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Postural balance ability and
vertical jumping performance in
female veteran volleyball athletes
and non-athletes
Maria-Elissavet Nikolaidou*, Konstantinos Sotiropoulos
and Karolina Barzouka

School of Physical Education and Sport Science, Department of Physical Education and Sport Science,
National and Kapodistrian University of Athens, Athens, Greece

Lifetime participation in sports is associated with improved components of
physical conditioning. The main purpose was to cross-sectionally investigate
postural balance and vertical jumping performance in athletes with different
histories of sports participation and secondarily to examine the restriction of
vision on balance ability. A final aim was to investigate possible associations
between balance and jumping performance. We hypothesized higher balance
and jumping performance in active veteran volleyball athletes compared to
retired athletes and non-athletes, suggesting a positive effect of continuous
systematic training in active veteran athletes. We also hypothesized greater
negative effect of vision removal on balance in the veteran compared to non-
athletes due to athletes’ stronger reliance on visual information. Eighty-one
healthy middle-aged women (mean (standard deviation) 50 (5) years) were
assigned to three experimental groups, a retired (n= 39, recreationally active
former athletes), an active (n= 27, training 2days/week x 1.5 h/session) veteran
volleyball athletes’ and a control group (n= 15, sedentary participants).
Participants completed an assessment of single-legged quiet stance trials with
either left or right leg with eyes open while standing barefoot on a force plate
and two-legged trials with both eyes open or closed. They also executed a
protocol of countermovement jumps. Statistical analyses included univariate and
full factorial ANOVAs with group and vision as fixed and repeated-measures
factors and simple linear regression analysis. In the single-legged balance task,
solely the mediolateral sway range was greater for the active (p < 0.001) and
retired athletes (p < 0.001) compared to non-athletes, whereas in the two-
legged stance, no differences among groups were found (p > 0.05). Restriction
of vision deteriorated balance performance similarly in the three groups as a
significant vision effect was found for path length (p < 0.001), anteroposterior
(p < 0.001) and mediolateral sway (p < 0.05). The active and retired athletes had
significantly (p < 0.001) greater height, mean and maximal power in
countermovement jump compared to non-athletes. Results showed weak
associations (average R2 = 9.5%) of balance with jumping performance only in
the veteran volleyball athletes’ group. Overall, the findings showed that retired
volleyball athletes exhibited similar balance ability and vertical jumping
performance as the active ones, suggesting a positive impact of prior experience
in systematic training.
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1. Introduction

Volleyball is a demanding team sport consisting of complex

technical-coordinative variations of movements (1). Typically, the

majority of scoring points relies on the efficiency of actions that

are performed airborne (i.e., spike, block and serve) (2).

Moreover, control of the position and orientation of

intersegmental movements during the approach phase and at

take-off is required for maximal performance as well as for

optimal landing during a spike jump (3, 4). It has also been

stressed that the effectiveness of volleyball athletes depends on

the postural stability and movement precision they exhibit during

the game’s non-airborne actions (i.e., set, reception, defense)

(5, 6). During defense, for example, where spike velocities range

from ∼50 to 112 km/h for top-level male and female athletes (7),

it is important that athletes are capable of optimally aligning

their body position in relation to the anticipated ball trajectory

and having control of their postural sway at the time of ball

contact (8). Young male and female volleyball athletes were

found to have a superior postural balance performance compared

to age-matched non-athletes, whereas elite or top-level athletes

exhibited higher postural skills when compared with athletes at

lower competition levels (4, 5, 8–10).

Furthermore, the game’s actions are typically executed at high-

intensity within periods of short duration (i.e., 3–9 s) (11) and thus,

volleyball places such demands on the neuromuscular system that

target the development of high levels of muscle strength and power.

