®

Check for
updates

Athletics, Sprints, Hurdles, High

12

Jump, Long Jump, Triple Jump,
Distance Running

Gian Luigi Canata, Valentina Casale,
Antonella Ferrario, Enrico Ferranti Calderoni,
Giacomo Zanon, and Franco Bidoglio

12.1 Introduction

Athletics, also known as track and field, is a
group of sport events including running, jump-
ing, and throwing. Track and field athletics was
included in the first modern Olympic Games in
1896, and currently can be classified into four
main categories [1]:

e Track events, including sprints (100, 200, and
400 m), middle-distance running (800 and
1500 m), long-distance running (5000 and
10,000 m), hurdling (100 m for women, 110 m
for men and 400 m for both), relays (4 x 100
and 4 x 400 m), and 3000 m steeplechase.

 Field events, including long jump, triple jump,
high jump, pole vault, shot put and discus, jav-
elin and hammer throw.

* Road events, including marathon, 20-km race
walk for women, 20- and 50-km race walks
for men.
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e Combined events, including heptathlon for
women and decathlon for men.

Disciplines like sprint, hurdles, and jumps
have a high incidence of acute, traumatic events
(e.g., hamstring or calf injuries in the 100 m),
while sports like middle- or long-distance run-
ning typically predispose to overuse injuries such
as bone stress fractures and tendinopathy [2-5].
The risk of injury depends on different biome-
chanics and technical movements, as well as the
implements used, the training workload and the
duration of practice [6].

Although each discipline is characterized by
different physical, mechanical, technical, and
psychological demands, in fact, the practice of
track and field carries the risk of injury during
both competing and training [5, 7-15].

Despite differences, in fact, all track and field
disciplines highly involve the musculoskeletal
system, composed by muscle, tendon, bone, car-
tilage, ligament, and soft tissue. When repeated
mechanical loading exceeds the remodeling
capability of the structures under stress, together
with insufficient recovery and undertrained con-
ditions, an overuse injury may develop [16].

Running disciplines require long periods of
repetitive stress on musculoskeletal system,
resulting in a high rate of overuse injuries. The
field events are characterized by the generation of
maximum force in a short time lapse instead,
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with maximal muscle contractions causing high
stress [2].

Factors such as athlete’s growth and matura-
tion process, anatomical characteristics, muscle-
tendon imbalance, history of prior injury,
menstrual dysfunction, and psychological aspects
should also be taken into account as intrinsic fac-
tors. Training workload, competition schedule,
resting time, sports-specific characteristics, train-
ing environment, and equipment influence as
extrinsic factors the development of such injuries
[17]. In pole vault, there is also a relative risk of
serious head and cervical injuries [18].

12.2 Injury Epidemiology

During elite Athletic Championships, the overall
incidence is nearly 130 injuries per 1000 regis-
tered athletes [12, 19-21].

Patellar tendinopathy, Achilles tendinopathy,
the medial tibial stress syndrome (MTSS), ham-
string strains, plantar fasciitis, stress fractures of
metatarsal bones, and the tibia and ankle sprains
have been reported as the most frequently diag-
nosed injuries during track and field events [7,
15, 22-27].

It is widely assumed that overuse injuries rep-
resent the majority of all injuries in track and
field, and they usually affect the lower extremi-
ties with rates from 60% to 100% [2, 5, 9, 14, 15,
28, 29].

Musculo-tendinous injuries are usually corre-
lated with explosive events such as sprints and
jumps, mostly due to indirect forces on the
muscle-tendon junction, which is well-known as
a weak point [6].

Thigh strain is the most frequent diagnosis,
especially hamstring strain [12, 22]. Several fac-
tors play a role in occurrence of such injuries,
like hamstring mechanics during the sprint phase
[30], strength imbalances [31], flexibility, fatigue,
age, ethnicity, and the severity of previous inju-
ries [13, 32].

Other main injuries during such events are
lower leg strains, ankle sprains, and trunk muscle
cramps, most frequently caused by overuse [8,
11, 12, 19, 22]. Lower back injuries are common

as well, especially among sprinters, jumpers, and
throwers [6, 10]. This can be explained consider-
ing that all track and field disciplines require a
good back and abdomen sheathing to effectively
transmit the force to the lower extremities [6].

