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ABSTRACT

The objective of this literature review is to understand the role of ankle dorsiflexion range of motion in sports
performance and the risk of injuries. The ankle harmonizes the interaction between the body and the supporting
surface through adjusting to the supporting surface and handling forces to contribute effectually to different
functional activities. Ankle dorsiflexion is an essential construct in many sport-specific skills. Ankle dorsiflexion is
associated with activation of brain areas involved in movement preparation, sensory integration, motor
planning/execution, balance, and visuomotor coordination. Ankle dorsiflexion was associated with enhanced
activation of deep core and quadriceps muscles. Decreased ankle dorsiflexion is linked to compensations and
altered kinetics and kinematics that can potentially affect sports performance and increase the chances of
sustaining injuries. It is vindicated to consider more focus on ankle dorsiflexion range of motion in research
studies, sports-related pre-season screening, clinical examination, injury rehabilitation, and return-to-sports
judgment.
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INTRODUCTION

The ankle joint is among the human body’s most complex
joints, and it consists of an osseous and soft tissue system that
offers an inherent structure and function coordination. The
ankle offers steady and effectual interactions between the
body and the supporting surface while standing, walking, and
in other functional activities. It adjusts simultaneously to
various supporting surfaces, absorbs and transfers forces
applied to it, and offers firm propulsion while walking. The
ankle joint tolerates extensive body weight-related forces
(compressive, shear, and rotatory) throughout daily functional
activities. The human foot sole has various nerve endings
(receptors) that can perceive the metatarsal and calcaneal
viscoelastic changes, pressures, and distortions. Sensory
information from those receptors is transferred to higher
nervous system-level nuclei that command the muscles
around the joints. These nuclei collect this information and
transmit it as an instant reaction to the muscles to control the
joints. Ankle dorsiflexion is a predominantly tibiotalar
(talocrural) joint motion in the sagittal plane around the ankle
axis of rotation that passes through the medial and lateral
malleoli [1]. The ankle is intrinsically stable in weight-bearing
due to the closed-packed position of the articular surfaces.
Ankle dorsiflexion in a weight-bearing position causes the
talocrural joint to be locked in a closed-packed position [2].
The weight-bearing ankle dorsiflexion makes the lower limb a
more stable beam in the walking stance phase for efficient
energy transfer. Ankle stability relies on its medial and lateral

ligaments in a non-weight-bearing position [3]. The ankle
plantar flexion is an unstable ankle position because it places
the talus narrowest portion in the ankle mortise, reducing the
talocrural joint bony stability [2, 3].

Active ankle dorsiflexion enables higher pelvic floor muscle
maximal contraction in females [4], greater quadriceps
activation and force production during a maximal isometric
task in healthy individuals, and increased transverse
abdominis activation in draw-in maneuver in healthy
individuals. A greater range of ankle dorsiflexion and increased
gastrocnemius-soleus complex extensibility were correlated
with landing higher sagittal plane knee displacement and low
ground reaction forces and loading rate [5-7] that may
decrease the anterior cruciate ligament injury risk [7] and
patellar tendon load in healthy and physically active
individuals [5]. Open-chain dorsiflexion was significantly
correlated with 50-meter all-styles swimming time in healthy
female swimmers [8]. Weightlifters’ performance and
technique (in snatch and clean and jerk) efficacy were highly
correlated with the ankle joint dorsiflexion ROM [9]. Greater
gastrocnemius-soleus complex extensibility reduced frontal
and horizontal plane knee loading throughout walking in male
athletes [10]. The decreased ankle dorsiflexion ROM is
associated with displacement of the ankle motion axis. The
ankle motion axis displacement is related to soft tissue
shortening around it [11]. Sprinting, jumping, and change-of-
direction performance significantly affect the ankle
dorsiflexion ROM throughout busy matches calendars in young
soccer athletes. A systematic review concluded that there was
moderate evidence regarding the correlation between ankle
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Figure 1. An outline of ankle dorsiflexion related activated brain areas (Source: Authors’ own elaboration)

joint flexibility and musculoskeletal injury risk [12]. Decreased
ankle dorsiflexion throughout the mid-stance to the push-off
phase of the gait cycle results in greater forces on the forefoot
and midfoot that can precipitate or exaggerate one or more of
various pathologies like metatarsalgia and neuropathic
ulceration [13]. Ankle dorsiflexion ROM of less than 10° showed
lower limb and pelvic kinematics alterations while walking (i.e.,
short steps, pelvic ipsilateral rotation angle low peak, and low
maximal flexion angles of the hip and knee in the stance
phase)[14]. Male United States army rangers with ankle
dorsiflexion ROM asymmetry =6.5° were more likely to suffer
musculoskeletal injuries by four times and musculoskeletal
overuse injuries by 5.1 times than rangers without asymmetry
[15]. Therefore this study aims to understand the role of ankle
dorsiflexion range of motion in sports performance and the risk
of injuries.

