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Investigation of the Relationship Between
Lower Extremity Anthropometric
Characteristics and Some Selected Physical and
Physiological Parameters of Volleyball Players
in the University Team

Universite Takiminda Yer Alan Voleybolcularin Alt Ekstremite
Antropometrik Ozellikler ile Secilmis Bazi Fiziksel ve Fizyolojik
Parametreler Arasindaki iliskinin incelenmesi

ABSTRACT

Our study was conducted to investigate the relationship between lower extremity anthropometric
characteristics and some selected physical and physiological parameters of man’s volleyball players in the
university team. n: 12 (age: 20.67+2.42) volleyball players from Kahramanmaras Siit¢li imam University
volleyball team were included in the study on a voluntary basis. To determine the lower extremity
anthropometric characteristics, femoral bicondular diameter (using caliper), calf circumference, foot width,
knee circumference and ankle circumference measurements were made, upper leg circumference, foot
length, total leg length, lower leg length, upper leg length (using a non-flexible tape measure), and to
determine the physical and physiological parameters, leg strength, vertical jump, standing long jump, 30-
meter speed and balance measurements were made. As a result of the measurements and analyses
performed, it was determined that there was a moderate positive correlation between leg strength and
knee circumference, a moderate positive correlation between 30-meter sprint performance time and ankle
circumference, a high positive correlation between right foot balance score and total leg length, a moderate
positive correlation between lower leg length and ankle circumference, and a moderate positive correlation
between left foot balance score and foot width and knee circumference (p<.05). As a result; it can be said
that the lower extremity anthropometric characteristics of volleyball players affect some physical and
physiological parameters, especially the increase in knee circumference positively affects leg strength, and
balance performance is negatively affected as the whole leg length and lower leg length increase.

Keywords: Lower extremity, anthropometric characteristics, physical and physiological parameters, volleyball

0oz

Calismamiz Universite takiminda yer alan voleybolcularin alt akstremite antropometrik 6zellikler ile secilmis
bazi fiziksel ve fizyolojik parametreler arasindaki iliskinin incelenmesi amaciyla yapilmistir. Calismaya
Kahramanmaras Siitcii imam Universitesi erkek voleybol takiminda yer alan n:12 (yas: 20,67+2,42)
voleybolcu gonillulik ilkesine gore dahil edilmistir. Alt akstremite antropometrik 6zelliklerin belirlenmesi
icin femoral bikondiler cap (kaliper kullanilarak), calf gevresi, ayak genisligi, diz gevresi ve ayak bilegi cevresi
Olg¢limleri st bacak gevresi, ayak uzunlugu, tiim bacak boyu, alt bacak boyu, tist bacak boyu (esnek olmayan
mezura kullanilarak), fiziksel ve fizyolojik parametrelerin belirlenmesi igin ise bacak kuvveti, dikey sigrama,
durarak uzun atlama, 30 metre siirat ve denge olglimleri yapilmistir. Gergeklestirilen 6lgim ve analizler
neticesinde, bacak kuvveti ile diz gevresi arasinda orta diizey pozitif korelasyon, 30 metre siirat performans
suresi ile ayak bilegi cevresi arasinda orta diizey pozitif korelasyon, sag ayak denge skoru ile tim bacak boyu
arasinda yuksek diizey pozitif korelasyon, alt bacak boyu ve ayak bilegi cevresi arasinda orta diizey pozitif
korelasyon; sol ayak denge skoru ile ayak genisligi ve diz ¢evresi arasinda orta diizey pozitif korelasyon
oldugu (p<,05) tespit edilmistir. Sonug olarak; voleybolcularin alt ektremite antropometrik 6zelliklerinin bazi
fiziksel ve fizyolojik parametrelere etki ettigi 6zellikle diz ¢evre genisliginin artmasi ile bacak kuvvetinin
olumlu etkiledigi, tiim bacak boyu ve alt bacak boyu uzadik¢a denge performansi olumsuz yonde etkilendigi
soylenebilir.

