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Abstract 
Background and Objectives: Ankle injuries are the most common type of in-
jury in healthy active individuals. If not treated properly, recurrent sprains 
can lead to a condition of chronic ankle instability (CAI). The present paper 
examines some subjects with a previous history of acute inversion ankle 
sprain who have developed a subsequent condition of instability, grouping 
them according to inclusion criteria and analyzing them through four field 
tests considered objective by the scientific literature: SEBT test, BEES test, 
TIBT test, SHT test. The data obtained were stored in order to compare them 
following a re-education protocol aimed at improving proprioception, bal-
ance, walking and strengthening the extrinsic and intrinsic muscles of the 
foot. per year. The subjects were then divided into two categories: subjects 
with CAI > 1 year and subjects with CAI ≤ 1 year. A protocol lasting 6 weeks 
was administered to both groups, trying to work on improving balance in 
single stance, improving static and dynamic stability, strengthening the glu-
teus medius and maximus (pelvis stabilizers) and strengthening of the intrin-
sic muscles of the foot. At the end of the protocol the subjects were all 
re-evaluated with the same field tests used previously and the data obtained 
were compared both with the pre-protocol data and with the data measured 
by the control subjects. 
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1. Introduction 

The ankle, anatomically, is an unstable joint complex, as it is subjected to 
stresses which tend, in particular, to varus deviations. This instability is due to 
the loss of alignment and biomechanics, which should be guaranteed by 28 
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bones, enclosed in a very thin envelope offered by soft tissues, with little possi-
bility of slipping. 

The foot-ankle system is able to effectively and efficiently dissipate the com-
pressive shear and rotational forces to which the organism is subjected when 
standing. Therefore, the aid of the ligament and muscular components is fun-
damental, due to the excessive dynamic stresses that the joint undergoes. 

The anterior talofibular ligament controls and limits the “talor-tilt”; while 
the two tibia-persona and astragalo-calcaneus complexes slide reciprocally 
without posing any resistance compared to the inextensible segments, corre-
sponding to the anterior peroneal-talar ligament and the peroneal-calcaneal 
ligament. 

The foot is a very complex structure, it allows us to relate to the environment 
thanks to its high proprioceptive capacity, but it must also act as an organ of 
motion by managing the body weight during dynamics, adapting to irregular 
surfaces and bringing both the descending forces than ascending forces; which is 
why the structure of the foot is studded with muscular and joint structures posi-
tioned in such a way as to be able to absorb and redistribute the various forces to 
which they are subjected. Foot pain is very common in the general population 
with particular incidence in subjects over 65 years of age, in obese and over-
weight subjects and in female subjects. In the USA, approximately 2 million 
acute ankle sprains occur every year and, among the main risk factors, in the 
general population, we find a deficiency in the functional performance of the 
foot-ankle complex, incorrect walking, falls, etc. Ankle injuries in the sports 
population, however, are extremely common, with percentages around 30%, up 
to 75% - 80% in sprain-type traumas, with greater frequency for inversion 
sprains. Inversion sprains are more common in individuals who practice ama-
teur and professional sports. Sprains also boast a high rate of recurrence associ-
ated with the development of chronic ankle instability. (1)A meta-analysis esti-
mated the incidence rate of lateral ankle sprain of 0.93/1000 among athletes par-
ticipating in the competition, while an incidence rate of 0.06 and 0.38/1000 for 
acute medial and high syndesmotic sprains respectively. More than ¾ of ankle 
sprains are lateral and approximately 73% of these have injuries to the anterior 
talofibular ligament. Several studies have highlighted how subjects with a previ-
ous history of sprain had a risk of recurrence 3.5 times greater than the standard 
population (approximately 40% of subjects who have suffered a LAS develop 
CAI). Similar to the analyses on ankle sprain, CAI also shows a higher incidence 
in females, with 32% compared to 17% in males. [1] [2] 

As regards injuries, ankle ligament injuries are the most common and most 
frequently seen in the emergency room. Covering approximately 25% of the le-
sions of the musculoskeletal system are the lesions of the anterior talofibular 
ligament, which presents itself as an unusual lesion in 50% - 75% of cases, with 
association with the lesion of the calcaneal fibular ligament, in major traumas 
which correspond to a percentage ranging from 15% to 25%. [3] 
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The different bone components form all the joints that make up the structure 
of the foot (Figure 1). 

