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Abstract: Chronic ankle instability (CAI) has a higher frequency in soccer due to the rapid changes
in body movement. Thus, this study compared the effects of eight weeks of a hopping protocol
and a combined protocol of balance plus strength in a within-between group analysis. Thirty-six
male professional soccer players participated in this study and were randomly allocated in three
groups: control group (CG, n = 12), hopping group (HG, n = 12), and balance plus strength group
(BSG, n = 12). Strength, static and dynamic balance, and function were assessed at baseline and eight
weeks post intervention. First, Foot and Ankle Ability Measure (FAAM) and FAAM sport scales were
applied. Then, a dynamometer was used to measure strength of the muscles around the hip, knee,
and ankle joints. The Bass stick measured static balance and the Y balance test measured dynamic
balance. Additionally, functional tests were carried out by Triple Hop, the Figure 8 hop, and vertical
jump. A repeated measures ANOVA [(3 groups) x 2 moments] was used to compare the within
and between group differences. In general, all tests improved after eight weeks of training with
both protocols. Specifically, the BSG improved with large ES for all tests, while the HG improved all
test with small to large effect sizes (ES). Furthermore, HG showed higher values for vertical jump
(p <0.01, ES = 1.88) and FAAMSPORT (p < 0.05, ES = 0.15) than BSG. BSG showed higher values for
hip abduction (p < 0.05, ES = 2.77), hip adduction (p < 0.05, ES = 0.87), and ankle inversion (p < 0.001,
ES = 1.50) strength tests, while HG showed higher values for knee flexion [ES = 0.86, (0.02, 1.69)] and
ankle plantarflexion [ES = 0.52, (—0.29, 1.33)]. Balance plus strength protocol showed more positive
effects than the hopping protocol alone for soccer players with CAIL

Keywords: dynamic balance; isometric; jump; stability; static balance

1. Introduction

Chronic ankle instability (CAI) is characterized by a wide spectrum of long-term
sensorimotor and mechanical deficits that cause recurrent damage to the lateral ankle-
ligament complex, and consequently, a subjective feeling of ankle-joint instability during
functional or dynamic movements [1]. CAI can be caused by lateral ankle sprain, which is
one of the most common injuries during exercise and daily living activities [2—4]. This type
of injury accounts for 15 to 30 percent of sports injuries and has a return rate to training
of ~75 percent [3]. Generally, injuries such CAI occur more frequently in soccer, futsal,
basketball, volleyball, and sports that require a rapid change in direction [5]. Consequently,
it is known that one of the most important lower extremity joints that helps maintain one’s
center of mass and body control stability is the ankle [6]. Postural control has both static and
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dynamic dimensions. The effort to maintain a high level of support with the least amount
of movement is called static posture control, and the attempt to maintain a high level of
support while performing several movements is called dynamic posture control [7,8]. As
one of the controversial concepts of the sensory-motor system, the topic of postural control
explores the complex and Interrelated relationship between sensory inputs and the motor
responses required to maintain or modify the posture [5].

An ankle injury could be related to various mechanical receptors, such as the articular
capsule, ligaments, and tendons of the ankle joint [2]. When afferent inputs change after
injury, muscle contractions change, and therefore, mechanical receptor injuries can lead to
functional and balance issues, deficits in strength, and chronic instability [2,5]. However,
several exercise training programs, such as balance, Pilates, core stability, aquatic therapy,
and proprioception exercise, have been shown to improve static and dynamic balance
of people with CAI [2,5]. Despite evidence on improving muscle strength, there has
been conflicting research concerning effects on proprioception of balance [9]. Another
training approach that recently showed improvements in athletes with CAl is the use of
hopping protocols [10,11]. Ardakani et al. [11] showed that a six-week hopping protocol
improved Foot and Ankle Ability Measures (FAAM), Cumberland Ankle Instability Tool
(CAIT), Foot and Ankle Outcome Score, Peak Ground Reaction Forces, Time to Peak
Ground Reaction, and several movements of the hip, knee, and ankle in male university
basketball players with CAI [11]. Minoonejad et al. [10] also showed improvements in
FAAM, CAIT, and Foot and Ankle Outcome Scores, as well as preparatory muscle activation,
reactive muscle activation, and muscle onset time across the lower extremity with six weeks
hopping protocol. However, none of the previous studies analyzed static and dynamic
balance [10,12]. The literature is scarce on the effects of isolated plyometric training and
those that combine balance plus strength training on neuromuscular adaptation on chronic
ankle instability in soccer players. On the one hand, ankle sprain is common among soccer
players; on the other hand, dynamic and static balance are essential to the soccer game.
Therefore, the main aim of the present study was to compare the effects of two exercise
training programs (a hopping protocol and a combined protocol of balance plus strength)
in professional soccer players. The primary hypothesis was that both training protocols
can improve function, balance, and strength of lower extremity muscles in soccer players
with CAL The secondary hypothesis was that balance plus strength would provide better
effects than a hopping protocol.

2. Materials and Methods
2.1. Design

The present study is a randomized clinical trial with an IRCT code of
IRCT20190830044643N1, with control group, parallel groups, and two blinding testers
(certified strength and conditioning professionals).

2.2. Participants

This study was conducted with men professional soccer players suffering from CAl in
Iran. Thirty-nine players were selected from two first-division professional clubs (Azadegan
league) across the country.

A questionnaire was used to collect information about exercise history, and CAI
was diagnosed by the team physician, who has a sports medicine degree, following the
International Ankle Consortium, which means that for an injury to be considered as CAI,
the following inclusion criteria were adopted [13]: at least one severe ankle sprain in the
past; the first sprain must have happened at least 12 months before enrolling in the trial; the
initial sprain has to be accompanied by inflammatory signs (i.e., pain, edema, and so on); at
least one day of targeted physical activity must have been disrupted by the first injury; the
most recent injury must have occurred at least three months before enrolling in the study;
previous ankle joint injury that gives way, recurrent sprain, or feelings of instability; in the
six months leading up to study enrolment, participants must report at least two occurrences
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of their ankle giving way; experiencing a recurring sprain, which is defined as two or more
sprains on the same ankle; instability in the ankle joint; Cumberland Ankle Instability
Tool < 27, which confirmed self-reported ankle instability [14]. Additionally, the following
exclusion criteria were applied: history of past musculoskeletal surgery in either lower
extremity limb; history of a fracture in one of the lower extremity limbs that necessitated a
realignment; acute damage to the musculoskeletal structures of other joints in the lower
extremity in the past three months that resulted in at least one day of missed physical
activity; ankle anterior drawer test was positive; only one training session was missed.

The selection of subjects with CAI was conducted through a clinical anterior drawer
test of ankle, and scores were obtained using the CAI questionnaire (i.e., Cumberland
Ankle Instability Tool) [13,14]. The questionnaire, which consists of nine multiple-choice
questions, provides information on the extent and onset of pain and symptoms associated
with functional ankle instability. A lower score indicates greater severity of the injury as
experienced by the person answering. The validity and reliability of this questionnaire in
assessing the severity of ankle sprain injury have been confirmed by previous studies [15].
The functional stability score of the ankle is between 0 and 30; a score range of 27 to
30 represents good health of the ankle, while a score between 0 and 27 indicates more
severe ankle instability [16]. The following eligibility criteria to participate in the training
protocols were applied. Inclusion criteria: (1) players had unilateral ankle instability
(dominant leg); (2) no musculoskeletal abnormalities of the lower extremity and no lower
back pain; (3) players had to complete a minimum of 85% of training sessions; (4) no
injuries in the last three months. Exclusion criteria: (1) absence in three training sessions
and/or tests; (2) stop following the intended exercise protocol.

Before staring the study, players and their parents signed the informed consent
form to be examined according to the ethical principles contained in the Declaration
of Helsinki (2013), and they declared their voluntary participation. Ethical permission was
given by the Human Ethics Committee at the University of Tarbiat Modares Iran code of
IR.MODARES.REC.1397.043.

