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ABSTRACT
Context: Running related overuse injuries are a significant problem with half of all runners sustaining an injury
annually. Many medical providers and coaches question how to advise their running clients to prevent injuries.
Alternative running styles with a more anterior footstrike such as barefoot running, POSE running, and Chi
running are becoming more popular. Little information, however, has been published comparing the mechanics
and injury trends of different running styles.
Objective: The original purpose of this paper was to examine evidence concerning the biomechanics and injury

trends of different running styles. Little to no injury data separated by running style existed. Therefore, we
discuss the biomechanics of different running styles and present biomechanical findings associated with different running injuries.

Data Sources: English language articles published in peer reviewed journals were identified by searching
PubMed, CINAHL, and SPORTDiscus databases. Nearly all of the studies identified by the search were observational studies.
Results: A more anterior initial foot contact present in barefoot or other alternative running styles may decrease

or eliminate the initial vertical ground reaction peak or “impact transient,” possibly reducing knee joint loads
and injuries. A more anterior foot strike, however, may increase mechanical work at the ankle and tensile
stress within the plantarflexors. Wearing minimal footwear may also increase contact pressure imposed on the
metatarsals.
Conclusion: More research is needed to determine which individuals with certain morphological or mechanical gait characteristics may benefit from alternative running styles that incorporate a more anterior initial foot
contact with or without shoes.

The popularity of running is at an all-time high with
nearly 500,000 people in the United States completing
a marathon in 2009.1 Annual running injury incidence
has recently been reported between 19% and 79%.2
This large number of injuries has medical providers and
coaches struggling to determine how best to advise their
running clients to prevent injuries. Alternative running
styles such as barefoot running, POSE running, and Chi
running have enjoyed an increase in popularity recently.
Proponents of these alternative running styles with a
more anterior landing pattern claim that employing these
techniques will reduce injuries. Little information, however, has been published comparing the mechanics and
injury trends associated with different running styles.
OVERVIEW OF DIFFERENT RUNNING STYLES
Traditional Shod Running
A recent kinematic analysis of elite runners wearing
shoes who participated in a half marathon indicated that
75% of the runners were heel strikers, 24% were midfoot strikers, and 1% were forefoot strikers.3 When runners use a rearfoot strike pattern, the knee is relatively
62

extended and the ankle is in relative dorsiflexion upon
initial contact. As the ankle moves into plantarflexion,
the knee flexes and the knee extensors act eccentrically to dampen the ground reaction forces. Traditionally
shod rearfoot strikers often take long strides, characterized by a vertical displacement of the center of mass and
an impact peak present at approximately 10% to 12% of
the stance phase on the vertical ground reaction force
curve (Figure 1).4 Runners using a rearfoot strike pattern
in bare feet or minimalist footwear have demonstrated
greater initial vertical loading rates than shod heel
strikers.4,5 Runners using a rearfoot strike may require
greater angular work at the knee6 resulting in higher patellofemoral and tibiofemoral compressive forces7,8 and
possibly greater risk of knee injury than other running
styles with more anterior footstrike patterns. Advocates
of barefoot and alternative running styles report that initial heel contact running is a relatively new phenomenon
associated with the development of the modern running
shoes with thicker cushioned heels in the last 30 to 40
years. Prior to this, many believe the proportion of midfoot and forefoot strikers was much greater.
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Alternative Running Styles

Barefoot running and other alternative running styles
have gained recent popularity, leaving many health care
providers with questions regarding the safety and appropriateness of these techniques for various running populations. In several publications, barefoot runners exhibited a more anterior midfoot or forefoot striking pattern,
thereby avoiding heel strike.4,9-11 A growing number of
barefoot running advocates, teachers, and websites have
provided barefoot running instruction since publication
of McDougall’s 2009 book.12 Generally with habituated
barefoot runners, stride length is shortened, stride frequency is increased, and the vertical displacement of the
center of mass is reduced.9,13,14
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Another alternative running style that has recently gained
popularity is Chi running. The founder of Chi running,
Danny Dreyer, credits the origins of this running form
to the discipline of Tai Chi.17,18 This method of running is
described as the alignment of body, mind, and forward
movement. Runners are instructed to avoid heel strike
and to land with a midfoot strike pattern. The body leans
forward slightly, and the strides are shorter with a focus
on relaxed legs. Dreyer recommends that runners discard
more traditional heavily padded running shoes and use
a more minimalist running shoe that involves thin sole
material and limited supportive features.17,19 In summary,
barefoot, POSE, and Chi runners attempt to land with
a midfoot or forefoot strike, take shorter strides with a
greater frequency, and may demonstrate a reduced initial
vertical ground reaction impact compared with
traditional heel-toe shod runners. The original
purposes of this review of literature were to
Bare
examine additional evidence concerning the kinematics, kinetics, and injury trends associated
Shod
with different running styles. Little to no injury
data separated by running styles were found.
Therefore, we discuss the biomechanics of different running styles and present biomechanical findings associated with different running
injuries.
250

DATA SOURCES

English language articles published in peer reviewed journals were identified by searching
PubMed, CINAHL, and SPORTDiscus databases. Key words used in this search included
running, barefoot, POSE, Chi, kinematics, kinetics, injury, and running styles in various combinations. The
authors included original research, meta-analyses, and
review articles in the search. Only one randomized control trial was identified.20 Nearly all of the studies included were observational studies. The search for manuscripts detailing aspects of Chi running in scientific peer
reviewed literature yielded no results. The authors then
resorted to using popular literature and website descriptions of the Chi running style.