During training and competition, a high amount of single- and

two-legged jumps and landings is performed (12) and upon

examining the physical and physiological attributes it was

observed that volleyball players of better performing teams had

higher vertical jumping performance (13, 14). Berriel et al. (15)

found that attack jump height correlated strongly with

countermovement jump (CMJ) height, whereas increases in

depth-jump ability were strongly associated with increases in

CMJ performance over a 12-month training period in elite male

volleyball players (16). Therefore, training and enhancing the

vertical jumping abilities of athletes is recognized as an

important factor influencing performance in volleyball (17, 18).

The popularity of volleyball does not appear to attenuate with

age since middle-aged or older veteran athletes train regularly and

compete in local or even international tournaments (19). Lifetime

participation in elite-level sports is associated with improved

components of physical conditioning (e.g., explosive muscle

strength, balance) for former male athletes (20–23), whereas

respective evidence on former female athletes appears

comparatively limited. Static and dynamic balance has been

examined in former elite female athletes and non-athletes over

50 years of age with a sport background mainly in athletics (24–

26). To the best of the authors’ knowledge, one cross-sectional

study until now has investigated balance in female active and

retired veteran volleyball athletes (27). Results showed a superior

static balance performance (i.e., lesser center of pressure sway

amplitude) for the younger (<51 years) active veteran volleyball

athletes compared to age-matched retired as well as older (≥51
years) active and retired veteran volleyball athletes (27). Further,
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whereas vertical jumping performance is a key component of a

successful outcome in team sports, and earlier studies have

shown that former elite male power-trained athletes have greater

jump height in comparison with endurance-trained athletes and

age-matched controls (20–22), there is no such respective

evidence for former female athletes. Thus, the novelty of the

study resides in examining the effect of history of sport

participation in veteran female athletes from team sports.

The first aim of the study was to investigate the postural

balance ability and vertical jumping performance in top-level

female active and retired veteran volleyball athletes compared

with a group of age-matched non-athletes. We hypothesized a

higher postural balance ability as determined by lesser sway

amplitude and a higher vertical jumping performance for the

female active veteran volleyball athletes compared with the non-

athletes. Similarly, we hypothesized higher balance and jumping

performance for the retired veteran volleyball athletes compared

with the non-athletes due to prior experience in systematic

training in the former. Regarding the previously documented

adaptations (20–26) in muscle strength and power as well as in

balance as a result of prolonged sport participation, the second

hypothesis was that the continuous participation in systematic

training would have a positive impact on balance and jumping

performance for the active veteran volleyball athletes compared

with the retired athletes. Vision provides valuable information in

ensuring an accurate perception and representation of body

position and its movement with the environment (28). Athletes

in team sports are considered to rely strongly on constant visual

feedback to determine their interaction with their teammates and

opponents under the effect of constant movement of the ball

within the game field (9). The second aim of the study was to

examine if visual restriction impacts the veteran volleyball

athletes and non-athletes differently in a quiet stance balance

test. We hypothesized greater balance deterioration (i.e., greater

sway amplitude) due to visual restriction in both the active and

retired veteran volleyball athletes than the non-athletes,

indicating the superior contribution of the visual channel in

postural balance performance of the veteran volleyball athletes.

Adequate postural control during the take-off phase of jump in

volleyball (3, 4) would create favourable conditions for the

ensuing jumping task and could be associated with higher

jumping performance. Thus, the final aim of the study was to

investigate the association between static postural balance and

vertical jumping performance. We hypothesized that the higher

balance ability in the active and retired veteran volleyball athletes

would favourably affect their jumping performance compared to

non-athletes.
2. Methods

2.1. Participants

In this cross-sectional study, a total of 81 (mean (standard

deviation), 50 (5) years) middle-aged women from five volleyball

sport clubs and a group of sedentary women volunteered to
frontiersin.org
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participate. Inclusion criteria required that participants were

healthy adults ≥45 years of age. Participants were asked about

their medical and physical activity history and were excluded if

they reported a history of neuromuscular diseases,

musculoskeletal disorders, cardiovascular or severe systemic

diseases, severe arthritis, or if they had been taking any

medication for the above diseases in the last 6 months.

