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Abstract:

Background: Basketball, a popular sport, often leads to ankle injuries, prompting the need for
effective preventive training. Has been illustrated that plyometric, balance and PNF trainings effect
to reduce the injury rate between basketball players but they are not enough to enhance the
electrical activities of ankle muscles.

Objectives: This study aimed to compared the effects of plyometric, balance, PNF (proprioceptive
neuromuscular facilitation) and combined trainings on ankle muscle electrical activity (TA, PL,
GM, SL) during single-leg jumps. While previous studies have examined ankle muscle activation
during jumping, none have systematically analyzed electromyographic patterns across all four
biomechanical phases; our study provides the first comprehensive phase-by-phase assessment to
identify precise neuromuscular deficits and optimize injury prevention strategies for basketball
players.

Method: The study participants consisted of 75 young basketball players (aged 12—16 years) with
no history of ankle injuries and participants were randomly assigned to five equal groups (n=15
each). The single-leg box jump test was systematically ‘analyzed across four biomechanically
defined phases.

Result: Results indicated that combined training was-most effective in reducing electrical ankle
activity. Plyometric training decreased activity in TA, PL, and SL (phase 1), GM and SL (phase
2), and GM and TA (phases 3—4). Balance training influenced TA and PL (phase 1), GM (phase
2), GM and SL (phase 3), and TA (phase 4), while PNF showed no significant impact.

Conclusion: The study concludes that while individual training methods improve specific aspects
of ankle stability, combined training offers a comprehensive solution by enhancing strength and
reducing injury risk across.all'jump phases, making it ideal for warm-up protocols.

Keywords: Ankle muscle activation, jump phase analysis, basketball injury prevention, combined
training



Highlights

- Ankle injury prevention is crucial — Plyometric, balance, and PNF training each help but aren’t
enough alone. A combined approach works best.

- Training impacts muscle activity differently — Plyometrics reduce ankle muscle activation in
jump phases. Balance training affects some muscles. PNF shows no effect.

- Combined training is most effective — It strengthens ankles and reduces injury risk better than
single-method training, making it ideal for warm-ups.

Plain language summary

This study found that while plyometric, balance, and PNF training each help reduce ankle injury
risks in basketball players, none are fully effective alone—plyometrics improve muscle control
during jumps, balance training helps stability, and PNF has little impact. However, combining all
three methods strengthens ankles more effectively, making it the best.warm-up strategy to prevent
injuries. The takeaway? Basketball players should integrate jump,-balance, and stretching
exercises into their routines for optimal ankle protection.



Background

Basketball, a sport that has captivated millions around the world, has a rich and fascinating history
(1). Injuries are an inevitable aspect of sports, and basketball is no exception (2). The physical
demands and high-intensity nature of the game make basketball players susceptible to various
types of injuries (3). Ankle injuries are among the most common types of injuries in basketball,
posing a significant challenge for players, coaches, and medical professionals(4). Ankle twists are
a common occurrence in basketball, often resulting in significant pain and functional limitations
for players(4) . Understanding the mechanism behind ankle twists is crucial for developing
effective preventive measures and rehabilitation strategies(5) . Ankle injuries are common‘among
basketball players and can lead to various problems for basketball players, affecting their
performance, playing time, and long-term health (4). Poor ankle stability is a significant risk factor
for ankle injuries. Basketball players with weaker ankle muscles and ligaments are more prone to
ankle sprains found that players with decreased ankle stability had a higher incidence of ankle
injuries and Players with a history of ankle sprains are more likely-to.experience recurrent ankle
injuries(6). Athletes with a had an increased risk of subsequent sprains(7) . Certain movement
patterns, such as sudden changes in direction, jumping, and-landing, can put stress on the ankle
joint and increase the risk of injury(8). Ankle injury prevention-is crucial for basketball players to
maintain their performance and reduce the risk of long-term complications and some trainings
such as plyometric and balance and PNF are effective(9). Balance and proprioception exercises
can improve ankle stability and reduce the risk of.ankle injuries(10). Board training program
significantly reduced the incidence of ankle-sprains among basketball players(11) . Strengthening
the muscles around the ankle joint, including the calves, can provide better support and stability
(12). Strengthening exercises can be effective in reducing ankle injuries in basketball players (13).
PNF exercises are including stretching exercises that are effective in the range of motion, and
showed that this group of exercises is designed based on neural patterns, and in addition to
increasing the range of mation, it reduces spasms and accelerates recovery and PNF exercises do
not have a significant effect on feedback time to the stimulus and ankle dorsiflexion strength (14).
A thorough warm-up. routine that includes dynamic stretching exercises can help enhance
flexibility and prepare-the muscles for the demands of basketball(15). Neglected or mismanaged
ankle injuries.can.lead to long-term joint damage, such as osteoarthritis and continued stress and
instability in.the-ankle joint can accelerate joint degeneration also ankle sprains were associated
with an increased risk of developing ankle osteoarthritis in later life (16). Ankle injuries can have
psychological consequences, including fear of reinjury, decreased confidence, and psychological
distress. Athletes may develop anxiety or apprehension related to returning to play after an ankle
injury(17). Because of that basketball is a sport with high risk of ankle injury a comparative
training program is necessary to prevent ankle injury. In this research, the electrical activity of the
ankle muscles of basketball players between five training groups in the jumping test has been
investigated



Objectives

This study objectively evaluated the effectiveness of plyometric, balance, and PNF training
protocols in preventing ankle injuries among 75 competitive basketball players through
electromyographic analysis during single-leg jumps. The key findings demonstrated that while
plyometric training significantly reduced muscle activation in ankle stabilizers (particularly tibialis
anterior and gastrocnemius) during critical jJump phases and balance training showed selective
benefits, PNF training exhibited no measurable effects. Crucially, the data revealed. that a
combined training protocol integrating all three methods produced superior outcomes :in
optimizing neuromuscular control and reducing injury-risk muscle activation patterns.across all
movement phases. These evidence-based results suggest that multimodal training.interventions
may offer the most effective strategy for ankle injury prevention in basketball; though further
longitudinal research is needed to validate these findings and establish eptimal implementation
protocols.

Methods

In this study were selected 75 basketball players (aged 17.26+0.24 years; height 182.38+11.7 m;
body mass 80.82+3.04 kg; BMI 24.38+1.36 kg.m?), 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 city, southwest Iran. The participants were
all right-hand and foot dominant, participants were randomly assigned to training groups, and one-
way ANOVA confirmed no significant baseline differences in demographic characteristics (all p-
values > 0.05), ensuring group comparability at study initiation and participants divided in five
group of 15 people with 5diffrent types training in warm up period before starting basketball
training including(table 1): plyometric, balance, PNF, combined(plyometric, balance and PNF)
and control groups that controlgroup did their basketball routine practice without any redundant
training for warm up and the protocol trainings for other groups optimized in the same time for 8
weeks (18) (table 2). 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
(plyemetric, 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
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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. 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. In this research,
has been used to record the electrical activity of muscles by 8-channel biofeedback
electromyography device, Pro-Comp Infiniti model, made in Canada, with a bandwidth.of.2000-
5(19). The targeted muscles encompassed the tibialis anterior, PL, GM, and SL (20). Before of
measuring the electrical activity of muscles the following actions were taken (according to the
SENIAM protocol): To capture muscle activity accurately, surface EMG. electrodes were
strategically placed over the targeted muscles. Common electrode placement protocols were
followed, aligning with established guidelines for each muscle group. The muscles which assessed
include: tibialis anterior, peroneus longus, gastrocnemius (media land-lateral) and soleus. Prior to
electrode application, the skin was prepared to minimize impedance. This typically involved gentle
abrasion and cleansing to ensure optimal electrode-skin contact, as recommended in literature on
EMG procedures. Before initiating the test protocols, the EMG. system underwent calibration
procedures to establish a baseline for muscle activity. This step is crucial for accurate interpretation
of EMG signals and is aligned with the standard practices in electromyography research.
Participants were familiarized with the testing environment, and anthropometric measurements
were taken to customize electrode placement. \Informed consent was obtained, and ethical
considerations were upheld throughout the study, adhering to ethical guidelines. After preparing
and set up the measuring and obtaining maximum strength of the ankle muscles (MVIC) were
measured and the subjects were performed-the single jump test with dominant foot (right) on a 30
cm box (21). After the assessment in'the pre-test, the groups performed plyometric, balance, PNF
and combined exercises (plyometric and balance and PNF) in addition to basketball exercises, and
the control group (only basketball exercises) continued(22). For assessing more accurate the jump
test was divided into four different phases , and the activity of each muscle in each phase was
examined between five training groups, and here we will divide the phases(23): The first phase of
jumping refers to the distance between maintaining balance and the command of the examinee
until the first contraction of the target muscles before jumping and the second phase of jumping is
the interval between the first contraction of the ankle muscles before jumping and the separation
of the toe and, heel from the ground and the third phase of jumping or the swing phase is the
distance between the separation of the toe and heel from the ground to the first contact of the foot
with the surface after jumping also the fourth phase of jumping is the distance between the first
contact of the foot with the surface and the complete landing and maintaining balance(24). After
obtaining the amount of activity of each muscle in the pre-test and post-test in the jump test, the
RMS value of each muscle was measured based on their MVIC value and was measured as the
percentage of muscle activity in each phase and the percentage of contraction each muscle was
examined and measured in all four phases in the pre-test and post-test (25). Participants performed
the single-leg jump and land task, replicating real-world scenarios and the EMG system recorded



