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Abstract. The present study investigates the relationship between 
anthropometric indicators and motor performance in university female volleyball 
players who completed a two-year training program implemented through 
different methodological approaches. Twenty-eight athletes were divided into 
an experimental and a control group (n = 14 each). The anthropometric profile 
included height, body mass, arm span, upper- and lower-limb length, and 
BMI, while motor performance was assessed via a 20 m sprint, vertical jump, 
standing long jump, an upper-body strength test (push-ups), flexibility, and jump 
endurance (30 s). Pearson correlation coefficients were calculated to determine 
the strength and structure of associations between anthropometric and motor 
variables within each group. The experimental group demonstrated stronger and 
more systematic relationships (r = 0.76 – 0.89), most notably between lower-limb 
length and vertical jump performance (r = 0.89) and between arm span and 20 m 
sprint outcome (r = 0.84). In contrast, the control group showed a less coherent 
correlation structure (r = 0.61 – 0.78). These findings suggest that individualized, 
morpho-oriented training may enhance morpho-functional consistency and 
improve motor efficiency in female volleyball players.

Keywords: student volleyball; sports morphology; body proportions; motor 
efficiency; functional relationship; individualized training

1. Introduction
Volleyball is a sport that requires synergy between the athlete’s morphological base 

and their ability to perform motor actions with high speed, accuracy, and efficiency. 
Scientific literature emphasizes that body size and proportions play a significant role in 
sports with a dominant vertical dimension of action, such as volleyball (Ziv & Lidor, 
2010; Gabbett, 2008).

Height, limb length, and reach provide biomechanical advantages in actions such 
as spiking, blocking, serving, and defending near the net. Previous studies confirm 
that morphological characteristics significantly influence jump-related performance in 
volleyball. Pocek et al. (2021) demonstrated that body height and lower‑limb length are 

https://doi.org/10.53656/ctpes-2026.LR
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strong predictors of vertical jump ability in U19 female volleyball players, substantially 
contributing to spike and block reach.

On the other hand, motor fitness – including speed, explosive power, coordination, 
and endurance – is decisive for the athlete’s ability to maintain a high level of technical 
performance throughout competition (Bompa & Buzzichelli, 2019). The question 
underlying this study is: to what extent does the morphological profile determine the 
level of motor efficiency in female volleyball players, and is there a difference in this 
interaction depending on the training methodology?

This study aims to answer these questions through a correlation analysis of the 
relationships between anthropometric and motor indicators in two groups: an experimental 
group subjected to an individualized training program and a control group that followed 
standard training.

2. Research methodology
The study involved 28 female students, divided into two groups of 14 competitors 

each. The division was based on comparable anthropometric parameters to ensure initial 
homogeneity of the groups. The experimental group (EG) underwent a two-year training 
cycle with an emphasis on individual morpho‑functional characteristics. The control 
group (CG) followed a standard training and competition program within the framework 
of university volleyball training.

The participants in the study are students at the Technical University of Sofia, aged 
between 18 and 24. All of them have at least two years of experience in university 
volleyball and are clinically healthy.

2.1. Characteristics of the training process. The control group participates in the 
standard training program, which includes regular physical education classes and university 
team training sessions, held 2 – 3 times a week. The experimental group followed a 
two-year training plan based on the principles of individualization, progressive loading, 
and adaptation to the morphological characteristics of each player. The training program 
included (Figure 1):

– Targeted exercises for developing speed, strength, and coordination with a focus 
on gameplay.

– Exercises adapted to height, limb length, and individual body mass (BMI).
– Monthly monitoring of morpho-functional indicators and adaptation of training loads.
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Figure 1. Flowchart of the study design and training methodology (EG vs CG)

2.2. Indicators and measurements. To examine the relationship between morpho-
logical characteristics and motor performance in female volleyball players, a set of 
anthropometric and motor fitness indicators was collected for each participant using 
standardized measurement procedures and field tests (see Tables 1 – 2). Anthropometric 
measurements followed internationally recognized standards; “ISAK has developed in-
ternational standards for anthropometric assessment and an international anthropometry 
accreditation scheme (IAAS)”1. These indicators were selected because they capture 
key physical prerequisites for volleyball performance, including reach and body propor-
tions, rapid displacement, explosive jumping ability, upper-body strength, flexibility, and 
repeated-effort capacity, and served as the basis for the subsequent correlation analysis. 
This is consistent with match demands, as “Volleyball players need to sprint and change 
direction during a match” (Lockie et al., 2020).

