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Foot and Ankle Injuries in Formula 1 Drivers: A Narrative
Review
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Venkata Rishab’, Nishmitha Biju’, Praveen Shetty’

Background: Formula 1 (F1) drivers are exposed to extreme biomechanical and ergonomic demands, with the foot and ankle
acting as the primary interface for braking and throttle modulation. Although advances in safety systems have markedly reduced
fatal head and torso injuries, foot and ankle injuries remain prevalent, clinically significant, and often under-recognized, with
importantimplications for performance, return-to-race decisions, and careerlongevity.

Methods: A narrative review of the literature was conducted using PubMed, Scopus, and Google Scholar to identify studies
addressing foot and ankle injuries in F1 and elite motorsport. Evidence relating to injury epidemiology, cockpit ergonomics, pedal
biomechanics, acute trauma mechanisms, chronic overload pathology, representative driver cases, and preventive strategies was
synthesized within the technical constraints of F1 cockpit design.

Results: Lower limb injuries constitute a substantial proportion of musculoskeletal trauma in elite motorsport, with foot and ankle
injuries forming a distinct yet inconsistently classified subgroup. Acute injuries are most commonly associated with pedal intrusion
and floor-pan deformation, resulting in malleolar, talar, and midfoot fractures that often require prolonged rehabilitation. Chronic
pathology arises from sustained asymmetric left-foot braking, constrained cockpit ergonomics, and thermal exposure, leading to
tendinopathy, stress reactions, neuropathic syndromes, and compartment-like conditions. Return-to-race timelines range from
weeks for overuse syndromes to several months following complex fractures.

Conclusion: Foot and ankle injuries in F1 drivers remain an under-addressed source of morbidity. Improved F1-specific injury
surveillance, ergonomic standardization, and targeted preventive strategies are essential to reduce injury burden, preserve on-track
performance, and optimize long-term musculoskeletal health.

Keywords: Formula 1, Footand ankle injuries, Sports biomechanics, Motor sports, Tendinopathy, injury prevention.

Introduction critical region can significantly influence race outcomes, career

Formula 1 (F1) racing places exceptional biomechanical
demands on the human body, particularly at the level of the foot
and ankle, which serve as the primary interface for braking and
throttle control. In a sport where performance margins are
measured in fractions of a second, dysfunction in this small yet
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longevity, and return-to-drive decisions [ 1].

Foot and ankle injuries in F1 drivers represent a clinical

paradox; they are common enough to impair performance and

availability yet remain overshadowed by the emphasis on

catastrophic trauma involving the head, spine, or major organs.
While high-speed crashes attract attention, pain, stiffness,
neuromuscular fatigue, and proprioceptive deficits around the
ankle and midfoot often develop insidiously over a season,
subtly affecting braking consistency, endurance, and fine
motor control [ 1,2]. These risks are amplified by the uniquely
constrained cockpit environment, characterized by a fixed
seating position, narrow footwell, high braking forces,
sustained ankle loading, and extreme thermal stress. Even
minor ergonomic mismatches or repetitive microtrauma in
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this setting can lead to chronic overload syndromes or acute
injury[1,2].

Despite their relevance, foot and ankle pathologies in F1 have
not been systematically examined beyond isolated reports. A
comprehensive understanding must encompass acute crash-
related injuries, repetitive stress and degenerative changes, and
environment-related factors such as heat and circulatory stress.
This narrative review seeks to synthesize available evidence
with the technical realities of F1 racing, highlighting current
knowledge gaps and opportunities for improved prevention,
early recognition, and long-term joint preservation in elite
drivers.

Methods
A narrative review of the peer-reviewed literature was
conducted using PubMed, Scopus, and Google Scholar to
identify studies relevant to foot and ankle injuries in F1 drivers
and elite motorsport. The search employed a combination of
controlled vocabulary and free-text terms related to
F1/motorsport and foot—ankle pathology, including fractures,
soft-tissue injuries, and pedal-related mechanisms. English-
language publications from 1985 to 2025 were considered,
corresponding to the modern era of F1 safety. Eligible studies
included F1-specific data or elite motorsport cohorts with clear
biomechanical relevance, encompassing epidemiological,
biomechanical, clinical, and preventive research. Studies
focused solely on amateur motorsport, civilian motor vehicle
trauma without driver-specific context, isolated single-case
reports, or non-peer-reviewed sources were excluded.
Following title and abstract screening, 28 studies were included
and appraised using a modified Newcastle-Ottawa Scale for
non-randomized studies. Owing to substantial heterogeneity in
injury classification, particularly the frequent aggregation of
foot and ankle injuries under broader lower-extremity
categories, quantitative meta-analysis was not feasible; hence,
findings were therefore synthesized narratively with emphasis
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on F1-relevant injury patterns and acknowledged limitations of
the available literature.

