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ABSTRACT 

The biomechanical assessment of injuries prevention techniques in gymnastics 

is important to increase athlete safety and performance. High-impact forces 

which gymnasts are often exposed to can lead to both acute trauma from 

injuries, as well as chronic overuse conditions of overuse injuries. Using 

biomechanical principles, such as joint kinematics, force analysis, muscle 

activation, this study explores how these principles can be used to identify and 

reduce injury risks in gymnastics. Sports scientists and coaches have advanced 

technologies, such as motion capture systems, force plates and 

electromyography (EMG), which can help analyze a person’s movement 

patterns in order to identify areas of vulnerability. The results emphasize the 

need to optimally fine land, enhance flexibility, build muscles and use 

appropriate protective gear to avoid injuries. The integration of biomechanical 

assessments into training programs is one of the best methods used for 

reducing injury rates to gymnasts, improving performance, and creating a safer 

environment for competitive gymnasts. In terms of value at enhancing the 

efficacy of injury prevention strategies and also promoting long term athletic 

health, this approach speaks to the importance of biomechanics. Beyond that, 

biomechanical data can help in the design of protective equipment, such as 

padded mats, or orthotic devices that aid to stabilize joints to lower the risk of 

overuse injuries. Reductions in injury rates in gymnastics can occur through the 

constant fusion of biomechanical assessment to training programs in order to 

create safer practice and competition environments.  

KEYWORDS: Biomechanical Assessment (BMA), Injury Prevention 

Techniques (IPT), Gymnastics (GG) 
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1. INTRODUCTION 

The word gymnastics means those sports which involve high-intensity 

exercises that demand strength, flexibility, coordination, and balance.  There 

are four important types of gymnastics. These are artistic gymnastics, rhythmic 

gymnastics, trampoline gymnastics, and power tumbling. Now we are going to 

discuss how biomechanical assessment is helpful for injury prevention 

techniques in gymnastics. The word biomechanical assessment means 

understanding and implementing of roles of mechanics during sports so to keep 

the balance of the body and make performance more effective(DiStefano et al., 

2016). In short words, we can say that biomechanical assessment means to 

understand scientific basis of those motions which are involved in sports. There 

are some important aspects of biomechanical assessment. The first important 

biomechanical assessment is motion analysis(Straker et al., 2022). In every 

gymnastics sport, there is involvement of any kind of motion so it is important 

to understand these motions and to analyze them as well. In these modern 

times, we may use the technology of 3D motion to analyze gymnastic 

movements. When these movements are closely analyzed, so it easy to identify 

potential risk of any possible injury. This motion analysis will be helpful for the 

identification of areas for improvement. The second most important 

biomechanical assessment is forcing plate analysis. As we know the most 

obvious force that acts on anybody is gravity(Xiao et al., 2017). In most cases, 

there is also friction that hinders the motion of the body. So, it is important to 

measure these ground reaction forces because this measurement will be 

utilized for assessment of landing techniques. By force plate analysis, we may 

also identify those excessive forces that may lead to injury in these Athletes. In 

some cases, it has been seen that there is injury to muscles because of overuse 

of these muscles during training. So it is mandatory to analyze muscle activity 

patterns because it is useful for identification of potential muscle 

imbalance(Nyman, 2020). For this purpose, we use electromyography which 

may be useful for preventing any injury related to muscles in these athletes. 

Some important techniques can be used for motion analysis in gymnastics 

based on biomechanical assessment.  For example, we may use 2D video 

analysis to understand movement patterns. It is done by recording videos of the 

performance of these athletes(Leite et al., 2023). The other important technique 

for motion analysis in gymnastics is joint angle measurement. As we know there 

are two main types of joints in the human body: hinge joint and ball and socket 

joint. Each joint has its capacity for bending. So it is important to understand 

this ability of joints in gymnastics(Farana et al., 2017). Joint angle measurement 

will be helpful for the measurement of these angles at joints by using techniques 

like goniometry. There are a variety of movements in gymnastics. Most of these 

movements have having aspect of pressure. So, it is a prerequisite to 

understand pressure distribution in these sports. For this purpose, pressure 

distribution analysis is an important technique of biomechanical 

assessment(Daly et al., 2001). There is an important role of muscles in the 
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effective performance of athletes. So, we need to evaluate the strength of these 

muscles which can be done by manual muscle testing or by technique of 

dynamometer. The technique of goniometry is beneficial for understating and 

evaluating flexibility and range of motion as well. The aspect of posture is very 

important for effective performance and prevention of injury in gymnastics. An 

accurate sitting or sending posture may enhance the chances of better 

performance(Gittoes & Irwin, 2012). In this regard, we can say that 

biomechanical assessment is useful for postural analysis in gymnastics as well. 