2.3. Sample Size

In order to achieve sample power, a priori F-test family, with the statistical test of
ANOVA: repeated measures, within-between interaction (o« = 0.05,1 — 3 = 0.95 and d: 0.5),
through G*Power software (RRID:SCR_013726) was used [17]. A minimum of 21 subjects
should be included in the analysis to achieve 97% of actual power. Thus, a total of 39 players
were selected to this study. Three players did not complete the assessments. All players
were committed to finish the training session unless they were injured. In the present study,
three players withdrew from the intervention due to injuries, such as an injury in a within-
team match in the second week (two players in control group). In addition, one player
from BSG did not participate in the post test. Therefore, 36 players were considered for
further analysis into the three groups: hopping group (HG), BSG, and control group (CG).

2.4. Randomization

A blinded person generated the allocation sequence, and two other researchers as
trainers enrolled players and assigned them to interventions. The allocation sequence was
random. Additionally, the allocation sequence was concealed until players were enrolled
and assigned to interventions.

Players were assigned to one of three groups with an equal randomization (ratio of
1:1:1) (Figure 1). Randomization was performed by a blinded person who did not know
the aims or design of the study. Randomization was performed with each person-specific
naming code (up to 39) previously sealed: the blind person was asked to place 13 cards in
three balls [18].
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Figure 1. Transparent reporting of trials.

2.5. Procedures

All players performed a routine of exercises planned by the coaches and certified strength
and conditioning professionals. Prior to the tests, the participants executed a standardized
5-min warm-up protocol consisting of a series of double leg squats (2 x 8 repetitions) and
double leg maximum jumps (2 x 5 repetitions), followed by dynamic calf-stretching with
a straight and bent knee. The intervention groups performed three additional training
sessions 1-2 h before the start of their routine training per week (45-60 min, each session)
accordingly to the group attributed, while the CG only performed the regular soccer training
sessions. The players who were in intervention groups rested between 30-60 min until
starting the regular soccer sessions. These sessions were held on Mondays, Wednesdays,
and Fridays and were composed of speed endurance sessions (e.g., long sprints, repeated
sprints), aerobic high-intensity sessions (e.g., interval training, medium-to-large sized
games), and ball-possession games or team/opponent tactics sessions, respectively. On
Tuesdays, Thursdays, and Saturdays, all players rested. On Sundays, they played one
within-team match per week (intra-team friendly match).

The intervention occurred in the pre-season and lasted eight weeks. The intervention
groups were assessed one week before the start of training and one week after, while the
CG was assessed one week before and two weeks after the training programs finished.

Before intervention protocols, demographic data and exercise history were collected.
Static and dynamic balance were assessed using Bass-Stick and Y-balance tests (Move 2
Perform, Evansville, IL, USA), respectively [19,20]. Muscle strength was assessed by a
handheld manual dynamometer (MMT) (North Coast Made in USA) [21]. Lower extremity
function was assessed through the Functional Indices of Triple Hop test, Figure 8 Hop and
vertical jump tests. Additionally, FAAM and FAAMSPORT disability questionnaires were
used [22]; it should be noted that all evaluations were performed with the dominant leg,
which was specified using the ball kicking test [23]. The test-retest reliability was clinically
acceptable for FAAM (intraclass correlation, ICC = 0.87) and FAAMSPORT (ICC = 0.87) [22].
Both questionnaires included several questions regarding ankle pain and function, includ-
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ing the FAAM Activities of Daily Living (ADL) and Sport scales. The FAAM comprises two
scales: the ADL subscale and the Sport subscale. The ADL subscale consists of 21 questions
that pertain to various functional activities one would encounter in normal daily activity.
The Sport subscale contains eight questions pertaining to different activities that are related
to sport participation. Participants were asked to rate the activity as no difficulty at all
(4 points), slight difficulty (3 points), moderate difficulty (2 points), extreme difficulty (1
point), unable to do (0 points), or N/A (not applicable). The FAAM scores were recorded
as a percentage of 84 points [22].

2.5.1. Assessment of Dynamic Balance

To begin the Y-balance test, the actual lower limb length from the anterior superior
iliac spine to the medial was measured to normalize the data and compare subjects. To
measure leg length, the subject was first asked to lie on the back of the table, then the
distance between the anterior superior iliac spine to the distal portion of the medial ankle
malleolus was repeated twice for each subject and each leg. The mean is then calculated as
the leg length. The subject stood in the center of the room, then rested on one leg and then
on the other leg, returned to normal position on two legs, and remained in this position for
10 to 15 s before the next attempt [20]. Three efforts in one direction had to be completed
before moving in the other direction and had to be performed in a sequential clockwise
or counterclockwise manner. The subject’s toe touched the highest possible point in the
specified directions, while the distance between the contact point center and touched point
was measured in centimeters. The soccer player cannot touch their foot down on the floor
before returning to the starting position. Any loss of balance will result in a failed attempt.
However, once they have returned to the starting position, they are permitted to place
their foot down behind the stance foot. The soccer player cannot place their foot on top of
the reach indicator to gain support during the reach—they must push the reach indicator
using the red target area. The soccer player must keep their foot in contact with the target
indicator until the reach is finished. They cannot flick or kick the reach indicator to achieve
a better performance [20]. Each participant completed 2-3 trials to get familiarized. The
rest time was 30 s between three efforts, and the rest time was 60 s when changing to the
other direction.

The following formula is used to determine the mean balance scores (Y-balance test) in
each direction: total score = Y balance—Anterior (cm) + Y balance-Posteromedial (cm) + Y
balance-Posterolateral (cm)/3. The score was expressed in centimeters [20].

2.5.2. Isometric Tests
Assessment of Isometric Hip Abductor Strength

Hip abductors were measured in a position at the examination table, with a strap at
the desired angle (the hip abducted 10 degrees to maintain normal position). The subject’s
trunk was fixed using a strap attached to the iliac crest superior and around the table. In the
tested leg, the center of pressure of the dynamometer was placed at a point 5 cm proximal
to the lateral line of the knee joint. After zeroing the isometric dynamometer (North Coast
Medical Inc, CA, USA) [21], the subject was requested to perform a maximal isometric
contracture of the hip and to hold it for 5 s three times with an interval of 15 s [24]. The
rest time was 60 s between three trials, and the rest time was 120 s between each of the
isometric tests.

Assessment of Isometric Hip Adductor Strength

The hip adductor strength was measured when the subject was lying sideways on the
examination table, while the hip joint was tested in extension and while it was flexed to
90°. The subject with the upper hand grasped the edge of the table, and the lower side
was in a comfortable position under the subject. When the dynamometer was positioned
5 cm above the femur’s medial condyle, the subject was required to perform a maximal
contracture and to hold it for 5 s, three times, with an interval of 15 s between each test [24].
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Assessment of Isometric Knee Flexor Strength

Knee flexor strength was measured in a sitting position on the table with the knee
positioned at 90° relative to the femur, while the femur was fixed with two bands. The
position of the head dynamometer is considered to measure the flexor force on the knee,
the surface of the distal of the posterior leg. After zeroing the dynamometer, the subject
was requested to perform a maximal isometric contracture of the knee flexion and to hold it
for 5 s. This test was performed three times with an interval of 15 s between each test [24].

Assessment of Isometric Knee Extensor Strength

Knee extensor strength measured in a sitting position on a table with the knee posi-
tioned at 90° relative to the hip while the femur was fixed with two bands. The position
of the head dynamometer is considered to measure the extensor force on the knee and
the surface of the distal of the anterior leg. After zeroing the dynamometer, the subject
was requested to perform a maximal isometric contracture of the knee extension and to
hold it for 5 s. For this test, three trials with an interval of 15 s between each test were
performed [24].

Assessment of Isometric Ankle Plantarflexion and Dorsiflexion Strength

The subject was in a sitting position with the knee joint extending to the ankle at 0°. To
measure plantar strength, a dynamometer was positioned on the proximal metatarsopha-
langeal surface on the palmar surface while lowering the ankle, and to measure dorsiflexor
strength. After zeroing the dynamometer, the subject was requested to perform a maximal
isometric contraction of the ankle plantarflexion and dorsiflexion and to hold it for 5 s. For
this test, three trials with an interval of 15 s between each test were performed [24].

Assessment of Isometric Ankle Inversion and Eversion Strength

Inversion and eversion ankle strength was measured in a lying-back position with
the legs extended outward and forward. After zeroing the dynamometer, the subject was
requested to perform a maximal isometric contraction of the ankle inversion and eversion
and to hold it for 5 s. For this test, three trials with an interval of 15 s between each test
were performed [24].

For all isometric tests, the average of every three isometric contractions performed
was recorded in kg.

