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ABSTRACT

Basketball accounts for approximately up to 92% of injuries, most of which are reported in the
lower limbs, especially in the ankle. The purpose of this study was to investigate the effect of
plyometric, balance, PNF and combination exercises on physical performance and prevention of
ankle injuries in young basketball players. In this clinical trial with pre-test and post-test of 75
young basketball players aged 16 to 18 assigned to 5 groups of 15 individuals (aged 17.26+0.24
years; height 182.38+11.7 cm; body mass 80.82+3.04 kg; BMI 24.38+1.36 kg.m?), training groups
consisted of plyometrics, balance, PNF and combination (plyometric and balance and PNF), and
a group playing basketball without redundant training was considered as control. The physical
performance of athletes was checked by measuring strength, endurance, explosive power and
range of motion respectively using dynamometer, inclination board, Sargent jump board and
electro goniometer before and after the training period, and the number of injuries to the ankle was
measured by using a questionnaire with reasonable validity during training and until Six months
after the training period. The results showed the increase in dorsiflexion strength in plyometric and
combination groups, but the increase in plantar flexion strength occurred only in the combination
group, the improvement of ankle endurance was observed in the plyometric and combination
groups, the improvement of the range of motion in the combination and PNF groups, and the
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explosive power increased in PNF and combination groups. Regarding injury prevention:
combination, balance, plyometric, PNF and control groups attained the first to fifth ranks,
respectively. One of the important causes of ankle injury among basketball players is insufficient
function of ankle muscles. Based on the results, the combination exercises group showed a greater
impact on the physical performance and injury prevention of young basketball players than other
exercises and therefore can be recommended as a complementary exercise to the main exercises
to be included in the athletes’ main training program.
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INTRODUCTION

Basketball is one of the most popular sports with 212 member countries and 450 million athletes
while the number of young male and female basketball players is increasing every year. According
to available reports, about 11% of the world's population plays basketball regularly. However, in
this popular game, the injury rate has been reported up to 92% in the lower limb especially in the
ankle with repetition rate of around 80% at all skill levels. Research has also shown that ankle
sprains are the most common acute musculoskeletal injury at all levels of basketball with other
injuries [1].

It is argued that damage to the sensory receptors in the ankle region causes a defect in
proprioception, which prevents the central nervous system from accurately understanding the
position of the ankle joint in space. This defect subsequently leads to an increased occurrence of
giving way to ankle into hyper supination and results in ankle injury because there is no proper
response of the peroneal muscles when the ankle is in an incorrect position [2]. For the first time,
Freeman et al. (1965) showed that defects in the sensory system were related to ankle sprains [3,4].
Other studies have also shown that people with ankle instability have defects in postural control
and balance, and increasing postural fluctuation increases the risk of sprains and ankle injuries [5].
Among the other important causes of injury in the ankle, we can point out the weakness in the
strength and range of motion of muscles and ligaments, which causes imbalance when landing or
turning the sole of the foot inward (supination) [6]. Studies have shown that damage to the ankle
ligaments due to sprains causes a disturbance in the role of feedback and a delay in the reaction
time of the ankle muscles, which leads to functional instability with symptoms such as giving way
to the ankle, weakness, pain and a defect that is probably accompanied by pain and swelling [5,6].
Chandler PT et al (2018) discussed the importance and value of plyometric exercises and showed
that plyometric exercises increased strength, speed and combination both in jumps, and therefore
they are referred to as strength exercises [7]. As a result of plyometric training, the athlete will
have a faster start, and it has been shown that plyometric exercises play a significant role in

Journal of Advanced Sport Technology 8(2) 15


mailto:bmohammadi290@gmail.com

improving strength, feedback time to the stimulus and endurance of the ankle muscles, and also
have a significant effect in preventing injury during landing, but It does not have remarkable effect
on balance, which is the most important determinant of movement strategies within the closed
kinetic chain and improves posture control due to the reduction of fluctuations, increase in strength
and flexibility of muscles and ligaments [8].

