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Chapter

Strategic Prevention Program of 
Hamstring Injuries in Sprinters
Yusaku Sugiura, Yuji Takazawa, Kazuhiko Yamazaki  

and Kazuhiko Sakuma

Abstract

Enhancing the functionality of the hamstring is an important matter for sprinters 
in improving their performance. Sprinters show almost the highest incidences of  
hamstring injuries as compared with other athletes. For sprinters and their coaches, pre-
vention of hamstring injury is a prime concern along with improved their performance. 
To prevent hamstring injuries in sprinters, injury, incidence, mechanisms, and risk 
factors need to be taken into consideration, and a strategic program based on evidence 
needs to be implemented. A combination of three factors: agility, strength, and flexibil-
ity, is a good contributor to preventing muscle injuries in sprinters. Simultaneously, the 
training programs need to take into consideration the conditioning for muscle fatigue 
depending on a sprinter’s abilities. It may be important for coaches, trainers, and sports 
doctors to encourage sprinters for stopping training to monitor the degree of fatigue 
objectively and subjectively and to avoid the risk of injury. Future establishment of a 
hamstring injury-prevention program will be achieved by building a support system for 
programs with tactics and strategies. These programs are based on the accumulation of 
data via cooperation among coaches, researchers, trainers, and sports doctors.

Keywords: hamstring injury, prevention program, sprinters

1. Introduction

In maximal sprinting, stride frequency plays a more decisive role than stride 
length does [1]. In addition, the large negative power for eccentric contraction of knee 
flexors (hamstrings) and the large positive power for concentric contraction of hip 
extensors contribute to high stride frequency, enabling the sprinter to run at higher 
speeds [2, 3]. Therefore, enhancing the functionality of the hamstrings is important 
to improve the performance of sprinters [2–4].

Sprinters nearly have the highest incidences of hamstring injuries compared 
with other athletes [5]. For sprinters and their coaches, the prevention of hamstring 
injuries is a primary concern alongside improving performance. However, clarifying 
the causal relationship between the cause and occurrence for hamstring injuries is 
challenging, as well as accumulating evidence for preventing hamstring injuries [6].

To prevent hamstring injuries in sprinters, injuries, incidences, mechanisms, and 
risk factors should be considered, and a strategic program based on evidence should 
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be implemented. The construction of modified prevention systems and the use of the 
latest technology will reduce hamstring injuries in sprinters. This contributes to the 
improvement of their performance.

2. Structure of the hamstrings

The hamstring muscle group consists of three major muscles of the posterior 
thigh, namely the semitendinosus, semimembranosus, and biceps femoris (long and 
short head) [7–9]. The long head of the biceps femoris, semitendinosus, and semi-
membranosus have a biarticular formation where they cross the knee and hip joints. 
The short head of the biceps femoris arises from the femur and inserts at the fibula 
head, making it a uniarticular muscle that crosses only the knee joint (Figure 1) [7–9].

Regarding the long head of the biceps femoris, the medial part of the ischial 
tuberosity represents the origin of the proximal tendon, while the distal insertion is 
on the lateral surface of the fibula head [7–9]. The semitendinosus has the same origin 
as the previous muscle; however, it is inserted on the medial tibial surface [7–9]. The 
proximal tendon of semimembranosus also has the same origin but originates from 
the lateral part, and the posterior aspect of the medial tibial condyle represents the 
distal insertion of the muscle [7–9].

The biceps femoris is the only component of the hamstring muscle group with 
dual innervation. The long head of the biceps femoris, semimembranosus, and semi-
tendinosus are all innervated by the tibial branch of the sciatic nerve. The short head 
of the biceps femoris is innervated by the peroneal portion of the sciatic nerve.

Thus, the biceps femoris is considered a “hybrid” muscle [10] that has two heads 
with different origins and dual innervation. This feature may be a predisposing factor 
for hamstring injuries [11]. In research for elite track and field athletes in the British 
Athletics World Class [12], an isolated injury to the long head of biceps femoris 
was the most frequently occurring hamstring muscle injury (70%). Most injuries 

Figure 1. 
Structure of the hamstrings.
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occurred in the distal third of the hamstring (43%), with 31% in the proximal third 
and 26% in the central third.