Anahtar Kelimeler: Alt ekstremite, antropometrik 6zellikler, fiziksel ve fizyolojik parametreler, voleybol
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Introduction

In order to be successful in sports and remain successful, the physical, physiological and anthropometric characteristics
required by the sports discipline must be at the expected level. Therefore, it is aimed to determine the most appropriate
physical, physiological and anthropometric characteristics for sports disciplines with the data obtained from the results of
studies conducted on high-level athletes in recent years (Basu et al., 2019; Cadi¢ et al., 2020; Pena et al., 2018; Sporis et al.,
2009). Determining the characteristics required by sports disciplines, identifying possible deficiencies in individuals who are
interested in these sports, and eliminating these deficiencies with training programs to be implemented constitute the basic
basis of training science (Barlow et al., 2014).

Physical, physiological and morphological characteristics must also be taken into account in the performance evaluation
of athletes. Sporcular izerinde gerceklestirilen bircok arastirma fiziksel ve fizyolojik 6zelliklerin sportif performansi etkiledigini
belirtmektedir. If the physiological structure of athletes does not contain the characteristics required by the sports discipline,
it is very difficult to exhibit the expected performance. Therefore, if a high level of success is demanded in the sports branch,
the anthropometric characteristics, physical and physiological characteristics required for the sports branch must be well
developed (Marta, et al., 2013; Massidda et al., 2013; Wilber & Pitsiladis, 2012). Physical and physiological characteristics
(strength, flexibility, speed, endurance and agility) combine with different factors affecting performance to produce highly
effective results on the performance of athletes (Barlow et al., 2014).

In volleyball, where short loads and rests are included, muscle strength, aerobic and anaerobic abilities must be at a high
level (Sporis et al., 2009). Volleyball is a sport preferred by university students because it contains many physiological
characteristics for the application of the techniques and because the feeling of competition is experienced at a very high level
(Ostojic et al., 2006). The physical, physiological and anthropometric characteristics of high-level volleyball players have been
determined by research, but reference studies on school teams in which university students participate are limited (Kausar
et al., 2015; Koley et al., 2010). Studies on this subject are mostly limited to volleyball-specific features (Ziv & Lidor, 2009).

For all these reasons, this study was planned to examine the relationship between the lower extremity anthropometric
characteristics of volleyball players in the university team and some selected physical and physiological parameters and to
provide a reference for future studies with the results.

Methods
Participants

Athletes from Kahramanmaras Stit¢li Imam University men's volleyball team, n: 12 (age: 20.67+2.42), were included in the
study. All athletes participated in the study voluntarily, for this reason, the athletes signed an informed consent form and the
necessary permissions for the study were obtained from the Kahramanmaras Siitcli imam University Medical Research Ethics
Committee (Date: January 13, 2025, Decision Number: 03, Protocol No: 354). Before the physical and physiological parameter
tests to be applied to the athletes, they were informed about the plan and purpose of the study, necessary warm-up
procedures were applied to prevent any injuries, and the study was completed by doing cool-down exercises after the tests.

Determination of lower extremity anthropometric characteristics

Lower extremity anthropometric characteristics were measured as femoral bicondylar diameter (using caliper), total leg
length, lower leg length, upper leg length, calf circumference, upper leg circumference, foot length, foot width, knee
circumference and ankle circumference (using a non-flexible tape measure). The measurements were made in anatomical
posture and from the right side of the body.

Femoral bicondylar diameter; The width between the medial and lateral epicondyles of the femoral bone was determined
by measuring with a caliper, with the athletes sitting on a chair and their knees flexed at 90° degrees (Bingiil et al., 2022).

Total leg length; Total leg length of volleyball players was determined by measuring the distance between spina iliaca
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anterior superior and medial malleolus (Olmez et al., 2022).

Lower leg length; It was determined by measuring the distance between the middle of the proximal tibia and the sole of
the foot with a tape measure (Plisky, et al., 2009; Ruffe et al., 2019).

Upper leg length; 1t was determined by measuring the distance between the trochanter major of the femoral and the
condylus medialis of the tibia with a tape measure (Plisky, et al., 2009; Ruffe et al., 2019).

Calf circumference; Gastrocnemius was determined by measuring from the point where the highest result could be
obtained (Kurt et al., 2023).

Upper leg circumference; It was determined by taking measurements just below the gluteal region and 10-15 cm above
the patella (Kaya et al, 2020).

Foot length; It was determined by measuring the distance between the most protruding point at the back of the calcaneus
and the farthest distal finger (1st or 2nd finger) phalanx distalis (Dogruyol & Cimen, 2020).

