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Synopsis
The purpose of this article is to review current theories regarding prevalence, mechanism and
prevention strategies for overuse injuries in a young, athletic population. This information will
provide valuable insight into the state of current evidence regarding overuse injuries in young
athletes as well as potential future directions in the development of overuse injury prevention
interventions.
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Introduction
Participation in organized sports is on the rise in the United States. An estimated 30 to 45
million children participate in organized sports, annually.[1, 2] Concurrent with this increase
in participation is an upward trend in year round participation in athletics in either one or
multiple sports. The benefits of athletic participation in children as a means to stay active
and physically fit are well documented[3] however; an increased prevalence of athletic
injury in young athletes has raised concern regarding the safety of intense athletic
participation at a young age.[4] Although many of these injuries may represent traumatic
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incidents, as many as 1/3 [5] to over 50% [6, 7] of these injuries are estimated to be a result
of overuse.

Overuse injuries are inclusive of a broad spectrum of injuries within sports medicine.
Classically, they are defined as chronic injuries related to “constant levels of physiologic
stress without sufficient recover time.”[5] Globally, they can be perceived as the outcome of
the difference between the volume of the stress or force applied to the body and the ability
of the body to dissipate this stress or force. Injury may result from repetitive microtrauma
imposed on otherwise healthy tissue or the repeated application of lesser magnitudes of
force to pathologic tissue. Either scenario can lead to a sequelae of tissue breakdown.
Unfortunately, the mechanism by which this stress ultimately leads to overuse injuries is not
consistent among young athletes.

In the absence of a well-defined mechanism, the development of targeted intervention
strategies are more difficult. Traumatic injuries, such as ligament tears, are typically the
result of a single macrotrauma on otherwise healthy tissue, which results in tissue failure.
Many injury prevention programs attempt to develop the athlete’s neuromuscular control
mechanisms to help dampen these external forces and reduce the likelihood of traumatic
tissue failure. [8, 9] In the case of overuse injuries, there is significantly less evidence
regarding the most efficacious program to reduce the incidence of these injuries. Therefore,
current intervention programs which attempt to address potential underlying mechanisms or
target specific risk factors which may contribute to abnormally high stress with repeated
activities are still in development. The purpose of this manuscript is to highlight prevailing
theories of overuse injury mechanisms as well as review the best available evidence for
implementation of prevention strategies designed to target overuse injuries in both
endurance and pivoting/cutting sports.

Mechanism of Overuse Injury
Factors which increase the likelihood of overuse injuries can be classified as either intrinsic
or extrinsic risk factors. Intrinsic factors are categorized as implicit or unique to the
individual which may increase the likelihood of sustaining an injury.[3] Factors such as
maturational status, body mass index (BMI), gender, anatomic variations and biomechanical
movement patterns are all examples of intrinsic risk factors.[10] Theoretically, these factors
can affect the ability of the athlete’s tissue to dampen or respond to stress. For example, if an
athlete possess a varus knee alignment, they are more likely to experience an increase load
on the medial compartment of the knee. Over time, this may lead to more articular cartilage
breakdown in the medial compartment. Anatomic variants, such as knee alignment, in the
absence of a surgical intervention to re-align the knee, are unmodifiable risk factors.
Conversely, intrinsic risk factors such as BMI, strength deficits or altered movement
patterns would generally be considered modifiable risk factors, which have the potential to
improve with an injury prevention intervention.

Extrinsic risk factors are those factors when applied to the athlete, may increase risk of
injury. These may include training methods, equipment and environment[3] and may have
an effect on the magnitude or stress or force applied to the body. Training regimes are often
implicated as a potential mechanism of overuse injury. Hogan et al [5] identified three
scenarios which may increase an individual’s likelihood of developing an overuse injury.
The first involves the athlete who attempts to rapidly increase his training load after a period
of inactivity or decreased activity. In this situation, the body has an insufficient adaptation
period to respond to a higher level of stress and therefore, is not adequately prepared to
dissipate repetitive forces. Investigations of the high incidence of stress fractures during the
initial stages of training in the military [5, 11] support this theory of overuse injury due to
rapid increases in activity.
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A second category of extrinsic risk factors includes athletes who attempt to participate at a
level which exceeds their individual skill level.[5] In theory, this mismatch of individual
skill or fitness level to imposed stress and physical demands can lead to tissue breakdown.
Finally, consistent participation at an exceptionally high level is theorized to lead to overuse
injury. This group may suffer from excessive microtrauma over time with insufficient rest,
ultimately leading to tissue breakdown. Athletes who continuously participate in sports
without rest[12] or who specialize in one sport throughout the year[4] are anecdotally
thought to be included in this high risk category, however current evidence is sparse.[12]

In summary, overuse injuries are generally a product of the application of an applied load to
the body and the body’s ultimate inability to dampen the applied load. This may be due to
intrinsic factors which limit the body’s ability to dampen the load or extrinsic factors which
increase the load which is applied. Using this theory, programs designed to prevent overuse
injuries should target impairments which decrease the individual’s ability to dampen forces
applied to the body and encourage participation in appropriate progressions of training to
increase the individual’s ability to dampen the applied load.

Preventing Overuse Injuries in Young Endurance Athletes
Running is an endurance sport which continues to grow in popularity amongst middle school
and high school athletes as over 450,000 young athletes participated in cross-country during
2010–2011[13]. Concomitant with an increase in running participation comes an associated
increase in injuries. The annual incidence rate among high school cross-country runners is
reported to be as high as 17.0/1000 athletic exposures (AE’s) [14]. Unfortunately, the
literature on running-related injury prevention is sparse and often contradictory. In addition,
the potential confounding effects of growth and maturation on running biomechanics and
injury risk in children may also limit the generalizability of adult literature to the pediatric
running population. While these challenges exist, focusing on known factors that contribute
to pediatric running-related injuries, recognizing the hallmark signs and symptoms of these
injuries, as well as having a strong understanding of the underlying biomechanics of
distance running may serve to guide clinicians interested in prevention of these injuries in a
young population.

Common Pediatric Running-Related Injuries
The most common location of pediatric running-related injuries are shin injuries for girls
and knee injuries for boys [14]. The two most common shin injuries are medial tibial stress
syndrome and tibial stress fractures. In adolescent runners, the most common knee injuries
are patellofemoral syndrome, iliotibial band syndrome, and injuries to the apophysis, such as
Osgood-Schlatter Disease (OSD).

Medial tibial stress syndrome (MTSS) is characterized as “an exercise-induced, localized
pain along the distal two thirds of the posterior-medial tibia” and affects more long-distance
female than male runners [15]. Risk factors for sustained MTSS include reduced running
experience [16], a previous history of MTSS [16], and a higher body mass index [15]. While
runners with a history of MTSS are more likely to report orthoses use than those runners
without a history of MTSS [15], the evidence supporting an association between a pronatory
foot type and MTSS is mixed. [15, 17, 18] Adult athletes diagnosed with MTSS have
significantly reduced plantar flexor muscle endurance compared to uninjured athletes [19].
While retrospective in nature, this adds support to the theory that a lack of endurance of the
plantar flexor muscle group may lead to a higher force transfer to the tibia [20].