Young athletes have been reported to be at
higher injury risks than adults [33], especially in
middle- and long-distance running [9]. This par-
ticularly concerns the adolescent athletes. The
musculoskeletal system of a growing athlete, in
fact, is more vulnerable to specific injuries, such
as epiphyseal traumatic injuries or apophysis
overuse injuries [34-36]. Nevertheless, still very
little is known about sports injury and complaint
profiles of adolescent elite athletes [37].

During an athletic season, only a small per-
centage of injuries can be classified as traumatic
[5, 9]. Considering the overall incidence, the
relationship between rate and training loads
seems to be directly proportional [9, 15, 38].

Furthermore, it has been reported that a higher
rate of injuries occurs during training (60-91%)
than during competition (9-30%) [2, 4, 10, 39].
Most of the season time, in fact, is spent in train-
ing rather than competition [10, 39].

During athletic championships, athletes com-
peting in disciplines like combined events, stee-
plechase, and middle- and long-distance running
are at higher risk of developing overuse injuries
above all [11, 12, 19, 22]. The rate of in-
competition injuries has been reported as up to
three times higher than the rate of training disor-
ders [22]. During championships, in fact, athletes
spend less time in training than during season
[28]. Furthermore, during competition the maxi-
mum effort required can facilitate the develop-
ment of injuries, reducing the awareness of a
potential disorder at an early stage as well [22].

12.3 Track Disciplines
12.3.1 Sprint

Sprinting requires a huge muscle mass for an
explosive lower extremity activity (Fig. 12.1). As
a result, the most frequently reported injuries
involve the lower limb, in particular hamstring
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Fig. 12.1 Sprint finish line

and rectus femoris strains [5, 8-10, 15, 18], as
well as Achilles tendon ruptures [9] and/or back
injuries [10].

Hamstring injuries are very common among
sprinters, especially involving the biceps femoris
[40] and are more frequent in males than female
athletes [12].

It has been suggested that during both the late
swing phase [41] and the early phase of sprinting
[42] hamstrings are more prone to develop injury.

Referring to indirect muscle injuries, the
eccentric contraction plays a key role in the
pathogenesis of muscle strains. Mechanical fac-
tors based on overstretching can lead to sarco-
meres fibers disruption, vessels lesion,
cytoskeletal proteins, and sarcoplasmic reticulum
damages [43, 44]. Fast contraction muscle fibers,
as well as bi-poliarticular muscles and musculo-
tendinous junctions can be considered as the
most susceptible to injuries structures [45].

Achilles tendinopathy is usually correlated with
explosive events such as sprints, hurdles, and
jumps, but it may develop among middle- and

long-distance runners too [2, 28]. It can be consid-
ered as the most common overuse injury occurring
among sprinters and hurdlers [6]. It has been high-
lighted how an appropriate loading and adaptation
may increase cross-sectional are and tensile
strength of the tendons. Conversely, immobiliza-
tion and inappropriate adaptation may cause ten-
don degeneration and the development of
tendinopathy. Tissue adaptive changes, -either
physiological or pathological, are in fact influ-
enced by the response of the peripheral nervous
system and its messengers to external forces such
as mechanical loading to the tendon [46].
Biomechanical causes of the development of
Achilles tendinopathy may be intrinsic (such as
avascularity,  malalignment,  hyperpronation,
imbalance of the agonist—antagonist muscle action,
poor running style, insufficient warm-up and
stretching before sports, age and eccentric loading
of the Achilles tendon with a dorsiflexed foot) or
extrinsic (ground surfaces, excessive increase in
sports activity, repetitive mechanical loadings, or
old footgear by changing alignment) [47].
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When the inflammation involves the peritendinous
sheaths without any pathological changes in the
tendon itself, the term Achilles peritendinopathy is
more appropriate [48, 49].

12.3.2 Hurdles

Hurdlers and steeplechasers are frequently
injured by the obstacles they must jump over
[18]. Steeplechasers, as well as middle- and long-
distance runners, show higher risk of injury com-
pared to other disciplines. Despite these, events
require lower intensity of exercise, the time spent
in training and/or in competition is longer, caus-
ing a higher risk of developing overuse injuries
[12].

Among both male and female hurdlers, most
injuries are located in the thigh (especially as
muscle strains), while hip and groin disorders
especially affect males, and knee injuries mostly
concern females [7].

