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Preface

I have been involved in sports for as long as I can remember. I was always physically 
active growing up, pushed myself as far as I could go in soccer (football), was exposed 
to elite-level athletics, and played with and against players who would go on to ply 
their trade at a professional level. When I became a physician, I had the opportunity 
to amalgamate my love of sports and physical fitness with the discipline of medicine. 
As I have transitioned from competitive athletics to more recreational activity with a 
focus on health and wellness, I have witnessed the ubiquity of sports in our modern 
society. With an ageing population, there is a growing need for sports medicine to 
continue to evolve as more individuals are performing physical feats throughout their 
prolonged lifespan, incurring injuries as a consequence.

The growing rise of sports injuries and the need for evidence-based medicine in 
the treatment of various sport-related injuries have led to my editorship of this 
volume. I have worked in primary care, orthopedics, trauma surgery, and sports 
medicine. Each of these disciplines offers various levels of expertise as regards the 
diagnosis, prevention, treatment, and rehabilitation of sports-related injuries. As a 
medical provider who emphasizes the importance of physical fitness, over the years 
I have developed a keen sense of how to develop strong relationships with athletes 
to optimize their treatment regimens and enhance their performance. I am able to 
understand the stress these athletes’ bodies endure, the pathophysiology behind 
various mechanical injuries, and the importance of the mental aspect of an athlete’s 
road to recovery.

Sports medicine is a very intellectually thought-provoking field. As a former 
athlete, I enjoy the opportunity to be part of high-performing teams that sports 
medicine allows. The patients are often highly motivated, and other staff including 
trainers, physical therapists, coaches, and various other stakeholders all strive to 
achieve success together. On a more individual level, the ability to diagnose an 
ailment based on a well-taken history and thorough physical examination gives 
the medical provider a sense of satisfaction that they are alleviating suffering and 
improving patient care.

The chapters in this book reflect the expansion of sports medicine and its growing 
influence on healthcare. Production of the book would not have been possible without 
the contributions of the authors who are all experts in their respective fields of interest. 
I would like to thank Dr. Stanislaw Stawicki for his continued support throughout my 
academic medical journey. Lastly, I would like to thank the IntechOpen access commu-
nity for providing scientifically curious minds with a platform to share and disseminate 
their work. I hope this book will aid all those who participate in sports and physical 
activity.
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Chapter 1

Prevalent Orthopedic Injuries in
Recreational Athletes after
SARS-COV2 Lockdown: An
Orthopedic Surgeon’s Point of View
in Order to Help Sport’s Physicians
Daily Practice
Rodrigo Alonso Martínez Stenger

Abstract

The conditions of compulsory social isolation in the course of 2020 due to severe
acute respiratory syndrome coronavirus 2 (SARS-COV2) have forced even the most
active individual to reduce their level of training and/or acquire sedentary habits. The
effects of confinement have caused disarrangement, reflected in the loss of physical
fitness because of lack of or decrease in training and changes in diet and healthy
lifestyle. It has also caused modifications in psychosocial plane. This review analyzes
the most frequently seen orthopedic injuries in recreational sports athletes after lock-
down: muscle injuries, tendinopathies, acute or stress fractures, medial tibial stress
syndrome, sprains, dislocations, and fasciitis.

Keywords: orthopedic injuries, risk factors, recreational athletes, lockdown

1. Introduction

Many recreational athletes who resumed their practice after a long period of
detraining rejoined without noticing fatigue and discomfort, which precede the onset
of pain. This situation, added to an incorrect periodization, graduation, and progres-
sion of workloads; inadequate nutrition and hydration; incorrect execution of the
sports gesture with inappropriate movement patterns; and lack of rest and post-
exercise recovery, generated a predisposition to suffer damage in some body tissues
[1]. It should be noted that these situations occurred in stages prior to COVID-19
pandemic situation, but actually their prevalence has currently increased.

There are multiple variables that need to be addressed in order to recommend
how to perform physical activities: type, frequency, intensity, duration, and density.
There exist many guides related to this topic, but the special situation related to
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COVID-19 generated high interest aimed to avoid injuries after an extended period of
untraining [1].

The epidemiological analysis of sports injuries started with Dr. Roald Bahr’s work.
He described a methodological approach for the study of risk factors on sports injuries
using Meeuwisse’s multifactorial dynamic model in 2003 [2, 3]. Subsequently, several
guidelines follow one another in terms of prevention strategies: from the linear cause-
effect postulates of Quatman et al. [4] to the interactive models of Mendiguchia et al.
[5] and complex systems, which have become widely known today with their “web of
determinants” or “neural network” [6]. Broadly speaking, these works allow us to
distinguish:

a. Internal risk factors, specific to each individual, which in turn are divided into
nonmodifiable (age, anatomy, sex, previous injury, etc.) and modifiable
(flexibility, dexterity, body composition, aerobic capacity, strength,
neuromuscular control, etc.). They act as predisposers;

b. External risk factors, which correspond to characteristics of the external
environment (playing field, footwear, equipment, etc.);

c. Inciting event, which can appear as a game situation, position of a joint in the
surface on the ground, inappropriate movement pattern, collision, fall, etc.;

d. Training load, which is the stimulus applied to obtain an adaptive response. It
must be prescribed appropriately because excessive workloads will produce
fatigue and negative physiological effects as well as insufficient ones. On the
other hand, appropriate stimuli will improve physical fitness, causing a positive
physiological adaptation to the stress that it produces.

This is a dynamic process, since all these factors are interrelated and interact in
multiple ways [6].

Figure 1.
Modified from “How do training and competition workloads relate to injury? The workload-injury etiology
model.”
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Ideal athletes do not exist because they all have internal risk factors (Figure 1). The
predisposed individual becomes susceptible when exposed to external risk factors.
This fact, added to the application of a workload and the occurrence of an inciting
event, can result in an adaptation to this stimulus or produce a failure/fatigue in the
athlete’s biopsychomechanics, with consequent damage to the different tissues of the
anatomy and/or the psychic apparatus.

Excessive workload will cause an injury. Athletes can return to play with previous
rehabilitation or not recover from this event.

Appropriate workload will generate adaptation, and this situation may modify
internal risk factors.

Almost every injury is suffered as a devastating experience for an athlete.
However, there is a large amount of evidence regarding the most effective treatment
options for a particular type of injury in order to achieve an adequate return to play.
It is important to note that there are many variables to have in mind when
determining a treatment. Many of these factors have not been considered in the
systematic reviews that were taken as a reference in this article, which represents an
important area of research to be developed. These limitations, the quality of evidence
and patient preferences, must be included when determining an appropriate
treatment.

The analysis of epidemiological data is essential to identify risk factors, sport-
specific patterns, and injury mechanisms, allowing to propose in this way prevention
strategies that range from the introduction of protective equipment to changes in
regulations and the field of play among other possible interventions in order to reduce
the athlete’s time out of training or competition. It will allow us to make effective
decisions on preventive actions.

2. Muscle injuries

Muscle generates movement by contracting or relaxing. It makes up 40–45% of
the total body mass. It is enveloped by fascia and attached to the skeleton by
tendons. There are two types of muscle: striated (skeletal and cardiac) and smooth
(found in the wall of hollow organs, for example). Its functional unit is the muscle
fiber (or muscle cell), and there are two classes: red (type 1) and white (type 2) [7].
Type 1 fibers are slow-contracting fibers and resistant to fatigue, since they are
located in postural muscles of the trunk (continuous activity). On the other hand,
type 2 fibers are fast-contracting fibers, since they are located in upper and lower
limbs.

Its functions include generating movement and mechanical energy (stored in
glycogen), providing joint stability and protection to other deeper tissues, maintaining
posture, and providing heat to the human body. It is an organ of greater adaptability
since, being trainable, it can increase its strength and size [8]. It also has an endocrine
function: acting on the brain (cognitive function), bone (mineralization), liver (car-
bohydrate metabolism), immune system (modulation), and adipose tissue (thermo-
genesis), among others [9].

Functional and structural muscle injuries [10] are produced by stretching too
fast too far. Most of them are caused by noncontact situation: overload or overexertion
[11]. They can also be generated by violent contraction against resistance or sudden
uncoordinated and involuntary elongation. They are the most frequent injuries in
athletes, and almost all of them occur at myotendinous junction [12]. It predominantly
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affects lower limbs (more frequently hamstrings). Modifiable risk factors can be
identified: acceleration or deceleration movements, lack of warm-up and return to
calm, muscle fatigue, large volume of training, and anabolic intake, among others.
NOT modifiable risk factors include age older than 30 years, previous tear,
biarticular muscles with type 2 fibers [13], etc. In order to diagnose muscle injuries,
we recommend to start with a precise history of the occurrence, the circumstances,
the symptoms, previous problems, followed by a careful clinical examination with
inspection, palpation of the injured area, comparison to the other side, and testing
of the function of the muscles. We will focus on structural muscle injuries in this
review. There may be pain, functional disability or limitation (inability or decreased
mobility of the affected area), local inflammation, hematoma, and sometimes
audible “clicking.” On certain occasions, when a frank muscular rupture occurs, a
“gap” (defect similar to sinking) can be observed in the affected surface. It is
important to establish a correlation of having made an exertion with the body
segment involved. Some imaging studies must be carried out to verify the injury.
Broadly speaking, trained sonographers will have no trouble identifying them.
But it should be noted that this is an operator-dependent procedure. On certain
occasions, a magnetic resonance imaging (MRI) will be required to reach an
accurate diagnosis [14]. There are countless muscle injuries classifications, but
currently the one described by FC Barcelona-Aspetar [15] presents the greatest
advantages due to its detailed analysis regarding the type of injury and high-
performance treatment strategy. It refers to the extracellular matrix involvement.
For practical purposes, we will combine O’Donoghue [16] (symptoms-based) and
Takebayashi et al. [17] (ultrasound-based) classification, which describes the
following three types:

• Grade I: normal architecture, no appreciable tissue tear.

• Grade II: partial rupture of muscle fibers, with reduced strength of
musculotendinous unit.

• Grade III: total rupture and complete loss of function.

Treatment will be conservative in grades I and II and will follow the premises of
POLICE rule [18]. “P” represents Protection. During the first 48 hours after the event
occurred, the body weight will be unloaded (do not support the body segment
involved). If lower limbs are affected, a pair of crutches may be used. “OL” implies
starting gradually and progressively Optimal Loading. Quick mobilization prevents
hypertrophic scars and avoids reposterior ruptures; that is why patients should start
loading if they are able to. “I” stands for Ice, to be applied in periods of approximately
15–20 minutes, every 30 minutes. “C” refers to Compression, which can be applied
with an elastic bandage, thigh, calf, etc. “E” symbolizes Elevation of the affected limb
in order to reduce edema and consequently pain.

Rehabilitation will be in charge of physiotherapists and involves sequential
strengthening protocols according to pain tolerance and progressive evolution of
patient’s condition [15]. Regarding grade III injuries, surgical or conservative treat-
ment will be considered according to age, functional limitation, affected region,
occupation, activity level, etc. Complications consist of hypertrophic scars, fibrous
nodules, myositis ossificans, and acute or stress compartment syndrome.
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Prevention strategies include muscle eccentric training and strengthening, warm-
up and cool-down practice, stretching, proprioception, correct technique, and
avoiding muscle fatigue [15].

3. Tendinopathies

Tendons are connective tissue bands which insert muscle into bones. They trans-
mit muscle contraction force to the bone in order to generate movement. Its relatively
avascular structure implies a scarce regeneration process (producing nonelastic colla-
gen fibers) if damage occurs [19]. Overuse causes repetitive microtrauma on the
enthesis (insertion zone in the bone), exceeding self-intrinsic repair capacity [20]. It is
important to highlight that these are NOT inflammatory changes. It produces local
degenerative vascular and structural disorganization [21]. We also need to mention
other causes of tendinopathy: rheumatological disorders (psoriasis, rheumatoid
arthritis, etc.), metabolic diseases (gout, diabetes, hypercholesterolemia, etc.), and
toxic (fluorinated) and pharmacological (statins) intake [22–25].

According to Blazina’s classification, tendinopathies can cause pain at the end of
sports practice (type I). It may start with the activity and disappear at the end of it
(type II) or it could be permanent (type III). It can even cause tendon rupture
(type IV). The most affected areas correspond to the medial and lateral elbow
epicondyles (epicondylalgia), knee (patellar tendon), abdomen and pubis (groin
pain—ex pubalgia), shoulder (subacromial compression syndrome—ex rotator cuff
syndrome—most often affects supraspinatus muscle tendon), gluteal tendons, and the
Achilles tendon.

