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ABSTRACT
The present study deals with sports anthropological comparison of the physique of 28 male volleyball players from higher (n = 13) and lower (n= 13)
game classes and different game positions. As a result, higher Parnell endomorphism values can be recognized in the lower classes. Vice versa, a tendency to significantly higher values was found in the higher game classes for
body height, stylion height, gnathion height, tibia height, AKS index and ectomorphism according to Parnell. In the somatochart, the attackers were slightly
more endomorphic, the minor attackers a little more mesomophic. The highclass players had higher ectomorphism values, the low-class players higher
endomorphism values. In the constitutional typology according to Knussmann, the subjects were on average subleptomorphic and submacrosomic,
according to Conrad rather hyperplastic and leptomorphic. In a follow-up
study, the number of subjects should be increased to enable a differentiated
analysis of game positions.
Keywords: volleyball; sports anthropology; somatotyping; kinanthropometry;
somatotypes

INTRODUCTION
Volleyball is a team sport in which two teams of six players are separated by
a net. There are different positions filled on every volleyball team at different
levels (setter, outside hitter / left side hitter, middle hitter, opposite hitter / right
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side hitter and libero / defensive specialist). Each of these positions plays a
specific role in winning a volleyball match.
In their excellent studies, the working group around Prof. Dr. Kaarma and
her daughter Dr. R. Stamm [19–26] has so far drawn a comprehensive sports
anthropological picture of the Estonian volleyball player. In a series of followup studies, they also succeeded in establishing the Estonian constitution type
system in the field of sports anthropology and sports science [19–26].
In this explorative work, we try to make the first cautious step in the physique analysis of German male volleyball players.

PARTICIPANTS AND METHODS
The present study examines anthropometric and somatotypical differences
between male volleyball players of different performance classes and game
positions.
Hessian volleyball players from hobby players to the Hessen league level
were recorded as players of the lower performance level (low class). As a high
level of performance (high class), players from the association league level to
the German top league level were summarized.
All center blockers (position 3) and outside attackers (position 4) were
defined as attackers. All other athletes were grouped as minor attackers.
The age of the test subjects was between 16 and 53 years (average age 27.2
years).
Each proband participated voluntarily and the data were used anonymously.
Anthropometric data and computed constitutional and somatotypical
parameters in this work correspond to international standards [1, 3, 5, 6, 8, 9,
10, 12, 15, 16, 27, 28]. The analysis of differences was tested by ANOVA.

RESULTS
All the collected anthropometric parameters are listed in the following table.

098.4±2.7
013.9±0.7
012.5±1.0

101.8±4.7
055.2±3.3 #
011.5±1.2
096.2±3.8
014.0±0.8
12.5±0.9

Iliospinale (cm)

Tibiale (cm)

Sphyrion (cm)

Sitting height (cm)

Zygomatic breadth (cm)

Morph.facial height(cm)

29.4±2.3

011.5±1.4

111.3±5.3

Iliocristale (cm)

Chest width (cm)

056.3±3.1 #

073.6±7.2

Dactylion (cm)

44.1±3.3 #

103.6±3.3

093.8±5.6 #

Stylion (cm)

Shoulder width (cm)

074.0±5.0

118.9±7.3

Radiale (cm)

188.9±8.4

012.5±0.8

095.3±5.7 #

154.1±7.6

Acromiale (cm)

Arm span (cm)

014.1±0.9

121.0±6.8

153.3±8.4 #

187.3±9.5
044.3±3.3 #
029.1±2.4

043.8±3.5 #
029.8±2.3

094.5±3.6

011.4±1.0

054.3±3.3 #

100.4±5.3

110.5±6.6

073.3±8.9

092.7±5.6 #

117.3±7.7

152.6±8.3

152.2±10.0 #

191.0±6.7

112.2±3.3

156.0±6.7

154.7±6.1 #

184.2±9.3 #
161.1±8.9 #

Suprasternale (cm)

189.3±7.0 #
166.2±6.5 #

186.4±8.5 #
166.3±8.1 #

028.4±10.8

Gnathion (cm)

029.8±11.0

029.0±10.6

Age (years)

low class
n = 10

Height (cm)

high class
n=8

total
n=18

attackers (n=18)

