalized to body mass and center of gravity velocity during sprinting (r = 0.40,

n = 15) [28] or the season best time of 100-m sprint (r = −0.34, n = 31) [13], although these

correlations were not statistically significant. Therefore, the significant correlations between

ST volume, stance distance and sprint velocity in the present study are unlikely to be found

only by chance.

In conclusion, the present results demonstrated that the relative ST volume was positively

correlated with sprint velocity and stance distance during maximal velocity sprinting. There

were no significant correlations among the relative volumes of the other hip extensors and

sprint velocity. These findings may suggest that ST size contributes to achieving a long stance

distance and thereby a high sprint velocity.
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