The British Athletics Muscle Injury Classification is a reliable MRI-based classifica-
tion system that categorizes the patients according to the injury site: myofascial (class a), 
muscle-tendon junction (class b) or intratendon injury (class c), and a numerical 
 grading system (0–4) based on the extent of injury [13].

The isolated function of the hamstrings is to generate knee flexion and hip exten-
sion. During more integrated or dynamic muscle actions such as the stretch-short-
ening cycle [14–16] on sprinting, the hamstrings help in stabilizing the lumbopelvic 
hip complex and the knee joints [17, 18]. As such, hamstrings have unique structures 
(anatomy) and functions (physiology).

3. Biomechanics of high-speed running regarding hamstring injuries

A complete running cycle, that is, symmetrical and linear movement [19] in a 
sprinter includes two main phases: the contact phase in which the foot is in contact 
with the ground and the swing phase in which the foot is not in contact with the 
ground. Two main phases can be further divided into subphases: early contact (brak-
ing), late contact (population), early swing (thigh forward), and late swing (thigh 
back) (Figure 2) [19, 20].

In sprinters, hamstring injuries occur during high speed running, most likely 
because of the hamstrings along with its complex actions. The mechanism underlying 
this is attributed to its feature of being a biarticular muscle [14, 21], and its double 
innervation [22] works very rapidly to generate a large amount of power.

As hamstrings muscles are mainly hip extensors, they work in the late swing phase 
of sprinting to concentrically and quickly get the thigh back [2, 4] while acting as 
knee flexors to eccentrically decelerate the forward swing of the lower leg [2, 4, 14]. In 
the early contact phase, the hamstrings apply concentric action as knee flexor and hip 
extensor muscles to reduce the loss in running speed, which shifts the body’s center of 
gravity forward smoothly [14, 23]. To maximize running speed during sprinting, the 
hamstrings must generate a large amount of power in these phases [2, 3, 24].

From the late swing phase to the early contact phase during full-speed run-
ning, the hamstrings must rapidly switch from eccentric contractions to concentric 

Figure 2. 
Dominant quadriceps and hamstring contraction modes (the muscle contractions are concentric and eccentric) in 
the late swing and early contact phases of sprinting [19].
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contractions (stretch-shortening cycle) [14–16] while under the influence of the 
contractile activity of the quadriceps femoris muscle [25]. These actions generate 
high forces, which have been postulated to be related to hamstring injuries [15], are 
commonly seen in sprinters [26, 27].

Most researchers investigating the role of the hamstring during sprint argue that 
the late swing phase is likely to be the point in the running cycle at which the ham-
strings are most susceptible to injuries [18, 28–32]. A few researchers speculated that 
the early contact phase would be the highest risk point of sprint [4, 24]. Most of the 
injuries occur during the late swing and early contact phases of running.

4. Presenting risk factors regarding hamstring injuries

In 1985, Agre [33] discussed hamstring injuries occurring while running or sprint-
ing. He listed several possible factors related to hamstring injuries, which are widely 
accepted in the research and clinical fields; they include (1) inadequacy of muscle 
flexibility, (2) muscle strength and/or endurance, and (3) warm-up and stretching 
before activity; (4) dys-synergic muscle contraction; (5) awkward running style; and 
(6) resumption of activity before complete rehabilitation.

In a theoretical model, Worrell [34] suggests that the increase in the risk of 
hamstring injuries is because of a mix of abnormalities related to strength, flexibility, 
warm-up method, and fatigue. Devlin [35] posits a threshold above which the number 
of risk factors contributes to injuries. Therefore, some factors are potentially more 
capable of predicting injuries than others.

Based on the results of practical research conducted by Sugiura et al. [6], strength 
deficits, lack of neuromuscular control, and lack of flexibility contribute to the 
incidence of hamstring injuries. However, the effects of each of the three factors on 
hamstring injuries have not been examined. This chapter provides an overview of 
factors 1–3 (Table 1).

4.1 Inadequate muscle strength

Many studies have examined the causes of hamstring injuries related to leg muscle 
strength. Previous studies have emphasized the relationship between hamstring 
weakness during eccentric contraction and muscle injuries [15, 16, 36].