Figure 1. Vertical ground reaction curves of 1 representative person demonstrating a rearfoot strike pattern in bare feet and shod. Reprinted from
De Wit et al4 with permission.

One alternative running style that has gained popularity
recently is the POSE method designed by Dr Nicolas
Romanov.15 This running strategy involves a midfoot to
forefoot strike pattern that minimizes contact time with
the support surface and focuses on picking up the feet
and not pushing off the ground as vigorously.15,16 Romanov claims that gravity causes the muscle system to
absorb body weight on landing during POSE running,
which then produces elastic strain energy. Romanov
further describes that as the center of mass passes over
the support limb, a gravitational torque occurs as extensor muscle activity ceases. The runner falls forward
while the ground reaction forces decrease and vertical
work against gravity is reduced. Romanov suggests that
the foot is unweighted during terminal stance, as it is
rapidly pulled from the ground by hamstring muscle activity to reduce lower-limb inertia and to catch up with
the body. The focus on falling via a gravitational torque
and pulling the foot from the ground effectively differentiates POSE running from more traditional running
forms.

RESULTS
Running Mechanics
Traditional Shod Running

For heel strikers (approximately 80% of shod runners),3,9
the initial (impact) peak vertical ground reaction force
at heel strike occurs during the first 10% of stance21-23
or within approximately 25 milliseconds.24 This force
is passive in nature and the anterior-posterior component of this impact is generally considered a braking
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force with the heel strike anterior to the runner’s center
of mass. The second peak for the vertical ground reaction force occurs between 40% and 50% of the stance
phase.25 This force is more active as the runner pushes
off the ground and the anterior-posterior component is
more propulsive in nature with the runner’s center of
mass superior/anterior to the foot contact. Typical running peak vertical ground reaction forces for runners
are between 1.5 and 3.5 times body weight.25 Vertical
ground reaction forces increase linearly with increasing running velocity26 and increasing stride length,27-29
and decrease with a faster stride rate or cadence.30 Runners with a history of injuries may demonstrate greater
initial peak vertical ground reaction forces than healthy
matched runners,22,23,31 however, this point has been
refuted.32

vertical ground reaction force is reduced as reflected by
the impulse-momentum equation F = m × Δv /Δ t, where
F = vertical ground reaction force, m = mass of runner,
Δv = the change in vertical velocity from initial foot contact to the velocity of zero when downward motion stops,
Δt = the time required to change the downward velocity
to zero.

The period of time required to change a runner’s downward velocity to zero (Δt) will likely be longer with a
toe-heel-toe initial contact pattern than with a heel strike
pattern. The initial vertical ground reaction force (F) will
therefore be reduced. Another mechanism to decrease
vertical ground reaction forces given a fixed mass would
be to reduce the amount of change in velocity. This can
be accomplished by reducing the vertical height from
which the body’s center of mass falls to the ground.36
Cushioned running shoes are commonly prescribed for Essentially, limiting the vertical displacement of the cenrunners with high arches and motion control shoes are ter of mass prior to foot contact will reduce Δv. This is
often recommended for low arched runners who require achieved by adopting running styles in which the runner
pronation control. Cushioned running shoes may at- glides forward more and bounces up and down less.
tenuate the ground reaction force better for high arched
runners33 and motion control shoes may control instan- Little research has been conducted concerning injury
taneous loading rates better for low arched runners.34 In- trends that are associated with barefoot or other altercreased resultant joint torques at the hip and knee have native running styles. Particularly of concern to some
been observed in shod runners compared with barefoot medical providers are metatarsalgia and other injuries
runners.7 Aside from the effects of footwear modifica- related to foot contact patterns, particularly in bare
tions, some runners may benefit from an altering their feet.37,38 Injuries caused by excessive contact pressures
running style and learning to run with a reduced impact that are perpendicular to the foot-ground interface are
load or ground reaction force.21 However, this has not governed by the equation
been widely studied to date.
contact pressure = contact force/contact area
Alternative Running Styles

Most habitual barefoot runners choose to land with a
midfoot or forefoot initial foot contact to avoid greater
initial loading rates observed with heel striking in barefeet4 (Figure 1). While most runners attempting to run
in bare feet or minimalist shoes will convert to a more
anterior footstrike, McCarthy et al reported recently on
a sample in which 50% of runners continued to demonstrate a rearfoot strike pattern 2 weeks after changing to
the Vibram 5-finger shoe.5
A toe-heel-toe or midfoot contact pattern used by barefoot runners and other minimalist shoe runners who use
this landing strategy may decrease the vertical loading
rates and initial passive peak vertical ground reaction
force by 15% to 33% during the first 25 milliseconds
of foot contact compared to traditional heel-toe strike
patterns.9,35 This reduction in initial peak vertical
ground reaction force is accomplished by prolonging
the time needed to decelerate the runner’s vertical velocity after initial foot contact. By prolonging this period of time with a greater ankle range of motion,10 the
64

