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Abstract 

Purpose: Volleyball is a high-demand sport characterized by repetitive jumping, rapid changes of 

direction, overhead actions, and frequent landing tasks, which expose athletes to a considerable 

risk of injury. Therefore, this study aimed to examine whether a structured volleyball-specific 

injury-prevention warm-up program could reduce injury incidence and improve Volleyball 

Functional Movement Screen (VFMS) performance in male players competing in the Iranian 

Premier Volleyball League. 

Methods: This quasi-experimental pretest–posttest study was conducted on 72 male volleyball 

players competing in the Iranian Premier Volleyball League. Participants were allocated to an 

intervention group, which completed a 9-week progressive injury-prevention warm-up program, 

or a control group, which continued their regular warm-up routine. Injury occurrence was recorded 

using the FIVB Medical Injury Report Form, and functional movement was assessed using the 

VFMS before and after the intervention. Data were analyzed using mixed-model ANOVA and 

related statistical tests, with statistical significance set at p < 0.05. 

Results: Both groups showed significant improvements over time in total VFMS scores and in 

upper-extremity, trunk, and lower-extremity domains; however, no significant group-by-time 

interactions were observed. Likewise, the intervention did not result in significant between-group 

differences in injury incidence, injury distribution, injury mechanism, injury severity, or injured 

body region. The ankle and knee were the most frequently injured body regions in both groups. 

Conclusion: Among male Iranian Premier Volleyball League players, the 9-week volleyball-

specific warm-up program did not demonstrate a statistically significant advantage over routine 

warm-up practices in reducing injuries or improving functional movement performance. Although 

both groups showed improvements over time, these changes were not significantly different 

between groups and therefore cannot be attributed to the intervention. Accordingly, the present 

findings do not support the effectiveness of this warm-up program as a standalone injury-

prevention strategy in this specific population and should not be generalized to other athlete 

populations. 

Keywords: neuromuscular training; movement screening; injury epidemiology; ankle injuries. 
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Highlights: 

• VFMS scores improved significantly in both intervention and control groups. 

• No significant group-by-time interaction was observed for VFMS outcomes. 

• The injury-prevention warm-up program did not significantly reduce injuries. 

• Ankle and knee injuries were the most frequently reported injuries. 

• Functional improvements appeared to reflect general training adaptations. 

Plain Language Summary: 

Volleyball is a physically demanding sport that involves frequent jumping, rapid changes of 

direction, overhead movements, and repeated landings. Because of these demands, volleyball 

players are at risk of various injuries, particularly to the ankle, knee, and shoulder. Coaches and 

sports medicine professionals often use warm-up programs designed to reduce injury risk and 

improve movement quality. However, the effectiveness of such programs in elite volleyball 

players remains unclear. This study investigated whether a structured volleyball-specific injury-

prevention warm-up program could reduce injuries and improve functional movement 

performance in male athletes competing in the Iranian Premier Volleyball League. Seventy-two 

elite volleyball players participated in the study and were assigned either to an intervention group 

that completed a nine-week injury-prevention warm-up program or to a control group that 

continued their usual warm-up routine.The results showed that both groups improved significantly 

in functional movement performance over time. However, the improvements were similar in both 

groups, indicating that the specialized warm-up program did not provide additional benefits 

beyond regular volleyball training. Likewise, injury rates and injury characteristics were not 

significantly different between the intervention and control groups. Although the intervention 

group experienced slightly fewer injuries, these differences were not statistically significant. These 

findings suggest that a short-term injury-prevention warm-up program alone may not be sufficient 

to substantially reduce injuries or improve movement quality in highly trained volleyball athletes. 

Coaches and practitioners should consider integrating warm-up exercises with broader injury-

prevention strategies, including neuromuscular training, workload monitoring, recovery 

management, and sport-specific conditioning programs. 
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Introduction  
Volleyball is a globally popular team sport played by millions of athletes across more than 200 countries 

(1).The sport involves frequent jumping, rapid changes of direction, explosive actions, repetitive landings, 

and overhead movements, all of which impose substantial mechanical and neuromuscular loads on the 

musculoskeletal system(2) . High-level performance in volleyball depends on a combination of physical 

and neuromuscular attributes, including strength, power, agility, balance, coordination, and motor 

control(3). While these attributes are essential for performance enhancement, they simultaneously 

increase the risk of both acute and overuse injuries(4). As a result, injury prevention has become a key 

priority for coaches, clinicians, and sports scientists working in elite volleyball environments(5). 