2.5.3. Assessment of Triple Hop

This test required a narrow measuring tape that was 6 m long, securely positioned on
the ground (Figure 2). The test involved performing three consecutive hops by traveling
the maximum distance possible and landing on the same foot in each hop, and ultimately
maintaining the landing mode for at least 3 s. Hand movements can be used to maintain
balance. After performing two or three attempts, the subject does a triple hop two times for
the dominant leg, and the total distance traveled is recorded [25]. The rest time was 60 s
between three trials, and the rest time was 120 s between each of the hop /jump test.

Figure 2. Triple hop test.

2.5.4. Assessment of Figure 8 Hop

The Figure 8 Hop test was used to measure powet, speed, and balance of the lower
extremity, emphasizing one leg control. The path is 5 m long and 1 m wide, with seven
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obstacles (three obstacles at the top, three obstacles at the bottom, and one obstacle in the
center). The subject stood behind the starting line with his dominant leg, while his other
leg was slightly bent from the knee and hip joints. The subject was then instructed to hop
at maximum speed to travel the specified path twice, and the elapsed time was recorded
with a precision of 0.01 s. The subject was requested to hold his hands on the iliac crest
during the test to avoid oscillating hand movements. It is worth mentioning that the subject
performed this trial with shoes. The subject performed one to three experimental attempts,
with a rest interval of 30 s. If the subjects lost balance during the test or something went
wrong, the test was considered an error, and the test was repeated [25].

2.5.5. Assessment of Vertical Jump

The vertical jump test was performed so that the subject would first stand on the
dominant leg wall (the location of the foot on the ground was predetermined). Then, with
a stretched-out hand, the wall was marked to indicate the initial height. Then, the subject
jumped to their maximum, and a sign was put on the wall. This jump was performed three
times. Then, the distance between the base mark and the final mark in each jump was
measured and recorded as the subject’s vertical jump height [26].

2.6. Interventions
2.6.1. Balance plus Strength Protocol

The balance plus strength training protocol consisted of balance and strength types
of exercises (examples in Figure 3) that were performed over eight weeks (three sessions
per week), 45-60 min per session. Additionally, the intensity of exercise increased, with
an increasing number of sets and repeated movements, every two weeks. Specifically, the
intensity of exercise increased (sets and repetitions) by observing the principle of overload
for each person. Rest between sets lasted 30 s and rest between exercises lasted 1 min
(Table 1) [7]. Before and during the balance and exercises, the players were instructed to
focus their strength to hold proper alignment of their body, to maintain a visual point on
the front floor, to ensure the full alignment of the body, to not bend forward from the waist
while undertaking a single leg squat and squat, to not drop the pelvis on the “bridge to
plank”, and to raise your knees as much as possible in the tuck jump.

Figure 3. Examples of the balance plus strength exercises.
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Table 1. Balance plus strength protocol.

Period of Training at the Week

Exercise 1-2 Weeks 3-4 Weeks 5-6 Weeks 7-8 Weeks

Set R/S Set R/S Set R/S Set R/S
Bridge to plank (s) 3 20 3 25 4 30 5 30
60-degree trunk flexion (s) 3 20 3 25 4 30 5 30
Scissor movement (R) 3 10 3 15 4 15 5 15
Working with resistance band  (R) 3 10 3 15 4 15 5 15
Movement by wall P (R) 3 10 3 15 4 15 5 15
Single leg squat 3 10 3 15 4 15 5 15
Standing on one foot (s) 3 8 3 12 4 15 5 15
Working with a wobble board © (S) 3 8 3 12 4 15 5 15
Squat Jump (R) 3 8 3 12 4 15 5 15
Tuck jump (R) 3 8 3 12 4 15 5 15
Longitudinal jump (R) 3 8 3 12 4 15 5 15
Lateral jump (R) 3 8 3 12 4 15 5 15

S = Second, R = Repetition; ? flexion, extension, abduction, adduction hip; b abduction and adduction hips,
inversion ankle; ¢ balance training (standing).

2.6.2. Hopping Protocol

The protocol consisted of six types of hopping exercises (examples in Figure 4) per-
formed for eight weeks, three sessions per week, and 30 min per session. The intensity of
the exercises was progressively increased by adding exercises and sets. Table 2 present
the Hopping training protocol [27]. Rest between sets lasted 30 s and rest between ex-
ercises lasted 1 min. During training, soccer players were given feedback on postural
control to avoid injury. They were also instructed on the position of the arms (hands-free,
hands behind, or hands-on chest), “keep the focus”, and “feel the foot contact with the
ground, avoiding a valgus overall lower limb alignment on landing, and reducing ground
reaction forces”.

Table 2. Hopping protocol.

Weeks Number of Hops Type of Exercise Set x Repetition
Side hop with two legs (hands-free) 3x10
1 70 Forward and backward hop (hands-free) 2 x10
Forward hop with two legs (hands-free) 2 x 10
Side hop with two legs (hands-on chest) 2x15
5 9 Forward and backward hop (hands-free) 2x10
Forward hop with two legs (hands-free) 2 x 10
Side hop with one leg (hands-free) 5x4
Side hop with one leg (hands-on chest) 3x10
3 100 Forward and backward hop with one leg (hands-free) 2 x 10
Forward hop with two legs (hands-on chest) 2x 10

Zigzag hop with two legs (hands-free) 2x10
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Table 2. Cont.

Weeks Number of Hops Type of Exercise Set x Repetition
Side hop with one leg (hands behind) 2 x 10
Forward and backward hop with one leg (hands-on chest) 2x10
4 110 Forward hop with on leg (hands-free) 2 x 10
Zigzag hop with one leg (hands-free) 2 x 10
Square hop with two legs (hands-free) 2 x10
Side hop with one leg (hands behind) 2x10
Forward hop with on leg (hands behind) 2 x 10
iy 120 Forward and backward hop with one leg (hands behind) 2x10
Zigzag hop with one leg (hands-on chest) 2x10
Square hop with one leg (hands-free) 2x10
Figure 8 hop with two legs (hands-free) 2 x 10
Side hop with one leg (hands behind) 3 x10
Forward hop with on leg (hands behind) 2x 10
- 130 Forward and backward hop with one leg (hands behind) 2x10
Zigzag hop with one leg (hands behind) 2x10
Square hop with one leg (hands-on chest) 2x 10
Figure 8 hop with one leg (hands-free) 2 x 10

Figure 4. Examples of hopping exercises.

2.6.3. Statistical Analysis

Data were analyzed using Statistical Package IBM SPSS Statistics for Windows, ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). A Shapiro-Wilk test was used to assess the
normal distribution of data. Then, Levene’s test evaluated the equality of variances to ver-
ify homogeneity. Data were presented as means and standard deviations (SDs). Repeated
measures ANOVA analysis with partial eta squared (np?) and the Bonferroni adjustment
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post hoc test were used to compare pre-post interventions and groups [(3 groups) X 2 mo-
ments]. The significance level was set at p < 0.05. In addition, relative changes (%) and
Cohen’s D effect size (ES) with confidence intervals (CI, 95%) were calculated to measure
the magnitude effects. Cohen’s D method suggested that d = 0.2 is considered a ‘small’
effect size, d = 0.5 is considered a ‘medium’ effect size, and d = 0.8 is considered a ‘large’
effect size [28].

3. Results

Characteristics of the study are reported in Table 3 for each group at baseline. There
were no significant differences between the groups, all p > 0.05.

Table 3. Characteristics of the study groups at baseline (mean + SD).

Variables BSG (n=12) HG (n=12) CG (n=12) p-Value
Age [years] 21.08 £1.78 20.83 +1.80 20.58 £1.37 0.76
Body weight [kg] 76.41 £9.21 7541 £ 9.62 71.83 £ 7.60 0.42
Body height [em] 177.58 £7.15 176.58 £ 5.59 178.58 £ 2.88 0.60
BMI [kg-mfz] 2420 £0.71 2418 £0.71 21.13 £0.13 0.15
Dominant leg length [cm] 100.41 +5.93 101.16 +3.95 98.50 + 3.20 0.34
Activity history [years] 6.16 £ 2.62 6.08 £2.67 6.25 £2.37 0.98

BMI: body mass index; BSG: Balance-Strength training; HG: Hopping training; CG: control group.

