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1. Exercise Biomechanics for Health

Biomechanics is a multidisciplinary study of the mechanical laws and principles that
govern human movement and the functioning of biological systems [1]. In the context
of physical activity, exercise and physical fitness, biomechanics plays a crucial role in
understanding the most efficient and effective ways to improve health and well-being. In
addition, biomechanics aim to improve athletes” performance as well as the movement
efficiency of the whole population, leading to a better quality of life. To that end, concerns
about optimal economy of movement, strength, power, stability, postural alignment, range
of motion and athletic performance are some of the most important topics to address in the
study of exercise biomechanics [2].

By studying optimal movement patterns, we aim to understand proper movement
patterns and techniques, with the objective to reduce the risk of injury and improve exercise
efficiency, thus leading to better health outcomes [3]. Optimal movement refers to the most
efficient and effective ways to perform a specific exercise or movement in terms of reducing
the risk of injury and illness, as well as improving exercise efficiency, thus leading to better
health outcomes [4]. In this field of research, body alignment, joint angles, muscle activation
patterns and the transfer of force through the body are variables to consider when assessing
optimal movement. For this purpose, specialists (healthcare technicians and medical
doctors, including physiotherapists, rehabilitation nurses and medical doctors in sports
medicine and physiatry; as well as fitness technicians, including exercise physiologists,
fitness instructors and strength and conditioning coaches) may use this information to
design and apply evidence-based exercises in training and technician programs.

Exercise biomechanics constantly deal with strength levels, stability and postural
alignment. Physical exercise can improve strength and stability, whereby specialists may
help individuals to understand and correct posture and misalignments and control strength
and stability levels, thus contributing to reducing the risk of injury and illness [5]. Postural
imbalances are usually related to stress on the joints and muscles, leading to pain, discom-
fort and functional decline. Thus, proper alignment of the joints during exercise is crucial
to reduce the risk of injury and improve overall function and health. In addition, improved
flexibility and range of motion is another topic of relevance in this field; specialists can
design different stretching exercises to improve flexibility that target specific areas of the
body [6,7]. This may reduce pain and musculoskeletal disorders and, thus, improve overall
health and quality of life. Concerning optimal athletic performance, technique efficiency is
paramount during strength and power training exercises, as well as during sports-specific
sports-based movements [8,9]. This helps to minimize the risk of injury and ensures the
efficient use of energy and muscular contribution, leading to improved performance (lower
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cost for better performance). The biomechanical kinetic and kinematic parameters will help
with design programs and allow them to increase power and explosiveness, and, thus, to
enhance coordination, reaction time and overall performance.

Proper exercise biomechanics involves the correct form and technique in different
joint and anatomical planes during physical activity, exercise and sports activities to ensure
that the joints, muscles and bones are moving in a safe and efficient manner. In terms of
health and wellness, where physical activity plays an important role, different types of
physical activity may require different biomechanical techniques as well as physiological
and physical demands. Thus, a healthcare professional or trained fitness professional
should be consulted before starting a new exercise program for assessment, prescription
and control. The biomechanics of the exercise provide a better understanding of distinct
physical limitations, allowing individuals to adjust their exercise program accordingly. The
literature continues to call for exercise biomechanics research related to health. Thus, a call
for research that emphasizes the importance of methods and information to improve the
practices of coaches and players remains important [10,11].

Contributions that, from a biomechanical viewpoint, will explain and examine several
biomechanics-related topics in exercise and sports. Discussion of useful applications and/or
many other topics of interest has been reported; physical activity, rehabilitation, fitness
and competitive sport are appreciated by the exercise biomechanics research community.
For that, testing methods, equipment and evaluation techniques will allow us to improve
the knowledge required to monitor and evaluate the biomechanical load in health-related
physical activity, exercise and sports practice.

2. Lifelong Biomechanics

Lifelong biomechanical kinetic and kinematic analyses are the focus of studies on
human movement patterns and forces, as well as their repercussions on the body (phys-
ical and physiological impact) throughout time [9]. By analyzing these patterns and the
mechanics of human movement, individuals can better understand how their physical
activity and exercise habits affect their health and physical condition, as well as how they
contribute to general well-being [12]. Biomechanical overload can lead to overuse injuries,
joint degeneration and other chronic conditions. On the other hand, a lack of biomechanical
load can lead to decreased strength, balance, flexibility and physical function. To assess
the effects of biomechanical load on health, it is important to consider a variety of factors,
especially physical and exercise methodology principles such as intensity, duration and
frequency. Additionally, the individual’s age, health status and physical abilities should
be also considered in biomechanics [13,14]. By taking these factors into consideration,
individuals can better understand the effects of their physical activity and exercise on their
body over time and make informed decisions about their exercise program to optimize
their physical fitness, health and well-being.