ANKLE DORSIFLEXION & ACTIVATION OF
NERVOUS SYSTEM IN HEALTHY INDIVIDUALS

Ankle Dorsiflexion & Brain Activation

In six young and healthy male volunteers (20-25 years old),
using the functional MRI (fMRI), it was found that many cortices
are involved in active ankle dorsiflexion, the primary motor
areas in particular [16]. It massively excited the contra-lateral
primary motor area (M1) and primary somatosensory cortex
(S1), supplementary motor area (SMA) and cingulate motor
area (CMA); bilateral ventral and dorsal premotor (PM) cortices,
insula, and secondary somatosensory cortex (Sll) [16].
Furthermore, it was found to activate sub-cortically in bilateral
cerebellar lobules IV-V and VI and putamen [17]. The passive
ankle dorsiflexion was found to have a similar to active ankle
dorsiflexion activation pattern location but with limited
activation extent and degree in SMA/CMAc, M1, SI, bilateral
ventral, and dorsal PM, and cerebellum [17].

During fMRI, eight healthy right-handed adults moved their
right ankle in dorsiflexion and plantarflexion when auditory
cued. Findings concluded that ankle dorsiflexion activated

significantly more regions in the right cerebellum, left primary
motor cortex (M1), and bilateral supplementary motor area
(SMA) [18]. The motor cortex is importantly engaged in gait
variations as a reaction to barriers. Ankle active dorsiflexion
excited additional areas in the right putamen. Greater motor
representation and cortical resources of the active ankle
dorsiflexion is probably because of the more demanding
kinematic task [18] like the ankle dorsiflexion in heel strike and
throughout the swing phase in walking [19] and the need for a
synchronized neural network to comply with the monitored
environmental challenges for precise placement of the foot
[18]. Moreover, ankle dorsiflexion excited additional regions
engaged in movement preparation (i.e., the inferior parietal
lobe) and sensory integration cortex.Furthermore, the primary
and secondary visual areas got activated by ankle dorsiflexion,
which suggested that ankle dorsiflexion could be engaged in
the sensory integration of vision [16]. Active ankle dorsiflexion
produced marked excitement in motor planning/execution
and visuomotor coordination brain areas [17]. In the walking
push-off phase, the acceleration is offered by the plantarflexion
that does not need fine-tuning with the environmental
challenges for foot placement [18].

It was found that the dorsiflexed ankle could activate more
cortical areas than the plantarflexed ankle, specifically the fine
motor movements cortical areas as displayed by the functional
MRI (fMRI) [16]. For the tibialis anterior agonist or antagonist
action, the motor cortex can very precisely modify its
activation, whereas the inhibition adjustment of the soleus is
much weaker [20]. The tibialis anterior cortical inhibitory
controlis finely tuned to the functional-need-oriented role [20].
Figure 1 outlines/summarizes the ankle dorsiflexion-
related/associated activated brain areas.

ANKLE DORSIFLEXION & CORE STABILITY
THROUGH IRRADIATION NEUROMUSCULAR
FACILITATION

The abdominal draw-in maneuver recruits the transverse
abdominal muscle and its deep musculofascial corset effect on
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the lumbopelvic region. Consequently, ankle dorsiflexion in
healthy young adults can immediately increase the transverse
abdominis’ corset effect [21]. This study gives empirical proof
showing that the abdominal draw-in maneuver combined with
ankle dorsiflexion effectively improves transverse abdominal
muscle activity and interrelated morphological changes [21].

Irradiation type of neuromuscular facilitation is the
enhancing response (specifically selectively enhancing the
neuromuscular response related to the number of active and
selective recruited motor units) propagation and strength
secondary to a stimulation and stimulus-prompted temporal
or spatial summation. It is also possible that the irradiation
may enhance the activity of transverse abdominal muscle
selectively through the active dorsiflexion when combined
with the abdominal draw-in maneuver, consequently
enhancing lumbar spinal stability [21]. The decreased
transverse abdominis activity was associated with low back
pain occurrence and deterioration. Moreover, the lumbar
spinal stability is a low back pain precipitating factor.
Furthermore, it was revealed in a previous study that
individuals with chronic mechanical low back pain had a
significant reduction in the weight-bearing ankle dorsiflexion
ROM when compared to normal individuals [22].