Participants were grouped into 3 experimental groups,

specifically a non-athletes group (Control, n = 15), a group of

retired veteran volleyball athletes (Retired, n = 39) and a group of

active veteran volleyball athletes (Active, n = 27) (Table 1). The

control group was comprised of sedentary women who reported

no physical activity history, as such being defined by a minimum

of 30 min of exercise three times per week over the last 5 years

(25). In the Retired volleyball group, 14 out of 39 athletes (36%)

had systematically competed at the international level during

their sport career, whereas the Active volleyball group consisted

of athletes who had participated at the National A1—A2 League

in the earlier stages of their sport career. Training experience for

the Retired group amounted to 18 (8) years and for Active group

at 15 (8) years, respectively. At the time of the study, the Retired

group was engaged in recreational activities of low to moderate

intensity 2–3 times/week, such as walking, light jogging, hiking

and swimming, whereas the Active group trained at a frequency

of two times/week for 1.5 h per session and competed at the

Greek Veteran’s Volleyball League with a weekly game. The

study was approved by the Ethics Committee of the School of

Physical Education and Sport Science, National and Kapodistrian

University of Athens (approval number: 1163/12–02–2020), and

all the participants gave their written informed consent in

accordance with the Declaration of Helsinki.
2.2. Assessment of postural stability
performance

Balance performance was assessed in single-legged and two-

legged quiet stance trials. The measuring device was located in

the middle of a quiet, spacious room at an approximate distance

of 2–3 m between the walls and the participants. During

assessment of the single-legged trials, the participants had their

eyes open, stood barefoot as motionless as possible with either
TABLE 1 Anthropometric data for the three groups (mean (SD)).

Control
(N = 15)

Retired
(N = 39)

Active
(N = 27)

Age (years) 50.2 (4.4) 51.1 (5.3) 50.4 (4.4)

Body mass (kg)* 65.0 (8.7)a 73.3 (9.0) 68.3 (8.2)

Body height (m)* 1.62 (0.1)a,c 1.73 (0.1) 1.67 (0.1)b,c

Body mass index (kg/m2) 24.9 (2.8) 24.5 (3.1) 24.7 (3.1)

*Statistically significant group effect (p < 0.05).
aPost hoc statistically significant (p < 0.05) differences between control and retired

veteran volleyball athletes’ group (Retired).
bPost hoc statistically significant (p < 0.05) differences between retired and active

veteran volleyball athletes’ group (Active).
cPost hoc statistically significant (p < 0.05) differences between control and Active

group.
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their left or right leg on a vertical force plate (Wii, A/D

converter, 24-bit resolution, 1,000 Hz, Biovision), and maintained

a straight body posture with their arms hanging relaxed on their

sides. They were instructed to fix their gaze on an imaginary

point on the wall 2–3 m in front of them, while keeping their

heads at a neutral position parallel to ground level. A

randomized order was kept for the starting leg. For the two-

legged quiet stance trials, the participants were instructed to keep

their feet at hip-width apart and stand as motionless as possible

with their eyes open, as described above, or eyes closed. In these

trials, one researcher was always situated behind the participants

for safety reasons.

Two successful trials were performed in the monopedal and

bipedal quiet stance testing conditions in a randomized order.

Duration of every trial was 20 s with 30 s of rest across trials

and 1 min of rest between conditions. During the off-line

analysis, the recorded center of pressure (CoP) data were filtered

using a second bi-directional order digital low-pass Butterworth

filter with a 15 Hz cut-off frequency and analyzed with MATLAB

custom-made scripts (R2012a, 64 Bit; Mathworks, Natick, MA,

United States). The data were analyzed from the 1st to the 16th

second (Δt = 15 s) of each 20 s trial time. Postural balance

performance is typically assessed on the basis of the CoP

displacement, which derived values represent the geometrical

location of the reaction force vector on the platform during quiet

standing (29) and was determined by the following parameters:

(a) CoP path length, defined as the sum of Euclidean distances

between adjacent measurement points, and (b) CoP sway range,

defined as the range (i.e., from minimum to maximum) of the

CoP values in the anteroposterior and mediolateral directions.