- Subtalar joint (talar-calcaneal). 
- Chopart’s mid-tarsal joint ◊ the “S”-shaped Chopart’s interline, extended 

between the talonavicular-scaphoid and calcaneocuboid joints. The ligaments 
that stabilize the interline of Chopart are the dorsal, internal and plantar cal-
caneocuboid ligaments. 

- Scapho-cuboid joint. 
- Scapho-cuneiform and intercuneiform articulation. 
- Lisfranc tarsometatarsal joint. 
- Metatarsophalangeal and interphalangeal joints. 
Other ligament structures that intervene in stabilizing this joint are: 
- Anterior talonavicular ligament: extended between the lower surface of the 

talus and the upper surface of the calcaneus, anterior to the articular surfaces. [3] 
[4] 

- Lateral talonavicular ligament: extended from the external face of the talus to 
the external face of the calcaneus. 

- Posterior talocaneal ligament: extended from the postero-external tubercle of 
the talus to the posterior surface of the calcaneus. [5] 

2. Materials and Methods 

• Balance Error Scoring System (BESS) 
• Star Excursion Balance Test(SEBT) 
• Time in Balance Test(TIBT) 
• Side-Hop Test (SHT) 
• Table 1. (The reset Table 1. Research was subjected to the following inclu-

sion and exclusion criteria) 
 

 
Figure 1. Anatomy of the foot.      
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Table 1. RCH was subjected to the following inclusion and exclusion criteria. 

 
 

Once the subjects who represented these characteristics were identified (Table 
1), they were administered the following tests at time T0, T1 and subsequently to 
the protocol (T2), carefully constructed for each subject [6]. 

2.1. SEBT 

Test widely used in sports and physiotherapy to evaluate dynamic postural con-
trol in athletes. In addition to being a valid indicator of dynamic stability, the 
Star Excursion Balance Test has proven to be a sensitive indicator of the risk of 
lower limb injuries in a variety of subjects. [7] [8] 

The SEBT measures the subject’s dynamic balance when balancing on a single 
limb, trying to reach the furthest point possible in eight different directions 
(Figure 2). The literature has shown that SEBT scores are significantly different 
in subjects with lower limb trauma (such as CAI) compared to healthy subjects; 
Furthermore, this test is a valid aid in evaluating the dynamics following a reha-
bilitation and re-education protocol. [8] [9] The test is performed in a safe envi-
ronment and without external disturbances that could alter performance. Place a 
star on the floor, using adhesive tape, representing the eight directions, at least 
60cm long each, arranged one from the other at an angle of 45˚ as shown in the 
figure below. [9] [10] 

Participants perform the test barefoot, starting from the center of the star, 
waiting for the instructions provided by the examiner. If you start with the left 
limb supported, the turn will be carried out in a clockwise direction, on the con-
trary, with the right limb supported, the turn will take place in an anti-clockwise 
direction. 

2.2. BESS 

The BESS test is an economical and objective clinical test used to evaluate the 
individual’s static global postural control, originally used to evaluate postural 
stability in athletes with head trauma and adapted for the evaluation of condi-
tions such as stability following fracture of the ACL or in case of ankle instability 
and other conditions (Table 2). The BESS evaluates the number of “errors” that 
are made by the subject while maintaining balance for 20” in 6 different condi-
tions such as bipodal support (with feet in contact), monopodal support (on a 
non-dominant limb) and tandem support (non-dominant limb posteriorly), car-
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ried out both on rigid flooring and on soft flooring (on BALANCE PAD 40 × 33 
× 6 cm). [11] 

In all conditions, you are asked to keep your hands on the iliac crests, your 
head in a neutral position and your eyes closed. The tests were carried out with-
out the interference of light and sound stimuli so as not to alter the execution of 
the test. 

The types of errors that can be made by the subject are listed in Table 3 be-
low: 

The BESS score is between 0 and 60 (low scores indicate fewer errors, there-
fore a better balance). The maximum number of errors for each individual con-
dition is 10. If the subject fails to maintain the test position for a minimum of 5”, 
the maximum score for that category is assigned [10] [11] [12]. 