Tools and technologies will help researchers and practitioners to better understand
the mechanics of human movement, and can be used to improve exercise programs, injury
prevention strategies and overall athletic performance. Testing equipment, instruments,
gears and software used in the field of exercise biomechanics will allow researchers to assess
and analyze human movement. Some of the most commonly used techniques are motion
capture systems, which analyze the movement of joints, bones and muscles and can be
used with sensors, cameras or wearable devices [9]. Among the various instruments, force
and pressure plates are used to measure the force and power generated during movement
as well as the ground reaction forces and pressure distributions during the movement [15].
Electromyography (EMG) is used to measure muscle activation and electrical activity dur-
ing movement [16]; goniometers and inclinometers are used to assess joint angles/range of
motion [16]; the simulation software allows for evaluation of human movement in a virtual
environment, considering kinetic and kinematic variables in assumed conditions (control-
ling inputs) [17]; and, finally, wearable devices, such as accelerometers and gyroscopes, are
used to monitor and record movement data in real time [18]. Along these lines, additional
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research is required in order to test more recent and different methodologies to assess the
lifelong biomechanical load, as technology, information and data are becoming increasingly
fast, user-friendly and accessible.

3. A Call for Research Topics

Finally, exercise biomechanics is a critical area for study and research that provides
valuable insights into how physical activity, exercise and sports affect the body and health.
The principles of exercise biomechanics are rooted in the mechanics of human movement
and the effects of physical activity and exercise on the body over time. The study of biome-
chanics allows us to optimize athletic performance and prevent injury-related disability.
By understanding the mechanics of human movement, individuals can design effective
exercise programs that target specific physical imbalances and impairments to improve
their physical function and general well-being. Specifically, health-focused biomechanics is
a specific and important research field to produce scientific evidence for overall health and
well-being. Several methods are available for assessing biomechanical variables in different
contexts related to health and well-being, each with its own advantages and limitations.
The most effective method will depend on the specific information desired and the context
in which the assessment is being conducted.

Exercise biomechanics is a complex and multidisciplinary field that provides valuable
insights into how physical activity, exercise and sports affect body function and health. By
understanding the principles of biomechanics, individuals can make informed decisions
about their exercise program to optimize their physical health and well-being. Contri-
butions in the form of research papers on sports biomechanics-related topics and their
useful applications, as well as those discussing other topics of interest, such as physical
activity, rehabilitation, physical fitness and competitive sport, will lead to improvement in
the scientific knowledge and practices in this research field.

Author Contributions: Conceptualization, P.F. and J.E.T.; writing—original draft preparation, P.F.
and J.E.T.; writing—review and editing, PF. and J.E.T. All authors have read and agreed to the
published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Knudson, D. Fundamentals of Biomechanics; Springer: Berlin/Heidelberg, Germany, 2021. [CrossRef]

2. Forte, P; Neiva, H.P; Marinho, D.A. Sports Biomechanics: Monitoring Health and Performance. J. Men’s Health 2021, 17, 4-6.
[CrossRef]

3.  Glazier, PS.; Mehdizadeh, S. Challenging Conventional Paradigms in Applied Sports Biomechanics Research. Sport. Med. 2019,
49, 171-176. [CrossRef] [PubMed]

4. Wallace, B.; Kernozek, T. Self-Efficacy Theory Applied to Undergraduate Biomechanics Instruction. J. Hosp. Leis. Sport Tour. Educ.
2017, 20, 10-15. [CrossRef]

5. Alves, M.E,; Marinho, D.A; Carneiro, D.N.; Alves, J.; Forte, P.; Nevill, A.M.; Morais, ].E. A Visual Scan Analysis Protocol for
Postural Assessment at School in Young Students. Int. . Environ. Res. Public Health 2020, 17, 2915. [CrossRef] [PubMed]

6. Nagai, T,; Abt, J.P; Sell, T.C; Clark, N.C.; Smalley, B.W.; Wirt, M.D.; Lephart, S.M. Neck Proprioception, Strength, Flexibility, and
Posture in Pilots with and Without Neck Pain History. Aviat. Space Environ. Med. 2014, 85, 529-535. [CrossRef] [PubMed]

7. Moezy, A.; Sepehrifar, S.; Dodaran, M.S. The Effects of Scapular Stabilization Based Exercise Therapy on Pain, Posture, Flexibility
and Shoulder Mobility in Patients with Shoulder Impingement Syndrome: A Controlled Randomized Clinical Trial. Med. ]. Islam.
Repub. Iran 2014, 28, 87. [PubMed]

8. Morrién, E; Taylor, M.].D.; Hettinga, EJ. Biomechanics in Paralympics: Implications for Performance. Int. J. Sport. Physiol. Perform.
2017, 12, 578-589. [CrossRef] [PubMed]

9. Hood, S.; McBain, T; Portas, M.; Spears, L. Measurement in Sports Biomechanics. Meas. Control 2012, 45, 182-186. [CrossRef]