Pain is the most important clinical feature. We can also identify local inflamma-
tion, decline in function or impotence, and reduced exercise tolerance. Sometimes, a
clicking sound may occur if a rupture takes place. Tendinopathies develop gradually
and progressively, although there may be cases of acute onset (especially type IV).
Diagnosis is basically clinical, although images are sometimes required to rule out
other associated injuries. Type I and II treatments consist of sports/work rest, after
identifying the triggering-overloading repetitive action. Other alternative treatments
include extracorporeal shock-wave therapy, nonsteroidal anti-inflammatory drug
(NSAID) administration, kinesic therapies (Ciriax deep massage, eccentric exercises,
etc.), platelet-rich plasma (PRP) injection, or 5% dextrose solution prolotherapy
[26, 27]. Some type III injuries will be capable of nonsurgical treatments. In case it
fails, tendinopathies will require surgery: longitudinal incisions, tenotomies, forage, or
tendoscopy. Type IV injuries will be treated with tenorrhaphy or reinsertion.

4. Acute and stress fractures

Bone is a firm, hard, and resistant organ, which is part of vertebrate endoskeleton.
It constitutes up to approximately 15% of the total body weight and is among the
largest organs/systems of the human body [28]. Adult bone structure mainly includes
cortical bone, cancellous bone (trabecular bone), and bone marrow cavity. Bone
consists of three compartments: bone cells, extracellular organic matrix including
collagen fibers and amorphous matrix, and extracellular minerals [29, 30]. There are
three major types of cells in bone tissue: osteoblast (bone formation), osteoclast
(bone resorption), and osteocytes (bone remodeling). Bone functions include
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supporting body movement, protection of internal organs, calcium storage, and blood
cell production [29]. Recently, increasing studies have revealed that the skeleton
contributes to whole body homeostasis and the maintenance of multiple important
organs/systems, such as hematopoiesis, immune activity, energy metabolism, and
brain function [31, 32].

Fracture is a loss of continuity in the cortical surface of the bone. Plastic deformity
is more frequently seen in pediatric population since bone has a lower elasticity
modulus. Fractures are produced by direct trauma (impact on the affected area),
indirect trauma (at a distance from the region involved by transmission of forces),
stress (repetitive microtraumas), or pre-existing pathologies (bone tumors, metasta-
ses, osteoporosis, etc.).

Symptoms include pain, local swelling, deformity or shortening, hematoma, func-
tional limitation, or impotence. Sometimes, an audible click can take place. Exposed
fractures show a skin wound in direct communication with the inside fracture site.
Acute fractures have a clear traumatic history.

Stress fractures are produced by mechanical overuse in a prolonged period of time
and account for 10% of all overuse sports injuries [33]. They will show progressive
pain, without a clear onset. Bone tissue damage alternates with periods of remodeling,
which causes a delay in the origin of symptoms. A complete cycle of bone turnover
requires 3–4 months. When bone cannot remodel at the pace at which loading
increases, it fractures [34]. Running is the most commonly associated sport—
accounting for 69% of stress fractures [35]. Almost 95% occur in lower extremities
due to the dissipation of ground reaction forces during load-bearing tasks such as
marching, walking, running, or jumping [35]. Stress fractures typically occur in corti-
cal bone in the following areas, in decreasing order of incidence: tibia, tarsal bones,
metatarsals, femur, fibula, and pelvis [36, 37].

The diagnosis of acute fractures is made with simple frontal and profile radiographs
(obliquely is demanded in distal regions: hands and feet). If there is a clear suspicion
with a traumatic history and negative X-rays, sometimes computed tomography (CT)
scan is requested. Periosteal reaction or continuity solution will be observed in one or
both cortical surfaces. We can also use MRI, which will identify bone edema. Stress
fractures will be diagnosed with these procedures or performing bone scintigraphy.

Treatment will be based on age, existence or not of bone exposure, affected bone,
associated injuries, and functional demand of the patient, among other aspects.
Broadly speaking, proximal and distal joint involving affected bone must be
immobilized. POLICE rule will be applied according to tolerance. In other cases,
surgical resolution will be chosen (reduction and osteosynthesis, osteodesis,
arthroplasty, vertebroplasty, or arthrodesis, as appropriate). Exposed fracture consti-
tutes a traumatic emergency and must be resolved in the operating room. Treatment
will include washing and debridement of the wound, attempting to cover the expo-
sure, stabilization of the fracture, antibiotic therapy, and tetanus prophylaxis. Stress
fracture treatment should be analyzed in each particular case depending on the bone
and affected area thereof, activity level of the patient, age, whether or not there is
articular cartilage involvement, etc.

5. Medial tibial stress syndrome (MTSS)

Medial tibial stress syndrome is the most frequent overuse injury in runners
and athletes involved in jumping. Incidences varying from 4–35% are reported, with
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both extremes being derived from military studies [38–40]. Clinically, it shows pain in
posteromedial side of the mid- to distal tibia over a length of at least 5 cm during or
some time after training [41, 42]. From the literature, it is unclear as to whether
tibial stress fracture is a continuum of MTSS. In the 1970s, Roub et al. were the first
to suggest that increased levels of stress to the tibia could result in a spectrum of
bony overload. In this spectrum, the end stage was a cortical fracture. In the
beginning of this spectrum, when bone resorption outpaces bone formation and
replacement of the tibal cortex, MTSS occurs [43]. Differential diagnoses include
nerve compressions, vascular pathologies, exertional compartment syndrome, and
tibial stress fracture, among others [41]. Differentiation can usually be accomplished
without additional imaging. Bone scintigraphy and magnetic resonance imaging
(MRI) are widely used to confirm the diagnosis [44]. Treatment will follow
POLICE rule guidelines. Rest and not supporting body weight is the most important
advice.

6. Sprains

Ligaments are bands of elastic, fibrous connective tissue which hold bones
together. Its function is to maintain “controlled mobility” of joints, giving passive
stability, facilitating, and restricting certain actions. In addition, they give proprio-
ceptive sensitivity to the involved joint. Sprain is considered a transitory loss of
relations in an articular surface due to an overstretched ligament injury. Typically, a
traumatic mechanism causes the ligament to stretch beyond its normal range, leading
to injury. Ankle is the most frequently affected area in athletes.

Due to their clinical relevance in sports, we must mention knee injuries: anterior,
posterior, lateral internal, and external cruciate ligament sprain or rupture, which can
also be associated with meniscal injuries.

Ankle sprains manifest with pain, local inflammation, hematoma, impotence or
functional limitation, clicking, feeling of instability, and intolerance to load. They are
considered acute injuries. 78% of ankle sprains are caused by plantar inversion and
flexion, a mechanism that usually affects the external lateral ligament (most fre-
quently the anterior talofibular ligament).

Differential diagnosis should be made with other injuries that reproduce the same
symptoms but are more serious, so radiographic images will be requested, thus
excluding fractures and/or dislocations. On certain occasions, it will be necessary to
request MRI to rule out soft tissue injuries: peroneal tendons, syndesmosis, deltoid
ligament, etc. According to symptoms, we can classify sprains into three types: (1)
mild, (2) moderate, and (3) severe. Type 1 is characterized by ligament elongation
(sprain) without rupture, little or no functional limitation, mild edema, and joint pain
and stability. In contrast, type 3 manifests with great functional impotence, hema-
toma, edema, pain, and instability due to total ligament rupture accompanied by joint
capsule injury [45]. Treatment in mild grades of nonsports patients with stable ankle
consists of applying POLICE rule for a 4–5-day period using a walker-type boot
during 10 days, followed by gradual and progressive mobility according to tolerance
for 2–3 weeks [46]. Currently, there is controversy regarding the treatment of type 3
sprains in high-performance athletes [45, 47]. Approximately 30% of ankle sprains are
known to evolve into chronic instability, characterized by mobility greater than the
functional limit, pain, edema and swelling, recurrent sprains, and the inability to
perform physical activity. Treatment consists of performing proprioception exercises
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and strengthening peroneal muscles for a 6-week period. Faced with therapeutic
failure, we proceed to surgical resolution.

7. Dislocations

Joints are areas where two or more bones join each other. They are classified into
synarthrosis (immobile), amphiarthrosis (semimobile), and diarthrosis (mobile). In
turn, diarthroses are subdivided into enarthrosis, condylarthrosis, troclearthrosis,
reciprocal socket, trochoids, and arthrodesis. Dislocation is considered the loss of
permanent contact of the articular surfaces, unlike sprain, which is characterized by
being transitory. It can be caused by direct or indirect trauma. Clinically, pain, defor-
mity, hematoma, edema, and inflammation associated with impotence or functional
limitation can be observed. Diagnosis is established by X-ray (at least two projections:
front and profile) where we will observe the “uncoupling” of involved bones. Associ-
ated injuries must also be ruled out. Treatment consists of performing reduction under
anesthesia in the operating room. It constitutes an orthopedic emergency. Affected
joint will be immobilized after evaluating post-reduction joint stability. In a second
time, complementary studies may be requested to verify the indemnity or not of joint
stabilizers. The most frequently affected joint in general population is the shoulder.

8. Fasciitis

Fascia is a connective tissue membrane that lines the muscles. In the plantar
region, this structure is arranged from the base of the heel to the toes forming a wide
band. Plantar fasciitis is the most common cause of heel pain, accounting for 80–90%
of all cases. It is a chronic condition caused by traction on its insertion in the calcaneus
bone. Sometimes, pain radiates toward the fingers. Its etiology remains unknown.
Symptoms usually appear gradually and progressively after prolonged rest, can be
established acutely, manifest during training, or be triggered by just walking or
prolonged standing, in the most severe cases. A third part of all cases are bilateral.
Plantar fasciitis is characterized by the exacerbation of pain on passive dorsiflexion of
the fingers and forefoot, since this maneuver tightens the fascia. It can also be associ-
ated with morning stiffness. Diagnosis is made with the clinical examination. On
certain occasions, images are needed both to rule out other pathologies and to confirm
this condition. Treatment strategies include the use of NSAIDs, heel pads/insoles,
night splints, and kinesic therapy based on stretching exercises and shock waves. In
the case of nonsurgical treatment failure, open or arthroscopic fasciotomy will be
performed.

9. Conclusions

Sports injuries lie in three fundamental aspects and their interrelationships: risk
factors, inciting event, and work training load.

Gradual and progressive return to physical activity is recommended after a
prolonged time of detraining in order to avoid injuries. Exercise must be performed in
a structured and repetitive manner (at least at the beginning) through strength and/or
resistance training.

8

Injuries and Sports Medicine



Strength training should be performed using around 50% percent of maximum
repetition (MR, three concentric and three eccentric with no rest in between). This
planning produces the same benefits than training with 80% of MR (one concentric
set, one eccentric set, and a rest set between them) and does not involve any specific
equipment [48]. Exercises can be done with your own body weight, elastic bands, etc.
Therefore, low-intensity and high-volume plans (lower loads and multiple repeti-
tions) are preferred [49].

Resistance training must involve large muscle groups, such as jumping rope, jog-
ging in place, burpees, and mountain climber.

Ideally, people can work in circuits doing quick repetition series, combining both
strength and resistance training. It allows us to modify a number of circuits, series,
and speed of execution [48].

Physical activity recommendation guidelines [50, 51] suggest 150–300 minutes per
week of resistance training at moderate intensity (allows people to speak, but not
sing) or vigorous (75–150 minutes per week, reaching that magnitude when only a few
words can be told while performing training). Two or three muscle strength training
sessions must be performed per week.

Coordination and balance should also be considered. Warm-up programs decrease
injury rates by 30%. They include activities that increase body temperature and thus
prepare tissues for maximum effort.

Static stretching exercises maintain body parts in a fixed position in order to relax
certain muscles passively for at least 10–25 seconds. It improves flexibility and range
of motion. Cooldown is also recommended when finishing.

If pain appears and/or remains (or even increases) in a period of 24 hours post-
exercise, “too much too soon” could be the reason. Correct technique with proper
movement patterns should always be executed before adding workload. A weekly
increase in workload should not exceed 10%, since values above it contribute to
injuries [52].

There is a better response to small increases (or decreases) in workload than to
larger fluctuations on it.