ANKLE DORSIFLEXION ROM & SPORTS

Ankle Dorsiflexion ROM & Adaptation to Sport

Practising sports significantly utilizes the musculoskeletal
system, with the ankle being the primary joint engaged. The
possible explanation for the excessive utilization of the ankle
jointin many popular sports can be attributed to its anatomical
and functional characteristics as the link between the leg and
the foot. The ankle linkage role between the lower limb and the
foot gives it a crucial biomechanical and postural role and an
essential role in the precise performance of many sports skills.
Practising sports can influence/alter the functional and
structural integrity of the intra-articular and periarticular
structures of the ankle [23].

When young and healthy judokas athletes were compared
with football players regarding the weight-bearing closed-
chain ankle dorsiflexion ROM (tested by weight-bearing lunge
test), greater ranges were found in the judoka athletes. The
possible explanation is that judokas athletes adapt better to
the greater dorsiflexion variability imposed by judokas training
than football players [24]. Competitive surfers’ high
performance substantiated the necessity of increased ankle
dorsiflexion ROM, lower body power and strength, and landing
ability with attenuated compressive forces [25]. In young
healthy surfers, weight-bearing closed-chain ankle dorsiflexion
ROM (measured by knee-to-wall weight-bearing lunge) was
linked to the level of practice because it was higher in the
national-level senior-elite surfers than the state-level junior-
elite and recreational surfers [26].

Soccer practice negatively affects ankle joint mobility.
Young soccer players were found to have a significant
reduction in ankle dorsiflexion compared to all other sports.
Soccer young male players may manifest a significantly
decreased ankle joint mobility from the first few years of
practicing sports activities, revealing an early harmful sports-
related effect [27]. An inverse relationship between handgrip
strength and ankle dorsiflexion ROM above the age of 13.3

years in soccer players can be due to the practice of soccer and
the increase in muscle strength [27]. In this stage, the bone
growth is faster than the growth of muscles and tendinous and
causes a higher work demand for the incompletely developed
muscles. Conversely, there was a positive correlation between
ankle dorsiflexion ROM and handgrip strength in basketball,
volleyball, and martial arts players above 13.3 years old [27].

Ankle dorsiflexion ROM in pre-season was greater than in
mid-season and post-season in football players (i.e.,
progressive ankle dorsiflexion ROM reduction along a season
indicates a progressive increase in the risk of injury throughout
a season). Furthermore, approximately 30.0% of all football
players in the post-season were found to have lower ankle
dorsiflexion ROM degrees restriction than in the pre-season
[28]. After the match, the acute effect of football performance
caused an increase in ankle dorsiflexion ROM by 5.8% in the
dominant ankle. However, this value was reduced by 2.7% after
the match by 48 hours in both ankles, which may be linked to
an inadequate recovery strategy [28]. Gastrocnemius-soleus
muscle complex reduced muscular flexibility is one of the ankle
dorsiflexion ROM limiting factors during functional activities
[29]. It can occur as a reaction to altered or excessive muscle
demands/loading throughout pre-season preparations [29],
fascial repeated microtrauma in sports’ collisions, and
developing poor posture [30].

Ankle Dorsiflexion ROM & Wwalking, Running, & Sprinting

Ankle dorsiflexion ROM is crucial in daily activities like
standing after sitting and in dynamic standing balance
activities such as reaching [31]. There is a need for almost 10°
of ankle dorsiflexion ROM for level surface walking, stair
descending or kneeling. In the mid-stance phase of normal
gait, more than 10° of ankle dorsiflexion ROM is needed to
facilitate the tibia advancement over the foot to propel the
body forwards [32]. In gait, decreased ankle dorsiflexion ROM
may alter the lower-limb biomechanics that makes the lower
limb more vulnerable to be affected with injury [7]. Decreased
ankle dorsiflexion ROM may restrict the subtalar joint
movement, preventing the ankle joint from getting a stable
closed-pack position required in practicing walking and
running. There is a need for almost 20-30° of ankle dorsiflexion
ROM to run or sprint. Increasing ankle dorsiflexion can help
runners maintain the optimal position of the subtalar joint by
decreasing the subtalar joint pronation degree and its
consequences, which could elevate the injury risk.

Ankle Dorsiflexion ROM & On-Ice Skating Sprint

Ice-hockey on-ice skating sprint requires 20-30° of ankle
dorsiflexion ROM in young, healthy athletes. A 10-camera 3-D
motion capture system was used to record joint kinematic
differences throughout on-ice maximal skating sprint [33]. The
on-ice maximal skating sprint was between ice hockey high-
caliber skaters (age of 24.7+3.1 years) who played at the junior
level or higher and ice hockey low-caliber skaters (age of
23.9+3.1 years) who played below junior level.