Parameter

Position

030.1±1.9

041.9±4.3 #

185.7±7.8

012.4±0.6

014.1±1.0

092.1±4.8

011.3±1.7

053.4±3.7 #

101.8±6.0

111.5±6.4

070.1±5.3

091.4±5.5 #

117.1±6.8

150.5±8.4

148.2±6.9 #

159.3±7.7 #

182.6±8.4 #

024.0±4.8

total
n = 10

031.0±1.8

041.0±5.6 #

188.0±9.9

012.7±0.6

014.1±0.8

094.4±2.9

011.8±0.8

054.6±3.4 #

102.5±5.2

111.9±5.8

073.1±4.7

093.9±4.4 #

119.5±5.7

153.7±7.5

149.8±6.4 #

162.2±6.5 #

185.8±7.0 #

025.6±2.7

high class
n=5

029.2±1.6

042.7±2.9 #

183.5±5.1

012.3±0.6

014.1±1.3

089.7±5.4

010.8±2.3

052.2±4.1 #

101.0±7.3

111.1±7.6

068.0±5.0

089.0±5.8 #

114.7±7.6

148.0±9.1

146.7±7.8 #

157.1±8.5 #

179.3±9.2 #

022.4±6.2

low class
n=5

minor attackers (n = 10)

Table 1. Anthropometric and index parameters of 28 male volleyball players from different game classes and game positions (# p ≤ 0.1; * p ≤ 0.05, **
p ≤ 0.01, ** p ≤ 0.001)
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034.3±0.8
008.6±1.2
005.9±0.4
008.8±0.4
008.1±1.1 #
008.1±0.3 *
056.3±1.7
038.2±2.5
098.8±5.9

034.2±3.0
009.1±1.1
005.8±0.3
008.8±0.4
008.3±0.9 #
007.9±0.5 *
056.9±2.0
038.2±1.9
099.5±5.5

Trochanter width (cm)

Epiphysis width Humerus cm

Radioulnar breadth(cm)

Head circumference (cm)

Neck circumference (cm)

Chest circumference, in inspiration (cm)

Chest circumference, in expiration (cm)

029.3±1.5
031.9±1.7
027.0±1.7
017.2±1.5

032.3±3.1
027.0±2.0
017.4±1.1

Upper arm circumf. in flexion (cm) right side

Forearm circumference maximum(cm) right side

Forearm circumference minimum (cm) right side

088.0±6.2

089.4±6.3

Pelvis circumference (cm)
029.5±2.2

082.0±5.8

083.1±5.8

Upper arm circumf. in extension (cm) right side

093.4±6.3

093.7±6.4

Waist circumference (cm)

Ancle breadth (cm)

Epiphysis width femur

Hand breadth (cm)

017.6±0.6

026.9±2.4

032.7±3.9

029.6±2.7

090.5±6.4

084.0±6.0

094.0±6.9

100.0±5.5

038.1±1.3

057.4±2.1

007.7±0.6 *

008.4±0.8 #

008.8±0.4

005.8±0.3

009.4±0.9

034.2±4.1

020.1±1.8 **

029.0±2.1

Spinal distance (cm)

021.6±2.5 **

Pelvis width (cm)

029.3±1.8

22.2±1.8

Chest depth (cm)
29.1±2.2

low class
n = 10

020.7±2.2 **

high class
n=8
022.2±1.8

total
n=18

attackers (n=18)

022.1±1.8

Parameter

Position

017.3±1.0

029.1±8.9

031.5±3.0

028.8±2.9

085.2±11.0

081.9±9.7

093.0±6.4

098.0±7.0

038.3±2.1

057.4±2.5

007.8±0.4 *

008.4±0.9 #

008.5±0.4

005.9±0.2

008.7±0.6

034.2±2.3

019.4±2.1 **

029.6±1.9

021.6±2.2

total
n = 10

017.3±1.0

026.4±2.4

031.9±4.0

029.7±3.7

084.0±14.9

082.8±13.6

094.2±6.4

098.7±6.9

039.4±2.3

057.5±3.4

007.9±0.4 *

008.8±0.3 #

008.5±0.5

005.9±0.2

008.7±0.8

034.8±1.9

020.9±1.7 **

029.8±1.1

021.4±2.4

high class
n=5

017.2±1.2

031.9±12.4

031.1±1.9

028.0±2.1

086.4±6.8

081.1±6.9

091.8±6.9

097.3±7.8

037.3±1.5

057.3±1.4

007.6±0.3 *

007.9±1.1 #

008.5±0.4

005.8±0.3

008.6±0.4

033.6±2.6

017.9±1.1 **

029.3±2.7

021.8±2.3

low class
n=5

minor attackers (n = 10)
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011.9±4.3
013.6±5.1
010.0±2.3 *
007.1±2.0
023.1±1.9
011.5±1.8
021.3±4.1
082.0±3.6