Body height (30) and mass (31) may affect path length and sway

range; therefore, we chose to normalize the determined CoP

parameters to body height and mass and used the normalized

values (% of body height per kilogram of body mass) for

statistical analysis. For the two-legged stance trials, the average

value of the two trials was used, whereas for the single-legged

trials, no statistically significant differences were observed

between sides (paired t test: p > 0.05) in the CoP parameters, the

average value of the mean left and right leg trials was used for

analysis.
2.3. Assessment of vertical jumping
performance

To assess vertical jumping performance, the ground reaction

force was recorded from a vertical force plate while participants

completed a protocol of countermovement jumps (CMJs).

Following a short familiarization protocol, which included 2–3

submaximal jumps with instructions focusing on starting from

an erect position, no arm swing allowed, a depth of the

downwards movement permitting an unobstructed push-off

phase and full leg extension at the apex of the jump, the

participants performed three successful two-legged CMJs. An

audible command was first given and then participants

performed a rapid stretch-shortening movement with self-
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determined countermovement. A rest interval of 2 min between

familiarization and measurements and 30 s between jump trials

was provided to minimize fatigue. Vertical center of mass

velocity during the jump was calculated based on Equation 1 and

jump height was then calculated using the vertical velocity of

center of mass as shown in Equation 2. Positive mechanical

power was calculated as the product of the vertical GRF and

vertical center of mass velocity and was normalized to body

mass. For the statistical analysis, the CMJ trial with the highest

height achieved was chosen to determine the parameters of jump

height, mean (Pmean) and maximal (Pmax) power.

Equation 1

Vz(t) ¼
ðTO

Start

Fz(t) �mg
m

� dt

Vz(t): vertical velocity of the centre of mass over time.

Fz(t): vertical ground reaction force over time.

m: mass of the participant.

g: acceleration of gravity.

Start: Start of centre of mass downwards movement, where Fz <

body weight.

TO: Take off.

Equation 2

H ¼ Vz2TO
2g

H: jump height.

VzTO: vertical centre of mass velocity at TO.
2.4. Statistical analysis

All statistical analyses were performed using SPSS Statistics

(Version 17.0). We checked for the normal distribution of the

CoP data using the Kolmogorov–Smirnov test with Lilliefors

correction. For the single-legged balance trials, the statistical

testing of normality failed in two situations (Retired group:

anteroposterior CoP range, p = 0.003; Active group: CoP path

length, p = 0.006), whereas for the two-legged balance trials, the

groups passed the majority of testing of normality in both the

eyes open and eyes closed condition (except for Retired group:

anteroposterior CoP range, p = 0.008 in the eyes closed

condition). However, upon visual inspection with quantile-

quantile (Q-Q) plots, the CoP data were normal with slight

deviations. A one-way ANOVA with group (Control, Retired,

Active) as fixed factor was performed to test for possible

differences in the anthropometric, single-legged balance and

vertical jumping performance parameters. A mixed ANOVA

model was also performed with vision (open, closed eyes) as the

within-subjects factor and group as the between-subjects factor

on the two-legged balance performance outcome measures.

A Bonferroni-corrected pairwise analysis was conducted in the
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case of a significant main effect or interaction effect between the

factors of vision and group. Simple linear regression analysis was

used to examine the association of two-legged balance

performance with vertical jumping performance in each group.

