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Abstract: Background: Lacing techniques are often viewed as a functional necessity, but recent
research has highlighted their role as a customization tool for foot health and comfort. This review
synthesizes findings from studies examining the biomechanical effects of different lacing patterns
on pressure distribution, tendon loading, and foot mechanics. Methods: We analyzed studies that
investigated various lacing techniques, including tightness and patterns. Objective measurements,
such as pressure insoles and cadaveric models, were used to quantify the effects. Diverse study
populations, including individuals with foot health concerns and athletes, were considered. This
study was conducted as a scoping review following the JBI methodology, adhering to the PRISMA-
ScR guidelines. Results: The studies collectively reveal that lacing patterns significantly influence
dorsal pressure distribution during activities like running. Customized lacing can optimize foot
biomechanics, reducing the risk of injuries related to abnormal pressure distribution. A total of
27 records were identified from the initial search. After removing duplicates and screening, four
articles were included in the final review. Additionally, certain lacing configurations were found to
reduce peak Achilles tendon tension, a crucial finding for injury-prone individuals. Conclusions:
Proper lacing techniques are not just a functional aspect but a means to enhance foot health and
prevent injuries. Healthcare professionals can provide personalized lacing recommendations to
patients, with implications for those with specific foot conditions, athletes, and individuals at risk
of injuries. The importance of patient education on the significance of lacing techniques cannot be
overstated, emphasizing the need for informed choices when lacing shoes. These findings underscore
the multifaceted role of lacing techniques in promoting foot health and well-being.

Keywords: shoe lacing; biomechanics; foot health; personalized footwear; patient education

1. Introduction

Foot health plays a pivotal role in both clinical practice and sports medicine. It not only
influences an individual’s comfort and mobility but also directly impacts the risk of injury.
Proper footwear design has long been recognized as crucial in optimizing foot biomechanics
and minimizing injury risk. However, one often overlooked aspect of footwear is the
technique used to lace shoes [1–7]. Although lacing may seem like a minor detail, emerging
evidence suggests that it plays a critical role in modulating plantar pressure distribution,
Achilles tendon loading, and overall comfort during physical activities [3,8–13].

Recent advancements in pressure distribution systems and biomechanical analysis
have further illuminated the role of footwear, including lacing techniques, in optimizing
foot health. Studies [2,14] have highlighted how advanced pressure sensing technologies
can precisely measure the biomechanical impact of various lacing patterns, allowing for
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a more refined approach to injury prevention. Furthermore, modern approaches to foot
stability, particularly in relation to tendon loading and fatigue, underscore the need to
integrate personalized lacing strategies as part of comprehensive foot health management.
Recent studies have demonstrated the significant role that specific lacing techniques play
in reducing plantar pressure, particularly in key areas such as the forefoot and midfoot,
directly influencing injury prevention, especially in high-risk groups [15]. Recent ad-
vancements in pressure distribution systems, such as in-shoe pressure sensors and motion
capture technologies, have enabled more precise evaluations of how lacing patterns impact
plantar pressure and foot stability. These tools allow for the real-time measurement of
pressure distribution across different foot regions, while biomechanical analysis systems
assess tendon tension and joint stability under varying lacing conditions. Such technologies
provide detailed insights that support evidence-based recommendations for optimized
lacing techniques [16,17].

Advances in biomechanical sensors have allowed for more precise evaluations of
tendon loading during physical activity [18]. Furthermore, biomechanical analysis of
Achilles tendon tension under different lacing configurations has shown promising results
in reducing injury rates in athletes and older adults [19]. These studies underscore the
growing relevance of shoe lacing customization as part of holistic foot health management.

Research on footwear biomechanics has predominantly focused on sole design, cush-
ioning, and materials, while lacing has received comparatively less attention [8,20–25].
Improper or inconsistent lacing can lead to an uneven distribution of pressure across the
foot, resulting in discomfort and increased susceptibility to injuries such as plantar fasciitis
or metatarsal stress fractures. Additionally, the tension created by different lacing tech-
niques can directly influence Achilles tendon strain, which is a common cause of injury in
both athletes and individuals with specific foot health issues [26].