By biomechanical assessment, there is introduction of various important 

techniques that can reduce the risk of injury in gymnastics. For example, proper 

landing technique which is suitable for absorbing impact forces. When all the 

impact forces are absorbed fully, there is very little risk of injury in this case. 

The second most important technique for injury prevention in gymnastics is 

flexibility and mobility exercises. We should implement such exercises that will 

reduce the risk of joint injuries or muscle strains along with enhancing the 

flexibility and mobility of athletes. There is use specific group of muscles in a 

particular sport so we need to strengthen those targeted muscles(Hume et al., 

2013). For this purpose, we can implement strengthening exercises to improve 

the overall stability of athletes and reduce the risk of injury as well.  There is 

the involvement of some high-impact activities in gymnastics so there is a need 

to prepare the body for these activities. For this purpose, biomechanical 

assessment has convinced us for plyometric training. This training will be aimed 

at improving the power and endurance of athletes. Biomechanical assessment 

has also convinced us that some important factors may contribute to injury in 

gymnastics. These important factors are overuse, poor technique, inadequate 

warm-up, and others. As we know there is a limited capacity of body muscles 

to do work so we may not exceed that limited range. Because overuse of these 

muscles or joints may result in muscle strain and joint problems as well. 

Whenever there is poor technique such as incorrect posture of the body or 

uncontrolled movements, these aspects may also lead to injury. There is a need 

for proper warm-up of the body before any other exercise during training or 

performance. Along this, there is also a need for proper cool down after exercise 

to normalize all the functions of the body. Recent studies have shown that if 

there is inadequate warm-up or cool-down in normal routines, it may also cause 

various types of injuries in athletes. In a nutshell, we can say that there are 

some important purposes of biomechanical assessment in gymnastics. The first 

and foremost purpose is to prevent injury by identifying potential risk areas. 

Secondly, biomechanical assessment is also aimed at betterment in injury 

rehabilitation for swift recovery. The next most important purpose of 

biomechanical assessment in gymnastics is the aspect of performance 

enhancement. When there is better learning and implementation of techniques 

related to biomechanics, it will enhance the performance of athletes. The next 

most important purpose of biomechanical assessment is the aspect of pain 

management in athletes. When there is a better understanding of 
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biomechanical factors that cause chronic pain, there will be better management 

of pain as well. There are also some important future perspectives related to 

biomechanical assessment which may be useful for injury prevention in 

gymnastics(Bradshaw & Hume, 2012; Patel, 2024; Sun & Choi, 2023).  

1.1 Research Objective 

The main objective of this research is to understand the importance of 

biomechanical assessment of injury prevention techniques in gymnastics. 

These studies have enumerated that understanding biomechanics is important 

to much extent for effective performance and preventing any risk of possible 

injury related to gymnastics. 

2. Literature Review 

Researchers claim that athletes’ performance in games is optimized 

using Biomechanical techniques. Biomechanical helps identify the athlete's 

movement and provides information regarding the movement dynamics 

athletes undergo while playing sports. The chances of injury prevention in 

athletes are maximized using biomechanical analysis techniques (Barua, 2025). 

Studies explain that the Biomechanical technique is mostly applied to 

movements associated with hands. the hand posture of a handball athlete is 

assessed using Biomechanical analysis. the extent of influence of certain 

Biomechanical factors on handball athlete movement is predicted using 

analysis techniques(Bhakti et al., 2024). Studies suggest that gymnasts 

perform very complex stunts that involve complex movements of different body 

parts. the use of dynamic technology is made in sensors to assess the 

movement of gymnasts' body parts. the sensors detect the flexor or lower limb 

movement of gymnasts and provide biomechanical data related to athlete body 

postures(BHUKAR, 2024). Studies predict that wrist joint flexibility and 

movement are assessed using biomechanical assessment procedures. the 

female gymnast's upper limb functionality and movement changes due to heavy 

load. this change in female athlete wrist movement during load handling is 

assessed by biomechanical methods(Brtva et al., 2024). Scholars reveal that 

gymnasts require great balancing characteristics to achieve perfection in their 

sport-playing skills. balancing the ability of athletes in gymnastic sports reveals 

the skill perfection status of gymnasts. squat lifting standardized movement 

techniques are used to analyze the balancing movements shown by gymnasts 

in different athletic sports(Bueno et al., 2024). Studies suggest that artistic 

gymnast training is provided to athletes to prevent injury conditions in 

athletes.in artistic gymnast straining programs athletes are trained to improve 

their physical health to perform well in sports competitions. The main aim of 

training gymnasts is to provide them with sports-playing skills at the individual 

and group levels (Cauli, 2024). Studies show that some gymnast's techniques 

require a lot of strength to preform specific tasks. In contrast, others require 
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effortless and smooth movements. The rhythmic gymnastics technique is based 

on performing body movements in a rhythmic and smooth pattern. The jumping 

sports athletes perform require rhythmic performance assessed by 

biomechanical analytic methodology(Coppola et al., 2025). Studies explain that 

the most critical aspect in performing gymnast sport is balancing the body. 