Goodness-of-fit was assessed by calculating the root mean square

error (RMSE) and the coefficient of determination measure (R2

= 0–1.0) with larger values representing a better regression

model. Specifically, values less than 0.5 indicate weak coefficient

of determination, values between 0.5–0.75 indicate moderate,

values between 0.75–0.9 indicate good and values greater than

0.9 excellent coefficient of determination, respectively. The level

of significance for all the tests was set at a = 0.05. For the

graphical representation of the balance performance outcomes,

we used scatterplots with bars (mean ± standard error, which was

calculated by dividing the standard deviation by the square root

of number of participants for each group) depicting individual

values, and scatterplots depicting the line of best fit and the 95%

confidence interval bands were used to plot the linear regression

analyses results.
3. Results

Age was not significantly different (p = 0.765) between the

groups. There was a significant main effect of group for body

mass (F = 5.607; p = 0.005) and post hoc comparisons showed

that the Retired veteran volleyball athletes were significantly

heavier (p = 0.007) than the control group (Table 1). A

significant group main effect was also found for body height

(F = 20.11; p < 0.001) and post hoc comparisons showed that the

Retired veteran volleyball athletes were significantly taller

compared to control (p < 0.001) and to the Active athletes’ group

(p < 0.001), whereas the Active group was significantly taller

compared to control group (p = 0.018, Table 1). There were

no significant differences between groups for body mass index

(p = 0.895, Table 1).

In the single-legged quiet stance condition, there was no

significant main effect of group on either path length (p = 0.658,

Figure 1A) or anteroposterior CoP range (p = 0.813, Figure 1B).

A significant main effect of group was found for the mediolateral

CoP range (F = 26.2; p < 0.001) and post-hoc pairwise

comparisons showed that the control had a significantly lesser

CoP range compared to the Retired and Active veteran volleyball

athletes’ groups (p < 0.001 for both groups) (Figure 1C). No

significant differences between the Retired and Active veteran

volleyball athletes were found for the mediolateral CoP range

(p = 1.0, Figure 1C).

In the two-legged trials, there was no significant main effect of

group on either path length (p = 0.594, Figure 2A) or the

anteroposterior (p = 0.531, Figure 2B), or mediolateral CoP

range (p = 0.646, Figure 2C). There was a statistically significant

main effect of vision on path length (F = 151.6; p < 0.001), the

anteroposterior (F = 53.8; p < 0.001) and mediolateral range of

CoP (F = 12.7; p < 0.05) (Figure 2). In the eyes-closed condition,

path length (Figure 2A), the anteroposterior (Figure 2B) and

mediolateral CoP range (Figure 2C) were significantly increased.
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FIGURE 1

Normalized path length (A), CoP range in anteroposterior (B) and CoP range in mediolateral direction (C) in the single-legged (average of left and right leg)
quiet stance trials in the control (white bars), retired (Retired: black bars) and active veteran volleyball athletes’ (Active: gray bars) groups. Data in bars are
mean values ± std. error. *Statistically significant group effect (p < 0.05). ns: No statistically significant group effect (p > 0.05).

FIGURE 2

Normalized path length (A), CoP range in anteroposterior (B) and CoP range in mediolateral direction (C) in the two-legged quiet stance trials with eyes
open and eyes closed for the control (white bars), retired (retired: black bars) and active veteran volleyball athletes’ (active: gray bars) groups. Data in bars
are mean values ± std. error. # Statistically significant vision effect (p < 0.05) across groups.

TABLE 2 Vertical jumping performance data for the three groups (mean
(SD)).

Control
(N = 15)

Retired
(N = 39)

Active
(N = 27)

Jump height (cm)* 8.1 (3.3)a,b 14.5 (4.7) 15.9 (3.1)

Pmean (Watt/kg)* 13.1 (2.8)a,b 15.9 (3.1) 17.0 (2.6)

Pmax (Watt/kg)* 24.2 (5.0)a,b 29.9 (4.6) 31.3 (3.6)

*Statistically significant group effect (p < 0.05).
aPost hoc statistically significant (p < 0.05) differences between control and retired

veteran volleyball athletes’ group (Retired).
bPost hoc statistically significant (p < 0.05) differences between control and active

veteran volleyball athletes’ group (Active).
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No significant vision-by-group interaction was found for either

path length (p = 0.455) or anteroposterior (p = 0.379) and

mediolateral sway amplitudes (p = 0.092) (Figure 2).