However, in 2008, Sugiura et al. [37] reported that muscle weakness during eccen-
tric contraction of the hamstring (hip extensor) can also contribute to hamstring 
injuries. Whichever it is, insufficient hamstring strength, left-to-right muscle imbal-
ance, and decreased hamstring strength relative to quadriceps strength (H/Q ratios) 
are thought to cause hamstring injuries.

Cause Result

One and/or more of risk factor Trigger Onset

Inadequate muscle strength

Ds-synergic muscle

contraction

Inadequate flexibility of muscles

High-speed running Hamstring injuries

Table 1. 
Cause and result for hamstring injuries.
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Insufficient hamstring strength weakens the contraction force and causes the thigh 
back to swing quickly in late swing phase. Moreover, in the early contact phase, the 
hip joint extension torque could not be exerted sufficiently. This results in excessive 
eccentric load on the hamstrings, which was presumed to cause hamstring injuries.

4.2 Dys-synergic muscle contraction

Hamstrings are involved in leg movements in various sports events. Among them, 
in sprinting, which requires high speed, the hamstrings contribute significantly to 
performance compared with other events.

During sprinting, the hamstrings are not affected by the activity of the quadriceps 
femoris. Sprinters should respond rapidly from eccentric contraction to concentric 
contraction (stretch-shortening cycle) [14–16] from the late swing phase to the early 
contact phase. Sprinters exert more power in split second and achieve higher speeds 
by using the stretch-shortening cycle. Neuromuscular coordination plays an impor-
tant role in these mechanisms. From the late swing phase to the early contact phase, 
if there is ataxia, such as changes in the contraction strength of the hamstring or 
dys-synergic muscle contraction, the hamstring injuries will become onset [33].

4.3 Inadequate flexibility of the muscles

As the flexibility of the hamstring decreases, the “knee flexion angle–torque 
relationship” shifts to the left (37). This indicates that the hamstring length at the 
peak torque is shorter. In the tension-length relationship of the muscles, shorten-
ing optimal for muscle length means that the resistance to the eccentric load is low. 
Brockett et al. [38] (2001) concluded that a shorter muscle length at peak torque is a 
risk factor for hamstring injuries.

Sprinting involves moving leg joints through a large range of motion as much 
power as possible. The lack of hamstring flexibility will lead to hamstring injuries.

5. How to prevent hamstring injuries

In ball sports, hamstring injuries occur when turning sharply or cutting [39], 
whereas in sprinting, injuries often occur while running at high speed [16, 33]. Two 
types of hamstring injuries, defined by the injury mechanism, have been described 
as stretch- and sprint-type hamstring injuries [40]. Stretch-type hamstring injuries 
occur on movements involving a combination of extreme hip flexion and knee exten-
sion such as kicking and maneuvers, whereas sprint-type hamstring injuries occur 
during maximal or near-maximal running movement [41]. Therefore, hamstring 
injury types on ball sports players are of stretch and sprint complex types.

To obtain useful information for a hamstring injury prevention program, it is desir-
able to conduct research on sprinters for track and field. A hamstring prevention program 
for sprinters could become a standard prescription for many events, including ball sports.

5.1 Onset of hamstring injuries related to hamstring weakness

The muscle strength of the hamstrings, hip extensor, and quadriceps was mea-
sured and related to the subsequent occurrence of hamstring injuries over a 1-year 
period of a prospective study [37]. Isokinetic testing was performed on 30 male elite 
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sprinters for the assessment of hip extensors, quadriceps, and hamstring strength. 
The methods used for testing muscle strength simulate the specific muscle action 
during the late swing and early contact phases while sprinting. The strength of the 
hip extensors, quadriceps, and hamstrings, as well as the H/Q ratios, was compared 
between uninjured and injured sprinters.

During the research period, a hamstring injury in one lower limb occurred in six 
sprinters (10.0% of 60 lower extremities). All injuries were sustained while sprinting. 
The participants were divided into the uninjured group (comprised of 48 lower limbs 
in 24 participants) and injured group (comprised 12 lower limbs in six subjects).

At a speed of 60/s, the torque of the hamstrings measured eccentrically about the 
knee and concentrically about the hip was significantly lower for the injured lower 
limb than for the uninjured limb (Figure 3). The differences in H/Q ratios between 
the uninjured and injured lower limbs in the injured group were solely attributable to 
the differences in hamstring strength. These results suggest that the weakness of the 
hamstrings and possibly hip extensors is a cause of injuries (Figure 4).

