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Abstract:
Ankle instability is a condition where the patient expe-
riences a sensation of inability to bear weight and fre-
quent episodes of ankle giving way during walking or 
running. This condition is primarily due to the rupture of 
ankle ligaments, most commonly the lateral ligaments, 
which lose their ability to stabilize the bones of the ankle, 
resulting in impaired function during movement (Vega J. 
et al., 2018). Chronic ankle instability can be attributed to 
congenital ligament laxity, but it is more often the con-
sequence of one or more inadequately treated or unde-
restimated sprains (Menna M., 2020). This study focused 
on physically active individuals and athletes from various 
disciplines and age groups, as chronic ankle instability 
has been found to have a significant incidence in both 
sports-related and non-sports-related injuries. Although 
limited by the sample size, the results of this study provide 
a starting point for future research, where an expanded 
sample and the inclusion of a control group receiving no 
treatment could be considered. In conclusion, based on 
the present findings, an integrated approach to patient 
care is recommended, involving not only physiotherapy 
with the use of SynergyMatt but also a customized motor 
activity program tailored to the patient’s specific needs.
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Resumen:
La inestabilidad del tobillo es una condición en la que 
el paciente experimenta una sensación de incapacidad 
para soportar peso y episodios frecuentes de inestabili-
dad del tobillo durante la caminata o la carrera. Esta con-
dición se debe principalmente a la rotura de los ligamen-
tos del tobillo, siendo los ligamentos laterales los más 
comúnmente afectados, los cuales pierden su capacidad 
para estabilizar los huesos del tobillo, lo que resulta en 
una función deteriorada durante el movimiento (Vega 
et al., 2018). La inestabilidad crónica del tobillo puede 
atribuirse a una laxitud ligamentosa congénita, pero con 
mayor frecuencia es consecuencia de esguinces mal tra-
tados o subestimados (Menna, 2020). Este estudio se 
centró en individuos físicamente activos y atletas de di-
versas disciplinas y grupos de edad, ya que se ha encon-
trado que la inestabilidad crónica del tobillo tiene una in-
cidencia significativa tanto en lesiones deportivas como 
no deportivas. Aunque limitado por el tamaño de la 
muestra, los resultados de este estudio ofrecen un punto 
de partida para futuras investigaciones, donde se podría 
considerar una muestra más amplia y la inclusión de un 
grupo control que no reciba tratamiento. En conclusión, 
con base en los hallazgos presentes, se recomienda un 
enfoque integrado en el cuidado del paciente, que impli-
que no solo fisioterapia con el uso de SynergyMatt, sino 
también un programa de actividad motora personaliza-
do adaptado a las necesidades específicas del paciente.
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Introduction Ankle instability is a condition in which the individual experiences a sensation of inability to bear 
weight and frequent episodes of ankle giving way during walking or running. As described by Vega 
J. et al. (2018), this condition results from injury to the ankle ligaments, most commonly the lateral 
ligaments, which fail to stabilize the bones of the ankle, leading to impaired function during move-
ment.

Hiller C.E. et al. (2011), following ICF guidelines, defined chronic ankle instability as characterized 
by increased ligament laxity and proprioceptive deficits, leading to limitations in daily activities and 
restrictions in sports participation and work-related tasks.

For the analysis of this pathology, the Human Tecar Synergy Matt platforms were employed. These 
platforms simulate various surfaces with different levels of instability using elastic, load-reducing 
materials, making them ideal for joint mobilization with reduced load (Herring J.A., 2014). The use of 
these platforms is crucial for proprioceptive sensitivity, an advanced mechanism aimed at providing 
the central nervous system with precise, real-time information regarding the biomechanical param-
eters of movement, such as speed, force, direction, and acceleration, as well as physiological and 
biological states in muscles, tendons, and joints following movement (Pagella F. et al., 2018).

The Human Tecar Synergistic Healthcare Methodology and Synergy Matt represents an optimal ap-
proach for functional recovery, rehabilitation, postural improvement, and proprioceptive rebalanc-
ing. It is also used as an integration into specific training programs across various sports disciplines.

Photo 1, Synergy Mat, exercises on proprioceptive surface 
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The platforms used in this rehabilitation protocol include various types:

•	 Medium Density Synergy Mat (Wellness): Features flat, medium-density elastic response spurs, 
ideal for movements with reduced joint loading (Harris E.J. et al., 2004).

•	 High Synergy Mat (Performance): An uneven surface that simulates sandy terrain, stimulating mi-
crocirculation and the foot’s mechanoreceptors, activating stabilizing muscles. It is recommended 
for professional and high-level sports (Bellomo R.G. et al., 2012).

•	 Stones Synergy Mat: Mats of varying densities that simulate a rocky and uneven surface, promo-
ting activation of the mechanoreceptors in the sole of the foot.