Gymnast are trained to balance their body so that their angular velocity is 

maintained rightly according to the body position or posture. the study 

demonstrated that a national young gymnast succeeded in balancing his body 

in the right posture and this assessment was revealed through the 

biomechanical analysis of the body posture of a young athlete(Denis et al., 

2024). Studies show that using data mining techniques in the biomechanical 

analysis process helps predict the cause of injuries among gymnastic athletes. 

The data mining algorithm is epically used for identifying the accurate reason 

behind athletes' injuries (Dong & Sun, 2024). In sports like jumping the 

biomechanical behind athlete movement reveals the possible reason for sport-

related injury. different dynamic movements of athletes performing jumping is 

assessed to determine which movement can probably the cause of athlete 

injury.by early identifying the improper movement of the athlete while playing it 

becomes easy to understand which movement to avoid while performing 

jumping sports(Goodin, 2024). Researchers claim that movement assessment 

is the most critical process in the sort field. in the modern era, wearable sensors 

are employed in sports to assess athlete biomechanical movement. Moreover, 

sport-related injuries are easily assessed using technology-based sensors in 

the sports field(Kizdarbekova et al., 2024). Studies research scholars predict 

that gymnast athletes require proper coordination of their body parts to perform 

balanced body movements. One of the most important things in the gymnastics 

field is to maintain the right posture while performing any risky movement. 

wearable motion capturing technique helps identify the complexity of 

movements performed by gymnasts under certain circumstances (Liu et al., 

2024). Study was conducted to analyze the movement of elite rhythmic 

gymnasts. The results of the study revealed that elite athletes require proper 

balancing to maintain their right posture while playing complex sports activities. 

elite athletes are fully trained to balance their body position in a way that the 

risk of injury is minimized(Mendelson et al., 2024). Gymnastics are trained 

using different types of exercise to make their body flexible to perform any 

difficult body movement in the sport. Exercises provided to athlete helps them 

improve their physical as well as mental health state. Safety precautions are 

taken before providing intense training to gymnast to avoid even the minor risk 

of injury situation(Muratovich, 2024). Studies suggest that the most common 

type of training session provide athletes include strength and power training. 

these two types of training make athletes capable of tolerating any sport-related 

complex situation .also the risk of musculoskeletal injuries in athletes decreases 

when they are trained using strength training(Noteboom, 2024).Studies 

elaborate that athletes playing gymnastics are trained using proper load for 
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training. excessive load training results in injury conditions. It is important to 

follow proper safety measures to provide athletes with sports training. Also, 

real-time conditions are implemented in training sessions to help athletes 

experience the challenges they could face during real sports competitions. real-

life training programs guide athletes to tackle sport-related challenges with full 

strength(Paulino et al., 2024). Studies guide that in sports education-based 

institutes athletes are provided training that could help minimize the injury risk 

while playing.in sports schools athletes are taught about the safe ways to 

perform sport-related tasks to avoid any serious injury occurring while 

playing(Petechuk, 2024). Scholars predict that various studies are conducted 

on male and female gymnasts to predict the physical training required by both 

genders for performing well in their sport field. Biomechanical analysis studies 

are made on male and female gymnasts to provide information about their 

performance in sports(Redondo & Leon, 2024).Studies results explain that 

providing the right exercise-based training to athletes helps athletes become 

emotionally and mentally strong. warm-up exercises before rain minimizes the 

chances of muscle stiffness in athletes. teaching the right exercises to athletes 

is the duty of well-trained coaches(Samekeev, 2024). Studies describe gymnast 

athlete stability to divide the load using the right balancing position of their 

palms to reduce the chances of injury of hand and shoulder muscles. dividing 

load on the palms of the hand is an excellent technique to tackle heavy load 

and this technique is assessed through biomechanical procedures(Scigliano et 

al., 2024). 