Wearing minimal footwear that has relatively thin sole
material and no supportive features built into the shoe’s
construction may simulate conditions of barefoot running.39 Running in bare feet or using minimal footwear
may increase peak contact pressure, increase maximum
ground reaction force, and reduce contact area of the
foot, thereby increasing peak pressures imposed on the
forefoot.40,41 For a given ground reaction force, this reduction in contact area will significantly increase plantar
contact pressure.40,42,43 A 25% to 63% reduction in plantar contact area while running in bare feet44 may counteract the 15% to 33% reduction in impact peak vertical
ground reaction forces9,13 achieved from using a toeheel-toe strike pattern. This could result in potentially
greater contact pressures on the more anterior portions
of the metatarsals. High arched runners may experience
greater risk of injurious plantar pressures in the lateral
metatarsals,45 while low arched runners may experience
greater medial and lateral midfoot contact pressures
under a variety of athletic conditions.46 Concentrating
the center of pressure on the midfoot47 also increases
the vertical ground reaction impulse stress (force  time)
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on the metatarsals. Previous investigators have reported
greater stride frequency with a reduced stride length for
individuals who run in bare feet or for individuals who
run using a midfoot or forefoot strike pattern.6,14 Greater
peak axial strains and strain rates have been observed
in the metatarsals than those in the tibia for barefoot
running.48 Increased stride frequency has been associated with reduced knee and hip loading,36 however the
shorter stride length and increased stride frequency associated with midfoot and forefoot strike patterns will
result in more impacts per unit of time and distance, and
potentially increased cumulative metatarsal strain compared with rearfoot strike running.
Another potential concern for injury is the increased
moment requirement at the ankle joint associated with
a more anterior initial foot contact. Runners who use
a midfoot or forefoot strike pattern will require greater
activation of the plantarflexors during early stance phase
to effect the deceleration and then propulsive impulses.13
This muscular activation may lead to increased mechanical work at the ankle6,14,49 and additional tensile stress
imposed on the plantar flexor muscles and Achilles tendon. Cole et al observed a greater magnitude and rate of
loading in the ankle joints during the impact phase of
barefoot running compared to shod running.50
Supporters of midfoot and forefoot strike running styles
blame the initial peak ground reaction force and loading
rate associated with a rearfoot strike pattern for increased
strains that may injure the lower extremities.9,31,51 While
the initial passive impact peak ground reaction forces
that occur at approximately 10% to 12% stance phase are
greater for shod heel-toe runners, the midstance active
Fzmax

Fz (percent body weight)
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propulsive vertical ground reaction forces may be greater for midfoot or forefoot strikers (Figure 2).13,14 These
greater active propulsive ground reaction forces have
not yet been correlated with specific injury risk, but further investigation is warranted.
Few scientific studies have evaluated the POSE running
method. Dallam observed a decreased stride length, decreased vertical displacement of the center of mass, and
increased oxygen cost when runners used the POSE
method compared with traditional heel-toe running in
a very small sample.52 Arendse analyzed 20 individual
runners who ran on an outside track, comparing traditional heel-toe running, midfoot strike running after
15 minutes of instruction, and POSE running after 7.5
hours of instruction.6 Arendse observed decreased stride
length and decreased vertical displacement of the center
of mass when subjects ran using the POSE method. He
reported greater initial vertical ground reaction forces
with heel-toe running. Arendse also observed less eccentric angular work at the knee joint and greater eccentric angular work at the ankle joint when subjects
ran using the POSE method. This reduction in angular
work at the knee joint is often used to promote use of
the POSE running method. Reducing knee loading at
the cost of increased moment demands at the ankle joint,
however, may lead to increased Achilles tendon or other
ankle overuse injuries. Fletcher and Romanov also observed reduced stance time, decreased vertical and horizontal displacement of the center of mass, greater knee
flexion angular velocity, and greater stride frequency in
a sample of 8 runners after 7 hours of POSE running instruction.53 Again, this increase in stride frequency may
result in potentially increased cumulative metatarsal
strain and total ankle joint work compared with
rearfoot strike running.
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Figure 2. Vertical ground reaction force curve for the stance phase of gait
displaying the initial impact transient (Fz1) for shod runners and higher
overall propulsive peak ground reaction forces (FZmax) in midstance for
barefoot runners using a midfoot strike pattern. Reprinted from Divert et
al14 with permission.

The authors were unable to find any peer-reviewed biomechanical analyses of Chi running
in the literature. In summary, POSE running,
Chi running, barefoot running, and running
with a forefoot or midfoot strike pattern have
several commonalities. As shown in the Table,
these include decreased stride length, decreased
vertical displacement of the center of mass, and
a possible shift from greater knee joint loading
to greater loading at the ankle joint.
Injury Trends