The onset of hamstring injuries in elite sprinters was related to hamstring weak-
ness during eccentric contractions across the knee and concentric contractions across 
the hip. The identification of sprinters with unilateral weakness of the hip extensors 
and knee flexors may reduce the incidence of hamstring injuries.

This study focused on the relationship between muscle strength and the occur-
rence of hamstring injuries. Other factors such as agility and flexibility may have 
contributed to the occurrence of hamstring injuries.

Figure 3. 
Mean (SD) preseason hamstring strength for sprinters who did not experience the hamstring strain (the 
uninjured: n = 24) compared with sprinters who subsequently sustained the hamstring strain (the injured: n = 6). 
(A): Knee flexion-concentric (B): Knee flexion-eccentric (C): Hip extension-concentric.

Figure 4. 
Mean (SD) preseason functional H/Q on contact (A), (B) and recovery (C), (D) phase for sprinters who did not 
the hamstring strain (the uninjured: n = 24) compared with sprinters who subsequently sustained the hamstring 
strain (the injured: n = 6). (A): Knee flexion-concentric/knee extension-eccentric (B): Hip extension-concentric/
knee extension-eccentric (C): Knee flexion-eccentric/knee extension-concentric (D): Hip extension-concentric/
knee extension-concentric.
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5.2 Effects of prevention program on hamstring injuries

A total of 613 collegiate male sprinters employed submaximal/maximal running 
for several runs and supramaximal running for a few runs throughout their 24 years 
of training [6, 19, 25]. The hamstring injury prevention program had become the 
most effective strategy in 24 years. The program was divided into three periods: 
period I that covered four seasons (1988–1991), period II that covered eight seasons 
(1992–1999), and period III that covered 12 seasons (2000–2011).

5.2.1 Strategic combination programs to prevent hamstring injuries

The injury prevention program for sprinters has evolved over time to reflect the 
current most effective strategies for preventing hamstring injuries (Table 2). New 
programs and equipment were developed and introduced for the Olympic Games of 
Seoul, Barcelona, and Sydney. As a result, the number of programs has increased and 
prevention programs evolved [6, 19, 25].

For an appropriate prevention program, the coach modified the program through 
trial and error while investigating causative factors. Consequently, the program aimed 
to improve neuromuscular function, muscle strength, and dynamic flexibility.

Period I only consisted of performing concentric hamstring strengthening with help 
of a traditional leg curl weight machine. Period II is similar to the period I program but 
with additional agility training, including ladder and mini-hurdle exercises. To allow a 
concentric hip extension exercise, a newly developed weight machine was introduced 
in the middle of period II. In period III, eccentric hamstring strengthening exercises 
(Nordic hamstring exercise [42, 43], glute-ham raise exercises, [44], and dynamic 
stretching exercises) were added in addition to the programs implemented in period II.

Objective and 

method

Action and/or Motion (Load) Period

I II III

Strength

Weight macine Knee flexors concentrically (leg curl) (3/5–4/5 of body weight × 10 

repetitions × 3–5 sets)

● ● ●

Hip extensors concentrically (hip extension) (4/5–5/5 of body 

weight ×10 repetitions × 3–5 sets)

● ●

Body weight Knee flexors eccentrically (Nordic hamstring exercise) (lean 

forward slowly × 30–60 seconds × 5 sets)

●

Knee flexors eccentrically and hip extensors/knee flexors 

concentrically (glute-ham raise) (lean forward, downword, and 

upward × 10–20 repetitions × 5 sets)

●

Agility

Ladder 5 types of fast stepping in all directions (10 m × 4 repetitions) ● ●

Mini-hurdle 4 types of one and/or both leg(s) with fast stepping (10 hurdles × 4 

repetitions)

● ●

Flexibility

Dynamic 

stretching

3 types of stretching for muscles around hip joint (20 m × 1 

repetitiion)

●

Table 2. 
Description of the standard preventive program for hamstring injuries.
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The sprinters performed all program parts according to the loads, actions, and 
motions designated for each program, as mentioned in Table 1. In each case, the pro-
gram used was modified according to the coach’s judgment, considering the condition 
of the sprinter. Strength training was considered as a part of the weight training, and 
agility/flexibility training was performed during warm-ups.