•	 Dunes Synergy Mat: Stimulates microcirculation and targets mechanoreceptors in the sole. The 
irregular surface, combined with the resistance provided by the “sand,” enhances stabilizing mus-
cle work.

•	 Synergy Mat Pillow: Elastic response cubes of various sizes that allow for step and aerobic exerci-
ses, contributing to higher caloric expenditure.

•	 Needle: A rigid platform with a medium elastic push-back base, equipped with a rubber needle 
mat, ideal for plantar micromassage, particularly suited for neurological patients (Harris E.J. et al., 
2004).

This type of training is designed for individuals recovering function after surgery or trauma, as it gen-
erates proprioceptive activity without sudden or rapid movements. It can also be applied to children 
and adolescents. For the former, it promotes varied and targeted work on the plantar musculature, 
enhancing gait, while for the latter, it supports the improvement of balance and the maintenance of 
correct posture and gait biomechanics.

Athletes, whether professional or amateur, can use it to specifically train proprioception, linking it to 
the athletic or technical gestures of their sport. Additionally, it can benefit overweight/obese indi-
viduals and those with phlebolymphatic disorders, as the elastic resistance of the platforms reduces 
mechanical and joint load during movement, facilitating greater energy expenditure. In cases of 
phlebitis, it also promotes better venous return, helping to alleviate circulation problems.

Photo 2, Human Tecar Synergy Mat
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According to the literature, ankle proprioception is closely linked to balance control, and compro-
mised ankle proprioception after an injury negatively affects balance (Han J. et al., 2015). Han J. 
et al. (2015) found that proprioceptive ankle training, including stretching, mobilization, strength-
ening, and balance board exercises, improved static and dynamic balance index scores in healthy 
individuals. Similarly, Akre A. et al. (2014) compared the effectiveness of muscle strengthening and 
proprioceptive training programs on dynamic balance in athletes with chronic ankle instability (CAI), 
demonstrating that both are essential for improving balance.

Lee A.J. et al. (2008) examined the effects of 12 weeks of biomechanical platform training on pos-
tural stability and ankle proprioception in individuals with unilateral functional instability, concluding 
that this training improved postural stability and tibio-tarsal proprioception.

Proprioceptive training was compared to lower limb strength training in vertical jump performance. 
The results indicated that, in the short term, one week of lower limb strength and proprioceptive 
training was not sufficient to produce statistically significant improvements in vertical jump perfor-
mance (Adam S. et al., 2018). Similarly, Zech et al. (2010) found that at least 3 weeks of balance and 
proprioception training are required to achieve clear improvements in postural and neuromuscular 
control.

Proprioceptive training has been shown to improve proprioceptive function by up to 20%, with effect 
sizes ranging from medium to large (<0.5). Proprioceptive training typically involves somatosensory 
stimulation using a combination of passive and active movement, with and without exteroceptive 
feedback (effect size >0.8) (Eils E. et al., 2001). Overall, proprioceptive training is effective in enhanc-
ing proprioceptive function by utilizing somatosensory and tactile cues to achieve the ultimate goal 
of restoring sensory and/or sensorimotor function (Ashton-Miller J.A. et al., 2001).

The study group consisted of 34 participants, aged between 22 and 32 years, randomized into two 
groups: an experimental group (n=17) and a control group (n=17). All participants received either 
the treatment or control conditions according to their group assignment.

The experimental group (n=17) underwent treatment with the Synergy Mat, while the control group 
(n=17) was subjected to adapted physical activity (AFA) only.

Both groups underwent a cycle of 12 sessions, with the experimental group receiving Synergy Mat 
therapy and the control group performing adapted physical activity (AFA), at a frequency of 2 ses-
sions per week over a 6-week period.

The Synergy Mat refers to a revolutionary method that involves the use of surfaces with various 
shapes and materials designed for training, rehabilitation, and re-education of the muscular system, 
posture, and proprioceptive rebalancing. This is achieved through barefoot stimulation without joint 
loading, while simultaneously increasing energy and calorie expenditure by raising heart rate.

Materials and Methods
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Specifically, the Human Tecar Synergy Mat Medium Density was used, featuring flat elastic response 
spurs of medium density, ideal for movements with minimal joint load.

The Synergy Mat protocol included:

•	 Maintaining orthostatic, bipodal, and monopodal positions.
•	 Walking forward and backward on various Synergy Mats (medium, stones, dunes).
•	 Heel walking (rearfoot) forward and backward.
•	 Forefoot walking forward and backward, focusing on balance.
•	 Rolling foot walk: heel-plantar ball-toe-push off.
•	 Walking in ankle pronation and supination.
•	 Quarter squats, both monopodal and bipodal, with eyes open or closed.
•	 Step-ups on a soft pillow (multypillow) with eyes open and closed.