Annual running injury incidence rates have
been reported as ranging from 19% to 79%,2
with the knee joint being the most commonly
injured anatomic region among runners.2,54 We
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to “compensatory overpronation” that overstresses the
Achilles tendon. Reduced tibial external rotation moment and more medial femoral rotation has also been
associated with injury in a group of subjects with a history of Achilles tendonopathy.61 Williams et al propose
that this places the lateral gastrocnemius more anteriorly and the medial head of the gastrocnemius more
posteriorly.61 They hypothesized that this shortening of
the medial head of the gastrocnemius may have resulted
in changes in muscular stress at the musculotendinous
junction that may have lead to the development of AchilPotential Causes
les tendonitis. Another possible explanation may be that
Many different potential causes have been suggested to increased internal rotation of the entire lower extremity
explain running injuries. These potential causative fac- is associated with increased pronation, which passively
tors can be organized into extrinsic and intrinsic factors. stretches the Achilles tendon.
Extrinsic factors that may be related to running injury
include running shoe age and training errors.54,55 Train- Increased dorsiflexion range of motion and greater ining errors may be more associated with injury incidence stantaneous load rates were observed in a population of
than biomechanical factors.55 Exposure to a high training females with a previous history of plantar fasciitis.31 Pohl
load involving increased intensity, frequency, or running et al state that the increased passive dorsiflexion range
distance55 without adequate rest may increase the risk of of motion is usually perceived as desirable.31 They attriinjury,56 and modification of the training schedule may bute this extra motion to the fact that these previously inreduce the incidence of injury.55-57 The effect of stretch- jured subjects were patients in rehabilitation where they
commonly receive plantar flexor stretching exercises as
ing on running injuries has not been determined.55,58,59
part of their exercise prescription. Since this study was
Intrinsic causes of injury include a previous history of in- retrospective, the authors were unable to determine if
jury,2,54 increased runner age,54 increased body mass,54,60 the subjects had the additional range of motion prior to
foot strike characteristics,23,25,31,61-63 and morphological sustaining an injury or if it was acquired during the time
characteristics such as excessive genu valgum,64 pes the subjects spent in rehabilitation. The authors believe
planus,31 and pes cavus feet.63 Greater instantaneous and that greater instantaneous rates of loading may subject
average vertical loading rates have also been observed the plantar fascia to excessive stress.31 Two groups of inin runners with a history of injury.22,65
vestigators have documented that greater pronation and
leg length inequality were observed in other samples of
Characteristics of various running styles.
plantar fasciitis patients.63,66 Subotnick previously reTradiBarefoot
Chi
Pose
ported an association between limb length inequality
tional
and greater pronation.67 Warren and Jones also observed
Stride length
+
–
–
–
greater dorsiflexion and less plantar flexion range of moStride frequency
–
+
+
+
tion in a sample of runners with plantar fasciitis comImpact transient
unknown unknown
+
–
pared to controls.66 Messier and Pittala observed greater
unknown
Ankle moment
–
+
+
plantar flexion range of motion in their sample of planKnee moment
unknown
+
–
–
tar fasciitis patients.63 They hypothesized that excessive
Vertical loading
sagittal plane motion may increase the amount of time
unknown unknown
+
–
rates
the runner can impart a propulsive force which may lead
+ denotes greater. – denotes lesser.
to excessive plantar stresses.63 These authors also attri“unknown” denotes lack of research data.
bute greater pronation with greater midfoot stress on the
plantar fascia for the injury.63

were unable to identify any previous work separating
injury trends by running style. With the majority of
modern-day shod runners employing a heel-toe landing
style,3,9 previous injury reports may relate primarily to
this running style. Potential causes of running related
injuries and various mechanical observations associated
with injuries in specific anatomical regions will be addressed. Finally, we discuss injury trends that may be
related to wearing traditional running shoes or adopting
alternative running styles.

Ankle and Foot Injuries

Particular characteristics present in subjects with a history of ankle and foot injuries were more years running,
weaker plantarflexors, higher arches, and more inversion at touchdown.59 McCrory et al suggest that plantarflexor insufficiency to control the eccentric phase of
dorsiflexion may have contributed to the development
of Achilles tendonopathy.59 A more rigid foot may lead
66

While the balance of running injury literature in the past
30 years assumes a rearfoot strike pattern while wearing traditional shoes, one recent case series detailed 2
marathon runners who sustained metatarsal stress fractures running in barefoot-simulating footwear reportedly adopting a more anterior footstrike.38 Another recent
military study reported reduced incidence of tibial and
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femoral stress fractures as the body adapted to the increased military training demands of several cycles of
training, but no reduction in metatarsal stress fractures
after months of infantry training.68 This may suggest
that the body responds differently to metatarsal stress
compared to tibial and femoral stress.
Lower Leg Injuries

Several investigators have examined characteristics of
individuals with lower leg injuries. Heel-toe landing
styles have been associated with greater anterior compartment pressures than more anterior landing styles.69
This could be due to a greater activation of the dorsiflexors during initial heel contact compared to a midfoot
or forefoot initial contact pattern where greater activation of the plantarflexors has been observed.13 In a recent
case series, 2 previously rearfoot striking patients with
chronic exertional compartment syndrome avoided anterior compartment release surgeries by adopting a forefoot striking pattern.70
Comparing runners with a history of tibial stress fracture to matched controls, runners with previous tibial
stress fractures exhibited greater peak hip adduction
and greater rearfoot eversion angles during the stance
phase of running.62,71 Milner and Pohl hypothesized
that these forces may have induced a tensile stress on
the posteromedial aspect of the tibia.62,71 These authors
also observed greater absolute free moment for individuals who had incurred previous tibial stress fractures.51,62
Absolute free moment was defined as the torque acting
between the foot and the ground at impact which may
impose a torsional stress on the tibia.62 Similarly, greater
pronation and velocity of pronation were observed in
subjects with a history of shin splints.63 This increased
pronation may increase the stress on the posterior medial tibia as increased stretching of the tibialis posterior
imposes greater tensile stress on its proximal attachment
site. Greater anterior-posterior braking force and vertical
ground reaction forces were observed in another sample
of tibial stress fracture patients.72 Zifchock et al suggest
that high peak tibial shock may lead to injury.72 Creaby
and Dixon, however, recently reported no differences
in the magnitude of free moment, sagittal, or frontal
plane vertical ground reaction forces observed in a small
sample of military members with tibial stress fracture
compared to matched controls.32 In a recent systematic
review,73 Zadpoor and Nikooyan contend that greater
vertical loading rates and not greater vertical ground
reaction forces are more often associated with lower extremity stress fractures.22,72,74,75 Additionally, no significant intrinsic risk factors were identified in a population
of collegiate runners with exercise related leg pain.76