5.2.2 Prescription for volume/quality of overall sprint training throughout the year

Figure 5 presents the standard program with usual and special training arranged 
for the overall sprint training applied throughout the year. Training program was 
divided into six phases: recovery, basic training, preseason, first season, interseason, 
and second season.

Excluding the recovery phase, the regular training for submaximal and maximum 
running was completed in five phases. In contrast, specialized training for supramax-
imal running was carried out within a short time, weeks, in four phases, eliminating 
the recovery and basic phases. With modifications to volume and quality, three types 
of running—submaximal, maximum, and supramaximal—were carried out through-
out the year, except for the recovery phase.

5.2.3 Submaximal and maximal running for volume training

Submaximal and maximal running types are types of volume training (Figure 5). 
Submaximal and maximal running types have sufficient volume to cause overload, 

Figure 5. 
Concepts of overall sprint training program throughout the year.
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followed by acute fatigue. Usual training helps sprinters achieve submaximal and 
maximal running speed by repeated acute fatigue, which causes an adaptive response. 
Submaximal running and maximal running were practiced with independent efforts 
(non-assisted) or under an increased workload, such as running uphill or using a 
sled (resisted). Therefore, the usual training for submaximal and maximal running 
comprises several runs (Table 3).

5.2.4 Supramaximal running for quality training

Supramaximal running is a type of quality training. Therefore, this training was con-
ducted at that point in the overall sprint training schedule when the quality was improved 
or when it was high. Moreover, the total volume of training decreased (Figure 5).

Supramaximal running for special training was practiced with assistance in tow 
training. Tow training was performed using a towing machine (Figure 6) and a rubber 
tube [6, 25, 45]. The rate of increase in the velocity of a sprinter is up to 103–107% during 
supramaximal running [45–50]. In sprinters, the generated higher force with overspeed 
training is postulated to be related to hamstring injuries in supramaximal running. The 
researchers and coaches have highlighted issues related to hamstring injuries [50–52].

On the other hand, muscle fatigue is a risk factor for hamstring injuries [33, 53, 54]. 
Therefore, supramaximal running was performed following a day off or on an indi-
vidual practice day when the lowest muscle fatigue was expected. Each sprinter was 
involved in 2–5 runs/day for 15–25 days/season. In reality, over a season, the number 
of runs per sprinter ranged from 20 to 30. Special sprint training for supramaximal 
running includes a few runs (Table 4).

Training Contents

BasicTraining:① Pre-season:②

30 minutes build up every 10 minutes for Cross–Country

100 m at 70% OR 200 m at 60% 10–20 repetition for Up Hill 

Running

100–150 m 10 kg – Weights x 5 repetitions on Sled for Resistance 

Running.

200–300 m at 60% 10 repetitions

250–400 m at 60% 10 repetitions

50–100 m 10 kg–Weights x 5 repetitions 

on Sled for Resistance Running

150–200 m at 80–90% 3 repetition x 2–4 

sets

300 m at 70–80% 5 repetitions 1–2 sets

1st and 2nd–season:③ Inter–season:④

50–100 m 5 kg–Weights x 2 repetitions on Sled for Resistance 

Running

30–60 m at 90–100% 5 repetitions for Start Dash and (100 m at 

95%, 150 m at 95%, 200 m at 90%) 1–2 sets

30–60 m at 90–100% 5 repetitions for Start Dash and (100–

120 m at 95%) 3–5 repetitions, 50 m at a constant tempo for Skip 

x 5 repetitions

30–60 m at 90–100% 5 repetitions for Start Dash and (200 mat 

90%, 400 m at 90%) 1–2 sets

30–60 m at 90–100% x 5 repetitions for Start Dash and 

(250–300 m at 90%) 3–5 repetitions, 50–100 m at a constant 

tempo for Skip 3–5 repetitions

50–100 m 5 kg Weights 2 repetitions on 

Sled for Resistance Running

150 m at 90% 3 repetitions 2–3 sets

(150–200 m at 85%) 5 repetitions, 50 m at 

a constant tempo for Skip x 5 repetitions

250–300 m at 90% 3 repetitions 1–2 set

(200–300 m at 85%) 3–5 repetitions 

50–100 m at a constant tempo for Skip 

3–5 repetitions

*The sprinters practiced as a sprint training of either content during each phase.
*Percentage represents the rate of increase in running velocity.