Finally, you should have in mind that proper rest and recovery are essential part in
training.
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Chapter 2

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] 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.



Injuries and Sports Medicine

24

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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Abstract

Artificial turf ’s developmental history spans 6 generations and includes design 
improvements that transformed an injury-inducing 1st generation field into a modern 
3rd generation natural grass substitute. Artificial turf has become a widely adopted 
playing surface with a $2.7 billion United States Dollar (USD) valuation in North 
America. Turf ’s popularity is due to its increased functionality and decreased cost 
compared to natural grass that allows more sports to play on the surface for longer 
time periods with decreased maintenance costs. From a biomechanical perspective, 
artificial turf exhibits higher frictional coefficients than natural grass resulting in 
higher foot and ankle injury rates. Concussion rates on turf are decreased compared 
to natural grass due to lower G-max values on well-maintained artificial surfaces. Hip, 
knee, and overall injury rates are equivalent between the two surfaces except in spe-
cific populations including elite-level American football players that exhibit increased 
knee injury rates on artificial turf. Due to these tradeoffs, the authors suggest that 
athletic organizations with funding to support professional groundskeeping should 
consider investing in natural grass due to athlete preference and decreased injury risk. 
In contrast, organizations without sufficient funding for professional groundskeep-
ing operations may consider investing in modern artificial turf due to its associated 
long-term benefits and decreased costs.

Keywords: artificial turf, synthetic turf, natural grass, sport fields, playing surfaces, 
comparative injury rates, lower extremity injuries, concussions

1. Introduction

1.1 The problem at large

Injury reduction studies and the strategies such studies create are important meth-
ods used to protect amateur and professional athletes worldwide. Through the process 
of identifying risk factors and taking steps to mitigate them, researchers and athletic 
administrators can take active roles in athlete safety. In the United States (US) alone, 
2.6 million sports-related emergency room visits occur each year for patients in the 
5–25 age range. Such injury rates account for significant financial and time costs for 
athletes and medical personnel, as US high-school athletics result in 500,000 medical 
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visits, 30,000 hospitalizations, and $2 billion USD costs to the US healthcare system 
on average per year [1]. A study of North Carolina high school athletes demonstrated 
that injury-related expenses including medical costs, lost opportunity costs, and 
estimated impact on quality of life totaled an average of $10,432 USD per injury [2]. 
Due to the substantial impact of these athletic injuries at a personal and societal level, 
debates continue to occur regarding the specific equipment, protocols, and playing 
surfaces that will maximize player safety and minimize risk of injury. In this chapter, 
we compare athletic injury rates between artificial turf and natural grass playing 
surfaces. We set out to provide a concise summary and synthesis of the available 
literature, in hopes that this information may be useful to both medical providers and 
athletic administrators who are involved in the care of athletes across all levels of play.

1.2 History of artificial turf

The 1st artificial turf field was installed in 1966 in the Houston Astrodome in 
Houston, Texas [3]. Produced by Monsanto and named AstroTurf, this turf gen-
eration’s design consisted of a thin nylon fiber woven carpet installed over top a 
compacted soil base [3, 4]. In 1969, 3 M produced its own but similar product, Tartan 
Turf, as a direct competitor to Astroturf which was subsequently installed that sum-
mer in the University of Michigan football stadium [4]. Both Astroturf and Tartan 
Turf are considered 1st generation turf fields due to their design and material com-
monalities. This 1st generation design was associated with common skin abrasions, 
ankle sprains due to the prevalent intersectional seams and high friction level of the 
woven carpet, and other injuries due to the non-forgiving solidity of the base mate-
rial [3–9]. Because of these problems, the 2nd generation of artificial turf, Shag Turf, 
quickly evolved and came into use by 1976 [10, 11]. 2nd generation turf improved 
upon the prior design by adding a shock-absorbing rubber pad over the compacted 
soil and replacing the original carpet with vertically positioned polypropylene fibers 
supported in a silica-sand infill [3–7]. This design aided the athletic experience 
through providing a flatter and more routine playing surface that mimicked natural 
grass fields to a higher degree. Unfortunately, these fields exhibited a high propen-
sity to cause serious abrasions to players, which significantly limited their adoption 
among American football and soccer organizations [3, 5, 7, 10–12]. This led to the 
genesis of 3rd generation artificial turf. First installed in a Pennsylvania high school in 
1997, the design took cues from the 2nd generation but with a greater focus on athlete 
safety [3, 13]. Changes between the 2nd and 3rd generation included altering the fiber 
composition from polypropylene to polyethylene to decrease skin abrasions, increas-
ing fiber length, and spreading the fibers laterally to rely more heavily on the infill 
material for structural support and to decrease surface hardness [3, 5, 14]. The infill 
material was made into a deeper layer and switched from silica sand to crumb rubber 
or a mixture of both elements, occasionally also combined with other infill materials 
such as different elastomers, polymers, and organic materials such as coconut fibers, 
cork, and ground walnut shells [3]. These changes were made to increase the shock 
absorbing properties of the playing surface to increase player safety and improve 
agility as well as ball handling characteristics. Technically, additional generations 
of turf exist but their validity remains debated. Companies have claimed develop-
ment of 4th, 5th, and 6th generation artificial turf which all essentially build on the 
same principles of 3rd generation turf, but use specific materials or manufacturing 
processes that eliminate the need for rubber infill. These claims remain debated due 
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to the notion that 4th, 5th, and 6th generation turf exist only as marketing ploys used 
by companies to promote their products as novel developments, when in reality their 
design borrows heavily from 3rd generation turf characteristics [15–17]. Currently, 
the authors are not aware of any major athletic regulatory bodies that recognize these 
designs as unique turf generations, making 3rd generation artificial turf the current 
industry standard for modern turf design.

Today, artificial turf ’s success is represented in its wide adoption at all levels and 
types of athletic competition. In North America alone in 2020, the total value of 
synthetic turf fields was estimated at $2.7 billion USD with a total area of 265 million 
square feet and 436 million pounds of infill material installed [18]. Out of 32 National 
Football League teams, 16 use turf fields across 14 stadiums [19]. With this high 
degree of use, comparison of injury risks between artificial turf and natural grass 
fields could provide applicable information that has the potential to effect millions of 
athletes every year.

1.3 Cost of artificial turf vs. grass injuries

Artificial turf is generally installed as a cost-saving, functional enhancement to 
athletic facilities for its ability to host multiple sports on the same field with minimal 
repair time and lower maintenance costs in comparison to natural grass fields. A 
common misconception surrounding artificial turf is its zero-maintenance nature. 
While artificial turf certainly has a lower maintenance cost than natural grass, it 
still requires a substantial level of upkeep to maintain the surface. Examples of such 
maintenance include debris removal, sanitation and disinfection, watering for heat 
dispersion, field hardness testing and infill replacement, rake sweeping and dragging 
to maintain proper fiber alignment and G-max value, snow removal in the winter, and 
regular certification checks to ensure maintenance is keeping the field within speci-
fication parameters [20, 21]. Even with these maintenance requirements and their 
associated costs, artificial turf still remains a significantly more cost effective option 
in the long term.

An analysis conducted by a field turf industry representative comparing the cost 
differential for an artificial versus natural grass 80,000 square foot field notes this 
cost disparity. Whereas artificial turf has considerably higher initial installation costs 
of $320,000 for base preparation and $400,000 for materials, maintenance costs of 
only $5000 per year significantly drop the long-term price compared to that of a natu-
ral grass field with costs of $150,000 for base preparation; $200,000 for materials; 
and $20,000 annual maintenance costs [6, 22]. Factoring in the significant increase 
in useable hours afforded by an artificial turf field, the 10-year average cost per hour 
of use for a turf field is estimated to be $25.74 whereas that of a natural grass field is 
over 3 times higher at $91.20 [6, 22]. Although these figures were sourced from turf 
industry representatives with potential for bias to promote the widespread adoption 
of turf, these analyses provide a general idea of possible financial savings associated 
with artificial playing surfaces.

1.4 Biomechanical factors

To understand and investigate the injuries associated with playing surface type, 
we must also understand the biomechanical factors at play that have a role in caus-
ing such injuries. At a base level, these factors can be split into two groups - intrinsic 
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factors and extrinsic factors. Intrinsic factors pertain to the athlete and include body 
weight, velocity, acceleration, deceleration, angle of the athlete’s foot and height 
before contact. Extrinsic factors pertain to variables outside of the athlete includ-
ing cleat or shoe design, type of playing surface, and environmental aspects [6, 8]. 
Physics principles also play a role in athlete risk and safety through concepts such 
as coefficient of friction (COF), coefficient of release, coefficient of restitution 
and associated G-max value, and rotational stiffness (Table 1) [6, 8, 14, 24]. These 
principles and their impact on the athlete exist, for the most part, in the interaction 
between the playing surface and the athlete’s footwear.

Athlete shoe or cleat choice plays a critical role in determining the biomechani-
cal characteristics involved between the playing surface and their feet. As a general 
rule, cleats of any type exhibit higher COF, coefficient of release, and peak torque 
than their shoe counterparts when on an artificial turf surface [6, 27–31]. This 
concept is also applicable on grass surfaces, although the COF, coefficient of release, 
and peak torque values are decreased for each respective shoe type [28, 32, 33]. 
Comparatively, turf shoes, specifically designed to only be worn on old generation 
carpet-like turf, exhibit the highest COF and coefficient of release of any shoe-
surface combination [34]. Longer length and larger diameter spikes on cleat bottoms 
also produce higher friction rates, torque rates, and rotational stiffness than cleats 
with shorter or narrower spikes [23]. Friction and torque are also further influenced 
by cleat layout. Cleat layouts with a higher concentration of spikes on forefoot 
exhibit higher torques on average compared to designs with more spikes on the hind-
foot [35]. Aside from the cleat layout, cleat sole stiffness may also play an important 
role in athlete safety and performance. This role is currently poorly understood, as 
different studies have demonstrated both beneficial and adverse effects related to 
cleat sole stiffness with regard to injury risk [33, 36, 37]. These contradicting results 
are likely due to specific characteristics pertaining to specific athletes, sports, and 
playing surfaces [38].

Exogenous factors such as athlete weight, weather, and surface type may further alter 
the foot-playing surface relationship. A prior study has demonstrated that compressive 
load correlates with COF, coefficient of release, and rotational stiffness regardless of 
shoe type [39]. This result points to greater torques being generated by larger athletes 
that produce higher compressive loads and could have significance in injury rates 
pertaining to a particular sport with larger average athlete body size [34, 39]. Field condi-
tions and surface type further complicate this relationship, as wet and slippery fields 
exhibit lower frictional coefficients compared to the same fields in a dry state. Similarly, 
artificial turf fields are typically associated with a higher COF than grass fields, although 
this may be dependent on field manufacturer and field maintenance practices [40, 41]. 
Furthermore, objects or debris such as twigs, cleat wraps, mud, or snow obscuring the 
cleat spikes and thus interrupting the cleat-surface interaction can drastically decrease 
frictional forces [27].

As a whole, the shoe-surface interface represents a highly dynamic relationship 
that involves multiple factors including the athlete, shoe, and surface itself, which 
aggregate to establish the frictional and torque forces incurred by the athlete at 
each moment of competition. Field designers choosing field materials and athletes 
choosing cleat designs must weigh the impact of their choices between their athletic 
performance and risk of injury. Increased shoe-surface friction is positively related 
to enhanced player performance but also increases the likelihood of injury due to an 
athlete’s foot sticking to the surface and increasing probability of twisting knee or 
ankle injury [34, 42, 43].
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2. Injury risk of artificial turf vs. grass playing surfaces

2.1 Overall injury risk

To determine respective injury risk of artificial turf versus natural grass fields, we 
refer to the systematic review conducted by Gould et al. which investigated the matter. 
In this review, 53 total studies were included, 24 (45.3%) studied professional athletes 
with the remaining 29 (54.72%) studying amateurs. 27 (50.94%) examined both prac-
tices and games while 25 (47.2%) examined only games, and 1 (1.89%) examined only 
practices. 29 studies (54.72%) reported on new generation artificial turf, 14 (26.42%) 
on old-generation turf, and 10 (18.87%) studies did not specify turf generation [44].