3. Applications of Biomechanical Assessment of Injury Prevention 

Techniques in Gymnastics 

There are a number of diverse and widespread impacts associated with 

the biomechanical assessment applications in injury prevention techniques in 

gymnastics. Data collected from gymnastics can be used to optimize their 

movements in order to decrease the risk of injury. Some key applications 

include: 

 

Figure 1: Landing Mechanics Optimization 



Rev.int.med.cienc.act.fís.deporte - vol. 25 - número 100 - ISSN: 1577-0354 

354 

3.1 Landing Mechanics Optimization 

Another one of the most popular gymnasts stumbling block is improper 

landing approach permitting related injury like ankle sprain or knee harm. By 

biomechanically assessing landings, a biomechanical assessment would try to 

identify how much force there is on particular joints, whether that was excessive 

on a joint and therefore potentially leading to injury, and also assess posture to 

see if it is contributing to elevated forces when landing. Targeted drills and 

exercises can improve landing mechanics which in turn could reduce these 

risks (Figure 1). Gymnastics has a Landing Mechanics Optimization problem 

which is a critical aspect of injury prevention because improper landing 

techniques are a leading cause of injuries and specifically lower extremity 

injuries. During a fall or landing, a gymnast is exerting several times their body 

weight in force on their body, hence it is critical to insure proper alignment and 

technique. A number of fundamental biomechanical factors related to landing 

mechanics is the subject of biomechanical assessments, including joint angles, 

body posture, and the forces distributed across the body. With technologies like 

motion capture systems and force plates, experts can use to assess kinematics 

of a gymnast’s landing and identify excessive force on joints like various knees, 

ankles and hip joints that can lead to injury, or improper posture itself. The first 

goal for optimizing landing mechanisms is to be able to absorb shock properly 

by eliminating the load of impact with the body. To achieve this, you want to 

maintain a slight bend in the knees on landing, your hips to the knee line, and 

for your feet to be in such a place that the impact will absorb without putting 

excessive strain on the joints. These biomechanical assessments can be used 

to develop training programs that correct faulty patterns in landing, for instance, 

with words to gymnasts to stand a wider stance at land to be more stable or 

specific muscles worked to help absorb the shock. Exercises to enhance ankle 

stability, knee control and hip strength also assist in preserving ideal alignment 

and residency away from sprains, fractures, and ligament rupture. In the end, if 

gymnastics teams can optimize their landing mechanics through biomechanical 

analysis while minimizing injuries and increasing performance in training and 

competition alike, we have a big problem solved. 

3.2 Movement Pattern Analysis 

Biomechanical assessments can utilize motion capture systems and 

video analysis so as to assess in detail the manner in which gymnasts perform 

skills like flips, twists, or vaults. Knowing how the body moves during these high 

intensity actions allows coaches to recognize inefficient or high-risk movement 

patterns like over rotation or hyper extension which can set athletes up for injury 

such as a shoulder dislocation or a back sprain. A crucial biomechanical 

approach that Movement Pattern Analysis serves as is to identify and correct 

inefficiencies and risk behaviors of movement patterns in gymnastics 

techniques that could result in injuries. Gymnastics is a sport where athletes 
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perform very dynamic high complex movements that include flips, vaults and 

balance beam routines e.g. rapid acceleration, rotation and deceleration. 

Biomechanical assessments study how body segments work together in each 

phase of this skill – from takeoff to landing. As methods, motion capture 

systems and video analysis provide high resolution data with respect to joint 

angles, body posture, limb velocities over the whole movement, making it 

possible to analyze the biomechanics in their entirety. Experts look at 

movement patterns to see when the common problems occur like poor 

alignment, over extension or hyperextension, or asymmetry that can cause 

stress on certain joints or muscles and up the risk for a strain, sprain, or tear of 

ligaments. A dismount gymnast on the bars might have excessive shoulder 

rotation that could lead to shoulder impingement or dislocation. Once the 

problematic movement patterns are identified corrective strategies can be 

implemented. They may involve changing the technique by changing the timing, 

posture, sequence of movement, incorporating strength, flexibility, and mobility 

exercises that deal with any biomechanical deficiencies. In addition, drill training 

may be geared towards improving motor control, muscle coordination and 

improving proprioception (awareness of body position in space). Through its 

movement pattern analysis through biomechanical assessment, coaches can 

ultimately fine tune technique, remove inefficiencies, prevent injuries, with safe 

and effective gymnastics practice and competition. 