Stress fractures occur along a continuum of repetitive loading, bone remodeling, and
microdamage accumulation [21] and can be classified as either fatigue or insufficiency
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fractures. A fatigue stress fracture occurs in healthy bone as the result of repetitive loading
and mechanical stress [22], while an insufficiency fracture is the result of normal loading on
pathologic bone. [22]. The majority of stress fractures that occur in pediatric long-distance
runners can be classified as fatigue stress fractures, with tibial stress fractures as the most
common type of stress fracture [23].

Of all running injuries, patellofemoral syndrome (PFPS) is the most common [24, 25] and
the etiology is still unclear [26]. Also known as “runner’s knee,” or anterior knee pain PFPS
is typically described as pain to the peripatellar region that increases with activities such as
running, stair ambulation, squatting, jumping, and/or prolonged sitting with the knees flexed
[27]. While many etiological theories exist, two biomechanical pathways have received the
most attention. First, a lack of proximal stability due to impaired hip strength and/or hip
muscular activation leads to excessive patellofemoral joint stress by increasing the dynamic
quadriceps angle acting upon the patellofemoral joint [28] . Second, excessive and/or
mistimed pronation may lead to alterations in frontal and transverse plane mechanics at the
patellofemoral joint resulting in patellofemoral compression, overuse, and pain [28].

Proximally, the gluteus medius and gluteus maximus function to eccentrically stabilize the
femur in the frontal and transverse planes, respectively, while running [29]. Recent
systematic reviews suggest adolescent and young adult females with PFPS demonstrate
deficits in hip strength [30] and adult runners with PFPS exhibit delayed and shorter muscle
activation of the gluteus medius [31]. Together, these studies indicate an association
between lack of proximal pelvic girdle stability and PFPS. Furthermore, interventions
targeted at improving the strength and neuromuscular control of the hip abductor, hip
extensor, and hip external rotator musculature may be efficacious as part of an injury
prevention program. Distally, as the foot and ankle complex pronates the tibia internally
rotates due to the anatomical wedging of the talus in the distal tibia-fibular mortise [32].
Some authors theorize that excessive or mistimed pronation would lead to excessive
patellofemoral stress due to disruptions in transverse and frontal plane timing of transverse
plane tibiofemoral joint [33]. However, there is mixed evidence in regards to the association
between excessive foot pronation and PFPS [34, 35] [36, 37].

Iliotibial Band Syndrome (ITBS) is the most common cause of lateral knee pain in runners
[24], with an annual incidence rate up to 12% [38]. While originally thought of as a sagittal
plane disorder secondary to a tight ITB fractioning over the lateral femoral epicondyle [38,
39], more recent evidence supports the theory that ITBS occurs as a result of a lack of
frontal and transverse plane control of the femur and tibia [40–43]. Anti-inflammatory
treatment is thought to be effective in the acute treatment of subjects with ITBS [38, 44]
while hip abductor strengthening has been shown to be effective at improving hip strength
and returning injured runners back to function [39, 45].

Osgood-Schlatter Disease (OSD) is the most common apophyseal disorder affecting
adolescents [46] and presents as anterior knee pain, swelling, and tenderness to palpation
over the tibial tubercle [47]. OSD typically occurs during a growth spurt and is seen most
often in adolescents participation in sports involving repetitive running and/or jumping [47,
48]. Tightness to the rectus femoris is associated with OSD [48]. Interventions typically
include relative rest, gentle quadriceps stretching, and quadriceps strengthening [47–49].
Because OSD is associated with recent growth, these athletes may benefit in reduction of
total running volume as part of an injury-prevention effort.

Risk Factors for Sustaining a Pediatric Running-Related Injury
Intrinsic Risk Factors—Intrinsic risk factors most often associated with running related
injuries in a pediatric population include sex, anatomic morphology, running mechanics, hip
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strength and nutrition. Epidemiological evidence of sex differences is sparse. Rauh and
colleagues prospectively tracked high school cross country runners and noted that female
runners had a higher injury rate as compared to boys (19.6/1000 AEs vs. 15.0/1000AEs) and
sustained more injuries causing >15 days lost from running than boys [14]. Compared with
boys, the total injury rate for girls was significantly higher than boys for all injuries except
those resulting in 5–14 days lost [14]. Retrospectively, Tenforde and colleagues assessed a
large cohort of long-distance runners and noted that females had a higher overall injury rate
than males. The authors noted the following, most common injuries: tibial stress injuries,
ankle sprain, patellofemoral pain, iliotibial band syndrome, and plantar fasciitis [50].

Risk factors related to anatomic morphology in runners include Q-angle at the knee and foot
morphology. Rauh and colleagues report that high school cross country athletes with a
standing quadriceps angle (Q-angle) >20 degrees were 1.7 times more likely to sustain a
running related injury compared to a standing Q-angle of 10 degrees to <15 degrees [3].
Runners with >4 degrees absolute right-left Q-angle difference were at 1.8 times greater risk
compared to runners with a smaller difference. Runners with a Q-angle >20 degrees were
more likely to injure their knee, while runners with >4 degrees Q-angle difference were
more likely to injure their shin [51].

Anatomical variations related to foot morphology are often theorized to contribute to
pediatric running related injuries. Many postulate that a pes planus foot type results is a
more mobile foot leading to an increase in pronation excursion and excessive strain to
medial soft tissue structures whereas a pes cavus foot type results in a stiffer foot that is less
well equipped to dampen GRF at the foot and ankle resulting in excessive bone stresses and
lateral column injuries [52]. While multiple authors cite structural deviations of the arch as
either indirectly or directly contributing to running injury incidence in both adult civilian
and military runners [53–56], others have found no association [57–59]. Further, few studies
have prospectively assessed the effect of foot structure on the incidence of PRRI with
contradictory conclusions [15, 17, 60, 61]. This has lead one author to state that efforts to
optimally “aligning the skeleton” with shoes and orthoses designed to mitigate anatomical
variants should be reconsidered [62]. Thus, further high-quality prospective studies are
warranted to help delineate the effect of arch structure on the risk of sustaining a running
related injury.

Altered running mechanics are theorized to lead to injury. Recently, primary biomechanical
faults cited for increased risk of sustaining a running-related injury are excessive rearfoot
eversion [56, 63–66] , and altered stance phase impact forces [56, 67–72]. While limited
work has been undertaken in the pediatric running athlete, some prospective evidence exists
correlating dynamic pronation excursion with the occurrence of exercise-related lower limb
pain in a heterogenous cohort of college aged, physical education students [73].