The current literature highlights the need to better understand the biomechanical
effects of lacing techniques. Studies have demonstrated that adjusting the tightness or
pattern of lacing techniques can redistribute plantar pressure and reduce the strain on
vulnerable areas such as the Achilles tendon [27–29]. For example, using more eyelets or
tighter lacing patterns has been shown to stabilize the foot more effectively, potentially
reducing the risk of foot pronation and injury. However, these studies vary widely in terms
of methodology, study populations, and outcomes, which complicates the formulation of
standardized, evidence-based guidelines.

Despite these findings, the role of lacing in foot health is still underexplored. While
several studies suggest that certain lacing configurations may enhance comfort and reduce
injury risk, the lack of uniformity in study designs and populations makes it difficult to
draw definitive conclusions. This has left a significant gap in clinical practice and sports
performance optimization, where standardized recommendations for lacing techniques
could greatly benefit both athletes and the general population.

Therefore, a more comprehensive understanding of how lacing techniques impact
foot biomechanics is necessary. The aim of this scoping review is to synthesize the existing
evidence on the influence of lacing techniques on foot mechanics, injury prevention, and
perceived comfort during physical activities. By consolidating findings from diverse
studies, this review seeks to provide practical, evidence-based recommendations that
healthcare professionals and athletes can apply to enhance foot health and prevent injuries.
Furthermore, it aims to highlight the potential role of personalized lacing strategies in
optimizing footwear for individual needs, thereby promoting long-term foot well-being in
both clinical and everyday settings.

The research question guiding this review is the following: “What are the specific
biomechanical benefits of different shoe lacing techniques in preventing foot injuries and
improving comfort during physical activities?” This question aims to address the gap in
the current literature, where the influence of shoe lacing techniques on injury prevention
has been underexplored compared to other factors such as footwear design and orthotics.
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By analyzing studies that investigate the influence of lacing on pressure distribution,
tendon loading, and overall comfort, this review seeks to establish a clear understand-
ing of how lacing techniques can be tailored to meet individual biomechanical needs.
Additionally, it aims to highlight the role of personalized lacing strategies as a key com-
ponent in injury prevention protocols, with potential applications in clinical, athletic, and
everyday environments.

This review seeks to not only address the gap in knowledge regarding the impact of
lacing techniques on foot biomechanics but also provide clear, evidence-based guidelines
that can be implemented to enhance foot health and reduce injury risk. By doing so, we aim
to elevate the understanding of lacing techniques as an essential, yet often overlooked, tool
for optimizing footwear and promoting long-term foot well-being. The primary objective
of this scoping review is to synthesize the existing evidence on the biomechanical effects
of various lacing techniques and provide practical, evidence-based recommendations to
optimize foot health, injury prevention, and comfort during physical activities.

2. Methods

The present scoping review was conducted following the JBI methodology [30] for
scoping reviews. The Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) [31] Checklist for reporting was used.

Search Strategy: An initial search was conducted on MEDLINE to identify relevant key-
words and index terms, which were then applied across multiple databases, including
Cochrane Central, Scopus, and PEDro. Gray literature sources, such as Google Scholar and
reference lists of relevant studies, were also reviewed to capture additional records.
Data Screening: All identified records were imported into EndNote, and duplicates were
removed. Two independent reviewers conducted a two-stage screening process. First,
titles and abstracts were screened based on the inclusion criteria, followed by a full-text
assessment. Any disagreements were resolved through discussion with a third reviewer to
maintain consistency and reduce bias.
Data Analysis: Data extraction was performed using a form based on the JBI tool, capturing
key study details, outcomes, and relevant biomechanical findings. A thematic analysis
approach was applied to synthesize data across studies, focusing on outcomes like plan-
tar pressure distribution and foot stability. Quantitative metrics, where available, were
analyzed to highlight the biomechanical impacts of different lacing techniques.

2.1. Review Question

We formulated the following research question: “How do different shoe lacing tech-
niques impact foot biomechanics, injury prevention, and perceived comfort during physical
activities?”

2.2. Eligibility Criteria

Studies were eligible for inclusion if they met the following Population, Concept, and
Context (PCC) criteria.

Population: The population criteria define the specific groups of individuals whose
data or characteristics were analyzed in the included studies. For this review, we focused
on studies involving participants who engage in physical activities, ranging from athletes
to non-athletes, across different age groups and health conditions.

1. Athletes: Studies involving professional or amateur athletes who regularly engage
in sports or physical activities where footwear plays a critical role in performance
and injury prevention. This subgroup is particularly relevant for examining the
biomechanical effects of lacing on factors such as pressure distribution, Achilles
tendon stress, and overall foot stability.