High-caliber ice hockey skaters performed the skating start
significantly faster and with greater ankle dorsiflexion than
low-caliber skaters, despite no lower-limb power differences
(when tested using the long jump distances) [33]. Skate boot
designers and manufacturers added an anterior hinge to the
skate boot (the klapskate) to allow more ankle dorsiflexion
ROM to assist in better skating speed performance.
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Ankle dDorsiflexion ROM & Jumping

The ankle is a crucial joint to perform optimal vertical
jumping. The energy needed for the impulse to execute a jump
is generated and transferred by the bi-articular muscles (the
mechanical energy is transferred in a proximal to distal
sequenceto the ankle joint that adapts its dorsiflexion motion).
Then, the energy flows through the ankle joint that adapts its
plantarflexion motion in the take-off phase, making 23.0% of
the take-off velocity. The vertical jump is dependent on the
force amount generated by the gastrocnemius muscle that aids
(as a bi-articular muscle) in transferring the kinetic energy flow.
It was suggested that improving the ankle dorsiflexion ROM
improves the vertical jumping ability [34]. Individuals with
gastrocnemius reduced muscular extensibility (lesser ankle
dorsiflexion ROM) jumped with lesser height, the body center-
of-mass vertical shift, and coordination than individuals with
better gastrocnemius muscle extensibility (greater ankle
dorsiflexion ROM) [35]. In young, healthy soccer players (age of
16.2+0.6 years old), the vertical jump performance tested with
countermovement jump test was found to be correlated
positively and significantly with weight-bearing closed-chain
ankle dorsiflexion ROM (measured by knee-to-wall test) [36].
Greater ankle joint flexibility was found to result in enhanced
performance of squat-jump tasks in post-pubertal female
volleyball players [37].

Ankle Dorsiflexion ROM & Landing

In sports with multidirectional directional movements, the
dorsiflexion ROM was found to influence direction changes and
landing performance [38]. In basketball, maximal weight-
bearing ankle dorsiflexion angle occurs when the knee is flexed
at the jumping take-off phase [39]. In volleyball, the weight-
bearing ankle dorsiflexion motion was linked with the highest
force moment in landing [40]. In landing from a jump, the
kinetic energy absorbance at the impact and after landing
through the ankle dorsiflexion range was represented 37.0% to
50.0% of the total kinetic energy absorbed by the muscles
involved in the task [41]. Furthermore, the major energy
absorption by total muscle work in the stiff and soft landing
was provided by the ankle plantar flexors with an average of
44.0%, knee extensors with 34.0%, and hip extensors with
22.0% [41]. Ankle dorsiflexion ROM restriction decreases the
force-absorption ability along the lower limb during cutting,
jumping, and landing, which causes higher ground reaction
forces and higher frontal plane loading, mainly at the knee
joint.

Ankle Dorsiflexion ROM & Squatting

A deeper back squatting activity is helpful in building
strength in the lower limb [42] and developing jumping height
[43]. Assessing ankle dorsiflexion ROM can be done in closed or
open-chain positions with the knee flexed or extended. In
young and physically active individuals, achieving back squat
depth capacity was positively and significantly correlated with
weight-bearing/loaded ankle dorsiflexion ROM (in closed-chain
conditions using a goniometer smartphone app) with the knee
flexed in the lunge test. It was found that in the lunge test, each
additional 6.5° of ankle dorsiflexion ROM facilitated a 10.0%
deeper back squat in young and physically active individuals
[44]. In healthy young participants and while performing the
single-leg squat activity, it was found that greater passive
weight-bearing ankle dorsiflexion ROM with knee flexion was
correlated with a better lower limb alignment (i.e., less thigh

internal rotation during the single-leg squatting) [45]. In
healthy and recreationally active young participants (18-30
years old), limited weight-bearing ankle dorsiflexion ROM with
knee flexion predicted a lower functional movement screen™
(FMS™) composite score significantly [46]. A low FMS™
composite score was linked to the risk of injury in professional
football [47] players. Furthermore, decreased weight-bearing
ankle dorsiflexion ROM with knee flexion was significantly
correlated with lower deep squatting activity performance
[46]. The body’s center-of-mass goes down throughout
squatting or landing activities, imposing hip, knee, and ankle
joint flexion [48]. Studies concluded that instead of
accommodating limited ankle dorsiflexion ROM by imposing
higher proximal joints’ flexion excursions, athletes reveal a
pattern of decreased flexion displacements along the lower
limb [7, 49, 50].