Knee Injuries

Multiple intrinsic risk factors have been associated with
increased incidence of knee injuries, particularly patellofemoral pain syndrome. Lower extremity malalignment,
particularly increased Q-angle and excessive pronation,
have been identified as causative factors.60,64,77,78 Genu
valgus changes patellofemoral force vector alignment.
Increased body weight and lack of hamstring flexibility may also be related to knee injury.60 Increased body
weight will increase the moment demands on the knee,
which will increase the quadriceps and hamstring force
production demands. Hamstring tightness may elicit
greater knee extension force production, effecting a
greater patellofemoral compressive resultant force vector from the knee extensors. Ferber et al recently observed greater peak rearfoot inversion moment, greater
peak knee internal rotation angle, and greater peak hip
adduction angle in a sample of 35 women with iliotibial
band syndrome.79 Abnormal hip mechanics such as excessive hip internal rotation or adduction possibly due to
weakness in the hip abductors may also lead to undesirable knee mechanics and injuries.80,82 Observed gender
differences in strength and alignment may contribute to
the running kinematic differences and higher overuse
knee injury incidence observed in women.80-83
Foot Morphology

In a sample of military recruits, Cowan observed higher
odds ratios for lower extremity overuse injuries in soldiers with the highest arches.84 Messier also observed a
similar trend with recreational athletes.63 Higher arches
were associated with greater lower extremity injury incidence in a different sample of female athletes.85 Higher
arches may be associated with rigid feet that do not promote shock absorption at initial foot contact. In a sample
of 20 high arched runners, Williams et al observed more
bony injuries and lateral injuries in the lower extremities
(ie, 5th metatarsal stress fractures, lateral ankle sprains,
and iliotibial band syndrome).86 They also detected more
medial injuries, knee injuries, and soft tissue injuries in
a sample of 20 low arched runners.86
Traditional Running Shoes

In an effort to correct undesirable and possibly injurious mechanics, many healthcare professionals prescribe running shoes with extra cushioning to provide
shock absorption, or motion control characteristics to
limit pronation.33,34 Cushioned running shoes may increase contact area and reduce contact pressures in
cavus feet.44,87 Likewise, motion control shoes may increase plantar contact area, reduce tibial internal rotation, and reduce plantar contact pressures in runners
with flatter feet.33,44 Recently, the practice of matching
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foot morphology to running shoe type has been questioned.20,88,89 Even though undesirable mechanics have
been prevented in laboratory settings by specific shoe
selection and modification, no well-designed studies
have demonstrated significant injury reduction by using
this commonly used practice of shoe prescription. In the
last decade, the results of several studies have demonstrated a correlation between injury and loading rates,
and between injury and impact forces.22,23,31 This growing body of evidence suggests that runners who have
developed strike patterns that incorporate relatively
low levels of impact forces and a more moderate rate
of pronation are at a reduced risk of incurring overuse
running injuries. 22,23,31

injury prevention claims and to insure that runners who
adopt a more anterior strike pattern are not merely increasing their risk for foot and ankle injuries.

Certainly more research is needed to determine ultimately which individuals with certain morphological or
mechanical gait characteristics may benefit from alternative running styles that incorporate a more anterior
initial foot contact with or without shoes. Controlled
longitudinal studies are needed to assess the utility of
adopting alternative running styles in an effort to reduce injury rates. Laboratory research comparing the
mechanics of various running styles is needed to quantify internal force and moment demands of the various joints in multiple planes. Additional running shoe
Alternative Running Styles
research is required with large samples of experienced
Little to no research exists for injury patterns that may be runners to examine the potential effectiveness of matchassociated with POSE, Chi, or barefoot running styles. ing running shoes to running mechanics and not merely
Danny Dreyer claims that the braking forces of heel foot morphology. Unbiased injury history surveys are
strike are responsible for many lower extremity over- also needed to evaluate the incidence of injury associuse injuries.17-19 The authors could not find any scientific ated with various running styles.
manuscripts in any peer-reviewed journals to substantiate claims that Chi running is safer or superior to tra- ACKNOWLEDGEMENT
ditional heel-toe running mechanics in injury prevenNo funding was received for the preparation of this
manuscript.
tion or running economy. Dr Mark Cucuzella presented
survey findings of 2500 Chi runners in 2008. Approximately 90% of the runners had favorable impressions of REFERENCES
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Web site. Available at: http://www.runningusa.org/
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ankle joint,6,8,50 potentially resulting in ankle and foot
determinants of lower extremity running injuries
related injuries. These alternative running forms may
in long distance runners: a systematic review. Br J
be desirable if a runner has a history of knee injuries
Sports Med. 2007;41(8):469-480; discussion 480.
or knee osteoarthritis and is attempting to shift stress
3. Hasegawa H, Yamauchi T, Kraemer WJ. Foot
away from the knee joint. More research is needed to
strike patterns of runners at the 15-km point durcompare the mechanics of various running styles and to
ing an elite-level half marathon. J Strength Cond
survey runners who have adopted these running styles
Res. 2007;21(3):888-893.
for a sufficient period of time to assess the type and se4. De Wit B, De Clercq D, Aerts P. Biomechanical
verity of injuries they are experiencing.
SUMMARY
Clinicians are often faced with questions from patients
about running shoe selection and running style. Traditional shod heel-toe strike running gait has been challenged recently by individuals who advocate a more
anterior initial foot contact, or minimal to no footwear
which tends to force runners to make initial contact
more anteriorly on the foot. Decreasing or eliminating
the initial vertical ground reaction peak or “impact transient” has been cited as a potential method to reduce
knee joint injuries or injuries in other anatomic regions.
This theory requires further investigation to prove its
68