Overall injury rate was evaluated in 32 of these studies with 17 (53.13%) finding no 
difference in injury rate between the playing surfaces, 12 (37.5%) finding a higher rate 
on artificial turf, and 3 (9.38%) finding a higher injury rate on natural grass though 
all 3 of these studies were funded by representatives of artificial turf manufacturers 
[44]. This data is summarized below in Figure 1.

Artificial turf generation is an important component in determining overall injury 
risk. Of the studies that disclosed the turf generation, 8 studies specifically compared 
early generation artificial turf to natural grass and 6 (75.00%) of these studies found 
early generation turf to produce higher overall injury rates than their grass counter-
parts. Comparatively, 18 studies compared new generation artificial turf to natural 
grass and 13 (72.22%) found no difference in injury rates between the playing sur-
faces [44]. This discrepancy in study results provides evidence of the safety improve-
ments made by each artificial turf generation, as discussed previously.

The data as a whole suggest that rates of overall injury are similar when compar-
ing natural grass to new generation artificial turf. However new generation turf is 
associated with higher rates of specific injuries for specific athlete populations, which 

Value Definition

Coefficient of Friction (COF) The linear relationship of force required to slide one surface across another. 
Relates to how much force is required for a planted foot to slip [6, 14]

Coefficient of Release ( )r
=

Forcer
Weight

The constant relationship, relating to static friction, that describes the peak 
torque applied to the shoe-surface interface. Higher values associated with 
higher rates of injury [6, 23]

Coefficient of Restitution The ability for a playing surface to absorb shock. This value represents the 
ratio of maximum deceleration experienced by the athlete during surface 
impact to the normal rate of gravitational acceleration [6, 24].
This value is especially pertinent to a field’s concussion risk.

G-max Value Represents the shock-absorbing characteristics of a playing surface. As 
G-max increases the shock absorbing performance of the playing surface 
decreases. In turf fields specifically, this value increases commensurate 
with the field’s age [25].
Playing surfaces considered safe are limited to a maximum G-max of 200 g 
[6, 14, 24, 26]

Rotational Stiffness The rate at which torque develops under rotation in the shoe-playing 
surface interface [6]

Table 1. 
Playing surface biomechanical factors.
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will be discussed further in subsequent sections. Early generation artificial turf is 
associated with higher overall injury rates for most athletes, but these playing surfaces 
are now largely obsolete in North America.

2.2 Hip injury risk

Hip injury rate was evaluated in 13 studies with 11 (84.62%) finding no difference 
in hip injury rate between playing surfaces, 2 (15.38%) finding higher rates of injury 
on natural grass, and 0 studies finding higher rates of injury on artificial turf [44]. 
These results are summarized in Figure 2 below. No studies examined injury rates on 
old generation artificial turf [44].

These results follow the trend of the overall injury rate in that the majority of stud-
ies find equivalent injury rates, in this case specifically pertaining to the hip, between 
modern 3rd generation artificial turf and natural grass fields.

2.3 Knee injury risk

Knee injury rate was evaluated in 32 studies with 19 (59.38%) finding no differ-
ence in injury rates between playing surface, 8 (25.00%) finding higher rates of injury 
on artificial turf, and 5 (15.63%) finding higher rates of knee injury on grass fields 
[44]. This data is summarized in Figure 3. Compared by artificial turf generation, 
14/19 (73.68%) studies analyzing new generation turf found no difference in injury 
rates compared to grass while 4/7 (57.14%) studies analyzing old generation turf 
found an increased rate of knee injury on artificial surfaces [44].

Differences arose when comparing different sports to knee injury rates on each 
respective playing surface. Among studies involving soccer athletes, 14/16 (87.50%) 
found no difference between the playing surfaces. Comparatively, 8/14 (57.14%) stud-
ies examining American football found a higher rate of knee injury on artificial fields 
compared to grass [44]. Interestingly, 3 of the studies examining American football 

Figure 1. 
Comparison of overall injury risk on artificial turf vs. natural grass.
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involved new generation turf and still found a higher injury rate on the artificial sur-
face compared to grass and all examined collegiate or professional American football 
players. This result stands in direct contrast to analyses covered in prior sections that 
showed no increased injury risk with modern turf designs. This finding may point to 
unknown factors that predispose elite American football players to higher knee injury 
risks on modern artificial turf surfaces that are not seen with other athlete types.

A possible explanation for American football players’ elevated risk of knee 
injury follows the relationship between athlete size, applied force, and frictional 
coefficients. Elite American football players are typically large athletes with the 

Figure 2. 
Comparison of hip injury risk on artificial turf vs. natural grass.

Figure 3. 
Comparison of knee injury risk on artificial turf vs. natural grass.
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average NFL cornerback weighing 193 pounds and linemen weighing 315 pounds 
or more [45]. Elite soccer players, in comparison, are notably smaller in stature. 
Measured at the 2018 FIFA World Cup, the lightest player in attendance weighed 
130 pounds, the heaviest player weighed 218 pounds, and the average of the 736 
players in attendance was 170 pounds [46]. This discrepancy in average athlete 
size may correlate to the differences in observed injury rates when viewed from a 
biomechanical perspective [39]. Frictional coefficients and peak torque correlate 
positively to applied force and thus increase in proportion to athlete size [39]. 
Larger football players would likely experience higher COF and torque than their 
smaller soccer counterparts, which could predispose them to knee injuries and 
therefore contribute to our described findings.

2.4 Foot and ankle injury risk

Foot and Ankle injury risk was evaluated in 25 total studies with 12 (48.00%) find-
ing higher injury rates on artificial turf, 10 (40.00%) finding no difference in injury 
rates, and 3 (12.00%) finding higher injury rates on natural grass [44].

19 studies examined new-generation turf while 4 examined old generation turf. Of 
these studies, 9/19 (47.37%) new generation turf studies and 3/4 (75.00%) old genera-
tion turf studies found higher rates of foot and ankle injury on artificial turf compared 
to natural grass. This suggests that foot and ankle injury risk for all athletes on artificial 
turf is at least equivalent to and likely higher than rates on natural grass fields. This 
result is likely caused by higher COF and torque generation associated with artificial 
turf and is consistent with prior reviews of the topic (Figure 4) [44, 47–49].

2.5 Concussion and head injury risk

Sports-related concussion has recently become a relevant and popular research 
topic, with over 990 studies published in 2021 alone. Major American professional 

Figure 4. 
Comparison of foot and ankle injury risk on artificial turf vs. natural grass.
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sports organizations have been at the forefront of concussion research funding and 
protocols, as the National Football League pledged 100 million dollars to research 
in 2016, and U.S. Soccer is actively testing concussion rule changes through August 
2022 [50, 51]. Although there is no universal pathophysiologic definition for a 
concussion, it is caused by traumatic force to the head and results in immediate 
symptoms [52]. Therefore, variation in playing surface between artificial turf and 
natural grass is a logical factor to consider when determining concussion risk, 
particularly among contact sports where collision with playing surface may occur 
frequently.

A recent systematic review examined the rate ratio (RR)—ratio of the rate of 
injury per 1000 match playing hours on artificial turf divided by the rate of injury per 
1000 match playing hours on natural grass—in soccer, American football, and rugby 
(Table 2) [53]. A rate ratio less than 1 indicates that there is a lower risk of concussion 
or head injury on artificial turf, whereas a rate ratio greater than 1 indicates that there 
is a greater risk of concussion or head injury on artificial turf. After examination of 
69 observational studies to determine if they met inclusion criteria, there were a total 
of 12 studies published between 2004 and 2018 analyzed. Additional meta-analysis 
considered the subgroups of gender (male or female) and type of contact sport (soc-
cer, American football, or rugby).

When data from all competitive contact sports is considered together, there is a 
lower rate of concussion or head injury on artificial turf compared to natural grass 
(RR = 0.89, 95% CI 0.77–1.04) [53]. In the eight studies that considered concus-
sion only, the decreased rate of concussion on artificial turf was even more drastic 
(RR = 0.72, 95% CI 0.58–0.89) [53]. Together, these findings suggest that competi-
tive contact sports on artificial turf are correlated with a reduced rate of concussion 
or head injury. However, it is important to consider differences in gender and sport 
type. For example, there was no difference in the rate of concussion or head injury 
on artificial turf compared to natural grass among female athletes (RR = 1.09, 95% 
CI 0.80–1.48) [53]. Moreover, both American football and rugby demonstrated a 
decreased risk of head injury or concussion on artificial turf compared to natural grass 
(RR = 0.72, 95% CI 0.54–0.96 and RR = 0.56, 95% CI 0.35–0.88 respectively), but 
soccer showed no statistical difference in rate of concussion or head injury between 
turf and grass (RR = 1.06, 95% CI 0.88–1.27) [53]. Whereas American football, rugby, 
and soccer are all considered contact sports, these data suggest that there may be more 
nuance in distinguishing head injury risk between contact sports. Grouping together 
soccer with American football and rugby for study may be problematic, as both 
American football and rugby regularly include violent collisions as part of the game. 
Although variation in the type of artificial turf should also be considered, a recent 
study analyzed injuries in 658 high school varsity football games and found no differ-
ence in concussion rate between artificial turf with a pad underlayer versus turf types 
without a pad underlayer [54].

The association of artificial turf with a reduced risk of concussion is still 
debated in the literature. In a survey of certified athletic trainers representing 
17,459 high school and college football players, there was a disproportionately 
high rate of concussion and an increased risk of severe concussion among players 
on artificial turf compared to natural grass [55]. While less than 10% of athlete 
exposures were on artificial turf, almost 18% of concussions occurred on turf 
[55]. Moreover, 22% of head contacts on turf resulted in grade II concussions, 
compared to only 9% on grass, suggesting that turf-related concussions may 
be more severe than those occurring on grass [55]. An increased potential for 
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concussion on turf is supported by biomechanical factors as well, as some studies 
have identified higher rates of accelerometer deceleration and reduced impact 
attenuation on artificial turf (2558 m/s2) compared to natural grass surfaces 
(2411 m/s2) [56]. However, it is important to consider that these results are limited 
by the publication date of the study, as there have been significant advances in 
the technology of artificial turf in the last 22 years. This may influence the results 
toward a higher concussion rate on turf.

It is important to note that these conclusions regarding concussion and head 
injury are also limited by several other variables. In some sports and competitive 
environments, there have been substantial changes to the culture of head injury-
reporting between 2000 and 2018. The type, maintenance, and temperature of both 
artificial turf and natural grass were also not accounted for in these study designs. 
Additionally, there were no studies considering American football at the professional 
level, so these results may not be applicable to the highest-level athletes. Finally, 
reported concussions may not be a result of playing surface type, as contact with the 
ball or other players may also result in head injury. Altogether, the most recent data 
suggest a greater risk of concussion on natural grass than artificial turf, but further 
research is warranted to draw a definitive conclusion on this topic.

3. Injury prevention strategies

3.1 Athlete-focused injury prevenion

Injury prevention is a multifactorial issue, as decreasing one category of injury risk 
can increase risk in other categories. This is seen with the injuries pertaining mostly 
to musculoskeletal categories versus surface contact injuries such as skin abrasions. 
Musculoskeletal injuries typically occur due to excess torque causing a locking effect 
on the foot [29–31, 42]. Surface contact injuries relate more to the opposite scenario in 
which too little grip on the field results in slipping and sliding on the surface. In this 
way, increasing or decreasing field friction in an attempt to decrease the rate of one 
type of injury may increase the incidence of a different type of injury.

Due to this scenario, a tradeoff must be considered. Athlete-focused strategies 
employed to decrease the rate of musculoskeletal injuries may include using cleat designs 
that minimize the torque placed on the lower extremities, such as cleats with spikes 
equally weighted in the forefoot and hindfoot or spike designs that decrease peak torque 
generation [30, 35]. Strategies to decrease surface contact injuries could include avoiding 
the use of cleat covers or any material that disrupts the shoe-surface interaction, as this 
can increase the risk of slipping during running and cutting movements [27, 42].

Total Number of Studies (concussion and head injury) 12

Total Number of Studies (concussion only) 8

Types of Sports Soccer (8), American Football (2), Rugby (2)

Time Range 2004–2018

Overall Rate Ratio (concussion and head injury) 0.89, 95% CI 0.77–1.04

Overall Rate Ratio (concussion only) 0.72, 95% CI 0.58–0.89

Table 2. 
Comparison of concussion and head injury risk on artificial turf vs. natural grass.
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3.2 Playing surface-focused injury prevention

Injury prevention strategies focused on field design and maintenance must 
consider the same trade-offs described above. In general, field maintenance should be 
a primary focus to keep the playing surface as consistent as possible, so that athletes 
interact with the same surface characteristics every time. This consistency promotes 
both athletic performance and safety, as athletes can focus more on their sport and 
less on the field itself. This effect is magnified if field maintenance is lacking, as 
athletes are forced to play on foreign surfaces with unknown friction coefficients 
or, even worse, fields with different friction rates in different areas due to irregular 
maintenance practices.