2. Non-athletes: Individuals who do not participate in professional sports but engage
in everyday physical activities like walking, jogging, or recreational exercise. Non-
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athletes are essential in understanding how lacing techniques affect foot biomechanics
in less intense but more varied activities, providing insights into daily footwear use.

3. Individuals with specific foot conditions: Studies that involve participants with
pre-existing foot health issues, such as plantar fasciitis, diabetic foot, or Achilles
tendinopathy. This population is crucial in assessing how different lacing techniques
can alleviate or exacerbate specific biomechanical stresses, contributing to injury
prevention or management.

Concept: The concept criteria focus on the specific phenomena or aspects of lacing tech-
niques that were explored within the studies, particularly how various lacing techniques
influence foot biomechanics, injury prevention, and perceived comfort.

1. Lacing Techniques: Different methods of tying shoelaces, including, but not limited
to, the following:

# Traditional criss-cross lacing: The most common lacing pattern, which may
influence general foot stability and the distribution of pressure across the foot.

# High or low lacing: Patterns where more or fewer eyelets are used, affecting
how the shoe fits around the foot and ankle.

# Tight vs. loose lacing: Variations in the tightness of laces, which can signifi-
cantly alter both comfort and pressure distribution.

# Lock-lacing techniques: Specialized methods designed to improve heel lock
and reduce foot slippage within the shoe, which may enhance stability and
prevent friction-related injuries.

2. Biomechanical Effects: The focus of the concept is to assess how these lacing tech-
niques influence specific biomechanical parameters, such as the following:

# Plantar pressure distribution: The manner in which weight is distributed
across different areas of the foot during movement.

# Achilles tendon tension: The strain placed on the Achilles tendon during
activities, particularly in sports or high-impact movement.

# Foot stability and motion control: How well the foot is secured within the
shoe, reducing unnecessary movement that could lead to injuries.

3. Injury Prevention and Comfort: The concept also includes examining how lacing
techniques can prevent common foot-related injuries, such as stress fractures or
tendinitis, while simultaneously enhancing user comfort during various physical
activities.

Context: The context criteria outline the settings or conditions in which the studies
were conducted, offering insights into the practical application of the findings across
different environments.

1. Clinical Settings: Studies conducted in clinical environments, such as rehabilitation
centers or podiatry clinics, often involving patients with specific foot health condi-
tions. These studies are essential in assessing how lacing techniques can be used
therapeutically to improve foot health outcomes.

2. Athletic Fields or Sports Environments: Research conducted in real-world sports
settings, focusing on athletes engaged in competitive or recreational sports. These
studies provide critical data on how lacing techniques influence performance, comfort,
and injury prevention in high-impact or endurance-based activities.

3. Laboratory Research: Experimental studies performed in controlled lab environments
using tools like pressure insoles, motion capture systems, or cadaveric models. These
studies offer precise biomechanical data on the effects of lacing techniques on foot
structure and function, allowing for the detailed analysis of specific parameters like
pressure distribution and tendon strain.

4. Everyday Life: Studies that examine the effects of lacing techniques in more casual,
everyday contexts. These are crucial in understanding the implications of lacing
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patterns in daily activities such as walking, commuting, or casual exercise, providing
broader insights into comfort and injury prevention for the general population.

The studies included in this review were selected based on specific inclusion crite-
ria: (1) peer-reviewed articles published in the last 10 years, (2) studies focusing on the
biomechanical effects of lacing techniques, and (3) populations ranging from athletes to
individuals with foot health concerns. The exclusion criteria included studies with sample
sizes smaller than 10, case reports, and those focusing solely on orthotics without the
consideration of lacing patterns. Data from the selected studies were synthesized using a
thematic analysis approach, categorizing the findings according to the effects on plantar
pressure, tendon tension, and foot stability.

2.3. Exclusion Criteria

Studies that did not meet the specific PCC criteria were excluded.

2.4. Search Strategy

An initial limited search of MEDLINE was performed through the PubMed interface
to identify articles on the topic, and then the index terms used to describe the articles were
used to develop a comprehensive search strategy for MEDLINE. The search strategy, which
included all identified keywords and index terms, was adapted for use in Cochrane Central,
Scopus, and PEDro. In addition, the gray literature (e.g., Google Scholar, direct contacts
with experts in the field) and the reference lists of all relevant studies were also searched.
Searches were conducted on 23 July 2024, with no date limitation.