Epidemiological evidence indicates that volleyball players are particularly susceptible to injuries involving 

the ankle, knee, shoulder, and fingers. Among these, ankle injuries are the most frequently reported, 

accounting for a substantial proportion of total injury cases. Reported injury incidence rates in competitive 

volleyball range from approximately 1.7 to 4.2 injuries per 1,000 hours of exposure(6). Such injuries can 

negatively affect athletic performance, increase medical burden, reduce training availability, and in severe 

cases shorten athletic careers. Therefore, identifying modifiable risk factors and implementing effective 

preventive strategies remains essential in volleyball performance and sports medicine research(7). In 

recent years, the focus of injury prevention has shifted from post-injury rehabilitation toward the 

early identification of modifiable neuromuscular and movement-related risk factors (8). Within 

this context, movement screening tools have been widely adopted to assess functional movement 

quality and identify deficits that may increase the risk of sports injuries. Among these, the 

Functional Movement Screen (FMS) is one of the most commonly used instruments, evaluating 

fundamental movement patterns through a standardized battery of tests assessing mobility, 

stability, balance, and motor control (9). Although the FMS has demonstrated acceptable 

reliability, evidence regarding its validity and ability to predict injuries remains inconsistent, 

particularly in highly trained athletic populations (10). Moreover, because the FMS was developed 

as a general movement screening tool, it may not adequately capture the sport-specific 

biomechanical demands of volleyball, such as repetitive jumping, high-impact landings, rapid 

changes of direction, and overhead movements (11). To overcome these limitations, the Volleyball 

Functional Movement Screen (VFMS) was developed specifically for volleyball athletes. 

Compared with the FMS, the VFMS incorporates volleyball-specific movement tasks that more 

closely reflect the neuromuscular and biomechanical demands encountered during training and 

competition, including jumping, landing, multidirectional movement, and upper-extremity 

functional actions (11). Consequently, it may provide greater sensitivity for identifying movement 

deficits and functional adaptations that are directly relevant to volleyball performance and injury 

prevention (10). Because the present study involved elite male volleyball players, the VFMS was 

selected in preference to the general FMS, as it was considered more appropriate for evaluating 

sport-specific movement quality in this population. Nevertheless, despite its theoretical advantages 

and greater ecological validity, evidence regarding the responsiveness of the VFMS to training 

interventions and its association with injury outcomes remains limited. Therefore, further research 

is needed to establish its practical value in both performance enhancement and injury prevention. 

In parallel with advances in movement screening, structured injury-prevention warm-up programs 

have been widely investigated as effective strategies for reducing injury risk and improving 

neuromuscular performance (12). Multicomponent injury-prevention warm-up programs typically 
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incorporate strength, balance, plyometric, agility, and core stability exercises and have 

demonstrated beneficial effects across a range of athletic populations (13). Among these, the FIFA 

11+ program has consistently been shown to reduce injury incidence while improving 

neuromuscular performance in football players, serving as the foundation for the development of 

similar preventive strategies in other team sports (14). Collectively, these findings suggest that 

structured neuromuscular warm-up programs may also be effective in volleyball. However, high-

quality sport-specific evidence in elite volleyball players remains limited. Despite the growing 

body of research on injury prevention and movement screening, several important knowledge gaps 

remain. First, few studies have investigated whether structured injury-prevention warm-up 

programs can produce measurable improvements in volleyball-specific movement quality as 

assessed by the Volleyball Functional Movement Screen (VFMS). Second, the relationship 

between changes in VFMS performance and subsequent injury incidence following preventive 

training has not been clearly established. Third, existing studies have rarely examined both injury 

outcomes and sport-specific functional movement adaptations within the same intervention in elite 

volleyball athletes. Consequently, the combined effects of structured injury-prevention warm-up 

programs on injury occurrence and volleyball-specific movement quality remain insufficiently 

understood.The present study was designed to address these gaps by simultaneously evaluating the 

effects of a structured injury-prevention warm-up program on both injury incidence and volleyball-

specific functional movement quality in elite male volleyball players. By integrating clinical injury 

outcomes with a sport-specific movement assessment using the VFMS, this study extends the 

current literature by providing evidence on the responsiveness of volleyball-specific movement 

quality to preventive training while further clarifying the potential role of the VFMS as a practical 

tool for monitoring functional adaptations associated with injury prevention. Addressing these 

knowledge gaps is of considerable practical importance because injuries in elite volleyball 

adversely affect not only athletes' health and long-term development but also team performance, 

player availability, and competitive success. Therefore, identifying evidence-based preventive 

strategies capable of simultaneously enhancing functional movement quality and reducing injury 

risk is of substantial value for clinicians, coaches, strength and conditioning specialists, and sports 

medicine researchers. Accordingly, the present study aimed to investigate the effects of a structured 

injury-prevention warm-up program on injury incidence and volleyball-specific functional movement, as 

assessed by the Volleyball Functional Movement Screen (VFMS), in elite male volleyball players. 

Specifically, the study examined whether participation in a systematic neuromuscular warm-up program 

could reduce injury incidence while improving volleyball-specific functional movement characteristics of 

the upper extremity, trunk, and lower extremity compared with a routine warm-up program. It was 

hypothesized that players who completed the structured injury-prevention warm-up program would 

demonstrate lower injury incidence and better volleyball-specific functional movement, as assessed by 

the VFMS, than those performing their routine warm-up. 