Discussion

Epidemiology

Analysis of 264 documented F1 injuries involving 865 drivers
between 1950 and 2023 demonstrates that musculoskeletal
trauma accounts for 68.2% of reported injuries, with the lower
extremity most frequently affected [1]. Within this category,
foot and ankle injuries represent a distinct but consistently
under-reported subset, comprising approximately 9-12% of
race-related injuries in the modern safety era (post-2000) [ 1,2].
Evidence from cross-sectional motorsport cohorts including
512 elite racing drivers further identifies ankle fractures as the
most common lower-limb injury (incidence 11.2%), followed
by talar and midfoot fractures, most commonly associated with
pedal intrusion mechanisms [2]. Comparable injury patterns
have been reported across elite motorsport categories beyond
F1, where foot and ankle injuries account for 8-15% of lower-
extremity trauma, with a consistent left-sided predominance
reflecting asymmetric braking demands intrinsic to sequential-
gearshift vehicles [2, 3]. In contrast, civilian motor-vehicle
collision studies report foot and ankle involvement in 10-20%
of lower-limb injuries; however, these figures likely
underestimate Fl-specific risk owing to fundamental
biomechanical differences, including sustained ankle
dorsiflexion from reclined seating, markedly higher peak pedal
forces (>100 kg vs. <40 kg in civilian vehicles) and constrained
survival-cell geometry with reduced pedal spacing [4, S, 6, 7].
Chronic and overuse-related pathology remains poorly
quantified due to under-reporting, although longitudinal
surveillance of elite drivers has demonstrated insertional
Achilles tendon thickening (>7 mm) in 18-25% of drivers by
mid-career, a finding associated with measurable braking
performance deficits [8]. Electromyographic studies further
reveal 2.3-fold greater activation of the left ankle plantar flexors

B
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Figure 1: Schematic comparison of driver foot position, pedal orientation, and cockpit ergonomics in F1, National Association for Stock Car

Auto Racingand conventional passenger vehicles.
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compared with the right, supporting a biomechanical
predisposition to unilateral tendinopathy [3, 6].
Epidemiological interpretation of Fl-specific foot and ankle
injuries is limited by aggregation under broad “lower-
extremity” categories in Fédération Internationale de
I’Automobile (FIA) databases, media-driven case
ascertainment bias, and the absence of standardized reporting
on return-to-race timelines and long-term outcomes;
consequently, the reported incidence of 9-12% likely represents
an underestimation of the true burden, particularly when
chronicand overuse pathology are considered (Table 1) [1,9].

Cockpitergonomics and foot positioning

F1 cockpits impose a highly specialized ergonomic
environment characterized by reclined seating, elevated pedal
positioning, and a markedly restricted footwell, resulting in
concentrated mechanical loading across the ankle and midfoot
[6, 7, 10]. Drivers adopt a semi-supine posture with
approximately 10-15° of recline, knees positioned higher than
the hips, and the feet constrained within a narrow pedal box
measuring 10-15 cm in width, necessitating sustained ankle
dorsiflexion during braking [6, 7]. In contrast, National
Association for Stock Car Auto Racing and conventional road
vehicles employ a more upright seating position with floor-
mounted pedals, allowing intermittent plantar flexion and more
symmetric bilateralload distribution (Fig. 1) [7,11,12].
During competition, F1 drivers repeatedly generate brake pedal
forces exceeding 100 kg, producing deceleration forces of 5-6 G
over cumulative seasonal race exposures that often exceed 60 h
[1, 6, 10]. This configuration transmits substantial axial and
shear loads through the talocrural joint, subtalar complex, and
midfoot ligamentous structures, particularly in the dominant
left ankle used for braking. These biomechanical demands
contribute not only to acute fracture patterns during high-
energy crashes but also to chronic overload conditions,
including insertional Achilles tendinopathy, navicular stress
reactions, and midfoot pain syndromes [3, 6, 8, 10].
Compounding these stresses, cockpit temperatures frequently
exceed 60°C near the pedal box, adversely affecting tissue

Table 1: F1 lower-extremity injury incidence in the

modern era

Proportion of
Injury location musculoskeletal
injuries (%)

Predominant
mechanism

Foot/Ankle 9-12 Pedal intrusion
Knee/thigh 25-28 Steering intrusion
Lower leg 32-35 Dashboard impact

recovery and orthotic performance while increasing the risk of
blistering, thermal discomfort, and compartment-like
symptoms within the confined footwell [10, 13].