Ankle Dorsiflexion ROM & Standing Dynamic Balance

In healthy adults (25.9+6.7 years old), the decreased
weight-bearing ankle dorsiflexion ROM with knee flexion was
correlated with reduced standing dynamic balance [51]. The
decreased weight-bearing/loaded ankle dorsiflexion ROM with
knee flexion on the weight-bearing lunge test explained a
significant amount (28.0%) of the anterior reach distance
variance in star excursion balance test [51].

Ankle Dorsiflexion ROM & Arm Swing

Kinematic data recorded via a three-dimensional Vicon
motion analysis system showed significantly greater angles of
ankle dorsiflexion ROM during the backward swing phase of the
diagonal shot in the table tennis practice in professional
healthy young (22.5+1.4 years old) [52]. Moreover, it was found
thatimproving ankle dorsiflexion ROM is important to enhance
the effectiveness of arm swing in vertical jumping, which is
crucial for volleyball performance [37].

Therefore, the ankle dorsiflexion ROM is an essential
construct in many sports activities, tasks, and skills
performance. Sport activity-specific adequate ankle
dorsiflexion ROM is necessary for competent sports activity
performance. Inadequate/decreased ankle dorsiflexion ROM is
linked to incompetent sports performance and increased risk
of injury. The links between ankle dorsiflexion ROM and sports
performance are summarized and presented in Figure 2.

ANKLE DORSIFLEXION ROM & INJURY
PROVOCATIVE POSITIONS &
COMPENSATORY MOVEMENT STRATEGIES

Ankle dorsiflexion ROM reduction/restriction is associated
with injury risk through its contribution to develop
compensatory movement strategies (CMSs) [53]. Dynamical
Systems theory explains goal-directed movement from the
viewpoint that numerous biomechanical degrees of freedom
utilize various biomechanical patterns to accomplish a
consistent result [53, 54].

The biomechanical patterns’ variation is known as
‘coordinative variability’, and the pattern under use for a
particular task can change markedly between individuals and
within the individual [54]. Ankle dorsiflexion ROM restriction
can be seen as a loss of degrees of freedom that impose one of
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the compensatory (or alternative) movement strategies (or
patterns) that are linked to various injuries/disorders [55].

In the lumbopelvic region and lower limb, CMSs are
suggested as a sports injury risk factor for various types of
sports [56]. Preventing these compensatory joint motions can
be essential to avoid injury/damage. Normal muscle
recruitment pattern observable changes happen when CMSs
exist [57]. CMSs may happen due to mobility deficiency
(somewhere in the lower limb) manifested as local motor
control deficiencies affecting the stabilizing muscles activity
[58]. The CMSs can help the athletes to execute the activity/skill
by modifying its forces, but at the same time, such force
modification can increase the lower limb risk of injury while
performing this activity/skill [59].

Ankle Dorsiflexion ROM & Dynamic Valgus

Hip joint musculature recruitment patterns can be
constrained by restricted mobility of the distal part(s) [58].
Decreased ankle dorsiflexion ROM is a factor that can
participate in poor pelvic and hip quality of movement [60].
Decreased ankle dorsiflexion ROM may demand increased
femoral internal rotation to allow more calcaneal eversion and,
consequently, midfoot dorsiflexion as a compensatory
movement strategy [58]. Individuals with decreased ankle
dorsiflexion ROM have more activation of the hip adductors
when compared with gluteal muscle activation. Decreased
available ankle dorsiflexion can participate in creating a
compensatory proximal motion made of hip adduction and
pelvic drop in the contralateral side in healthy individuals and
individuals suffering knee pain while performing a variety of
single and double limb activities [60-62]. Decreased ankle
dorsiflexion ROM can end up with observable compensatory
frontal plane motions/displacements during weight-bearing
functional activities like landing from a jump [49] and squatting
[63]. The compensatory frontal-plane motions linked to

deficits in ankle dorsiflexion ROM can be manifested as
dynamic knee valgus [49, 50, 63].

Inindividuals who are free of any lower limb trauma history
and active at a recreational level, decreased ankle dorsiflexion
ROM while performing double-leg squat caused dynamic knee
valgus, reduced the quadriceps activation, and enhanced the
activation of the soleus. Reduced muscular flexibility in lateral
gastrocnemius and soleus leads to knee reduced sagittal plane
motion and enhanced frontal plane motion as compensation
[63]. Accumulative imbalances can exist over time along the
kinetic chain, putting the individual at higher risk to sustain
overuse or overload knee injuries like anterior knee pain.
Decreased ankle dorsiflexion ROM secondary to reduced
flexibility of gastrocnemius [64] and soleus [65] is present in
individuals with anterior knee pain, and it is a risk factor for
developing it [63] because of a series of biomechanical
compensations [65].