 Methods 

Study Design 

This study employed a quasi-experimental pretest–posttest controlled design to investigate the 

effects of a structured injury-prevention warm-up program on sports injury incidence and VFMS 

performance among elite male volleyball players during the competitive season of the Iranian 
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Premier Volleyball League. Because players trained and competed within established team 

environments, individual randomization was not feasible and could have resulted in contamination 

between participants. Therefore, group assignment was performed at the team (cluster) level, 

whereby entire teams were allocated to either the intervention or control group. To minimize 

selection bias and potential confounding, teams were matched before group assignment based on 

competitive level, training load, and baseline anthropometric and performance characteristics. This 

matching procedure was intended to improve baseline comparability between groups while 

preserving the ecological validity of the study within a real-world elite volleyball setting. The 

study protocol was approved by the institutional ethics committee, and written informed consent 

was obtained from all participants before enrolment. 

Sample Size 

Because this study was conducted in a limited population of elite male volleyball players 

competing in the Iranian Premier Volleyball League, all eligible athletes who met the inclusion 

criteria during the study period were invited to participate. Therefore, an a priori sample size 

calculation was not performed. Instead, a post hoc power analysis was conducted to evaluate the 

statistical power of the primary outcomes. 

Participants 

A total of 72 elite male volleyball players competing in the Iranian Premier Volleyball League 

participated voluntarily in this study. Participants were recruited using a convenience sampling 

strategy from eligible teams that met the inclusion criteria. Following recruitment, allocation to 

study conditions was performed at the team (cluster) level, resulting in an intervention group (n 

= 36) and a control group (n = 36). Cluster allocation was adopted to eliminate contamination 

effects between players training within the same team environment. Eligibility criteria included: 

age between 18 and 30 years, participation in at least two structured volleyball training sessions 

per week, elite competitive playing experience, and body mass index (BMI) between 18.5 and 25 

kg/m². Participants were excluded if they voluntarily withdrew, missed more than two consecutive 

or three non-consecutive training sessions during the intervention period, or failed to complete 

post-intervention assessments within one week after completion of the intervention. Baseline 

demographic, anthropometric, and injury history variables were assessed prior to the intervention, 

and statistical comparison confirmed no significant differences between groups, ensuring baseline 

equivalence. 

Intervention 

The intervention consisted of a structured volleyball-specific injury-prevention warm-up program 

developed based on current scientific evidence and expert consensus in volleyball injury 

prevention. The program was implemented before each regular training session over a 9-week 

period, with a frequency of three sessions per week and a duration of approximately 15 minutes 

per session. The intervention was divided into three progressive phases, each lasting three weeks, 

to ensure gradual adaptation and progressive overload.Each session consisted of two components. 

The first component included 4–5 minutes of general cardiovascular activation (e.g., running 

variations, dynamic locomotor drills) aimed at increasing body temperature and preparing the 

neuromuscular system for subsequent activity. The second component comprised 10–11 minutes 

of structured neuromuscular injury-prevention exercises targeting the shoulder, knee, ankle, and 

trunk. These exercises were designed to enhance dynamic balance, trunk stability, neuromuscular 

control, landing mechanics, and joint stabilization specific to volleyball demands. Exercise 
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complexity, intensity, and task specificity were progressively increased across the three phases to 

ensure continued adaptation. To ensure intervention fidelity and reduce implementation bias, all 

sessions were supervised by trained strength and conditioning coaches. Attendance and adherence 

were systematically recorded throughout the intervention period. 

Outcome Measures 

The primary outcome measures of this study were sports injury incidence and functional 

movement performance as assessed by the Volleyball Functional Movement Screen (VFMS). 

Secondary descriptive outcomes included injury characteristics such as type, location, mechanism, 

severity, and time-loss. All outcome assessments were conducted under standardized conditions. 

Data collection followed a pretest–posttest framework, with baseline measurements completed 

prior to intervention initiation and follow-up assessments conducted within one week after the 9-

week intervention period using identical procedures and equipment. 

Injury Surveillance 

Sports injuries were prospectively recorded throughout the competitive season using the 

Fédération Internationale de Volleyball (FIVB) Medical Injury Report Form (M-10). Prior to data 

collection, standardized training sessions were conducted for team physicians and medical staff to 

ensure uniform injury reporting across all teams. Injuries were defined according to consensus 

volleyball injury surveillance guidelines and included any musculoskeletal complaint resulting 

from training or competition that required medical attention or led to time-loss. Exposure was 

recorded in terms of total player-hours, including both training and official match participation for 

each group. Injury incidence was calculated as the number of injuries per 1,000 player-hours of 

exposure. In addition, detailed injury-related variables including anatomical location, injury type, 

mechanism, severity, playing position, and timing of occurrence were systematically documented 

for each case. 