Two studies have demonstrated altered running mechanics in adult females who have
sustained tibial stress fractures [56, 66]. In separate cross-sectional, retrospective studies
comparing three-dimensional mechanics of female runners with a history of tibial stress
fracture to an uninjured cohort, it was noted that the tibial stress fracture groups
demonstrated increased peak rearfoot eversion, a component of pronation, compared to
controls.[56, 66] Further, Milner and colleagues reported that the tibial stress fracture group
also demonstrated significantly higher peak hip adduction while Pohl and colleagues. noted
the variables of peak rearfoot eversion, peak hip adduction, and free moment (a measure of
impact force) correctly classified 83% (50/60) runners into tibial stress fracture or control
group [56]. Taken together, this suggests efforts aimed at reducing pronation and/or hip
adduction may reduce the likelihood of developing a tibial stress fracture; however, caution
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must be noted as cause and effect relationship cannot be ascertained from retrospective
studies.

More recently, emphasis has shifted towards assessing hip strength, hip muscular activation,
and running gait mechanics to assess the relative impact these variables may have on the
development of a running-related injury. A lack of hip strength has been associated with
multiple injuries, including patellofemoral pain syndrome (PFPS) [27, 29, 30, 74–79],
iliotibial band syndrome (ITBS) [39], and tibial stress fracture [80]. A lack of strength to the
hip abductor, hip extensor, and hip external rotator musculature is theorized to place the
femur into excessive amounts of adduction and internal rotation leading to alterations in
joint coupling and mechanics to the knee, shank, and foot-ankle complex distally [28].
Indeed, there is limited evidence to suggest altered hip strength affects running mechanics in
a healthy population [81, 82] and in a population of adult female runners with PFPS [83] .
However, while improving hip strength has led to reductions in pain and improvement in
function, particularly in subjects with PFPS and ITBS [27, 39, 84] , they have not directly
led to changes in running gait mechanics [85, 86]. This seeming contradiction has, in part,
caused some investigators to assess the effect of alterations in hip muscular activation and
running gait mechanics on the relative risk of sustaining a running-related injury.

Proper nutrition is important for maintaining health and reducing the risk of sustaining a
pediatric running related injury. High School cross-country runners with a higher body mass
index have a higher risk of sustaining medial tibial stress syndrome than those runners with
a lower BMI [15]. Conversely, in a cohort of female collegiate track and field athletes,
reduced nutritional fat intake was associated with an increased risk of sustaining a stress
fracture [87]. This speaks to the intrinsic risk factors unique to female athletes, such as
delayed age of menarche and irregular menstruation. Both menstrual irregularity, such as
oligomenorrhea and amenorrhea, as well as a delayed age of attaining the first menstrual
cycle are associated with increased risk of sustaining a bony stress-related injury [87–90].
Further female long-distance runners whom demonstrate signs or symptoms of disordered
eating are at increased risk of reduced bone mineral density than those runners with more
typical eating habits [88].

Extrinsic Risk Factors
Extrinsically, improper training is identified as a contributor to pediatric running related
injuries. Progressive training regimes with a focus on a gradual increase in running to help
acclimate the body to the rigors of running and thereby reducing the likelihood of sustaining
a running-related injury are common . Unfortunately, little evidence exists to support this
widely-held belief. A randomized controlled trial did not find a protective effect for a
preconditioning program at reducing running related injury rates (RRIR) in novice, adult
runners [91]. This is in agreement with Buist et al who found no difference on the RRIR of
adult, novice runners utilizing a 13-week graded training program that followed “the 10%
rule” for mileage increase when compared to an 8-week control group [92]. Because many
pediatric runners can be considered novice runners, or runners whom have been running for
less than or equal to two years, these results may provide some insight into the effect of
training on the PRRI rate.

The type and duration of previous sports participation may alter the risk of sustaining a
running related injury. In novice, adult males training for a 4-mile race, those runners whom
had participated in sports without axial loading prior to training, such as swimming and
cycling, were more than twice as likely to sustain a RRI than those males whom had
participated in sports such as basketball or soccer [93]. This is in agreement with
Fredericson and colleagues, whom noted that youth participation in basketball or soccer was
protective against the future risk of sustaining a stress fracture in collegiate track athletes
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[94]. Taken together, these studies impart two valuable clinical pearls. First, participation in
sports that induce axial loading in a three-dimensional fashion may enhance bone mass and
thereby reduce the likelihood of sustaining a stress-related RRI. Second, participation in
sports where athletes are required to perform sprinting, cutting, and jumping maneuvers may
enhance an athlete’s neuromuscular control capabilities which might impart a reduced
likelihood of sustaining a RRI.

Potential Interventions to Target Altered Mechanics & Reduce Injury Risk
While attempts to reduce the incidence of running-related injuries in adults through graded
training programs [91, 92] or by matching shoe-wear to foot-type [95] have proven
ineffective, a careful review of the literature on risk factors for sustaining a PRRI as well as
treatments for the most common PRRI suggests a pathway towards prevention. The key
variables to this pathway may include:

1. Identifying at-risk populations

2. The application of pre-season and in-season hip strengthening program

3. Assessment of running biomechanics.

Based on the epidemiological reports of Rauh et al. [14, 96]l and Tenforde et al. [50] as well
as the application of the reports on risk factors for novice runners[91–93, 97, 98], the
following characteristics of pediatric and adolescent long-distance runners should be taken
into consideration and can be broken down between intrinsic and extrinsic measures.
Assessments of four intrinsic measures are recommended. First, measuring the standing
quadriceps (Qangle) is recommended based on the aforementioned studies by Rauh and
colleagues [14, 51, 99]. Specifically, runners with a Q-angle of >20 degrees and/or runners
with a right-left difference of >4 degrees should be noted and the application of modified
training programs and/or targeted hip and quadriceps strengthening programs is
recommended [14, 51]. Second, measuring the body mass index (BMI) should be considered
as increased BMI is associated with medial tibial stress syndrome [15] while reduced BMI
may serve as a warning to coaches, parents, and health care professionals that the runner
may be at risk for bony stress-related injuries such as stress reaction and stress fractures
[100]. Third, the navicular drop test should be considered but caution should be noted in
interpreting the results due to the conflicting reports noting its association with MTSS [15,
17, 18], Exertion-Related Lower Limb Pain [101], a condition that encompasses pain
between the knee and ankle which occurs with exercise [102], and stress fractures [24].
Fourth, pre-season measures of hip abductor, hip extensor, and hip external rotator strength
should be considered due to the fair to strong evidence noting the relationship between hip
muscle weakness and conditions such as PFPS [30] and ITBS [39]. Additionally, indirect
evidence suggests a possible biomechanical link between hip muscle weakness and TSF [56,
66, 80, 81], however, further prospective studies are warranted. Finally, with regards to
female athletes, it is strongly recommended to regularly measure menstrual cycle status and
regularity in order to reduce the likelihood of incurring bony stress-related injuries [87–89,
100].