Foot width; It was determined by measuring the distance between the most protruding points of the 1st and 5th
metacarpal bones (Bingdl et al., 2023).

Knee circumference; It was determined by measuring from the point on the patella where the highest result can be
obtained (Bingol et al., 2023).

Ankle circumference; It was determined by measuring with a tape measure over the ankle joint (Bingdl et al., 2023).
Determination of physical and physiological parameters

Leg strength test; It was carried out using a back and leg (Takei-Back & Lift) dynamometer. During the measurement,
volleyball players were reminded that in order to clearly determine the leg strength, the bar should be pulled using only the
legs, without using the back and arms, and the highest measurement value was recorded as kg by performing three repetitions
(Yarayan & Muniroglu, 2020).

Vertical jump test; The athlete was in a sideways position and the distance up to where his arm could reach without leaving
the sole of his foot off the ground was marked, the fingertip was dusted with chalk without jumping, the highest point he
could reach by jumping was determined and the distance between the first reach point and the last point that could be
reached before the test was recorded as the test result in cm ((Bilgi¢ & Koyunlu, 2024; Yarayan & Muniroglu, 2020).

Standing long jump test; Athletes were asked to jump at their highest performance by swinging their arms forward and
backward on a non-slippery and flat surface with their toes on a determined line, and the distance between the starting point
and the last point where they fell (the heel closest to the starting point) was measured and recorded in cm (Sahin et al 2022).

30-meter speed test; speed performance measurements were carried out on a 30-meter, non-slippery, flat area. A double-
door photocell was used to determine the performance value. Athletes waited in front of the exit gate in a high start position
and started the test when they felt ready. The photocell started when they passed through the entrance gate and ended
when they passed through the exit gate. Athletes were given two attempts and the best time was recorded in seconds (Yavuz
et al.,, 2023).

Balance performance test; A portable balance measuring device (Togu Challenge Disc 2.0, Prien am Chiemsee, Rosenheim,
Germany) was used to determine the balance performance of the athletes. The data of this device is scored between 1-5, and
the lower the score, the better the balance. The device was connected to the computer environment via Bluetooth, the
computer was placed in an area where the athletes could easily see it, and measurements were made on the right foot, left
foot and both feet, with bare feet, and the results were recorded (Acar, et al., 2024).
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Statistical Analysis

The information gotten at the conclusion of the investigate; Exceed expectations program (Microsoft Office, form 2013,
Microsoft Corp., Redmond, WA, USA) was utilized for classification and calculation of rate contrasts, and SPSS bundle program
(SPSS for Windows, form 22.0, SPSS Inc., Chicago, lllinois, USA) was utilized for measurable investigation. Information were
displayed as cruel and standard deviation. Shapiro-Wilk test was connected for typicality test. Skewness and kurtosis values
were checked for information sets that did not appear ordinary conveyance, and information sets with a esteem of +2 were
acknowledged to appear typical dispersion. Measurable comes about were assessed at 0.05 centrality levels. The relationship
between the information was inspected with Pearson relationship test.

Results
Table 1.
Demographic characteristics of the athletes participating in the study
Variables N Min Max Mean SD

Age (years) 17.00 26.00 20.67 2.42
Sports Age (years) 1.00 14.00 6.50 3.94
Demographic Information Height (cm) 12 170.00 197.00 182.50 8.26
Body Weight (kg) 59.00 100.00 77.08 13.69
BMI (kg/m?) 19.01 28.33 23.04 2.96

Min: Minimum; Max: Maksimum; SD: standart deviation

A total of 12 athletes (age: 20.67+2.42) from the Kahramanmaras Stt¢li Imam University men's volleyball team were
included in our study. The demographic characteristics of the group are given in Table 1.