The outcomes of the two-way ANOVA and the Bonferroni post hoc test regarding
balance and function tests are presented in Table 4. The ANOVA analysis group x time pro-
vided the following significant results: static balance Bass-stick test (F; 33 = 53.06, npz =0.82,
p <0.001), Y balance-Anterior (F; 33 = 69.70, np2 =0.84, p < 0.001), Y-balance—posteromedial
(F233 = 30.39, np? = 0.73, p < 0.001), posterolateral (Fa 33 = 6.84, np? = 0.38, p = 0.005), total
scores (Fp 33 = 60.80, np2 = 0.84, p < 0.001), triple single leg hop test (F, 33 = 4.45, np2 =0.28,
p = 0.02), Figure 8 hop (F,.33 =4.07, an =0.27,p =0.03), vertical jump (F; 33 = 71.90, np2 =0.86,
p <0.001), FAAM (Fy 33 = 5.32, 1p? = 0.32, p = 0.01), and FAAMSPORT (F 33 = 69.87, np? = 0.86,
p <0.001).

Table 4. Training effects (with CI, 95%) for the balance and function variables between groups.

Pre vs. Post Performance

Groups Pre Test (Mean + SD) Post Test (Mean £ SD) o Pre vs. Post ES (CI, 95%)
Change (%)
Static balance Bass—stick (s)
BSG 9.33 + 1.85 15.18 = 2.64 ¢ 1 62.70 2.56 (1.50 to 3.63) ***
HG 10.07 = 2.24 11.22 £2.13 111.42 052 (—0.24t01.39) *
CG 8.85 £ 1.57 897 £1.73 11.35 0.07 (—0.74 to 0.86)
Y balance-Anterior (cm)
BSG 82.35 + 6.18 88.56 + 5.21 17.54 1.08 (0.70 to 2.53) ***
HG 82.41 + 6.30 83.76 + 5.64 11.63 0.22 (—0.57 t0 1.03) *
CG 78.20 4+ 6.23 78.97 + 3.11 1 0.98 0.09 (—0.65 to 0.96)
Y balance-Posteromedial (cm)
BSG 87.42 + 6.63 95.71 +4.21°¢ 19.48 1.49 (0.65 to 2.47) ***
HG 86.59 + 4.37 9227 +4.672 1 6.55 1.25 (0.15 to 1.84) ***
CG 87.81 +2.78 88.63 + 2.81 10.93 0.29 (—0.58 to 1.03) *
Y balance-Posterolateral (cm)
BSG 82.54 + 4.33 89.69 +4.012 1 8.66 1.71 (1.09 to 3.05) ***
HG 80.69 + 8.09 85.16 + 6.202 15.53 0.62 (—0.19 to 1.45) **
CG 78.19 4+ 3.79 79.75 + 5.46 11.99 0.33(—049t01.12)*
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Table 4. Cont.

Pre vs. Post Performance

Groups Pre Test (Mean =+ SD) Post Test (Mean + SD) o Pre vs. Post ES (CI, 95%)
Change (%)
Y balance-total (cm)
BSG 84.10 £ 3.19 91.32 £2.33°¢ 1 8.58 2.58 (1.28 to 3.31) ***
HG 83.23 £4.90 87.07 £4.232 T4.61 0.83 (0.18 to 1.87) **
CG 81.40 £1.33 82.45+1.85 171.28 0.65 (—0.52 to 1.09) **
Triple single leg hop (cm)
BSG 414.99 + 8.40 434.98 +12.67P 1128 1.85 (1.22 to 3.22) ***
HG 419.63 + 14.49 44222 + 13.56 P4 15.38 1.60 (1.03 to 2.97) ***
CG 409.44 £ 15.31 418.15 £ 18.95 1212 0.50 (—0.33 t0 1.33) *
Figure 8 hop (s)
BSG 9.00 £ 0.89 7.64 +0.34 b4 J15.11 2.01 (—0.93 to 0.68) ***
HG 911 +1.11 7.03 + 0.61 ¢f 12283 2.32 (7—3.82 to-1.63) ***
CG 9.76 £0.70 8.88 £1.02 19.01 1 (—1.66 to-0.79) ***
Vertical jump (cm)
BSG 21.55 +2.21 25.46 + 1.93 bdh 118.14 1.88 (1.61 to 3.78) ***
HG 22.57 £1.40 28.89 + 1.71 f 128.00 4.04 (2.01 to 4.38) ***
CG 21.04 £3.22 22.19 £3.20 15.46 0.35(—0.34t0 1.28) *
FAAM
BSG 76.16 +3.35 82.33 + 3.89 24 18.10 1.69 (0.80 to 2.66) ***
HG 76.25 + 5.04 83.16 + 3.88 P 19.06 1.53 (0.95 to 2.86) ***
CG 75.41 +4.05 77.16 + 3.48 1232 0.46 (—0.40to 1.21) *
FAAMSPORT

BSG 64.16 + 1.52 70.00 4 16.51 9/ 19.10 0.49 (—0.33 to 1.30) *
HG 65.25 +2.34 72.00 £ 8.59 € 110.34 1.07 (0.24 to 1.95) ***
CG 65.58 + 2.06 67.00 + 4.60 1216 0.39 (—0.42 to 1.20) *

SD: standard deviation; CI Confidence Interval; BSG: Balance-Strength training; HG: Hopping training; CG:
control group; * Small effect size; ** Medium effect size; *** Large effect size; | Decrease; 1 Increase;  Denotes
significant difference from pre to post training (p < 0.05). ® Denotes significant difference from pre to post training
(v < 0.01). © Denotes significant difference from pre to post training (p < 0.001). ¢ Denotes significant difference with
the CG post training (p < 0.05). f Denotes significant difference with the CG post training (p < 0.001). h Denotes
significant difference with the HG (p < 0.01). ' Denotes significant difference with the HG post training (p < 0.001).

Regarding pre to post comparisons, BSG showed significant improvements in static
balance Bass-stick test, Y balance—Anterior, Y-balance-posteromedial, posterolateral, and
total scores, triple single leg hop test, Figure 8 hop, vertical jump, FAAM and FAAM-
SPORT, while HG showed significant results in Y-balance—posteromedial, posterolateral,
and total scores, Figure 8 hop, vertical jump, FAAM and FAAMSPORT. CG did not present
significant changes.

Regarding comparisons between groups, BSG presented higher values for Figure 8 hop,
vertical jump, FAAM and FAAMSPORT than CG. HG presented higher values for triple
single leg hop and Figure 8 hop than CG. Finally, when comparing intervention groups, HG
showed higher values for vertical jump [ES = 1.88, (0.93, 2.93)] and FAAMSPORT [ES = 0.15,
(—0.65, 0.95)] than BSG. No other significant differences were noted.

Figure 5 also highlights some of the main results for Y balance-total, triple single leg
hop, vertical jump and FAAMSport.
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Figure 5. Pre to post test of Y- Total, Triple single leg hop, Vertical Jump and FAAMsport. * denotes
difference between pre to post test (p < 0.05). # denotes difference between BSG versus HG (p < 0.05).

The outcomes of the two-way ANOVA and the Bonferroni post hoc test regarding
strength tests are presented in Table 5. The ANOVA analysis group x time provided the
following significant results: hip abduction (F; 33 = 26.84, an =0.71, p < 0.001), hip adduc-
tion (Fy33 = 16.15, np2 =0.59, p < 0.001), knee flexion (F; 33 = 25.56, an =0.70, p < 0.001),
knee extension (F33 = 14.67, an = 0.57, p < 0.001), ankle plantarflexion (F,33 =9.12,
T]p2 = 0.45, p = 0.001), ankle dorsiflexion (F;33 = 16.91, npz =0.60, p < 0.001), ankle eversion
(Fa33 = 15.29, np? = 0.58, p < 0.001) and ankle inversion (F, 33 = 36.82, np? = 0.77, p < 0.001).

Regarding pre to post comparisons, BSG showed significant increases in all strength
tests, while HG showed significant improvements in hip abduction, hip adduction, knee
flexion, knee extension, ankle plantarflexion, ankle dorsiflexion, ankle eversion, and
ankle inversion.