015.6±6.3
015.0±3.9
009.7±2.1 *
007.8±2.6
023.0±1.9
010.7±2.5
021.1±3.1
080.5±4.1

Subscapular skinfold

Thigh skinfold (mm)

Calf skinfold (mm)

Head height (cm)

Neck length (cm)

Pelvis height (cm)

Arm length (cm)

079.3±4.3

020.9±2.1

010.1±2.9

023.0±1.9

008.3±3.0

009.5±2.0*

016.2±2.4

018.6±6.1

014.1±5.8

024.1±2.9

Suprailiac skinfold (mm)

BMI (kg/m²)

019.5±5.6

005.0±0.7*** 005.6±1.3***

013.3±4.4

016.8±5.9

Body fat Caliper %

024.1±5.8

005.4±1.1***

021.7±5.4

023.0±5.6

Body fat (%)BIA

081.5±10.5

Forearm skinfold (mm)

080.2±10.3

080.9±10.3

Weight (kg)

026.1±1.3

010.5±5.4

025.0±1.1

025.6±1.3

Foot circumference (cm)

023.8±1.1 #

037.9±4.2

022.3±2.3

024.4±3.1 #

024.0±2.1 #

Lower leg circumference (cm) Minimum

012.5±5.8

037.9±3.0

037.9±3.6

Calf circumference(cm)

057.3±6.9

023.3±2.8

053.7±4.0

055.8±6.0

Thigh circumference (cm)

021.9±0.9

low class
n = 10

Triceps skinfold (mm)

021.7±1.2

high class
n=8

attackers (n=18)

021.8±1.0

total
n=18

Hand circumference(cm)

Parameter

Position

011.3±4.1

023.1±4.7

015.7±14.5

019.5±6.6

081.1±11.9

025.1±1.9

022.7±1.9 #

037.5±1.8

054.9±4.0

021.0±0.9

013.1±5.7

022.7±1.9

016.4±7.8

018.0±4.6

073.3±10.9

024.8±1.1

022.9±1.7 #

036.6±2.2

054.0±3.2

021.3±1.3

low class
n=5

080.9±4.5

020.9±3.9

010.5±1.4

023.2±1.7

008.7±3.0

011.8±2.5*

015.1±5.5

014.7±13.5

082.0±5.4

020.5±1.5

010.7±1.9

024.4±1.5

008.1±2.6

012.9±3.0*

014.9±5.6

014.7±18.4

080.2±4.4

021.4±5.7

010.4±1.2

022.2±1.3

009.3±3.5

010.7±1.3*

015.4±5.9

014.8±8.3

007.2±1.9*** 008.2±1.6*** 006.3±1.8***

012.2±4.8

022.9±3.4

016.1±11.0

018.8±5.4

077.2±11.6

025.0±1.5

022.8±1.7 #

037.1±1.9

054.5±3.5

021.1±1.0

high class
n=5

minor attackers (n = 10)
total
n = 10
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003.8±0.8 *
002.8±0.6
004.8±1.2 #
003.3±1.4
002.3±0.7
003.6±1.3
000.9±0.1 #

004.3±0.9 *
002.9±0.7
004.2±1.5 #
003.9±1.3
002.4±1.0
003.1±1.6
001.0±0.10 #

Endomorphy (Parnell)

Mesomorphy (Parnell)

Ektomorphy (Parnell)

Endomorphy (Heath-Carter)

Mesomorphy (Heath-Carter)

Ektomorphy (Heath-Carter)

AKS index

1–0.8±0.5

001.2±0.1

001.3±0.2

Rohrer index

092.5±4.6

004.2±0.5

004.3±0.5

Quetelet index

1–0.8±0.6

044.7±3.4 #

044.4±3.2 #

Calf length (cm)

092.9±4.5

090.8±5.5

090.2±6.0

Leg length (cm)

Plastic index (Conrad)

021.3±1.4

020.3±4.0

Metric Index (Conrad)

025.7±2.8

025.1±4.0

Forearm length (cm)

Hand length (cm)

035.0±1.3

high class
n=8

035.1±3.0

total
n=18

attackers (n=18)

Upper arm length (cm)