muscle activity throughout the task, capturing data on the targeted muscles during takeoff, flight,
and landing phases (26). The single-leg box jump test was systematically analyzed across four
biomechanically defined phases: (1) Initial contact phase (0-100 ms after ground contact),
characterized by rapid impact absorption with eccentric muscle activation; (2) Braking phase (from
initial contact to peak knee flexion, typically 100-300 ms), where muscles decelerate downward
momentum; (3) Propulsion phase (from peak knee flexion to toe-off, 300-500 ms), dominated by
concentric activation for upward acceleration; and (4) Stabilization phase (first 200.ms_after
landing on the box), requiring dynamic control to maintain balance. EMG signals were segmented
into these phases using kinematic (motion capture) and kinetic (force plate) triggers, with RMS
amplitude calculated for each phase to quantify phase-specific neuromuscular.adaptations (26).
EMG signals were continuously recorded during the entire test using.a Synchronized data
acquisition system. Signal processing techniques, such as filtering and normalization, were applied
to enhance the accuracy of the recorded (27). Collected data underwent rigorous analysis using
established algorithms. Muscle activation patterns, onset, and offset timings were extracted for
each targeted muscle, allowing for a detailed examination of.neuromuscular responses (28).
Statistical methods, including paired t-tests or analysis of variance. (ANOVA), were employed to
assess significant differences in muscle activation patterns. between pre-test and post-test
conditions(29). This analytical approach aligns with recommended statistical practices in EMG
research.



Group

Plyometric

Balance

PNF

Combined

Barrier height
Jump type
Set and repeat
Balance type
Platform type
Eye type
Set and repeat

Stretch type

Pressure type

Set and repeat

Barrier height

Jump and land

on platform
Set and repeat

Stretch
pressure type
(PNF)

Results

Weekl

30cm
Pair foot
12*3
Pair foot
Constant
Open
S20*3
Static

Non

active

S20*3

30cm
Pair foot
Constant

2*15

Static
active
(20s)

Table 1. Training protocol of the groups

Week2

35cm
Pair foot
12*3
Pair foot
Fluctuated
Open
S20*3

Static

Non active

S20*3
35cm
Pair foot
Fluctuated

2*15

Dynamic active

(20s)

Week3

40cm
Pair foot
12*3
Single leg
Constant
Open
S20*3

Static

Active

S20*3
40cm
Single leg
Fluctuated
2*15

Dynamic

non active

(20s)

Week4

45cm
Pair foot
10*4
Single leg
Fluctuated
Open
3*20 S

Static

Active

S20*3
45cm
Single leg
Fluctuated

2*15

Dynamic active

(20s)

Week5

60cm
Single leg
12%4
Single leg
Constant
Close
3*10 S

Dynamic

Active

S20*3
60cm
Pair foot
Constant
3*15

Dynamic

non active

(20s)

Week6

50cm
Single leg
10*4
Pair foot
Constant
Close
3*10 S

Dynamic

Active

S20*3
50cm
Pair foot
fluctuated
3*15

Static non

active

(20s)

Week7

55cm
Single leg
10*4
Pair foot
Fluctuated
Close
3*10 S

Dynamic

Non active

S20*3
55cm
Single leg
Constant
3*15

Dynamic

active

(20s)

Week8

65cm
Single leg
12*4
Single leg
Fluctuated
Close
3*10 S

Dynamic

Active

S20*3
65cm
Single leg
Constant

3*15

Dynamic active

(20s)

In this part,.research hypotheses have been tested using statistics and SPSS software. The paired
t-test was used to compare the pre-test and post-test scores of each group, and the ANOVA
statistical test was used to compare the progress during a training period in 5 training groups. The
difference in the electrical activity of the muscles in the jumping phases is based on the absolute
value of the differences. According to the results of the paired T-test comparisons, it can be
concluded that in the first phase of jumping, combined training had a significant effect on the
activity of TA, PL, medial and lateral GM, and SL muscles, and compared to other groups Exercise
showed more and better effect in the first phase of jumping. In addition, plyometric training in the
TA muscle and PNF training also played a significant role in the PL muscle (table 3) {p<6-65)-
The results of ANOVA test showed that in the TA muscle there was a significant difference in the



first phase of jumping between the plyometric, balanced and combined groups with the control
group. In addition, there are significant differences between combined training group with the
plyometric, balanced and PNF groups. In the PL muscle, there is a significant difference between
plyometric with control group and combination with balance and control groups. In the medial
GM muscle, there is a significant difference between the combined with balance and control
groups. No significant difference was observed in the lateral GM muscle between groups.-In the
SL muscle, there is a significant difference between balance with control and PNF groups also
plyometric with balance and control groups. Also has shown a significant difference.between

combined with balance and control groups (table 4) {p<6-05)-

Table 2. Demographic data of the groups

2 Plyometric Balance PNF Combined Control
g (M + SD?) (M +SD) (M £ SD) (M £SD) (M +SD) P value
g (95% CL) (95% CL) (95% CL) (95% CL) (95% CL)
o g (17.3+£0.2) (17.2+£0.3) (17.3£0.2) (17.2+.02) (17.3£0.3) 0.985
<&| @171-175) (17.0-17.4) (17.1-175) (17.0=17.4) (17.1-175) :
E‘,, | (1815£10.2) (183.1 £ 12.4) (182.8 £ 11.6) (182.0 * 12.1) (182.4 £ 11.9) 0.992
LS| (1783-1845) | (1785-187.7) | (178.4-187.2) (178.1-185.9) | (178.3—186.5) :
g > 81.2+29 80.5+3.1 80.8+£3.2 80.7+£3.0 80.9+33

~ 0.998
2= | (787-837) (77.8-83.2) (779 83.7) (77.9-83.5) (77.9-83.9) '
@
SE| (45:13) (242+1.4) (243+15) (243+13) (244+1.4) 0.995
0 g (23.3-25.7) (22.9-25.5) (23.0-25.6) (23.1-255) (23.1-25.7) '

1 M: mean

2 SD: standard deviation
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Table3. The comparison of electrical activity of groups according to paired T-test in first phase