Dynamics evaluation of altered gait mechanics, with the potential for targeted gait
retraining, is viewed as a potential new avenue in the evaluation, treatment, and perhaps
prevention of pediatric running-related injuries. With regards to stress fractures, multiple
authors have noted that adult female runners whom have sustained a tibial stress fracture
(TSF) demonstrate altered running kinetics, specifically, increases in loading rate [69, 70]
and ground reaction forces [68, 71]. This had led some authors to attempt to retrain running
gait mechanics of at-risk and/or injured runners in order to reduce these variables of impact
shock that may be associated with injury. Techniques such as real-time visual feedback, [72,
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103] mirror gait retraining [104, 105] and increasing step rate [106] have been used to target
altered running mechanics. Taken together, both visual and auditory gait retraining provide
clinicians with emerging interventions to address the high incidence of pediatric running
related injuries. However, future, prospective research in a pediatric population is warranted
in order to determine the effect of gait retraining on the reduction of injuries in at-risk
populations.

With regards to modifiable extrinsic factors, three steps are recommended. First, cataloging
an athlete’s preseason activity-level, by using such valid and reliable tools as the Tegner
Activity Scale [99, 100] may be warranted to both determine the athlete’s readiness to run as
well as their relative risk for sustaining a running related injury. Based on weak to fair
evidence in the adult population, determining fitness level prior to running [96, 107] , the
length of time running [108] , the type and severity of prior running-related injuries [93] , as
well as the types of previous sporting activities [93] are recommended. Second, modifying
training volumes and intensity for runners whom have recently undergone a growth spurt are
recommended in order to reduce stressors to the apophysis [47, 48]. Finally, early and
continued participation in ball sports and/or sports involving a 360-degree playing field are
recommended based on weak-to-fair evidence [94]. Providing runners individualized
training programs that take into account their fitness level, growth and maturation, prior
running-related injuries and affords the runner an opportunity to perform cross-training
activities that challenges their coordination and neuromuscular control are recommended to
help modify the extrinsic risk factors associated with pediatric running related injuries.

In conclusion, more high-quality, prospective research is warranted to better illuminate the
intrinsic and extrinsic risk factors associated with sustaining a running related injury.
Further, high-quality randomized controlled trials assessing the effects of pre-season
interventions on the incidence and severity of these injuries are necessary to help guide
coaches, parents, student-athletes, and health care professionals in making quality decisions
regarding evidence-based steps to reduce the likelihood of sustaining a running related
injury. While these challenges remain, the continued participation in endurance sports such
as long-distance running by pediatric and adolescent youth is recommended as a means of
promoting a healthy and well-rounded lifestyle.

Preventing overuse injuries in pivoting and cutting sports
Team sports such as basketball, handball, soccer and volleyball demonstrate increased acute
and overuse injury risk relative to individual sports.[109] Injuries to the Anterior Cruciate
Ligament (ACL) result in the greatest time lost from sport and recreational participation by
young athletes who compete in running and cutting team sports. However, chronic
conditions such as patellofemoral pain are the most common disorder of the knee, with its
greatest incidence in young, physically active females.[110–114] Interestingly, there is a
similar sex disparity in both conditions, as adolescent females and young women who
participate in pivoting and cutting sports are affected with PFPS and ACL injury 2–10 times
more often than their male counterparts.

Altered mechanics that may predispose to overuse injury
Altered or reduced motor control during physical activities may result in frontal plane
dysfunction during running and cutting sports. This frontal plane dysfunction appears to be
similar to those described in endurance sports, which may underlie injury risk. For example,
in long distance runners, the predictive factor that lead to chronic knee pain was increased
knee frontal plane impulse moment during single support stance phase of running.[115]
Similarly, as previously noted, Rauh and colleagues reported that high school cross-country
runners with abnormal frontal plane static alignments (Q-angle measures of 20 or more
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degrees) were more likely to miss practice or competition from an injury to their knee.[51]
Increased frontal plane anatomical alignments and dynamic knee loads are associated with
patellofemoral pain and knee injury incidence has been noted previously with strong
evidence in endurance runners, though this association has not been reported previously in
other populations. However, recent evidence indicates that similar neuromuscular
dysfunction such as frontal plane alignment and control of the knee also appear to increase
risk of both acute injury and chronic injury in young females who play competitive team
sports.[116, 117]

Current evidence of NM interventions which reduce incidence of overuse injury
It is acknowledged that the volume, intensity and number of competitions vary among both
team and individual sports. In addition, overscheduling and other factors such as nutrition
and lack of sleep can contribute to overuse injury risk in youth.[118] A recent report
indicates that early sport specialization during youth may be associated with increased risk
of patellofemoral pain compared to multi-sport athletes.[119] These data further indicate
that the variety in sport and exercise may limit the risk of overuse injuries in this population.
In addition, participation in a variety of sports may help prevent the development of
neuromuscular deficits that likely underlie chronic injury in sport.[120] While extrinsic
factors likely contribute to chronic injury risk in running and cutting sports, the current
evidence indicates that neuromuscular deficits such as ligament dominance and quadriceps
dominance are the primary determinant of both acute and chronic injury risk. If
neuromuscular dysfunction underlies both chronic and acute injury risk, this may provide a
mechanism to target risk factors that increase injury risk across all sport types and possibly
prevent them in the future.[109]

Neuromuscular training focused on frontal plane dysfunction has been effective to reduce
deficits which may increase risk of injury.[121–124] In addition neuromuscular training that
is focused on increasing hip abduction strength and recruitment may improve the ability of
young growing athletes to better control for the increased height of their center of mass and
improve dynamic lower extremity alignments to reduce loads which may contribute to the
chronic injuries.[125, 126] Accordingly, a similar preseason neuromuscular training
protocol was administered to young female athletes and found a reduced prevalence of
chronic knee pain at post-season follow-up.[127] Young athletes who have missed a critical
window to prevent the development of movement deficits which increase injury risk may be
more responsive to specially designed neuromuscular training.[124] Current projects aimed
toward the utilization of outlined neuromuscular screening techniques to identify potential
“high-risk” young athletes and to target identified factors that put them at “high-risk” with
the most appropriate neuromuscular training for their specific observed deficits are well
underway.[124, 128, 129] Recent evidence indicates that young athletes categorized as high-
risk based on previous coupled biomechanical and epidemiologic studies are more
responsive to neuromuscular training[116]. Through identification of young athletes at
greater risk for chronic injury, prevention strategies may be substantially improved, however
as recently suggested, variety and initiation of training during the younger years before
playing competitive years with residual neuromuscular deficits may be the best approach to
prevent chronic injury youth.[130–133]

Strengths and Limitations of this work and future directions
There are multiple strengths and limitations to the previously published work in the areas of
overuse injuries in young athletes during pivoting and cutting sports, [110–114] ; the
biomechanics that may predispose children to these injuries’ [115] and the current evidence
regarding interventions that may reduce incidence of these overuse injuries. [130–133] One
major limitation with this body of work is that the majority of this work is retrospective in
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nature. This is a major limitation due to a questionable cause and effect scenario: did the
identified factors underlie the onset of the overuse injury, or were they the result of it?
However, the more recent studies reported in the literature have been prospective in nature.
[115] In addition, many of the prior reported studies are underpowered to draw valid
conclusions from their work. Large, multi-center trials are needed to recruit and retain the
large numbers of young athletes in longitudinal, prospective cohort studies in order to fully
power these Level I and Level II experimental designs. There are multiple qualified multi-
disciplanary groups currently developing such powerful predictive studies.