Volleyball Functional Movement Screen (VFMS) 

Functional movement pattern assessment in the present study was conducted using the Volleyball 

Functional Movement Screen (VFMS), a sport-specific screening tool developed and localized by 

Tabatabaei et al. (2018) in Iran based on the original Functional Movement Screen (FMS) 

proposed by Cook et al. (2006). This instrument was designed to enhance diagnostic sensitivity in 

volleyball athletes and address the limitations of the general FMS by identifying sport-specific 

deficits in movement patterns, core stability, balance, explosive power, and neuromuscular control 

relevant to volleyball performance. The VFMS consists of 12 functional components, including 

the Deep Squat, Three-Hop Test, Hexagon Test, In-line Lunge, Trunk Stability Push-Up, Rotary 

Stability, Lateral Lunge, Shoulder Mobility, Triple Jump for Distance, Medicine Ball Side Throw, 

Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST), and Squat Jump, each 

assessing different dimensions of motor control, explosive strength, core stability, and 

neuromuscular coordination. Scoring was based on a four-point ordinal scale ranging from 0 to 3, 

where a score of 3 indicated correct movement execution without compensation, 2 indicated 

successful performance with compensatory movement patterns, 1 indicated inability to perform 

the movement correctly, and 0 indicated the presence of pain during execution. The total score was 

calculated as an overall indicator of functional movement performance for each athlete. All 

assessments were administered by a trained evaluator under standardized environmental and 

temporal conditions to minimize measurement error.Regarding psychometric properties, the 

VFMS demonstrated acceptable content validity in its initial development study, as confirmed by 

experts in sports injury and physical fitness (CVI > 0.80). Additionally, the test showed good 

reliability, with satisfactory inter-rater and intra-rater reliability (ICC > 0.85), and its construct 



 

9 
 

validity in predicting injury risk among elite volleyball players was reported as significant. 

Accordingly, compared with the general FMS, the VFMS offers advantages such as greater 

sensitivity in detecting volleyball-specific movement dysfunctions, inclusion of explosive and 

jumping movement patterns, and a closer association with common injury mechanisms in 

volleyball. All assessments were performed during familiarization sessions and on rest days to 

minimize the potential effect of fatigue on performance outcomes. 

Data Collection Procedures 

Baseline assessments were conducted prior to the intervention and included demographic variables 

(age, height, body mass, BMI), competitive experience, and previous injury history. Additionally, 

VFMS performance was assessed at baseline under standardized conditions. Post-intervention 

assessments were conducted within one week following completion of the 9-week program using 

identical testing protocols, equipment, environmental conditions, and the same blinded evaluator. 

This standardization was implemented to minimize measurement variability and ensure internal 

validity. 

Table 1. Volleyball-Specific Injury-Prevention Warm-Up Program 

Phase Week Exercise Sets Repetitions / 

Duration 

General 

Warm-Up 

1–9 Forward and backward running, carioca, short shuttle/lateral 

shuffles, running with shoulder rotation, high knees, butt kickers, 

high skipping, multidirectional jumps (forward, backward, 

lateral) 

— 8–10 min 

Phase 1 Week 

1 

Dynamic shoulder stretch 2 10 reps 

  
Half squat 2 10 reps   
Good morning 2 10 reps   
Single-leg Romanian deadlift (without hip extension) 2 5 reps   
Standing W position 2 10 reps   
Lateral lunge 2 10 reps   
Plank 2 20 s   
Cross-leg movement in prone position 1 10 reps   
Quarter-squat jump with bilateral landing 2 5 reps   
Partner ball passing with two hands, then one hand 1 1 min 

Phase 1 Week 

2 

Dynamic shoulder stretch in single-leg stance 2 10 reps 

  
Half squat 3 10 reps   
Good morning 2 10 reps   
Single-leg Romanian deadlift (without hip extension) 2 5 reps   
Shoulder external rotation 2 15 s   
Forward lunge 3 10 reps   
Side plank (knees on floor) 2 15 s   
Cross-leg movement in supine position 1 10 reps   
Quarter-squat jump with bilateral landing 2 5 reps   
Partner ball passing with two hands, then one hand 1 1 min 

Phase 1 Week 

3 

Dynamic shoulder stretch 2 10 reps 

  
Half squat 3 10 reps   
Single-leg Romanian deadlift 2 7 reps   
Shoulder external rotation 2 15 s   
Backward lunge 3 10 reps 
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Plank 2 20 s   
Cross-leg movement in prone position 1 10 reps   
Forward squat jump 2 9 m   
Partner ball passing with two hands, then one hand 1 60 s   
Blocking drill at the net 2 5 reps 

Phase 2 Week 

1 

Dynamic shoulder stretch 2 10 reps 

  
Single-leg half squat 3 5 reps   
Single-leg Romanian deadlift 2 10 reps   
T exercise in bent-over position 2 10 reps   
Split squat 2 10 reps   
Plank 2 30 s   
Cross-leg movement in prone position 1 10 reps   
Shoulder-touch jumps 2 5 reps   
Partner ball passing with two hands, then one hand 1 60 s   
Blocking drill at the net 2 5 reps 