Pre test Post test
Muscle Group (M £ SD) (M £ SD) ofgdsi;/foegr;ce P value
(95% CL) (95% CL)
) (0.1261%0.0011) (0.067720.08) (-0.058) .
Plyometric (0.125-0127) (0.038-0.098) (-0.098-0.018) 0.004
5 (0.1056+0.002) (0.1612%0.078) (0.055)
5 Balance (0.105-0.107) (0.131-0.191) (0.015-0.095) 1.145
£ oNE (0.1892%0.0034) (0.19120.0022) (0.002) .
P (0.188-0.190) (0.190-0.192) (-0.038-0.042) :
o]
2 : (0.2562%0.0054) (0.129+0.0027) (-0.127) \
z Combined (0.254-0.258) (0.127-0.131) (-0.167-0.087) 0%
(0.1892%0.0012) (0.2022%0.0023) (0.013)
Control (0.188-0.190) (0.201-0.203) (-0.027-0.053) D1
) (0.3138%0.0056) (0.2840.034) (-0.030)
Plyometric (0.311-0.317) (0.270-0.298) (-0.070-0.010) 0.059
9 (0.3216+0.007) (0.3473%0,0065) (0.025)
2 Balance (0.318-0.326) (0.343-0.351) (-0.015-0.065) 0.894
- (0.2825+0.004) (0.3442%0,0088) (0.061) -
z PNF (0.281-0.285) (0.339-0.349) (-0.021-0.101) 0.002
5 . (0.3949+0.0056) (0.2331£0.0087) (-0.0162) ;
8 Combined (0.392-0.398) (0.228-0.238) (0.202:0:122) 0.004
(0.316420.0078) (0.3373£0.0067) ©.020)
Control (0.312-0.320) (0.333-0.341) (-0:019-0.061) 0.998
) (0.425+0.0097) (0.3110.0065) (-0.114)
Plyometric (0.420-0.430) (0.307-0.315) (-0.154-0.074) 0.070
(0.3281%0.023) (0.4712%0.0052) (0.143)
_ Balance (0.317-0.339) (0.469-0.473) (0.103-0.183) 0.655
Es oNF (0.423920.0012) (0.4699:£0.0033) (0.046) L oo
20 (0.423-0.425) (0:468-0.472) (0.006-0.086) :
) (0.5102%0.0076) (0.30330.006) (-0.207) ;
Combined (0.506-0.514) (0.300-0.306) (-0.247-0.167) 0.004
(0.335920.0054) (0.44560.065) (0.110)
Control (0.333-0.339) (0.413-0.479) (0.070-0.150) 0.996
) (0.3514%0.0056) (0.3455+0.025) (-0.005)
Plyometric (0.348-0.354) (0.334-0.358) (-0.045-0.035) 0.997
(0.2198+0.0087) (0.3673£0.0033) (0.147)
_ Balance 0.216-0.224 0.366-0.368 0.107-0.187 1.885
@
s oNE (0.32360.004) (0.3913£0.0032) (0.067) e
g0 (0.322-0.326) (0.390-0.392) (0.027-0.107) :
: (0.4202+0,056) (0.2862%0.0054) (-0.134) .
Combined (0:392-0.448) (0.284-0.288) (-0.174-0.094) 0.002
(0.2566%0.0087) (0.3471%0.0087) (0.090)
Control (0.253-0.261) (0.343-0.351) (0.050-0.130) 1.626
: (0.3289+0.0098) (0.3455:£0.0066) (0.017)
Plyometric (0.325-0.333) (0.342-0.350) (-0.023-0.057) 1.223
(0.2198+0.0043) (0.3673£0.0087) (0.147)
. Balancy (0.218-0.222) (0.363-0.371) (0.107-0.187) 0.704
2 X (0.3236%0.0074) (0.3913%0.0056) (0.067) o 500
3 (0.320-0.328) (0.388-0.394) (0.027-0.107) :
) (0.4202%0.0064) (0.2862%0.0075) (-0.134) )
iprimgied (0.417-0.423) (0.282-0.290) (-0.174-0.094) 0.001
(0.2566+0.0068) (0.34710.0065) (0.090)
Control (0.253-0.261) (0.343-0.351) (0.050-0.130) 0. 696
P<0,05*
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Graphl. Electrical activity of muscles in first phase according to pair-t test between groups
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Table4. The comparison of electrical activity of groups according to ANOVA test in first.phase

) Mean p _ Mean p _ Mean
Muscle Group d(lgfseor/t;;t;e value Group d(lngeOr/sglc;e valtie Group d(lsfafsec;sglge P value
E Combined-plyometric (0_0(351_391)75) .001* | Plyometric- balance (0(0860%)132 4) .839 Balance-control (o_(ggéqu_ll)zg) .001*
% Combined-balance (0.1(86%2?1)96) .002* Plyometric- PNF (0.0(%398?1)08) .638 PNF- control (0(()(4)132)1()) 45) .406
é Combined-PNF (0.0(2'298.71)12) .001* | Plyometric-control (0.(§2£8?1)08) .021*
= Combined- control (0.0(3'21_371)72) .012* Balance- PNF (O.égéqgfll)zg) 122
é g;; rggjgt? ?c (-0.(()?)?%1&66) .067 | Plyometric- balance (-0.6(31;)%?2)63) .999 Balance- control (Oégfggl) 44) 375
é Combined- balance (0.0(25%?28) .001* Plyometric- PNF (-0.((332%1.2)86) .837 PNF- control (O.égll(fgél)ﬂ) .983
% Combined- PNF (0.(5!(5).7%(1).21)67) .004* | Plyometric- control (0.63698.11)36) .021*
& Combined- control (0.1(8'71_822)17) .001* Balance- PNF (-0.(()(1)%?-203.)2)78) .696
gﬁ, rgr?jgg ?c (-0. (()%(())805%00) .179 |, Plyometric- balance (0. (§(1)ZO?)71)82) .092 Balance- control (0. 823%82)93) 1.000
g s Combined- balance (0.0(8.7%?).22)67) .003* Plyometric- PNF (_O_(()%f%l%%) 1. 000 PNF- control (0_(58'393?1)73) .166
§ © Combined- PNF (0.(58.19?).61)71) .168 Plyometric- control (06840891)7 4) 157
Combined- control (O.égél_gflz)?)g) .000* Balance- PNF (. (()21036381) .099
EK/ rgrt:jgfr ?c (02&?%9:)35 4) .691 | Plyometric- balance (-0.%}%11)116) 445 Balance- control (_0_28%221) 237
g s Combined- balance (-0.(()%523)93185) .995 Plyometric- PNF (-O.:(Z%;)-Z(%B) .978 PNF- control (-0_&%5-?)252) 1. 000
E © Combined- PNF (-0. :(L%S—EZZ:)SSZ) .340 Plyometric- control (—0.&%(())3)5.)1)380) .993
Combined- control (-0. 523%4‘)1 49) 439 Balance- PNF (-0.&%21%3%88) .168
EK/ n(:g:g; ?c (-0.8%?—%1.186) .090 | Plyometric- balance (Oé(2)41891)9 2) .026* Balance- control (0é391842) 49) .004*
% Combined- balance (0.1(%2-892)85) .001* Plyometric- PNF (-0.((328%?)91) 1. 000 PNF- control (Oégf_%li 46) .357
g Combined- PNF (0.(53.29?).71)82) .064 Plyometric-control (—0.625—703258) .283
Combined- control (0(5391842) 49) .000* Balance- PNF (. 0(281831)88) .038*

P<0.05*
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According to the results of the paired T-test, it can be concluded that in the second phase of
jumping, combined exercises had an effect on all 5 ankle muscles. Also, plyometric training had
an effect on the TA and medial and lateral GM muscles. Balance training had an effect on the SL
muscle, While in PNF training did not show any effect on the muscles (table 5) (P<6.05)-
According to the ANOVA test has been showed that in the TA there is a difference between the
combined with balance, PNF and control groups, and no significant difference was observed in the
PL muscle between groups, and in the medial GM muscle illustrated significant differences
between the combined with balanced and control groups also there is a difference between
plyometrics with balance, PNF and control groups, and in the lateral GM muscle there is a
difference between the balance with PNF and control groups, and in the SL.muscle there is a
difference between the combined with balance, PNF and control groups in.addition has observed
a difference between plyometrics training with balance, PNF and control groups (table 6) {P<6-05)

13



Table5. The comparison of electrical activity of groups according to paired T-test in second phase

