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Biomechanics is the knowledge that shows what forces enter the motion
system of the human body and how it causes human movement. Therefore,
the aim of this Meta-Analysis study was to review the studies conducted in the
field of the effects of training on sand surface on biomechanics and physical
fitness factors of human body during translational motions. The current study
was a library and systematic review, the search for articles in Persian and Latin
was from the beginning of the year 2000 to the end of 2023, which was done
in the specialized databases of PubMed, WOS, Scopus, ISC and Google Scholar
search engine. 568 related articles were selected based on inclusion and
exclusion criteria. Standardized mean differences (SMDs) were calculated using
random-effects models. The findings of eight articles indicated the
improvement of mucle activity during training on sand. Examining the findings
of one article indicated positive effects of kinematic variabls during training on
sand. A number of two articles also reported that the reduction of the ground
reaction forces and impact shock. In addition, five articles reported the
improvement of sports performance in athletes, the increase of physical fitness
factors. In general, training on sand surface can have significant positive effects
on people's daily and sport life. Further study is warranted.
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Extended Abstract

The movement system of the human body is a living and biological structure that is
affected by mechanical laws. The relationships governing the movement of the
components of this complex system are called biomechanics. Biomechanics or mechanic
is the knowledge that shows what forces enter the movement system of the human body
and how it causes human movement. The science of biomechanics helps us in
understanding how to create a disturbance in this system and diseases related to it. Any
part of the movement system of the human body can be disturbed and this disturbance
causes disease and symptoms such as pain, swelling and movement restriction. By better
understanding the function of the components of this system and how it functions as a
whole, its diseases can be better understood. The structure of the movement system of
the human body is called the musculoskeletal system. Establishing stability and
movement in the lower limb is done by the joints, ligaments and leg muscles, which can
support the body weight with a minimum amount of energy. From a biomechanical point
of view, the lower limb should distribute the bending, twisting and compression forces well
in the support phase of transfer movements. Improper distribution of these forces may
cause abnormal movement and, as a result, additional load on the structure and tissues
of the foot, this causes soft tissue damage and muscle inefficiency (1). Studies have
shown that jumping and landing on a soft surface compared to a hard surface reduces
pain and muscle injuries (2). In several researches, they showed that running and walking
on the sand surface requires a lot of effort compared to the hard surface, as a result of
which the muscle activity increases, and this leads to the strengthening, tolerance and
stability of the muscles (3, 4). Also, running and walking on the sand surface leads to
positive changes in the mechanical and functional factors of people (5). Due to the
importance of exercising on the sand surface on the biomechanics of people's bodies and
overshadowing all their activities in their daily life and professional sports life, it is very
important to prevent injuries and reduce the period of non-training and competitions in the
sports profession. Therefore, the purpose of this meta-analytical study was to review the

research related to the effects of exercise on the sand surface on body biomechanics and
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physical fithess factors during transitional movements and to make a favorable summary
and provide comprehensive and practical information in this field.