analysis of the stance phase during barefoot and
shod running. J Biomech. 2000;33(3):269-278.
5. McCarthy C, Porcari JP, Kernozek T, Willson J,
Foster C. Like barefoot, only better?. ACE Certified News. 2011;September 2011:8-12.
6. Arendse RE, Noakes TD, Azevedo LB, Romanov
N, Schwellnus MP, Fletcher G. Reduced eccentric
loading of the knee with the pose running method.
Med Sci Sports Exerc. 2004;36(2):272-277.
7. Kerrigan DC, Franz JR, Keenan GS, Dicharry J,
Della Croce U, Wilder RP. The effect of running
shoes on lower extremity joint torques. PM R.
2009;1(12):1058-1063.

http://www.cs.amedd.army.mil/amedd_journal.aspx

THE ARMY MEDICAL DEPARTMENT JOURNAL
8. Braunstein B, Arampatzis A, Eysel P, Brüggemann G-P. Footwear affects the gearing at the
ankle and knee joints during running. J Biomech.
2010;43(11):2120-2125.
9.

Lieberman DE, Venkadesan M, Werbel WA, et
al. Foot strike patterns and collision forces in habitually barefoot versus shod runners. Nature.
2010;463(7280):531-535.

10.

Bishop M, Fiolkowski P, Conrad B, Brunt D,
Horodyski M. Athletic footwear, leg stiffness, and
running kinematics. J Athl Train. 2006;41(4):387392.

11.

Dixon SJ, Collop AC, Batt ME. Compensatory adjustments in lower extremity kinematics in response
to a reduced cushioning of the impact interface in
heel-toe running. Sports Eng. 2005;8(1):47-55.

12. McDougall C. Born to Run. New York: Alfred A.
Knopf; 2009.
13.

Divert C, Mornieux G, Baur H, Mayer F, Belli A.
Mechanical comparison of barefoot and shod running. Int J Sports Med. 2005;26(7):593-598.

14.

Divert C, Mornieux G, Freychat P, Baly L, Mayer F,
Belli A. Barefoot-shod running differences: shoe or
mass effect?. Int J Sports Med. 2008;29(6):512-518.

15.

Romanov N. Pose Method of Running. Coral Gables, FL: PoseTech Press; 2002.

16.

Romanov N, Fletcher G. Runners do not push off
the ground but fall forwards via a gravitational
torque. Sports Biomech. 2007;6(3):434-452.

17.

Dreyer D. Chi Running. Vol 2. New York, NY: Fireside; 2009.

18. What is chi?. ChiRunning.com Web site.
Available at: http://www.chirunning.com/what-ischirunning/what-is-chi/. Accessed July 30, 2010.
19.

Lloyd J. On track to run free and without pain
thanks to Chi Running. USA Today [serial online]
May 18, 2010. Available at: http://www.usatoday.
com/news/health/2010-05-18-chirunners18_ST_N.
htm. Accessed May 18, 2010.

20. Ryan MB, Valiant GA, McDonald K, Taunton
JE. 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.
21. Crowell HP, Milner CE, Hamill J, Davis IS. Reducing impact loading during running with the use of
real-time visual feedback. J Orthop Sports Phys
Ther. 2010;40(4):206-213.
22. Milner CE, Ferber R, Pollard CD, Hamill J, Davis
IS. Biomechanical factors associated with tibial
stress fracture in female runners. Med Sci Sports
Exerc. 2006;38(2):323-328.

23. Hreljac A, Marshall RN, Hume PA. Evaluation of
lower extremity overuse injury potential in runners.
Med Sci Sports Exerc. 2000;32(9):1635-1641.
24. Bobbert MF, Yeadon MR, Nigg BM. Mechanical
analysis of the landing phase in heel-toe running. J
Biomech. 1992;25(3):223-234.
25. Hreljac A. Impact and overuse injuries in runners.
Med Sci Sports Exerc. 2004;36(5):845-849.
26. Nigg BM, Bahlsen HA, Luethi SM, Stokes S. The
influence of running velocity and midsole hardness
on external impact forces in heel-toe running. J
Biomech. 1987;20(10):951-959.
27. Stergiou N, Bates BT, Kurz MJ. Subtalar and knee
joint interaction during running at various stride
lengths. J Sports Med Phys Fitness. 2003;43(3):319326.
28. Derrick TR, Hamill J, Caldwell GE. Energy absorption of impacts during running at various stride
lengths. Med Sci Sports Exerc. 1998;30(1):128-135.
29. Edwards WB, Taylor D, Rudolphi TJ, Gillette JC,
Derrick TR. Effects of stride length and running
mileage on a probabilistic stress fracture model.
Med Sci Sports Exerc. 2009;41(12):2177-2184.
30. Clarke TE, Cooper LB, Hamill CL, Clark DE. The
effect of varied stride rate upon shank deceleration
in running. J Sports Sci. 1985;3(1):41-49.
31.

Pohl MB, Hamill J, Davis IS. Biomechanical and
anatomic factors associated with a history of plantar fasciitis in female runners. Clin J Sport Med.
2009;19(5):372-376.