Pre test Post test M difference P value
Muscle Group (M £SD) (M £ SD) (95% CL)
(95% CL) (95% CL) °
: (0.2603%0.021) (0.1421%0.08) (0118) ;
Plyometric (0.252-0.268) (0.111-0.173) -(0.158-0.078) 0.004
5 (0.1803+0.041) (0.3055+0.04) (0.126)
5 Balance (0.164-0.196) (0.286-0.326) (0.086-0.166) 1.145
= - (0.2295%0.053) (0.2639+0.05) (0.034) -
P (0.210-0.250) (0.239-0.289) (-0.006-0.074) :
©
g . (0.3176+0.064) (0.1604+0.06) (-0.158) .
= Combined (0.291-0.345) (0.130-0.190) (-0.198-0.118) 0.003
(0.247%0.033) (0.2629+0.03) (0.016)
Control (0.233-0.261) (0.247-0.279) (-0.024-0.056) S
) (0.4267+0.047) (0.3771%0.043) (-0.050)
Plyometric (0.410-0.444) (0.358-0.396) (-0.090-0.010) i
2 (0.4326+0.058) (0.4458+0.04) (0.013)
2 Balance (0.410-0.456) (0.426-0.466) (-0.027-0,053) 0.449
- (0.339320.06) (0.4112+0.05) (0.072)
z PNF (0.316-0.362) (0.386-0.436) (0.032-0.112) 1.002
S ) (0.7778+0.04) (0.2511%0.07) (-0527) ;
& Combined (0.763-0.793) (0.221-0.281) (-0.567-0.487) 0.002
(0.5248+0.03) (0.7778+0.04) (0.253)
Control (0.513-0.537) (0.763-0.793) (0.212-0.293) 0.998
: (0.7975+0.05) (0.580120.05) (-0218) ;
Plyometric (0.781-0.815) (0.555-0,605) (-0.258-0.178) 0.003
(0.683120.06) (0.7769+0.07) (0.094)
_ Balance (0.660-0.706) (0.742-0.812) (0.054-0.134) 0. 655
Ss - (0.5847%0.07) (0.6997+0.06) (0.115) L oo
20 (0.558-0.612) (0:670-0.730) (0.075-0.155) :
) (0.6753+0.05) (0.357720.04) (-0317) ;
Combined (0.660-0.690) (0.338-0.378) (-0.357-0.277) 0. 004
(0.5251+0.04) (0.6854+0.075) (0.160)
Control (0.510-0,540) (0.647-0.723) (0.120-0.200) 0.996
: (0.4998+0.07) (0.3976+0.09) (-0.102) ;
Plyometric (0.473-0.527) (0.353-0.443) (-0.142-0.062) 0.002
(0.5991%0.07) (0.4797+0.043) (-0.119)
- Balance (0.572-0.626) (0.459-0.501) (-0.159-0.079) 1.885
£s - (0.3826+0.05) (0.5032+0.04) (0.120) L ao8
g0 (0.366-0.400) (0.217-0.287) (0.080-0.160) :
. (0.520120.04) (0.3268+0.06) (-0.193) ;
Combined (0.505-0.535) (0.297-0.357) (-0.233-0.153) 0.002
(0.3862+0.03) (0.4496+0.03) (0.064)
Control (0:376-0.396) (0.435-0.465) (0.024-0.104) 1.626
) (0.5645+0.06) (0.5663+0.04) (0.001)
Plyometric (0.543-0.587) (0.546-0.586) (-0.039-0.041) 1.223
(0.3423%0.08) (0.5625+0.06) (0.221) .
) Balare (0.310-0.374) (0.533-0.593) (0.181-0.261) 0.031
2 ~ (0.4198+0.08) (0.5384+0.05) (0.118) 0. 550
3 (0.388-0.452) (0.513-0.563) (0.078-0.158) :
, (0.5546+0.07) (0.3208+0.04) (-0.234) ;
COgPined (0.528-0.582) (0.301-0.341) (-0.274-0.194) 0.001
0.3728+0.008 (0.5045+0.011) (0.132)
Control 0.369-0.377 (0.485-0.525) (0.092-0.172) 0.696
P<G.05*
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Graph2. Electrical activity of muscles in second phase according to pair-t test between groups
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Table6. The comparison of electrical activity of groups according to ANOVA test'in second phase
. Mean Mean
Muscle Group Mea(ngg:;: glr)ence P value Group d(igf:(;ja(;e vallju e Group d(igf;(;ggse va}ljue
5 Combined-plyometric (-0.(()?5?-5())8&68) 301 | Plyometric- balance (_0_5_2)5'?5%05) .061 Balance-control (-0.881;)-1)3328) .180
% Combined-balance (0.0(2'3%8.82)23) .001* Plyometric- PNF (_0.(()%;)%(.))115) .832 PNF- control (_0.88'298'7878) 977
é Combined-PNF (0.0(8'3(33?1)73) .030* Plyometric-control QO.((J%S}O%%) .992
= Combined- control (0_0(351-8?1)93) .004* Balance- PNF (_0_(()%;)%9)135) 455
é Combined- plyometric (-0.(1-(1)'2(3(()).21)08) 1.000 | Plyometric- balance (_0_(68'198%79) .617 Balance- control (-0.8%?%?2)97) 377
o . 3 . -U.
é Combined- balance (-O.(()%:(L)—%‘?())SQ) .632 Plyometric- PNF (_0.(()%3_807.)176) .996 PNF- control (—0.(13 49?)580 4) 1. 000
% Combined- PNF (0(()%2_80517 4) .995 Plyometric- control (_0.(()%?%%%91) .994
& Combined- control (-0_(()%&?2)1_())89) .992 Balance- PNF (0.(5821(2?).31)82) .393
Combined- plyometric (-0_(2_3?'21-5)_2812) 4155 | Plyometric- balance (O_égél_(lfl)gg) .002* | Balance- control (0(941392) 44) .933
% s Combined- balance (_0.83'398%77) .004* Plyometric- PNF (. 1(282%)32)98) .001* PNF- control (O(()%S%Oi 45) 794
§ © Combined- PNF (0.(5869?).11)76) 420 Plyometric- control (. 1(3822)258) .001*
Combined- control (O_égél_g_lz)%) .047* Balance- PNF (0(5(1)40?)91)8 2) .303
Combined- plyometric (-O.(()%(())-zogiEO) .994 Plyometric- balance (0(134(2?)931 2) .305 Balance- control (0.1(252-(1).32)98) .001*
g s Combined- balance (-O.(igﬁg%OG) .539 Plyometric- PNF (O.(ggél-(%)?Z)OZ) .159 PNF- control (-O.((;gé??)?gBZ) .901
E © Combined- PNF (o_égél-g?z)ZZ) .065 Plyometric- control (. 0(29%41)99) 197
Combined- control (o_o(g'gl.gflz)lg) .085 Balance- PNF (0. 1(g12%)63201) .001*
Combined- plyometric (_0_(1_2'1%_1399) 1. 000 Plyometric- balance (0. 1(;)72323207) .001* Balance- control (-0.3%?—502.137) .969
§ Combined- balance (0(3282—?)31) 48) .000* Plyometric- PNF (0.()(261-?).52)30) .025* PNF- control (00(241(2)92)1 4 .865
E Combined- PNF (0(2291848 49) .044* Plyometric-control (. 1(871322)77) .002*
Combined- control (-0.(2-261-?).1896) .003* Balance- PNF (-O.(l-g.Z%BOS) AT8

P<0.05*
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According to the results of the paired T-test for intra-group comparisons, it can be concluded that
in the third phase of jumping, combined trainings have an effect on the TA, medial GM and SL
muscles, as well as plyometric and balance trainings had significant effect on the TA muscle (table
7) {P<B-05)- The results of ANOVA test showed that there is a difference in the medial GM muscle
between the plyometric with balance, PNF and control groups also between combined group with
control group. In the lateral GM muscle has demonstrated a significant difference between the
combined group with plyometric, PNF and control groups. There is a significant difference
between balance with control and plyometric with control group. There is a significant difference
in the SL muscle between the combined group with other groups (table 8) {P<0-05)-
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Table 7. The comparison of electrical activity of groups according to paired T-test in third phase