 

Figure 2: Muscle Activation and Strengthening 

3.3 Muscle Activation and Strengthening 

The electromyography (EMG) and the force plate technology is used to 

evaluate muscle activation pattern while the athletes perform gymnastic 

routines. Strength and conditioning programs based upon their analysis of 

which muscles are underactive, or overactive during performance, can focus 

on those areas which need improvement, easing difficulties with unstable 

landings or increasing strength in the lower body to ensure safer landings. In 

gymnastics, Muscles Activation and Strengthening have an important role in 
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helping in injury prevention, as you want the right muscles working at the right 

time to support the best movement pattern to decrease the likelihood of pulping 

or overuse injuries (Figure 2). Gymnastics demands great strength, stability, 

and control of movement above all during complicated man oeuvres under 

stressing of the body like tumbling, vaulting and bar routines. Specifically, 

biomechanical assessments such as electromyography (EMG) and force plate 

analysis can identify critical specific muscles at key movement phases, 

identifying underactive, overactive, or lacking muscle involvement. Take, for 

example, if someone has poor activation of the core muscles during a tumbling 

pass it could lead to poor posture which increases risk of injury to the back or 

the abdominal region; or not spending enough time activating the glutes for the 

quadriceps could change the landing mechanics making one unduly vulnerable 

for knee and then ankle injuries. These activation patterns are understood, and 

the design of targeted strength and conditioning programs that utilize exercise 

to target muscle activation and improve weaknesses is based on it. Some 

examples of these would include exercises like core stability drills, resistance 

training, and plyometric exercises to strengthen muscles that are important for 

ensuring their alignment and control are maintained through movements. In 

addition, muscle coordination and timing are improved, which helps muscles 

activate in the right sequence — they will work together better to support 

dynamic actions such as flips and twists. By optimizing muscle activation and 

strengthening the correct muscle groups, gymnasts can develop their 

performance as well as decrease their chances of getting injured in order for 

more effective, and less risky, execution of gymnastics skills. 

 

Figure 3: Proprioception and Balance Training 

3.4 Proprioception and Balance Training 

Biomechanical assessment helps identify deficiencies in proprioception 

(body’s ability to know where in space), especially abilities used while balancing 

on beam. Targeted training programs can also improve gymnasts ' 
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proprioception so they have better control of their movements and are less likely 

to fall or step off accidentally causing injury (Figure 3). In gymnastics, with 

athletes needed to maintain control over their bodies in complex and high 

intensity movement, Proprioception and Balance Training are essential to 

reducing injury risk and exploiting the capabilities to improve performance. This 

is about proprioception, which is the body’s ability to understand where it is in 

space and what it can and can’t move. It's an important skill in gymnastics, 

where gymnasts will do skills that require aerial rotations, flips and tight landings. 

If your proprioception is impaired, the more likely you are to lose balance and 

control, and while that isn’t dangerous in itself if things fall out of balance, they 

can do great harm. Motion capture and force plate technology can assess 

biomechanical deficiencies through how well a gymnast can maintain stability 

during movements and landings. These assessments identify the lack of 

proprioceptive feedback and, subsequently, provide poor body awareness or 

delayed response times in more dynamic movements. Gymnastic programs 

have included balance and proprioception training to redress these deficits 

because the body is able to sense a shift in balance and adjust its posture or 

alignment to maintain its stability. The common exercises include balance beam 

work, stability ball work, single leg balance drills, tools such as wobble boards 

and BOSU balls all of which challenge your body’s ability to stabilize in an 

unstable environment. Additionally, developing proprioception also fortifies the 

neuron networks between the brain and the muscles, improves the gymnast’s 

ability to react quickly to a distinctly transient movement. Along with improving 

the gymnast's performance, these exercises improve control of movement, 

thereby reducing the risk of falls and other balance-related injuries as well as 

ankle sprains. Gymnasts can learn to integrate proprioception and balance 

training into their routines because this improves their overall body awareness 

and reaction times and makes them safer, more efficient executers of their skills. 

 

Figure 4: Injury Prediction and Prevention 

3.5 Injury Prediction and Prevention 

 Biomechanical assessments of athletes’ movement mechanics over 

time can identify early signs of fatigue, overuse and suboptimal technique that 
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may predispose gymnasts to injury (Figure 4). By doing this early intervention 

strategies like changing training routines, better rests, better movement 

techniques can be employed before the injury even erupts. Biomechanical 

assessment of injury Prediction and prevention in gymnastics is a process of 

finding possible risks to injuries and creating prevention ways to prevent injuries 

before happening. Gymnasts are exposed to intense physical demands on a 

regular basis and any small inefficiency in technique or movement can result in 

an accumulation of significant injury over time. Using biomechanical analysis 

tools? such as motion capture, force plates, and electromyography (EMG) 

experts can observe a gymnasts movement pattern, detect signs of fatigue, and 

spot suboptimal technique which might lead to an athlete becoming prone to 

injury. A further example is an excess amount of stress to certain parts of the 

body — stress fractures, tendonitis, and ligament tears to name a few — 

through poor alignment on landings or asymmetrical movement or overuse of 

certain joints. Early detection of imbalances in the strength or flexibility of 

muscles through biomechanical assessments can identify people who are at 

increased risk of injury if they aren’t taken care of. Once those potential 

problems are identified, then targeted prevention strategies can be put in place 

such as altering training regimens, changing movement techniques or getting 

stronger in certain muscle groups. Coaches and sports scientists are able to 

track an athlete’s progress and check to see if there have been changes in his 

or her movement mechanics over time and make adjustments to minimize injury 

risk with regular biomechanical assessments. Furthermore, with monitoring of 

recovery and rest periods, athletes are prevented from overtraining or 

exercising beyond their physical limits. Through incorporation of methods for 

injury prediction and prevention into regular training cycles gymnasts can 

improve their yearlong, safer and more sustainable practices, leading to less 

injury and longer careers. 