Phase 2 Week 

2 

Dynamic shoulder stretch in single-leg stance 2 10 reps 

  
Single-leg squat 3 5 reps   
Good morning 2 10 reps   
T exercise in prone position 2 10 reps   
Side plank 2 15 s   
Diagonal lunge 2 10 reps   
Burpee 2 10 reps   
Partner balance perturbation on one leg 2 10 s   
Partner ball passing with two hands, then one hand 2 60 s   
Ball return with lateral stepping 2 10 reps 

Phase 2 Week 

3 

Dynamic shoulder stretch in single-leg stance 1 10 reps 

  
Squat 3 15 reps   
Windmill 2 10 reps   
T exercise in bent-over position 2 10 reps   
Split squat 2 10 reps   
Plank 2 30 s   
Cross-leg movement in prone position 1 10 reps   
Lateral jump with single-leg landing 2 10 reps   
Partner ball passing with two hands, then one hand 1 60 s   
Ball return with lateral stepping 2 10 reps 

Phase 3 Week 

1 

Dynamic shoulder stretch in single-leg stance with eyes closed 2 10 reps 

  
Squat 3 15 reps   
Single-leg Romanian deadlift 2 10 reps   
W exercise in bent-over position 2 10 reps   
Backward lunge 2 10 reps   
Plank with alternate leg raise 2 20 s   
Shoulder external rotation 1 10 reps   
Blocking drill with safe single-leg landing 2 10 reps   
Partner ball passing with two hands, then one hand on one leg 1 10 reps   
Ball return with lateral stepping 2 10 reps 

Phase 3 Week 

2 

Dynamic shoulder stretch in single-leg squat with eyes closed 2 10 reps 

  
Single-leg squat with eyes closed 3 5 reps   
Single-leg Romanian deadlift 3 5 reps   
Diagonal lunge (right and left) 2 10 reps 
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W exercise in prone position 2 10 reps   
Side plank with upper-leg raise 2 5 reps   
Cross-leg movement in supine position 1 10 reps   
Blocking drill with lateral movement 1 10 reps   
Partner ball passing with two hands, then one hand on one leg 1 30 s each leg 

Phase 3 Week 

3 

Dynamic shoulder stretch in single-leg stance 1 10 reps 

  
Single-leg squat with eyes closed 3 5 reps   
Single-leg Romanian deadlift 2 10 reps   
W exercise in bent-over position 2 10 reps   
Split squat 2 15 s   
Plank with alternate leg raise 3 10 reps   
Cross-leg movement in prone position 3 30 s   
Blocking drill with safe single-leg landing and lateral movement 1 10 reps   
Partner ball passing with two hands, then one hand on one leg 1 60 s 

Statistical Analysis 

All statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp., 

Armonk, NY, USA). Descriptive statistics were reported as mean ± standard deviation (SD) for 

continuous variables and frequency (percentage) for categorical variables. Normality of data 

distribution was assessed using the Shapiro–Wilk test. Between-group and within-group 

differences in VFMS scores were analyzed using a two-way mixed-model analysis of variance 

(ANOVA) with group (intervention vs. control) as the between-subject factor and time (pre-test 

vs. post-test) as the within-subject factor. Post hoc comparisons were adjusted using Bonferroni 

correction.Injury incidence was analyzed using exposure-adjusted models, and incidence rate 

ratios (IRR) with 95% confidence intervals (CI) were calculated based on injuries per 1,000 player-

hours. Group comparisons of injury rates were performed using Poisson regression-based 

methods.Categorical injury variables were analyzed using Pearson’s chi-square test or Fisher’s 

exact test when appropriate. Effect sizes (Cohen’s d, partial eta squared, and IRR) were reported 

to determine practical significance. Statistical significance was set at p < 0.05. 

Ethical Considerations 

The study protocol was approved by the Ethics Committee of the University of Guilan 

(IR.GUILAN.REC.1404.126). All participants provided written informed consent prior to 

participation. Participation was voluntary, and athletes were informed of their right to withdraw at 

any stage without penalty. The study was conducted in accordance with the Declaration of Helsinki 

for human research. Confidentiality and anonymity were strictly maintained, and all collected data 

were used exclusively for scientific purposes. 
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Results 

Table 2. Baseline characteristics of participants with between-group comparison 

Variable Intervention (n = 36) Mean 

± SD 

Control (n = 36) Mean 

± SD 

Mean 

Difference 

95% CI p 

value 

Age (years) 23.47 ± 4.71 25.16 ± 4.89 −1.69 −3.84 to 

0.46 

0.138 

Weight 

(kg) 

84.11 ± 9.37 86.24 ± 7.23 −2.13 −5.41 to 

1.15 

0.280 

Height (m) 1.93 ± 0.08 1.94 ± 0.07 −0.01 −0.04 to 

0.02 

0.749 

BMI 

(kg/m²) 

22.36 ± 2.03 22.77 ± 1.20 −0.41 −1.32 to 

0.50 

0.308 
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Table 2 shows that there were No statistically significant between-group differences were 

observed in any baseline demographic or anthropometric characteristic (all p > 0.05). Furthermore, 

the 95% confidence intervals for the mean differences included zero for all variables, supporting 

baseline comparability between the intervention and control groups.hours (training + match). 