Parameter

Position

001.0±0.1 #

002.6±1.7

002.6±1.1

004.5±1.0

003.8±1.6 #

003.0±0.4

004.8±0.6 *

093.1±4.6

1–0.7±0.7

001.3±0.2

004.4±0.5

044.1±3.2 #

089.7±6.5

019.4±5.1

024.6±4.9

035.3±4.0

low class
n = 10

001.0±0.1 #

003.0±1.3

002.7±0.9

003.7±1.7

003.8±1.3 #

003.0±0.6

004.4±0.9 *

092.1±11.1

1–0.6±0.4

001.3±0.2

04.2±0.6

042.1±3.3 #

090.5±7.1

021.3±1.8

025.6±1.6

034.0±1.8

total
n = 10

001.0±0.1 #

003.0±1.8

002.8±1.1

003.4±2.1

004.2±1.6 #

002.8±0.6

004.3±1.2 *

088.4±7.8

1–0.7±0.5

001.3±0.2

004.4±0.7

042.8±3.2 #

091.4±5.3

021.4±2.1

025.6±1.6

034.9±1.6

high class
n=5

001.0±0.1 #

002.9±0.9

002.6±0.8

004.0±1.4

003.4±0.9 #

003.0±0.7

004.5±0.6 *

095.8±13.5

1–0.6±0.3

001.3±0.1

004.1±0.5

041.5±3.8 #

089.7±9.2

021.3±1.8

025.7±1.9

033.3±1.8

low class
n=5

minor attackers (n = 10)
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Generally, the attackers and the players of higher classes have almost significantly (p ≤ 0.1) higher values for the following parameters: height, gnathion,
suprasternale, stylion, tibiale, shoulder width, spinal distance, lower leg
circumference (minimum) and calf length. The following parameters were
significantly higher: spinal distance (p ≤ 0.01) and ankle breadth (p ≤ 0.05).
For the skin fat folds, the attackers had significantly lower values for the
forearm (p ≤ 0.001) and the thigh (p ≤ 0.05).
Somatotyping according to Parnell [15] resulted in significantly lower
values (p ≤ 0.05) for endomorphy in attackers and higher game classes as well
as almost significantly (p ≤ 0.1) higher ectomorphism values in attackers and
higher classes.

Figure 1. Mean constitutional
types of higher-class attackers (red star) and lower-class
attackers (grey star), higher-class
minor attackers (red circle) and
lower-class minor attackers (grey
circle) in the chessboard pattern
graphic after Conrad [3].

In the chessboard pattern graphic after Conrad [3], the mean values of all the
four groups are in the hyperplastic-leptomorphic quadrant.

Sport-anthropological investigation on German male volleyball players ... | 43

Figure 2. Mean somatotypes of higher-class
attackers (red star) and
lower-class attackers
(pink star), higher-class
minor attackers (red
circle) and lower-class
minor attackers (pink
circle) in the somatochart after Parnell [15].

The Parnell somatochart [15] shows the mean of the attackers on the mesomorphia axis below the center and the other three samples in the endomorphia
area.

Figure 3. Mean
somatotypes
of higher-class
attackers (red
star) and lowerclass attackers
(pink star),
higher-class
minor attackers
(red circle) and
lower-class
minor attackers
(pink circle) in
the somatochart
after Heath and
Carter [5, 6]
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In the Heath-Carter somatochart [5, 6], the mean for the higher-class attackers
is found as the only one in the ectomorphic area, on the right below the centre.
The mean values of the other three samples are all on the endomorphism axis,
with the higher-class non-attackers even being in the centre.

