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ABSTRACT 
 
One of the current trends in the field of sports training concerns the integration into training programs of 
exercises defined as "proprioceptive", which also include balance exercises, used to optimize performance, 
prevention or recovery from injuries. After introducing and describing the main characteristics of 
proprioceptive training in sports, the present review aims to set out and analyse the various flaws in this type 
of training as it is commonly practiced, in order to lay the groundwork for future improvements in 
proprioceptive training. Our research highlights that it is common practice to combine proprioceptive training 
with training on unstable surfaces, generally meaning the same for both situations. Such practices are 
indicative of the confusion surrounding the concepts of proprioception and balance. Indeed, until these two 
concepts and their respective performance benefits are clearly differentiated, it will be difficult to move beyond 
the controversy surrounding proprioceptive training and hence. to make advances in the field of 
proprioceptive training research. In conclusion, therefore, against the comforting theories that accompany 
the use of proprioceptive training in relation to the improvement of performance, unfortunately there is a 
literature that shows many variables not yet considered or treated in an approximate way. 
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INTRODUCTION 
 
Until recently, proprioceptive training was used almost exclusively in post-trauma rehabilitation, specifically, 
to reactivate the functionality of muscle and joint receptors. However, even in healthy individuals, it has been 
shown that increasing the quality of reception using the proprioceptive system leads to tangible improvements 
in terms of the rapidity and precision of the the central nervous system response. It can therefore be deduced 
that proprioceptive training may also be able to enhance athletic performance. Specifically, the proprioception 
of the foot-ankle complex seems to play a particularly important role in athletic performance, as the ankle-
foot complex is often the only part of the body in contact with the ground (Han, 2014; Han, 2015). 
 
Han (2015), in fact, found that good ankle-foot proprioception is positively correlated, for example, with 
performance levels in football. He believes that experienced footballers share less core capacity to process 
proprioceptive information for motion control, and thus they are able to pay more attention to tasks such as 
locating teammates and opponents, determining the best opportunity to pass the ball or kick. 
 
Proprioceptive control is fundamental, not only for sports characterized by situational variables such as 
football, but also in the execution of any complex motor activity such as pedalling a bicycle. The cyclist must 
not only be able to maintain balance on the bicycle but must also be able to "feel" and modulate the activity 
of each area of the body. In other words, developing a correct pedalling technique, i.e. having a good "pedal 
stroke", can only be achieved by making use of the sensations that the proprioceptive system makes available 
to the organism. Even for disciplines such as figure skating, in which a great sense of balance and absolute 
control of technical movements is essential, proprioceptive sensitivity is essential. 
 
In sport today, this type of proprioceptive sensitivity is trained, almost exclusively, through exercises that 
employ simple common tools found in all gyms and rehabilitation centres, namely tilting boards, axes, 
bouncers, shimmies or BOSU. 
 
The enhancement of athletic performance, undoubtedly, represents the cutting edge of the use of 
proprioception, and as such, it is characterized by flaws and controversies that still need to be analysed and 
explored scientifically. 
 
PROPRIOCEPTIVE TRAINING AND THE DEVELOPMENT OF VARIOUS MOTOR SKILLS AND MOTOR 
CAPACITIES 
 
In healthy people, the positive effects of this kind of proprioceptive training, usually carried out on unstable 
surfaces, mainly consist in improvements in the subject’s ability to maintain balance, i.e. in the reduction of 
postural oscillations (Hoffman & Payne, 1995), both in adults (Gioftsidou et al., 2006; Yaggie & Campbell, 
2006; Granacher et al., 2010; Romero-Franco et al., 2012), and in children (Dobrijevic et al., 2016). 
 
Regarding strength, however, there is a general consensus that the application of proprioceptive training has 
no effect on this motor capacity, but that it positively affects the rate of force development (RFD) (Gruber & 
Gollhofer, 2004; Granacher et al., 2010). This suggests that improvements in proprioception may have a 
positive impact on the neural-arousal activation of the motor-neural system, in particular, as regards the 
stretch shortening cycle (SSC) (Komi, 1984; Gruber & Gollhofer, 2004). On the other hand, there are 
divergent and often conflicting findings regarding the effect of proprioceptive training on explosive strength 
and agility (Yaggie & Campbell, 2006; Cressey et al., 2007; Šimek et al., 2008; Granacher et al., al., 2010). 
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Anatomo-physiological bases in the vertical jump 
Considering the importance of the vertical jump as a predictor of muscle power and the role it plays in sports, 
several studies have investigated the effects of proprioceptive training on jumping ability (Ziegler et al., 2002; 
Kovacs et al., 2004). 
 