The total test administration time is around 10’. 
The range of optimal values for this test differ according to age groups: per-

formance in the BESS improves as a function of age, and then declines at ad-
vanced ages, particularly after the age of 50. The BESS score increases with fa-
tigue (12). The assessment of static postural control is important in the clinical 
management of 

Lateral ankle sprain, in particular, balance deficits are frequent especially in 
subjects with CAI, showing greater errors in single limb tasks and in tandem po-
sition, both on a rigid platform and on a soft platform [12] [13]. 
 

 
Figure 2. Example of SEBT.      
 
Table 2. BESS-Types of errors. 

 
*if the subject makes multiple errors at the same time, only 1 point is added. 
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Table 3. Tibs. 

 
 
This test is used to measure participants’ single-foot balance time. The test is 

performed barefoot with hands on the iliac crests, performing three tests with 
eyes open and three with eyes closed. Participants must try to remain as still as 
possible while balancing on a single limb for 60”. However, the test can be in-
terrupted before 60” if there is a loss of balance, understood as touching the sus-
pended foot with the ground. Only the best time recorded in the 3 tests with eyes 
open and eyes closed are recorded. Deficits in static balance are present in sub-
jects with CAI, presenting poorer balance when compared to healthy control 
subjects [14] [15]. 

2.3. SIDE HOP TEST 

Dynamic test based on the execution of 4 functional tasks (Figure 3): side hop; 
up-down hop; single hop; figure-of-8-hop. 

- Figure-of-8-hop (A): test performed on a 5 m long path, marked by two 
cones. Participants must jump with only one limb (injured limb) as fast as possi-
ble by performing two turns. 

- Side hop (B): test performed using single-leg lateral jumps (injured limb) of 
30cm distance for 10 total repetitions. [16] 

- Up-down hop (C): test performed by jumping up and down (injured limb) 
on a platform of approximately 20cm. A total of 10 repetitions are performed. 

- Single hop (D): execution of a single jump forward, trying to reach the 
greatest distance possible. The distance is measured from the big toe to the 
starting point and to the point of contact following the jump. 

Each test is monitored to the second via a stopwatch, keeping a margin of er-
ror of 0.01”. Each test is performed twice, recording the best time and longest 
distance achieved. A 30” rest is administered between the two tests, with a 
maximum of 1’ between one test and the other [17]. 
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Figure 3. Dynamic test based on the execution of 4 functional tasks.      

2.4. Survey 

Participants were asked to complete a questionnaire relating to the sensations 
perceived during the tests. Several researchers have implemented the use of 
questionnaires with the aim of verifying whether the subjects’ perceptions were 
altered in the execution of functional tasks, showing a positive correlation. 
Therefore, after each test performed, participants were asked if they perceived 
instability in performing the task. [17] [18] 

Re-education protocol tailor-made for experimental athletes with ankle insta-
bility (Table 4-5): 

 
Table 4. WARM-UP – (if possible, 5’ general warm-up on treadmill/exercise bike). 

 
 

Table 5. Strengthening extrinsic-intrinsic foot muscles. 
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Continued 

 
 

Each monopodal exercise must be performed with both limbs, starting with 
the injured limb. 

REMEMBER! EACH EXERCISE MUST BE PERFORMED WITH BAREFOOT, 
WITHOUT THE USE OF SOCKS OR SHOES 

In association with the written protocol, all participants were sent executive 
videos of the various exercises. 

3. Description of Exercises 

Place a mat (double folded) above a step or step and raise it SLOWLY on the 
toes with a 1” stop. Then perform a CONTROLLED descent to the maximum 
possible ROM (without feeling pain) and repeat again later for the indicated 
repetitions. [19] 

The knee should be kept extended (Figure 4). 
If it is difficult to perform it single-legged, opt for a two-legged execution or, if 

the problem still persists, opt for a seated execution with a light load on the 
knees or, further seated with an elastic band, first setting a resistance in dorsal 
flexion and then in plantar flexion. 