Focusing on groin pain, it usually develops in
sports requiring a combination of sudden and
sharp movements involving the hip adductor and
the abdominal musculature [50-52]. The main
risk factors include adductor muscle weakness,
greater hip adductor to abductor strength ratio,
sport specificity of training, and the amount of
pre-season sport-specific training [53]. Torsion
and traction at the insertion of the involved mus-
cle groups can cause functional overuse and
repeated microtraumas [54]. The insertional ten-
dinopathy of the adductors and rectus abdominis
are the most frequent causes of groin [50].

As mentioned above, Achilles tendinopathy is
a common injury above runners, including hur-
dlers [6]. Risk factors may be intrinsic (such as
forefoot or varus deformity, pes cavus, leg length
discrepancy, limited mobility of the subtalar
joint) and extrinsic (excessive overload training,
excessive eccentric loading, hard surfaces, poor
shock absorption) [55-57].

Activities requiring explosive acceleration,
sudden changes in direction, jumping and sprint-
ing predispose to such an injury [58-60].

Considering the insertional Achilles tendinop-
athy, in particular, muscle-tendon stiffness

fatigue-induced or contracture/imbalance of gas-
trocnemius, soleus, and anterior tibialis muscles
increase the stress on the insertional zone of the
tendon [58].

12.3.3 Distance Running

Middle- and long-distance runners are usually
leaner, have greater endurance requirements, and
are more likely to suffer from chronic injuries
then athletes participating in other disciplines [3]
(Fig. 12.2).

The most frequently diagnosed disorders dur-
ing long-distance events are in fact patellofemo-
ral syndrome (PFS), medial tibial stress syndrome
(MTSS), Achilles tendinopathy, iliotibial band
friction syndrome, plantar fasciitis and stress
fractures of the metatarsal bones, the sesamoid
bone, and the tibia [6, 24, 29, 61, 62] (Figs. 12.3
and 12.4). Less common disorders are ankle
sprains, hamstring muscle injury and tendinopa-
thy, gastrocnemius muscle injury, trochanteric
bursitis, low back pain, tibial posterior and hip

Fig. 12.2 Three thousand meter steeplechase
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Fig. 12.3 MRI showing a sesamoid stress fracture (yel-
low arrow)

adductor tendinopathy, infrapatellar bursitis, and
knee sprain [24].

The overall incidence of injuries may vary
from 6.8 to 59 injuries per 1000 h of exposure to
running [24]. This large variation is due to dif-
ferences in the definition of injury, as well as
study populations, type of run, and follow-up
periods [63].

Acute injuries are rare among these disci-
plines, mainly consisting of muscle injuries,
sprains, or skin lesions [64]. Eighty percent of
running disorders are overuse injuries instead,
mostly involving the lower extremity and the
knee in particular [29].

The MTSS has been reported as the most fre-
quently diagnosed musculoskeletal injury among
middle- and long-distance runners [24]. The main
pathomechanical process is related to repetitive
contraction of the posterior tibial, soleus, and/or
flexor digitorum longus muscles during both the
landing and the propulsion phases of running.
This repetitive process can generate excessive
stress on the tibia, resulting in the development of
inflammation at the insertion of the periosteal
[65-68]. Another cause of MTSS is an inadequate

Fig. 12.4 MRI showing a tibial stress fracture (yellow
arrow)

capacity of bone remodeling, due to the repetitive
and constant stress on the tibia after both muscle
contraction and vertical ground reaction during
the landing phase [66, 69]. Furthermore, several
risk factors for the development of MTSS have
been recently proposed: female sex, high weight,
high navicular drop, previous running injuries,
and great hip external rotation with the flexed hip
are some examples [70].
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12.4 Field Disciplines
12.4.1 Jumps

Jumping events require a running approach, thus
the most frequent jumping-related injuries are
usually seen among runners too [5].

Among the field events in athletics, horizontal
jumps (long and triple jump), and vertical jumps
(high jump and pole vault) involve the production
of maximum force in a short period of time
(Fig. 12.5).

The resulting maximal muscle contractions
cause high stress on several body districts.
Disciplines involving plyometrics, such as jump-
ing and landing, are in fact frequently associated
with musculoskeletal injuries of different loca-
tions and types [7, 71].

Most of the disorders affect the lower extremi-
ties, in particular the thigh region [5, 8—10]. The
knee, the ankle and the hip joints are frequently
involved too [7].