 

Photo 3, maintenance of orthostatic position on Synergy Mat
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Photo 4, monopodal balance in orthostatic position on Synergy Mat 

Photo 5, forward walking on Synergy Mat 
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All exercises specified in the protocol were performed on various types of platforms (dunes, stones, 
medium density, high synergy, and mat pillow) to provide maximal proprioceptive stimulation, with 
exercise difficulty increased as stability and accuracy improved, such as by removing visual sensory 
input (Fantin V., 2021/2022).

For the control group undergoing adapted physical activity (AFA), exercises included stretching, 
mobilization, and strengthening using elastic bands and proprioceptive boards. Notable exercises 
included dorsiflexion and plantarflexion of the ankle with an elastic band (towel stretch), both active-
ly and passively, and on a rectangular proprioceptive board, Balance Pad, and round Balance Board 
in a monopodal stance, initially unloaded and then progressively loaded.

Similarly, pronation-supination exercises of the tibio-tarsal joint were performed with an elastic band, 
both actively and passively, with load and unloading using the same platforms and boards. These 
exercises aimed to improve the range of motion of the joint, optimize coordination, and achieve 
proper body perception in static and dynamic balance.

Finally, for muscle strengthening, lunges and squats were performed on the Balance Board with an 
isometric variation to strengthen the lower limb muscles, including the quadriceps, gluteus maxi-
mus to reduce ankle overload, hamstrings, adductors, gastrocnemius, and soleus.The study includ-
ed subjects aged between 22 and 30 years who reported an ankle sprain of grade 1 or 2. Subjects 
with grade 1 sprains exhibited edema and bruising in the tibio-tarsal joint with pain but no functional 
deficits.

Those with grade 2 sprains, in addition to edema, experienced mild functional deficits and pain un-
der load, with partial injury to one or more ligaments.

Photo 6, foot pronation-supination on Synergy Mat 
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Subjects with multiple injuries, other conditions that limited mobility, or ankle trauma requiring joint 
immobilization were excluded from the study. Additionally, subjects who were unable to follow or 
adapt to the protocol were not considered. The control group underwent a cycle of 12 sessions, with 
a frequency of 2 times a week for 2 weeks. The results of this study, although limited by the sample 
size, provide a starting point for future research,

The symmetry and kurtosis analysis tests, along with the Kolmogorov-Smirnov normality test, confirm 
the normal distribution of the data (p<.0001). Therefore, parametric tests were used to investigate 
differences between groups and the efficacy of the experimental and motor protocols.

The variables analyzed refer to three measurements:

Anterior Drawer Test (1 item)

Foot and Ankle Disability Index (8 items): a. Running b. Jumping c. Landing d. Ability to squat and 
stop quickly e. Lateral movements f. Low-impact activities g. Ability to perform activities with normal 
technique h. Ability to participate in sports activities

SF36 Questionnaire (36 items – 8 variables): a. Physical functioning b. Limitations due to physical 
health c. Limitations due to emotional problems d. Energy and fatigue e. Emotional well-being f. 
Social activities g. Pain h. Perception of general health.

Table 1 displays the mean, standard deviation, and standard error of all variables, distinguished by group (experimental Sy-
nergy Mat and control AFA) and time (pre- and post-treatment).

         

AFA group (control group) SynergyMatt group (sperimental group)
Variable Time Mean Std. Deviation Std. Error 

Mean
Mean Std. Deviation Std. Error 

Mean
TestDrawer Pre ,47 ,514 ,125 ,18 ,393 ,095

Post ,47 ,514 ,125 ,18 ,393 ,095
Race_TestFootAnkleDisability Pre 1,59 ,618 ,150 1,53 0,72 0,174

Post 3,29 ,470 ,114 4,00 0,00 0,000
Jump_TestFootAnkleDisability Pre 1,47 ,514 ,125 1,41 0,51 0,123

Post 3,29 ,470 ,114 4,00 0,00 0,000
Landing _TestFootAnkleDisability Pre 1,47 ,514 ,125 1,35 0,49 0,119

Post 3,41 ,507 ,123 4,00 0,00 0,000
CrouchingStopQuickly _TestFoo-
tAnkleDisability

Pre 1,59 ,712 ,173 1,71 0,77 0,187

Post 3,35 ,493 ,119 4,00 0,00 0,000
Lateral movements TestFoo-
tAnkleDisability

Pre 1,59 ,712 ,173 1,71 0,77 0,187

Post 3,24 ,437 ,106 4,00 0,00 0,000

Results
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AFA group (control group) SynergyMatt group (sperimental group)
Variable Time Mean Std. Deviation Std. Error 

Mean
Mean Std. Deviation Std. Error 

Mean
Light Activities TestFootAnkle-
Disability

Pre 2,53 ,717 ,174 2,65 0,79 0,191

Post 3,35 ,493 ,119 4,00 0,00 0,000
Moderate Activities _TestFoo-
tAnkleDisability