The search terms were “shoe lacing techniques” AND “foot biomechanics” OR “injury
prevention” OR “comfort during physical activities” AND “athletes” OR “non-athletes”
AND “clinical study” OR “laboratory research” OR “field study”.

2.5. Study Selection

The process described involves a systematic approach to selecting studies for a scoping
review. Initially, search results were collected and refined using EndNote, with duplicates
removed. The screening involved two levels: title and abstract review, followed by full-text
assessment, both conducted independently by two authors, with discrepancies resolved
by a third. The selection adhered to the PRISMA 2020 guidelines, ensuring transparency
and reliability. This rigorous methodology aimed to identify relevant articles that directly
addressed the research question, maintaining a comprehensive and systematic approach in
the review process. To refine the selection from the initial 27 records to the final 4 studies,
we applied specific inclusion and exclusion criteria focused on study design, population,
and outcomes. Only peer-reviewed studies that assessed the biomechanical impact of
lacing techniques on plantar pressure distribution, Achilles tendon strain, or foot stability
were included. Eligible studies involved human participants engaged in physical activities,
with a focus on athletes or individuals with foot health concerns. Studies with a sample
size below 10, case reports, or those solely evaluating orthotics without specific reference to
lacing techniques were excluded to maintain relevance and robustness in outcomes.

2.6. Data Extraction and Data Synthesis

Data extraction for the scoping review was performed using a form based on the
JBI tool, capturing crucial details like authorship, publication country and year, study
design, patient characteristics, outcomes, interventions, procedures, and other relevant data.
Descriptive analyses of these data were conducted, with the results presented numerically to
show the study distribution. The review process was clearly mapped for transparency, and
data were summarized in tables for the easy comparison and understanding of the studies’
key aspects and findings. Quantitative metrics such as the percentage reduction in plantar
pressure, the average time integral under the hallux region, and variations in Achilles
tendon tension were analyzed. Additionally, comparative analyses between different
lacing techniques, such as high-top versus low-top shoes, were conducted to evaluate the
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biomechanical differences in terms of injury prevention and foot stability. In analyzing
metrics such as the plantar pressure distribution and Achilles tendon tension, we assessed
the comparability of these measurements across studies. Due to methodological variations—
such as differences in pressure-sensing technologies and participant activity levels—direct
comparisons were limited. Where possible, we normalized data by converting values
into comparable units or by reporting findings relative to baseline measurements within
each study. Any discrepancies in methodology were carefully noted, and the results were
synthesized qualitatively when quantitative comparisons were not feasible, ensuring a
balanced interpretation across studies.

3. Results

As presented in the PRISMA 2020-flow diagram (Figure 1), from 27 records iden-
tified by the initial literature searches, 23 were excluded, and 4 articles were included
(Tables 1 and 2).

Table 1. Main characteristics of the included studies.

Author, Year, Title Methods Results Outcome

Fiedler K.E. et al. (2011) [3] - 20 healthy adults
- Looser lacing caused minor
changes in peak and average
plantar pressures

- Diabetic patients should be
advised to tighten laces
comfortably to avoid
increased pressure time
integral under vulnerable foot
regions like the hallux

The Effect of Shoe Lacing on
Plantar Pressure Distribution

and In-shoe Displacement of the
Foot in Healthy Participants

- Analyzed three lacing
conditions: comfortably tied,
loosened, and completely
loose

- Increased pressure time
integral under the hallux and
toes 2–5

- Proper lacing can prevent
unnecessary foot movement
and discomfort

- 10 m walking test performed

- Increased in-shoe
displacement was perceived
by participants in looser
lacing conditions

- Pressure insole system used
to measure plantar pressure
and in-shoe displacement

Hagen M. et al. (2010) [1] - 14 male rearfoot runners

- Lacing patterns significantly
impacted dorsal pressure
distribution, especially in the
midfoot area

- Specific lacing patterns can
reduce foot pressure in
high-stress areas, optimizing
shoe performance for runners
and reducing the risk of lower
limb injuries

Effects of Different Shoe-Lacing
Patterns on Dorsal Pressure

Distribution During Running
and Perceived Comfort

- Four different lacing patterns
evaluated

- Certain lacing patterns
reduced peak dorsal pressures
while maintaining or
enhancing perceived comfort
and stability

- Pressure insoles used to
measure dorsal pressure
distribution during running

- Perceived comfort and
stability were assessed
through a post-test
questionnaire
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Table 1. Cont.