Pre test Post test Mean P value
Muscle Group (M £SD) (M £SD) differences
(95% CL) (95% CL) (95% CL)
) (0.3411%0.04) (0.1651+0.022) (-0.176) .
Plyometric (0.326-0.356) (0.156-0.174) (-0.196-0.156) 0.004
5 (0.221120.05) (0.342120.,043) (0.120) ;
5 balance (0.203-0.239) (0.325-0.359) (0.101-0.141) 0.032
C
5 (0.2333+0.07) (0.293720.03) (0.061)
2 PNF (0.206-0.260) (0.282-0.306) (0.041-0.081) 0.
g : (0.3285+0.03) (0.1919+0.088) (-0.137)
F combined (0.318-0.340) (0.158-0.226) (-0.157-0.117) LN
(0.3146+0.02) (0.2986+0.053) (-0.016)
control (0.307-0.323) (0.276-0.322) (-0.036-0.004) N
) (0.2701%0.06) (0.2631+0.023) (-0.007)
plyometric (0.248-0.292) (0.254-0.272) (-0.027-0.013) % 311
2 (0.347+0.08) (0.4166+0.054) (0°070)
g balance (0.317-0.377) (0.394-0.440) (0.050:0.090) 0.894
- (0.25710.06) (0.4071+0.03) (0.150)
3 PNF (0.235-0.279) (0.395-0.419) (0.130-0,170) 1.002
5 ) (0.3311+0.043) (0.2592+0.076) (0:072)
& combined (0.316-0.346) (0.229-0.289) (0.092-0.052) 0. 906
(0.2709+0.06) (0.3368+0.084) (0.066)
control (0.249-0.293) (0.299-0.375) (0.046-0.086) 0.998
) (0.6183+0.043) (0.4188+0.066) (-0.199)
plyometric (0.603-0.633) (0.393-0.445) (-0.219-0.179) 0.088
(0.4116+0.03) (0.6306%0.076) (0.219)
- balance (0.400-0.424) (0.600-0,662) (0.199-0.239) 0. 655
ZEs oNF (0.4391+0.011) (0.5071%0.064) (0.158) L oo6
s© (0.434-0.444) (0:571-0.623) (0.138-0.178) '
) (0.5728+0.087) (0.2969+0.007) (-0.276) ;
combined (0.541-0.605) (0.294-0.300) (-0.296-0.256) 0.004
(0.4016+0.07) (0:5345+0.039) (0.133)
control (0.375-0.429) (0.518-0.552) (0.113-0.153) 0.996
) (0.1513+0.066) (0.1214+0.043) (-0.030)
plyometric (0.127-0.175) (0.105-0.137) (-0.050-0.010) 0. 661
(0.2689+0.054) (0.176120.04) (-0.093)
- balance (0.248-0.290) (0.161-0.191) (-0.113-0.073) 1.885
£s oNE (0.1813£0.047) (0.2516%0.07) (0.071) L ao8
g0 (0.164-0.198) (0.221-0.283) (0.051-0.091) :
: (0.2705+0.04) (0.17760.064) (-0.093)
combined (0.256-0.286) (0.151-0.205) (-0.113-0.073) 0.741
(0.1876:£0.044) (0.2017+0.061) (0.014)
control (0.170-0.206) (0.175-0.229) (-0.006-0.034) 1.626
A 0.2559+0.03 (0.2696+0.068) (0.074) 3
Py 0.245-0.267 (0.241-0.299) (0.055-0.093) :
0.1909+0.05 (0.3082%0.05) (0.117)
. balgagd 0.169-0.213 (0.286-0.330) (0.097-0.137) 0. 663
E . 0.2732+0.06 (0.3428+0.,044) (0.070) 0. 550
S 0.251-0.295 (0.324-0.362) (0.050-0.090) :
: 0.3792+0.066 (0.2296+0.043) (-0.149) .
{ogied 0.353-0.405 (0.211-0.249) (-0.169-0.129) 0.001
0.2209+0.009 (0.2951+0.04) (0.014)
control 0.217-0.225 (0.278-0.312) (-0.006-0.034) 0.696
P<0.05*
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Graph3. Electrical activity of muscles in third phase according to pair-t test between groups
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Table 8. The comparison of electrical activity of groups according to ANOVA test'in third phase

Muscle Group Mea(rsnag(i/f:glr)ence valljue Group Mea(r:;gg/f:celr)ence valljue Group Mea(r:)g(i)/f:celr)ence valljue
5 Combined-plyometric (_0_(()%%)_102_%22) .999 Plyometric- balance (_0_(2'8'51_59335) .099 Balance-control (0633%01 45) 313
% Combined-balance (0_52'21_8_71)92) 174 Plyometric- PNF (_0_(1'8:'31_8_8323) 172 PNF- control (-O.(()%(()J-%?iZO) 457
é Combined-PNF (0.0(?69?)?1)80) .281 Plyometric-control (0(1(1)29%73@ .982
= Combined- control (-O.g)(;(())-log?iOO) .999 Balance- PNF (-0.(()(;.;)-%2.())97) .999
é Combined- plyometric (-0.&%?—%1.2)69) .694 | Plyometric- balance (-O.(l-glz(iZ).YgOB) 470 | Balance- control (00(391842) 49) .605
c . .

é Combined- balance (_0_8'8_70259) .996 Plyometric- PNF (-0.8%2—10?2)98) .999 PNF- control (-0.(()32-%1.146) 991
% Combined- PNF (-0.8%?%9145) .518 Plyometric- control (_0.(62698.1384) .996
& Combined- control (-0.(1-g!.59£(1).5865) .812 Balance- PNF (. 6850801)75) 311

Combined- plyometric (oégelglz) 46) .941 Plyometric- balance (0. 1(212862)91) 00'8* Balance- control (-0.(()33-103.2)98) 1. 000

g s Combined- balance (o_égél-?)z_lz)lg) .066 Plyometric- PNF (O(§841(7)92)6 2) 031* PNF- control (_0_(()%5_102_122) 972
s© Combined- PNF (o,égél_g,lz)%) 481 Plyometric- control (0.1(2.12—3.63)01) 006*
Combined- control (o.égél-(z)(.)z)os) .049" Balance- PNF (-0.(1-(1).;29%.7358) .991

Combined- plyometric (_O_(()%gg)z_%w) .002* | Plyometric- balance (_0_(2_8'31_(1)_8333) 00'3* Balance- control (_0_(()%'3%9115) .046*

g s Combined- balance (O.égéqgél)ﬁ) 1. 000 Plyometric- PNF (_0.(1_2'5%9315) .866 PNF- control (-o.égg-l(fg)gs) .084
E © Combined- PNF go.ég'zqgfll)eg) .040* | Plyometric- control (0(1219363 49) 002*
Combined- control (O_égfl-%_zz)m) .006* Balance- PNF (-0.(()%?-[1)?}33) .982

Combined- plyometric (0_1(8'21_3_72)72) .001* | Plyometric- balance (_0_6(;3%5_150) .133 | Balance- control (-0.6%32)8.2)97) .029*

§ Combined- balance (O.ég.ll-gél)Ql) .001* Plyometric- PNF (—O.(1_8.29%).7368) .969 PNF- control (0(1?493580 4) .816
g Combined- PNF (_0.(()?18%1371) .002* Plyometric-control (—O.(()%(())—%E.iZO) 717
Combined- control (Oé%lgsz) 43) .999 Balance- PNF (_0_(1'2'792_2303) 311

P<0.05*
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According to the results of the paired t-test for intra-group comparisons, it can be concluded that
in the fourth phase of jumping combined trainings effect significantly on TA, PL, medial GM and
SL muscles also, plyometric trainings have an effect on TA muscle and balance training has been
impacted on the medial GM and SL muscles (table 9). The results of ANOVA test showed that
there is a difference in the anterior large muscle between the combined with PNF and control
groups. Also, there was a significant difference between plyometric group with control group as
well as between balance group with combined and control groups, and there is a difference.in the
SL muscle between the combined group with balance and control groups (table 10)
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Table 9. The comparison of electrical activity of groups according to paired T-test in forth phase