32. Creaby MW, Dixon SJ. External frontal plane loads
may be associated with tibial stress fracture. Med
Sci Sports Exerc. 2008;40(9):1669-1674.
33. Butler RJ, Hamill J, Davis I. Effect of footwear on
high and low arched runners’ mechanics during a
prolonged run. Gait Posture. 2007;26(2):219-225.
34. Butler RJ, Davis IS, Hamill J. Interaction of arch
type and footwear on running mechanics. Am J
Sports Med. 2006;34(12):1998-2005.
35. Divert C, Baur H, Mornieux G, Mayer F, Belli A.
Stiffness adaptations in shod running. J Appl Biomech. 2005;21(4):311-321.
36. Heiderscheit BC, Chumanov ES, Michalski MP,
Wille CM, Ryan MB. Effects of step rate manipulation on joint mechanics during running. Med Sci
Sports Exerc. 2011;43(2):296-302.
37.

Nagel A, Fernholz F, Kibele C, Rosenbaum D.
Long distance running increases plantar pressures
beneath the metatarsal heads: a barefoot walking
investigation of 200 marathon runners. Gait Posture. 2008;27(1):152-155.

July – September 2012

69

A REVIEW OF MECHANICS AND INJURY TRENDS AMONG VARIOUS RUNNING STYLES
38. Giuliani J, Masini B, Alitz C, Owens BD. Barefoot-simulating footwear associated with metatarsal stress injury in 2 runners. Orthopedics.
2011;34(7):e320-323.
39. Squadrone R, Gallozzi C. Biomechanical and physiological comparison of barefoot and two shod conditions in experienced barefoot runners. J Sports
Med Phys Fitness. 2009;49(1):6-13.
40. Wiegerinck JI, Boyd J, Yoder JC, Abbey AN, Nunley
JA, Queen RM. Differences in plantar loading between training shoes and racing flats at a self-selected running speed. Gait Posture. 2009;29(3):514-519.
41.

Burnfield JM, Few CD, Mohamed OS, Perry J. The
influence of walking speed and footwear on plantar pressures in older adults. Clin Biomech (Bristol,
Avon). 2004;19(1):78-84.

42. Chuckpaiwong B, Nunley JA, Mall NA, Queen
RM. The effect of foot type on in-shoe plantar pressure during walking and running. Gait Posture.
2008;28(3):405-411.
43. Queen RM, Abbey AN, Wiegerinck JI, Yoder JC,
Nunley JA. Effect of shoe type on plantar pressure:
a gender comparison. Gait Posture. 2010;31(1):1822.
44. Molloy JM, Christie DS, Teyhen DS, et al. Effect of running shoe type on the distribution and
magnitude of plantar pressures in individuals with
low- or high-arched feet. J Am Podiatr Med Assoc.
2009;99(4):330-338.
45. Elvira JL, Vera-Garcia FJ, Meana M. Subtalar
joint kinematic correlations with footprint arch
index in race walkers. J Sports Med Phys Fitness.
2008;48(2):225-234.
46. Queen RM, Mall NA, Nunley JA, Chuckpaiwong
B. Differences in plantar loading between flat and
normal feet during different athletic tasks. Gait
Posture. 2009;29(4):582-586.
47.

Pisciotta EB, Becker J, Sinsurin K, James S,
Osternig L, Chou L. Center of pressure trajectory
differences between shod and barefoot running.
Paper presented at: Annual meeting of the
American Society for Biomechanics; August 1013, 2011; Long Beach, CA. Available at: http://
www.asbweb.org/conferences/2011/pdf/319.pdf.
Accessed February 16, 2012.

48. Milgrom C, Finestone A, Sharkey N, et al. Metatarsal strains are sufficient to cause fatigue fracture during cyclic overloading. Foot Ankle Int.
2002;23(3):230-235.
49. Cunningham CB, Schilling N, Anders C, Carrier DR.
The influence of foot posture on the cost of transport
in humans. J Exp Biol. 2010;213(5):790-797.

70

50. Cole GK, Nigg BM, Fick GH, Morlock MM. Internal loading of the foot and ankle during impact in
running. J Appl Biomech. 1995;11(1):25-46.
51. 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.
52. Dallam GM, Wilber RL, Jadelis K, Fletcher G, Romanov N. Effect of a global alteration of running
technique on kinematics and economy. J Sports Sci.
2005;23(7):757-764.
53. Fletcher G, Romanov N, Bartlett R. Pose method
technique improves running performance without economy changes. Int J Sports Sci Coach.
2008;3(3):365-380.
54. Taunton JE, Ryan MB, Clement DB, McKenzie DC,
Lloyd-Smith DR, Zumbo BD. A prospective study
of running injuries: the Vancouver sun run “in training” clinics. Br J Sports Med. 2003;37(3):239-244.
55. Yeung EW, Yeung SS. A systematic review of interventions to prevent lower limb soft tissue running
injuries. Br J Sports Med. 2001;35(6):383-389.
56. Finestone A, Milgrom C. How stress fracture incidence was lowered in the Israeli army: a 25-yr
struggle. Med Sci Sports Exerc. 2008;40(suppl
11):S623-S629.
57. Zwerver J, Bessem B, Buist I, Diercks RL. The
value of preventive advice and examination focusing on cardiovascular events and injury for novice runners [in German]. Ned Tijdschr Geneeskd.
2008;152(33):1825-1830.
58. Duffey MJ, Martin DF, Cannon DW, Craven T,
Messier SP. Etiologic factors associated with anterior knee pain in distance runners. Med Sci Sports
Exerc. 2000;32(11):1825-1832.
59. McCrory JL, Martin DF, Lowery RB, et al. Etiologic factors associated with Achilles tendinitis in runners. Med Sci Sports Exerc. 1999;31(10):1374-1381.
60. Messier SP, Legault C, Schoenlank CR, Newman
JJ, Martin DF, DeVita P. Risk factors and mechanisms of knee injury in runners. Med Sci Sports
Exerc. 2008;40(11):1873-1879.
61. Williams DS, Zambardino JA, Banning VA.
Transverse-plane mechanics at the knee and tibia
in runners with and without a history of achilles tendonopathy. J Orthop Sports Phys Ther.
2008;38(12):761-767.
62. Pohl MB, Mullineaux DR, Milner CE, Hamill J,
Davis IS. Biomechanical predictors of retrospective tibial stress fractures in runners. J Biomech.
2008;41(6):1160-1165.
63. Messier SP, Pittala KA. Etiologic factors associated with selected running injuries. Med Sci Sports
Exerc. 1988;20(5):501-505.