Table 1. Anthropometric indicators (measurements)

Indicator group Indicator Unit How / with what it is measured

Anthropometrics Height cm Stadiometer (height gauge)

Anthropometrics Body mass (Weight) kg Medical scale
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Anthropometrics Arm span (Wingspan) cm
Measured from the tip of the middle finger 

to the tip of the middle finger with arms held 
horizontally

Anthropometrics Upper-limb length cm Anthropometric segment measurement

Anthropometrics Lower-limb length cm Anthropometric segment measurement

Anthropometrics Body mass index 
(BMI) kg/m2 BMI = weight (kg) / height2 (m2)

Data was analyzed using Pearson’s correlation coefficient (r) to determine linear 
relationships between each anthropometric and motor indicator. Correlation magnitude was 
interpreted using commonly applied thresholds: moderate (0.30 – 0.49), large (0.50 – 0.69),  
strong (0.70 – 0.89), and very strong (≥0.90). To control for multiple comparisons in a 
6×6 matrix, Bonferroni correction (α = 0.05/36 ≈ 0.00139) and Benjamini – Hochberg 
FDR (q = 0.05) were applied. This approach controls the false discovery rate (FDR), 
defined by Benjamini and Hochberg (1995) as the expected proportion of falsely rejected 
hypotheses among all rejected hypotheses.

Table 2. Motor tests (motor fitness)
Indicator 
group Test What it assesses Notes/protocol

Speed 20 m sprint  
(standing start) Acceleration speed

Result is typically recorded as time (s); 
for interpretation, it may be converted 

to speed (m/s),  
e.g., speed = 20 / time

Jump / Plyo-
metrics Vertical jump Explosive power of the 

lower limbs Standardized test (Sargent test)

Jump / Plyo-
metrics Standing long jump Explosive power of the 

lower limbs Horizontal jump

Strength Push-up with  
a 3 kg medicine ball Upper-body strength Medicine ball/load: 3 kg

Flexibility

Dynamic flexibil-
ity (forward bend 

from standing on a 
bench)

Mobility/flexibility Bench-based forward bend test

Endurance 
(specific)

Jump endurance 
(30 s)

Repeatability  
of vertical jumps

Number of vertical jumps  
in 30 seconds

3. Research organization
This study is organized within the framework of a two-year experimental training 

and observation period, conducted between September 20, 2023, and June 10, 2025, 
during regular training sessions at the Department of Physical Education and Sport at 
the Technical University of Sofia.
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3.1. Planning and selection of the sample:
In the initial stage, 28 female volleyball players were selected who met the following 

criteria:
– age 18 – 24 years.
– minimum 2 years of systematic sports training. 
– participation in a competitive university team.
– no injuries or chronic diseases.
A random but proportional distribution of participants in the experimental (EG) and 

control (CG) groups ensured the homogeneity of the initial data in terms of height, 
weight, and playing experience.

3.2. Conducting an initial test block
In the first month of the study, anthropometric measurements and motor fitness tests 

were performed using standardized protocols. All tests were conducted in laboratory and 
game conditions under the supervision of volleyball instructors from the Department of 
Physical Education and Sport.

3.3. Training work:
Over two academic seasons (four semesters), the EG underwent a specially designed 

program that included:
– motor tasks tailored to the morpho-functional profile.
– intensity and volume adapted to individual potential.
– monthly physical condition checks and load adjustments. 
The CG continued to follow the general volleyball training plan, with an emphasis 

on group training, without individual differentiation.
3.4.  Final measurements and analysis:
At the end of the period, a reassessment was carried out using the same tests. The 

collected data were processed with correlation analysis using statistical software to 
establish the significance and stability of the relationships between morphological and 
motor indicators.