Conclusion
The prevalence of overuse injuries in a young, athletic population is increasing, and the
evidence related to risk factors in both endurance and cutting sports in lacking. However the
evidence which exists support the potential for specific targeted prevention programs to
reduce injury risk. Assessment of risk factors underlying mechanisms of overuse injuries
indicate a potential link between acute injury prevention and overuse injury prevention. In
addition, preliminary attempts to use targeted neuromuscular training to reduce the
incidence of overuse injury shows promise in small cohorts. Future research is warranted to
investigate the potential for targeted neuromuscular training to reduce overuse injury rates or
if other underlying risk factors need to be addressed before more significant reductions in
overuse injury incidence rates are seen.

References
1. Adirim TA, Cheng TL. Overview of injuries in the young athlete. Sports Med. 2003; 33(1):75–81.

[PubMed: 12477379]

2. Pate RR, et al. Sports participation and health-related behaviors among US youth. Arch Pediatr
Adolesc Med. 2000; 154(9):904–911. [PubMed: 10980794]

3. Caine D, Maffulli N, Caine C. Epidemiology of injury in child and adolescent sports: injury rates,
risk factors, and prevention. Clin Sports Med. 2008; 27(1):19–50. vii. [PubMed: 18206567]

4. N J, et al. Sports Specialization in Young Athletes: Evidence-Based Rcommendations. Sports
Health. 2012

5. Hogan KA, Gross RH. Overuse injuries in pediatric athletes. Orthop Clin North Am. 2003; 34(3):
405–415. [PubMed: 12974490]

6. Luke A, et al. Sports-related injuries in youth athletes: is overscheduling a risk factor? Clin J Sport
Med. 2011; 21(4):307–314. [PubMed: 21694586]

7. Pommering TL, Kluchurosky L. Overuse injuries in adolescents. Adolesc Med State Art Rev. 2007;
18(1):95–120. ix. [PubMed: 18605393]

8. Hewett TE, Ford KR, Myer GD. Anterior cruciate ligament injuries in female athletes: Part 2, a
meta-analysis of neuromuscular interventions aimed at injury prevention. Am J Sports Med. 2006;
34(3):490–498. [PubMed: 16382007]

9. Renstrom P, et al. Non-contact ACL injuries in female athletes: an International Olympic
Committee current concepts statement. Br J Sports Med. 2008; 42(6):394–412. [PubMed:
18539658]

10. McGuine T. Sports injuries in high school athletes: a review of injury-risk and injury-prevention
research. Clin J Sport Med. 2006; 16(6):488–499. [PubMed: 17119362]

11. Margulies JY, et al. Effect of intense physical activity on the bone-mineral content in the lower
limbs of young adults. J Bone Joint Surg Am. 1986; 68(7):1090–1093. [PubMed: 3745249]

12. Cuff S, Loud K, O'Riordan MA. Overuse injuries in high school athletes. Clin Pediatr (Phila).
2010; 49(8):731–736. [PubMed: 20308195]

13. National Federation of High Schools survey of participation. Available at: http://www.nfhs.org/
Participation/.

14. Rauh MJ, et al. Epidemiology of musculoskeletal injuries among high school cross-country
runners. Am J Epidemiol. 2006; 163(2):151–159. [PubMed: 16306308]

Paterno et al. Page 10

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.nfhs.org/Participation/
http://www.nfhs.org/Participation/


15. Plisky MS, et al. Medial tibial stress syndrome in high school cross-country runners: incidence and
risk factors. J Orthop Sports Phys Ther. 2007; 37(2):40–47. [PubMed: 17366958]

16. Hubbard TJ, Carpenter EM, Cordova ML. Contributing factors to medial tibial stress syndrome: a
prospective investigation. Med Sci Sports Exerc. 2009; 41(3):490–496. [PubMed: 19204603]

17. Bennett JE, et al. Factors contributing to the development of medial tibial stress syndrome in high
school runners. J Orthop Sports Phys Ther. 2001; 31(9):504–510. [PubMed: 11570734]

18. Raissi GR, et al. The relationship between lower extremity alignment and Medial Tibial Stress
Syndrome among non-professional athletes. Sports Med Arthrosc Rehabil Ther Technol. 2009;
1(1):11. [PubMed: 19519909]

19. Madeley LT, Munteanu SE, Bonanno DR. Endurance of the ankle joint plantar flexor muscles in
athletes with medial tibial stress syndrome: a case-control study. J Sci Med Sport. 2007; 10(6):
356–362. [PubMed: 17336155]

20. Clement DB. Tibial stress syndrome in athletes. J Sports Med. 1974; 2(2):81–85. [PubMed:
1186179]

21. Pepper M, Akuthota V, McCarty E. The pathophysiology of stress fractures. Clinics in sports
medicine. 2006; 25(1):1–16. [PubMed: 16324969]

22. Egol KA, et al. Stress fractures of the femoral neck. Clin Orthop Relat Res. 1998; (348):72–78.
[PubMed: 9553536]

23. Bennell KL, et al. The incidence and distribution of stress fractures in competitive track and field
athletes. A twelve-month prospective study. Am J Sports Med. 1996; 24(2):211–217. [PubMed:
8775123]

24. Taunton JE, et al. A retrospective case-control analysis of 2002 running injuries. Br J Sports Med.
2002; 36(2):95–101. [PubMed: 11916889]

25. Taunton JE, et al. A prospective study of running injuries: the Vancouver Sun Run “In Training”
clinics. Br J Sports Med. 2003; 37(3):239–244. [PubMed: 12782549]

26. Wilson T, Carter N, Thomas G. A multicenter, single-masked study of medial, neutral, and lateral
patellar taping in individuals with patellofemoral pain syndrome. J Orthop Sports Phys Ther. 2003;
33(8):437–443. discussion 444–8. [PubMed: 12968857]

27. Earl JE, Hoch AZ. A proximal strengthening program improves pain, function, and biomechanics
in women with patellofemoral pain syndrome. American Journal of Sports Medicine. 2011; 39(1):
154–163. [PubMed: 20929936]

28. Powers CM. The influence of altered lower-extremity kinematics on patellofemoral joint
dysfunction: a theoretical perspective. J Orthop Sports Phys Ther. 2003; 33(11):639–646.
[PubMed: 14669959]

29. Souza RB, Powers CM. Differences in hip kinematics, muscle strength, and muscle activation
between subjects with and without patellofemoral pain. J Orthop Sports Phys Ther. 2009; 39(1):
12–19. [PubMed: 19131677]

30. Prins MR, van der Wurff P. Females with patellofemoral pain syndrome have weak hip muscles: a
systematic review. Aust J Physiother. 2009; 55(1):9–15. [PubMed: 19226237]

31. Barton CJ, et al. Gluteal muscle activity and patellofemoral pain syndrome: a systematic review.
Br J Sports Med. 2012