Table 3. Distribution of Sports Injuries According to Injury Characteristics  

Variable Intervention n (%) Control n (%) Statistical 

test 

p 

value 

Cramer's 

V 

Playing 

position 

Outside hitter (37.0) Outside hitter (31.6) χ² 0.759 0.137 

Match set Fourth (39.1) Third (29.8) Fisher's 

exact 

0.793 0.127 

Injured body 

part 

Ankle (21.7) Ankle (24.6) Fisher's 

exact 

0.878 0.294 

Injury type Cramp (23.9) Dislocation/Subluxation 

(15.8) 

Fisher's 

exact 

0.572 0.308 

Injury 

mechanism 

Contact with fixed 

object (23.9) 

Contact with fixed object 

(22.8) 

Fisher's 

exact 

0.141 0.324 

Return to play Yes (71.7) Yes (70.2) χ² 1.000 0.017 

Time-loss 2 days (52.2) 2 days (56.4) Fisher's 

exact 

0.911 0.172 

Table 3 summarizes the distribution of injury characteristics in the intervention and control 
groups. No statistically significant between-group differences were observed for playing position, 
match set of injury, injured body part, injury type, injury mechanism, return to play, or time-loss 
(all p > 0.05). Effect sizes (Cramer's V) were uniformly small, indicating minimal practical 
differences between groups. Given the multiple comparisons performed, these findings should 
be interpreted cautiously because of the increased risk of type I error. 
Table 4. Injury incidence rates per 1,000 player-hours, incidence rate ratios (IRRs), 95% confidence 
intervals (CIs), and between-group comparisons by body region 

Body region Intervention 

injuries (n) 

Control 

injuries (n) 

Intervention IR 

(per 1,000 h) 

Control IR 

(per 1,000 h) 

IRR 

(95% CI) 

p 

value 

Lower back 5 2 0.92 0.37 2.50 

(0.49–

12.90) 

0.27 

Shoulder/Clavicle 4 7 0.74 1.29 0.57 

(0.17–

1.95) 

0.37 

Elbow 5 4 0.92 0.74 1.25 

(0.34–

4.62) 

0.74 

Finger 7 9 1.29 1.66 0.78 

(0.30–

2.01) 

0.61 

Knee 8 13 1.48 2.40 0.62 

(0.26–

1.45) 

0.27 

Ankle 10 14 1.85 2.59 0.71 

(0.33–

1.57) 

0.39 
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Others 7 8 1.31 1.48 0.88 

(0.33–

2.36) 

0.80 

Total 46 57 8.51 10.55 0.81 

(0.55–

1.19) 

0.28 

Table 4 presents injury incidence rates per 1,000 player-hours, incidence rate ratios (IRRs), and 

corresponding 95% confidence intervals for each anatomical region. Overall injury incidence was 

lower in the intervention group than in the control group (IRR = 0.81, 95% CI: 0.55–1.19); 

however, this difference did not reach statistical significance (p = 0.28). Across both groups, the 

ankle and knee were the most frequently injured body regions. No statistically significant between-

group differences were observed for injury incidence in any anatomical region. 

Table 5. Mixed ANOVA for Functional Volleyball Movement Scores 
Outcome Time effect F p Partial η² Group × Time interaction F p Partial η² 

Total VFMS score 732.241 <0.001 0.912 0.890 0.349 0.012 

Upper extremity 56.569 <0.001 0.443 0.435 0.512 0.006 

Trunk 317.783 <0.001 0.817 0.377 0.541 0.005 

Lower extremity 426.828 <0.001 0.857 2.976 0.089 0.040 

Table 5 presents the results of the two-way mixed ANOVA for VFMS outcomes. Significant main effects of 

time were observed for all outcomes (all p < 0.001), indicating improvements in functional movement 

performance over time irrespective of group allocation. No statistically significant group × time interaction 

effects were found for the total VFMS score, upper extremity, trunk, or lower extremity (all p > 0.05), 

indicating that the magnitude of improvement did not differ significantly between the intervention and 

control groups. The main effects of time were associated with large effect sizes, whereas interaction 

effects were uniformly small. 

Table 6. Bonferroni-adjusted pre–post comparisons of functional movement scores 
Outcome Group Mean Difference p Effect Size (Cohen’s d) % Change 95% CI 

Total score Experimental -6.361 <0.001 0.912 29.61 NR 

Total score Control -5.932 <0.001 0.912 28.41 NR 

Upper extremity Experimental -0.402 <0.001 0.497 23.58 NR 

Upper extremity Control -0.337 <0.001 0.388 19.53 NR 

Trunk Experimental -0.494 <0.001 0.803 28.21 NR 

Trunk Control -0.529 <0.001 0.831 32.83 NR 

Lower extremity Experimental -0.616 <0.001 0.883 33.13 NR 

Lower extremity Control -0.521 <0.001 0.826 27.89 NR 

Table 6 presents Bonferroni-adjusted within-group pre–post comparisons for functional movement 

scores. Both experimental and control groups showed statistically significant improvements across 

all outcomes (p < 0.001). However, these results reflect within-group changes over time and do 

not represent direct between-group differences. Therefore, while both groups improved, the 

magnitude of improvement should not be interpreted as evidence of superiority of one group over 

the other in the absence of significant interaction effects. 