http://www.cs.amedd.army.mil/amedd_journal.aspx

THE ARMY MEDICAL DEPARTMENT JOURNAL
64. Messier SP, Davis SE, Curl WW, Lowery RB,
Pack RJ. Etiologic factors associated with patellofemoral pain in runners. Med Sci Sports Exerc.
1991;23(9):1008-1015.
65. Milner CE, Hamill J, Davis I. Are knee mechanics during early stance related to tibial stress
fracture in runners? Clin Biomech (Bristol, Avon).
2007;22(6):697-703.
66. Warren BL, Jones CJ. Predicting plantar fasciitis in
runners. Med Sci Sports Exerc. 1987;19(1):71-73.
67. Subotnick SI. The biomechanics of running. Implications for the prevention of foot injuries. Sports
Med. 1985;2(2):144-153.
68. Finestone A, Milgrom C, Wolf O, Petrov K, Evans
R, Moran D. Epidemiology of metatarsal stress fractures versus tibial and femoral stress fractures during elite training. Foot Ankle Int. 2011;32(1):16-20.
69. Kirby RL, McDermott AG. Anterior tibial compartment pressures during running with rearfoot
and forefoot landing styles. Arch Phys Med Rehabil.
1983;64(7):296-299.
70. Diebal AR, Gregory R, Alitz C, Gerber JP. Effects
of forefoot running on chronic exertional compartment syndrome: a case series. Int J Sports Phys
Ther. 2011;6(4):312-321.
71. 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.
72. Zifchock RA, Davis I, Hamill J. Kinetic asymmetry
in female runners with and without retrospective
tibial stress fractures. J Biomech. 2006;39(15):27922797.
73. Zadpoor AA, Nikooyan AA. The relationship between lower-extremity stress fractures and the
ground reaction force: a systematic review. Clin
Biomech (Bristol, Avon). 2011;26(1):23-28.
74. Davis I, Milner CE, Hamill J. Does increased
loading during running lead to tibial stress fractures? a prospective study. Med Sci Sports Exerc.
2004;36(5):S58.
75. Ferber R, Davis I, Hammill J, Pollard CD, McKeown KA. Kinetic variables in subjects with previous lower extremity stress fractures. Med Sci
Sports Exerc. 2002;34:S5.
76. 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.
77. Lun V, Meeuwisse WH, Stergiou P, Stefanyshyn D.
Relation between running injury and static lower
limb alignment in recreational runners. Br J Sports
Med. 2004;38(5):576-580.

78. Cheung RT, Ng GY, Chen BF. Association of footwear with patellofemoral pain syndrome in runners.
Sports Med. 2006;36(3):199-205.
79.

Ferber R, Noehren B, Hamill J, Davis I. 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.

80. Powers CM. The influence of abnormal hip mechanics on knee injury: a biomechanical perspective. J Orthop Sports Phys Ther. 2010;40(2):42-51.
81. 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.
82. 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.
83. Ferber R, Davis IM, Williams DS III. Gender differences in lower extremity mechanics during running.
Clin Biomech (Bristol, Avon). 2003;18(4):350-357.
84. Cowan DN, Jones BH, Robinson JR. Foot morphologic characteristics and risk of exercise-related injury. Arch Fam Med. 1993;2(7):773-777.
85. Zifchock RA, Davis I, Higginson J, McCaw S,
Royer T. Side-to-side differences in overuse running injury susceptibility: a retrospective study.
Hum Mov Sci. 2008;27(6):888-902.
86. Williams DS III, McClay IS, Hamill J. Arch structure and injury patterns in runners. Clin Biomech
(Bristol, Avon). 2001;16(4):341-347.
87. Wegener C, Burns J, Penkala S. Effect of neutralcushioned running shoes on plantar pressure loading and comfort in athletes with cavus feet: a crossover randomized controlled trial. Am J Sports Med.
2008;36(11):2139-2146.
88. Knapik JJ, Swedler DI, Grier TL, et al. Injury reduction effectiveness of selecting running shoes
based on plantar shape. J Strength Cond Res.
2009;23(3):685-697.
89. Richards CE, Magin PJ, Callister R. Is your prescription of distance running shoes evidencebased?. Br J Sports Med. 2009;43(3):159-162.

AUTHORS
LTC Goss is a doctoral student in the Program in Human
Movement Science, University of North Carolina, Chapel
Hill, North Carolina.
Dr Gross is a Professor, Program in Human Movement
Science, Division of Physical Therapy, University of
North Carolina, Chapel Hill, North Carolina.

July – September 2012

71