The decreased dorsiflexion while performing weight-
bearing/loaded tasks decreases the capability to lower the
body’s center of mass, eliciting increased pronation in the
subtalar joint and internal rotation in the tibia as
compensation to get additional motion. Tibial increased
internal rotation can lead to a consequent increase in the
internal rotation of the femur and dynamic knee valgus knee
alignment. It was found that individuals who have medial knee
displacement during performing double-leg squatting (whom
their patella passed medial to the great toe while squatting)
have a decreased ankle dorsiflexion compared with those who
squatted without the medial knee displacement (who
sustained their knees over their toes while squatting) [66].

During the step-down task performed by university campus
healthy women (age 18 years or older), a 3-D analysis of hip and
knee kinematics revealed that the decreased ankle dorsiflexion
ROM is linked to reduced knee flexion, greater hip adduction,



6/12

Almansoof et al. / ELECTRON J GEN MED, 2023;20(5):em521

and greater knee external rotation [50]. The observed faulty hip
and knee kinematics (i.e., dynamic knee valgus) during
functional activities have been linked with several overuse and
overload injuries/disorders like ACL rupture [67], anterior knee
pain [68], patellar instability/subluxation [69] and iliotibial
band syndrome [70] in healthy young athletes and active
individuals that can suggest that ankle dorsiflexion restriction
may form a piece of the puzzle in these conditions’
pathogenesis [50]. Furthermore, it was found that dynamic
knee valgus (measured via high frontal knee projection angle)
during a single-leg squat meant a 2.7 times higher possibility to
be affected with acute lower limb injury and a 2.4 times higher
chance of sustaining ankle injury within a year when compared
with those with low frontal knee projection angles in basketball
and floorball athletes (21 years old and under) [71].

Ankle Dorsiflexion ROM & Ground Reaction Forces

A negative correlation was found between ankle
dorsiflexion ROM (mainly the ankle dorsiflexion ROM measured
with knee extension) and ground reaction forces that can mean
thatinability to compensate for the reduced sagittal range may
result in higher ground reaction forces Ankle dorsiflexion ROM
restriction and the correlated reduction of flexion ROM in hip
and knee (i.e., reduced joint excursion with resultant stiff-
landing) may increase ground reaction forces or loading rates.
Increased ground reaction forces and loading rates were
correlated with various impairments/injuries/disorders in the
lower limb like patellar tendinopathy, knee injury, tibial stress
fracture in runners, and knee joint pain.

Throughout the normal landing and deceleration, the
lower limb joints assist in the ground reaction forces
absorption. The lower limb joints work synergistically and
effectively in an accordion-like fashion to dampen the ground
reaction forces. The gastrocnemius-soleus complex slows the
speed of the ground reaction forces propagating to the knee
during landing [72]. However, when the ankle dorsiflexion ROM
is decreased, the forces acting on the joints of the lower limbs
and their muscle stiffness change [73]. Gastrocnemius-soleus
muscle stiffness was found to result in increased peak foot
pronation, knee valgus and adduction moments, and ground
reaction forces [74]. Consequently, the decreased ankle
dorsiflexion ROM leads to increasing ground reaction forces,
which magnifies the risk of injury in lower limbs [75]. Deficits in
ankle dorsiflexion ROM are hamstring injury risk factors in
healthy young soccer players. Horizontal force production
during running/sprinting is highly linked to hamstring muscle
activity. Therefore, the decreased ankle dorsiflexion may lead
to magnified hamstring muscle mechanical loading and
resultant strain injury.