4. Results of the research
Pearson correlation analysis was performed between the anthropometric indicators 

(Table 1) and the motor tests (Table 2) in the experimental (EG) and control (CG) groups 
(n = 14 per group). The most practically relevant relationships are summarized in Table 
3 (effect size, explained variance, 95% CI, and significance after multiple‑comparison 
control), while Table 4 provides the corresponding full inferential output (t‑values, exact 
p‑values, and adjusted p‑values).

4.1. Experimental group (EG):
As shown in Table 3 (and detailed in Table 4), EG demonstrated four strong relationships 

(r = 0.76 – 0.89; r² = 58 – 79%) between morphology and motor performance:
– Lower‑limb length ↔ vertical jump (r = 0.89) – indicates a direct functional 

contribution of lower‑limb morphology to explosive power, which is critical for blocking 
and spiking (Table 3; Table 4). This aligns with recent biomechanical evidence: “This 
study reveals a close relationship between lower limb biomechanical characteristics 
and jump performance during SSC movements in female volleyball players” (Deng 
et al., 2025).
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– Arm span (wingspan) ↔ 20 m sprint (r = 0.84) – shows a strong association between 
reach and sprint performance (Table 3; Table 4). Interpretation of direction depends on 
whether sprint performance is expressed as time or speed (see methodological note below).

– Height ↔ upper‑body strength (r = 0.82) – suggests that taller players may transfer 
force more effectively through a longer kinematic chain during the upper‑body strength 
task (Table 3; Table 4).

– BMI ↔ jump endurance (30 s) (r = 0.76) – indicates that relative body size/
composition is associated with repeated jump performance (Table 3; Table 4). Given that 
BMI is an indirect anthropometric proxy and does not distinguish between fat mass and 
fat-free mass, volleyball-specific body-fat reference data may provide useful contextual 
support for interpretation. Matłosz et al. (2023) reported pooled mean body-fat values of 
12.8% (95% CI: 11.9–13.8%) for male competitive volleyball players and 22.8% (95% 
CI: 21.9 – 23.7%) for female competitive volleyball players. Therefore, BMI-based 
findings should be interpreted cautiously and should not be treated as direct evidence of 
body composition without specific body-composition assessment.

4.2. Control group (CG):
In CG, the pattern of relationships was less coherent (Table 3). Only one association 

remained robust under strict control for multiple comparisons (Bonferroni/36), while the 
others were weaker and/or less stable (Table 3; Table 4):

– Upper‑limb length ↔ vertical jump (r = 0.78) – the only relationship that remains 
significant under Bonferroni/36 (Table 3; Table 4).

– Height ↔ 20 m sprint (r = 0.74) – significant under FDR but not under Bonferroni/36 
(Table 3; Table 4).

– Arm span (wingspan) ↔ flexibility (r = 0.68) – indirect relationship potentially 
relevant to defensive actions; significant only under FDR (Table 3; Table 4).

– BMI ↔ strength (r = 0.61) – comparatively weak and not significant after 
multiple‑comparison control (Table 3; Table 4).

4.3. Between‑group summary
EG exhibited a clearly structured morpho‑functional pattern (Table 3), with three 

relationships remaining significant even after strict Bonferroni correction for 36 comparisons 
(Bonferroni/36), and one relationship (BMI ↔ jump endurance) remaining significant 
under FDR but not under Bonferroni/36 (Table 3; Table 4). This supports the thesis of 
higher morpho‑functional consistency under an individualized training approach.