Regarding comparisons between groups, BSG presented higher values for hip abduc-
tion, hip adduction, knee flexion, knee extension, ankle plantarflexion, ankle dorsiflexion
ankle dorsiflexion, and ankle inversion than CG. HG presented higher values for knee
extension, knee flexion, ankle plantarflexion, ankle dorsiflexion, and ankle inversion than
CG. Finally, when comparing intervention groups, BSG showed higher values for hip ab-
duction [ES =2.77, (1.67, 3.87)], hip adduction [ES = 0.87, (0.04, 1.71)], and ankle inversion
[ES =1.50, (0.48, 2.52)], while HG showed higher values for knee flexion [ES = 0.86, (0.02,
1.69)] and ankle plantarflexion [ES = 0.52, (—0.29, 1.33)].

Table 5. Training effects for the strength variables between pre-post intervention and groups.

Pre vs. Post Performance

Groups Pre Test (Mean £ SD) Post Test (Mean + SD) o Pre vs. Post ES (95% CI)
Change (%)
Hip abduction (Kg)
BSG 11.75 £ 1.74 14.79 + 0.82 “it 125.87 2.23 (0.98 to 2.90) ***
HG 12.57 £1.87 13.58 £1.99 18.03 0.52 (—0.27 to 1.35) *
CG 11.73 £1.03 1191 £ 0.97 11.53 0.17 (—0.68 to 0.92)
Hip adduction (Kg)
BSG 10.51 +1.25 13.19 + 1.36 it 125.49 2.05(1.22 to 3.23) ***
HG 10.46 £+ 1.66 12.14 +1.02° 1 16.06 1.21 (0.58 to 2.37) ***

CG 10.67 £ 0.93 10.83 £+ 0.88 11.49 0.17 (—0.68 to 0.92)
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Table 5. Cont.

Pre vs. Post Performance

Groups Pre Test (Mean =+ SD) Post Test (Mean + SD) o Pre vs. Post ES (95% CI)
Change (%)
Knee flexion (Kg)
BSG 11.49 +£0.72 13.56 + 0.82 it 118.01 2.68 (1.32 to 3.37) ***
HG 11.79 +1.27 13.61 + 1.43 f 11543 1.34 (0.69 to 2.52) ***
CG 11.36 +0.77 11.58 £+ 0.76 17193 0.28 (—0.59 to 1.01) *
Knee extension (Kg)
BSG 11.82 £ 1.56 12.56 + 1.42 4 16.26 2.50 (—0.17 to 1.47) ***
HG 11.45 +1.55 13.58 + 0.91 °f 12157 1.67 (0.75 to 2.59) ***
CG 11.17 £ 0.79 11.38 +0.38 11.88 0.33 (—0.62 to 0.99) *
Ankle plantarflexion (Kg)
BSG 8.93 £ 1.07 11.30 + 1.07 <4 126.53 2.21 (1.46 to 3.58) ***
HG 9.24 +£1.23 11.90 + 1.23 < 12713 2.16 (1.29 to 3.33) ***
CG 9.36 £0.79 9.66 + 0.71 13.20 0.33 (—0.51 to 1.10) *
Ankle dorsiflexion (Kg)
BSG 820 £0.73 10.91 + 1.18 ¢4 133.04 2.76 (10.91 to 8.2) ***
HG 8.71£0.73 11.41 +1.28 124.69 2.59 (11.41 to 8.71) ***
CG 9.15 £ 0.68 9.42 £ 0.66 1295 0.40 (9.42t0 9.15) *
Ankle eversion (Kg)
BSG 4.69 £ 0.47 6.09 + 0.72 f 129.85 2.30 (0.91 to 2.80) ***
HG 4.95 £ 0.52 548 +£0.71 110.70 0.85 (0.04 to 1.72) **
CG 4.70 £0.48 4.87 +£0.51 13.61 0.34 (—0.53 to 1.08) *
Ankle inversion (Kg)
BSG 5.53 4 0.54 7.45 + 0.51 ofh 134.71 3.65 (2.55 to 5.20) ***
HG 532+ 0.74 6.49 +0.75 <4 121.99 1.57 (0.85 to 2.73) ***
CG 5.52 £ 0.63 5.69 £ 0.72 13.07 0.25 (—0.57 to 1.04) *

SD: standard deviation; CI Confidence Interval; BSG: Balance-Strength training; HG: Hopping training; CG:
control group; | Decrease; 1 Increase; * Small. ** Medium. *** Large.  Denotes significant difference from
pre to post training (p < 0.01). ¢ Denotes significant difference from pre to post training (p < 0.001). 4 Denotes
significant difference with the CG post training (p < 0.05). { Denotes significant difference with the CG post

training (p < 0.001). ) Denotes significant difference with the HG (p < 0.05). " Denotes significant difference with
the HG (p < 0.01).

4. Discussion

In the present study, we analyzed two types of hopping and balance plus strength
protocols on balance, strength, and lower extremity strength muscle function in soccer
players with CAIL The overall results of the present study showed positive effects on those
variables which confirmed our first study hypothesis. Specifically, BSG improved with
large ES for all tests, while HG improved all test with small to large ES, which confirmed
our second study hypothesis. The results showed higher values for static and dynamic
balance, as well as strength in the group that performed BSG protocol, which could be
associated when more emphasis is given to the neuromuscular training, which consequently
contribute to a greater effectiveness of this type of training protocol. Another justification
could be the isolated focus on proprioception and muscle strength components in BSG
exercises compared to HG exercises.

Research has shown that muscle weakness and subsequent increased ankle joint
loosening and motor-sensory deficits resulting from the sprain are associated with balance
deficits and postural control [3]. Moreover, it has been shown that muscle weakness and
subsequent increased ankle joint laxity and motor-sensory deficits resulting from the sprain
are associated with balance deficits and postural control [3].
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In this sense, two training protocols (combined training of hopping and core stability
and hopping training alone) provided more desirable outcomes than core stability train-
ing [29]. However, the same authors did not find any significant difference between the HG
that involved the ankle area and the combined protocol (core stability plus hopping) that
included the trunk area in addition to the ankle section. The results of the present study
corroborated the previous findings considering the positive results and the differences in
the protocols.

A research paper examined the effect of 6 weeks of balance training and combined
(balance and plyometric) training using the time to stabilization (TTS) test on the force
plate and balance by the one-leg stand test. The results showed that combined training
(Balance-Plyometric) more effectively reduced postural oscillations in static and dynamic
conditions compared to balance training alone [30].

To justify the greater effectiveness of BSG, it seems that a combination of many types
of exercises together improved the balance and strength of soccer players with CAIL The
study of Hall et al. [30] examined the effects of two types of BSG on balance, strength,
and lower extremity function in people with CAI and showed that both kinds of training
improved those variables [30], which is also supported by the results of the present study.

Exercise interventions on hip and lower extremity strength among players should be
considered because lack of control in these areas will lead to knee valgus dynamic [31].
In this regard, it is stated that the strength of the hip joint is essential for proper walking
mechanics and foot posture when heel contact impact changes postural stability and muscle
strength absorption patterns in the hip and ankle after injury, which can be effective in
reinjury in the future [32]. As stated by the authors, there are training protocols that
improve the strength and endurance of the core muscles that can explain the effect of
enhancing balance so that the core muscles create a solid cylinder, and subsequently,
produce inertia against body perturbation, providing the body with a movement-stable
surface. The abdominal muscles, including the transverse abdominis, rectus abdominis,
medial oblique, and lateral oblique, are all integrated to provide spinal stability and, thus,
a stronger support surface for lower extremity movement [32].

In some cases, the importance of proper activation and stability of the trunk while
maintaining static stance control has also been emphasized [33]. Kibler et al. [34] described
that the activation of the central muscular structure of the body, in patterns associated
with limb movement, contributes to the development of balance and subsequent function.
According to the same authors, the body triggering the core muscles used to yield the
necessary rotational torque around it and to produce limb movement [34]. The second part
of the BSG, balance and proprioception training, can have a greater impact on training
than hopping training. As stated, injury can have a profound effect on proprioception
and neuromuscular control. Munn et al. [35], in a review article on individuals suffering
CAI, reported that secondary postural defect was due to control, neuromuscular, and
proprioception deficits [35]. The outcomes of the present study showed that BSG protocol
was significantly more effective in improving Y-balance test in all directions than the results
of other studies that examined the effect of balance training. Hall et al. also applied a
balance training protocol in the anterior, posteromedial, and posterolateral direction and
reported significant improvements [2].