Table 7. Between-group comparison of change scores for individual functional performance tests 
Test Experimental (% 

Change) 

Control (% 

Change) 

Between-group 

difference (Δ%) 

p 

(between) 

Effect size 

(Cohen's d) 

95% CI 

of Δ 

Shoulder 

Mobility 

29.31 20.97 8.34 0.284 0.29 −6.42 to 

23.10 
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Closed Kinetic 

Chain UET 

18.46 18.18 0.28 0.931 0.01 −10.87 to 

11.43 

Deep Squat 26.76 33.33 −6.57 0.371 0.24 −21.08 to 

7.94 

Inline Lunge 22.30 38.58 −16.28 0.081 0.48 −34.52 to 

1.96 

Push-up 

Stability 

27.54 17.74 9.80 0.214 0.34 −5.74 to 

25.34 

Rotary Stability 36.08 39.81 −3.73 0.602 0.13 −17.79 to 

10.33 

Side Medicine 

Ball Throw 

32.08 36.19 −4.11 0.547 0.15 −17.45 to 

9.23 

Hexagon 31.94 22.79 9.15 0.176 0.37 −4.29 to 

22.59 

Squat Jump 69.81 41.94 27.87 0.061 0.56 −1.18 to 

56.92 

Triple Hop 18.31 15.49 2.82 0.684 0.09 −10.81 to 

16.45 

Triple 

Crossover Hop 

41.44 41.35 0.09 0.989 0.00 −13.74 to 

13.92 

Lateral Lunge 17.96 24.39 −6.43 0.402 0.21 −21.43 to 

8.57 

Table 7 presents the between-group comparison of change scores for individual functional 

performance tests. The change scores (post-test minus pre-test) were compared between the 

intervention and control groups, and the corresponding p-values, Cohen's d effect sizes, and 95% 

confidence intervals are reported. No statistically significant between-group differences were 

observed for any of the functional performance tests (all p > 0.05). The estimated effect sizes 

ranged from trivial to moderate, and the 95% confidence intervals included zero for all 

comparisons, indicating that the improvements observed following the intervention were 

comparable between the two groups. 

Discussion 

The present study investigated the effects of a structured warm-up program on injury 

characteristics and functional movement performance among male Iranian Premier League 

volleyball players. Overall, the findings indicated that the structured warm-up program did not 

result in statistically significant between-group differences in injury distribution across playing 

position, timing of injury occurrence, injured body region, injury type, injury severity, injury-

related absence, or Functional Movement Screening (FMS) outcomes. Although both groups 

demonstrated significant within-group changes over time in several variables, these changes were 

not significantly different between groups, suggesting that the observed improvements may be 

attributable to general training exposure and seasonal adaptation rather than to the specific effect 

of the intervention. Regarding playing position, outside hitters demonstrated the highest injury 

frequency, whereas opposite hitters showed the lowest injury frequency. These findings are 

broadly consistent with previous volleyball epidemiological studies, which have reported that 

attacking positions are exposed to a higher injury risk because of repeated jumping, landing, and 

overhead actions. However, the discrepancy between the present findings and earlier reports 

suggesting a higher injury prevalence among liberos may reflect contextual factors, such as tactical 

variations, training load distribution, and league-specific characteristics (15). Importantly, 



 

16 
 

although within-group variability across playing positions was observed in the experimental group, 

no statistically significant between-group differences were detected, indicating that the structured 

warm-up program did not appear to meaningfully modify the positional injury profile (16). With 

respect to injury type, the results showed that the distribution of injury categories did not differ 

significantly between groups (17). Muscle cramps and sprains were among the most frequently 

reported injury types, which is consistent with the biomechanical demands of volleyball (18). 

Although descriptive differences were observed in some rare injury categories, such as a lower 

frequency of fractures and meniscal injuries in the intervention group, these findings were not 

statistically supported and should therefore be interpreted cautiously. Previous literature has 

suggested that warm-up programs may reduce overall injury risk; however, the evidence regarding 

their ability to alter the distribution of specific injury types remains limited and inconsistent (19). 

In terms of injury timing, injury occurrence varied across match sets within both groups, 

suggesting that injury risk may fluctuate during competition (7). This pattern is consistent with 

previous evidence suggesting that accumulated fatigue and repeated high-intensity actions may 

influence injury susceptibility during the later stages of matches (20). However, no significant 

interaction effect was observed between groups, indicating that the structured warm-up program 

did not appear to influence the temporal pattern of injuries across match sets (21). Regarding the 

injured body region, the ankle was the most frequently affected anatomical site in both groups. 