- Ankle eversion with elastic 
In a sitting position with your leg extended, wrap an elastic around the central 

part of the foot (the elastic must be fixed to a protrusion), at this point distance 
yourself a minimum from the fixation point so as to slightly tighten the elastic. 
The entire lower limb remains fixed on the ground, the movement must be per-
formed EXCLUSIVELY with the ankle, directing the foot outwards/upwards. [20] 

- In a sitting position with your leg extended, wrap an elastic band around the 
part (Figure 5) 

center of the foot (the elastic must be fixed to a protrusion), at this point, dis-
tance yourself a minimum from the fixation point so as to slightly tighten the 
elastic. The entire lower limb remains fixed on the ground, the movement must 
be performed EXCLUSIVELY with the ankle, directing the foot inwards/down- 
wards. [21] 
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Figure 4. Two-legged/single-legged calf on an unstable surface (mat). 

 

 
Figure 5. Ankle inversion with elastic. 

 
- Ankle dorsiflexion with elastic (Figure 6) 
In a sitting position with your leg extended, wrap a rubber band around the 

middle of your leg foot (the elastic must be fixed to a protrusion), at this point 
distance yourself a minimum from the fixation point so as to slightly tighten the 
elastic. The entire lower limb remains fixed on the ground, the movement must 
be performed EXCLUSIVELY with the ankle, pulling the foot towards you. [21] 
[22] 

In a monopodal stance, with an elastic positioned around the ankle and fixed 
laterally to it (simulates the injury mechanism), you are required to stand on the 
tip of your foot, resisting the external force while keeping the structure stable. 
Keep the climb on tiptoe for 1-2”. [21] [22] [23] 

Position one limb in front and one in the back (the distance must not be ex-
cessive); the front foot, corresponding to the injured one, rests on an unstable 
surface provided by a mat (if it is too thin it must be folded up), at this point a 
lunge is performed at a controlled speed, trying to keep the joint structures sta-
ble (Figure 7). [23] [24] 
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Figure 6. Monopodial calf with ankle stabilization in eversion. 

 

 
Figure 7. Static lunge on an unstable surface (mat). 

 
In monopedal support on the ground, you are asked to touch some points 

marked in front of the subject, trying to move them slightly forward with your 
foot (Figure 8). Once performed, you are asked to try to catch the objects with 
your hands, always remaining balanced on the supported limb. The contralateral 
limb must not rest on the ground, the ideal would be to position yourself above a 
small increase in the size of the foot. [24] [25] 

In a sitting or standing position, you are asked to bring a towel closer with the 
flexion of the toes, also trying to increase the internal arch of the foot. It is also 
important to focus on accentuating the medial arch, as a common mistake is to 
flex the fingers exclusively, resulting in a simple curling of the towel. If the exer-
cise is too easy, you can place a small weight on the end of the towel (Figure 
9-10). [26] 

4. Discussion 

Data collection and evaluation of case subjects post-reeducation protocol: out-
comes. 

https://doi.org/10.4236/ojo.2024.145019


R. G. Bellomo et al. 
 

 

DOI: 10.4236/ojo.2024.145019 211 Open Journal of Orthopedics 
 

 
Figure 8. Single-leg global dynamic stabilization. 

 

 

 
Figure 9. Strengthening the intrinsic muscles of the foot. 

 

 
Figure 10. Foot exercise 
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The Time in Balance Test (TIBT) also highlighted improvements in terms of 
duration of static balance both in subjects with CAI ≤ 1 year and in subjects with 
CAI > 1 year. The TIBT data were analyzed by averaging the two highest scores 
obtained for each category: eyes open and eyes closed for both the left foot and 
the right foot, obtaining the following scores (Table 6). 

Further confirmation is obtained if the values of the “case” subjects are com-
pared with those totaled by the “control” subjects, grouped in Table 7 below. 
You can instantly notice how they are closer to the normative ones of the “con-
trol” subjects. 