 

Figure 5: Ergonomic Equipment Design 

3.6 Ergonomic Equipment Design 

 Also, design of the equipment and protective gear used in gymnastics 
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is affected by biomechanical assessments (Figure 5). For example, as 

biomechanical data about force distribution in landings and dismounts are 

analyzed, they help to inform the design of better mats and pads that are better 

at absorbing impact forces and thereby minimizing loading on joints and 

muscles. The design of ergonomic equipment to prevent injury in gymnastics is 

an important component focusing on the development and improvement of the 

equipment used by athletes which attempts to minimize injury by creating 

additional comfort, safety and increased performance while reducing the risk of 

injury. Gymnastics has high stress and physically demanding routines for the 

athletes that are landed or use the apparatus. Biomechanical assessment of 

the interaction of the body with different surfaces mats, beams bars and vaults, 

inform the design of ergonomic equipment. For example, force plate analysis 

and motion capture systems can give you data on how forces are spread out in 

landings or dismounts to show where impact forces would exceed safe level. 

Improved designs of mats and landing surfaces can be produced by using this 

information to create the optimal surface to cushion shock and reduce stress 

on joints such as knees, ankles, and spines. Furthermore, ergonomic 

considerations also include protective gear design, such as gloves, knee pads, 

wrist supports, and even shoes. Grips can be properly designed to reduce or 

eliminate hand strain, blisters and tendonitis; ergonomic shoes can offer better 

ankle support, shock absorption and lower risk of sprains and fractures. In 

addition, biomechanical insights could be used to tune the dimensions and 

materials of apparatus to strike the right balance of stability vs. flexibility to 

maximize the capability of the apparatus while minimizing the chance for injury. 

Simply put, finally integrating biomechanical assessments into the process of 

developing ergonomic equipment ensures that gymnasts have equipment that 

will facilitate their physical needs, support their performance and mitigate their 

risk for injury during training and competition. 

 

Figure 6: Rehabilitation and Recovery 

3.7 Rehabilitation and Recovery 

Biomechanical assessment is used after injury to determine the 
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effectiveness of rehabilitation techniques (Figure 6). Coaches and interested 

medical professionals can monitor an athlete’s recovery progress through 

biomechanical evaluations, enabling them to know how mechanics will be 

improved when a gymnast returns to a routine, thus reducing the risk of re-injury. 

Injury management and rehabilitation and recovery are important aspects of 

keeping athletes on the floor, particularly in gymnastics ensuring they get back 

to full performance levels following an injury. As gymnastics is such an 

incredibly physical sport, injuries such as sprains, fractures, and tendon strain 

are common and proper rehabilitation is necessary to restore function as well 

as re injury. Monitoring the progress of rehabilitation through biomechanical 

assessments includes tracking movement patterns, muscle activation and joint 

alignment, and overall function during the recovery process. Rehabilitation 

specialists can assess how a gymnast moves during exercises or functional 

tasks by using these technologies: motion capture, force plates, 

electromyography (EMG), in order to ensure that the affected area is healing 

properly and that the gymnast is regaining full ability of movement control. One 

such example is assessing how a gymnast’s landing mechanics change after 

an ankle injury and if the injured ankle is carrying the proper forces. Using these 

assessments as a basis, rehabilitation programs are created based on any 

deficits in strength, flexibility, or movement mechanics. That includes targeted 

exercises to strengthen muscles around the injured joint, improve flexibility and 

to restore balance and proprioception to help prevent re injury. Moreover, 

biomechanical assessments can determine compensation patterns in which the 

gymnast alters technique to avoid pain, but does not realize that this 

compensation could result in more pain and possible new injuries. Regular 

monitoring of these patterns by the rehabilitation professionals enables timely 

adjustments to the recovery process so as to minimize the possibility of the 

athlete to develop chronic problems after completing the recovery process. 

Additionally, recovery programs involve both manual therapy and stretching and 

strengthening exercises, as well as psychological support to get gymnasts back 

to confidence and fit for competing. In the end, biomechanical assessments in 

rehabilitation and recovery are useful in the specifics to safely and efficiently let 

gymnasts back to jumping without frightening too much re-injury. 