The vertical jump is a complex multi-joint activity that requires great muscle strength in the hip, knee and 
ankle joints (Lees et al., 2004). Previous research has shown that proprioceptive training enhances the 
strength of the flexor and extensor muscles of the foot (Tropp & Askling, 1988) as well as the strength of the 
posterior thigh muscles (Heitkamp et al., 2001). The ability of proprioceptive training to increase leg extensor 
muscle strength together with its capacity to inhibit the stretch reflex (Lloyd, 2001) and co-contraction 
mechanism, may also account for possible improvements in vertical jump performance. Considering that 
explosive force generation in vertical jumping is affected by the rapid transfer from eccentric to concentric 
muscle work, it is possible that proprioceptive training has an effect on rapid force generation and may 
increase frequency and early recruitment of motor units (Gruber & Golhoffer, 2004), thus leading to an 
increase in the height of vertical jumps. In addition, the contribution of the muscle activity in the hip joint is 
also very important in maximal vertical jumping performance and very often determines the height of the 
jump, thus differentiating between submaximal and maximal jumping performance (Lees et al., 2004). 
 
Although Ziegler (2002) noted large changes (12%) in the height of the countermovement jump (CMJ), her 
investigation was conducted on an untrained female population. In Yaggie and Campbell's (2006) study on 
physically active subjects, no significant changes in vertical jump performance were found after a balance 
training program based on a balance half ball. Bruhn, Kullmann, and Gollhofer (2004) also studied the effects 
of proprioceptive training on height change in the squat jump (SJ). After four weeks of training on unstable 
surfaces, no significant change in jump height was found, although a numerical difference was noted. 
 
A very interesting study was conducted by Gaurav et al. in 2013. The aim of the investigation was to compare 
the effectiveness of conventional proprioceptive training (wobble board) with multi-station proprioceptive 
training on the execution of the vertical jump in basketball players. The results showed that multi-station 
proprioceptive training is more effective in improving vertical jumping ability in basketball players. 
Conventional proprioceptive training is meant to develop muscle strength, whereas multi-station training aims 
to enhance coordination as well as strength. 
 
Ya-Wen Liu et al., (2005) proposed that multi-station training involves multiple muscles and further confirmed 
that proprioception is governed by central and peripheral mechanisms that originate mainly from the muscle 
receptor, but also include tendon, articular and cutaneous receptors. Eric and Rosenbaum (2001) also 
conducted a study in which they used multi-station training on 12 different surfaces. They found 
improvements in the sense of joint position, limited postural swing, and a stable base, which helped the 
subjects to jump higher. They also concluded that multi-station training reduces reaction times, thus helping 
to release strength and jump higher at the same time. 
 
Hence, these findings regarding the effects of proprioceptive training on various physiological aspects of our 
body, suggest that it can be a useful addition to standard plyometric training to enhance the explosive strength 
of the jump; however, further investigations are needed to confirm these results. 
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PROPRIOCEPTIVE TRAINING IN VARIOUS SPORTS 
 
The role of proprioceptive training in sports has been explored in a number of different studies conducted 
across a range of sports. 
 
In a study on basketball players, Sevreza & Bourdin (2015) found that success in free throws is determined, 
at least in part, by the ability of players to sense the position of distal joints based on proprioceptive impulses. 
In a study on junior tennis players, Westin et al., (2015) found that after applying a six-week neuromuscular 
and performance program, improvements were found in the players’ speed, agility, dynamic balance and 
muscle endurance of the pelvic area. Furthermore, a study by Gombos et al. (2016) showed that 
proprioceptive training had beneficial effects on the athletic performance of junior handball players during 
official matches. 
 