To target specific injury rates, the strategies are similar to those discussed previ-
ously regarding augmenting specific physics principles. As a general rule, increasing 
field frictional coefficients will decrease field surface contact injury risk due to 
increased grip. However, joint injury risk may be increased in this scenario due to foot 
and lower limb trapping on the turf surface [27, 35, 42].

A unique factor in playing surface-focused injury prevention is the ability to pro-
tect against head and concussion injury risk. This is again accomplished with regular 
field maintenance, but with a focus on maintaining proper G-max values related to 
a field’s coefficient of restitution [6, 14, 25, 26]. A safe value is typically considered 
below 200 G and acts as an effective way to increase athlete safety, without requiring 
the athlete to utilize additional equipment such as a helmet or head padding [24].

Weather changes also play a role in artificial surface properties and injury preven-
tion, although their input is more difficult to control or mitigate. These changes may 
include extreme heat or cold as well as changing surface conditions with varying 
degrees of moisture. Depending on air conditions, artificial turf surface temperatures 
can be over 35 degrees Fahrenheit higher than those of a comparable natural grass 
field [57, 58]. Without proper preparation, such temperatures can result in diminished 
athletic performance and the potential for heat-related illness such as heat stroke or 
heat exhaustion [59]. In freezing conditions, the compacted soil sublayer in artificial 
turf can freeze resulting in a significantly harder surface which can increase surface 
contact injuries and concussions [60]. As discussed previously, environmental 
moisture also effects surface conditions through decreasing frictional coefficients and 
thus altering the foot-surface interface [27]. Some options to mitigate these concerns 
include indoor stadiums to maintain climate control or heated subsurface coils to 
minimize freeze effects [20, 61, 62].

3.3 Exercise strategies for injury prevention

Evidence-based exercise strategies allow physicians, athletic trainers, and other 
medical personnel to directly augment athletes’ physical preparation in order to reduce 
the risk of injury. The FIFA 11+ Injury Prevention Program is an example of such a sys-
tem that allows for medical personnel to advocate on behalf of their athletes [63, 64]. 
FIFA 11+ consists of a workout and warmup routine for athletes to complete several 
times a week, with the intention of better preparing their bodies for athletic competi-
tion and decreasing injuries. In trials, implementation of the routine was associated 
with a 30% reduction in non-contact injury rates among soccer athletes [63]. Such a 
program vetted by medical staff and supported by quantitative analysis provides a 
robust tool for team physicians to protect against common sports-associated injuries 
in a relatively straightforward and inexpensive manner. In the authors’ opinion, the 
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successful implementation of these types of programs should be a primary focus in 
the future. Whereas proven programs such as FIFA 11+ exist and are readily available, 
successfully convincing athletes to use them properly continues to be an issue. Studies 
of large athlete populations have found that as much as 89.3% of such populations use 
stretching for recovery but only 49.9% utilize such practices for pre-exercise routines, 
which account for the largest impact in injury prevention [65]. Maximizing the utiliza-
tion of pre-exercise stretching and warmup routines would be expected to decrease the 
incidence of sports-related injuries and promote athlete safety moving forward.

4. Sources of bias

The validity of cost-effectiveness data and some injury studies have been impacted 
by industry bias and funding of private research. This presents in the form of indus-
try-generated cost figures, which may be considered accurate in general, although the 
cost/benefit ratio between artificial turf and grass may be inflated to push consumers 
toward artificial playing surfaces. Similarly, 3 of the injury risk studies discussed 
in this chapter received direct funding from the artificial turf industry, and these 
studies consistently contradicted the majority of existing data, which does suggest 
some degree of study design bias in relation to funding sources. These potential biases 
manifested in the overall injury risk comparison, hip injury risk comparison, and 
foot and ankle injury risk comparison between artificial turf and natural grass [44]. 
Industry representatives have a vested interest in such studies, due to the financial 
opportunities afforded with positive research results in favor of artificial turf. A 
conscious effort should be made to remain aware of these studies and interpret the 
results in the context of these potential sources of bias.

5. Future research directions

Further research should be conducted on the biomechanical differences between 
modern generation turf and natural grass. Many studies included in this chapter 
compared early generations of artificial turf to natural grass. These investigations, 
if conducted again using solely modern artificial turf that mimics natural grass 
characteristics to a greater degree, may have found different results and more simi-
larities between the two surfaces. Cleat design pertaining to sole stiffness should also 
be evaluated. At present, data in this area of study is ambiguous due to conflicting 
reports and should be further investigated to find the relationship between cleat stiff-
ness, athletic performance, and injury risk [36, 37]. In addition, further studies are 
needed to address the gaps of understanding related to specific factors and how they 
interact with injury rates. Such studies may include the investigation of other sports 
such as field hockey and lacrosse, body mass, the use of headgear and helmets, level 
of athletic competition, and upper extremity injury rates. At present, comparative 
data in these areas are lacking and would certainly benefit from future study.

6. Conclusion

The comparison of artificial turf and natural grass suggests that injury rates are 
equivalent in most cases. Notable exceptions include higher rates of foot and ankle 
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injuries in general, as well as higher knee injury rates among elite-level American 
football athletes, on artificial playing surfaces [44]. In contrast, concussion rates were 
found to be lower on artificial turf compared to natural grass. These data provide 
a strong indication of the importance of artificial field maintenance (specifically 
pertaining to G-max values) to maximize player protection and minimize the risk 
of field-related head injury [3, 6, 14, 20, 26]. Financial considerations suggest that 
artificial turf is an outstanding option for many athletic organizations, due to its low 
maintenance costs and higher degree of usability. Artificial fields may host a wide 
variety of sports that can share a single field, with a greater number of hours of use 
per year compared to natural grass fields [6, 22]. These factors must be weighed 
against the potential benefits of grass including lower musculoskeletal injury rates 
and an overwhelming athlete preference for a well-maintained natural grass sur-
face, with surveys conducted by the National Football League Players Association 
(NFLPA) demonstrating that 69–72% of professional football players prefer natural 
grass to artificial turf [66–68]. Overall, the authors suggest that the use of artificial 
turf should be considered in organizations without adequate funding to support 
consistent, year-round professional grass groundskeeping. Alternatively, the authors 
advocate for the use of natural grass in well-funded athletic organizations (e.g. 
collegiate, professional), which possess appropriate funding to support professional 
maintenance protocols.
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Abstract

Rugby Union is one of the most popular team sports in the world. It is a contact 
sport that emphasizes possession and control of the ball. By virtue of its full contact 
nature and lack of protective equipment, Rugby Union is associated with a high 
incidence of injury relative to many other sports. In fact, Rugby Union carries a 
significantly higher relative risk of injury than American football, with increase 
differences in the overall rates of injuries. There are multiple distinct phases of Rugby 
Union: The Scrum, Tackle, Ruck, Maul and Lineout. Each phase of rugby has its own 
inherent risk and incidence of injuries which include but not limited to concussions, 
as well as sprains, strains, and fractures of the upper and lower extremity ligament. 
The majority of injuries occur either during the scrum and tackling phases of the 
game. The governing body of Rugby Union is constantly adapting the rules to reduce 
injuries. Some of these rule changes may have unintended consequences. This article 
will review the current literature and describe the injuries in each phase of rugby as 
well as discussing concussion and the effect Covid-19 has had on Rugby Union.

Keywords: rugby, scrum, ruck, maul, tackle, concussion, injuries, cervical spine

1. Introduction

Rugby Union is one of the most popular team sports in the world. It is a contact 
sport that emphasizes possession and control of the ball. Unlike American football or 
Rugby League possession of the ball is not necessarily guaranteed after stoppage of 
play or when the ball carrier is tackled to the ground. It is emphasized with coach and 
rules to keep the ball in play as much as possible [1, 2].

There are many different forms of the games from touch rugby for the novice 
players, the seven and ten-man team version, (The seven-man team version is now 
an Olympic sport), and the classic 15-man version. Each version is based on the same 
premise that the ball can only be passed backwards, and the goal is for the team to 
maintain position of the ball and touch the ball down in the try zone. Each version 
has their own unique incidence of injuries and in this chapter, we will be discussing 
injuries in the classic 15-man version of Rugby Union [1, 2].

The classic 15-man rugby team (See Figure 1) is made up of eight forwards who 
are usually large and stronger players. There is one Scrumhalf who calls the plays and 
distributes the ball to the other players and six back line players who do the majority 
of running and passing the ball. These seven back line players are usually quicker 
but not as large as the forwards. Rugby Union has multiple discrete phases of play: 
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The scrum, line out, the ruck, the maul, open play, and the tackle. Each phase of the 
game has its own unique set of injuries with identifiable risk and incidence [1, 2].

The forward or pack players include two props and a hooker, two second rows, 
two flankers, and one eight men. The players get their names from their position in 
the pack when a scrum is formed. When a minor infraction occurs to reset play many 
times a scrum is formed between the two teams to restart play. The front row consists 
of the hooker and two props the hooker wraps his arms around the props shoulder 
and the props wrap their inside arm around the hooker’s waist holding him (prop-
ping) up. Each of the seconds places their head between the hooker and inside arm 
around the other second rows waist and the outside arm through the legs of the prop 
and they grab the prop’s jersey. The flankers are in the same level as the second row 
and wrap arms around the second row’s waist. Finally, the eight man places his head 
from behind between the second rows. (See Figure 2) [1, 2].

After a minor infraction, the non-penalized team has the opportunity to gain 
possession and put the ball back into play by rolling the ball in the scrum between the 
two packs. Each team’s pack is assembled with all eight men coming together. Once 
together, the props touch their opponents’ shoulders. After this is done the referee 
instructs the players to engage through specific commands. Their front rows should 
engage under control, but one team is always trying to gain the upper hand to control 
the ball and this interaction in some instances can be quite violent and severe injuries 
can occur. Once the scrum is formed the hooker signals the scrum half. When the 
scrumhalf puts the ball between the two packs in the scrum, the hooker uses his/her 
leg (while being helped up by the props) to sweep the ball towards his side. During 
this time there can be a lot of jockeying for dominance with pushing and pulling of 
each scrum which can cause the scrum to rotator or collapse which often result in 
injuries. The hooker can be very vulnerable because he has his arms around the props 

Figure 1. 
The 15 players on a Rugby union team (forwards 1–8, scrumhalf 9, backline 10–15).
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and nothing to protect him if the scrum collapses. The goal of the scrum is to main-
tain stability and to get the ball to behind the second rows feet where either the eight 
man or scrum half can take it out of the scrum and restart play [1, 2].

If a ball goes out play the line out is formed and used to restart play. The line out 
can be made up of part or the entire scrum. The two teams line up a meter apart. The 
hooker throws the ball in after a play is called. The hooker must throw the ball straight 
between the two teams. The team throwing the ball in has the advantage of knowing 
where the ball is being thrown to facilitate restart of play. The players around the one 
receiving the ball can lift him to allow him to cleanly catch above the opposing play-
ers. The player who catches the ball usually tosses the ball or makes it presentable for 
the scrumhalf to pick it up and toss it to his back line. (See Figure 3) [1, 2].

The ruck and mauls are similar and occur after a player is tackled to the ground: 
The ruck or remains standing: The maul. The goal is to make the ball easily acces-
sible to the scrumhalf to keep the ball in play. Rules have been developed to facilitate 
presentation of the ball to avoid stoppage of play. (See Figure 4) [1, 2].

When a player is tackled the tackling player must wrap their arms around the 
opponent with the ball. It is a penalty if he strikes the ball carrier without wrapping his 
arms. The tackler cannot tackle above the shoulders or upper arms (See Figure 5a). The 
tackler is responsible for bringing the player to the ground safely. The tackler cannot lift 
the player up and forcibly drive the ball carrier to the ground. Once tackled and a ruck 

Figure 2. 
The two packs of forwards come together to form the scum. Notice how the hooker who is in the front row between 
the two props arms around them and cannot be used for any mitagation of the forces on engagement of with 
collapse.
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is formed, the ball carrier must decisively present the ball to be picked up by the scrum 
half or another available player. If the ball is not presented, then the play is whistled 
dead, and a scrum is called. The tackler’s teammates must stay on their side of tackled 
ball player, if not they will be called for an offsides penalty [1, 2].