Ankle Dorsiflexion ROM & Stiff Landing

Soft landing causes higher lower limb joint excursion,
decreasing ground reaction forces and loading rate [76]. In
young and healthy male athletes (22.1#3.9 years old)
performing single-leg drop-jump landing while 3D kinematic
data were collected, it was found that reduced weight-bearing
ankle dorsiflexion ROM was linked to stiff-landing (specifically
reduced knee flexion at initial contact) [77]. It was found that
young and healthy recreational athletes with decreased
weight-bearing ankle dorsiflexion ROM with knee flexion had
the tendency to land with higher ankle plantar flexion and knee
extension at initial contact and decreased ankle dorsiflexion
and knee flexion at the maximum flexion point during bilateral

drop-landing tasks of countermovement jump [59]. During the
bilateral jump-landing task, ankle dorsiflexion ROM was found
to be inversely correlated with peak vertical ground reaction
force throughout a bilateral jump-landing activity [7]. The stiff-
landing patterns have been linked to increased vertical ground
reaction forces, compression forces, knee extensor moments,
and anterior shear of the tibiofemoral joint [78]. The possible
reason is that the limitation of ankle dorsiflexion ROM inhibits
the knee flexion motion necessary for absorbing the shock
during the landing phase [7]. Shock absorption (implying
ground reaction force dissipation) is important to happen
because a great posterior ground reaction force can lead to a
great muscle force from the quadriceps that markedly draw the
tibia anteriorly that excessively load the ACL and other knee
passive structures [79].

Dynamic knee valgus [80] and stiff landings [81] were linked
to a higher risk of getting lower limb non-contact injury. In a
cohort study engaging healthy female basketball and floorball
players (12-21 years old), it was found that stiff landings in
vertical drop jump test (with lower knee flexion and higher
peak vertical ground reaction force) were linked to ACLI
increased risk [81]. While performing the football game, it was
observed (using a systematic video analysis) in male football
players affected with non-contact and indirect-contact ACLIs
that the injured knee was straight at the initial ground contact
and when sustained the ACL tear [82].

In the one-year prospective cohort study, it was found that
in Swedish junior national level elite basketball players (14-20
years old) with weight-bearing ankle dorsiflexion with knee
flexion was less than 36.5°; there was an elevated risk (18.5% to
29.4%) of sustaining patellar tendinopathy within a year [39].
Basketball players with ankle dorsiflexion ROM greater than
36.5° had a low risk of developing patellar tendinopathy (1.8%
to 2.1%). During performing dynamic sports activities, the
reduced ankle dorsiflexion ROM reduces the ankle joint’s
energy absorption capacity. Consequently, the resultant
abnormal compensation in the knee is manifested as an
increased load on the patellar tendon, among other knee
structures [39]. Specifically, limited ankle dorsiflexion ROM and
its resultant increased foot pronation alignment can lead to
excessive foot pronation and increased hip/femoral internal
rotation [83] (internal rotation cutoff point of 40.76°), which
contribute to overloading the patellar tendon [84].

Ankle Dorsiflexion ROM & Knee Hyper-Extension in
Walking

During forward progression in normal walking gait, it is
essential that the ankle dorsiflexion ROM is enough to let the
tibia move in the sagittal plane in an angular way over a stable
foot during the single-leg step. The tibial angular forward
movement can be limited because of a decreased ankle
dorsiflexion that can trigger a compensatory movement
strategy of altered gait kinetics and kinematics in the lower
limbs. A significant and strog inverse correlation was observed
between ankle dorsiflexion ROM peak angle and knee
extension ROM peak angle (i.e., more ankle dorsiflexion
restriction was correlated with more knee extension) during
the walking terminal stance phase in healthy young individuals
(21.7+2.2 of age).

Decreased ankle dorsiflexion ROM angle to less than 5°
associated with knee hyperextension (i.e., knee increased
sagittal plane loading) [85]. Knee hyperextension is one of the
mechanisms of the non-contact ACLI.
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Ankle Dorsiflexion ROM & Poor Anterior Reach
Performance

In healthy and physically active individuals, the weight-
bearing/loaded ankle dorsiflexion (evaluated by the weight-
bearing lunge test) was correlated significantly with the Y-
balance test anterior reach distance [86]. In collegiate athletes,
it was found that the Y-balance test’s poor anterior reach
performance indicated an elevated possibility of a consequent
ankle sprain injury [87]. The ankle can be decreased from
reaching the required degrees of ankle dorsiflexion ROM by
contractile tissues (i.e., the ankle plantar flexors) and other soft
tissues that are non-contractile (i.e., ligament, joint capsule,
and bone). Decreased ankle dorsiflexion ROM may affect
subtalar joint motion and impede the ankle joint close-packed
position required throughout walking and running, which can
risk knee and ankle stability and postural stability [55].

Ankle Dorsiflexion ROM Restriction & Related Reduced
Gastrocnemius-Soleus Complex Extensibility

Normal gastrocnemius muscular extensibility is necessary
to minimize the risk of injury in the lower limb [88]. Limited
ankle dorsiflexion ROM is associated with soleus and
gastrocnemius  reduced  extensibility and tightness.
Particularly gastrocnemius tightness is found to be a factor in
lower-limb injuries and forefoot disorders such as hallux
valgus, Achilles tendinopathy, stress fractures, metatarsalgia,
plantar fasciitis/fasciopathy, ankle sprains [88, 89], patellar
tendon injury [90] and ACLI [91].