Pre test Post test .
Muscle Group (M £SD) (M £SD) ME?QS%}ﬁgS] ces P value
(95% CL) (95% CL) °
: (0.2536+0.08) (0.0945+0.065) (-0.159) .
Plyometric (0.224-0.284) (0.069-0.121) (-0.199-0.119) 0.004
5 (0.1142+0.06) (0.1929+0.078) (0.079)
5 Balance (0.093-0.135) (0.162-0.224) (0.039-0.119) 0.799
£ oNE (0.20680.054) (0.21370.065) (0.007) 0. o5
2 (0.188-0.226) (0.187-0.241) (-0.033-0.047) :
o]
g : (0.3603%0.0788) (0.1629+0.08) (-0.197) )
z Combined (0.330-0.390) (0.133-0.193) (-0.237-0.157) 0. 0%
(0.21670.055) (0.2148+0.05) (-0.002)
Control (0.197-0.237) (0.195-0.235) (-0.042-0.038) )11
: (0.30070.043) (0.2795+0.087) (-0.021)
Plyometric (0.286-0.316) (0.246-0.314) (-0.061-0.019) 9311
2 (0.3248+0.05) (0.31910.065) (-0.006)
g Balance (0.308.0.342) (0.291-0.347) (-0.046-0.034) 0.894
- (0.33380.06) (0.3641+0.07) (0.030)
z PNF (0.312-0.356) (0.336-0.392) (-0.010-0.070) 1.002
5 : (0.4375£0.077) (0.2406:£0.044) (-0.197) "
g Combined (0.409-0.467) (0.222-0.260) (-0:237-0.157) 0. 009
(0.2525+£0.06) (0.36160.05) (0.109)
Control (0.231-0.275) (0.340-0.384) (0.069-0.149) 0.998
: (0.4234+0.05) (0.3306+0.077) (-0.092)
Plyometric (0.405-0.441) (0.299-0.363) (-0.132-0.052) 0.088
(0.2708+0.04) (0.4025:0.02) 0.132) }
_ Balance (0.256-0.286) (0.388-0.418) (0.092-0.172) 0.002
Es oNE (0.4387+0.076) (0.4807%0,065) (0.042) L o6
20 (0.410-0.468) (0.453-0.509) (0.002-0.082) :
: (0.4606:£0.06) (0.2975+0.087) (-0.163) .
Combined (0.440-0.482) (0:261-0.335) (-0.203-0.123) 0.004
(0.3602:£0.05) (0.37180.05) 0.012)
Control (0.342-0.378) (0.354-0.390) (-0.028-0.052) 0.996
: (0.1346+0.044) (0.1185+0.06) (-0.016)
Plyometric (0.119-0.151) (0.097-0.141) (-0.056-0.024) 0.661
(0.1151+.0.07) (0.1364+0.05) (0.020)
- Balance (0.084-0.146) (0.114-0.158) (-0.019-0.061) 1.885
Ss oNE (0.1881+0.066) (0.2113+0.06) (0.023) L ao8
50 (0.162:0.214) (0.185-0.237) (-0.017-0.063) :
: (0.2266+0.087) (0.2019+0.07) (-0.045)
Combined (0.215-0.279) (0.173-0.231) (-0.085-0.005) 0.741
(0.17880.06) (0.1903+0.091) (0.011)
Control (0:157-0.201) (0.151-0.229) (-0.029-0.051) 1.626
: (0.2704+0.05) (0.3104+0.055) (0.040)
Plyometric (0.253-0.287) (0.286-0.334) (0.001-0.080) 1.223
(0.1925+0.07) (0.30930.065) (0.116) .
B Balapeg (0.070-0.165) (0.281-0.337) (0.076-0.156) 0.041
2 N (0.33550.0434) (0.3391+0.07) (0.003) 0. 550
3 (0.321-0.351) (0.308-0.370) (-0.037-0.043) :
) (0.4674+0.03) (0.2807+0.06) (-0.186) )
Oggibined (0.455-0.479) (0.255-0.307) (-0.226-0.146) 0. 001
(0.2459+0.065) (0.2314+0.06) (-0.015)
Control (0.222-0.270) (0.206-0.256) (-0.055-0.025) 0.696
P<0.05%
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Graphd4. Electrical activity of muscles in fourth phase according to pair-t test between groups
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Table 10. The comparison of electrical activity of groups according to ANOVA test in fourth phase

Mean

Mean

Mean

Muscle Group difference vaTue Group difference vaTue Group difference vaTue
(95%cl) (95%cl) (95%cl)

5 Combined-plyometric (-0.8%61%6238) 116 Plyometric- balance (-0.8(2211)9;22) .385 Balance-control (-0.5(4)1'4(,)-705200) .001*

% Combined-balance (0.1((2)4.12-‘(1)(.53268) 299 Plyometric- PNF (-0.83501)7.)169) 120 PNF- control (_0(2'57'(_)8.51)57) .992
E Combined-PNF (o_ég.ll-géz)w) .001* | Plyometric-control (-0.(()%.;)-307.)159) .046%*
= Combined- control (0.52.21-31.12)66) .001* Balance- PNF (_0_(2'2'1939323) .001*

é Combined- plyometric (-0.8%%—%7.%59) .968 Plyometric- balance (OéfGogi)%) .994 Balance- control (-0.(()(;';)-‘})369) 1. 000

c - . - -0. .

é Combined- balance (-0.&%9%3?:)355) .999 Plyometric-PNF (-0.(2(5)593()).31)89) .978 PNF- control (_0.(()%50%&59) 739
- Combined- PNF (_Oﬁg%‘%%) 1.000 | Plyometric- control (_0_8%71%"207) 923
& Combined- control (0(2309?)81)7 2 .596 Balance- PNF (-o.(z_gi?g?z)n) .992

Combined- plyometric (_0.5%2_308%60) 970 Plyometric- balance (0823_502%7 a) .086 Balance- control (0.0(2'32_2)297) 577

g s Combined- balance (_0.(‘;(1)'21_39332) .994 Plyometric- PNF (-0.(2-259%)?2)06) .999 PNF- control (0(()%01%2%5 4) .996
z° Combined- PNF (0(2%22%0) .996 Plyometric- control (-0.5%3—%285) 831
Combined- control (-O.glll-(z)l.:)sm) 461 Balance- PNF (0(3801_8835 2) 577

Combined- plyometric Joﬁol_loz\zm 4) .673 Plyometric- balance (oé%é)_zoog 42) 110 Balance- control (—0233%206) .810

g s Combined- balance (0633%2%5 4) .868 Plyometric- PNF (—0.(2-(7)593.31)69) 478 PNF- control (—0.5%5%3285) 831
89 | Cofmbined- PNF (_0_%?_50?;81) 110 | Plyometric- control (_0_5%2_%%90) 673
Combined- control (_0_22'698218) 921 Balance- PNF (0(285%31) 49) 921

Combined- plyometric (_0.(()%;%7.2119) 101 Plyometric- balance (-0.&%2-7(%00) 273 Balance- control (O.ég.ll—g?Z)SD .596

2 Combined- balance (o_(ggéz.g,szw) .001* Plyometric- PNF (-oggf?gi)sn 453 PNF- control (o,ég.zl-gflz)se) .970
g Combined- PNF (0633%2%5 4) .922 Plyometric-control (05%22042 46) 971
Combined- control (0.221) .024%* Balance- PNF (:0.143) AT8

(-0.001-0.443)

(-0.365-0.079)