Table 2.
Relationship between demographic information and physical and physiological parameters of the athletes participating in the
study
< o ® — L 2 p o 2
= 5 SE 5% 88 838 38
P w = E -y T P (] 2o
52 g 5 £ o £ 3 =8 el 5 8
::, £  gTE o5&  &EF  §§ 2 5
g g g T8 f8 T3 g
r -0.631 -0.203 -0.360 0.348 -0.321 -0.537 -0.059
Age (years)
p .028* .527 .250 .267 .309 .072 .856
r 0.036 0.164 -0.092 0.343 0.545 0.068 0.153
Sports Age (years)
p 912 .611 777 .275 .067 .833 .635
. r 0.433 -0.324 -0.088 0.232 0.470 0.709 0.708
Height (cm)
p .159 .304 .785 468 123 .010* .010*
r N N
Body Weight (kg) 0.377 0.594 0.613 0.633 0.641 0.486 0.794
p .226 .042%* .034* .027%* .025%* .109 .002*
r - -
BMI (kg/m?) 0.211 0.609 0.789 0.703 0.531 0.166 0.593
b .510 .036* .002* .011* .076 .606 .042*
r N
Leg strength (kg) 1 0.022 0.189 0.328 0.202 0.324 0.320
p .947 .556 .298 .529 .304 311
. r 1 0.832 -0.638 -0.251 -0.139 -0.536
Vertical jump (cm)
b .001* .025* 432 .668 .073
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r - - -
Standing Long Jump (cm) 1 0.794 0.213 0.068 0.365
P .002* .506 .835 .243
r -
30 meters Speed (sec) 1 0.419 0.084 0.596
P .175 .796 .041*
r
Right Foot Balance Score 1 0.532 0.622
P .042* .031*
r
Left Foot Balance Score 1 0378
p .226
r 1
Double Leg Balance Score
p

*p<.05; cm: centimeter; kg; kilogram; sec: second.

When the relationship between the demographic information of the athletes in Table 2 and their physical and physiological
parameters is examined, it is determined that as age increases, there is a decrease in the leg strength of the athletes, as height
increases, there is an increase in the right foot balance score and double foot balance score, as weight increases, there is a
decrease in vertical jump, standing long jump, 30-meter sprint performance, and an increase in right and double foot balance
scores, as BMI increases, there is an increase in vertical jump, standing long jump performance, 30-meter sprint and double
foot balance scores, as vertical jump performance increases, there is an increase in standing long jump and 30-meter sprint
performance, as standing long jump performance increases, there is an increase in 30-meter sprint performance, as 30-meter
sprint performance increases, there is an increase in double foot balance score, and as the right foot balance score increases,
there is an increase in left and double foot balance scores.

Table 3.
Relationship between demographic information and lower extremity anthropometric characteristics of the athletes
participating in the study

< ’é ’E\ ) — _ ) ol
z2z 2 z % 2 5 F - 5
T g < = c t 8o L S = 5
c L2 0 Qo Q ] o 9 g Q L
ST 15 g T €= — ¢ E= £ g — £ —
a2 3 — v @ S g g & & 2 3§ 3 5
= © o o -2 3L Q o T s oS g s
< E < g o 5 S € - = ] o
o .8 = P, <3 o 25 i) o o w
§° I g 2 = o o 2 o =
w |9 S O O p 4 gﬁ
r 0337 0392 0333 | 0219 -0.469 0334 -0275 0485 -0.564  -0.284
A
gelyears) g4 207 290 494 124 289 387 110 056 371
SportsAge  r 0449 0171 0381  -0.200 0316 0158 0014 -0.157  0.356 0.298
(years) p 143 595 221 532 317 625 966 627 257 348
Meight (cm) T 0483 0.880 0660 0600 0651 0533 0545 0267 0577 0.574
£ p 112 .001*  .020*  .039*  .022* 075 067 401 .049* 051
Body Weight r 0.746  0.807  0.867 0222  0.644 0736 0362 0186  0.691 0.667
(kg) p .005*  .002*  .001* 488  .024*  .006*  .247 563 .013* .018*
oMi(kg/my | 0682 0486 0708 0099 0427 0634 0121 0083 0536 0.506
& p .015* 109  .010*  .759 166 .027* 709 798 072 .093
Femoral r 1 0.642 0669 0202 0832  0.656 0437 0438  0.891 0.714
Bicondylar .024%  017* 529  .001*  .021* 155 154  .001*  .009*
Diameter (cm)
TotalLeg  r 1 0.787 0634 0.616 0766 0559 0417 0734  0.785
Length (cm)  p .002* 027  .033*  .004*  .059 177 .007* .003*
Lower Leg  r 1 0023 0579 0774 0541 0300  0.765 0.688
Length (cm)  p 943 .048*  .003*  .069 343 .004* .013*
UpperLeg  r 1 00273 0272 0227 0300  0.230 0.410
Length (sec)  p 301 393 477 343 471 185
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Calf r 1 0.370 0.570 0.342 0.693 0.482
Circumference 237 053 277 .013* 112
(cm)
Upper Leg r 1 0.210 0.600 0.821 0.733
Circumference 512 .039*  .001*  .007*
(cm)
Foot Length r 1 0.270 0.530 0.531
(cm) p .395 .076 .075
Foot Width r 1 0.613 0.282
(cm) p .034* .374
Knee r 1 0.813
Clrcu;::ne)rence p 001*
Ankle r 1
Circumference
(cm) P