32. Ferber R, Davis IM, Williams DS 3rd. Effect of foot orthotics on rearfoot and tibia joint coupling
patterns and variability. J Biomech. 2005; 38(3):477–483. [PubMed: 15652545]

33. Tiberio D. The effect of excessive subtalar joint pronation on patellofemoral mechanics: a
theoretical model. J Orthop Sports Phys Ther. 1987; 9(4):160–165. [PubMed: 18797010]

34. Powers CM, et al. Comparison of foot pronation and lower extremity rotation in persons with and
without patellofemoral pain. Foot Ankle Int. 2002; 23(7):634–640. [PubMed: 12146775]

35. Thijs Y, et al. A prospective study on gait-related intrinsic risk factors for patellofemoral pain. Clin
J Sport Med. 2007; 17(6):437–445. [PubMed: 17993785]

36. Eng JJ, Pierrynowski MR. Evaluation of soft foot orthotics in the treatment of patellofemoral pain
syndrome. Phys Ther. 1993; 73(2):62–68. discussion 68–70. [PubMed: 8421719]

Paterno et al. Page 11

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



37. McPoil TG, Vicenzino B, Cornwall MW. Effect of foot orthoses contour on pain perception in
individuals with patellofemoral pain. J Am Podiatr Med Assoc. 2011; 101(1):7–16. [PubMed:
21242465]

38. Ellis R, Hing W, Reid D. Iliotibial band friction syndrome--a systematic review. Man Ther. 2007;
12(3):200–208. [PubMed: 17208506]

39. Fredericson M, et al. Hip abductor weakness in distance runners with iliotibial band syndrome.
Clin J Sport Med. 2000; 10(3):169–175. [PubMed: 10959926]

40. Noehren B, Davis I, Hamill J. ASB clinical biomechanics award winner 2006 prospective study of
the biomechanical factors associated with iliotibial band syndrome. Clin Biomech (Bristol, Avon).
2007; 22(9):951–956.

41. Ferber R, et al. Competitive female runners with a history of iliotibial band syndrome demonstrate
atypical hip and knee kinematics. J Orthop Sports Phys Ther. 2010; 40(2):52–58. [PubMed:
20118523]

42. Hamill J, et al. A prospective study of iliotibial band strain in runners. Clin Biomech (Bristol,
Avon). 2008; 23(8):1018–1025.

43. Miller RH, et al. Lower extremity mechanics of iliotibial band syndrome during an exhaustive run.
Gait Posture. 2007; 26(3):407–413. [PubMed: 17134904]

44. Gunter P, Schwellnus MP. Local corticosteroid injection in iliotibial band friction syndrome in
runners: a randomised controlled trial. Br J Sports Med. 2004; 38(3):269–272. discussion 272.
[PubMed: 15155424]

45. Beers A, et al. Effects of Multi-modal Physiotherapy, Including Hip Abductor Strengthening, in
Patients with Iliotibial Band Friction Syndrome. Physiother Can. 2008; 60(2):180–188. [PubMed:
20145781]

46. Maffulli N, Wong J, Almekinders LC. Types and epidemiology of tendinopathy. Clin Sports Med.
2003; 22(4):675–692. [PubMed: 14560540]

47. Seto C, Statuta S, Solari I. Pediatric Running Injuries. Clinics in sports medicine. 2010; 29(3):499–
511. [PubMed: 20610035]

48. de Lucena GL, dos Santos Gomes C, Guerra RO. Prevalence and associated factors of Osgood-
Schlatter syndrome in a population-based sample of Brazilian adolescents. Am J Sports Med.
2011; 39(2):415–420. [PubMed: 21076014]

49. Wall EJ. Osgood-schlatter disease: practical treatment for a self-limiting condition. Phys
Sportsmed. 1998; 26(3):29–34. [PubMed: 20086789]

50. Tenforde AS, et al. Overuse injuries in high school runners: lifetime prevalence and prevention
strategies. PM R. 2011; 3(2):125–131. quiz 131. [PubMed: 21333951]

51. Rauh MJ, et al. Quadriceps angle and risk of injury among high school cross-country runners. J
Orthop Sports Phys Ther. 2007; 37(12):725–733. [PubMed: 18560184]

52. Razeghi M, Batt ME. Biomechanical analysis of the effect of orthotic shoe inserts: a review of the
literature. Sports Med. 2000; 29(6):425–438. [PubMed: 10870868]

53. Korpelainen R, et al. Risk factors for recurrent stress fractures in athletes. Am J Sports Med. 2001;
29(3):304–310. [PubMed: 11394600]

54. Williams DS 3rd, McClay IS, Hamill J. Arch structure and injury patterns in runners. Clin
Biomech (Bristol, Avon). 2001; 16(4):341–347.

55. Cowan DN, Jones BH, Robinson JR. Foot morphologic characteristics and risk of exercise-related
injury. Arch Fam Med. 1993; 2(7):773–777. [PubMed: 7906597]

56. Pohl MB, et al. Biomechanical predictors of retrospective tibial stress fractures in runners. J
Biomech. 2008; 41(6):1160–1165. [PubMed: 18377913]

57. Nakhaee Z, et al. The relationship between the height of the medial longitudinal arch (MLA) and
the ankle and knee injuries in professional runners. Foot (Edinb). 2008; 18(2):84–90. [PubMed:
20307417]

58. Wen DY, Puffer JC, Schmalzried TP. Injuries in runners: a prospective study of alignment. Clin J
Sport Med. 1998; 8(3):187–194. [PubMed: 9762477]

59. Wen DY, Puffer JC, Schmalzried TP. Lower extremity alignment and risk of overuse injuries in
runners. Med Sci Sports Exerc. 1997; 29(10):1291–1298. [PubMed: 9346158]

Paterno et al. Page 12

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



60. Reinking MF, Austin TM, Hayes AM. Exercise-related leg pain in collegiate cross-country
athletes: extrinsic and intrinsic risk factors. J Orthop Sports Phys Ther. 2007; 37(11):670–678.
[PubMed: 18057673]

61. Reinking MF, Hayes AM. Intrinsic factors associated with exercise-related leg pain in collegiate
cross-country runners. Clin J Sport Med. 2006; 16(1):10–14. [PubMed: 16377969]

62. Nigg BM. The role of impact forces and foot pronation: a new paradigm. Clin J Sport Med. 2001;
11(1):2–9. [PubMed: 11176139]

63. McClay I, Manal K. A comparison of three-dimensional lower extremity kinematics during
running between excessive pronators and normals. Clin Biomech (Bristol, Avon). 1998; 13(3):
195–203.