Researchers have claimed that hopping training creates a link between strength and
coordination and directly enhances competitive performance [36]. The present study
showed positive effects of the hopping protocol on the static and dynamic balance. This
is in line with the outcomes reported by Myer et al. [37] through the application of a
plyometric training program [37]. Therein, Kramer et al. [38] pointed out the importance of
using this kind of training to maintain muscle strength and stated that using plyometric
training may prevent the neuromuscular dysfunction of people with low activity and
people with impaired posture due to prolonged sitting. In addition, balance and muscle
strength are essential parts of hopping protocols [38]. In that regard, Ulrich et al. [39]
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pointed to the greater impact of short-term and explosive training compared to traditional
functional training on activities such as soccer [39].

In terms of comparing the strength of the muscles of the lower extremity, positive
effects were found for both groups with a higher effect for BSG than HG. For instance, the
Figure 8 hop and single-leg triple hop tests, which require consecutive jumps and landing
movements, were improved after eight weeks of training.

Nonetheless, HG showed higher values for vertical jump than BSG. A possible justifi-
cation may be related to many hops and jumps in the hopping training, thus presenting a
greater impact on this factor. The hopping training has been included as a sport-specific
exercise and as a drill designed to improve speed, agility, and aerobic conditioning [40,41]
and is appreciated by players and coaches increasing player compliance and participa-
tion [42—44]. The available evidence suggests that hopping exercises can elicit change in the
stiffness of various elastic components of the muscle-tendon complex of plantar flexors [45].
The hopping training improves the stretch-shortening cycle of muscle function and induces
numerous positive changes in the neural and musculoskeletal systems, and in athletic
performance [46]. Additionally, the hopping exercise has been shown to enhance neuro-
muscular fitness and lower extremity muscle strength, which Kramer et al. [38] pointed out
in their research. One of the possible reasons for advancing the functional characteristics
after participating in HG is to improve neuromuscular adaptation and increase the strength
of the muscles involved in lateral hop, Figure 8 hop, and single-leg triple hop protocols [39].
Another possible reason might be the strength of the joints and their construction muscles to
stabilize the lower extremity joints with deep receptor activity and neuromuscular control
to maintain balance when jumping in different directions. BSG training that also includes
strength training with improving the ankle joint forces improves ankle strength scores
by increasing plantarflexion and dorsiflexion performance as well as strengthening the
ligaments around the ankle, which reduced the pressure applied to the ankle joint and
improved the scores obtained in the ankle and foot ability questionnaire in individuals
with CAL

Consistent with the previous results, McKeon et al. [47] showed that performing four
weeks of dynamic balance training can improve self-reported function measured by the
FAAM and FAAMSPORTS of non-athletes suffering CAI [47]. Webster and Gribble also
systematically reviewed functional rehabilitation interventions for CAI and stated that
using closed chain rehabilitation training for four to six weeks and three to four sessions
per week significantly improved the self-reported function of people with CAI [48]. One
of the reasons for the improvement in the self-reported function of the participants in the
neuromuscular training is due to the reduction of the limitations on the sensorimotor system
as a result of these protocols. Following the results of previous studies that applied hopping
protocols [10,11], the present study showed improvements on FAAM and FAAMSPORT.
However, our results also revealed that participants from both groups still report symptoms
of CAI [49]. Thus, more studies are needed to confirm the present findings.

It is relevant to highlight that both training protocols were applied in same days of
the regular soccer training sessions. Regular soccer training included endurance sessions
with light and long-term activities (such as jogging and long-distance running on the grass).
Gradually, interval training was implemented during the eight-week period. Nonetheless,
the present study did not address the intensity nor the exercises performed during the
study period by both teams from where participants were recruited, which is a limitation
that should be considered in future studies. For example, future research can employ
body composition and internal and external load variables to address soccer-specific train-
ing, as well as consider other key factors, such as playing position and player’s starting
status [50,51].

Furthermore, other limitations of the present research must be acknowledged. Al-
though we present a sample power calculation, our sample is small, and it originates
from two different teams. For that reason, the results must be carefully interpreted. In
addition, players with bilateral ankle instability were not excluded, and the testing was
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simply performed on the ankle joint with the lower CAIT score, which reinforces that
future studies should assess both limbs instead of only the dominant limb. The number of
sets and repetitions for load progression were balanced between protocols; even so, and
considering the soccer training skills, we believe a comparison of both training protocols is
helpful for coaches and their staff. In addition, it was not possible to access the CG in the
same week of the experimental groups to not change training routines of the players, which
could affect some results, although it is possible to confirm that their physical routines
were kept. Moreover, we could not confirm the reliability of the tests applied, which
should be considered in future studies. Finally, the protocols only have a duration of eight
weeks during the pre-season. It would be beneficial for future studies to test longitudinal
approaches to access the long-term effects of the interventions and to test them during
in-season periods.

Beyond the previous suggestion, future studies can use different tests and training
monitoring practices to provide more knowledge on the training protocols applied. For
instance, the traditional squat, counter movement, or drop jumps can be easily added. A
change of direction and cardiorespiratory tests would also be beneficial to amplify the
results. Lastly, the combination of body composition with internal training load and global
positioning system variables may also consider other key factors, such as playing position,
player’s starting status, or type of week [52].

From a practical point of view, the training protocols of this study lasted 45-60 min for
BSG and 30 min for HG. Balance plus strength training seems to be very long; however, there
were previous studies with such durations [21,53]. Depending on the time available for
training, coaches and/or strength and conditioning professionals can choose the protocol
that better suits their context.

5. Conclusions

This study showed that both BSG and HG improved the balance, strength, and function
of soccer players with CAIL However, the BSG protocol seems to be more effective because it
emphasizes each of these factors separately. It can be more effective than hopping training
(which has strength and balance in nature) and has a greater impact on faster recovery for
soccer players with CAL

Author Contributions: Conceptualization, HM.N.S. and M.H.; methodology, HM.N.S., ].P.B. and
R.O,; software, HM.N.S,; validation, HM.N.S., M.H. and S.S.S.; formal analysis, HM.N.S.; investiga-
tion, HM.N.S,; resources, HM.N.S.; data curation, HM.N.S.; writing—original draft preparation
H.M.N.S. and R.O.; writing—review and editing, HM.N.S., ] P.B. and R.O.; visualization, HM.N.S.;
supervision, S.S.S., ].P.B. and R.O.; project administration, H.M.N.S.; funding acquisition, ].P.B. and
R.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Portuguese Foundation for Science and Technology, L.P.,
Grant/Award Number UIDP /04748 /2020.

Institutional Review Board Statement: Ethical permission from the Human Ethics Committee at
the University of Tarbiat Modares Iran code of IRMODARES.REC.1397.043. Informed consent was
obtained from all subjects involved in the study.

Informed Consent Statement: Written informed consent was obtained from the participants to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank all participants of the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.



Healthcare 2022, 10, 1822 17 of 18

References

1. Hertel, ].; Corbett, R.O. An updated model of chronic ankle instability. J. Athl. Train. 2019, 54, 572-588. [CrossRef] [PubMed]

2. Hale, S.A,; Fergus, A.; Axmacher, R; Kiser, K. Bilateral improvements in lower extremity function after unilateral balance training
in individuals with chronic ankle instability. ]. Athl. Train. 2014, 49, 181-191. [CrossRef] [PubMed]

3. Hubbard, T.J.; Wikstrom, E.A. Ankle sprain: Pathophysiology, predisposing factors, and management strategies. Open Access |.
Sports Med. 2010, 1, 115. [CrossRef] [PubMed]

4.  Silva, D.C.F; Santos, R.; Vilas-Boas, J.P.; Macedo, R.; Montes, A.M.; Sousa, A.S.P. Different cleat models do not influence side
hop test performance of soccer players with and without chronic ankle instability. ]. Hum. Kinet. 2019, 70, 156-164. [CrossRef]
[PubMed]

5. Schiftan, G.S.; Ross, L.A.; Hahne, A.]J. The effectiveness of proprioceptive training in preventing ankle sprains in sporting
populations: A systematic review and meta-analysis. J. Sci. Med. Sport 2015, 18, 238-244. [CrossRef]

6. Lee, AJ,; Lin, W-H. The influence of gender and somatotype on single-leg upright standing postural stability in children. J. Appl.
Biomech. 2007, 23, 173-179. [CrossRef]

7. Kachouri, H.; Borji, R.; Baccouch, R.; Laatar, R.; Rebai, H.; Sahli, S. The effect of a combined strength and proprioceptive training
on muscle strength and postural balance in boys with intellectual disability: An exploratory study. Res. Dev. Disabil. 2016, 53,
367-376. [CrossRef]

8.  Gribble, P; Hertel, J.; Denegar, C.R.; Buckley, W.E. The effects of fatigue and chronic ankle instability on dynamic postural control.
J. Athl. Train. 2004, 39, 321-329.