Pre 1,65 ,493 ,119 1,71 0,47 0,114

Post 3,29 ,470 ,114 4,00 0,00 0,000
Sport_TestFootAnkleDisability Pre 1,53 ,514 ,125 1,65 0,49 0,119

Post 3,41 ,507 ,123 4,00 0,00 0,000
SF36_ Physical Functioning Pre 5,59 11,97 2,90 4,12 3,64 0,88

Post 38,24 18,79 4,56 88,24 21,86 5,30
SF36_ Physical Health Limitations Pre 2,94 12,13 2,94 2,35 3,12 0,76

Post 60,29 33,93 8,23 97,06 12,13 2,94
SF36_ Limitations Emotional Pro-
blems

Pre 2,94 12,13 2,94 2,35 3,59 0,87

Post 86,47 31,21 7,57 94,12 16,61 4,03
SF36_ Energy Fatigue Pre 7,06 11,87 2,88 4,12 4,41 1,07

Post 93,82 17,64 4,28 74,41 34,00 8,25
SF36_ Emotional Well-Being Pre 4,38 11,91 2,89 1,67 2,01 0,49

Post 52,35 19,85 4,81 94,12 16,61 4,03
SF36_ Social Functioning Pre 22,06 11,29 2,74 20,59 8,77 2,13

Post 48,53 4,15 1,01 94,12 16,61 4,03
SF36_ Pain Pre 20,29 10,89 2,64 17,94 8,02 1,94

Post 51,18 13,29 3,22 94,12 16,61 4,03
SF36_ General Health Pre 5,61 12,23 2,97 2,67 4,39 1,06

Post 87,35 23,72 5,75 79,41 25,36 6,15

First, differences between the two groups were examined both before and after the treatment. The 
results are presented in Table 2.

Table 2. Independent t-Test; differences between the two groups (AFA group and Synergy Mat group) before treatment 
(pre-treatment) and after treatment (post-treatment).

  pre-treatment post-treatment
Variable t sig. t sig.
TestDrawer 1,83 >0.05 1,83 >0.05
Race_TestFootAnkleDisability 0,26 >0.05 -6,19 <0.001
Jump_TestFootAnkleDisability 0,34 >0.05 -6,20 <0.001
Landing _TestFootAnkleDisability 0,68 >0.05 -4,78 <0.001
CrouchingStopQuickly _TestFootAnkleDisability -0,46 >0.05 -5,42 <0.001
Lateral movements TestFootAnkleDisability -0,46 >0.05 -7,21 <0.001
Light Activities TestFootAnkleDisability -0,45 >0.05 -5,42 <0.001
Moderate Activities _TestFootAnkleDisability -0,36 >0.05 -6,19 <0.001
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  pre-treatment post-treatment
Variable t sig. t sig.
Sport_TestFootAnkleDisability -0,68 >0.05 -4,78 <0.001
SF36_ Physical Functioning 0,97 >0.05 -7,15 <0.001
SF36_ Physical Health Limitations 1,00 >0.05 -4,21 <0.001
SF36_ Limitations Emotional Problems 1,00 >0.05 -0,89 >0.05
SF36_ Energy Fatigue 0,96 >0.05 2,01 <0.05
SF36_ Emotional Well-Being 0,92 >0.05 -6,65 <0.001
SF36_ Social Functioning 0,42 >0.05 -10,98 <0.001
SF36_Pain 0,71 >0.05 -8,32 <0.001
SF36_ General Health 0,93 >0.05 0,94 >0.05

It can be observed that initially the two groups did not show statistically significant differences for all 
the variables examined. However, after the treatment, statistically significant differences were found 
for nearly all variables.

Since not all variables showed differences, a t-Test was conducted by splitting the sample by group 
to assess the effectiveness of the two treatments (AFA and Synergy Mat).

Table 3. Independent t-Test. Effects of the training protocol (difference between pre- and post-treatment) or the use of Syner-

gy Mat on the sample.