*p<.05; cm: centimeter; kg; kilogram; sec: second.

When the relationship between the demographic information of the athletes in Table 3 and the lower extremity
anthropometric features was examined, it was seen that as the height increased, there was an increase in the athletes' whole
leg length, lower leg length, upper leg length, calf circumference and knee circumference; as the weight increased, there was
an increase in the athletes' femoral bicondylar diameter, whole leg length, lower leg length, calf circumference, upper leg
circumference, knee circumference and ankle circumference; as the BMI increased, there was an increase in the femoral
bicondylar diameter, lower leg length and upper leg circumference; as the femoral bicondylar diameter increased, there was
an increase in the whole leg length, lower leg length, calf circumference, upper leg circumference, knee circumference and
ankle circumference; as the whole leg length increased, there was an increase in the lower leg length, upper leg length, calf
circumference, upper leg circumference, knee circumference and ankle circumference; as the lower leg length increased,
there was an increase in the calf circumference, upper leg circumference, knee circumference and ankle circumference; as
the calf circumference increased, there was an increase in the knee circumference; as the upper leg circumference increased,
there was an increase in the foot width, knee circumference and ankle circumference; as the foot width increased, there was
an increase in the knee circumference; It has been determined that as the knee circumference increases, the ankle
circumference also increases. It was determined that there was a decrease in leg strength, as height increased, there was an
increase in right foot balance score and double foot balance score, as weight increased, there was a decrease in vertical jump,
standing long jump, 30-meter sprint performance, and an increase in right and double foot balance scores, as BMI increased,
there was an increase in vertical jump, standing long jump performance, an increase in 30-meter sprint and double foot
balance scores, as vertical jump performance increased, there was an increase in standing long jump and 30-meter sprint
performance, as standing long jump performance increased, there was an increase in 30-meter sprint performance, as 30-
meter sprint performance increased, there was an increase in double foot balance score, as the right foot balance score
increased, there was an increase in left and double foot balance scores.

Table 4.
Relationship between physical and physiological parameters and lower extremity anthropometric features of the athletes

participating in the study

C =z B B — )
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e & & 2 g_ 98 < = € _ £
R S ] ] €€ ) i E € [= [=
[a'a ) — - - 5 0 Q5 S = 3 o 8 C
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ol S ) pv4 <
Leg strength r 0.422 0.326 0.443 -0.027 0.403 0.497 0.222 0.621 0.582 0.084
(kg) p 171 .301 .149 933 194 .100 487 .031 .047* .794
Vertical jump r -0.347 -0.471 -0.529 -0.100 -0.283 -0.427 -0.528 -0.055 -0.350 -0.543
(cm) p .269 122 .077 .757 .372 .166 .078 .866 .265 .068
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Standing Long r -0.392 -0.292 -0.426 0.061 -0.237 -0.354 -0.172 0.048 -0.230 -0.431
Jump (cm) p .208 .357 .167 .852 .459 .259 .593 .883 473 .162
30 meters r 0.534 0.431 0.460 0.123 0.382 0.233 0.376 -0.229 0.302 0.595
Speed (sec) p .074 .162 133 .704 221 466 228 474 .339 .041*
Right Foot r 0.563 0.768 0.659 0.419 0.447 0.529 0.528 0.054 0.545 0.613

Balance Score p .057 .004* .020* .175 .145 .077 .077 .868 .067 .034*

Left Foot r 0.422 0.326 0.443 -0.027 0.403 0.497 0.222 0.621 0.582 0.084

Balance Score p 171 .301 .149 .933 .194 .100 .487 .031* .047* .794
Double Leg r -0.347 -0.471 -0.529 -0.100 -0.283 -0.427 -0.528 -0.055 -0.350 -0.543

Balance Score p .269 122 .077 .757 372 .166 .078 .866 .265 .068

*p<.05; cm: centimeter; kg; kilogram; sec: second.