DISCUSSION
The average height of the volleyball players examined was 185 cm. This is
consistent with the results of McArdle et al. [13]. They reported an average
body height of 185.3 ± 10.2 cm in 11 volleyball players. When Olympic volleyball players were compared [17], their body height rose continuously from
Tokyo in 1964 with 189.4 cm over Munich 1972 with 192 cm to Montreal 1976
with 195 cm [14]. According to Reilly [17], the England team had an average height of 185.5 cm ± 6.2 cm in 1980. The Canadian national team had
an average height of 188.9 ± 4.2 cm [2]. The international volleyball players
measured by Maas [11] also had an average height of 185.8 cm. Even Tittel
and Wutscherk [28] put the height of volleyball players at 187.8 cm. The minor
attackers (libero, diagonal player, pass player) were generally nearly significantly smaller than the attackers. The situation with the acromion was similar
to that with the body heights. In 1974 Maas [11] determined an acromiale
height of 152.9 cm, a suprasternale height of 151.9 cm, an iliocristale height of
113.9 cm, an iliospinale height of 107.3 cm, a tibiale heigth of 50.7 cm and a
sitting height of 96.1 cm. Tittel and Wutscherk [28] gave a value of 48.8 cm for
the tibiale. While Norton and Olds [14] calculated a relative sitting height value
of 51% of the total body height for their volleyball players, the present study
shows an almost identical value of 51.1%. In general, there are clear congruencies in all the examined samples.
Similarly to the present study, according to Tittel and Wutscherk [28],
the arm span of volleyball players was 191.7 cm – above the respective body
height, which speaks for long arms. The foot length of volleyball players
averaged 25.6 cm according to Scholl [18], 27.3 cm according to Tittel and
Wutscherk [28], 27.8 cm according to Maas [11], and is therefore the same as
that determined in the present study (27.8 cm). While Maas [11] determined
a shoulder width of 40.4 cm, Tittel and Wutscherk [28] measured a value of
40 cm for volleyball players. In the present study, the chest depth was above
that of the volleyball players of Maas [11] at 20.4 cm. Conversely, the spinal
distances of the volleyball players of Maas [11] were with 24.4 cm above those
of the present survey.
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At 8.7 cm, the hand width of the study by Maas [11] is similar to that of the
current survey.
In comparison to Maas [11], the circumferences were similar to that of the
current study: neck circumference (37.4 cm), chest circumference (101.4 cm),
flexed (31.8 cm) and relaxed upper arm circumference (28.8 cm), forearm
(27 cm), thigh (55.8 cm) and lower leg (36.3 cm). In comparison, Tittel and
Wutscherk [28] reported the following circumferential measurements for
their volleyball players: chest circumference inspiratory 103.3 cm, expiratory
95.4 cm, upper arm 29.9 cm, thigh 56.8 cm and lower leg 38.4 cm.
According to Scholl [18], even 17-year-old volleyball players had a chest
circumference of 90 ± 5 cm.
Norton [14] gives an average weight of 90 kg for elite volleyball players.
According to Reilly [17], Olympic volleyball players had the following average
body weight values: Tokyo (1964) 84.3 kg, Munich (1972) 85.5 kg, Montreal
(1976) 88 kg.
The volleyball players measured by McArdle et al. [13] weighed 78.3 ± 12 kg,
those measured by Tittel and Wutscherk [28] weighed 81.3 kg. According to
Driskel and Wolinsky [4], the body weights of volleyball players were between
the 75th and 90th percentiles.
Reilly [17] states a body fat percentage of 10.5–14% for elite volleyball players.
Because amateur athletes were also examined in the present study, there is
a wider range here.
The following somatotypes were found in HC somatotyping in this study:
3.9 – 2.5 – 3.
Ackland et al. [1] received the values of 2.5 – 4.5 – 3.5 for good volleyball
players and 1.9 – 4.7 – 3.6 for the US national team. The following additional
somatotypes values were reported for elite volleyball players: 2.5 – 5.4 – 2.6 [2],
3 – 5 – 3 [9] and 2.3 – 4.4 – 3.3 [14].
While the average arm length in the present study was 80.6 cm, Scholl [18]
and Tittel and Wutscherk [28] put the arm lengths of their volleyball players at
65–87 cm and 83.2 cm, respectively. The upper arm length in the current study
at 34.8 cm was slightly below the volleyball players of Scholl [18] at 23–37 cm,
Tittel and Wutscherk [28] at 36.7 cm and Maas [11] at 35.8 cm. Naturally, this
depends on the respective performance level.
With regard to the length of the forearm, the values of the present study
were below the values of Maas [11] with an average of 27.3 cm, Tittel and
Wutscherk [28] with 26.2 cm and Scholl [18] with 25.3 cm. For the hand
lengths, Tittel and Wutscherk [28] documented an average of 20.3 cm and
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Scholl [18] 19.5 cm. While the average leg length in the present study was
90.3 cm, Tittel and Wutscherk [28] reported the values of 92.8 cm and Scholl
[18] 89 cm. The average lower leg values for the present study were 43.3 cm, for
Tittel and Wutscherk [28] 42.2 cm and for Scholl [18] 37.2 cm.
While the Rohrer index averaged 1.26 in the present study, Scholl’s [28]
volleyball players had a value of 1.58. The taller the players were, the lower were
the values of the Rohrer index in our study. Tittel and Wutscherk [28] found an
AKS index of 1.07 for their volleyball players.
The present exploratory study confirmed the assumption of a tendential
difference in the physique of volleyball players of different levels and positions.
It is therefore intended to conduct a more comprehensive survey with significantly more test subjects so that the different game positions no longer have
to be summarized but can be viewed in a more differentiated manner.
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