AFA group (control group) SynergyMatt group (sperimental group)
Variable t sig. t sig.
TestDrawer ,00 >0.05 ,00 >0.05
Race_TestFootAnkleDisability -9,06 <0.001 -14,20 <0.001
Jump_TestFootAnkleDisability -10,79 <0.001 -21,04 <0.001
Landing _TestFootAnkleDisability -11,08 <0.001 -22,16 <0.001
CrouchingStopQuickly _TestFootAnkleDisability -8,40 <0.001 -12,26 <0.001
Lateral movements TestFootAnkleDisability -8,13 <0.001 -12,26 <0.001
Light Activities TestFootAnkleDisability -3,90 <0.001 -7,10 <0.001
Moderate Activities _TestFootAnkleDisability -9,98 <0.001 -20,14 <0.001
Sport_TestFootAnkleDisability -10,74 <0.001 -19,69 <0.001
SF36_ Physical Functioning -6,04 <0.001 -15,65 <0.001
SF36_ Physical Health Limitations -6,56 <0.001 -31,18 <0.001
SF36_ Limitations Emotional Problems -10,28 <0.001 -22,27 <0.001
SF36_ Energy Fatigue -16,83 <0.001 -8,45 <0.001
SF36_ Emotional Well-Being -8,54 <0.001 -22,79 <0.001
SF36_ Social Functioning -9,07 <0.001 -16,14 <0.001
SF36_Pain -7,41 <0.001 -17,03 <0.001
SF36_ General Health -12,63 <0.001 -12,29 <0.001
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The following table provides a clear indication of the results found in the previous test. Although 
a difference between the two groups is evident, it is also notable that the adapted physical activity 
protocol (AFA group) shows significant positive results for the patients.

For instance, it is particularly interesting to observe the variable “Energy-Fatigue,” which highlights 
that the adapted physical activity protocol is more effective than the use of the Synergy Mat.

The aim of this experimental study was to evaluate the effects of a 6 2 times per week weeks of Syn-
ergy Mat and Adapted Physical Activity (AFA) in the population between 22 and 32 years of age who 
have experienced a grade 1 or 2 ankle sprain, excluding those who were in conditions that totally 
limited ankle mobility. According to the results of the present study, proprioceptive ankle training, 
which includes stretching, mobilization, strengthening exercises and exercises with balance boards, 
and for one of the two groups also used Synergy Mat, also reported improvements in balance static 
and dynamic. Proprioceptive training in general increases proprioceptive function by up to 20%, 
even with a general somatosensory stimulation given by the combination of both passive and pas-
sive movement active (Eils E. et al., 2001). As regards the control group subjected to adapted physical 
activity alone, the results of the tests and evaluations have reported a general physical improvement, 
especially in the of subjects to be able to participate in a sport without time limits and in the perfor-
mance of activities sport-specific, in the movement of the “squat” or squat and in lateral movements, 
succeeding without any difficulty in carrying them out. Lateral movements were very important for 
the correct proprioception of the tibiotarsal in movements, mainly those in load. On the aspect of 
health and emotional status, the data of the “control” individuals, reported that the quality of life and 
the ability to carry out the actions that characterize it, post-treatment of AFA, has improved slightly 
because not all the variables, some inherent to social life and were changed from pre-treatment, as 
opposed to treatment with Synergy Mat of the experimental group where the improvements were 
superlative in all fields. In fact, only adapted physical activity has reported improvements, not as 
significant as those reported by Synergy Mats, especially with regard to the extent of pain that lim-
ited the performance of “control” subjects (65% say that pain limits them than that of experimental 
subjects (pain perceived almost not at all). Compared to the pre-treatment data, the “experimental” 
subjects improved their performance and increased their sports and daily life skills to almost 100%, 
as well as an improvement in the evident (about 80% of subjects) on an emotional and social level, 
led to the lower feeling of pain at the level of the tibiotarsal joint with greater expression of the me-
chanics of the movement of the ankle itself. The use of the Synergy Mat proprioceptive platforms has 
given these subjects the opportunity, through a path with different platforms that emulate different 
surfaces with different levels of instability, optimize performance and recover the correct mobility 
of the ankle in a shorter time (Herring JA, 2014). The use of these platforms increases propriocep-
tive sensitivity and allows the subject to perform the correct biomechanics of movement, varying 
its speed, direction, acceleration (Pagella F. et al., 2018), representing an optimal tool for recovery 
functional and rehabilitative of the ankle joint with 1st or 2nd degree sprain outcome and for propri-
oceptive rebalancing, as well as a means for muscle strengthening of the tibiales, gastrocnemius and 
soleus, peroneal and plantar. The results of this study, although limited by the sample size, provide 
a starting point for future research, where the sample could be expanded and a control group with 

Conclusions
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no treatment could be included. In conclusion, given these results, it is advisable to recommend a 
comprehensive approach for the patient, involving both a physiotherapeutic intervention using the 
Synergy Mat and an adapted motor protocol tailored to the patient’s needs.      

    

Akre, A., Kumaresan, K. (2014). Confronto tra un programma di rafforzamento e un allenamento 
propriocettivo nel miglioramento dell’equilibrio dinamico negli atleti con instabilità cronica della 
caviglia (CAI). IOSR J Sports Phys Educ, 1 : 18–20.