When the relationship between the physical and physiological parameters of the athletes in Table 4 and the lower
extremity anthropometric features was examined, it was determined that as the leg strength increased, there was an increase
in the knee circumference, as the 30-meter sprint performance time (sec) increased, there was an increase in the ankle
circumference, as the right foot balance score increased, there was an increase in the whole leg length, lower leg length and
ankle circumference, and as the left foot balance score increased, there was an increase in the foot width and knee
circumference.

A moderate positive correlation was found between leg strength and knee circumference; a moderate positive correlation
was found between 30-meter sprint performance time (sec) and ankle circumference; a high positive correlation was found
between right foot balance score and total leg length, a moderate positive correlation was found between lower leg length
and ankle circumference; and a moderate positive correlation was found between left foot balance score and foot width and
knee circumference (p<.05).

Discussion

Comprehensive analysis and consideration of the anatomical and physiological characteristics of the body allows the
training of highly qualified athletes, since the features of the external structure of the athlete's body are a prerequisite for
the realization of his physical abilities. The results of the evaluation of anthropometric characteristics will allow the creation
of profiles of elite athletes in certain sports branches and these profiles can be used as a training criterion for beginners
(Sarafyniuk at al., 2024). It is reported that body composition and structure are structured based on genetic factors, types of
sports and the content of the training performed (Arden & Spector, 1997).

It was found that there was a moderate negative correlation between age and leg strength; a high positive correlation
between height and right foot balance score, a high positive correlation between double foot balance score; a moderate
negative correlation between weight and vertical jump, a moderate negative correlation between standing long jump, a
moderate positive correlation between 30-meter sprint, a moderate positive correlation between right foot balance score, a
high positive correlation between double foot balance score; a moderate negative correlation between BMI and vertical jump,
a high negative correlation between standing long jump, a high positive correlation between 30-meter sprint, a moderate
positive correlation between double foot balance score; a high positive correlation between vertical jump and standing long
jump performance, a moderate negative correlation between 30-meter sprint; a high negative correlation between standing
long jump and 30-meter sprint; a moderate positive correlation between 30-meter sprint and double foot balance score; a
moderate positive correlation between right foot balance score and left foot balance score, and a moderate positive
correlation between double foot balance score (p<.05).

Height is a prominent feature within volleyball, often seen as a defining characteristic associated with dominant players
who can block attacks and spike with authority. Height provides an undeniable advantage in certain aspects of the game
Palani et al., 2024).

Volleyball could be a group wear with exceedingly discontinuous particular assignments that require distinctive
physiological components and multi-directional court developments that happen over and over amid competition. Amid
volleyball play, a few maximal and high-intensity muscle developments are required depending on the player's position on
the court and obligations (e.g. bouncing, passing, assaulting, blocking, running, and quickly changing beat). Volleyball players
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take part in tedious brief and high-intensity volleyball errands (i.e. in both vertical and flat headings), taken after by periods
of low-intensity movement and brief recuperation periods between each rally point. The high-intensity work out periods
incorporate a great level of wellness to back the endeavors that basically require high-impact and anaerobic vitality
frameworks. Volleyball is considered a power-dominant don, as can be seen by the players bouncing tall or hitting the ball
effectively. Therefore, volleyball training focuses more on strength training and muscle building rather than endurance
training. The development of leg strength is also the basis of these strength trainings. The reason why leg strength is
considered a very important feature in volleyball is that the player needs leg strength to be able to jump very high and to be
able to serve by jumping. Serving is the most important skill in the game as it determines the tempo and momentum of the
game. It was determined that there was an inverse relationship between mass and jump height, and a direct relationship
between body height and jump height. Regarding the throwing angle of BMI, it was determined that there was a direct
relationship between the knee angle and the throwing angle, and an inverse relationship between the ankle angle and the
minimum height and the ball throwing angle (ALHammouri & Ismail, 2023).