9.  Smith, B.I,; Docherty, C.L.; Simon, J.; Klossner, J.; Schrader, J. Ankle strength and force sense after a progressive, 6-week
strength-training program in people with functional ankle instability. J. Athl. Train. 2012, 47, 282-288. [CrossRef]

10. Minoonejad, H.; Ardakani, M.K,; Rajabi, R.; Wikstrom, E.A.; Sharifnezhad, A. Hop stabilization training improves neuromuscular
control in college basketball players with chronic ankle instability: A randomized controlled trial. . Sport Rehabil. 2019, 28,
576-583. [CrossRef]

11.  Ardakani, M.K.; Wikstrom, E.A.; Minoonejad, H.; Rajabi, R.; Sharifnezhad, A. Hop-stabilization training and landing biomechanics
in athletes with chronic ankle instability: A randomized controlled trial. J. Athl. Train. 2019, 54, 1296-1303. [CrossRef] [PubMed]

12. Taube, W.; Kullmann, N.; Leukel, C.; Kurz, O.; Amtage, E; Gollhofer, A. Differential reflex adaptations following sensorimotor
and strength training in young elite athletes. Endoscopy 2007, 28, 999-1005. [CrossRef] [PubMed]

13.  Hertel, J. Functional anatomy, pathomechanics, and pathophysiology of lateral ankle instability. J. Athl. Train. 2002, 37, 364-375.
[PubMed]

14. Martin, R.L.; Irrgang, J.J.; Burdett, R.G.; Conti, S.F.; Van Swearingen, ].M. Evidence of validity for the foot and ankle ability
measure (FAAM). Foot Ankle Int. 2005, 26, 968-983. [CrossRef] [PubMed]

15. Hiller, C.E.; Refshauge, K.M.; Bundy, A.C.; Herbert, R.D.; Kilbreath, S.L. The cumberland ankle instability tool: A report of
validity and reliability testing. Arch. Phys. Med. Rehabil. 2006, 87, 1235-1241. [CrossRef]

16. Hiller, C.E,; Kilbreath, S.L.; Refshauge, K.M. Chronic ankle instability: Evolution of the model. J. Athl. Train. 2011, 46, 133-141.
[CrossRef] [PubMed]

17.  Prajapati, B.; Dunne, M.; Armstrong, R. Sample size estimation and statistical power analyses. Optom. Today 2010, 16, 10-18.

18.  Gorji, S.M.; Samakosh, HM.N.; Watt, P.; Marchetti, P.H.; Oliveira, R. Pain neuroscience education and motor control exercises
versus core stability exercises on pain, disability, and balance in women with chronic low back pain. Int. J. Environ. Res. Public
Health 2022, 19, 2694. [CrossRef]

19. Chan, KW,; Ding, B.C.; Mroczek, K.J. Acute and chronic lateral ankle instability in the athlete. Bull. NYU Hosp. Jt. Dis. 2011,
69,17.

20. Bulow, A.; Anderson, J.E.; Leiter, ].R.; MacDonald, P.B.; Peeler, J. The modified star excursion balance and y-balance test results
differ when assessing physically active healthy adolescent females. Int. J. Sports Phys. Ther. 2019, 14, 192-203. [CrossRef]

21. Rad, Z.M.; Norasteh, A.A. The effect of a six-week core stability exercises on balance, strength, and endurance in female students
with trunk defects. Phys. Treat. Specif. Phys. Ther. ]. 2020, 10, 231-238. [CrossRef]

22. Burcal, CJ.; Chung, S.; Johnston, M.L.; Rosen, A.B. Does the method of administration affect reliability of the foot and ankle
ability measure? J. Sport Rehabil. 2020, 29, 1038-1041. [CrossRef]

23.  McBeth, ].M.; Earl-Boehm, J.E.; Cobb, S.C.; Huddleston, W.E. Hip muscle activity during 3 side-lying hip-strengthening exercises
in distance runners. J. Athl. Train. 2012, 47, 15-23. [CrossRef] [PubMed]

24. Daloia, LM.T.; Figueiredo, M.M.L.; Martinez, E.Z.; Mattiello-Sverzut, A.C. Isometric muscle strength in children and adolescents
using Handheld dynamometry: Reliability and normative data for the Brazilian population. Braz. J. Phys. Ther. 2018, 22, 474-483.
[CrossRef] [PubMed]

25. Swearingen, J.; Lawrence, E.; Stevens, J.; Jackson, C.; Waggy, C.; Davis, D.S. Correlation of single leg vertical jump, single leg hop
for distance, and single leg hop for time. Phys. Ther. Sport 2011, 12, 194-198. [CrossRef] [PubMed]

26. Tveter, A.T.; Holm, I. Influence of thigh muscle strength and balance on hop length in one-legged hopping in children aged 7-12
years. Gait Posture 2010, 32, 259-262. [CrossRef]

27. Caffrey, E.; Docherty, C.L.; Schrader, J.; Klossnner, J. The ability of 4 single-limb hopping tests to detect functional performance
deficits in individuals with functional ankle instability. |. Orthop. Sports Phys. Ther. 2009, 39, 799-806. [CrossRef]

28. Cohen,]. A power primer. Psychol. Bull. 1992, 112, 155. [CrossRef]


http://doi.org/10.4085/1062-6050-344-18
http://www.ncbi.nlm.nih.gov/pubmed/31162943
http://doi.org/10.4085/1062-6050-49.2.06
http://www.ncbi.nlm.nih.gov/pubmed/24568231
http://doi.org/10.2147/OAJSM.S9060
http://www.ncbi.nlm.nih.gov/pubmed/24198549
http://doi.org/10.2478/hukin-2019-0029
http://www.ncbi.nlm.nih.gov/pubmed/31915485
http://doi.org/10.1016/j.jsams.2014.04.005
http://doi.org/10.1123/jab.23.3.173
http://doi.org/10.1016/j.ridd.2016.03.003
http://doi.org/10.4085/1062-6050-47.3.06
http://doi.org/10.1123/jsr.2018-0103
http://doi.org/10.4085/1062-6050-550-17
http://www.ncbi.nlm.nih.gov/pubmed/31618073
http://doi.org/10.1055/s-2007-964996
http://www.ncbi.nlm.nih.gov/pubmed/17497570
http://www.ncbi.nlm.nih.gov/pubmed/12937557
http://doi.org/10.1177/107110070502601113
http://www.ncbi.nlm.nih.gov/pubmed/16309613
http://doi.org/10.1016/j.apmr.2006.05.022
http://doi.org/10.4085/1062-6050-46.2.133
http://www.ncbi.nlm.nih.gov/pubmed/21391798
http://doi.org/10.3390/ijerph19052694
http://doi.org/10.26603/ijspt20190192
http://doi.org/10.32598/ptj.10.4.460.1
http://doi.org/10.1123/jsr.2019-0321
http://doi.org/10.4085/1062-6050-47.1.15
http://www.ncbi.nlm.nih.gov/pubmed/22488226
http://doi.org/10.1016/j.bjpt.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/29802034
http://doi.org/10.1016/j.ptsp.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/22085714
http://doi.org/10.1016/j.gaitpost.2010.05.009
http://doi.org/10.2519/jospt.2009.3042
http://doi.org/10.1037/0033-2909.112.1.155

Healthcare 2022, 10, 1822 18 of 18

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Huang, P-Y.; Jankaew, A.; Lin, C.-F. Effects of plyometric and balance training on neuromuscular control of recreational athletes
with functional ankle instability: A randomized controlled laboratory study. Int. |. Environ. Res. Public Health 2021, 18, 5269.
[CrossRef]

Hall, E.A.; Chomistek, A.K.; Kingma, ].J.; Docherty, C.L. Balance-and strength-training protocols to improve chronic ankle
instability deficits, part I: Assessing clinical outcome measures. J. Athl. Train 2018, 53, 568-577. [CrossRef]