Anastasi, G., Capitani, S., Carnazza, M.L., Cinti, S., De Caro, R., Donato, R.F., Ferrario, V.F., Fonzi, L., 
Franzi, A.T., Gaudio, E., Geremia, R., Giordano Lanza, G., Grossi, C.E., Gulisano, M., Manzoli, F.A., 
Mazzotti, G., Michetti, F., Miscia, S., Mitolo, V., Montella, A., Orlandini, G., Paparelli, A., Renda, T., 
Ribatti, D., Ruggeri, A., Sirigu, P., Soscia, A., Tredici, G., Vitale, M., Zaccheo, D., Zauli, G., Zecchi, S. 
(2010), Apparato locomotore: arto inferiore. In: Trattato di anatomia umana, Volume 1. 4° edizio-
ne. Milano: Edi.Ermes, 248-256, 265-275.

Ashton-Miller, J.A., Wojtys, E.M., Huston, L.J., Fry-Welch, D. (2001). La propriocezione può essere 
davvero migliorata dagli esercizi? Knee Surg. Sports Traumatol. Arthrosc . 9, 128– 136

Attenborough, A. S. et al. (2014). Chronic Ankle Instability in Sporting Populations. Sports Med. 44, 
1545–1556.

Bellomo, R.G., Lodice, P., Migliorini, M., Megna, M., Saggini, R. (2012). Flexible flatfoot treatment in 
children with mechanical sound vibration therapy.

Bonnel, F., Toullec, E., Mabit, C., & Tourné, Y. (2010). Chronic ankle instability: biomechanics and pa-
thomechanics of ligaments injury and associated lesions. Orthop. Traumatol. Surg. Res. OTSR 96.

Borgo A. 1à divisione, istituto ortopedico G.Pini-Milano. Lesioni capsulo- legamentose di caviglia.
Brostrom, L. Sprained ankles VI. (1966). Surgical treatment of chronic ligament ruptures. Acta Chir 

Scand 132:551 – 565.
Docherty, C. L., Arnold, B. L. & Hurwitz, S. (2006). Contralateral force sense deficits are related to the 

presence of functional ankle instability. J. Orthop. Res. Off. Publ. Orthop. Res. Soc. 24, 1412–1419.
Docherty, C. L. & Arnold, B. L. (2008). Force sense deficits in functionally unstable ankles. J. Orthop. 

Res. Off. Publ. Orthop. Res. Soc. 26, 1489–1493.
Doherty, C. et al. (2014). The incidence and prevalence of ankle sprain injury: a systematic review 

and meta-analysis of prospective epidemiological studies. Sports Med. Auckl. NZ 44, 123– 140.
Doherty, C., Bleakley, C., Delahunt, E., Holden, S. (2017). Trattamento e prevenzione della distorsione 

acuta e ricorrente della caviglia: una panoramica delle revisioni sistematiche con metanalisi. Br J 
Sports Med.; 51 :113–125.

Dt, F., Y, H., Lk, C., Ps, Y. & Km, C. (2007). A systematic review on ankle injury and ankle sprain in sports. 
Sports Med. Auckl. NZ 37.

Eils, E., Rosenbaum, D. (2001). Un programma di esercizi propriocettivi multi-stazione in pazienti con 
instabilità della caviglia. Med. Sci. Sports Exerc . 33 , 1991–1998.

Fallat, L., Grimm, D.J., Saracco, J.A. (1998). Sprained Ankle Syndrome Prevalence and analysis of 639 
acute injuries. J foot Ankle Surg; 37:280-5.7.

References      



https://doi.org/10.33776/remo.vi23.8432[ 28 ]

Fantin, V. (2021-2022). La prevenzione dele cadute nei soggetti anziani: il ruolo della prescrizione 
dell’esercizio fisico. Università degli studi di Padova, Facoltà di Medicina e Chirurgia.

Farzanegan, G., Mohsen, Alghasi, Saeid Safari (2011). Quality-of-Life Evaluation of Patients Under-
going Lumbar Discectomy Using Short Form 36. Anesth Pain Med, Fall;1(2):73-6.

Ferkel, R.D., Chams, R.N. (2007). Chronic lateral instability: arthroscopic findings and long-term re-
sults. Foot Ankle Int; 28:24–31.

Fong, D.T.P., Hong, Y., Chan, L.K., Yung, P.S.H., Chan, K.M. (2007). Una revisione sistematica sugli in-
fortuni alla caviglia e sulla distorsione della caviglia nello sport. Sport Med.; 37 :73– 94.

Frank ,H., Netter, M.D. (2002). Atlante di Anatomia umana, Masson, rist. 
Freeman, M.A. (1965). Trattamento delle rotture del legamento laterale della caviglia. J Articolazione 

ossea Surg Br. 47(4):661–668.
Grevitt, M.,  Khazim, ., Webb, J .,  Mulholland, R., Shepperd, J. (1997 ). The short form-36 health sur-

vey questionnaire in spine surgery. J Bone Joint Surg Br. Jan, 79(1):48-52.
Hale A., Hertel J. (2005). Affidabilità e sensibilità dell’indice di disabilità del piede e della caviglia in 

soggetti con instabilità cronica della caviglia. Journal of Athletic Training, 40(1), 35– 40.
Gribble, P.A., Delahunt, E., Bleakley, C. (2014). Criteri di selezione per i pazienti con instabilità croni-

ca della caviglia nella ricerca controllata: una dichiarazione di posizione dell’International Ankle 
Consortium. Br J Sports Med. 48, 1014–1018.