P<0.05*
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Discussion

Overall, in this study has been shown that plyometric, balance and PNF trainings each one has a
positive impact on electromyography function of ankle muscles and reduce the rate of ankle injury
but, there haven’t enough for preventing ankle injury thought, has shown that combined training
(plyometric, balance and PNF) has a greater impact on function muscles in 4 phases of jumping
test. Plyometric training has shown considerable effectiveness in preventing ankle injuries among
basketball players (30). Studies have demonstrated that incorporating plyometric exercises.into the
training regimen of basketball players enhances ankle stability, muscular strength;. and
proprioception and these adaptations contribute to a reduced risk of ankle injuries during the
dynamic movements involved in basketball(31) . Also found that a targeted plyometric program
significantly decreased the incidence of ankle sprains in basketball players and plyometric
interventions positively impact neuromuscular control, a crucial factor in preventing ankle injuries
in addition has been investigated the influence of plyometric training on neuromuscular
performance and injury risk in young athletes(32).Balance training.has proven to be a valuable
component in preventing ankle injuries among basketball players(33)./Also observed a significant
reduction in the incidence of ankle sprains among basketball.players who underwent a targeted
balance training program and supported these findings, emphasizing the role of balance training
in enhancing proprioception and reducing the risk. of ankle injuries in sports, including
basketball(34). Also has been investigated that incorporated balance training into the regimen of
basketball players and evaluated its effects using functional assessments, including the Jump on
Step Test, the findings revealed improvements in ankle muscle function, enhanced proprioception,
and a decreased risk of ankle injuries..among those who underwent balance training
(35).Proprioceptive Neuromuscular Facilitation (PNF) training has demonstrated positive effects
on preventing ankle injuries among basketball players and Notable studies, emphasize the efficacy
of PNF techniques in enhancing proprioception and reducing the risk of ankle sprains (36). Also
has been shown that incorporating PNF exercises of basketball players led to improved joint
position sense and reduced the incidence of ankle injuries and emphasizing the role of PNF in
enhancing neuromuscular control and decreasing the likelihood of ankle sprains in athletes (37).
Combined training, integrating plyometric and balance exercises, has been shown to be effective
in reducing the rate of ankle injuries and Plyometric exercises focus on explosive movements,
while balance training enhances proprioception and stability (38). On the other word, Plyometric
exercises focus on explosive movements that improve power and speed, while balance training
helps improve proprioception and stability around the ankle joint in addition, has been shown that
athletes who performed plyometric and balance exercises had better overall ankle stability and
lower rates of injury compared to those who did not (39). On the other hand, combined training
including plyometric and balance improves the power and stability of ankle but, there is no effect
on the range of motion and coordination therefore It's crucial to note that individual factors, such
as range of motion can influence the Risk factors for ankle sprain in youth sports(40).Has been
illustrated that by combining plyometric and PNF exercises in a structured training program,
athletes can benefit from the synergistic effects of both modalities. Plyometric training improves
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power and explosive strength, while PNF techniques enhance proprioception, coordination, and
neuromuscular control and together, these components can help athletes develop better ankle
stability and reduce the risk of injuries(41). While combined training with plyometric and
proprioceptive neuromuscular facilitation (PNF) exercises can be beneficial, it's important to
consider potential drawbacks and limitations. Some research suggests that integrating these two
training modalities can lead to improvements in muscle activation patterns, and functional
performance, which may contribute to a reduced risk of ankle injuries in athletes but, has been
shown that combined those practice didn’t have appropriate impact on balance and coordination
(41). Research supports the effectiveness of combined training involving balance and
proprioceptive neuromuscular facilitation (PNF) exercises in reducing the rate. of ankle injuries
and the same practices are Effectiveness in neuromuscular and proprioceptive training program in
preventing ankle ligament injuries in athletes also has been demonstrated, the positive impact of
neuromuscular and proprioceptive training on injury prevention, emphasizing the importance of
balance exercises (42). Balance training and PNF exercises are known toimprove proprioception,
which is the body's ability to sense its position, movement, and balance. By enhancing
proprioception through targeted exercises, athletes can better control their movements and respond
to lateral forces, reducing the risk of ankle injuries caused by instability or poor coordination
While, combined training with balance and proprioceptive neuromuscular facilitation (PNF)
exercises can be beneficial for reducing the rate of ankle-injuries, it's crucial to consider potential
drawbacks and limitations. Has been demonstrated that.combined (balance and PNF) training leads
to improve the stability, coordination and range of motion but there is not enough impact on
enhancing the strength and power(43). In_this.research, it was shown that plyometric and balance
exercises and PNF in different phases of'the jump test on the box have an effect on the ankle
muscles, but combined exercises have-a better and greater effect on all four phases of the jump
between basketball players and their ankle muscles in addition Combined exercises can be used to
improve the electrical activity-of.the ankle muscles among basketball players or even to prevent
ankle injuries. Since most of the‘ankle injuries occur during forward movement, the phasing of the
test has significantly. contributed to a more accurate examination of the activity of the ankle
muscles, and on the other hand, in each of the examined phases, the muscles have concentric and
eccentric contractions, and weakness in each of the phases and muscles involved causes ankle
injury in certain.conditions(44). Thus, it is concluded that there is a series of injury prevention
exercises-to” strengthen and improve each of the muscles involved in different phases. In
conclusion, the integration of plyometric, balance, and proprioceptive neuromuscular facilitation
(PNF)-training demonstrates a collective positive impact on preventing ankle injuries. Research
consistently supports the individual efficacy of these methods, with studies highlighting improved
strength, stability, and proprioception. However, the information achieved by combining these
modalities appears to yield a more comprehensive and heightened preventative effect. This
amalgamation enhances neuromuscular control, addresses multiple facets of ankle stability, and
fosters a more robust injury prevention strategy. The novel findings of this study provide a
significant advancement in ankle injury prevention by offering the first detailed analysis of muscle
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activation patterns across all four critical phases of single-leg jumps in basketball players. Unlike
previous research that examined general muscle activity, our phase-specific EMG data precisely
identifies neuromuscular deficits during preparation, takeoff, flight, and landing phases. This
granular understanding allows for targeted rehabilitation protocols that address phase-specific
weaknesses, fundamentally changing how ankle stability training is approached in sports medicine.
The demonstrated superiority of combined training underscores its potential as an evidence-based
intervention, providing coaches and clinicians with actionable insights to reduce ankle injury rates
among athletes. By bridging the gap between biomechanical research and practical ‘training
applications, this work establishes a new standard for injury prevention strategies in basketball and
similar jumping sports.

Research Limitations:

This research has several important limitations. The study sample was limited to young male
players (12-16 years old) with no history of ankle injury, which restricts the generalizability of the
findings. The short, 8-week training duration may be insufficient.to reveal long-term effects. The
focus was also narrow, as electromyographic (EMG) activity was measured only during single-leg
jumps and not during more complex, game-like movements. Furthermore, the study design was
unblinded, introducing potential bias since both participants. and researchers were aware of group
assignments. While muscle activity was measured, the actual incidence of injuries was not tracked.
Consequently, these results may not be applicable to females, older athletes, or other sports.

Conclusion

The findings of this study demonstrate that while isolated plyometric, balance, and PNF training
protocols each induce specific neuromuscular adaptations in the ankle stabilizers of young
basketball players, their efficacy-islimited to particular muscles and phases of a single-leg jump.
The combined training protocel, " integrating all three modalities, proved to be the most
comprehensive and .effective intervention. It elicited significant improvements in
electromyographic “activity - across all four biomechanically defined phases of the jump
(preparation, takeoff, flight, and landing), impacting the tibialis anterior, peroneus longus, medial
and lateral gastrocnemius, and soleus muscles. This superior effect is likely due to the synergistic
nature of comhined training, which simultaneously enhances muscular strength, power,
proprioceptive, acuity, and dynamic neuromuscular control. Therefore, for clinicians and strength
coaches aiming to optimize ankle stability and mitigate injury risk in basketball players, a
multimodal training approach is strongly recommended over single-focus protocols. Implementing
such a combined program as part of a regular warm-up or conditioning routine could provide a
more robust defense against the high incidence of ankle sprains in this athletic population. Future
research should investigate the long-term effects of this combined training on actual ankle injury
rates and its applicability to other sports and demographic groups.

24



Author Contributions

- Nayeb Ahmadpour: Study design, Training implementation data analysis, manuscript writing
(corresponding author).

- Banafsheh Mohammadi: supervision, data collection, manuscript review.

- Mohammad Rabiei: Methodology support, statistical analysis, manuscript editing.

Ethical considerations
Compliance with ethical guidelines

Ethical approval was obtained from the ethics committee at the institute of-Rhysical Education and
sport sciences (code: IR.SKU.REC.1400.075)

Funding

This research did receive full grant from “shahrekord university
Conflict of interest

The authors declared no conflict of interest

Acknowledgments

The authors appreciate all individuals who contributed to the completion of this manuscript.

25



References

1. Taylor JB, Ford KR, Nguyen A-D, Terry LN, Hegedus EJ. Prevention of Lower Extremity
Injuries in Basketball: A Systematic Review and Meta-Analysis. Sports Health. 2015;7(5):392-8.
2. Harmer PA. Basketball injuries. Epidemiology of pediatric sports injuries: Team sports.
2005;49:31-61.

3. Newman JS, Newberg AH. Basketball injuries. Radiologic Clinics. 2010;48(6):1095-111.
4. Leanderson J, Nemeth G, Eriksson E. Ankle injuries in basketball players. Knee surgery,
sports traumatology, arthroscopy. 1993;1(3-4):200-2.

5. McKay GD, Goldie P, Payne WR, Oakes B. Ankle injuries in basketball: injury rate and
risk factors. British journal of sports medicine. 2001;35(2):103-8.

6. Faraji E, Daneshmandi H, Atri AE, Onvani V, Namjoo FR. Effects of prefabricated ankle
orthoses on postural stability in basketball players with chronic ankle instability./Asian Journal of
Sports Medicine. 2012;3(4):274.

7. Owoeye OB, Palacios-Derflingher LM, Emery CA. Prevention of ankle sprain injuries in
youth soccer and basketball: effectiveness of a neuromuscular training-program and examining
risk factors. Clinical journal of sport medicine. 2018;28(4):325-31:

8. Sacco 1dC, Takahasi HY, Vasconcellos AA, Suda EY, Bacarin TdA, Pereira CS, et al.
Influence of ankle devices in the jump and landing biomechanical responses in basketball. Revista
Brasileira de Medicina do Esporte. 2004;10:447-52.

9. Herzog MM, Mack CD, Dreyer NA, Wikstrom EA;.Padua DA, Kocher MS, et al. Ankle
Sprains in the National Basketball association, 2013-2014 through 2016-2017. The American
journal of sports medicine. 2019;47(11):2651-8.