The two tests used to evaluate balance, stability and dynamic postural control 
are: SEBT and SHT. The Star Excrursion Balance test proved to be a rather diffi-
cult test for all the subjects tested, both case and control (to a greater extent the 
case subjects), however, after the administration of the 6-week re-education pro-
tocol the case subjects demonstrated less difficulty in the various test directions. 
The data showed that subjects with CAI ≤ 1 year improved postural control, sta-
bility and dynamic balance, while in subjects with CAI > 1 year the improvements 
were minimal if not zero in at least 1/2 of the 3 directions considered relevant in  
 

Table 6. N.B. results with “*” indicate the limb that has suffered sprain trauma. 

 
N.B. results with “*” indicate the limb that has suffered sprain trauma. 
 
Table 7. TIRB. 
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the test. [26] [27] The data from the Star Excursion Balance Test (SEBT) were 
analyzed by averaging the two highest scores obtained with the injured limb, only 
in three of the eight directions required by the test, as scientific research shows a 
direct correlation “score-instability-recurrence risk”, in the directions AM-M-PM 
(left foot supported) and AL-L-PL (right foot supported) in subjects with CAI. 
The results obtained from the analyzes are the following (Table 8). 

Keeping reference to the normative values made available by the various stud-
ies analyzed, such as those conducted by Hertel, Miller and Deneger et. to the. 
(2000), from the study conducted by Plisky et. to the. (2006) and in the study 
conducted by Chaiwanischsiri et. to the. (2005), the scores obtained were ana-
lyzed to obtain the relative distance in each direction (%), a parameter consid-
ered a predisposing factor for relapses in subjects with CAI for values that do not 
fall within the range between 0.78 - 0.96 for some authors, while for others the 
range extends from 0.85 - 0.96. [28] 

In Figure 11 above it is possible to see how the control subjects are at a higher 
level of dynamic control than the case subjects, however, it can also be seen how 
the latter are closer (in particular in CAI subjects ≤ 1 year) to the control sub-
jects after the 6-week protocol. 

To conclude, in the last battery of tests which go by the name of Side Hop Test 
(SHT) the results obtained show notable improvements in terms of stability, 
safety in the task request, balance and postural control in dynamics compared to 
the pre-protocol data both in subjects with CAI ≤ 1 year and in subjects with 
CAI > 1 year (Table 9). [29] [30] [31] 
 

Table 8. SEBT test. 
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Figure 11. Comparison of SEBT reference values in case-control subjects.      
 

Table 9. SH TEST. 

 

5. Conclusions 

The objective of the study was to evaluate through the use of field tests consid-
ered most valid by scientific research (Docherty et. al. 2006; Grant L. Iverson et. 
al. 2013; Lauren C. Olmsted et. al. 2002; Hertel et. al. 2006), if there were im-
provements in terms of both static and dynamic stability in subjects suffering 
from chronic ankle instability, generated following an inversion sprain within 
the year or more than year. The subjects were then divided into two categories: 
subjects with CAI > 1 year and subjects with CAI ≤ 1 year. A protocol lasting 6 
weeks was administered to both groups, trying to work on improving balance in 
single stance, improving static and dynamic stability, strengthening the gluteus 
medius and maximus (pelvis stabilizers) and strengthening of the intrinsic mus-
cles of the foot. At the end of the protocol the subjects were all re-evaluated with 
the same field tests used previously and the data obtained were compared both 
with the pre-protocol data and with the data measured by the control subjects. 

The results derived in the post-protocol tests are extremely positive in subjects 
with CAI ≤ 1 year, on the contrary, in subjects with CAI > 1 year the results ob-
tained were null or even worse in the dynamic stability test (Star Excursion Bal-
ance Test), made exception for static stability tests. In conclusion, the results 
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obtained give hope for possible further improvements in the administration of 
protocols lasting longer than 6 weeks in both groups tested. As can also be seen 
from scientific research, and confirmed with this paper, subjects affected by 
CAI > 1 year need work protocols that are significantly longer and focus on im-
proving static stability, but to a greater extent than dynamic stability, trying to 
reduce as much as possible also any muscular imbalances present in the upper 
structures, in particular of the pelvis. For CAI subjects ≤ 1 year, in accordance 
with scientific research, it is advisable to start with the process of functional 
re-education as soon as stabilization of the condition caused by the distortion is 
achieved, this will allow any relapses to be reduced to a minimum and, in par-
ticular, to avoid the onset of chronic ankle instability when not treated ade-
quately. 
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