Ford, K.; Nguyen, A.-D.; Dischiavi, S.; Hegedus, E.; Zuk, E.; Taylor, J. An evidence-based review of hip-focused neuromuscular
exercise interventions to address dynamic lower extremity valgus. Open Access J. Sports Med. 2015, 6, 291-303. [CrossRef]
[PubMed]

Mok, N.W,; Yeung, E-W.; Cho, ].C.; Hui, S.C.; Liu, K.C.; Pang, C.H. Core muscle activity during suspension exercises. J. Sci. Med.
Sport 2015, 18, 189-194. [CrossRef]

Gordon, A.T.; Ambegaonkar, J.P.; Caswell, S.V. Relationships between core strength, hip external rotator muscle strength, and star
excursion balance test performance in female lacrosse players. Int. J. Sports Phys. Ther. 2013, 8, 97-104. [PubMed]

Ben Kibler, W.; Press, ].; Sciascia, A. The role of core stability in athletic function. Sports Med. 2006, 36, 189-198. [CrossRef]
[PubMed]

Munn, J.; Sullivan, S.J.; Schneiders, A. Evidence of sensorimotor deficits in functional ankle instability: A systematic review with
meta-analysis. J. Sci. Med. Sport 2010, 13, 2-12. [CrossRef] [PubMed]

Holm, I; Tveter, A.T.; Fredriksen, PM.; Vellestad, N. A normative sample of gait and hopping on one leg parameters in children
7-12 years of age. Gait Posture 2009, 29, 317-321. [CrossRef]

Myer, G.D.; Ford, K.R.; Brent, ].L.; Hewett, T.E. The effects of plyometric vs. dynamic stabilization and balance training on power,
balance, and landing force in female athletes. J. Stren. Cond. Res. 2006, 20, 345.

Kramer, A.; Kiimmel, J.; Gollhofer, A.; Armbrecht, G.; Ritzmann, R.; Belavy, D.; Felsenberg, D.; Gruber, M. Plyometrics can
preserve peak power during 2 months of physical inactivity: An RCT including a one-year follow-up. Front. Physiol. 2018, 9, 633.
[CrossRef]

Ullrich, B.; Pelzer, T.; Pfeiffer, M. Neuromuscular effects to 6 weeks of loaded countermovement jumping with traditional and
daily undulating periodization. J. Strength Cond. Res. 2018, 32, 660-674. [CrossRef]

Noyes, ER.; Barber-Westin, S.D.; Smith, S.T.T.; Campbell, T. A training program to improve neuromuscular and performance
indices in female high school soccer players. ]. Strength Cond. Res. 2013, 27, 340-351. [CrossRef]

Hewett, T.E; Stroupe, A.L.; Nance, T.A.; Noyes, ER. Plyometric training in female athletes: Decreased impact forces and increased
hamstring torques. Am. J. Sports Med. 1996, 24, 765-773. [CrossRef] [PubMed]

Noyes, ER.; Barber-Westin, S.D.; Smith, S.T.; Campbell, T.; Garrison, T.T. A Training program to improve neuromuscular and
performance indices in female high school basketball players. . Strength Cond. Res. 2012, 26, 709-719. [CrossRef] [PubMed]
Barber-Westin, S.D.; Hermeto, A.A.; Noyes, ER. A six-week neuromuscular training program for competitive junior tennis
players. J. Strength Cond. Res. 2010, 24, 2372-2382. [CrossRef] [PubMed]

Noyes, ER.; Barber-Westin, S.D.; Smith, S.T.; Campbell, T. A Training program to improve neuromuscular indices in female high
school volleyball players. . Strength Cond. Res. 2011, 25, 2151-2160. [CrossRef] [PubMed]

Markovic, G.; Mikulic, P. Neuro-musculoskeletal and performance adaptations to lower-extremity plyometric training. Sports
Med. 2010, 40, 859-895. [CrossRef] [PubMed]

Butler, R.J.; Crowell I, H.P; Davis, .M. Lower extremity stiffness: Implications for performance and injury. Clin. Biomech. 2003,
18, 511-517. [CrossRef]

McKeon, P.O.; Hertel, J. Systematic review of postural control and lateral ankle instability, part I: Can deficits be detected with
instrumented testing? J. Athl. Train. 2008, 43, 293-304. [CrossRef]

Webster, K.A.; Gribble, P.A. Functional rehabilitation interventions for chronic ankle instability: A systematic review. J. Sport
Rehabil. 2010, 19, 98-114. [CrossRef]

Carcia, C.R.; Martin, R.L.; Drouin, ]. M. Validity of the foot and ankle ability measure in athletes with chronic ankle instability.
J. Athl. Train. 2008, 43, 179-183. [CrossRef]

Teixeira, J.; Forte, P.; Ferraz, R.; Leal, M.; Ribeiro, J.; Silva, A.; Barbosa, T.; Monteiro, A. Monitoring accumulated training and
match load in football: A systematic review. Int. J. Environ. Res. Public Health 2021, 18, 3906. [CrossRef]

Miguel, M.; Oliveira, R.; Loureiro, N.; Garcia-Rubio, J.; Ibafiez, S. Load measures in training/match monitoring in soccer: A
systematic review. Int. ]. Environ. Res. Public Health 2021, 18, 2721. [CrossRef] [PubMed]

Oliveira, R.; Francisco, R.; Fernandes, R.; Martins, A.; Nobari, H.; Clemente, EM.; Brito, ].P. In-season body composition effects in
professional women soccer players. Int. |. Environ. Res. Public Health 2021, 18, 12023. [CrossRef] [PubMed]

Kotzamanidis, C.; Chatzopoulos, D.; Michailidis, C.; Papaiakovou, G.; Patikas, D. The effect of a combined high-intensity strength
and speed training program on the running and jumping ability of soccer players. J. Strength Cond. Res. 2005, 19, 369-375.
[CrossRef] [PubMed]


http://doi.org/10.3390/ijerph18105269
http://doi.org/10.4085/1062-6050-385-16
http://doi.org/10.2147/OAJSM.S72432
http://www.ncbi.nlm.nih.gov/pubmed/26346471
http://doi.org/10.1016/j.jsams.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23593547
http://doi.org/10.2165/00007256-200636030-00001
http://www.ncbi.nlm.nih.gov/pubmed/16526831
http://doi.org/10.1016/j.jsams.2009.03.004
http://www.ncbi.nlm.nih.gov/pubmed/19442581
http://doi.org/10.1016/j.gaitpost.2008.09.016
http://doi.org/10.3389/fphys.2018.00633
http://doi.org/10.1519/JSC.0000000000002290
http://doi.org/10.1519/JSC.0b013e31825423d9
http://doi.org/10.1177/036354659602400611
http://www.ncbi.nlm.nih.gov/pubmed/8947398
http://doi.org/10.1519/JSC.0b013e318228194c
http://www.ncbi.nlm.nih.gov/pubmed/22289699
http://doi.org/10.1519/JSC.0b013e3181e8a47f
http://www.ncbi.nlm.nih.gov/pubmed/20703159
http://doi.org/10.1519/JSC.0b013e3181f906ef
http://www.ncbi.nlm.nih.gov/pubmed/21659890
http://doi.org/10.2165/11318370-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20836583
http://doi.org/10.1016/S0268-0033(03)00071-8
http://doi.org/10.4085/1062-6050-43.3.293
http://doi.org/10.1123/jsr.19.1.98
http://doi.org/10.4085/1062-6050-43.2.179
http://doi.org/10.3390/ijerph18083906
http://doi.org/10.3390/ijerph18052721
http://www.ncbi.nlm.nih.gov/pubmed/33800275
http://doi.org/10.3390/ijerph182212023
http://www.ncbi.nlm.nih.gov/pubmed/34831776
http://doi.org/10.1519/00124278-200505000-00022
http://www.ncbi.nlm.nih.gov/pubmed/15903377

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Sample Size 
	Randomization 
	Procedures 
	Assessment of Dynamic Balance 
	Isometric Tests 
	Assessment of Triple Hop 
	Assessment of Figure 8 Hop 
	Assessment of Vertical Jump 

	Interventions 
	Balance plus Strength Protocol 
	Hopping Protocol 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