In CG, only upper‑limb length ↔ vertical jump remained significant under Bonferroni/36, 
whereas the remaining relationships were significant only under FDR and showed wider 
confidence intervals, suggesting a less stable functional structure (Table 3; Table 4).
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Table 3. Extended statistical analysis (n = 14 in each group)

Group Pair (variables) r r2 p 95% CI Significant 
(Bonferroni/36)

Significant 
(FDR/36)

EG Lower limb length 
↔ Vertical jump 0.89 79% 2.0e-05 [0.68, 0.96] Yes Yes

EG Arm span ↔ 20 m 
sprint (time) 0.84 71% 0.0002 [0.56, 0.95] Yes Yes

EG Height ↔ Upper-
body strength 0.82 67% 0.0003 [0.51, 0.94] Yes Yes

EG BMI ↔ Jump 
endurance (30 s) 0.76 58% 0.0016 [0.38, 0.92] No Yes

CG Upper limb length 
↔ Vertical jump 0.78 61% 0.0010 [0.43, 0.93] Yes Yes

CG Height ↔ 20 m 
sprint (time) 0.74 55% 0.0025 [0.34, 0.91] No Yes

CG Arm span ↔ 
Flexibility 0.68 46% 0.0075 [0.23, 0.89] No Yes

CG BMI ↔ Strength 0.61 37% 0.0205 [0.12, 0.86] No No

Notes: EG = Experimental group; CG = Control group; r² values are shown as percentages; 
CI = confidence interval. For each reported correlation, the explained variance (r²), two-tailed 

p-value, and 95% CI (Fisher z) are presented. Significance was assessed and controlled  for 
multiple comparisons: strict Bonferroni (α = 0.05/36 ≈ 0.00139, assuming  6×6=36 possible 

relationships) and FDR Benjamini – Hochberg (q = 0.05; m = 36). 

Methodological notes (20 m sprint). The 20 m sprint is typically recorded as time (s) (Table 2).  
If time is used, a positive correlation between morphology and sprint outcome means a longer 
time (i.e., poorer performance). For performance‑oriented interpretation, it is recommended 
to express sprint performance as speed (m·s⁻¹) (e.g., speed = 20 / time), so that better sprint 
performance corresponds to higher values (Table 4).

4.4. Interpretation along the axes “morphology ↔ motor function“
The relationships summarized in Table 3 and detailed in Table 4 indicate that the individualized 

program (EG) is associated with stronger and more systematic coupling between morphological 
advantages and motor performance, whereas the control condition (CG) shows more fragmented 
dependencies.

– Lower‑limb length ↔ vertical jump (EG, r = 0.89; r² = 79%) – the strongest association 
(Table 3; Table 4) and consistent with evidence that limb length and height explain a substantial 
portion of vertical‑jump variance in female volleyball players. Longer segments may increase 
the moment arm and allow greater momentum generation during take‑off.

– Arm span (wingspan) ↔ 20 m sprint (EG, r = 0.84; r² = 71%) – strong association (Table 
3; Table 4). Interpretation should account for whether sprint performance is represented as time 
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or speed (see methodological note above); biomechanically, upper‑limb contribution may support 
trunk stabilization and stride mechanics, particularly when sprint output is expressed as speed.

– Height ↔ upper‑body strength (EG, r = 0.82; r² = 67%) – suggests that greater stature 
may support force production via a longer kinematic chain during the upper‑body task (Table 
3; Table 4).

– BMI ↔ jump endurance (EG, r = 0.76; r² = 58%) – indicates that relative body 
size/composition is associated with repeated jumping capacity; statistically, this effect is 
stable at m = 8 but does not survive the most stringent Bonferroni correction at m = 36  
(Table 3; Table 4).

– CG – fragmented dependencies – upper‑limb length ↔ vertical jump is the only robust 
“bridge,” while the remaining relationships do not form a consistent morpho‑functional profile 
(Table 3; Table 4). 

Table 4. Correlations, p values, CI, and adjustments

Group Pair r r2 t 
(df=12) p

Bonferroni 
p_adj 
(m=8)

BH 
p_adj 
(m=8)

Bonferroni 
p_adj 

(m=36)
95% CI

EG
Lower limb 
length ↔ 

Vertical jump
0.89 0.79 6.762 2.01e-05 1.61e-04 1.61e-04 7.24e-04 [0.68, 0.96]

EG
Arm span ↔ 
20 m sprint 

(time)
0.84 0.71 5.363 1.70e-04 1.36e-03 6.80e-04 6.12e-03 [0.56, 0.95]

EG
Height ↔ 
Upper-body 
strength

0.82 0.67 4.963 3.29e-04 2.63e-03 8.77e-04 1.18e-02 [0.51, 0.94]