Mateo, G., Zamperetti, M., Pantalone, A.,  Usuelli, F.G., Salini, V., Oliva, X.M. (2018). Open and arthros-
copic lateral ligament repair for treatment of chronic ankle instability: A systematic review. Foot 
and Ankle surgery, 11-18. 

Hale, S.A., Hertel, J. (2005 ). Reliability and Sensitivity of the Foot and Ankle Disability Index in Sub-
jects With Chronic Ankle Instability. J Athl Train, 40(1), 35-40.

Hamilton, W.G., Thompson, F.M., Snow, S.W. (1993). The modified Brostom procedure for lateral 
ankle instability. Foot Ankle 14, 1: 1-7.

Hamilton, W.G. (1994). Current concepts in the treatment of acute and chronic lateral ankle instabili-
ty. Spors Med: and Arthr. Review 2,4,264- 266.

Han, J., Anson, J., Waddington, G., et al. (2015). Il ruolo della propriocezione della caviglia per il 
controllo dell’equilibrio in relazione alle prestazioni sportive e agli infortuni. BioMed Res Int, ID 
842804, 1–8.

Harris, E.J., Vanore, J.V., Thomas, J.L. (2004). Diagnosis and treatment of pediatric flatfoot..J Foot 
Ankle Surg.

Hawker, G.A., Mian, S., Kendzerska, T., French, M. (2011). Measures of adult pain: visual analog scale 
for pain (Vas pain), numeric rating scale for pain (Nrs pain), mcgill pain questionnaire (Mpq), short-
form mcgill pain questionnaire (Sf-mpq), chronic pain grade scale (Cpgs), short form-36 bodily 
pain scale (sf. Arthritis Care Res., 63(S11), S240-S252.

Hawkins, R.B. (1987). Arthroscopic stapling repair for chronic lateral instability, vol. 4.
Hertel, J. (2000). Functional instability following lateral ankle sprain. Sports Med., 29,  361–371.



https://doi.org/10.33776/remo.vi23.8432[ 29 ]

Hertel, J. (2002). Functional Anatomy, Pathomechanics, and Pathophysiology of Lateral Ankle Insta-
bility. JAT, vol 37: 364-375.

Hertel, J. & Corbett, R. O. (2019). An Updated Model of Chronic Ankle Instability. J. Athl. Train. 54, 
572–588.

Herring, J.A. (2014). Tachdjian’s Pediatric Orthopaedics New York: Elsevier Saunders.
Hjermstad, M.J., Fayers, P.M., Haugen, D.F., et al. (2011). Studies comparing numerical rating scales, 

verbal rating scales, and visual analogue scales for assessment of pain intensity in adults: a syste-
matic literature review. Journal of Pain and Symptom Management, 41(6), 1073- 1093.

Hiller, C.E. (2011). Nightingale EJ, Lin CWC, Coughlan GF, Caulfield B, Delahunt E. Caratteristiche 
delle persone con distorsioni ricorrenti della caviglia: una revisione sistematica con metanalisi. Br 
J Sports Med., 45, 660–672.

Hootman, J.M., Dick, R., Agel, J. (2007). Epidemiologia degli infortuni collegiali per 15 sport: sintesi 
e raccomandazioni per iniziative di prevenzione degli infortuni. Treno J Athl., 42(2), 311–319.

Jull, Moore, Falla, Lewis, McCarthy, & Sterling. (2015). Grieve’s Modern Musculoskeletal Physiothera-
py, 4th Edition (4 edizione). Edinburgh New York: Churchill Livingstone.

Karlsson, J., Bergsten, T., Lansinger, O., Peterson, L. (1988). Reconstruction of the lateral ligaments of 
the ankle for chronic lateral instability. J Bone Joint Surg Am., 70, 581–588.