Figure 3. 
The lineout. The two lines must be 1 meter apart.

Figure 4. 
The ruck is formed after the tackle and one of more players from each team engage which each other.
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The backline players form a line behind the scrumhalf and the ball is tossed 
backward to them as they run forwards and gain field advantage. In addition to 
passing the ball backwards, a team can kick the ball forward. When the ball is kicked 
forwards and remains in the field of play the person who kicked the ball must run and 
be in front of all his team plays prior to anyone else touching the ball or engaging the 
player who caught it. Kicking is an important part of rugby but it does not have any 
incidence of true injuries so it will not be discussed in this article [1, 2].

Each phase of rugby has its own inherent types and incidence of injuries. Most 
injuries occur during the scrum and tackling phases of the game. The governing 
body of Rugby Union are constantly adapting to reduce injuries. Major rule changes 
have been made to make the scrum safer, avoid excessive energy on engagement and 
avoiding collapse. Additional rules have been made to ensure the ball carrier is tackled 
safely and given the opportunity to present the ball to his side of the field [1, 2]. Many 
American football teams teach Rugby Union tackling techniques to reduce the inci-
dence of injury in their players (see Figure 5b) [3]. This article will review the current 
literature and discuss the recent rule changes as applicable.

2. Injuries

By virtue of its full contact nature and lack of protective equipment, rugby is 
associated with a high incidence of injury relative to many other sports. In fact, a 
prospective study of collegiate rugby and football demonstrated that rugby carries 
significantly higher relative risk of injury than football, with pronounced differences 
in the rates of shoulder, wrist, hand, and lower leg injuries overall [4].

There are several injuries that are an inherent risk of any contact/collision sports 
such as concussion, upper and lower extremity injury including fractures and 
ligamentous injuries [5, 6]. Over the past several years there have been procedures 
and policies put into place to attempt to decrease the incidence of injuries. We have 

Figure 5. 
a: The player must not be tackle above shoulder level. Recent rule changes have lowered as seen in the figure.  
b: Proper tackling techniques are vitally important to avoid injuries.
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observed similar attempts at this in other sports as well as in American football with 
tackling policies to reduce the risk of cervical spine and spinal cord injury by avoiding 
direct contact to the top of the head or helmet by either the tackler or ball carrier [7]. 
There are additional factors that have been associated with an higher incidence of 
injury they include games in the earlier part of the season, more veteran and profes-
sional high-level matches in a season, and decreased rest for the players between 
matches [8].

3. Tackle

Rugby Union is distinguished from many sports by the manner in which it 
combines a quick pace of play with an aggressive, full-contact ruleset [9]. The tackle 
phase of rugby union occurs more often than any other phase. The tackle phase 
almost always occurs when at least one player is in motion, usually running at full 
speed. Many systematic reviews found that the majority of rugby injuries come 
during the tackle phase of play [10–12]. One study showed that over fifty percent of 
all rugby union injuries were actually the direct result of tackling or being tackled 
[10]. Unlike American football, during which players are protected somewhat by a 
helmet and padding which protects the shoulders, chest, hips, knees, and thighs, 
rugby players are subjected to several collisions and tackles throughout a match 
without protective equipment. Studies have shown that the act of tackling, both as 
the tackler and the tackled, are especially vulnerable for players, as between one 
third and one half of all rugby injuries occur during the tackle [10–12]. In general, 
injuries are more common while performing a tackle rather than getting tackled. The 
tackler is at a higher risk of injury, especially regarding concussion; however, the 
player being tackled is also at risk of concussion, ligamentous injury, and fracture. A 
concussion can be either caused by the head hitting the opponent’s body, especially 
in high tackles or when the player goes to the ground and the head can strike the turf. 
Furthermore, where the ball carrier is tackled there is a different risk of injuries. 
So, when it comes to the tackle phase, it has been studied that far more injuries 
occur when the ball carrier is tackled on the middle and high position of the torso. 
Similarly, it was seen that tackles from the front and side of the individual also result 
in a higher incidence of injury [10].

There have been some discussions about lowering the level of which the ball 
carrier can be tackled to below the waist [12]. In the open field this should not be 
difficult since this is how most tackle occurs anyway. It may fundamentally change 
the game for the forwards, especially plays off the ruck and back of the scrum 
where many times a forward would handle the ball and there is only a short distance 
between him and his opponent. The ability and time to react to the ball carrier would 
be very limited and could make it difficult to make tackle. Furthermore, this would 
place the tackler’s head nearer to a larger opponent’s knee which may increase the 
chance of concussions. Concussion may also increase as the force the player hits the 
turf may also be increased. There also may be an increased incidence in ligament 
injuries of the knee from possible hyperextension or valgus forces placed in the knees 
during the tackle below the waist [13, 14]. It is agreed that rules changes are neces-
sary as the governing bodies are doing, they are thoroughly venting these changes 
prior to implementing [1].

As stated previously present, the tackler must wrap and bring the ball carrier 
safely to the ground. With the changes in the rules allowing the ball carrier to present 
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the ball to his side instead of immediately releasing it, this has kept the ball in play 
but may have unintended consequences. The senior author who has been involved in 
both American Football, Rugby Union and Rugby League has observed an increase 
in the violence of the collision between the ball carrier and tackler. This is especially 
when the ball carrier is a larger player such as a forward. He sees similarities between 
Rugby Union and League in the violence of the collision. In Rugby League the player 
is tackled and held down by their opponent and play is then restarted. Due to rule 
changes in Rugby Union now, allowing the ball carrier to have increased opportunity 
to keep the play going after being tackled, the player can go in with increase force. 
With players now being larger and faster this may cause an increased incidence of 
significant injuries in the tackling phase of the game, including concussions.

4. Ruck

The ruck is when players are engaged with one another immediately following a 
tackle. The ruck is formed when at least one player from each team engages over the 
ball after an attacking player is tackled and subsequently releases the ball. While the 
tackle is associated with the highest rates of injuries among rugby players, there is also a 
significant risk of injury during the ruck. Some of the most common injuries that result 
during the ruck phase are lower extremity ligamentous injuries as players fall onto the 
legs of their teammates or opponent. Furthermore, lower extremity injuries are most 
common because of the dynamic nature of participating in a ruck and being upright 
and the uneven forces that get placed on the lower extremity muscles [4–6, 8]. One 
study highlighted that that gastrocnemius muscle is often one of the muscles injured 
during the ruck phase of rugby [6].

5. Scrum

The scrum is a part of the game where players from both teams stand side by side 
surrounding the ball and come together to ultimately fight for possession of the ball. 
This constituents of eight players from each team’s pack with a total of 16 players 
involved in the scrum own (See Figure 1). The forwards are usually the larger and 
stronger players [1, 15].

In one study of English scrums, it was found the 31% of the scums were found 
to result in injury [16]. As with the tackle, devastating catastrophic injury can occur 
during the scrum and is highly associated with head and spinal cord injury [16–18]. 
Injuries to the players can happen when they engage their shoulders and neck, the 
unbalanced forces during the scrum can cause severe damage to an individual’s spinal 
cord if flexed, twisted, or manipulated incorrectly. The scrum can collapse as well, 
which essentially means the players fold in on one another. The collapsing of the 
scrum has been shown to have significantly higher rates of injury when compared to 
scrums that do not collapse. When the scrum collapses, the crown of the head of the 
props and especially the hooker can strict the ground with significant force resulting 
in severe cervical spine and or spinal cord injury. The hooker can be especially vulner-
able since he cannot protect him or herself when the scrum collapses [16–19].

While many rule changes in rugby over the past decade have centered around 
reducing the rate of concussions, it is important to highlight other rule changes that 
have sought to make rugby safer for athletes. The scrum accounts for 40% of spinal 
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injuries sustained by rugby players. Starting in 2013, the pre-scrum sequence was 
changed to “Crouch, Bind, Set” following a series of alterations over the previous 
decades. This “bind” command instructed the “props”, or the forwards directly 
engaged with the opposing team during the scrum, to lock onto their opponents 
prior to the ball being played. This leads to a more stable scrum, but also reduces the 
multidirectional forces experienced by forwards in the scrum, and thus alters the 
potential for injuries. Cazzola et al. demonstrated reduced biomechanical loading and 
c-spine acceleration using the current scrum protocol relative to earlier techniques 
[20]. Furthermore, this rule change is proposed to decrease the frequency of collapse 
of the scrum, which has been shown to increase risk for injury in the scrum. Further 
study will be required to see if this change has led to reductions in injuries from the 
scrum. There have been rules and regulations to make sure each team has enough 
skilled players to form and maintain a proper scrum. Additional rules have been made 
to make under 19-year-old rugby scrums safer and prevent inappropriate cervical 
loading on these individuals [2].

The scrum can take its toll on a player over the years. It has been shown that 
individuals participating in the scrum are at risk for both acute spinal cord damage 
and chronic cervical degeneration. When compared to tackling, the scrum occurs 
less frequently during the game, however, is associated with a higher risk and relative 
incidence of injury [16, 18].

6. Lineout

The lineout describes a set piece which occurs after the ball or a player carrying 
the ball goes outside of the touch line. The line-out then consists of a thrower from 
one team putting the ball back into play by throwing the ball between groups of 
players from opposing teams who then lift, or “support” one teammate who goes 
straight up to receive the thrown ball. This play is associated with lower rates of 
injuries compared to other phases of play; however, it is often associated with more 
serious injuries, with one study reporting that 80% of players injured in a line-out 
were removed from play, which is much higher than other phases of play [9]. Players 
jumping for the ball are lifted several feet into the air and may be destabilized 
as they reach for the ball and/or collide with other players. Injuries sustained in 
lineouts include incarcerated inguinal hernias, ligamentous injuries such as ACL 
(Anterior Cruciate Ligament) tears, and lumbar and cervical facet injuries [6, 8]. 
The vulnerable positions created for players, especially those jumping for the ball, 
has led to restrictions on lineouts for youth rugby players. Typically, full contested 
lineouts are absent from the game until the U16 level for boys, and U18 for girls. This 
protects young athletes from the potentially disastrous consequences of lineouts in 
competitive play [2].

7. Concussion

Concussion is associated with nearly all phases of play during a rugby match or 
training session. Perhaps not surprisingly, the rate of concussion among rugby players 
is higher than many other sports with available concussion data. In fact, the rates of 
concussion are like those seen in boxing. This is primarily due to the intense contact 
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nature of both sports. One literature review looked at the incidence of concussion 
injury and stratified them specifically by sport. Specifically, concussions accounted 
for 15% of all injuries experienced by rugby players. This can be further represented 
when looking at concussion rate per athletic exposure (AE). One systematic review 
showed the incidence of concussions in match play rugby were a staggering 3/1000 
(AE) [13]. This rate is much higher than many other team sports. When compar-
ing American football to collegiate rugby the incidence of injuries is more in rugby. 
These injuries specifically are concussion and upper extremity ligamentous sprain 
and strain. Over the past ten to fifteen years, more attention has been brought to 
the impact of concussions on the game of American football as more is understood 
about the short- and long-term effects of concussion as well as the additive effects of 
multiple concussions.

Many concussions that occur in rugby may go underreported as individuals do not 
want to sit out of play. It has been shown across the board that rugby players actively 
choose to avoid reporting concussive episodes [21–23]. Analysis of elite level rugby 
competition have demonstrated that there are a few factors which increase the risk 
of concussion during a tackle. These factors included acceleration by the tackler into 
the tackle, high rate of speed of the tackler at time of collision, head-to-head contact, 
and high tackles. These studies highlighted some of the major challenges in reducing 
concussions through rule changes implemented in the tackling phase of play [9–12]. 
For instance, the most obvious rule change that would likely decrease the incidence of 
concussions in rugby would be to eliminate tackles from the game altogether; how-
ever, this change would not be well-received as it would completely change the nature 
of the game.