EG
BMI ↔ Jump 

endurance 
(30 s)

0.76 0.58 4.051 1.61e-03 1.29e-02 2.58e-03 5.80e-02 [0.38, 0.92]

CG
Upper limb 
length ↔ 

Vertical jump
0.78 0.61 4.318 1.00e-03 8.00e-03 2.00e-03 3.60e-02 [0.43, 0.93]

CG
Height ↔ 

20 m sprint 
(time)

0.74 0.55 3.811 2.48e-03 1.98e-02 3.31e-03 8.93e-02 [0.34, 0.91]

CG Arm span ↔ 
Flexibility 0.68 0.46 3.213 7.45e-03 5.96e-02 8.51e-03 2.68e-01 [0.23, 0.89]

CG BMI ↔ 
Strength 0.61 0.37 2.667 2.05e-02 1.64e-01 2.05e-02 7.38e-01 [0.12, 0.86]

Notes: EG = Experimental group; CG = Control group; r² values are shown as 
percentages; CI = confidence interval.

Statistical note. Pearson’s r was computed using a two‑tailed test (α = 0.05; df = 12).  
The strength of relationships is interpreted according to Guilford and Cohen. Multiple 

comparisons were controlled using strict Bonferroni (m = 36) and Benjamini – 
Hochberg FDR (q = 0.05; m = 36), as reported in Tables 3 – 4.
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5. Discussion
The pattern observed in Tables 3 – 4 supports the conclusion that individualized 

training is associated with a more coherent morpho-functional structure compared with 
standard training.

The high correlation values in the experimental group indicate an effectively con-
structed morpho-functional structure. This corresponds to the principle of specificity in 
training theory – the use of morphological advantages to develop targeted motor skills 
(Bompa & Buzzichelli, 2019). Similar tendencies are reported in university-level female 
volleyball in Bulgaria, where clusters of technical indicators (serve, attack, block) co-
vary with body dimensions and strength‑speed tests (Lazarova-Peeva & Rangelov, 2024; 
Antonova, 2019; Lazarova, 2011).

Our findings also partially replicate the relationships between anthropometric and 
motor indicators described for younger female players in Albania (Muka et al., 2022), 
as well as the relative homogeneity of specific workability indicators in highly qualified 
male volleyball players (Petrov, 2019). From a training‑methodology perspective, the 
stronger and more systematic correlations observed in the individualized program are 
consistent with the conclusions of Arsova (2014) that speed‑strength preparation in 17 
–  19‑year‑old volleyball players must be planned regarding individual morphological 
and functional characteristics. According to Muka (2025), systematic training tailored 
to children’s age-related and psychophysical characteristics has a significant impact on 
the effectiveness of learning technical elements in volleyball. Volleyball players with 
longer limbs have better bounce, better mechanics when spiking, and effective use of 
the mass-inertia properties of the limbs during the initial strike. 

The association between arm span (wingspan) and 20 m sprint performance may 
reflect overall body size and the contribution of the upper limbs to sprint mechanics 
(arm swing); however, because arm swing was not measured directly, this interpreta-
tion should be considered exploratory. In standard training methods (CG), the lack of 
individualized control over morphometric characteristics may limit the extent to which 
the body profile translates into motor performance. Findings from youth female vol-
leyball indicate that morphological development should not be interpreted as sufficient 
evidence of comprehensive functional progress. Oliveira et al. (2025) showed that U18 
players were taller, heavier, and faster in linear sprinting than younger players, but did 
not differ significantly in lower-limb strength, lower-limb power, or dynamic balance. 
In addition, Milić et al. (2024) reported significant position-related differences in key 
anthropometric and motor variables, including body height, body mass, standing reach, 
arm span, explosive power, speed, agility, and flexibility. Together, these findings support 
the integration of morphological assessment, functional diagnostics, and position-specific 
training design in youth volleyball.