Table 3. 
Contents of usual sprint training for submaximal and maximal running.
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5.2.5 Effective strategic combination programs to prevent hamstring injuries

The injury risk increases in fatigue conditions [53, 54]. Fatigue conditions may 
lead to dys-synergic contraction of different muscle groups, lack of muscle strength, 
and decreased muscle endurance causing hamstring injuries [33]. Therefore, supra-
maximal runs were practiced with fewer repetitions because of the fatigued states 
of the sprinters. The effective strategic combination of prevention programs, agility, 
strength, and flexibility could reduce the incidence of hamstring injuries (Figure 7).

Agility program allows learning the rapid motion needed to cope with supramaxi-
mal running. Sprinters who practiced using ladders and mini-hurdles exhibited rapid 
stepping equivalent to or faster than the stride frequency that had been observed 
during supramaximal running [6]. Motion training at a high level, such as supramaxi-
mal running, which requires a quick sprinting motion, incorporates the learning of 
new muscle recruitment patterns that involve peripheral sensory input. The muscle 
synergy adapted to high-level sprinting motion was likely acquired by all sprinters 
using ladders and mini-hurdles. Thus, the incidence of hamstring injuries decreased 
during supramaximal running.

Strength program applies an eccentric load to the hamstring through the trunk 
position at the injury position. During supramaximal training, eccentric strength 
program worked well against load on the hamstrings. The incidence of hamstring 
injuries during period III with eccentric strength program decreased compared with 
the period I. All sprinters strengthened their hamstrings with leg curls, hip exten-
sions, and two types of modified Nordic hamstring exercises. This likely decreased 
the incidence of hamstring injuries during supramaximal running.

With dynamic stretching, the neuromuscular system becomes a softer mus-
culotendinous system with increased length and allows the performance of larger 

Training Contents

Pre-season and 1 st season:⑤ 1st, 2nd and Inter-season:⑥,⑦

50–100 m at 105% × 3–5 repetition 50 m at 105–110% × 3 repetition

50 m at 105–110% × 1

*The sprinters selected the distanse, the rate of increase in running velocity and numbers in towing during each phase.

Table 4. 
Contents of special sprint training for supramaximal running.

Figure 6. 
Supramaximal running in towing system.
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movements [55]. The goal of dynamic stretching is to provide flexibility in the 
lumbopelvic region muscles. Moreover, it adapts the hip joint to a mobile state where 
dynamic flexibility is secured. The hip joint movement adapted to supramaximal 
running may be acquired by stretching the hamstring, quadriceps femoris, and other 
muscles during active joint movements. Dynamic stretching is conjectured to func-
tion effectively in preventing hamstring injuries while assisting athletes to perform 
at a high level. Dynamic stretching is potentially effective in preventing hamstring 
injuries in supramaximal running.

By implementing three hamstring injury programs simultaneously—agility, 
strength, and flexibility—we can demonstrate their relative effects on injury reduc-
tion. Therefore, investigating what program or combination is the most effective is 
necessary. The combination of prevention programs, agility, strength, and flexibility, 
reduced the incidences of hamstring injuries. The prevention program was effective 
in supramaximal running because only a few runs were made due to the fatigued 
states of the sprinter.

5.2.6 Muscle fatigue condition: a crucial risk factor for hamstring injuries

Usual training has sufficient volume and intensity to cause overload, followed 
by acute fatigue [19]. The yearly summation of several training programs will result 
in greater fatigue and subsequent supercompensation response [56]. This adaptive 
response will leave the participant in a healthier state than the previous state [56]. 
Therefore, usual sprint training for submaximal and maximal running contains 
several runs. Even if the program could prevent hamstring injuries during submaxi-
mal/maximal running with a sufficient volume for several runs in usual training, the 
incidence of hamstring injuries did not decrease (Figure 8).

Fatigue has an impact on muscle activation and function, including lumbopelvic 
control, knee stability, leg stiffness, and muscle-tendon unit energy transfer [53]. 