These ergonomic constraints carry important clinical
implications. Limited adjustability of pedal position, fixed
steering column-to-pedal distances, and minimal lateral
clearance restrict the driver’s ability to redistribute load away
from symptomatic regions and may delay symptom recognition
until measurable braking deficits occur. From an orthopedic
perspective, evaluation of drivers presenting with foot or ankle
symptoms should include assessment of ankle dorsiflexion
range, plantar flexor and dorsiflexor strength, and plantar
pressure distribution in a simulated F1 posture, as standard
upright clinical examinations may underestimate pathology
that becomes apparent only under race-specific biomechanical
conditions [3,6,8].

Acute trauma mechanisms

High-energy frontal and offset collisions in F1 frequently
transmit crash forces directly through the driver’s feet,
rendering the ankle, hindfoot, and midfoot primary load-
bearing structures at the moment of deceleration [1, 2, 4, 9].
Pedal intrusion, floor-pan deformation, and forced ankle
dorsiflexion within the reclined cockpit position generate
combined axial, rotational, and shear loads, reproducing
characteristic patterns of malleolar, talar, and midfoot injury
analogous to those observed in high-energy frontal automotive
trauma [2, 4, S, 14, 15, 16]. Ankle fractures represent one of the
most commonly reported lower-limb injuries in motorsport
cohorts, most frequently involving the lateral malleolus with
associated syndesmotic disruption. These injuries typically
result from inversion and external rotation forces applied when
the foot becomes trapped against the pedal or firewall during
impact, a mechanism consistent with ankle joint failure under
combined axial loading and dorsiflexion described in
automotive collision studies [ 1,2, 9]. In F1 drivers, even subtle
alterations in ankle mortise congruence or syndesmotic
stability may translate into clinically significant impairment of
braking precision under high deceleration forces.

Forced dorsiflexion across an axially loaded ankle can also result
in talar neck fractures, often accompanied by posterior
malleolar involvement or subtalar joint injury [4, S, 14]. Finite-
element analyses of brake-pedal loading demonstrate that talar
and forefoot structures fail once critical thresholds of
dorsiflexion and axial compression are exceeded, levels readily
achieved during pedal crush events, providing a biomechanical
basis for the complex talar and hindfoot fracture patterns
observed in high-speed crashes. Calcaneal fractures may occur
when the heel impacts the deforming floor or firewall, typically
producing intra-articular patterns similar to those seen in
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civilian high-energy mechanisms.

Injuries to the midfoot and tarsometatarsal complex arise from
rotational loading of the forefoot against an intruding pedal,
resulting in Lisfranc-type injury patterns that may be
radiographically subtle in the acute phase. Delayed recognition
carries a substantial risk of chronic midfoot pain, arch collapse,
and loss of push-off strength, deficits that are particularly
detrimentalin F1 drivers, where fine modulation of braking and
throttle inputis critical to performance [1,2,9].

Orthopedic management of acute foot and ankle trauma in F1
drivers broadly adheres to principles established for high-
energy injuries in athletic populations, although functional
thresholds for return to competition are considerably higher.
Unstable lateral malleolar and bimalleolar fractures generally
require open reduction and internal fixation to restore joint
congruity, with syndesmotic instability necessitating accurate
anatomical reduction and rigid stabilization, as residual
diastasis or malalignment is likely to compromise
neuromuscular control during heavy braking [2, 9, 4]. Talar
neck and complex hindfoot fractures require urgent anatomical
reduction and stable fixation to minimize the risks of avascular
necrosis and post-traumatic arthritis, with surgical timing
guided by soft-tissue considerations [4, S, 14]. Midfoot and
Lisfranc injuries benefit from early diagnosis and stabilization
to preserve column alignment and ensure effective force
transmission through the forefoot during pedal application.
Return-to-race decisions in F1 are highly individualized and
extend beyond radiographic union alone. Motorsport-specific
observations highlight the necessity of restoring ankle range of
motion, plantar flexor and dorsiflexor strength, endurance, and
proprioceptive control, as deficits in these parameters can