The highest correlations in EG (r=0.82 – 0.89) show clearly structured morpho-
functional consistency achieved through individualized planning and specificity of training 
(Bompa & Buzzchelli, 2019). The result for vertical jump is consistent with reviews of 
the determinants of jump in volleyball players (Ziv & Lidor, 2010), as well as with data 
on the role of functional imbalances of the lower limbs in the performance of explosive 
tasks (Newton et al., 2006). The interpretation of the strength of the dependencies follows 
the classical frameworks of Guilford (1978) and Cohen (1988), and the transfer between 



84

Rangelov

physical training and technical skills is supported by the principles of motor learning 
(Schmidt & Lee, 2011). Finally, if we consider the effect of fatigue on technique and 
performance, the “morphology-function” relationships must be considered in conditions 
as close as possible to those of a match (Gabbett, 2008). 

The findings in EG testify to morpho-functional consistency achieved through 
individualized and specific training (Bompa & Buzzichelli, 2019; Lazarova-Peeva, 
2020). The high correlation between lower-limb length and vertical jump is in line with 
reviews of the determinants of jump performance in volleyball players (Ziv & Lidor, 
2010) and research on the role of lower-limb functional imbalances in explosive tasks 
(Newton et al., 2006). The observed relationship between arm span and 20 m sprint 
performance may also be discussed in the context of the biomechanical contribution of 
the upper limbs (arm swing) to stability and stride mechanics; however, because arm 
swing was not measured directly, this interpretation remains speculative. The impact of 
fatigue on technique and efficiency should also be considered – validating dependencies 
under match-like conditions is critical (Gabbett, 2008). The strength of the observed 
effects is interpreted in the context of Cohen (1988) and Guilford (1978). Notably, 
match-based analyses suggest that “In women’s volleyball, the impact of jump height 
is not as significant as in men’s volleyball” (Pawlik & Mroczek, 2023), highlighting 
the role of technique and tactical context. In this context, the present study extends 
previous Bulgarian work on student volleyball by focusing explicitly on the correla-
tion structure between anthropometric indicators and motor skills under two different 
methodological training models.

6. Conclusions
Significant and systematic correlations between body size and motor efficiency in 

EG have been established, which is an indicator of functional adaptation through a 
personalized methodology.

1. The high correlation values between arm span, limb length, and speed/jump indicate 
the key role of morphology in female volleyball players.

2. The lack of stable correlations in CG suggests that the traditional training model 
is insufficient for building a functional game structure. CG shows a fragmented structure 
– FDR significance prevails, but not Bonferroni significance, and a wide CI at n=14. A 
functional connection between physical training and technique is necessary (Schmidt & 
Lee, 2011).

3. A personalized approach should be considered a priority in the methodological 
provision of training activities in university volleyball, especially when time and resources 
are limited. 

Recommendations
Based on the analysis and results, this study offers the following practical recommendations 

for coaching and methodological practice in university volleyball:
1. Individual morpho-functional profile: Introduce mandatory initial diagnosis of 

anthropometric characteristics for each player, including limb length, reach, height, and 
body composition. This data should be used as a basis for planning motor and technical 
training (Bompa & Buzzichelli, 2019).
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2. Morpho-oriented training programs: Based on the results of the EG, develop 
programs that combine the biomechanical advantages of the athletes with their volleyball 
roles. For example, players with long lower limbs should be included in more jumping, 
attacking, and blocking exercises (Ziv & Lidor, 2010).

3. Functionally related training: Training should be structured so that physical qualities 
(speed, strength, flexibility) are developed in direct relation to technical skills. This is 
consistent with evidence that “targeted strength training enhances physical capabilities 
and improves technical and tactical performance in volleyball” (Martin et al., 2024). For 
example, specific acceleration exercises should be followed by passing or positioning for 
blocking (Schmidt & Lee, 2011). 

4. Continuous monitoring: Introduce periodic monitoring (e.g., every 3 months) to 
check morpho-functional adaptations and readjust loads. Changes in BMI or strength/
mass index should be considered risk factors or potential limiting factors.

5. Training of coaching staff: The methodological qualification of coaches should 
include skills for interpreting correlation dependencies and their application in the 
training process.
 

NOTES
1. https://www.isak.global/
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