There was a statistically significant main effect of group for

jump height (F = 19.9; p < 0.001), mean (F = 8.7; p < 0.001) and

maximal power (F = 13.5; p < 0.001) in the two-legged CMJ trials.

Post-hoc pairwise comparisons showed that the control group

had a significantly lower jump height, mean and maximal power

compared to both the Retired (Height: p < 0.001; Pmean: p < 0.01;

Pmax: p < 0.001) and Active veteran volleyball athletes (Height: p

< 0.001; Pmean: p < 0.001; Pmax: p < 0.001) (Table 2). No

significant difference between Retired and Active athletes’ groups

was found for either jump height (p = 0.501), or mean (p =

0.413) and maximal power (p = 0.574, Table 2).

The linear regression analyses have been performed for the

retired and active veteran volleyball athletes as a single group

(hereafter VVB group) due to the absence of significant

differences in both the two-legged quiet balance and two-legged
Frontiers in Sports and Active Living 05
vertical jumping tasks between these groups. There was a

significant positive weak relationship between the CoP path

length and CMJ height (F = 7.1; p = 0.010; R2: 0.10; RMSE =

3.977, Figure 3A) for the VVB group. Further, a significant

positive weak association of the CoP path length and maximal
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FIGURE 3

Relationship of normalized CoP path length with jump height (A), normalized CoP path length with maximal mechanical power (Pmax) (B), and CoP range
in anteroposterior direction with jump height (C) for the linear regression analysis in the retired and active veteran volleyball athletes’ (VVB) (black circles)
and control (gray squares) groups. + Statistically significant associations between two-legged balance and two-legged vertical jumping performance
parameters for VVB group (p < 0.05).
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power (F = 7.4; p = 0.010; R2: 0.10; RMSE = 4.180, Figure 3B) and a

significant positive weak relationship between the anteroposterior

sway range and CMJ height (F = 5.9; p = 0.02; R2: 0.08; RMSE =

4.013, Figure 3C) was found for the VVB group. There were no

significant associations (p > 0.05) observed between the two-

legged balance CoP parameters and the vertical jumping

performance parameters for the control group (Figure 3).
4. Discussion

In this study, we found a greater mediolateral sway range for

the female active and retired veteran volleyball athletes compared

to a control group of non-athletes during the single-legged task,

whereas no differences in postural balance ability were observed

among the investigated groups during the two-legged balancing

task. Furthermore, we found that both active and retired veteran

volleyball athletes had a higher vertical jumping performance

compared with non-athletes. Therefore, the first hypothesis

concerning a higher balance and jumping performance in the

female active and retired veteran volleyball athletes than in the

non-athletes is partially supported. Current findings also showed

similar postural balance and vertical jumping performance in the

active and retired veteran athletes; therefore the second

hypothesis regarding a higher performance in the active veteran

athletes due to continuous participation in systematic training

was rejected. We found a similar increase in CoP amplitude

between athletes and non-athletes in the eyes closed condition

suggesting a negligible effect of training experience on balance

performance deterioration due to visual restriction, thus rejecting

our hypothesis. Finally, the weak associations that were found

between balance and jumping performance in the active and

retired veteran volleyball athletes do not support the last

hypothesis regarding a favorable effect of balance on jumping

performance.