Figure 7. 
Hamstring injury rate during supramaximal running.
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Alterations in running kinematics, such as the “Groucho position” caused by fatigue, 
minimize exercise efficiency while elevating force moments. Additionally, it is associ-
ated with increased stress on contractile muscle units. Theoretically, there is a risk of 
damage to the hamstrings [53].

In usual training, which causes muscle fatigue following several runs, the physical 
performance of increased strength, agility, and flexibility with prevention programs 
may not have positive effects on hamstring activation and function. Hamstring injury 
prevention program had no effect on the fatigued hamstrings, muscle groups, hip 
extensors, and knee flexors.

6. Practical applications

The combination of three programs, agility, strength, and flexibility contributes 
well to sprinters for the prevention of muscle injuries. Moreover, the prescription 
should consider conditioning depending on sprinters.

In running-based training, clarifying and considering the time set for a distance 
are important to not only improve performance but also prevent injuries. In usual 
training for several runs, it is difficult to clear the set time because of fatigue caused by 
repeated running. At that time, “Groucho running” patterns may be observed because 
of poor muscle activation and function [53]. A sprinter unable to clear the time set by 
the coach will not achieve the training purpose. Therefore, for running-based training, 
sprinters should carefully monitor the running time and inform the training load so 
that the athletes are objectively exposed to the appropriate training volume [54].

Furthermore, it is also important to subjectively consider fatigue. Coaches should 
check the physical condition (degree of fatigue) of the sprinters before training using a 
numerical value (e.g., visual analog scale) to quantify the physical condition of the sprint-
ers (Table 4). Sprinters should measure body temperature, heart rate, and flexibility in 
the morning daily and translate their values into subjective physical condition on a scale 

Figure 8. 
Hamstring injury rate during submaximal and maximal running.
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of 1 (very bad) to 5 (very good). If sprinters rate themselves as a scale 1 or 2 when they 
experience muscle pain or tightness, then their coach can make sprinters stop training or 
practice training with quality and volume adjustment. Sprinters often rate themselves as 
scale 3 or 4. Sprinters rate themselves as 5 that is led by peaking for a match.

Coaches, trainers, and sports doctors encourage sprinters in training cessation for 
objective and subjective monitoring of the degree of fatigue and to avoid the risk of 
injuries.

To date, the usefulness of measuring muscle stiffness for muscle fatigue has been 
studied [57]. It has been reported that muscle stiffness increases by performing 
fatigue tasks [58]. In recent years, new technologies have made it possible to measure 
muscles stiffness [59]. It may be an effective means for objective assessment of the 
daily, weekly, and seasonal muscle condition of a sprinter (Table 5).

Furthermore, hamstring injury programs should include high-intensity aerobic 
exercises during the basic training period [60] as previous papers demonstrated the 
presence of strength-endurance deficits by these injuries [61]. The overall improve-
ment in fitness levels minimizes the fatigue burden [54].

Regardless of the training efficacy, the presence of risk factors makes the program 
unacceptable. Therefore, monitoring is necessary to ensure the efficacy of provided 
training without spikes in training load or any risks for hamstring injuries [54].

7. Implications and future directions

The more sprint performance improves, the higher the incidence of hamstring 
injuries [16, 26], and it is still higher in elite sprinters. A hamstring prevention pro-
gram is possible by building a support system for program methods (contents) with 
techniques and strategies based on data accumulation and cooperation of coaches, 
researchers, trainers, and sports doctors (Figure 9).

Future research should verify the effectiveness of this preventive program for 
hamstring injuries in sprinters. In addition, for more effective prevention, nonmodi-
fiable factors such as anterior pelvic tilt, fiber-type distribution, and previous injury 
[62] may have been taken into consideration during program execution [6].

Subjective Scale Physical Condition

1 Very Bad

2 Bad

3 Neither Bad or Good

4 Good

5 Very Good

Sprinters measure body temperature, heart rate, and flexibility in the morning on every day, translate their values into 
subjective physical condition on a scale of 1–5.
Sprinters rate themselves scale 1 or 2 when they experience the muscle pain or tightness. Then, the coach makes sprinters 
stop training or practice training with quality and volume adjustment.
Sprinters often rate themselves scale 3 or 4.
Sprinters rate themselves scale 5 that is led by peaking for a match.

Table 5. 
Subjective scale for physical condition for sprinters.
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