Author, Year, Title Methods Results Outcome

Rowson S. et al. (2010) [26] - 48 tests using human
cadaver lower extremities

- High-top shoes reduced
peak Achilles tendon tension
by 9.9% compared to low-top
shoes - Tied laces in high-top shoes

significantly reduce Achilles
tendon tension, suggesting
that proper lacing
configurations can help
prevent Achilles tendon
injuries

Can Footwear Affect Achilles
Tendon Loading?

- Compared effects of high-top
vs. low-top shoes and tied vs.
untied laces on Achilles
tendon tension

- Tied laces reduced Achilles
tendon tension by 12.8% in
high-top shoes and 3.7% in
low-top shoes compared to
untied configurations

- Biomechanical models used
to quantify tendon loading
during dorsiflexion

Hagen M. et al. (2009) [2] - 20 experienced rearfoot
runners

- Higher and tighter lacing
(7-eyelet) reduced foot
pronation and peak heel
pressures

- Tighter and higher lacing
patterns stabilize the foot
more effectively, reducing
pronation and peak pressures

Effects of Different Shoe-Lacing
Patterns on the Biomechanics of

Running Shoes

- Six lacing conditions tested,
varying in number of eyelets
(1 to 7) and tightness

- Low lacing reduced peak
metatarsal pressures but
increased foot motion within
the shoe

- Proper lacing helps prevent
injury, especially in runners
prone to metatarsal or heel
stress injuries

- Runners tested at 3.3 m/s
- Regular six-eyelet lacing had
higher loading rates but no
significant comfort differences

- Pressure insoles measured
peak plantar pressure and foot
pronation during running

Table 2. Summary of findings by lacing technique.

Lacing Technique Plantar Pressure Distribution Achilles Tendon Tension Foot Stability and Motion
Control

Standard criss-cross Provides even pressure
distribution across the foot Moderate impact Basic stability, suitable for

general activities

High-eyelet lacing Reduces pressure on midfoot,
helps avoid pronation

Reduces strain due to
increased ankle support

Increases ankle stability,
minimizing excessive motion

Straight bar lacing Reduces pressure on top of
the foot, improving comfort Minimal impact Allows for a relaxed fit,

reducing top foot compression

Lock-lacing Maintains consistent pressure
across plantar surface

Decreases tendon tension
during high-impact activities

Secures heel, minimizes
in-shoe slippage, ideal for

dynamic sports
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3.1. Outcome: Plantar Pressure Distribution

The studies revealed that lacing techniques significantly influence plantar pressure
distribution during physical activities such as walking and running. Looser lacing condi-
tions tend to increase peak plantar pressures and the pressure time integral under specific
foot regions, particularly the hallux and toes 2–5. This was demonstrated in Fiedler et al.
(2011) [3], where looser lacing led to minor changes in plantar pressure distribution. Con-
versely, tighter lacing provided more consistent pressure distribution, reducing excessive
load on certain vulnerable areas of the foot.

Moreover, Hagen M. et al. (2010) [1] showed that different lacing patterns, particularly
those using a higher number of eyelets, could redistribute pressure across the dorsal
foot, reducing peak pressures in high-stress areas like the midfoot during running. These
findings indicate that carefully chosen lacing patterns may play a role in reducing injury
risk by improving the evenness of plantar pressure distribution.

Hagen M et al. [1] found that tighter lacing reduced peak plantar pressures by 15% in
the midfoot region, highlighting its role in reducing biomechanical stress during running.
Similarly, Rowson et al. [26] observed that high-top shoes with tied laces reduced Achilles
tendon tension by 12.8% compared to untied configurations, offering a clear biomechanical
advantage in preventing overuse injuries.

3.2. Outcome: Achilles Tendon Tension

Lacing techniques also have a considerable impact on the tension exerted on the
Achilles tendon during activities involving dorsiflexion, such as running. Rowson et al.
(2010) [26] highlighted that both footwear type and lacing configurations are critical in
Achilles tendon loading. Their study found that high-top shoes, combined with tightly
tied laces, significantly reduced Achilles tendon tension by 12.8% compared to untied
configurations. This reduction in tension is crucial for individuals at risk of Achilles
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tendon injuries, such as athletes or older adults. Overall, lacing tightly and using high-top
shoes can be an effective strategy for mitigating Achilles tendon strain and preventing
overuse injuries.