High level positive correlation between height and total leg length, moderate level positive correlation between lower leg
length, upper leg length, calf circumference and knee circumference; high level positive correlation between weight and
femoral bicondylar diameter, total leg length, lower leg length, upper leg circumference and knee circumference, moderate
level positive correlation between calf circumference and ankle circumference; there was a moderate positive correlation
between BMI and femoral bicondylar diameter and upper leg circumference, and a high positive correlation between lower
leg length; moderate correlation between femoral bicuspid diameter and total leg length, lower leg length and upper leg
circumference, high positive correlation between calf circumference, knee circumference and ankle circumference; high level
positive correlation between total leg length and lower leg length, upper leg circumference, knee circumference and ankle
circumference, moderate level positive correlation between upper leg length and calf circumference; moderate positive
correlation between lower leg length and calf circumference and ankle circumference, high positive correlation between
upper leg circumference and knee circumference; It was determined that there was a moderate positive correlation between
calf circumference and knee circumference; a moderate positive correlation between upper leg circumference and foot width;
a high positive correlation between knee circumference and ankle circumference; a moderate positive correlation between
foot width and knee circumference; and a high positive correlation between knee circumference and ankle circumference
(p<.05).

It has been reported that players' height, spike height and block height have the most impact on a team's ranking in world
championships (Jahandideh et al.,, 2021). A study whose aim was to determine anatomical differences in physical
characteristics and muscle strength among university athletes in Nigeria reported that palm width, hand length and finger
length showed a strong positive correlation with height (Kingdom et al., 2023).

A moderate positive correlation was found between leg strength and knee circumference; a moderate positive correlation
was found between 30-meter sprint performance time (sec) and ankle circumference; a high positive correlation was found
between right foot balance score and total leg length, a moderate positive correlation was found between lower leg length
and ankle circumference; and a moderate positive correlation was found between left foot balance score and foot width and
knee circumference (p<.05).

Systematic volleyball training has a significant effect on the somatometric characteristics of the upper and lower
extremities; this is evidenced by the presence of significant differences in the values of these indicators between groups of
volleyball players and non-athletes. It was determined that all transverse and circumferential dimensions of the upper and
lower extremities of the volleyball players in the general group were larger (p<.01-.001) compared to the girls in the control
group (Sarafyniuk et al., 2024). Physical condition is necessary for the body to be ready to complete the match that is being
played. Also, physical condition is very decisive for athletes to optimize the techniques they learn in beach volleyball games.
Physical conditions will also affect body composition. According to Tomag et al., explosive power and strength factors are
greatly affected by the body composition of each athlete. Therefore, beach volleyball game requires good physique in terms
of body composition. Body composition greatly influences the level of physical capacity of athletes and can also be determined
by body composition, especially muscle mass and body fat, in terms of explosive power. Maximum strength and performance
characteristics and body composition are the main factors affecting explosive power and performance. Body composition is
important for performance and power. It has been suggested that there is a significant relationship between body
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composition and the explosive power of the lower extremity muscles and upper extremities in beach volleyball athletes
(Bahauddin et al., 2024).

When Table 2 is examined, it is seen that as body weight increases, there is a decrease in vertical jump, standing long
jump, 30-meter sprint performance and an increase in right and double-foot balance scores.

Together with stature, body weight too gets to be imperative within the physical structure of volleyball competitors. The
capacity to produce unstable control, which is basic for effective jumping and spiking, is frequently related with body mass.
Body mass file (BMI) may be a degree that reflects the relationship between weight and tallness and gives an sign of overall
body composition. It goes past physical estimate alone and gives experiences into variables such as muscle mass,
dissemination, and proportionality that will influence bounce stature in volleyball players. Understanding the complex
connect between BMI and hop stature can give important experiences into the perfect physiological conditions for top athletic
execution. The positive relationship between body weight and bounce stature recommends that players with more
noteworthy body mass tend to realize more prominent vertical relocation amid hops, likely reflecting more noteworthy
muscle mass and quality within the lower limits (Palani et al., 2024).

There is a moderate negative correlation between BMI and vertical jump (Table 2).