10. Van Emmerik, R.E.A.; Ducharme, S.W.; Amado, A.C.; Hamill, J]. Comparing Dynamical Systems Concepts and Techniques for
Biomechanical Analysis. J. Sport Health Sci. 2016, 5, 3—13. [CrossRef] [PubMed]

11.  Choppin, S.; Wheat, J. The Potential of the Microsoft Kinect in Sports Analysis and Biomechanics. Sport. Technol. 2013, 6, 78-85.
[CrossRef]

12.  Pascoe, M.; Bailey, A.P,; Craike, M.; Carter, T.; Patten, R.; Stepto, N.; Parker, A. Physical Activity and Exercise in Youth Mental

Health Promotion: A Scoping Review. BMJ Open Sport Exerc. Med. 2020, 6, e€000677. [CrossRef] [PubMed]


http://doi.org/10.1007/978-3-030-51838-7
http://doi.org/10.31083/JOMH.2021.105/4-6
http://doi.org/10.1007/s40279-018-1030-1
http://www.ncbi.nlm.nih.gov/pubmed/30511347
http://doi.org/10.1016/j.jhlste.2016.11.001
http://doi.org/10.3390/ijerph17082915
http://www.ncbi.nlm.nih.gov/pubmed/32340242
http://doi.org/10.3357/ASEM.3874.2014
http://www.ncbi.nlm.nih.gov/pubmed/24834567
http://www.ncbi.nlm.nih.gov/pubmed/25664288
http://doi.org/10.1123/ijspp.2016-0199
http://www.ncbi.nlm.nih.gov/pubmed/27918675
http://doi.org/10.1177/002029401204500604
http://doi.org/10.1016/j.jshs.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/30356938
http://doi.org/10.1080/19346182.2013.819008
http://doi.org/10.1136/bmjsem-2019-000677
http://www.ncbi.nlm.nih.gov/pubmed/32095272

Healthcare 2023, 11, 900 4 of 4

13.

14.

15.

16.

17.

18.

Doeven, S.H.; Brink, M.S.; Huijgen, B.C.H.; de Jong, J.; Lemmink, K.A.P.M. High Match Load’s Relation to Decreased Well-Being
During an Elite Women’s Rugby Sevens Tournament. Int. J. Sport. Physiol. Perform. 2019, 14, 1036-1042. [CrossRef] [PubMed]
Apte, S.; Prigent, G.; Stoggl, T.; Martinez, A.; Snyder, C.; Gremeaux-Bader, V.; Aminian, K. Biomechanical Response of the Lower
Extremity to Running-Induced Acute Fatigue: A Systematic Review. Front. Physiol. 2021, 12, 646042. [CrossRef] [PubMed]
Barbosa, J.; Marques, M.C.; Forte, P; Santos, C.C.; Neiva, H.P,; Izquierdo, M.; Marinho, D.A. Effects of a Modified Backpack Model
on Ground Reaction Forces in Children of Different Ages during Walking and Running. J. Men’s Health 2022, 18, 109. [CrossRef]
Monteiro-Oliveira, B.B.; Coelho-Oliveira, A.C.; Paineiras-Domingos, L.L.; Sonza, A.; Sa-Caputo, D.d.C.d.; Bernardo-Filho, M. Use
of Surface Electromyography to Evaluate Effects of Whole-Body Vibration Exercises on Neuromuscular Activation and Muscle
Strength in the Elderly: A Systematic Review. Disabil. Rehabil. 2021, 44, 7368-7377. [CrossRef] [PubMed]

Forte, P.; Marinho, D.A.; Morais, ].E.; Morougo, P.G.; Barbosa, T.M. Estimation of Mechanical Power and Energy Cost in Elite
Wheelchair Racing by Analytical Procedures and Numerical Simulations. Comput. Methods Biomech. Biomed. Eng. 2018, 21,
585-592. [CrossRef]

Teixeira, J.E.; Alves, A.R.; Ferraz, R.; Forte, P.; Leal, M.; Ribeiro, J.; Silva, A.].; Barbosa, T.M.; Monteiro, A.M. Effects of
Chronological Age, Relative Age, and Maturation Status on Accumulated Training Load and Perceived Exertion in Young
Sub-Elite Football Players. Front. Physiol. 2022, 13, 547. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1123/ijspp.2018-0516
http://www.ncbi.nlm.nih.gov/pubmed/30676136
http://doi.org/10.3389/fphys.2021.646042
http://www.ncbi.nlm.nih.gov/pubmed/34512370
http://doi.org/10.31083/j.jomh1805109
http://doi.org/10.1080/09638288.2021.1994030
http://www.ncbi.nlm.nih.gov/pubmed/34699285
http://doi.org/10.1080/10255842.2018.1502277
http://doi.org/10.3389/fphys.2022.832202
http://www.ncbi.nlm.nih.gov/pubmed/35432006

	Exercise Biomechanics for Health 
	Lifelong Biomechanics 
	A Call for Research Topics 
	References