Patellar tendinopathy, also called the jumper’s
knee, typically affects athletes involved in repeti-
tive jumps and with a high explosive strength
required [72] (Fig. 12.6). The ground reaction

Fig. 12.5 High jump

force in a long jump take-off, in fact, can corre-
spond up to ten times the body weight [73], and
the resulting forces through the extensor tendons
are proportional to the ground reaction force.
Therefore, a correlation between the loading pat-
tern of the knee extensors and the prevalence of
jumper’s knee may be considered [74].

The main risk factors for the development of
patello-femoral pain (PFP) may be classified as
anatomical (such as enhanced femoral antever-
sion, trochlear dysplasia, patella alta and baja,
excessive foot pronation) and biomechanical
(muscle tightness or weakness, generalized joint
laxity, and gait abnormalities) [72, 75].

Pole vault can be considered as the highest
risk jump event [13]. It also represents the track
and field discipline with the highest risk of mor-
tality, mainly due to the landing phase directly
onto the head or neck [18]. Head injuries, spinal
fractures, brain stem injuries, and pneumothorax
are some examples of possible traumatic events
experienced by pole vaulters [76]. Because of
such potential injuries, it is imperative for the
medical personnel stationed by the vault field to
be highly versed in acute traumatic head and
neck injury management [3].

12.5 Prevention

Several approaches do exist to effectively prevent
track and field injuries [6].

One strategy focuses on the specific character-
istics and risk factors of the most common inju-
ries: the better you know the problem, the better
you can manage it.

Considering hamstring strain as one of the
most frequent injuries among track and field ath-
letes, for example, factors such as hamstring
mechanics during sprinting, strength imbalances,
athlete’s flexibility, effort, age or ethnicity, and
severity of previous disorders play an important
role in developing such an injury [30-32, 77].

Ankle sprains development and gravity are
influenced by the severity of previous injuries,
ankle proprioceptive deficits, altered neuromus-
cular control, postural instability, and strength
deficiency as well [78-80].
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Fig. 12.6 MRI showing
patellar insertional
tendinopathy (yellow
arrow)

Another prevention strategy focuses on the
track and field disciplines with higher injury
risks, such as combined events, middle- and
long-distance running, pole vault, and hurdles [4,
11, 12, 14, 19, 81, 82]. Thoroughly knowing the
biomechanics and metabolic needs of these disci-
plines may help preventing the related most com-
mon injuries [6, 12].

Above all the existing strategies, promptly
treating acute injuries, reducing overtraining
risks, improving strengthening and recovery
schemes, and managing the first episode of injury
with the appropriate treatment and rehabilitation
can be considered as the milestones for an effec-
tive prevention [5, 6, 12].

Also the technical knowledge of the discipline
an athlete practices is paramount for preventing
injuries. This can be explained when considering
the higher incidence of injuries during combined
events. Besides the more intensive training load
required to master several different disciplines, it
should be considered that the athlete might not be

as experienced and prepared in each sport as ath-
letes competing in a single one [22].

Conclusions

Athletics has a great historical background
and is one of the most fascinating individ-
ual sports coupling competition with a con-
stant research of self-improvement.
Top-level activity carries a significant risk
of acute traumatic lesions or overuse inju-
ries. The relationship between rate of inju-
ries and training loads seems to be directly
proportional.

Young athletes are at higher injury risks
than adults, especially in middle- and long-
distance running. The musculoskeletal sys-
tem of a growing athlete is more vulnerable
to specific injuries, and careful training and
well-planned competition programs are
mandatory.
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Sprint and hurdles show a higher risk of
hamstring and rectus femoris strains, as
well as Achilles tendon ruptures. Long-
distance events are more prone to anterior
knee pain, medial tibial stress syndrome,
Achilles tendinopathy, iliotibial band fric-
tion syndrome, plantar fasciitis, and stress
fractures. Anterior knee pain and patellar
tendinopathy affect more frequently jump-
ers. Pole vault can be considered as the
highest risk jump event being the track and
field discipline with the highest risk of
mortality, mainly due to the landing phase
directly onto the head or neck. Careful
selection of the athlete and training in an
appropriate environment are the best pre-
vention strategies, as well as a prompt and
accurate management of acute or overuse
injuries is the best way to safely resume
competition at the same or hopefully even
higher level.
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