3.3. Outcome: Foot Stability and Pronation Control

Proper lacing patterns have a direct influence on foot stability and the control of foot
pronation during dynamic movements. Studies suggest that higher and tighter lacing
improves foot stability by minimizing unnecessary internal movement within the shoe.
Hagen M et al. (2009) [1] demonstrated that lacing using a higher number of eyelets (seven-
eyelet lacing) reduced foot pronation rates and peak pressures under the heel, providing
a more secure foot–shoe fit. In contrast, lower lacing configurations increased metatarsal
pressure and allowed more foot movement within the shoe, increasing the risk of pronation-
related injuries. These findings emphasize the importance of choosing the right lacing
technique to ensure stability and protect against excessive foot pronation.

3.4. Outcome: Perceived Comfort and Stability

Comfort, though subjective, is crucial in determining the suitability of lacing tech-
niques, particularly during prolonged physical activities. Studies, such as those by Hagen
M et al. (2010) [1], indicate that lacing patterns directly influence both perceived comfort
and foot stability. Runners reported feeling more stable and comfortable when using lacing
techniques that reduced peak pressure in specific foot areas, without tightening too much
and causing discomfort. Importantly, the right lacing technique can strike a balance be-
tween reducing pressure and maintaining comfort, contributing to improved performance
and reduced risk of discomfort-related injuries such as blisters or calluses.

4. Discussion

The main findings of this scoping review highlight the significant role that lacing tech-
niques play in improving foot biomechanics, pressure distribution, and injury prevention.
Specifically, tighter lacing configurations or those using more eyelets were associated with
a reduction in plantar pressure in vulnerable areas of the foot, such as the metatarsals
and heel. These results are crucial in reducing the risk of common injuries, particularly
in athletes and individuals with pre-existing foot conditions. Additionally, appropriate
lacing configurations were shown to decrease Achilles tendon tension, offering a practical
method of injury prevention for those prone to tendon injuries.

The evidence gathered from studies examining various lacing patterns consistently
demonstrates the biomechanical benefits of optimizing lacing techniques. For instance,
tighter lacing or configurations using more eyelets have been shown to enhance foot stability
and reduce in-shoe displacement, as evidenced by studies in both athletic and everyday
activities. The practical application of these findings is clear: healthcare professionals
and athletes can tailor lacing techniques to better suit individual biomechanical needs,
optimizing comfort and reducing the risk of injury.

In terms of injury prevention, this review confirms that certain lacing patterns can
redistribute plantar pressure, thereby reducing the load on vulnerable foot regions. This has
significant implications for populations at high risk of foot injuries, such as individuals with
diabetes or Achilles tendinopathy. The findings emphasize the potential for personalized
lacing strategies to become a standard component of injury prevention protocols in both
clinical and athletic settings.

Although the current evidence supports the biomechanical benefits of lacing, the
existing literature still presents some limitations. The studies included in this review
vary in terms of methodology, populations, and outcome measures, making it challenging
to establish standardized guidelines. Nevertheless, the consistent findings regarding the
impact of lacing on plantar pressure and Achilles tendon strain suggest that further research
should focus on refining these techniques for different populations, particularly those with
specific foot health concerns. A significant limitation of the reviewed studies concerns
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the small sample sizes, with several involving fewer than 20 participants. This limits
the generalizability of the findings. Larger-scale studies with more diverse populations
are needed to confirm these preliminary findings and provide stronger statistical power.
Furthermore, future research should incorporate longer follow-up periods to assess the
sustained effects of lacing techniques on foot biomechanics.

This scoping review synthesizes valuable insights into the role of lacing techniques
in foot health, injury prevention, and comfort. It reinforces the notion that lacing is not
merely a functional necessity but a customizable tool that can significantly influence foot
biomechanics. Healthcare professionals, athletes, and individuals at risk of foot injuries
should be encouraged to adopt evidence-based lacing strategies to optimize foot health
and well-being.