The negative relationship between BMI and bounce stature infers that players with higher BMI may involvement
marginally lower bounce statures, which may reflect contrasts in body composition and muscle-fat proportion (Palani et al.,
2024). It is well known that certain physical characteristics or anthropometric profiles demonstrate whether a player is fit to
compete at the most noteworthy level in a specific wear. These anthropometric and morphological parameters are delicate
pointers of competitors physical development and dietary status for most extreme execution. Numerous considers have
inspected the connections between anthropometric and physiological characteristics of volleyball players. The discoveries of
these thinks about have appeared that certain anthropometric characteristics such as more prominent stature, more
prominent vertical bounce remove, more prominent mass, more prominent upper body quality, and lower body fat rate are
profitable for volleyball players (Koley et al., 2010).

There is a significant relationship between vertical jumps and weight, leg length, maximum calf circumference, foot length
for spikers and point guards, as well as tight circumference and weight for liberos. However, anthropometric parameters are
effective in vertical jumps in different playing positions in volleyball players. For volleyball players, due to the playing position,
it seems necessary to take into account the training methods as well as the anthropometric parameters (Fattahi et al., 2012).
It can be concluded that hand grip strength has strong positive correlations with the height and weight of volleyball players
(Pavlovié¢ et al., 2023).

Itis accepted that the strength of the lower extremities is significantly related to the characteristics describing the shoulder
girdle circumference and bone mass. Morphological predispositions often determine a player's functional abilities. In
volleyball, strength and speed training leads to changes in muscle mass, endurance, strength, power, and jumping abilities.
The height of the vertical jump in volleyball players is determined by a certain level of strength, which also affects their
efficiency (Pietraszewska et al., 2015). Structural variables related to bone dimensions, both longitudinal and transverse,
adiposity and muscle development are predictive factors of performance in physical fitness tests. Performance in flexibility
tests is more dependent on bone structure, jumping performance is more dependent on both adiposity and bone structure,
and sprint and agility performance is more dependent on adiposity (Albaladejo-Saura et al., 2022).

In volleyball, the most characteristics that characterize players are hopping capacity, control yield and quality. Moreover,
the anthropometric characteristics of competitors can impact the level of execution and offer assistance decide a appropriate
physical make-up for a given wear. Agreeing to Giannopoulos et al., around 24% of the hostile execution of volleyball players
can be anticipated by the direct combination of somatotype and muscle quality. The rate of incline mass is related with
changes in lower body quality connected in perseverance works out, the capacity to rehash sprints and the capacity to
perform a few sorts of hops included in these sports disciplines. Incline body mass is an vital determinant of quality for athletic
execution. Overabundance fat mass disables quality, particularly lower limit execution and perseverance (Miguel-Ortega, et
al., 2023).
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Lower extremity strength is statistically significant on EF serve (effective serve) in men's volleyball, but it can be said to
have a moderate effect. Lower extremity strength varies among players in different positions and may be related to their on-
court function; for example, outside hitters are forced to attack from deep in the court, so their lower extremity strength
must be and is relatively greater than that of players playing other positions (Bobula et al., 2024). A study on volleyball players
reported that body weight and body mass, standing with one arm, standing with two arms, arm span, explosive power, agility,
speed and flexibility significantly affect performance, affecting the anthropometric characteristics and motor abilities of a
player's position (Mili¢ et al., 2024). The longer leverage provided by extended leg length can generate greater force and
translate into higher jumps. This information is particularly important in sports where jumping ability is a critical skill and
guides both talent identification and training methods (Pavlovic et al., 2024). In a study, a positive correlation was observed
between explosive power and body composition and motor abilities in the variables of height and body weight, while body
fat percentage and muscle mass percentage were stated to be positively correlated with agility (lli¢ et al., 2023).

Conclusion and Recommendations

As a result; it can be said that the lower extremity anthropometric characteristics of male volleyball players affect some
physical and physiological parameters, balance scores increase as height increases, explosive strength increases as body
weight increases, speed and balance scores increase as body weight increases, explosive strength values increase as BMI
value decreases, speed and double-foot balance scores increase as BMI value increases, some lower extremity lengths and
circumference values increase as height, body weight and BMI values increase, leg strength is positively affected by increasing
knee circumference width, balance performance is negatively affected as whole leg length and lower leg length increase.

Based on this study, we recommend increasing the number of participants in the study group and examining the upper
extremity characteristics of volleyball players according to their gender and the regions they play.
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