Materials and methods

The current study was a library and systematic review. The search for articles in Persian
and Latin was from the beginning of the year 2000 to the end of 2023, which was carried
out in WOS, Scopus, PubMed, ISC and Google Scholar search engine. The present study
was conducted in the year 1402 at University of Mohaghegh Ardabili. To extract the
articles, keywords were used: exercise on the sand surface, walking, running, jumping,
landing, mechanics, ground reaction force and electromyography. 568 relevant articles
were selected based on inclusion and exclusion criteria. It should be noted that the initial
selection of articles was done based on the title and was reviewed by two researchers.
The inclusion criteria for the study include things such as: 1- The use of articles that
examined the effects of exercise on the sand surface on the biomechanics and physical
fitness factors of people, 2- The articles should be in Farsi or English, 3- Articles in reliable
domestic scientific journals and 4- The studies had a control group. Exclusion criteria
included: 1- Invalid published articles, 2- Review and conference articles, 3- Animal
studies, 4- Theses, and 5- Studies containing incomplete material. The information was
extracted separately for the unique description of each of the studies so that the specific
characteristics of each of the articles could be compared. These include general
information such as names, journal name and year of publication, type of research,
sampling method, sample structure and size, investigated variables, and the main results
of the study. The findings of this study have been expressed in the form of abstracts from
other studies. Finally, 13 articles related to the effect of exercise on the sand surface on
the biomechanics of the body and the physical fitness factors of people during transitional
movements were examined and analyzed. The articles whose full files were not available
were purchased through the ISI Link website. The validity of the articles was evaluated
through the evaluation of the articles that were indexed in the Scopus, WOS or ISC
databases. Relevant articles should be indexed in at least one of these 3 citation
databases. The present meta-analysis was conducted to determine the effect of exercise
on the sand surface on the biomechanics and physical fitness factors of the subjects
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compared to the control group. For this purpose, standardized mean differences and 95%
confidence interval (Cl) were calculated using the random effect model. First, studies with
unconventional effect sizes were excluded from the analysis. To determine the
heterogeneity, 12test was used, and the heterogeneity value was interpreted according to
Cochran's instructions as follows: < 25% = low, < 50% = moderate, and < 75% = high
heterogeneity. In case of heterogeneity, sensitivity analysis was carried out through the
one-to-one exclusion method of studies with I? less than 50 as a criterion. The publication
bias was also checked using the visual interpretation of the funnel plot, and if there was
a bias, the Egger test was used as a secondary indicator, where P < 0.1 was considered
as the presence of publication bias. Also, the correlation between the subjects' age and
body mass index with the effect size of the standardized mean differences was
investigated using moment model regression (6). All statistical tests were performed using
CMA software.

findings

By examining the quality level of the selected articles in this study, we find that the results
of this study are reliable. By searching electronic sources based on general keyword
search, 128,500 articles were found and 7,200 articles were found based on more
specialized keyword search, and 2,600 articles were removed. After reviewing the title
and abstract, 4032 articles were excluded from the study and the remaining 568 articles
were reviewed in full text form. As a result of this review, 525 articles were excluded from
the study based on the exclusion criteria, and finally 13 articles met the inclusion criteria
for meta-analysis. Six studies of the current research have examined muscles during
exercise on the sand surface. Two studies reported an increase in the co-contraction of
the muscles of the lower limbs of subjects during activity on a sand surface. Three studies
reported increased muscle electromyographic activity during exercise on a sand surface.
One study reported less bruising and muscle soreness during exercise on a sand surface.
Two studies reported reductions in ground reaction forces, frequency, and impact shock
during training on sand surfaces. Five studies reported an increase in lower extremity
muscle power and strength, physical endurance, speed, agility, and balance during
training on sand. One study reported the positive effects of training on a sand surface on
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kinematic variables such as joint range of motion, vertical and linear velocity, spatio-
temporal parameters, and jump height.

The meta-analysis results obtained from four studies showed that exercise on the sand
surface has significant effects on biomechanics and physical fithess factors of people. On
the other hand, the meta-analysis results obtained from nine studies showed that training
on the sand surface has no significant effects on the biomechanics and physical fithess
factors of people. Of course, the heterogeneity analysis using the I? test showed that there
is a high heterogeneity. In addition, the result of the Eiger test also showed that the
publication bias is significant (P=0.0001).

Conclusion

Determining the effect of different components on the ground reaction forces in the soles
of the feet can help us in prescribing and knowing better the effective factors in the quality
of life and sports performance. Considering that the level of safety and reduction of
people's injuries during activity and training on the sand surface leads to the reduction of
common pains and disorders caused by the hard surface, it can be said that the
motivation and sports desire of people increases during training on the sand surface.
Regular exercise can have many benefits not only for the body, but also for the soul and
mind, and this shows why physical education is important. However, don't forget that all
of these benefits depend on the type and intensity of your training and how long you
exercise each week. In addition, a balanced diet is important for a healthy lifestyle and
should not be neglected. In turn, this issue will affect the mood and of course the energy
while doing various tasks. In addition to all the benefits, regular exercise will help you
prevent heart disease and diabetes in the long run. However, more studies are needed
to better understand the mechanism of the sand surface and the potentials in it.
Keywords: Biomechanics, Body, CMA, Meta-analysis, Transitional movements, Training
on sand.

The message of the article

Training on a sand surface leads to improvements in physical performance and physical

fitness that are more effective on a softer surface than on a hard surface.
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