Postural control and balance is fundamental to activities of

daily life. In the sports context, efficient postural balance control

helps to achieve skillful execution of sport technique movements

(32, 33). In the single-legged static balance task, we found ∼67%
higher mediolateral range for the active and retired veteran
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volleyball athletes compared with the non-athletes. Typically, a

low CoP sway amplitude is considered as a positive aspect of

postural control, since it is associated with an increased easiness

in maintaining postural tasks (34). However, postural responses

have been shown to be specific to the context in which the

activity is practiced (35, 36) and highly skilled athletes are

considered to be able to perform successfully in spite of an

increased postural sway (37). In agreement with our findings,

elite young adult male and female volleyball athletes were shown

to have higher CoP mean sway velocity and frequency in the

anteroposterior and mediolateral directions than age-matched,

physically active control participants (5, 6). Those authors argued

that a low sway amplitude in volleyball athletes could potentially

impair the exploratory function of sway (5, 6), with regards to

the constant adjustment of the center of mass position in order

to achieve optimal body positioning against changing situations

on the court. Volleyball training and competition consists of

multidirectional sideways locomotion during actions such as

defense, blocking, preparation for or landing from a spike jump

(16, 38). The greater mediolateral sway behavior that was found

for the active and retired veteran athletes compared to the

control group might suggest their reliance on a “destabilization–

recovery of balance” sequence, where the continuous adjustment

of the center of mass position and thus, a greater sway, serves to

accelerate the body and provide impetus for movement (39). On

the other hand, there were no significant differences in the

anteroposterior sway range between the volleyball athletes and

the control group during the single-legged stance task. Volleyball

athletes have segments of forward and backward locomotion in

training or competition, like for example during the preparatory

phase before taking off for the spike jump or the jump serve (17,

40). However, the demands for postural control in the forward-

backward direction are usually lower compared to the respective

ones in sideways direction (41). Therefore, the similar

anteroposterior CoP amplitude between the veteran volleyball

athletes and the non-athletes might reflect a negligible effect of

systematic training on postural responses in the anteroposterior

direction.

During the two-legged quiet stance task, postural balance

performance was similar among the groups both in the eyes-
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open and eyes-closed condition. Vision is an important sensory

source for postural control since it provides direct information

on the position and orientation of the body with respect to the

environment (28, 41) and in the absence of visual input, balance

performance is deteriorated (42). Athletes in team sports rely

strongly on constant visual feedback in order to adequately and

timely react to the opponent’s actions (9). Furthermore, skilled

male volleyball players were found to perform fewer fixations of

saccadic eye movements of longer duration, concentrating on the

starting and ending points of the ball trajectory, as compared

with non-athletes that tended to follow the ball’s whole trajectory

(43), suggesting specialized utilization of the visual system.

However, the expected higher dependence on the visual channel

for balance control in the eyes-closed condition was not found

for the female veteran volleyball athletes. Our findings agree with

earlier reports that showed a similar dependence (i.e., no

differences in balance ability) on vision between young adult

volleyball players and control participants when the visual input

was restricted (9). Postural control depends on the integrated

sensory information processing from the visual, vestibular, and

proprioceptive systems (28) and in the absence of visual input,

proprioception plays a key role in postural control (44) due to

the lower threshold for the perception of body sway compared

with the visual and vestibular systems (45). Proprioception might

therefore be a candidate to explain the lack of the hypothesized

aggravation in two-legged balance ability upon restriction of

vision in the veteran volleyball athletes.

We found that jump height, mean and maximal mechanical

power during the CMJ trials were higher in the active veteran

athletes compared to non-athletes. Success in volleyball largely

depends on the athlete’s ability to jump high since the game’s

main scoring actions (i.e., attack, serve, block) are performed

airborne (12, 15). Considering the continuous participation in

systematic training for the active veteran athletes’ group, their

resulting higher levels of muscle strength and neuromuscular

coordination is the most plausible candidate for the observed

greater jumping performance compared to the non-athletes. Our

findings also revealed that the retired veteran volleyball athletes

performed better than the non-athletes in the CMJ task. Earlier

studies have reported that former elite male power-trained

athletes had a greater vertical jump height (20–22) in

comparison with age-matched sedentary men. The retired

veteran athletes group was composed of approximately 36% of

elite and 64% of top-level female athletes who reported a median

lifetime of 7,776 training hours (min-max: 1134–34560 h). The

group’s prior experience in systematic training, with plyometric

training being a critical component of it (18), suggests the

positive impact of prolonged systematic training on vertical

jumping performance and agrees with previous studies that

showed a greater degree of attenuation in the decline of jumping

power compared with sedentary healthy participants (21).