4. Conclusion 

Finally, biomechanical assessment is a fundamental tool in preventing 

injuries in gymnastics, because it offers a scientific way of studying how 

mechanical deficiencies in the body affects performance and injury risk. 

Coaches and practitioners analyze movement patterns, joint stress and muscle 

activation to make informed decisions about technique, weak muscle group 

strengthening, and training. Advanced biomechanical tools combine to create 

injury prevention strategies that allow for the identification and correction of 

inefficiencies prior to causing harm. Ultimately, better biomechanics develops 

the best performance, yet it also creates a safer environment for gymnasts and 
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limits the risks of acute and chronic injuries and improves long term athletic 

development. Evaluation of injury prevention techniques efficacy in gymnastics 

is heavily reliant upon biomechanical assessment to evaluate how the human 

body responds to forces encountered throughout various gymnastic motions. 

High impact activities such as tumbling, vaulting, uneven bar routines expose 

gymnasts to acute and chronic injuries unless properly managed. With the help 

of biomechanical principles force analysis, joint kinematics and muscle 

activation patterns sports scientists and coaches can point the weak points in 

the technique of a gymnast. For example, they can point to, for instance, 

improper joint alignment or excessive loading, some of the most common 

causes of injury, such as ankle sprains, ACL tears, back strains. Motion capture 

systems, force plates, and electromyography (EMG) provide advanced tools to 

measure precise body movements and thus design custom training 

interventions to correct faulty technique, maximize performance, reduce injury 

risk. All of these techniques are based on biomechanical principals to get more 

efficient and safer movements things like strengthening specific muscle groups, 

or improving flexibility, or improving proprioception. 

REFERENCES 

Barua, R. (2025). Unleashing Human Potential: Exploring the Advantage of 

Biomechanics in Sport Performance. In Global Innovations in Physical 

Education and Health (pp. 409-436). IGI Global.  

Bhakti, Y. H., Rahayu, T., Kristiyanto, A., Azam, M., Adi, S., & Aliriad, H. (2024). 

Analyzing Handball Techniques Using A Biomechanical Approach: A 

Systematic Literature Review. Physical Education Theory and 

Methodology, 24(2), 338-343.  

BHUKAR, J. (2024). Analyzing optimal muscle dynamics during handstands: a 

comprehensive investigation of skilled gymnasts. Journal of Physical 

Education & Sport, 24(4).  

Bradshaw, E. J., & Hume, P. A. (2012). Biomechanical approaches to identify 

and quantify injury mechanisms and risk factors in women's artistic 

gymnastics. Sports Biomechanics, 11(3), 324-341.  

Brtva, P., Irwin, G., & Farana, R. (2024). The effect of changes in fundamental 

skill complexity on upper limb loading and biomechanical characteristics 

of performance in female gymnastics. Sports Biomechanics, 23(5), 567-

581.  

Bueno, J. W. F., Coelho, D. B., & Teixeira, L. A. (2024). Evaluation of Voluntary 

Dynamic Balance through Standardized Squat-Lift Movements: A 

Comparison between Gymnasts and Athletes from Other Sports. 

Biomechanics, 4(3), 439-451.  

Cauli, A. (2024). The Memory of The Human Body, The Prevention and 

Treatment of Sport Injuries and Physical Exercise for Health During 

Artistic Gymnastic Training. Academic Journal of Sports Science and 

Medicine, 1-9.  



Rev.int.med.cienc.act.fís.deporte - vol. 25 - número 100 - ISSN: 1577-0354 

362 

Coppola, S., Costa, C., Albano, D., & Vastola, R. (2025). Evaluating variability 

in rhythmic gymnastics: Analysis of split leap using the gold standard 

motion analysis system. Journal of Human Sport and Exercise, 20(1), 1-

11.  

Daly, R., Bass, S., & Finch, C. F. (2001). Balancing the risk of injury to gymnasts: 

how effective are the counter measures? British journal of sports 

medicine, 35(1), 8-19.  

Denis, P., Vladimir, P., Ilie, M., Сarmen, M., & Geanina, T. (2024). 

BIOMECHANICAL ANALYSIS OF THE BALANCE BEAM ELEMENTS 

IN YOUNG GYMNASTS. International Scientific Conference,  

DiStefano, L. J., Marshall, S. W., Padua, D. A., Peck, K. Y., Beutler, A. I., de la 

Motte, S. J., Frank, B. S., Martinez, J. C., & Cameron, K. L. (2016). The 

effects of an injury prevention program on landing biomechanics over 

time. The American journal of sports medicine, 44(3), 767-776.  