Proprioceptive training in sprinters 
Speed in athletics is particularly affected by the amplitude and frequency of all body movements (Cometti, 
2002). To improve both of these parameters, training must include muscle contractions at maximum intensity, 
correct biomechanical movements and good stability to focus and maximize strength in the movements 
(Cosio-Lima et al., 2003; Lin et al., 2007). Regarding the stability factor, it has been shown that under unstable 
conditions, strength is greatly reduced (Marshall & Murphy, 2006) because accurate and precise contraction 
requires that the nervous system receive adequate position information from receptors in the muscles, 
ligaments, joints and skin (Behm et al., 2002 & 2003). 
 
Moreover, athletes who suffer from continuous fatigue and disorders that alter the proprioceptive system by 
sending distorted proprioceptive information, have been shown to undergo biomechanical alterations and to 
lose efficiency in movement (Yasuda et al., 1999). Other authors agree that during running, the 
neuromuscular spindle is the proprioceptive receptor responsible for performing movement, and maintaining 
posture and muscle tone (Fitzpatrick et al., 1994; Ganong, 2004). It is therefore the only receptor that can be 
modified by the central nervous system through proprioceptive training (Ashton-Miller et al., 2001). Indeed, 
thanks to proprioceptive training and the consequent modification of neuromuscular spindles as the main 
proprioceptive receptors, improvements in the strength of athletes at the start of an isometric action have 
been found (Gruber & Gollhofer, 2004). Furthermore, biomechanical performance has been shown to be 
perfected in movements similar to those performed in proprioceptive training (Ashton-Miller et al., 2001; 
González et al., 2011), and an increase in muscle recruitment has been obtained during contractile activity 
in exercises on an unstable platform (Behm et al., 2002, 2003; Marshall & Murphy, 2005; Anderson & Behm, 
2005). However, the overall electromyographic activity remains unchanged because the limb musculature is 
called upon to help maintain joint stability with instability (Anderson & Behm, 2004; Behm et al., 2005; 
Kornecki & Zschorlich, 1994). 
 
The addition of proprioceptive exercises to athletic training, as previously observed, has led to major 
improvements in training programs, as reflected in improvements in subjects’ reaction times and specific 
muscle strength, as well as greater stability and injury prevention (Gruber & Gollhofer, 2004; Yaggie & 
Campbell, 2006; Laudner & Koschnitzky, 2010). However, there are still many aspects of proprioceptive 
training that need to be adapted, such as the type, volume and intensity of the exercises. 
 
Romero-Franco et al., (2017) investigated the effect of six weeks of proprioceptive training on sprinters’ 
balance, strength and speed. The six-week training program included 30 minutes a day of proprioceptive 
training using BOSU and a swiss ball. Before and after the training program, stabilometry tests were 
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performed for the horizontal (X) and vertical (Y) planes, as well as squat jump, countermovement jump and 
a 30 meter sprint. The results showed that the exercise program enhanced postural balance and led to 
moderate increases in jump power but had no impact on speed. 
 
On the other hand, Yaggie & Campbell (2006) demonstrated that a proprioceptive training program improved 
athletes' reaction ability, which is considered a key parameter for the 30 meters speed race. An improvement 
in this parameter should also have been found in the previous study. 
 
Therefore, future studies should focus on a range of variables, such as the length of the training period, as 
well as the inclusion of athletes of different levels and age groups. Lastly, but no less importantly, it would 
also be useful to investigate a wider or different range of exercises for sprinters in future research. 
 
UST (UNSTABLE SURFACE TRAINING) AND PROPRIOCEPTIVE TRAINING 
 
All of the studies examined thus far used tools that produce instability, such as the BOSU, the swiss ball or 
the wobble board, in order to enhance performance. As mentioned above, it can therefore be observed that 
in common practice, there is a tendency to mistakenly mix proprioceptive training with training on unstable 
surfaces, often willingly attributing the same meaning to both training contexts. Indeed, some advocates of 
training on unstable surfaces claim that such training will improve performance by improving balance, 
kinaesthetic sense, proprioception and strength (Brooks & Brooks, 2002; Ruiz & Richardson, 2005). 
However, the integration of unstable surface training (UST) into a neuromuscular recruitment model for a 
given activity (e.g. throwing on an unstable surface) can actually negatively affect the chronic performance 
of that ability (Willardson, 2004). Furthermore, force production under stable conditions is significantly greater 
than under unstable conditions, and the antagonist activity is significantly higher with instability (Behm et al., 
2002). 
 