Hall EA et al. (2018) and Han J et al. (2015) reported that balance exercises would improve the
dynamic balance; and performance of athletes, and balance due to the increase in the range of
motion of joints and the strengthening of depth sensors in the soles of the feet in many stages play
an important role in preventing injury, but it has no effect on increasing the strength and time of
feedback to the stimulus and the range of motion of the joint [9,10].

PNF exercises include stretching exercises that are effective on the range of motion, and Alahmari
KA et al. (2020) showed that this type of exercises is designed based on neural patterns, and in
addition to increasing the range of motion, they reduce spasms and accelerates recovery. Lazarou
L et al. (2018) showed that PNF exercises did not have a significant effect on feedback time to the
stimulus and ankle dorsiflexion strength [11,12].

It has been shown that plyometric, balance and PNF exercises, which have a significant effect in
restoring some functional factors to injured people, do not have an effect in preventing injury and
preventing re-injury [13]. Complete and comprehensive special exercises are essential.
Combination exercises (plyometric, balance and PNF) as complementary exercises along with the
main exercises are likely to lower the injury [14]. Given the above-cited findings and arguments,
the purpose of this study was to comparatively investigate the effect of these three types of
exercises and their combination on physical performance and the prevention of ankle injuries.

MATERIAL AND METHODS

The present study was conducted as a clinical trial. The study population consisted of all young
male basketball players aged 16 to 18 without a history of ankle injury and with two years of
basketball sport experiences in the city of Shahrekord, southwest Iran. One-way analysis of
variance with 5 groups at a significance level of P=0.05 produces a single comparison error rate
of 0=0.0125. To produce a power of 0.8 with an effect size of 0.45, the required gross sample size
was determined to be 80 participants.

According to the data and using G*Power software with statistical of 0.8, effect size of 0.45 and
alpha statistical error of 0.05 and using the ANOVA between 5 groups, the number of samples was
determined at 65 individuals. A total of 75 volunteers given the possibility of attrition during the
training period were finally enrolled. The samples were all right dominant hand and foot. They
were recognized by throwing the ball for the hand and hitting the ball for the foot, respectively.
The samples were randomly divided into five groups of 15 people. The inclusion criteria were:
male gender, age range of 16-18 years, attending at least two regular training sessions per week,
being in the normal range of body mass index, no deformities and no history of ankle sprains
during the last 6 months, no history of illness, surgery and orthopedic abnormalities, including the
difference of more than 3 mm in the length of the two legs. The exclusion criteria were absence of

Journal of Advanced Sport Technology 8(2) 16



three or more time in training sessions, the subject's lack of interest in continuing training, and the
occurrence of any joint and muscle injuries during training [15].

The ankle injury was measured first as one of the criteria for enrollment in the study and then
immediately after the training period and also six months after the training period using the ankle
function evaluation questionnaire. This questionnaire is one of the standard instruments in the field
of ankle function evaluation. This questionnaire contains 12 items with 5 options. The maximum
overall score of the tool is 104, and a score higher than 34 indicates functional limitations of the
injured ankle. The validity of the questionnaire has been reported as being 0.9 [16].

Before starting the study, the purpose and work process were explained to the subjects, then all
the studied subjects voluntarily signed the consent form to participate in the study. The subjects
were also assured they could withdraw from the study whenever they wished. After performing
anthropometric measurements (age, height, weight, BMI), functional factors strength, endurance,
power and range of motion were measured by the researcher as pre-test. Then, the experimental
groups under the same conditions performed 4 types of training methods (plyometric, balance,
PNF and combination) in a time of 30 to 45 minutes in each session in addition to their skill
exercises in 3 sessions per week during 8 weeks. The researcher directly supervised the groups.
The exercise program of the experimental groups was determined by observing the principle of
overload and gradually increasing the duration and repetition of each exercise. According to the
training program, plyometric exercises included double-leg and single-leg jumping exercises in
length and height, and balance exercises included exercises for maintaining balance in pair-leg and
single-leg positions with stable and unstable surfaces and with open eyes and close eyes positions
also PNF training included stretching and pressure exercises at different levels and also
combination training included plyometric, balance and PNF exercises. Exercises changed from an
easy level with low pressure to a hard level with high pressure during eight weeks according to the
principle of overload (Table No. 1). The control group simultaneously performed their usual
exercises in training sessions. After the training period in experimental groups and control group,
the functional factors were measured as post-test by the researcher. For assessing the functional
factors in pre-test and post-test, the instruments below were used:

To measure the strength of the ankle muscles, a Takei dynamometer (Japan) to the nearest 0.1
Newton was used in dorsiflexion and plantar flexion movements [17]. For checking leg muscle
endurance by means of inclination board test, a slope of 30 degrees and a distance of 45 cm to the
wall, and the amount of muscle endurance with the amount of people's ability to bear body weight
on the ankle per unit of time and in dorsiflexion mode were considered. This instrument has already
been reported to have acceptable validity and reliability (0.9) [18]. An electro goniometer for
biometrics with a measurement accuracy of 0.1 was used to measure the range of motion of the
ankle in the steering position and the range of motion of dorsiflexion and plantar flexion with
acceptable validity and reliability (0.9). The vertical jump power of the subjects was measured by
using Sargent's digital jump board with sensor screen with an accuracy of 1 cm, dimensions 40 X
200 cm. In this way, the subjects, while standing on the side, touched the highest spot they could
with their superior hand. Then they performed three consecutive jumps with one minute rest
intervals, the highest point they reached on the board with their superior hand was recorded for the
title of the record. The reliability of this test when the subjects have warmed up well has been
reported between (0.90 and 0.99), concurrent validity (0.78) has been reported [19].

Journal of Advanced Sport Technology 8(2) 17



The amount of ankle injury was measured immediately after the training course and also six
months after completing the course using a questionnaire (IDFAI_Ar)'. In this questionnaire, the
degree of injury severity based on mild, moderate and severe injury and recovery time based on
week and severity of injury in repetitions based on mild, moderate and severe injury were given
points (1-15) and also the average pain score in exercise and pain during daily activities were
scored (1-15). According to the scoring system table, each factor is scored between 0 and 5, and
the influencing factors in the score of each group are the severity of the injury and the time of
recovery and return to the main stream exercises, the amount of repetition of the injury, and the
type of pain and instability that occurs in the two cases of exercise and daily activity is performed
and it was investigated that a lower score indicates a lower probability of injury and vice versa

[20].
Table 1. Training protocol of the group
o Type of
] o Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8
15} Training
o Barrier height 30cm 35cm 40cm 45cm 60cm 50cm 55cm 65cm
g Jump type Pair foot Pair foot Pair foot Pair foot Single leg Single leg Single leg Single leg
>
= Set and repeat 12*3 12*3 12*3 10*4 12*4 10*4 10*4 12*4
Balance type Pair foot Pair foot Single leg Single leg Single leg Pair foot Pair foot Single leg
@ Platform type Constant Fluctuated Constant Fluctuated Constant Constant Fluctuated Fluctuated
o
[+
3 Eye type Open Open Open Open Close Close Close Close
Set and repeat $20*3 S20*3 $20*3 3*20 S 3*10 S 3*10 S 3*10 S 3*10 S
Stretch type Static Static Static Static Dynamic Dynamic Dynamic Dynamic
w Non . . . . . . .
zZ Pressure type . Non active Active Active Active Active Non active Active
o active
Set and repeat $20*3 S20*3 $20*3 $20*3 $20*3 S20*3 $20*3 $20*3
Barrier height 30cm 35cm 40cm 45¢cm 60cm 50cm 55cm 65cm
Jump and land Pair foot Pair foot Single leg Single leg Pair foot Pair foot Single leg Single leg
s on platform Constant fluctuated fluctuated Fluctuated Constant fluctuated constant constant
% Set and repeat 2*15 2*15 2*15 2*15 3*15 3*15 3*15 3*15
IS
3 Static Dynamic Dynamic Dynamic Dynamic Static non Dynamic Dynamic
Stretch pressure ] ) ] ) ) . ) .
active active non active active non active active active active
type (PNF)
(20s) (20s) (20s) (20s) (20s) (20s) (20s) (20s)
" Identification of functional ankle instability
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This study was obtained from a student's thesis and its protocol was approved by the Research
Ethics Committee of Shahrekord University (IR.SKU.REC.1400.075).