64. McClay I, Manal K. The influence of foot abduction on differences between two-dimensional and
three-dimensional rearfoot motion. Foot Ankle Int. 1998; 19(1):26–31. [PubMed: 9462909]

65. McClay I, Manal K. Three-dimensional kinetic analysis of running: significance of secondary
planes of motion. Med Sci Sports Exerc. 1999; 31(11):1629–1637. [PubMed: 10589868]

66. Milner CE, Hamill J, Davis IS. Distinct hip and rearfoot kinematics in female runners with a
history of tibial stress fracture. J Orthop Sports Phys Ther. 2010; 40(2):59–66. [PubMed:
20118528]

67. Creaby MW, Dixon SJ. External frontal plane loads may be associated with tibial stress fracture.
Med Sci Sports Exerc. 2008; 40(9):1669–1674. [PubMed: 18685523]

68. Crossley K, et al. Ground reaction forces, bone characteristics, and tibial stress fracture in male
runners. Medicine & Science in Sports & Exercise. 1999; 31(8):1088–1093. [PubMed: 10449008]

69. Milner CE, Davis IS, Hamill J. Free moment as a predictor of tibial stress fracture in distance
runners. J Biomech. 2006; 39(15):2819–2825. [PubMed: 16289078]

70. Zadpoor AA, Nikooyan AA. The relationship between lower-extremity stress fractures and the
ground reaction force: A systematic review. Clinical Biomechanics. 2011; 26(1):23–28. [PubMed:
20846765]

71. Zifchock RA, Davis I, Hamill J. Kinetic asymmetry in female runners with and without
retrospective tibial stress fractures. J Biomech. 2006; 39(15):2792–2797. [PubMed: 16289516]

72. Crowell HP, et al. Reducing impact loading during running with the use of real-time visual
feedback. J Orthop Sports Phys Ther. 2010; 40(4):206–213. [PubMed: 20357417]

73. Willems TM, et al. Gait-related risk factors for exercise-related lower-leg pain during shod
running. Med Sci Sports Exerc. 2007; 39(2):330–339. [PubMed: 17277598]

74. Baldon Rde M, et al. Eccentric hip muscle function in females with and without patellofemoral
pain syndrome. J Athl Train. 2009; 44(5):490–496. [PubMed: 19771287]

75. Bolgla LA, et al. Comparison of hip and knee strength and neuromuscular activity in subjects with
and without patellofemoral pain syndrome. Int J Sports Phys Ther. 2011; 6(4):285–296. [PubMed:
22163090]

76. Boling MC, Padua DA, Alexander Creighton R. Concentric and eccentric torque of the hip
musculature in individuals with and without patellofemoral pain. J Athl Train. 2009; 44(1):7–13.
[PubMed: 19180213]

77. Cichanowski HR, et al. Hip strength in collegiate female athletes with patellofemoral pain. Med
Sci Sports Exerc. 2007; 39(8):1227–1232. [PubMed: 17762354]

78. Ireland ML, et al. Hip strength in females with and without patellofemoral pain. J Orthop Sports
Phys Ther. 2003; 33(11):671–676. [PubMed: 14669962]

79. Souza RB, Powers CM. Predictors of hip internal rotation during running: an evaluation of hip
strength and femoral structure in women with and without patellofemoral pain. Am J Sports Med.
2009; 37(3):579–587. [PubMed: 19098153]

80. Niemuth PE, et al. Hip muscle weakness and overuse injuries in recreational runners. Clin J Sport
Med. 2005; 15(1):14–21. [PubMed: 15654186]

81. Snyder KR, et al. Resistance training is accompanied by increases in hip strength and changes in
lower extremity biomechanics during running. Clin Biomech (Bristol, Avon). 2009; 24(1):26–34.

82. Heinert BL, et al. Hip Abductor Weakness and Lower Extremity Kinematics During Running.
Journal of Sport Rehabilitation. 2008; 17(3):243–256. [PubMed: 18708678]

Paterno et al. Page 13

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



83. Dierks TA, et al. Proximal and distal influences on hip and knee kinematics in runners with
patellofemoral pain during a prolonged run. J Orthop Sports Phys Ther. 2008; 38(8):448–456.
[PubMed: 18678957]

84. Tyler TF, et al. The role of hip muscle function in the treatment of patellofemoral pain syndrome.
Am J Sports Med. 2006; 34(4):630–636. [PubMed: 16365375]

85. Ferber R, Kendall KD, Farr L. Changes in knee biomechanics after a hip-abductor strengthening
protocol for runners with patellofemoral pain syndrome. J Athl Train. 2011; 46(2):142–149.
[PubMed: 21391799]

86. Willy RW, Davis IS. The effect of a hip-strengthening program on mechanics during running and
during a single-leg squat. J Orthop Sports Phys Ther. 2011; 41(9):625–632. [PubMed: 21765220]

87. Bennell KL, et al. Risk factors for stress fractures in track and field athletes. A twelve-month
prospective study. Am J Sports Med. 1996; 24(6):810–818. [PubMed: 8947404]

88. Cobb KL, et al. Disordered eating, menstrual irregularity, and bone mineral density in female
runners. Med Sci Sports Exerc. 2003; 35(5):711–719. [PubMed: 12750578]

89. Koenig SJ, Toth AP, Bosco JA. Stress fractures and stress reactions of the diaphyseal femur in
collegiate athletes: an analysis of 25 cases. Am J Orthop (Belle Mead NJ). 2008; 37(9):476–480.
[PubMed: 18982185]

90. Bennell KL, Brukner PD, Malcolm SA. Effect of altered reproductive function and lowered
testosterone levels on bone density in male endurance athletes. Br J Sports Med. 1996; 30(3):205–
208. [PubMed: 8889111]

91. Bredeweg SW, et al. The effectiveness of a preconditioning programme on preventing running-
related injuries in novice runners: a randomised controlled trial. Br J Sports Med. 2012; 46(12):
865–870. [PubMed: 22842237]

92. Buist I, et al. No effect of a graded training program on the number of running-related injuries in
novice runners: a randomized controlled trial. Am J Sports Med. 2008; 36(1):33–39. [PubMed:
17940147]

93. Buist I, et al. Predictors of running-related injuries in novice runners enrolled in a systematic
training program: a prospective cohort study. Am J Sports Med. 2010; 38(2):273–280. [PubMed:
19966104]

94. Fredericson M, Ngo J, Cobb K. Effects of ball sports on future risk of stress fracture in runners.
Clin J Sport Med. 2005; 15(3):136–141. [PubMed: 15867555]

95. Ryan MB, et al. The effect of three different levels of footwear stability on pain outcomes in
women runners: a randomised control trial. Br J Sports Med. 2011; 45(9):715–721. [PubMed:
20584759]

96. Rauh MJ, et al. Epidemiology of stress fracture and lower-extremity overuse injury in female
recruits. Med Sci Sports Exerc. 2006; 38(9):1571–1577. [PubMed: 16960517]

97. Thijs Y, et al. Gait-related intrinsic risk factors for patellofemoral pain in novice recreational
runners. Br J Sports Med. 2008; 42(6):466–471. [PubMed: 18397970]

98. Van Ginckel A, et al. Intrinsic gait-related risk factors for Achilles tendinopathy in novice runners:
a prospective study. Gait Posture. 2009; 29(3):387–391. [PubMed: 19042130]

99. Rauh MJ, et al. High school cross country running injuries: a longitudinal study. Clin J Sport Med.
2000; 10(2):110–116. [PubMed: 10798792]

100. Bennell K, Brukner P. Preventing and managing stress fractures in athletes. Physical Therapy in
Sport. 2005; 6(4):171–180.