This finding is consistent with the existing epidemiological literature on volleyball, which has 

consistently identified the ankle as the most vulnerable anatomical region because of the repetitive 

landing and jumping demands of the sport (22). Other anatomical regions exhibited lower injury 

frequencies. Although some within-group variation was observed, no statistically significant 

between-group differences were detected, indicating that the intervention did not appear to 

substantially alter the anatomical distribution of injuries (23).The analysis of injury mechanisms 

and causation revealed no statistically significant differences between groups. While recurrent 

injuries and overuse-related patterns were descriptively less frequent in the experimental group, 

these observations were not supported by inferential statistics (2). Therefore, they should not be 

interpreted as evidence supporting the effectiveness of the intervention. The absence of statistically 

significant between-group differences may be related to the multifactorial nature of sports injuries, 

in which multiple interacting factors contribute to injury occurrence. With respect to injury 

severity and injury-related absence, no statistically significant differences were found between 

groups (7). Although both groups showed reductions in severity indicators over time, these 

changes were not significantly different between groups. This finding suggests that factors other 

than the structured warm-up program, such as general training adaptation, medical support, or 

injury monitoring practices, may have contributed to these improvements. Similarly, Volleyball 

Functional Movement Screening (VFMS) outcomes improved significantly over time in both 

groups; however, no statistically significant between-group differences were observed. These 

findings suggest that the structured warm-up program did not provide additional improvements in 

functional movement performance beyond those achieved through regular elite-level volleyball 

training. The improvements observed in both groups may reflect normal training adaptations, 

repeated exposure to volleyball-specific movement patterns, and motor learning effects associated 

with participation in a competitive season. Furthermore, given the high baseline functional 

capacity of elite athletes, a ceiling effect may have limited the potential for detecting additional 

improvements attributable to the intervention. This finding suggests that the structured warm-up 

program did not provide additional benefits beyond those achieved through regular elite-level 

training. The observed improvements in both groups may reflect general training adaptations and 
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motor learning effects commonly observed in elite athletes. Furthermore, given the high baseline 

functional level of the participants, a ceiling effect may also have limited the ability to detect 

further improvements attributable to the intervention. From a practical perspective, the findings 

suggest that structured warm-up programs implemented as standalone interventions are unlikely 

to produce substantial independent effects on injury reduction or functional movement 

enhancement in male Iranian Premier League volleyball players. Instead, injury prevention should 

be considered a multifactorial process requiring the integration of multiple strategies, including 

workload management, neuromuscular training, recovery optimization, and sport-specific 

conditioning. Several limitations should be considered when interpreting these findings. First, the 

sample size calculation was performed post hoc rather than a priori, which should be 

acknowledged as a methodological limitation because the study may have been underpowered to 

detect small between-group differences. Additionally, the study population was restricted to male 

Iranian Premier League volleyball players, which limits the generalizability of the findings to 

female athletes, younger players, or athletes competing at other performance levels. Potential 

confounding factors, such as training load variability, recovery status, psychological stress, sleep, 

and nutrition, were not fully controlled. Finally, the intervention duration may not have been 

sufficient to produce measurable neuromuscular adaptations. In conclusion, the structured warm-

up program did not demonstrate statistically significant effects on injury patterns or functional 

movement outcomes compared with the control condition. Although both groups showed 

improvements over time, these changes were not significantly different between groups and 

therefore cannot be attributed to the intervention. Consequently, the present findings do not support 

the effectiveness of the structured warm-up program as a standalone injury-prevention strategy in 

male Iranian Premier League volleyball players. Future research should focus on adequately 

powered studies using a priori sample size calculations and should investigate multifactorial, 

individualized injury-prevention strategies that integrate structured warm-up programs with 

complementary evidence-based approaches. 

Conclusion 

In conclusion, the structured warm-up program did not result in statistically significant differences 

in injury distribution, injury characteristics, or functional movement performance compared with 

the control condition in male Iranian Premier League volleyball players. Although both groups 

demonstrated improvements over time in functional movement outcomes and some descriptive 

differences were observed in injury patterns, these changes were not significantly different 

between groups and therefore cannot be attributed to the intervention. Accordingly, the present 

findings do not support the effectiveness of the structured warm-up program as a standalone injury-

prevention strategy in this specific population. These results highlight the importance of 

interpreting injury-prevention strategies within a multifactorial framework, as warm-up routines 

alone are unlikely to produce substantial independent effects in highly trained athletes. 

Consequently, future injury-prevention approaches should integrate structured warm-up programs 

with broader strategies, such as workload management, neuromuscular conditioning, recovery 

optimization, and sport-specific preventive exercises, to more effectively reduce injury burden in 

male Iranian Premier League volleyball players and should be evaluated in larger, adequately 

powered studies before being generalized to other athletic populations. 
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