Table 2: Acute foot and ankle injuries in Formula 1 drivers: Mechanisms, management, and

return-to-race considerations

Typical mechanism in
F1

. Key orthopedic

I tt
Sl priorities

. . . Anatomic mortise

Lateral/Bimalleolar Pedal/floor impact with

fracture inversion

syndesmosis

Syndesmotic injury

foot trapped fixation

Forced dorsiflexion

Tal k fractu i
alar neck fracture under axial load

congruity

Heel impact against

deformed floor manage subtalar

mvolvement

Calcaneal fracture

Lisfranc-type

midfoot injury forefoot stable fixation

restoration, assess the

External rotation with  Precise reduction, rigid  Avoid residual diastasis;

Urgent ORIF, protect
blood supply, joint

Restore height/axis,

Rotational load on fixed Preserve column length, Push-off power, midfoot

ROM: Range of motion, AVN: Avascular necrosis, ORIF: Open reduction and internal fixation

significantly impair safe and precise pedal operation [ 1,2,3, 6, 8,
9]. In practice, drivers are typically not cleared for competition
until they can complete race-length simulator sessions without
pain or functional decline, demonstrate near-symmetrical ankle
strength and mobility relative to the contralateral side, and
maintain stable neuromuscular control under sustained high-

brakingloads (Table2).

Degenerative mechanisms

Chronic and degenerative foot and ankle injuries in F1 drivers
primarily result from repetitive, asymmetric loading associated
with sustained left-foot braking. Recurrent deceleration forces
of 5-6 G, accumulated over more than 60 h of competitive
driving per season, generate peak tendon loads exceeding 8 kN
across the Achilles tendon and tibialis anterior [6, 8].
Electromyographic studies performed in simulated driving
environments demonstrate disproportionately increased
activation of the left ankle plantar flexors, most notably the
gastrocnemius, with activity levels approximately 2.3 times
greater than the contralateral side, as well as sustained
dorsiflexor engagement during prolonged pedal modulation [3,
6]. Over time, this asymmetric neuromuscular demand
predisposes drivers to microstructural tendon injury,
paratenonitis, and insertional tendinopathy, often manifesting
as progressive mid-season pain that limits braking consistency
and peak deceleration performance [3,6].

Thermal stress within the cockpit further exacerbates these
degenerative processes. Ambient temperatures exceeding 60°C
accelerate orthotic material degradation and impair local
microcirculation, particularly within the peroneal vascular
territory. Thermographic studies have demonstrated skin
temperature gradients of 15-20°C
across the pedal-foot interface,

conditions that promote midfoot
Return to race

stress reactions, plantar
considerations

fasciopathy, and delayed tissue

Pain-free ROM, mortise [recovery [13, 17]. Unlike acute

stability, braking strength [fractures, these chronic

pathologies are rarely captured in

formal FIA injury surveillance.
neuromuscular control

AVN risk, hindfoot
mobility for pedal
modulation

However, longitudinal monitoring
of elite drivers has reported a
prevalence of insertional Achilles
tendon thickening (>7 mm) in

S s, sl approximately 18-25% of drivers

motion. and shoe fit y mid-career, with associated

reductions in ankle dorsiflexion
range and measurable alterations
pain under pedal loads |in braking kinematics [8].

Environmental extremes at the

opposite end of the spectrum also
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contribute to chronic morbidity. Cold exposure during wet
races or in low-temperature conditions may precipitate
exertional compartment-like syndromes, as vasoconstriction
compounds compartment pressures already elevated by G-
force-related edema, reported compartment pressure elevation
above baseline, paralleling anterior compartment syndromes
observed in endurance athletes [17, 18, 19]. Cumulative
loading may further result in tarsal tunnel neuropathy
secondary to repetitive eversion stress and navicular stress
fractures driven by sustained forefoot pivot loading, risks
amplified by the uninterrupted left-foot braking sequences
unique to F1 and absent in gear-lever-dependent motorsport
disciplines [3,20].