In this study, Excel version 26 software was used to enter and sort data and draw graphs and SPSS
version 23 was used for data analysis. First, the Shapiro-Wilk test was used to evaluate the
normality of the data. To investigate intragroup and intergroup changes, parametric ANOVA and
Tukey's test were used, and for more detailed analysis, pre-test and post-test differences were
calculated for each group, and intragroup comparisons were conducted based on this difference.
In this study, the significance level (P < 0.05) was considered.

According to the table (1) is dedicated equal time for training in addition to practicing basketball
for each group and per group had the same time for doing their own practice in the warm-up section
of training session and then were commencing to doing basketball training.

RESULTS

Demographic characteristics of the subjects in table (2), the information related to the body
measurement indices of the participants can be seen and according to the Shapiro—Wilk test there
was no significant difference between the studied groups (P > 0.05).

Table 2. Demographic characteristics of the subjects

Variable Plyometric Balance PNF Combination Control

M £ SD M £ SD M £ SD M £ SD M £ SD

Age (y) 17.8+0.6 17.3+0.2 17.5+0.4 17.4+0.1 17.1+0.5
Height(cm) 182.2+10.4 181.9+10.6 183.0+13.2 182.6+10.8 182.2+13.5

Weight(kg) 81.1+3.9 79.9+4.1 82.8+2.2 83.0+3.1 77.3x1.9

BMI (kg/m?) 24.4+1.2 23.6+0.9 24.6+1.1 24.9+2.2 24.4+1.4

The difference between the pre-test and post-test scores was used by the ANOVA statistical test
to measure different functional factors. If there was a significant difference between the groups,
Tukey’s test was used to conduct inter-group comparisons.

ANOVA test in measuring strength of ankle in dorsiflexion and plantar flexion with using the
difference (A) of pre-test and post-test scores did not show a significant difference between groups
(p>.05) but the paired t-test in each group compared the pre-test scores. The pre-test and post-test
showed the significance in plyometric group and combination group in the strength of ankle
dorsiflexion muscles and the significant effect in the strength ankle plantar flexion was seen in
combination group (Table 3).

Table 3. Results on ankle muscle strength

[<5] .

= Difference (A)

= Pre test Post test i *P value

& Group M+ SD M+ SD Pre-test and Df F between-group
> post-test
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Plyometric 29.84+1.81 31.16+1.82 1.96+1.32
x Balance 24.5622.01 25.21+2.44 5.50+0.65 s
52 PNF 31.47+3.11 32.81+2.36 4.90+1.33 0.89 0.48
8 Combination ~ 30.66+0.16 33.92+0.96 2.57+3.24
Control 28.14+1.03 29.66+1.32 3.80+1.52
Plyometric 55.19+1.47 55.81+1.45 4.84+0.62
= Balance 52.86+2.19 54.83+1.16 3.80+1.97 4
52 PNF 56.91+2.22 57.74+3.01 5.57+0.83 1.43 0.23
= Combination ~ 52.71+1.01 55.37+2.23 4.91+2.66
Control 50.36+1.11 50.51+1.93 6.41+-0.15

(p<.05).

ANOVA test in measuring the endurance of the ankle muscles using the difference (A) of the pre-
test and post-test scores did not show a significant difference between the groups (Table 4).