Other rule or strategy changes may be more feasible but would have less predict-
able outcomes on concussion rates. One example of this would be to reduce the 
amount of space between lines of players on set pieces to reduce the speed of tacklers 
on these plays. A possible unintended consequence would be that players would likely 
accelerate into the tackle more frequently given less space to make a play and as stated 
previously increase ability to keep the ball in play. While increasing enforcement on 
high tackles and head-to-head contact, the latter of which is already treated with a 
zero-tolerance policy by World Rugby, may reduce the incidence of these specific 
types of contact, they may increase the rates of lower tackles and head-to-knee 
contact, which has also been shown to increase concussion risk.

Over the past several years, there have been many efforts to reduce the rates of 
concussions in American football competition, including rule changes aimed at 
reducing head-on collisions involving defenseless players [7]. Perhaps even more 
important to protecting players have been the advances in reporting and return-
to-play protocol. While it is not clear to what extent that the game of rugby has 
been directly affected by the literature and cultural shifts regarding concussions 
in American football, there have been changes to the way in which concussions are 
reported in high-level rugby competition, as well as rule changes aimed to protect 
players from sequelae of these injuries [1, 2]. Most recently, in June of 2022, World 
Rugby implemented new changes that lengthened the amount of time players must 
wait before returning to play after suffering a concussion from seven to twelve 
days. This change was promoted by the World Rugby independent concussion work 
group 17-Strong. This rule change will have a large impact on how concussions affect 
competitive gameplay, as it will in many instances delay players from returning to the 
subsequent week’s competitive play [1].
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8. COVID-19

Due to the physical nature of rugby and the proximity of players during various 
phases of play, additional safety concerns were introduced to the game of rugby 
during the SARS CoV2 epidemic. Since perhaps the source of the greatest prolonged 
physical contact comes during the scrum in a rugby match, some leagues reduced 
or even eliminated the scrum from gameplay during the 2020 season. It is unclear 
if this measure had any impact on the reduction of Covid 19 transmissions during 
professional or amateur rugby matches [24, 25]. Furthermore, Jones et al. showed that 
the risk of transmission of SARS CoV2 was lower than initially predicted, and that 
in-game transmission could not be confirmed in their study population [26].

9. Summary

Overall, rugby is a physically demanding sport that predisposes individuals to 
severe injury on occasion. There are several distinct phases of rugby that injury can 
occur in. It is important to evaluate an individuals’ injury in the context of what phase 
of rugby that the injury occurred in as this can lead to further understanding of the 
ideology and mechanism of the stated injury. The scrum, ruck and tackling phase 
of rugby all come with their inherent risks. In the future it would be important to 
analyze the regulations and rules to utterly understand how to mitigate risk of injury 
and if rule changes have unintended consequences. Additionally, it is important to 
maximize players position skill and tackling before entering match play as well as. As 
with any field sport that requires significant cardiac fitness, optimizing recovery in 
between matches to ultimately decrease the incidence of injury are important as well. 
Multiple studies have shown an increase in injuries with fatigue [6, 8].
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Lisfranc Injury in the Athlete
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Abstract

Lisfranc injuries refer to a disruption or destabilization of the Lisfranc joint 
complex or tarsometatarsal joint complex. These injuries are relatively rare; however, 
clinical signs are subtle with the injury diagnosis frequently missed. A delay in 
diagnosis can negatively impact the patient’s outcome with sequelae ranging from 
post-traumatic osteoarthritis to a dysfunctional foot. Therefore, evaluating midfoot 
injuries requires a high index of suspicion and thorough examination for a tarsometa-
tarsal joint complex injury to allow for maximal return of function and rapid return 
to sport. The mechanism of Lisfranc injuries in athletes tend to be relatively low-energy 
which differs from more common higher-energy injuries such as car accidents. Most 
importantly, identifying and treating Lisfranc injuries requires understanding of the 
structural anatomy and stability of the midfoot.

Keywords: lisfranc, midfoot, athlete, sports, tarsometatarsal

1. Introduction

The tarsometatarsal (TMT) joint complex is also known as the Lisfranc joint 
complex. The Lisfranc joint complex is named after one of Napoleon Bonaparte’s field 
surgeons, Jacques Lisfranc, who described cavalry officer injuries and amputations for 
gangrene through this joint [1]. Thus, a Lisfranc injury refers to a disruption or desta-
bilization of the bones and/or ligaments constructing the TMT joint complex. These 
injuries are relatively uncommon, occurring in 1 per 55,000 people yearly, which 
comprises around 0.2% of all fractures [2]. However on initial evaluation, up to 
20% of Lisfranc injuries are estimated to be misdiagnosed or completely missed [3]. 
A delay in diagnosis can negatively impact the patient’s outcome and recovery with 
sequelae ranging from post-traumatic osteoarthritis to a permanently dysfunctional 
foot [4]. In athletes, these injuries can prohibit players from sport and potentially hin-
der them from returning to the same level of performance after recovery. Therefore, 
evaluating midfoot injuries requires a high index of suspicion and thorough examina-
tion for a TMT joint complex injury to allow for maximal return of function and rapid 
return for athletes to sport.

In this chapter, we will discuss evaluation and workup for Lisfranc injuries as 
well as non-operative and operative treatment of Lisfranc injuries with its impact on 
athletes.
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2. Anatomy

The Lisfranc joint complex refers to the bony and ligamentous midfoot complex 
comprised of the cuboid and medial, middle, and lateral cuneiform articulating with 
the five metatarsal bones [1]. The structure’s transverse arch resembles the renowned 
architectural Roman arch, with the second TMT joint serving as the keystone. This 
bony organization ultimately provides structural stability like the Roman arch to 
prevent plantar displacement when load bearing on the foot [5].

There are three longitudinal columns that organize the Lisfranc joint complex: the 
medial, middle, and lateral columns. The medial column consists of the first metatarsal 
and navicular-medial cuneiform articulation, and the middle column consists of the 
second and third metatarsal articulating with the middle and lateral cuneiforms [6]. 
The lateral column consists of the fourth and fifth metatarsal articulating with the 
cuboid, middle cuneiform, and lateral cuneiform [7].

The TMT ligaments on the dorsal and plantar aspects stabilize the TMT joints, 
with the second through fifth metatarsals having both dorsal and plantar inter-
metatarsal ligaments providing stability between these bones [6]. The first and 
second metatarsals do not have an intermetatarsal ligament, instead having a 
dorsal, interosseous, and plantar ligaments bridging the medial cuneiform to the 
second metatarsal [1, 7]. The interosseous ligament is also known as the Lisfranc 
ligament and serves as the strongest ligamentous stabilizer between the medial 
cuneiform and second metatarsal [2]. The dorsal ligament is 4.5 times smaller than 
the plantar ligament and commonly believed to be the weakest ligament of the 
complex [7].

In addition to the bony and ligamentous architecture of the Lisfranc joint 
complex, neurovascular structures and muscle tendons are in close-proximity and 
important to consider when evaluating and operating on a Lisfranc injury. Between 
the base of the first and second metatarsals, the dorsalis pedis artery and deep 
peroneal nerve travel on the dorsal aspect of the foot [8]. If there is dorsal displace-
ment with a Lisfranc injury, these structures could be damaged. The anterior tibial 
tendon is found attaching to the medial cuneiform and base of the first metatarsal, 
while the peroneus brevis is found attaching to the base of the fifth metatarsal [2]. 
These structures can potentially block and prevent injury reduction depending on 
the injury pattern.

3. Mechanism of injury

In the general population, Lisfranc injuries most frequently occur in higher-energy 
trauma such as car crashes; however, lower energy-impacts are more commonly the 
cause of Lisfranc injuries in athletes [9]. These injuries may involve bone fractures or 
be purely ligamentous. In athletes, injury to the TMT joint complex typically results 
indirectly when a plantar flexed foot loaded axially with or without rotation causes 
hyper plantar flexion of the forefoot [10], subsequently causing the dorsal ligaments 
to rupture. On the plantar surface, the plantar capsule may rupture, or the base of the 
metatarsal may fracture, resulting in midfoot instability from free movement of the 
metatarsals dorsally [11]. For example, this injury can occur in an athlete falling onto 
a plantar flexed foot or in an athlete making a sudden change in direction (i.e. rota-
tion) on a plantar flexed foot. These injuries can also occur from direct forces to the 
athlete such as a direct crushing force on the midfoot.
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4. Diagnosis

TMT joint complex injuries can range from a mild subluxation to fracture-dis-
locations; thus, patients can present with a variety of symptoms. Most consistently, 
an injury to the TMT joint complex presents with weight-bearing midfoot pain, 
which can also be induced by testing the joint with passive pronation-abduction [12]. 
Another potential sign indicating a Lisfranc injury is midfoot swelling [10]. Plantar 
ecchymosis of the foot arch suggests soft tissue disruption and should greatly increase 
the index of suspicion for a Lisfranc injury [13]. A ‘positive gap’ refers to an increased 
distance between the hallux and second toe which indicates increased intercuneiform 
instability and can indicate a Lisfranc injury [4]. Additionally, athletes will typically 
describe a ‘pop’ in the foot directly preceding a Lisfranc injury, but this history is not 
necessary to diagnose an injury to the TMT joint complex [14]. Clinical signs and 
symptoms combined with an appropriate history and mechanism of the patient’s 
injury warrants further workup and evaluation for a Lisfranc injury.

When there is clinical suspicion of a Lisfranc injury, an initial set of AP, lateral, 
and oblique X-Rays of the foot should be obtained to visualize the TMT joint. Ideally 
weight-bearing x-rays are taken because the stress can reveal intra-articular diastasis 
that can self-reduce when the stress of weight bearing is removed. In Nunley and 
Vertullo’s study establishing their classification system for Lisfranc injuries, half 
of the athletes with midfoot injuries had normal non-weightbearing imaging [15]. 
Unfortunately the initial set of injury radiographs are often not weight bearing due 
to pain in the acute post-injury setting precluding weight bearing on the injured 
foot. Regardless, there is still utility in assessing non weight bearing x-rays for subtle 
signs of injury, particularly when they are paired with an x-ray of the contralateral, 
non-injured foot for comparison. When examining an AP view of a normal midfoot, 
the medial base of the second metatarsal should align with the medial border of the 
intermediate cuneiform. In addition, there should be symmetric joint spaces along 
the medial longitudinal column, particularly at the articulation of the medial column 
and the base of the second metatarsal. On an oblique view, the medial base of the third 
metatarsal should align with the medial border of the lateral cuneiform in the absence 
of injury. If there are any step-offs in these lines, then a Lisfranc injury should be sus-
pected. Radiographic findings of dorsal displacement of the metatarsals, >2 mm dias-
tasis of the space between the first metatarsal-medial cuneiform and second metatarsal 
when compared to the contralateral side, or > 2 mm of TMT joint subluxation indicate 
instability to the Lisfranc joint [16]. A small avulsion fracture of the second metatarsal 
base known as the “fleck sign” suggests a Lisfranc ligament avulsion injury [11].

For subtle injuries where a Lisfranc injury is still suspected given appropriate 
history, mechanism of injury, signs, and symptoms, a weight bearing AP view of both 
feet on the same cassette or an AP pronation-abduction stress radiograph can help 
identify dynamic instability by stressing the tarsometatarsal joint complex (Figure 1) 
[16]. Weight-bearing on a Lisfranc injury can be a very painful experience for the 
patient. Therefore, it is important to inform the patient the reason for obtaining a 
weight bearing radiograph, since the pain can inadvertently result in uneven weight 
distribution across the patient’s feet and a falsely negative result [17]. Because of major 
patient discomfort, these radiographs can be obtained using a nerve block or general 
 anesthesia, but this is rarely performed [16, 17].

Advanced imaging modalities such as computed tomography are helpful after 
inconclusive initial imaging to evaluate subtle fracture-comminution and sublux-
ations. CT scans can also help with surgical planning to decide between primary 
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arthrodesis versus open reduction with internal fixation [4]. One pitfall of CT is 
its static nature without weight bearing which limits its capabilities to help evalu-
ate dynamic stability [9]. Weight bearing CT scan is a newer modality that aims to 
correct some of the deficiencies of CT scans but these not yet widespread and may 
be of limited utility in the initial post-injury phase due to pain limiting the patients 
ability to weight. Magnetic resonance imaging is useful to evaluate subtle soft tissue 
damage in purely ligamentous injuries and stability of the Lisfranc joint, which is 
a particularly useful tool in athletes where ligamentous Lisfranc injuries are more 
frequent compared to the general population [14]. When detecting a plantar Lisfranc 
ligament injury, an MRI exhibited a 95% sensitivity, 75% specificity, and 94% positive 
 predictive value [18].