This insidious injury spectrum highlights the need for a shift in
preventive strategy, incorporating preseason imaging
surveillance, high temperature-resistant custom orthoses, and
regulatory consideration of pedal force thresholds. Addressing
chronic foot and ankle overload is essential to bridge the gap
between advances in acute crash safety and long-term
musculoskeletal endurance optimization, particularly given the
reported associations with measurable braking performance
deficitsin elite drivers [6,13].

Ilustrative F1 cases (media-based examples)

Publicly reported F1 injuries provide useful clinical illustrations
ofthe acute and chronicfootand ankle injury patterns described
above. However, their interpretive value is inherently limited by
the absence of peer-reviewed clinical detail, standardized injury
definitions, and validated outcome measures [1, 2, 9, 21, 22].
The following media-derived examples are therefore presented
to contextualize injury mechanisms rather than to serve as
primary epidemiological evidence. Martin Brundle’s crash at
the 1984 Dallas Grand Prix was widely reported to have resulted
in bilateral ankle fractures following high-energy pedal
intrusion, managed surgically with a return to competition later
that season. Similarly, media accounts of Michael Schumacher’s
1999 British Grand Prix accident describe an open tibia—fibula
fracture extending toward the ankle, initially stabilized with
external fixation and subsequently treated with definitive
internal fixation, followed by return to racing after several
months of rehabilitation. Although detailed operative and
functional data are unavailable, these historical cases exemplify
the high-energy ankle and hindfoot fracture patterns associated
with pedal crush and floor-pan deformation in earlier
generations of F1 cars, consistent with mechanisms described in
biomechanical and trauma studies [ 1,2,4,9]. Reports of Robert
Kubica’s crash at the 2007 Canadian Grand Prix describe a
significant right ankle injury complicated by severe swelling and
concern for compartment syndrome, necessitating close
monitoring and prolonged rehabilitation before eventual return
to F1 competition; while operative specifics remain

undisclosed, this case underscores the potential for occult soft-
tissue injury and delayed functional recovery following high-
energy ankle trauma [9, 17, 18, 19]. In contrast, chronic
overload pathology has also been publicly acknowledged, with
Lewis Hamilton describing competing through a season with
persistent left Achilles symptoms attributed to repetitive
braking demands, managed with orthotic support and load
modification rather than time away from racing. This example
reflects the chronic tendinopathy and overload phenomena
associated with asymmetric left-foot braking, corroborated by
electromyographic and cockpit-ergonomics studies [3, 6, 8].
Collectively, these media-derived narratives align with the
fracture patterns, soft-tissue complications, and chronic
tendinopathies identified in epidemiological and
biomechanical analyses of motorsportinjuries [ 1,2,3,4,6,8,9].
Nevertheless, the absence of granular clinical data, standardized
reporting frameworks, and objective return-to-race metrics
limits their utility for incidence estimation or outcome
benchmarking, reinforcing the need for formal F1 injury
registries and structured reporting of foot and ankle outcomes
[1,2,9].

Prevention strategies and management gaps

Preventive strategies in F1 must address both acute trauma and
chronic overload of the foot-ankle complex. Primary
prevention focuses on optimizing cockpit ergonomics and
footwear to reduce excessive ankle dorsiflexion and peak plantar
pressures during high-force braking, including the use of
thermally tolerant orthoses and adjustment of pedal reach
where regulations permit [3, 6, 7, 10, 13]. Pre-season screening
incorporating race-specific clinical assessment and selective
imaging of the Achilles tendon and midfoot may help identify
drivers at risk for overload pathology before performance is
affected [3,6,8,20].

Secondary and tertiary prevention rely on structured
rehabilitation and objective return-to-drive criteria. Acute
fractures and ligamentous injuries require early controlled
mobilization, targeted strengthening, proprioceptive
retraining, and simulator-based exposure to race-specific
braking demands before clearance [3, 6, 8,9]. Chronic overload
conditions are managed with load modification, eccentric
strengthening, and orthotic optimization with escalation
guided by established athletic injury principles [ 17,20].
Despite advances in driver safety, significant gaps remain.
Current regulations prioritize head and thoracic protection,
with limited focus on talocrural and midfoot injury thresholds
or long-term outcomes [1, 2, 9, 15, 23]. The absence of an F1-
specific injury registry capturing detailed foot and ankle data
limits evaluation of injury burden and prevention strategies,
underscoring the need for integrated lower-limb safety metrics
and systematicinjury surveillance [ 1,2,9].
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Limitations