Dong, X., & Sun, Y. (2024). Injury Risk Prediction and Prevention Algorithm for 

Athletes Based on Data Mining. Journal of Electrical Systems, 20(6s), 

1717-1728.  

Farana, R., Jandacka, D., Uchytil, J., Zahradnik, D., & Irwin, G. (2017). The 

influence of hand positions on biomechanical injury risk factors at the 

wrist joint during the round-off skills in female gymnastics. Journal of 

sports sciences, 35(2), 124-129.  

Gittoes, M. J., & Irwin, G. (2012). Biomechanical approaches to understanding 

the potentially injurious demands of gymnastic-style impact landings. 

Sports Medicine, Arthroscopy, Rehabilitation, Therapy & Technology, 4, 

1-9.  

Goodin, C. (2024). Biomechanics of Jumping and Landing in Gymnastics: The 

Biomechanical Principles Underlying Optimal Techniques. Available at 

SSRN 4879220.  

Hume, P. A., Bradshaw, E. J., & Brueggemann, G. P. (2013). Biomechanics: 

injury mechanisms and risk factors. Gymnastics, 75-84.  

Kizdarbekova, M., Kenjayeva, B., & Murzabekov, M. (2024). Forecasting 

sports-related injuries using wearable devices and data analysis 

methods Pronóstico de lesiones relacionadas con el deporte mediante 

el uso de dispositivos vestibles y métodos de análisis de datos. Retos, 

58, 1125-1133.  

Leite, I., Fonseca, P., Ávila-Carvalho, L., Vilas-Boas, J. P., Goethel, M., 

Mochizuki, L., & Conceição, F. (2023). Biomechanical research methods 

used in acrobatic gymnastics: a systematic review. Biomechanics, 3(1), 

52-68.  

Mendelson, N., Yona, T., Peleg, S., Ravina, O., & Fischer, A. (2024). 

MARKERLESS BIOMECHANICAL ANALYSIS OF FORMER ELITE 

RHYTHMIC GYMNASTS. ISBS Proceedings Archive, 42(1), 644.  

Muratovich, S. I. (2024). METHODOLOGY OF TEACHING GYMNASTICS 

EXERCISES.  



Rev.int.med.cienc.act.fís.deporte - vol. 25 - número 100 - ISSN: 1577-0354 

363 

Noteboom, L. (2024). Injury prevention in fitness and strength training.: 

Technology for musculoskeletal load optimization.  

Nyman, E. (2020). Biomechanics of gymnastics. Gymnastics medicine: 

Evaluation, management and rehabilitation, 27-54.  

Patel, A. (2024). Do leadership styles and behaviors influence and encourage 

organizational ambidexterity in US biotechnology and pharmaceutical 

firms? Journal of Commercial Biotechnology, 29(1).  

Paulino, M. F., Gomes, B. B., Ramalho, A. L., & Amaro, A. M. (2024). 

Measurement of the Impact Loads to Reduce Injuries in Acrobatic 

Gymnasts: Designing a Dedicated Platform. Applied Sciences, 14(9), 

3661.  

Petechuk, V. (2024). Injury prevention during sports classes for high school 

students with sports-oriented education. Health-saving technologies, 

rehabilitation and physical therapy, 5(1), 49-55.  

Redondo, Y. R., & Leon, K. (2024). ANALYSIS OF THE SCIENTIFIC 

PRODUCTION IN ARTISTIC GYMNASTICS, AND IN THE MEN'S AND 

WOMEN'S MODALITIES. Science of Gymnastics Journal, 16(1), 123-

150.  

Samekeev, I. (2024). METHODOLOGY OF TEACHING GYMNASTICS 

EXERCISES. Modern Science and Research, 3(7).  

Scigliano, N. M., Goetz, J. E., Garcia Fleury, I., Dibbern, K. N., Petrachaianan, 

K., & Buckwalter V, J. A. (2024). The effect of full-body weight-bearing 

on palmar pressure distribution in collegiate-level gymnasts. Sports 

Biomechanics, 1-11.  

Straker, R., Exell, T. A., Farana, R., Hamill, J., & Irwin, G. (2022). Biomechanical 

responses to landing strategies of female artistic gymnasts. European 

journal of sport science, 22(11), 1678-1685.  

Sun, L., & Choi, E. (2023). Substrate Transport in Cylindrical Multi-Capillary 

Beds with Axial Diffusion. Letters in Biomathematics, 10(1), 63–74.  

Xiao, X., Xiao, W., Li, X., Wan, B., & Shan, G. (2017). The influence of landing 

mat composition on ankle injury risk during a gymnastic landing: a 

biomechanical quantification. Acta of bioengineering and biomechanics, 

19(1), 105--113.  

 