5. Classification

There are two leading classification systems for categorizing Lisfranc injuries: the 
Myerson and Nunley-Vertullo systems [9, 19].

The Myerson classification system is commonly used to provide a standardized 
approach towards describing high-grade Lisfranc injuries (Table 1) [19, 20]. In 1909, 
Quenu and Kuss created the first Lisfranc injury classification system which was 
modified in 1982 by Hardcastle et al. [13] to describe three patterns: type A or total 
incongruity, type B or partial incongruity, and type C or divergent [20]. The Myerson 
classification system further modified the Hardcastle system in 1986, and divided 
type B and C into types B1, B2, C1, and C2. Type B1 specifies partial incongruity 
with medial displacement, while type B2 specifies partial incongruity with lateral 

Figure 1. 
Bilateral AP X-ray of the feet showing > 2 mm diastasis between the right first metatarsal-medial cuneiform and 
second metatarsal.
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displacement. Type C1 specifies a divergent pattern with partial displacement, while 
type C2 specifies a divergent pattern with total displacement [20, 21]. It is important 
to note that the Myerson classification system is simply a descriptive tool and does not 
translate to predicting prognosis or determining direct decisions for treatment [13].

The Nunley-Vertullo classification system is advantageous when compared to 
the Myerson system in its ability to describe low-grade Lisfranc injuries in athletes 
(Table 1) [19]. In addition to its usefulness in athletes, this classification system aids 
in clinical management by staging the injury and recommending non-operative versus 
operative treatment depending on the stage. Stage I describes a nondisplaced midfoot 
with a positive bone scan, which is the only stage that is recommended to be treated 
non-operatively. Stage II describes diastasis without a loss in arch height, and stage 
III describes diastasis with a loss in arch height. Injuries graded stage II or III warrant 
operative management [15]. When it is unclear if a Lisfranc injury is a Nunley-Vertullo 
Stage I versus Stage II, an MRI can help evaluate the Lisfranc ligament to determine the 
stage and subsequent treatment plan [22].

6. Treatment

6.1 Non-operative

In patients where there is no evidence of displacement, diastasis, or instability 
on weightbearing radiographs, their Lisfranc injury is stable [11]. These patients are 
classified as Stage I using the Nunley-Vertullo classification system and can properly 
be managed non-operatively [15]. A short-leg cast or a walker boot with protected 
weightbearing as tolerable for 4–6 weeks is the initial treatment, and weight-bearing 
radiographs 2 weeks from the injury should be obtained to ensure there is no displace-
ment [6, 17]. If pain persists, a walker boot with weight-bearing permitted can be 
used for an additional 4 weeks [4, 13]. Stage I Lisfranc injuries can take patients any-
where from 8 to 16 weeks to recover [11]. Despite athletes having to spend a couple 
of months away from sport, Nunley and Vertullo report that there is a 93% patient 
satisfaction with this treatment [15]. Therefore, it is important to inform athletes of 
the recovery timeframe and patient satisfaction at the beginning of treatment before 
they can return to sport to ensure treatment adherence.

Myerson Type description Nunley-vertullo Stage description

Type A Total incongruity Stage I No displacement with positive 
bone scan

Type B1 Partial incongruity with medial 
displacement

Stage II Diastasis without a loss in arch 
height

Type B2 Partial incongruity with lateral 
displacement

Type C1 Divergent pattern with partial 
displacement

Stage III Diastasis with a loss in arch 
height

Type C2 Divergent pattern with total 
displacement

Table 1. 
Comparison of the Myerson classification system typing and Nunley-Vertullo classification system staging.
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6.2 Operative

Stage II and stage III Lisfranc injuries are unstable and require operative manage-
ment to achieve reduction [15]. In instances of severe dislocations or compartment 
syndrome, the injury should be quickly addressed to prevent further complica-
tions via reduction or compartment release, respectively [11]. Otherwise, surgical 
 intervention should be delayed 10 to 14 days to allow the soft tissue to heal [4, 16].

In predominantly ligamentous injuries, interosseous transarticular solid screw 
fixation is thought to be best at holding a reduction to allow the ligament to heal [11]. 
There is debate whether primary arthrodesis or open reduction with internal fixation 
(ORIF) yields better results long term for patients with primarily or purely ligamen-
tous Lisfranc injuries in terms of maintaining reduction, degree of deformity, and 
rate of re-operations [23, 24]. Some surgeons prefer ORIF as a primary treatment 
choice with primary arthrodesis reserved as a salvage procedure, in cases of late 
presentation, or in cases of severe articular damage [6, 11]. However, Ly and Coetzee 
found in a randomized clinical trial that primary arthrodesis has better short and 
medium-term outcomes than ORIF in primarily ligamentous injuries [25]. It should 
be noted that ORIF may require a greater reoperation rate when compared to pri-
mary arthrodesis, and some studies suggest that there is no statistically significant 
difference in physical functioning between the two surgeries [23, 24, 26]. With either 
approach, achieving anatomical reduction and stable fixation should be the ultimate 
goal [6, 9, 11, 23, 24]. Reduction can be defined as a < 2 mm intercuneiform distance, 
<15o TMT angle, and absent metatarsal displacement in the dorsal or plantar planes 
[5]. In the athlete population, it is important to consider athletic performance and 
restoring midfoot stability; there may be some exceptions in young highly active ath-
letes where ORIF might be considered over primary arthrodesis [13]. These authors 
prefer ORIF as an operative treatment for athletes.

6.3 Post-operative

Post-operative management for ORIF and primary arthrodesis are the same with 
non-weightbearing for 6 weeks after surgery, suture removal 2 to 3 weeks post-opera-
tion, short-leg cast or boot for 3 to 4 weeks, then weightbearing with arch support insert 
in a boot, and eventual transition to normal shoes 3 months after the operation [2, 11]. 
In high performing athletes, pool therapy can be initiated after wounds have healed, 
and after 4 weeks, stationary bike without resistance can be started [11]. At 12 weeks, 
running with modified shoes is allowed without cutting or sprinting for another  
month, then the athlete can gradually return to sport [11]. Screws and plates except 
inter-cuneiform screws for proximal or medial column injuries after ORIF are removed 
4 to 6 months after surgery if there is no radiographic evidence of remaining instability, 
and athletes should avoid contact sports for 6 to 8 weeks after hardware removal [11, 14].

Regardless of reduction and fixation choice, recovery from Lisfranc injuries 
largely depends on the degree of instability at the TMT joint [12]. Furthermore, the 
most common complication from a Lisfranc injury is post-traumatic arthritis which 
depends on the quality of reduction and amount of articular damage present [24]. 
A majority of athletes will be able to return to sports after a period of recovery and 
rehabilitation [27–29], with athletes sustaining ligamentous injuries able to return to 
sport quicker on average than those with bony injuries [28]. It should be noted that 
athletes may have deep peroneal nerve sensation loss [28], and athletic level of perfor-
mance usually decreases after returning from injury [29]. Therefore, it is important 
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to inform athletes of all levels that they may not be able to return to high-level sports, 
and their level of performance can be affected after recovering from a Lisfranc injury.

7. Surgical technique

7.1 Exposure and reduction

After general anesthesia induction, C-arm fluoroscopy is used to examine and 
demonstrate instability and opening at the Lisfranc joint with foot manipulation 
when compared to the contralateral side.

After prepping and draping the foot and ankle in a sterile fashion, a 2-4 cm inci-
sion is made just laterally to the second metatarsal’s lateral border. Fluoroscopy should 
be used to mark the incision, since being too medial over the second metatarsal shaft 
is a common mistake. This makes it difficult to work on the metatarsal’s lateral border 
without causing soft tissue stretching or extending the incision. Scissor dissection is 
carefully performed down to bone with electrocautery to achieve hemostasis. Care is 
taken to protect any superficial peroneal nerve branches, and the extensor hallucis 
brevis is bluntly retracted medially to protect the neurovascular bundle.

The soft tissues are elevated from lateral to medial towards the Lisfranc region, 
where a portion of the dorsal Lisfranc ligament may be visualized running obliquely 
from the medial cuneiform to the second metatarsal. These oblique fibers may be 
homogenous and lacking direction in a scarred, chronic injury or disrupted in an 
acute tear. A Freer elevator is placed in the Lisfranc’s articulation and confirmed with 
fluoroscopy (Figure 2). In the instance of a tear, the Freer will pass easily, but it will 
not normally pass between the medial cuneiform and second metatarsal. Likewise, 
intercuneiform disruption can be assessed since the freer should not be able to pass 
between the medial and intermediate cuneiforms. In the presence of intercuneiform 
instability, a bridge plating construct can address this issue separately. After an 
isolated ligamentous Lisfranc injury is confirmed, debris is removed from the joint, 
and any bridge plating for TMT subluxations can be performed.

Figure 2. 
X-ray of a freer elevator in the Lisfranc articulation.
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Figure 4. 
Fluoroscopic confirmation for the Lisfranc joint reduction.

Figure 3. 
Lisfranc joint reduction using a large clamp.
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At the border of the medial cuneiform, a percutaneous incision is made. The joint 
is reduced with a large clamp towards the Lisfranc joint (Figure 3) and confirmed 
using fluoroscopy (Figure 4). The TMT joints are evaluated to ensure that joint 
subluxation was not caused by the clamping.

7.2 Lisfranc repair with Internal Brace

Laterally at second metatarsal base just distal to the articulation with the third meta-
tarsal base, a 1.6 mm specialized passing wire is placed. Under fluoroscopic guidance 
in line with the Lisfranc ligament trajectory, the wire is advanced through the second 
metatarsal base into the medial cuneiform. The wire’s ideal exit point from the medial 
cuneiform is at the middle from dorsal to plantar, at or just proximal to the bony protuber-
ance often seen on the medial aspect, and plantar and proximal to the obliquely crossing 
tibialis anterior tendon medially. The wire is continued to be advanced through the medial 
cuneiform to the medial skin, and a 1–2 cm incision is made to let the wire pass.

A 3.5 mm cannulated drill is placed over the medial portion of the wire to drill 
approximately 18 mm into the medial cuneiform for the interference screw, with 
fluoroscopy to confirm that the drill did not violate the medial cuneiform’s lateral 
cortex. If the bone quality is outstanding, the wire is pulled back and a 4.75 mm tap is 
advanced into the cuneiform approximately 7 mm.

The FiberTape is threaded through a small stainless steel button, then using a pass-
ing wire, the 2 mm FiberTape-button construct is passed from lateral to medial. When 
passing the FiberTape and wire through the bone tunnel, it is important to use the 
drill’s oscillate function. Afterwards, ensure that there is excellent apposition of the 
small button at the lateral second metatarsal. Pull tightly while diverging the suture 
limbs away from each other, place a 4.75 × 15 mm PEEK interference screw between 
the limbs, and advance until the end of the screw is level with the medial cortex.

The clamp is removed, and stability is confirmed under direct visualization by 
stressing the joint (Figure 5). It should no longer be possible to pass a freer into the 

Figure 5. 
Confirmation of Lisfranc joint stability under stress.
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joint. Fluoroscopy can also be used to confirm the reduction and stability with stress. 
After irrigating the wound, the incision is closed, and a splint is applied.

Post-operatively, patients are initially kept non-weight bearing with gradual 
progression of weight bearing sometimes being initiated in the 4–6 week postop 
period and weight bearing as tolerated often being permitted in the 8–12 week postop 
timeframe.

8. Conclusion

Lisfranc injuries are relatively uncommon when compared to the frequency of all 
fractures, but its potentially subtle presentation and severe consequences if missed 
should make clinicians suspect this injury in patients who present with midfoot 
trauma [16]. Proper imaging workup with a high index of suspicion is imperative to 
detect injuries to the TMT joint given the frequency these injuries are misdiagnosed or 
missed [3]. Stable Nunley Vertullo Stage I Lisfranc injuries can be treated nonopera-
tively with excellent outcomes, but athletes should be informed of the timeframe for 
recovery [15]. Unstable Nunley Vertullo Stage II and Stage III Lisfranc injuries should 
be treated aggressively with ORIF or primary arthrodesis [15]. Understanding the 
anatomy of the TMT joint complex is essential in operatively treating and stabilizing 
Lisfranc injuries. For athletes, it is imperative to be honest about treatment outcomes, 
recovery timeframe, and realistic expected level of play to manage expectations.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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