This narrative review is subject to several inherent limitations
that temper the strength and generalizability of its conclusions.
The narrative, rather than systematic, methodology increases
susceptibility to selection bias and precludes quantitative
synthesis or meta-analysis. Foot and ankle injury data specific to
F1 remain sparse in the peer-reviewed literature, necessitating
extrapolation from broader motorsport and civilian trauma
studies in which injuries are frequently grouped under
heterogeneous “lower-extremity” categories, limiting precision
in injury characterization and incidence estimates. The
predominance of retrospective and observational designs
introduces risks of recall bias, incomplete reporting, and
unmeasured confounding, while substantial heterogeneity in
study populations, injury definitions, outcome measures, and
reporting standards prevents meaningful pooled analysis.
Hlustrative cases derived from media reports (e.g., Brundle and
Schumacher) provide qualitative context but cannot support
epidemiological inference. Chronic and overuse pathologies
including tendinopathy, stress reactions, neuropathies, and
compartment syndromes are likely underrepresented in
available datasets, and long-term outcomes such as post-
traumatic arthritis, career longevity, and performance
impairment remain poorly defined. In addition, evolving
cockpit ergonomics, pedal geometry, safety regulations, and
footwear across eras limit comparability over time. Finally, the

absence of standardized, sport-specific performance metrics
(e.g., braking precision or simulator-based thresholds) restricts
objective assessment of functional impact and recovery.
Collectively, these gaps highlight the need for dedicated F1
injury registries, prospective longitudinal studies, and lower-
limb-focused surveillance frameworks.

Conclusion

Foot and ankle injuries in F1 drivers are a significant yet under-
recognized source of morbidity, driven by extreme braking
forces, constrained cockpit ergonomics, asymmetric loading,
and environmental stress. Acute injuries most commonly result
from pedalintrusion and floor deformation, producing complex
ankle, talar, and midfoot fractures, while chronic pathology
arises from sustained left-foot braking and thermal exposure,
impairing braking precision and performance. Despite
advances in crash safety, foot and ankle injury mechanisms and
outcomes remain underrepresented in current surveillance and
regulatory frameworks. The lack of F1-specific injury registries
limits accurate burden estimation and assessment of preventive
strategies. Optimizing cockpit ergonomics, implementing race-
specific clinical assessment and rehabilitation along with
integrating lower-limb metrics into safety testing, are essential
to improve injury prevention, return-to-race decision-making,
andlong-term musculoskeletalhealthin F1.

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the patient has

given his consent for his images and other clinical information to be reported in the Journal. The patient understands that his name and initials

willnotbe published, and due efforts will be made to conceal his identity, but anonymity cannotbe guaranteed.

Conflict of Interest: NIL; Source of Support: NIL

References

1. Braithwaite JP, Geffken SJ, Modica A, Cohn RM, Bitterman AD. A
comprehensive review of post-traumatic injuries among
formula 1 drivers from 1950 to 2023: An epidemiological study.
JAmAcad Orthop Surg Glob Res Rev 2025;9:€25.00055.

2. Koutras C, Antoniou SA, Jager M, Heep H. Acute injuries
sustained by racing drivers: A cross-sectional study. Acta
Orthop Belg 2017;83:512-20.

3. Baur H, Muller S, Hirschmdiller A, Huber G, Mayer F. Reactivity,
stability, and strength performance capacity in motor sports. Br
J Sports Med 2006;40:906-10; discussion 911.

4. Ammori MB, Abu-Zidan FM. The biomechanics of lower limb
injuries in frontal-impact road traffic collisions. Afr Health Sci
2018;18:321-32.

5. Rudd RW. Updated Analysis of Lower Extremity Injury Risk in
Frontal Crashes in the United States. In: Proceedings of the
21st International Technical Conference on the Enhanced
Safety of Vehicles [Paper No. 09-0556]. Stuttgart, Germany,
Washington, DC: National Highway Traffic Safety
Administration; 2009.

6. Zhang S, Kui H, Liu X, Zhang Z. Analysis of musculoskeletal
biomechanics of lower limbs of drivers in pedal-operation
states. Sensors (Basel) 2023;23:8897.

7. Rajput B, Abboud RJ. The inadequate effect of automobile
seating on foot posture and callus development. Ergonomics
2007;50:131-7.