101. Reinking MF. Exercise-related leg pain in female collegiate athletes: the influence of intrinsic and
extrinsic factors. Am J Sports Med. 2006; 34(9):1500–1507. [PubMed: 16636349]

102. Reinking MF. Exercise Related Leg Pain (ERLP): a Review of The Literature. N Am J Sports
Phys Ther. 2007; 2(3):170–180. [PubMed: 21522213]

103. Crowell HP, Davis IS. Gait retraining to reduce lower extremity loading in runners. Clin Biomech
(Bristol, Avon). 2011; 26(1):78–83.

104. Noehren B, Scholz J, Davis I. The effect of real-time gait retraining on hip kinematics, pain and
function in subjects with patellofemoral pain syndrome. Br J Sports Med. 2011; 45(9):691–696.
[PubMed: 20584755]

Paterno et al. Page 14

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



105. Willy RW, Scholz JP, Davis IS. Mirror gait retraining for the treatment of patellofemoral pain in
female runners. Clinical Biomechanics. (0)

106. Heiderscheit BC, et al. Effects of step rate manipulation on joint mechanics during running. Med
Sci Sports Exerc. 2011; 43(2):296–302. [PubMed: 20581720]

107. Shaffer RA, et al. Predictors of stress fracture susceptibility in young female recruits. Am J Sports
Med. 2006; 34(1):108–115. [PubMed: 16170040]

108. van Mechelen W. Running injuries. A review of the epidemiological literature. Sports Med. 1992;
14(5):320–335. [PubMed: 1439399]

109. Theisen D, et al. Injury risk is different in team and individual youth sport. Journal of Science and
Medicine in Sport. 2012

110. Heintjes, E., et al. The Cochrane Collaboration. Hobken, NJ: John Wiley & Sons, Ltd.; 2005.
Exercise therapy for patellofemoral pain syndrome.

111. Louden JK, et al. The effectiveness of exercise in treating patellofemoral-pain syndrome. J of
Sport Rehab. 2004; 13:323–342.

112. Natri A, Kannus P, Jarvinen M. Which factors predict the long-term outcome in chronic
patellofemoral pain syndrome? A 7-yr prospective follow-up study. Medicine and Science in
Sports and Exercise. 1998; 30(11):1572–1577. [PubMed: 9813868]

113. Witvrouw E, et al. Intrinsic risk factors for the development of anterior knee pain in an athletic
population. A two-year prospective study. American Journal of Sports Medicine. 2000; 28(4):
480–489. [PubMed: 10921638]

114. Kannus P, et al. Computerized recording of visits to an outpatient sports clinic. American Journal
of Sports Medicine. 1987; 15(1):79–85. [PubMed: 3812865]

115. Stefanyshyn DJ, et al. Knee angular impulse as a predictor of patellofemoral pain in runners.
American Journal of Sports Medicine. 2006; 34(d knee 11):1844–1851. [PubMed: 16735584]

116. Hewett TE, et al. Biomechanical Measures of Neuromuscular Control and Valgus Loading of the
Knee Predict Anterior Cruciate Ligament Injury Risk in Female Athletes: A Prospective Study.
American Journal of Sports Medicine. 2005; 33(4):492–501. [PubMed: 15722287]

117. Myer GD, et al. The incidence and potential pathomechanics of patellofemoral pain in female
athletes. Clinical Biomechanics. 2010; 25(7):700–707. [PubMed: 20466469]

118. Luke A, et al. Sports-related injuries in youth athletes: is overscheduling a risk factor? Clinical
Journal of Sport Medicine. 2011; 21(4):307–314. [PubMed: 21694586]

119. Hall R, et al. Sports Specialization Is Associated With An Increased Risk of Developing
Patellofemoral Pain in Adolescent Female Athletes. Abstract Submitted for Presentation of the
AMSSM National Meeting. 2012

120. Mostafavifar AM, Best TM, Myer GD. Early Sport Specialization, Does It Lead To Long Term
Problems? British Journal of Sports Medicine. 2012

121. Myer GD, et al. Neuromuscular training improves performance and lower-extremity
biomechanics in female athletes. Journal of Srength and Conditioning Research. 2005; 19(1):51–
60.

122. Myer GD, et al. The effects of plyometric versus dynamic stabilization and balance training on
lower extremity biomechanics. American Journal of Sports Medicine. 2006; 34(3):445–455.
[PubMed: 16282579]

123. Myer GD, et al. The Effects of Plyometric versus Dynamic Balance Training on Power, Balance
and Landing Force in Female Athletes. Journal of Srength and Conditioning Research. 2006;
20(2):345–353.

124. Myer GD, et al. Differential neuromuscular training effects on ACL injury risk factors in “high-
risk” versus “low-risk” athletes. BMC Musculoskelet Disord. 2007; 8(39):39. [PubMed:
17488502]

125. Myer GD, et al. Trunk and hip control neuromuscular training for the prevention of knee joint
injury. Clinics in Sports Medicine. 2008; 27(3):425–448. ix. [PubMed: 18503876]

126. Myer GD, et al. A pilot study to determine the effect of trunk and hip focused neuromuscular
training on hip and knee isokinetic strength. Br J Sports Med. 2008; 42(7):614–619. [PubMed:
18308886]

Paterno et al. Page 15

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



127. LaBella CR, et al. Preseason neuromuscular exercise program reduces sports-related knee pain in
female adolescent athletes. Clinical Pediatrics. 2009; 48(3):327–330. [PubMed: 18832542]

128. Myer GD, et al. An integrated approach to change the outcome part I: neuromuscular screening
methods to identify high ACL injury risk athletes. Journal of Srength and Conditioning Research.
2012; 26(8):2265–2271.

129. Myer GD, et al. An integrated approach to change the outcome part II: targeted neuromuscular
training techniques to reduce identified ACL injury risk factors. Journal of Srength and
Conditioning Research. 2012; 26(8):2272–2292.

130. LaBella CR, et al. Effect of neuromuscular warm-up on injuries in female soccer and basketball
athletes in urban public high schools: cluster randomized controlled trial. Archives of Pediatrics
and Adolescent Medicine. 2011; 165(11):1033–1040. [PubMed: 22065184]

131. Myer GD, et al. Integrative training for children and adolescents: techniques and practices for
reducing sports-related injuries and enhancing athletic performance. Phys Sportsmed. 2011;
39(1):74–84. [PubMed: 21378489]

132. Myer GD, et al. When to initiate integrative neuromuscular training to reduce sports-related
injuries and enhance health in youth? Current Sports Medicine Reports. 2011; 10(3):157–166.

133. Myer GD, et al. The Influence of Age on the Effectiveness of Neuromuscular Training to Reduce
Anterior Cruciate Ligament Injury in Female Athletes: A Meta-Analysis. American Journal of
Sports Medicine. 2012

Paterno et al. Page 16

Orthop Clin North Am. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