It was further found that the retired veteran athletes exhibited

similar vertical jumping performance as the active ones. The

relatively small difference in performance (i.e., ∼10%) as

determined by jump height was also observed in the parameters

of the mean and maximal mechanical power (i.e, 7% and 1%),
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when the difference in body mass was accounted for. Previous in

vivo investigation on the vastus lateralis muscle intrinsic

properties had shown that the crucial parameter contributing to

maximal vertical jumping performance was the knee mean

mechanical power (46). Taking also into consideration the

findings on the similar balance ability between the retired and

active veteran athletes, current findings coincide with adaptations

in balance, muscle strength and power (20–23, 47) and in the

neuromuscular control of vertical jumping tasks (48) previously

found in former male athletes resulting from a history of

prolonged systematic training. It was expected that the active

veteran volleyball athletes would have greater performance

compared to the retired athletes as a result of their continuous

participation in systematic training; however, the findings did not

confirm this hypothesis and might suggest a retention of balance

ability and jumping performance in the retired veteran volleyball

athletes’ group.

Finally, the examination of possible associations between

postural balance and vertical jumping performance yielded weak

associations (i.e., average R2 = 9.5%) between CoP amplitude and

the jumping performance parameters for the female veteran

volleyball athletes as a single group. Even though, the findings

indicate that balance ability has a negligible effect on jumping

performance in active and retired veteran volleyball athletes, both

groups of athletes would probably benefit from adequate postural

balance control since it would provide a stable upper body being

in tune with the lower body movements, thus generating

favourable conditions for the vertical jumping task (49). On the

other hand, the lack of associations of balance ability with

vertical jumping performance in the non-athletes is most likely

related to the absence of systematic physical activity and its role

in preserving a satisfactory level of physical conditioning and

motor skills in middle-aged participants.

This study has some limitations that should be addressed. The

non-athletes were sedentary participants, indicating generally lower

physical activity levels compared with the active veteran volleyball

athletes. Their sedentary level was determined on the basis of a 5-

year cut-off period (25), which was considered as an adequate time

period to “wash out” any possible effect of past regular physical

activity. The same bias could exist between non-athletes and the

retired veteran athletes, who preserved a certain level of fitness

resulting from their recreational engagement in physical

activities. Further, both the active and retired veteran volleyball

athletes were taller and heavier than the non-athletes and thus,

we normalized the assessment of postural balance parameters to

body height and body mass excluding the bias due to these

two parameters; however, the bias of the different physical

activity levels remained in this study. We also sought to

examine the contribution of the visual channel on balance

performance in the veteran volleyball athletes and to achieve

this, the CoP outcomes were considered for 15 s in each of the

two visual conditions (eyes open and eyes closed). It has been

suggested that during tasks involving vision occlusion

transient responses within the CoP data may occur and, thus

longer trials may improve the reliability of quiet stance

postural control assessments (50). However, with a longer
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duration per trial, fatigue would accumulate, most probably for

the non-athletes, and could introduce bias into the comparisons

among the groups.

In conclusion, we found higher balance ability and vertical

jumping performance in female active and retired veteran

volleyball athletes compared to a control group of non-

athletes. The greater balance and vertical jumping performance

of the retired veteran volleyball athletes compared to non-

athletes suggest the positive impact of prior systematic history

of sport participation on the preservation of an enhanced

physical activity level. The restriction of visual information

decreased postural balance performance similarly in all three

investigated groups, suggesting that the veteran volleyball

athletes did not rely solely on vision for postural control

during a two-legged stance task. Static two-legged balance

ability is not associated with performance in the two-legged

countermovement jump in female active and retired veteran

volleyball athletes. Volleyball can be recommended as a

beneficial exercise modality with the potential to counter the

age-related impairments in physical conditioning.
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