8. Schoeps D, Prost M, Hilsmann F, Lakomek F, Schiffner E,
Jungbluth P, et al. Doctor, when can | drive? - Influence of
muscle weakness of dorsal flexors and plantar flexors from the
ankle joint on driving ability. BMC Musculoskelet Disord
2025;26:1002.

9. Kempema JM. Formula one: A ‘crash’ course in motorsports
medicine. Trauma Surg Acute Care Open 2024;9 Suppl
2:e001402.

10. Watkins ES. The physiology and pathology of formula one
Grand Prix motor racing. Clin Neurosurg 2006;53:145-52.

11. Mariotti E, Jawad B. Formula SAE Race Car Cockpit Design an
Ergonomics Study for the Cockpit. In: SAE Technical Paper
Series. 400 Commonwealth Drive. Warrendale, PA, United
States: SAE International; 2000.

12. Ahmad ZA, et al. Cockpit Design of a Formula Student Race
Car: An Ergonomics Study. In: Proceedings of the International
Conference on Industrial Engineering and Operations
Management; 2020. Dubai, UAE. Springer; 2021.

21 | Journal of Clinical Orthopaedics | Published by Orthopaedic Research Group| Volume 11 | Issue 1 | January-June 2026 | Page 16-22



Saran JS, et al

www.jcorth.com

13. Barthel SC, Ferguson DP. Cockpit temperature as an indicator
of thermal strain in sports car competition. Med Sci Sports
Exerc2021;53:360-6.

14. Mutingwende B, Ashford R, Neal-Sturgess C, Lintern M, Lahr J.
Modelling of forefoot injuries caused by brake pedal loading - a
finite element analysis case study. J Foot Ankle Res 2014;7
Suppl 1:A59.

15. Morgan RM, Eppinger RH, Hennessey BC. Ankle Joint Injury
Mechanism for Adults in Frontal Automotive Impact. In: SAE
Technical Paper Series. 400 Commonwealth Drive.
Warrendale, PA, United States: SAE International; 1991.

16. Crandall JR, Martin PG, Sieveka EM, Pilkey WD, Dischinger
PC, Burgess AR, et al. Lower limb response and injury in frontal
crashes. Accid Anal Prev 1998;30:667-77.

17. Tarabishi MM, Almigdad A, Almonaie S, Farr S, Mansfield C.
Chronic exertional compartment syndrome in athletes: An
overview of the current literature. Cureus 2023;15:e47797.

18. Winkes MB, Teijink JA, Scheltinga MR. Motorcycle racer with
unilateral forearm flexor and extensor chronic exertional
compartment syndrome. BMJ Case Rep 2016;2016:10.1136

/bcr-2016-214739.

19. Grace TG. Cold exposure injuries and the winter athlete. Clin
Orthop Relat Res 1987;216:55-62.

20. Saxena A, Fullem B. Navicular stress fractures: A prospective
study on athletes. FootAnkle Int2006;27:917-21.

21. F. 10 of F1's Best Injury Comebacks, as Robert Kubica
Prepares to Return to the Sport with Williams. Formula 1; 2019.
Available from:

https://www.formula1.com/en/latest/article/10-of-the-best-injury-
comebacks-in-f1-history.6bfgjxq2qgmgwi6bmumwda [Last
accessed on 2025 Dec 18].

22. Hamilton LH. Hamilton Reveals Foot Injury Carried All Year.
RaceFans; 2016. Available from:

https://lwww.racefans.net/2016/10/20/hamilton-has-carried-foot-
injury-all-year

23. Owen C, Lowne R, McMaster J. Requirements for the
Evaluation of the Risk of Injury to the Ankle in Car Impact Tests.
In: Proceedings of the 17th International Technical Conference
on the Enhanced Safety of Vehicles [Paper No. 318].
Washington, DC, Nanjing, China: National Highway Traffic
Safety Administration; 2001.

Conflict of Interest: NIL

Source of Support: NIL

How to Cite this Article

Saran JS, Varma JS, Isaac NV, Rishab V, Biju N, Shetty P. Foot and Ankle
Injuries in Formula 1 Drivers: A Narrative Review. Journal of Clinical
Orthopaedics. January-June 2026;11(1):16-22.

22 | Journal of Clinical Orthopaedics | Published by Orthopaedic Research Group| Volume 11 | Issue 1 | January-June 2026 | Page 16-22



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