Behm et al. (2002) attributed this altered recruitment to excess stress associated with increased postural 
demands (muscles that stabilize joints rather than promote movement) and dispersion of concentration 
(neural impulse) in an attempt to control two limbs with different responsibilities (balance and strength). 
 
Indeed, the main finding of a study by Cressey et al. (2007) was that ten weeks of UST of the lower body 
attenuated jump performance improvements, and 40 yard sprint speed compared to a stable surface program 
identical in terms of all the other programming variables. In a broad sense, the different effects of the training 
programs are likely related to the fact that UST undermines the principle of specificity of training. 
 
It is important to distinguish between instability in the foot, which is accustomed to stable surfaces in the 
closed chain movement, and instability in the torso and arms, which often encounter instability while the base 
is stable. 
 
Indeed, most athletic movements occur when the subject is standing upright on a stable surface and the 
instability is applied higher in the kinetic chain. In this regard, UST turns out to be a very non-specific type of 
training and may be more useful when the aim is to train the core and upper body muscles. Furthermore, 
most athletic movements are performed at high speeds and are highly dependent on the stretch-shortening 
cycle (SSC). Given that UST delays the cushioning phase of the movements of the SSC, it can be deduced 
that the subsequent production of force due to the release of energy stored by the eccentric preload would 
be significantly impaired on these training surfaces (Komi, 2003). Furthermore, both the maximum force and 
power are affected by the SSC, the function of which appears to be negatively affected by the UST. 
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Antagonistic activity is intensified during UST to maintain joint stability (Behm et al., 2002); hence, it is not 
unreasonable to hypothesize that such training could be detrimental to speed and optimal force production 
when applied for a long period of training. Therefore, although increased antagonist activation can help 
maintain joint stability, it can be counterproductive in terms of strength and power. 
 
While there may be some sports (e.g. surfing or snowboarding) for which UST can offer appreciable 
performance gains, in light of our previous observations, it would appear that for most athletes, instability 
should only be applied to training for very specific contexts within a given sport. Therefore, coaches who 
apply UST seeking to obtain a proprioceptive training effect, may in fact compromise the development of 
important athletic abilities. Indeed, our findings suggest that proprioception is probably best used in specific 
contexts on a stable surface. 
 
DISCUSSION AND CONCLUSIONS 
 
Based on our findings, it is essential to underline that, without fully understanding the concept of 
proprioception and balance, it is difficult to understand the controversy surrounding proprioceptive training. It 
appears that misconceptions about proprioceptive training began to spread when it was adopted at 
commercial at private gyms. For example, many personal trainers and strength conditioning coaches refer to 
single-leg balance training on a foam pad as proprioceptive training. However, single-leg balance training is 
clearly not the most representative form of proprioceptive training (Sjolander & Johansson, 1997). One of the 
many aspects overlooked in the literature concerns the importance of the foot and its functions. Undoubtedly, 
the foot plays a role of primary importance in sport, as it is the element that keeps us in contact with the 
ground and through which we discharge and receive force. 
 
Therefore, at least from a scientific point of view, we have not yet focused on results that can be achieved 
through proper proprioceptive training in terms of improving sports performance. Indeed, more valid and 
logical approaches to the enhancement of athletic performance through proprioceptive training might focus 
on improving the proprioception of the foot, (through, for example, a better use of the force exchanged with 
the ground), to improve running economy in runners or race walking in walkers, the push off with the foot in 
divers or the pedal stroke in cyclists. It would be useful, for example, to evaluate the effect of proprioceptive 
exercises, such as barefoot proprioceptive podalic gaits, the mobility toes, or the shifting of the load on the 
different support areas of the foot, or even better, to evaluate various combined proprioceptive exercises with 
different support surfaces. All of these exercises are designed to enhance the development of good automatic 
control by the central nervous system, and consequently a hypothetical improvement in sports performance. 
 
In conclusion, in light of our current knowledge, future research should focus on analysing and deepening 
our understanding of proprioceptive training from different perspectives. Hence, we should move beyond 
many of the proprioceptive exercises described in the literature, which are performed on unstable surfaces, 
and which, as we have observed, often negatively affect athletic performance. 
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