(p>.05).
Table 4. Results on ankle endurance
(5] .
8 Pre test Post test Difference (A) *P value
= Group M- SD M+ SD Pre-test and Df F between-group
S - - post-test
Plyometric 58.09+1.52 63.61+3.25 2.14+5.24
® Balance 47.1443.02 49.49+1.19 3.54+2.08 g
[
g o PNF 51.26+2.56 52.61+2.88 3.14+1.18 1.08 0.37
o
O Combination 53.25+1.12 59.46+2.61 2.47+6.38
Control 50.37+0.95 50.64+1.96 2.19+0.29

(p<.05).

ANOVA test using the difference (A) of range of motion of the pre-test and post-test scores showed
a significant difference between the groups (Table No. 5) to comparison of Tukey test of the two
groups showed the significance of the exercises in the combination-plyometric, combination-
balance, PNF-balance, PNF-plyometric, control-PNF and combination-control groups (Table 6).

(p<.05).
Table 5. Results on ankle range of motion
[<5] .
= Difference (A)
= Pre test Post test *P value
©
= Group pre-test and Df F
g Mz SD M+ SD Post-test between-group
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- Plyometric ~ 68.41+1.72  96.41+2.21 1.48+1.00

% Balance 70.11+2.65 70.15+1.45 3.49+0.05 4

.g S PNF 59.96+3.14 63.36+2.31 5.5043.40 5.08 0.001*

% Combination 62.21+2.24 67.34+1.64 1.6545.13

- Control  59.84+2.02 61514177  3.66+1.67

(p<.05).
Table 6. Results of Tukey's range test on range of motion
Group P-value Group *P value

between group between group

Control- Plyometric .618 Combination -Balance .006*
Control- Balance 118 Combination — PNF .095
Control- PNF .000* Combination — Plyometric *.008
Control- .001* Plyometric- PNF *.001
Combination
Balance — PNF .003* Plyometric-Balance .662
(p<.05).

ANOVA test in explosive power measurement using the difference (A) of the pre-test and post-
test scores did not show a significant difference between groups (Table 7). (p> +.05).

Table 7. Results on explosive power

% Difference (A) -
T oM WIS wesp PRSI OFF o
_ plyometric 44.61+1.65  45.34+2.22 4.41+0.73
s Balance  49.3142.11 49.66+4184  558+0.35
§’§ PNF 4884+3.12  51.01+2.02  3.56+2.16 4 186 0.13
g_v Combination  42.62+1.95 45.46+1.95 2.75+2.84
- Control 41.37+1.84 41.61+1.66 1.98+0.23
(p<.05).

According to Table 8, the ranking of the total points of groups during the 8-week training period
and six months after showed the combination group with 18 points (the lowest point) ranked first
followed by the balance group with 26 points ranked second. Plyometrics ranked third with 45
points, PNF group ranked fourth with 55 points, and control group ranked fifth with 58 points in

terms of the prevention of ankle injury within six months after the training period.
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Table 8. Results on damage after training period

. 5 2 > g
= — = E=RT) i)
£ & £ 8 2@ 2 37 = >
o © [3) ) =S L 0 — = S
X~ &~ 2 n = 0 B o g = = c
Ws Og 5] S o = B2 =o - o — =2
o o ) 15) S c O .= o] c e
Group €5 &85 2 £I g8 £S5 &¢8 £d 2 >
2E ®g £ g2 @5 8% oi S o = £3
5= 2% 5 @ TS 23 Ro a.2 za
- S = % <>( o (? &" 5 = % = I
= =5 S 3 B 5 g 2 o
—_ > > D
S = ° Z
Plyometric 0 5 5 9 9 8 4 15 45 3
Balance 0 5 5 5 5 6 4 6 26 2
PNF 0 6 6 10 10 7 2 26 55 4
Combination 0 3 3 3 3 3 6 0 18 1
Control 0 5 5 12 12 6 5 25 58 5
DISCUSSION

The purpose of this study was to comparatively plyometric, balance, PNF and combination
training on the functional factors of strength in dorsiflexion and plantar flexion, endurance, range
of motion and explosive power of basketball players aged 16 to 18 years for the prevention of
injuries of these athletes.