The reduced muscular extensibility of gastrocnemius and
its associated decreased ankle dorsiflexion ROM are correlated
with a higher risk of developing plantar fasciopathy, which is
the most prevalent running-related overuse disorder in
runners. The possible reason is that the gastrocnemius
reduced extensibility has an arch-flattening effect (the
combination of hindfoot plantarflexion moments and forefoot
dorsiflexion moments), causing passive longitudinal tension
along the plantar fascia during the stance phase [92]. Limited
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ankle dorsiflexion can lead to excessive hindfoot valgus as a
possible compensation during practicing functional tasks [93]
with resultant foot pronation and excessive forces and
pressures along with the mid and forefoot.Such repetitive
stress is thought to lead to foot medial longitudinal arch
mechanical breakdown via plantar fascia and surrounding
ligamentous structures overstretch [93].

Reduced muscular extensibility of triceps surae and
particularly the gastrocnemius portion can significantly be
related to changes in knee function through restricting the
ankle dorsiflexion ROM in functional activities. Decreased
ankle dorsiflexion elevates the soleus and gastrocnemius
tendons strain. In the walking and running gait cycle just before
the toe-off, the soleus and gastrocnemius absorb the peak
mechanical power [94]. However, force absorption that got
taken over by the soleus and gastrocnemius increases when
the ankle dorsiflexion is decreased. The sustainability of strain
on the Achilles tendon can lead to tendinopathy, as concluded
in previous studies when the decreased ankle dorsiflexion was
linked with a 2.5 to 3.6 times greater Achilles’ tendinopathy
risk. Reduced ankle dorsiflexion ROM is among the Achilles
tendinopathy significant risk factors in Nigerian football
players. However, increased ankle dorsiflexion ROM was found
(in a cohort study) to be a significant predictor of Achilles
tendinopathy in male military individuals [95].

Ankle Dorsiflexion & Anterior Pelvic Tilt

Anterior pelvic tilting was found to be correlated with
bilateral increased foot pronation/calcaneal-eversion [96] that
can be secondary to decreased ankle dorsiflexion ROM [93].
Anterior pelvic tilt increases the risk of sustaining hamstring
strain injury in sprinting late-swing phase in soccer players[97].
Therefore, decreased ankle dorsiflexion ROM can open
opportunities for many lower-limb injuries (over-use/over-load
injuries) to occur through its links with injury-provocative
positions and compensatory movement strategies. Those links
are summarized and illustrated in Figure 3.
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Figure 3. An illustration of summary of links between ankle dorsiflexion ROM restriction & injury provocative position &
compensatory movement strategies (Source: Authors’ own elaboration)
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Figure 4. Anillustration of decreased ankle dorsiflexion ROM important implications (Source: Authors’ own elaboration)

In summary, the ankle dorsiflexion ROM has links with
sports performance, injury prevention, and injury
occurrence/recurrence. Important implications of decreased
ankle dorsiflexion ROM, especially in what is related to
shoulder/elbow injury, CLBP (chronic low back pain), non-
contact ACLI, and post ACLR, are outlined and demonstrated in
Figure 4.

CONCLUSIONS

Ankle dorsiflexion ROM influences sports performance and
injury risk. These influences have multiple backgrounds. Ankle
dorsiflexion is linked to activation of the brain area responsible
for movement preparation, sensory integration cortex, motor
planning/execution, and visuomotor coordination. It is also
linked to increased activation of the deep core (transverse
abdominis and pelvic floor) and quadriceps muscles. Ankle
dorsiflexion is an essential construct in many sport-specific
skills like squatting, jumping, landing, on-ice skating, sprinting,
and arm swing. Decreased ankle dorsiflexion ROM contributes
to developing compensatory movement strategies. The
compensatory movement strategies could create the basis to
elevate the risk of occurrence and recurrence of many sports
injuries like an ankle sprain, anterior cruciate ligament, and
plantar fasciopathy. Moreover, the ankle dorsiflexion influence
on core muscles could contribute to the development of low
back pain. Furthermore, the link between the ankle
dorsiflexion and balance may precipitate sports-related
injuries like falls and ankle sprain. Therefore, giving more
attention to ankle dorsiflexion ROM in research studies, sports-
related pre-season screening, clinical examination,
rehabilitation, and return to sports judgment is justified.
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