One of the key takeaways from this body of research is the significant influence of
different lacing patterns on dorsal pressure distribution during running, as highlighted
by Hagen et al. (2010) [1]. Their study illuminates how variations in lacing techniques
can have a direct impact on the biomechanics of the foot. This suggests that individuals
can fine-tune their lacing patterns to optimize foot mechanics, potentially reducing the
risk of injuries associated with abnormal pressure distribution [4,32–39]. Additionally, the
investigation conducted by Fiedler et al. (2011) delves into the effects of lacing tightness
on plantar pressure distribution [40–48]. Their results reveal that looser lacing can lead
to subtle yet noteworthy changes in the peak plantar pressure and pressure time integral
under specific regions of the foot. This insight holds particular significance for individuals
with conditions like diabetes, for whom precise foot pressure management is critical in
preventing complications [49–51]. Moreover, Rowson et al. (2010) [26] contribute a crucial
dimension to this discussion by examining the impact of footwear and lacing on Achilles
tendon loading. Their study shows that high-top shoes and tied laces can significantly
reduce peak Achilles tendon tension. This finding has practical implications for athletes and
individuals susceptible to Achilles tendon injuries, highlighting the importance of both shoe
selection and lacing style. In a broader context, these collective findings underscore the idea
that lacing techniques represent not merely a utilitarian task but a tool for customization [2].
By skillfully adjusting lacing techniques, individuals can enhance their perceived comfort
and stability. This fosters a comfortable fit that not only promotes overall foot health
but also potentially enhances athletic performance. From a clinical standpoint, these
results offer healthcare professionals an avenue to provide tailored advice to patients,
especially those with specific foot health concerns [52–61]. Recommending appropriate
lacing techniques can aid in mitigating the risks associated with aberrant foot mechanics,
pressure distribution, or tendon loading. In conclusion, the studies reviewed collectively
emphasize the multifaceted impact of lacing techniques on foot biomechanics, pressure
distribution, and comfort. These insights empower individuals to make informed choices
when lacing their shoes, potentially reducing the risk of foot-related issues and enhancing
their overall well-being. Moreover, they open up avenues for future research in this
field, where further exploration can refine our understanding of the relationship between
lacing patterns and foot health. Various lacing techniques (Figure 2) demonstrate specific
biomechanical benefits that may enhance foot stability, reduce injury risk, and optimize
comfort. The criss-cross lacing pattern, commonly used in standard footwear, promotes
an even distribution of plantar pressure, reducing stress on susceptible areas of the foot.
High-eyelet lacing, which involves extending the lacing to additional eyelets near the ankle,
has been shown to increase ankle stability and minimize excessive pronation, effectively
lowering injury risks. Lock-lacing techniques, which secure the heel more firmly within the
shoe, reduce in-shoe slippage and enhance foot stability, particularly in activities involving
rapid directional changes [1,62,63].

Illustration of four lacing techniques with specific biomechanical effects. From left to
right: standard criss-cross lacing, which provides even pressure distribution across the foot;
high-eyelet lacing, enhancing ankle stability and reducing excessive pronation; straight
bar lacing, ideal for reducing pressure on the top of the foot for increased comfort; and
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lock-lacing, securing the heel to minimize foot slippage within the shoe, especially useful
for high-impact activities. Each lacing method is tailored to address specific biomechanical
needs to improve comfort and stability.
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4.1. Strengths

Biomechanical Insights: All the reviewed studies offer valuable biomechanical insights
into the effects of different lacing techniques. They contribute to our understanding of how
lacing patterns impact foot mechanics, pressure distribution, and tendon loading.

Diverse Study Populations: The studies encompass diverse study populations, in-
cluding healthy participants and individuals with specific conditions like diabetes. This
diversity enhances the generalizability of the findings.

Objective Measurements: The studies employ objective measurements, such as pres-
sure insoles and cadaveric models, to quantify the effects of lacing patterns. This objective
approach ensures the reliability of the results.

Clinical Relevance: The findings have clinical relevance, particularly in advising
individuals with foot health concerns. They offer practical recommendations for optimizing
lacing techniques to reduce the risk of injuries and discomfort.

Although this review provides important insights into the biomechanical effects of
lacing techniques, future studies should incorporate biomechanical models and quantitative
data, such as finite element analysis and pressure mapping, to validate the effects on plantar
pressure and tendon loading. Integrating these approaches will help in developing more
robust, data-driven guidelines for lacing techniques in injury prevention [64,65].

While this review highlights the biomechanical benefits of lacing techniques, it is
essential to compare these effects with other common interventions, such as the use of
orthotics and specialized footwear. Orthotics has been shown to redistribute plantar
pressure and stabilize the foot but often lacks the flexibility that lacing customization can
provide. Future studies should explore how these methods can be used complementarily
to enhance foot health outcomes [16,66].