The results of the present study showed that plyometric exercises improved ankle muscle
endurance and increased strength only in ankle dorsiflexion, while it had no effect on increasing
strength in plantarflexion. The studies of Lee HM et al. (2020) [21], Huang PY et al. (2021) [22],
Kotsifaki et al. (2021) [23], are in agreement with this study. Therefore, the main goal of
plyometric exercises is to increase the excitability of the nervous system in order to improve the
reaction of the neuromuscular system, which is probably the reason for increased muscle strength
and endurance [23]. Plyometric exercises are among the important exercises in jumping sports,
especially basketball. Also, one of the most common injuries in basketball occurs in the landing
position and in dorsiflexion; therefore, it can be argued that strengthening the dorsiflexor muscles
can be one of the preventive factors for ankle injury in this sport [24]. The results of this study also
showed the third rank of injury prevention for plyometric exercises compared to other studied
training methods.
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Our findings have shown that PNF exercises increase the power and range of motion of young
basketball players aged 16 to 18 years. The studies of Kruse A et al. (2022) showed an increase in
power and range of motion, and, Lim W et al. (2024) showed that PNF exercises increased strength
and power and did not have a significant effect on the range of motion, which is inconsistent with
our results. PNF exercises include exercises to stimulate neurons and increase range of motion,
and since basketball is a jumping sport and most ankle injuries are caused by lack of strength
during jumping, increasing strength is one of the important factors in preventing injuries [25,26].
According to the results of the current study, the training method based on balance exercises ranked
second with respect to the amount of injury prevention that is in agreement with the studies of Al
Attar WSA et al. (2022), Baltich J et al. (2014), which showed that balance exercises had a
significant effect on the prevention of ankle injuries, confirming the necessity of balance exercises
as a supplement to the main exercises [27,28].

In the study of Doherty C et al. (2017), the combination of balance exercises and PNF improved
the electrical activity of the ankle muscles and strength in ankle dorsiflexion and plantar flexion in
basketball players, and has observed that combination exercises (balance and PNF) in athletes
without a history of ankle injury improved the sensation of foot sensors and the amount of pressure
applied, but it had no effect on increasing their strength and range of motion. Besides that, Padua
E et al. (2019) found that the combination of plyometric and balance exercises increased strength
and balance in basketball players, but it did not have a significant effect on their range of motion.
In addition observed that the combination of plyometric and balance exercises improved
dorsiflexion and plantarflexion strength, but in athletes without a history of ankle injury, did not
affect the range of motion, and therefore a series of exercises increases in importance to improve
and increase performance factors in order to prevent ankle injury [29,30].

As well, Ruiz-Sanchez FJ (2022) reported an athlete who suffered an ankle injury leading to
missing seven training sessions or matches per injury, and the more important issue that should be
taken into account is the recurrence of this injury. The recurrence rate of ankle ligament injury in
athletes which affects efficiency functional tests will play a substantial role in preventing injury
[31].

This study and similar research have revealed that plyometric exercises increase the strength and
endurance of ankle muscles and PNF exercises increase the range of motion and ankle power and
combination exercises (plyometric and balance), (plyometric and PNF) and (balance and PNF)]
separately improve some physical performance factors, but they cannot improve some other
factors, but in basketball players, improving and promoting all the performance factors together is
essential to prevent and reduce ankle injuries [32] as in this study, it was shown that the
combination of plyometric, balance and PNF exercises increased performance factors: strength,
flexibility, endurance and power, and according to the (IdFAI_Ar) injury prevention questionnaire,
these parameters were investigated during a period of two months of training and six months after
the training in athletes. In the comparison between groups, it was shown that combination exercises
had the lowest amount of damage and it can be therefore argued that combination exercises
(plyometric and balance and PNF) can improve the functional factors.

CONCLUSION
Because of that basketball sport is on brink of high rate of injury therefore ankle twisting and its
side effects are very common between young basketball players the necessary of protocol training
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for reducing or even eliminating this rate of injury is absolutely important in result of this study,
combination exercises can be used as injury prevention exercises in basketball players or even
other sports with a high probability of ankle disorders.
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