Kapandji, I.A. (2004). Fisiologia Articolare, Monduzzi.
Kapandji, I. A. (2011). Anatomia funzionale. Monduzzi.
Gribble, P.A. (2018). The Effect of Joint Mobilization on Dynamic Postural Control in Patients With 

Chronic Ankle Instability: A Critically Appraised Topic. JSR, vol 27,  103-108.
Kerskoffs, G.M.M.J., Hnadoll, H.H.G., De Bie, R., Rowe, B.H., Struijs, P.A.A. (2004). Surgicla vs conser-

vative treatment of the laterale ligament complex of the ankle in adults, (Chocrane review).
Kisner, C., & Colby, L. A. (2013). Esercizio terapeutico. Fondamenti e tecniche (3 edizione). Padova: 

Piccin-Nuova Libraria.
Kobayashi, T., Gamada, K. (2014). Lateral Ankle Sprain and Chronic Ankle Instability: A Critical Re-

view. F&AS, vol 7, 298-326.
Knupp, M., Horn Lang T., Zwicky L., Lotscher P., Hintermann B. (2015). Chronic Ankle Instability  (Me-

dial and Lateral). CSM, Vol 34: 679-68.
Lanzetta, A. (1991). Le lesioni capsule-legamentose della caviglia nella traumatologia sportive. Ed.

Ciba-Geigy.
Lanzetta, A. (1993). Manuale di traumatologia dell’apparato locomotore. 188-196, Masson.
Lateral ankle pain. Park Ridge, Ill. (1997). American College of Foot and Ankle Surgeons, preferred 

practice guideline no. 1/97. Retrieved September 2000.
Lauge-Hansen, N. (1950). Fractures of the Ankle. II. Combined experimental surgical and      experi-

mental-roentgenologic investigations. Arch Surg; 60:957-85. 
Lee, A.J., Lin, W.H. (2008). Allenamento di dodici settimane con il sistema di piattaforma biomec-

canica della caviglia sulla stabilità posturale e sulla propriocezione della caviglia in soggetti con 
instabilità funzionale unilaterale della caviglia. Clin Biomech (Bristol, Avon),  23, 1065–1072.



https://doi.org/10.33776/remo.vi23.8432[ 30 ]

Leigheb, M., Rava, E., Vaiuso, D., Samaila, E.M., Pogliacomi, F., Bosetti, M., Grassi, F.A., Sabbatini,
M. (2020). Translation, cross-cultural adaptation, reliability, and validation of the italian version of the 

Foot and Ankle Disability Index (FADI). Acta Biomed, 30;91(4-S):160-166.
Loudon, J.K., Santos, M.J., Franks, L, Liu, W. (2008). The Effectiveness of Active Exercise as an Inter-

vention for Functional Ankle Instability, Sports Medicine, 38(7), 553- 563.
M.A.R.Freeman et al. (1965). The ethiology and prevention of functional instability of the foot. Br.JB-

JS, 47B(4).
Martini, F.H., Timmons, M.J., Tallitsch, R.B. (2010). Anatomia umana. EdiSES, Napoli.
Mazzieri E., De Palma P. (2009). Il trattamento riabilitativo dell’instabilità cronica di caviglia: il ruolo 

del taping.
McInnis, K. C. (2019). Ankle Sprains: Evaluation, Rehabilitation, and Prevention. Curr. Sports Med. 

Rep. 18, 217–223.
McKeon P.O., Hertel J. (2008). Systematic Review of Postural Control and Lateral Ankle Instability, Part 

II: Is Balance Training Clinically Effective? Journal of Athletic Training,   43(3), 305-315.
Mears, D.C., Gordon, R.G., Kan, S.E., Kann, J.N. (1991). Ankle arthrodesis with an anterior tension 

plate. Clin. Orthop 268:70-77.
Miklovic T.M., Donovan L., Protzuk O.A., Kang M.S. & Feger M.A. (2018). Acute lateral ankle sprain to 

chronic ankle instability: a pathway of dysfunction. TPAS, vol 46: 116-122.
Molloy, S., Solan, M.C., Bendall, S.P. (2003). Synovial impingement in the ankle. JBJS (Br) 85B:330-

333.
Moritani, T., DeVries, H. (1979). Fattori neurali contro ipertrofia nel corso del tempo dell’aumento 

della forza muscolare. Am J Phys Med.; 58 (3):115–130.
Miller, A., Myers, H.S., Parchi, G., Guyton, G. (2016). Anterolateral Drawer Versus Anterior Drawer Test 

for Ankle Instability: A Biomechanical Model. Foot Ankle Int ., 37(4):407- 10.
Munn, J., Sullivan, S.J., Schneiders, A.G. (2010). Evidenza di deficit sensomotori nell’instabilità fun-

zionale della caviglia: una revisione sistematica con metanalisi. J Sci Med Sport.; 13 :2–12.
Pagani, P.A., Marguier, M.C. (2016). La caviglia. In: Kapandji A.I. Anatomie fonctionnelle, Tome
Hanche, Genou, Cheville, Pied, Voute Plantaire, Marche. 6° edizione. Noceto: Monduzzi Editoriale 

S.r.l.,: 156-177 22.
Stewart, A., Ward, J., , K.  (2018). Allenamento della forza della parte inferiore del corpo contro eser-

cizi propriocettivi sulla capacità di salto verticale: uno studio di fattibilità.
                                                                                    