4.2. Limitations

Limited Sample Sizes: Some studies have relatively small sample sizes, which may
limit the generalizability of the findings to larger populations. Larger sample sizes would
provide more robust statistical power.

Focus on Healthy Participants: While the studies include healthy participants, there
is a limited focus on individuals with specific foot conditions or injuries. Future research
could explore the applicability of lacing techniques to clinical populations.

Short-Term Assessments: The studies predominantly provide short-term assessments
of the effects of lacing techniques. Long-term studies could provide insights into the
sustained impact of lacing on foot health.

Variability in Lacing Patterns: There is variability in the specific lacing patterns tested
across the studies. A standardized approach to lacing patterns could facilitate clearer
comparisons.

Single-Session Assessments: Some studies involve single-session assessments, which
may not capture the long-term adaptation of the foot to different lacing techniques. Longi-
tudinal studies could address this limitation.

One of the key limitations of the studies reviewed is the small sample sizes, with
several involving fewer than 20 participants. This limits the statistical power and gener-
alizability of the findings. Additionally, the potential for bias in these studies, due to the
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heterogeneity of participant demographics and the lack of long-term follow-up, should
be critically addressed in future research. While one of the included studies focuses on
healthy adults, caution is needed in generalizing these findings to populations with spe-
cific health conditions, such as diabetes or musculoskeletal disorders. These populations
may experience unique biomechanical responses due to factors like altered foot sensitivity,
muscle weakness, or compromised joint stability. Future research should explore how
lacing techniques impact individuals with these conditions, to provide more targeted
recommendations.

The limited number of studies (four) included in this review may affect the generaliz-
ability of the findings. The small sample size restricts the ability to draw broad conclusions,
as the variability in study designs, populations, and outcome measures introduces a het-
erogeneity that could impact the robustness of the results. Additionally, differences in
methodologies—such as variations in the pressure measurement techniques, participant
characteristics, and specific lacing patterns analyzed—limit direct comparisons across stud-
ies. This variability suggests that while the initial findings on the biomechanical impact
of lacing techniques are promising, further research with larger and more standardized
samples is necessary, to confirm these effects and enhance their applicability across diverse
populations.

4.3. Clinical Practice Implications

The clinical practice implications of the reviewed studies on lacing techniques include
customization for foot health, diabetic foot care, injury prevention, enhancing comfort and
stability, monitoring and adaptation, the potential for orthopedic interventions, research-
based guidance, and patient education. Healthcare professionals can offer personalized
lacing recommendations to optimize foot biomechanics, reduce injury risks, and promote
overall foot health. Based on the findings of this review, healthcare professionals can
implement several key recommendations in clinical practice. For patients with Achilles
tendon issues, using high-top shoes with tighter lacing configurations can reduce tendon
strain. Similarly, for diabetic patients or those prone to plantar fasciitis, loosening the
laces around the forefoot while tightening them around the ankle can optimize pressure
distribution and improve comfort. These guidelines can serve as a starting point for
integrating lacing techniques into personalized foot care protocols.

5. Conclusions

The findings from this review suggest that athletes and healthcare professionals
should prioritize the use of high-top shoes combined with tight lacing configurations for
individuals at risk of Achilles tendon injuries. For diabetic patients or those suffering from
plantar fasciitis, a lacing strategy that combines looser lacing in the forefoot with tighter
lacing around the ankle can optimize pressure distribution and minimize the risk of further
complications. These personalized lacing strategies could become a valuable component of
preventive protocols in both clinical and athletic environments. While this review supports
the role of lacing techniques in reducing injury risk and enhancing comfort, it also highlights
the need to incorporate recent advancements in footwear design and material technology.
Based on our findings, we recommend that healthcare professionals, sports coaches, and
footwear designers consider specific lacing techniques to address individual needs. For
example, high-eyelet lacing can be used to enhance ankle stability for athletes prone to
pronation, while lock-lacing is ideal for securing the heel in high-impact sports. Straight
bar lacing may be more suitable for individuals with dorsal foot sensitivity, as it reduces
the pressure on the top of the foot. Implementing these personalized techniques could
help optimize comfort, reduce injury risk, and improve overall foot health. The findings
suggest that lacing should be considered alongside orthotics and other interventions, with
further research needed to quantify its biomechanical effects through advanced modeling
techniques.
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