10. Cumps E, Verhagen E, Meeusen R. Efficacy of a sports specific balance training
programme on the incidence of ankle sprains in basketball. Journal of sports science & medicine.
2007;6(2):212.

11. Riva D, Bianchi R, Rocca F, Mamo-C. Proprioceptive training and injury prevention in a
professional men's basketball team; a six-year prospective study. The Journal of Strength &
Conditioning Research. 2016;30(2):461-75.

12.  Schiftan GS, Ross LA, Hahne AJ. The effectiveness of proprioceptive training in
preventing ankle sprains in sporting populations: a systematic review and meta-analysis. Journal
of science and medicine in-sport. 2015;18(3):238-44.

13.  Van Reijen ‘M, Vriend |, Zuidema V, Van Mechelen W, Verhagen E. Increasing
compliance with neuromuscular training to prevent ankle sprain in sport: does the ‘Strengthen your
ankle’mobile App make a difference? A randomised controlled trial. British journal of sports
medicine. 2016;50(19):1200-5.

14. Mohammadi B, Ahmadpour ND, Rabiei M. The Effect of Four Types of Training:
Plyometric, Balance, PNF and Combination Training on Physical Performance and Ankle Injury
Prevention in Basketball Players: A Clinical Trial. Journal of Advanced Sport Technology.
2024;8(2):14-26.

15. Padua E, D’Amico AG, Alashram A, Campoli F, Romagnoli C, Lombardo M, et al.
Effectiveness of warm-up routine on the ankle injuries prevention in young female basketball
players: A randomized controlled trial. Medicina. 2019;55(10):690.

16. Terada M, Thomas AC, Pietrosimone B, Hiller CE, Bowker S, Gribble PA. The
consequence of a medial ankle sprain on physical and self-reported functional limitations: a case
study over a 5-month period. journal of orthopaedic & sports physical therapy. 2015;45(10):756-
64.

26



17. McConkey J. Ankle sprains, consequences and mimics. Foot and ankle in Sport and
Exercise. 23: Karger Publishers; 1987. p. 39-55.

18. Al Attar WSA, Khaledi EH, Bakhsh JM, Faude O, Ghulam H, Sanders RH. Injury
prevention programs that include balance training exercises reduce ankle injury rates among soccer
players: a systematic review. Journal of physiotherapy. 2022;68(3):165-73.

19. Maleki B, Mantashloo Z, Salehi S. Effect of ankle sprain on postural control and electrical
activity of selected muscles after single-leg jump landing task. Novelty in Biomedicine.
2019;7(4):218-24.

20.  Ilbak I, Acak M. The effect of plyometric training combined with electrical muscle
stimulation on sports performance parameters in basketball players. Spor ve Performans
Arastirmalar1 Dergisi. 2022;13(2):189-200.

21.  Pechlivanos RG, Amiridis IG, Anastasiadis N, Kannas T, Sahinis C, Duchateau J, et al.
Effects of plyometric training techniques on vertical jump performance of basketball players.
European Journal of Sport Science. 2024.

22.  Yeste-Fabregat M, Baraja-Vegas L, Vicente-Mampel J, Pérez-Bermejo M, Bautista
Gonzélez 1J, Barrios C. Acute effects of tecar therapy on skin temperature, ankle mobility and
hyperalgesia in myofascial pain syndrome in professional basketball players: a pilot study.
International Journal of Environmental Research and Public Health. 2021;18(16):8756.

23.  Gulick DT, Castel JC, Palermo FX, Draper DO. Effect of patterned electrical
neuromuscular stimulation on vertical jump in collegiate athletes. Sports Health. 2011;3(2):152-7.
24.  Yoshida M, Taniguchi K, Katayose M. Analysis of muscle activity and ankle joint
movement during the side-hop test. The Journal “of Strength & Conditioning Research.
2011;25(8):2255-64.

25. Labanca L, Mosca M, Ghislieri M, Agostini V, Knaflitz M, Benedetti MG. Muscle
activations during functional tasks in individuals with chronic ankle instability: a systematic
review of electromyographical studies. Gait & Posture. 2021;90:340-73.

26. Mendes PG, Pereira AA, Abreu PHA, Campos MR, Lins C, Felicio LR. Electromiographic
activity during single leg jump in adelescent athletes with chronic ankle instability: A pilot study.
Journal of Bodywork and Movement-Therapies. 2021;28:238-45.

27.  Allet L, Zumstein_F, Eichelberger P, Armand S, Punt IM. Neuromuscular control
mechanisms during single-leg jump landing in subacute ankle sprain patients: A case control study.
Pm&r. 2017;9(3):241-50.

28. Llurda-Almuzara L, Perez-Bellmunt A, Labata-Lezaun N, Lopez-de-Celis C, Canet-Vintrd
M, Cadellans-Arroniz A, et al. Relationship between lower limb EMG activity and knee frontal
plane projection angle during a single-legged drop jump. Physical Therapy in Sport. 2021;52:13-
20.

29.  Thain PK, Hughes GTG, Mitchell ACS. The effect of repetitive ankle perturbations on
muscle reaction time and muscle activity. Journal of Electromyography and Kinesiology.
2016,30:184-90.

30. + Asadi A, de Villarreal ES, Arazi H. The effects of plyometric type neuromuscular training
on postural control performance of male team basketball players. The Journal of Strength &
Conditioning Research. 2015;29(7):1870-5.

31. Bal BS, Kaur PJ, Singh D. Effects of a short term plyometric training program of agility in
young basketball players. Brazilian Journal of Biomotricity. 2011;5(4):271-8.

32. 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

27



controlled laboratory study. International journal of environmental research and public health.
2021;18(10):5269.

33. McGuine TA, Keene JS. The effect of a balance training program on the risk of ankle
sprains in high school athletes. The American journal of sports medicine. 2006;34(7):1103-11.
34. Borao O, Planas A, Beltran V, Corbi F. Effects of a 6-week neuromuscular ankle training
program on the Star Excursion Balance Test for basketball players. Apunts Medicina de I'Esport.
2015;50(187):95-102.

35.  Zemkova E, Hamar D. The effect of 6-week combined agility-balance training on
neuromuscular performance in basketball players. Journal of sports medicine and physical fitness.
2010;50(3):262.

36. Daniel DC. Effects of ultrasound therapy with taping PNF training and PNF ‘training with
taping in treatment and rehabilitation of sports injuries of high ankle sprain. Journal of Dr NTR
University of Health Sciences. 2017;6(2):92-7.

37.  Bhardwaj A, Kathayat L. Effectiveness of Contract-Relax PNF Technique versus Dynamic
Oscillatory Stretching on Active Range of Motion and Balance in Collegiate Basketball Players.
Journal of Exercise Science & Physiotherapy Vol. 2021;17(2).

38.  Surakhamhaeng A, Bovonsunthonchai S, Vachalathiti R. Effects-of balance and plyometric
training on balance control among individuals with functional ankle instability. Physiotherapy
Quarterly. 2020;28(2):38-45.

39.  Villalba MM, Eltz GD, Fujita RA, Panhan AC, Cardozo AC, Gongalves M. Effects of six
weeks of plyometric training on the ground vs.on a mini-trampoline on strength, jump
performance, and balance in male basketball players—Randomized clinical trial. Sport Sciences
for Health. 2023;19(3):829-309.

40. Kooroshfard N, Rahimi Z. The effect.of the neuromuscular, strength, and combined
training on balance and performance in female basketball players. Physical Treatments-Specific
Physical Therapy Journal. 2022;12(1):41-50.

41.  Singh S, Taneja D, Saharan A, Ranjieeta W, Mathur M. Low intensity plyometrics versus
PNF stretching on vertical jump height'and agility in collegiate basketball players. International
Journal of Development Research. 2018;8(3):19261-70.

42. Lazarou L, Kofotolis N,.Malliou P, Kellis E. Effects of two proprioceptive training
programs on joint position sense, strength, activation and recurrent injuries after ankle sprains.
Isokinetics and exercise science. 2017;25(4):289-300.

43. Hall EA, Chomistek AK, Kingma JJ, Docherty CL. Balance-and strength-training
protocols to improve chronic ankle instability deficits, part I: assessing clinical outcome measures.
Journal of athletic.training. 2018;53(6):568-77.

44, Kostopoulos N. Injuries in Basketball. Biology of exercise. 2010;6(1).

28



