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Hamstring injuries remain one of the most prevalent and challenging issues in field-based sports such
as football, with injury rates showing no signs of decline despite extensive research efforts [1]. The
underlying mechanisms and risk factors associated with hamstring injury have been well established,
including previous injury, age, strength, range of motion and function [2]. Recent evidence also
highlights the role of sprint running mechanics as a key risk factor [3]. Most preventative and
rehabilitation strategies have focused on the hamstring muscle itself [4,5], emphasizing eccentric
strength [6], flexibility [2], and symmetry between limbs [7]. Primarily, these programmes address
hamstring strength and flexibility in isolation. Failure to address the complexity of lower limb function
in high-speed movements, where multiple joints and muscle groups interact dynamically, could lead
to a higher risk of injury or incomplete rehabilitation. The interconnected nature of the kinetic chain
suggests that a narrow focus on the hamstrings might overlook critical contributors to injury risk, as
established by previous research investigating broader kinetic chain approaches [8]. It has long been
accepted that distal structures, such as the ankle joint, may influence proximal biomechanics through
altered range of motion, force transmission, and movement efficiency [9,10]. We propose a possible
mechanism by which these deficiencies or restrictions may lead to compensatory mechanics that

increase hamstring strain.

EMBRACING MULTIFACTORIAL PATHWAYS IN INJURY MECHANISMS

Over a decade ago, the need for multifactorial models to explore the interrelationships between
various risk factors contributing to hamstring injuries was clearly emphasized [11]. Nevertheless,
much of the current literature continues to prioritize the same risk factors, with little integration
around alternative risk factors, particularly those grounded in the biomechanics of sprinting [12]. The
injury mechanisms for hamstring injuries are varied. They include components of trunk control,
indirect contact, and unexpected challenge to movement patterns, sprinting, and more specifically
acceleration, continues to be a key phase in which hamstring injuries occur in field-based sports [13].

Acceleration demands high levels of horizontal force application [14], and limitations in force



generation could place compensatory strain on the hamstrings, increasing the risk of injury. Low levels
of horizontal force production have been associated with an increased risk of hamstring injuries [15].

A key aspect of reducing hamstring injury risk may be restoring horizontal force production.

HORIZONTAL FORCE PRODUCTION AND THE INTERPLAY OF ANKLE FUNCTION IN HAMSTRING

INJURY RISK

Recently, the initial acceleration phase during sprinting was identified as a contributing factor to a
hamstring injury in football for one in every 4 injuries [13]. During this phase of sprint mechanics, the
ability to effectively generate and transmit force plays a crucial role in propulsion [14]. Horizontal force
production is the most critical factor for acceleration performance during sprinting [14], with the ankle
joint acting as a primary contributor in the generation and transmission of horizontal force. While the
ankle joint moves into more plantar flexion during sprinting [16], restrictions in ankle mobility—
particularly limited dorsiflexion—may alter foot placement upon ground contact, affecting force
transmission and reducing horizontal force production [17]. A lack of dorsiflexion was associated with
hamstring injuries in prospective cohort studies [9,10]. This biomechanical disruption can lead to
compensatory adaptations in the kinetic chain, potentially increasing strain on the hamstrings and

their workload during propulsion.

The foot and ankle are the first points of contact with the ground and play a critical role during
acceleration. When dorsiflexion is restricted, it can alter lower limb mechanics and lead to
compensatory changes in acceleration technique. These may include increased ground contact time
and a more upright posture, both of which have been associated with reduced anteroposterior force
application [14]. As acceleration performance depends on effective horizontal force production,
impairments in ankle mobility could compromise this process, requiring higher force production
within nearly maximal dorsiflexion range of motion to maintain efficiency. Therefore, limited ankle
mobility can result in increased hamstring muscle activity as a compensatory mechanism for horizontal

force production, potentially increasing the risk of injury [9].



Ankle function extends beyond range of motion. The ability to generate and maintain high levels of
force and produce greater net positive work at the ankle joint enhances force transmission [17-19],
with the plantar flexors contributing the largest muscle forces and playing a key role in generating
forward momentum during acceleration [20]. The capacity to apply and transmit force efficiently
throughout the entire range of ankle motion, particularly near the end of dorsiflexion during the early
stance phase is critical, rather than focusing solely on mobility or flexibility. End-range dorsiflexion is
precisely where the ankle operates during the initial steps of acceleration (i.e., the main injury
mechanism for hamstring injuries) [13], making it a crucial component for effective propulsion.
Although mobility is essential for optimal positioning at touchdown and stance, the combined
influence of joint stiffness, muscular activation, and tendinous contributions likely has a greater
impact on horizontal force production and should also be considered in relation to hamstring injury

risk.

TIME TO FOCUS ON ANKLE FUNCTION FOR REDUCING HAMSTRINGS INJURY RISK?

It is challenging to establish an injury risk profile based on screening tests. However, ankle range of
motion and function deficits, as well as potential changes in the kinetic chain, should be considered in
integrated complex injury risk models. The role of the ankle joint within broader kinetic chain
interactions and its impact on force transmission during high-speed locomotion remains
underexplored in many applied settings. Considering recent evidence on hamstring injury mechanisms
(i.e., acceleration pattern as one of the main mechanisms of hamstring injury) [13] and limited
dorsiflexion as an established risk factor for hamstring injuries [9,10], we must include the ankle joint
in a more holistic approach to managing hamstring injuries. Its role in the horizontal force production
strategy emerges as a promising starting point for identifying additional variables that could

contribute to effective prevention strategies.



IMPLICATIONS FOR PREVENTION

Ankle dorsiflexion, which can alter the biomechanics of the running (i.e., acceleration) pattern,
potentially increasing the risk of injury, should be a key focus for assessment. Ankle function—
including the ability to produce and maintain high levels of force—plays a key role in force
transmission and optimizing movement efficiency during sprinting. Hamstring injury prevention
programmes may benefit from assessing ankle function, and more specifically, horizontal force
production [21]. To evaluate an athlete's sprinting horizontal force production, maximal sprint
accelerations over 30 to 60 meters are performed while position-time or velocity-time data are
collected using reliable technologies like radar, laser, GPS, or video [22,23]. Measurements can be
taken through direct methods such as force platforms, indirect tools like cable-based measurement
systems (e.g., DynaSpeed), or through force-velocity profiling and resisted sprinting with sleds.
Accurate, standardized testing protocols are essential to ensure valid and reliable results. Assessing
ankle function should include measures of dorsiflexion range of motion and strength across the range
of motion, ideally using isokinetic dynamometry or position-specific isometric tests to capture deficits
in force production at key angles related to sprinting. If available, motion capture combined with force

plates can provide detailed insight into the ankle’s contribution to acceleration performance.

A better understanding of the complex interrelationships within the kinetic chain in the acceleration

pattern and sprint performance is crucial in reducing hamstring injury risk (Figure 1).
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Figure 1: Conceptual framework linking ankle function, horizontal force production, and hamstring strain injury
(HSI) risk.
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