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ABSTRACT

The aim of this study was to evaluate the effects of a 26-week

individualized and supervised strength and injury prevention program on

performance enhancement in young female volleyball players who

completed resistance training with either a supervised and individualized

training program (experimental group, n=10) or an unsupervised non-

individualized training program (control group, n=17). Exposure and injury

data were collected during the 2006-2007 season (baseline season) and

the 26-week program was conducted during the 2007-2008 season

(intervention season). All players were tested for physical performance. At

post-test, the players in the experimental group had improved significantly

more than the players in the control group for squat (p<0.0001), bench

press (p=0.048), push-ups (p=0.02) and sit-ups (p<0.0001) but not for the

vertical jump test. Thirty-five percent (6/17) of the players from the control

group and 80% (8/10) of the players in the experimental group completed

the resistance training with compliance of no less than 50%. The present

study shows the importance of individualization and supervision for

resistance training in young female athletes when it comes to compliance,

strength gains and performance.
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INTRODUCTION
It is well known that adolescent and adult female athletes have a four to eight times higher
incidence of sustaining a serious knee ligament injury, such as an anterior cruciate ligament
(ACL) injury, compared with male athletes participating in the same sport1,2. Further, it has
been noted that adolescent female athletes have a muscle strength development in the lower
extremities that is only half that compared with adolescent males3. This weak muscle
strength development may be one of several factors responsible for the gender disparity in
knee ligament injury rates and indicates that future studies should examine the benefits of
resistance training for injury prevention in young female athletes.

It has been reported that, although more than 90% of female and male volleyball players
include injury prevention programs in ordinary sports training and resistance training in
particular, one in two volleyball players sustain injuries4. Although the primary reason for
resistance training is performance enhancement, it has also been used to prevent sport
injuries5,6. For example, resistance training has been recommended for treating and reducing
the risk of volleyball-related injuries, such as rotator cuff injuries and jumper’s knee7-10. In
addition, muscle strength appears to have a significant impact on outcome and the ability to
return to sport after anterior cruciate ligament surgery11. Hence, resistance training plays an
important role in both injury prevention and rehabilitation. However, resistance training
itself may not guarantee optimal achievements in strength and performance. The outcome is
dependent on the individual effort and systematic structuring of the training program12.
Although there is evidence to suggest that variables, such as intensity, volume, frequency and
type of exercises, in training programs aiming at physical performance and injury prevention
should be individualized12, 13 programs are still non-individualized in sport-scientific
intervention studies14,15. Moreover, in practice, it has been our observation that many
strength and conditioning programs performed by team athletes are non-individualized. It
has also been reported that direct supervision promotes the magnitude and rate of progression
in strength training16. In addition, supervision may be important when it comes to keeping
the programs safe12, 17. However, even if training is supervised, it can still be inappropriate
and harmful if the physical trainer is inexperienced in managing sport-specific injuries and/or
in designing individual training programs12. For this reason, the presence of a person that has
specific strength and conditioning skills (e.g., physical therapist, athletic trainer, personal
trainer) can be significant when it comes to the preparation of the athlete. In particular, the
strength and conditioning coach can provide support for the athlete in the form of technique
analysis and modification, motivation, goal setting and physical strengthening during
training18,19. However, while it appears to be generally accepted that a qualified strength and
conditioning coach plays an important role in improving athletic performance, few studies
have examined the influence of coaching or supervision on physical performance and injury
prevention. To our knowledge, there is no previously published study that has examined the
influence of supervision and individualization during one season of a resistance-training
program in young female athletes. An individualized and supervised resistance-training
program in female athletes may provide an insight into enhancing performance and
preventing injury.

The aim of this study was to evaluate the effects of a 26-week individualized and
supervised strength and injury prevention program on performance enhancement in young
female volleyball players. The injury panorama was also investigated during two seasons,
where the first was the baseline season and the second the intervention season. 
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METHOD
PARTICIPANTS
Female volleyball players from four (of six) teams in the third division, Göteborg volleyball
federation, Sweden, were invited to participate in the study. All four teams agreed to
participate in the study and, stratified by team, were randomly placed into either an
experimental group (two teams and a total of 20 players) or a control group (two teams and
a total of 20 players). No differences were found between the groups in terms of age and
playing level. None of the participants had earlier experience with resistance training within
the teams. None of the teams had a physical coach, but all teams had previously performed
conditioning training instructed by the main coach. Written information was given to each
player and written informed consent was obtained. Ethical approval was received from the
Human Ethics Committee at Gothenburg University, Sweden. After the baseline season, one
of the teams ceased to exist and was consequently excluded from the study. This team
dropped out before the start of the intervention season as they no longer played volleyball.
As a result, one team was present as an experimental group (n = 13) and two teams as a
control group (n = 20). The sample of players still provided a statistical power of 0.88 to
detect a group difference of 50%. We therefore elected to continue with the sample size of
33 players. The players and coaches were informed about the experimental procedures and
the possible risks and benefits of the project. Players with an injury at the start of the study
were included in the study, but the specific injury was excluded from the injury statistics.
Table 1 gives the characteristics of the players who participated in the study. 

Table 1 Players Characteristics by Group at the Pre-Test (n = 27)
Values are means (±standard deviation).

Experimental (n = 10) Control (n = 17)
Age (years) 18 (±2) 16 (±2)
Weight (kg) 66 (±10) 60 (±4)
Height (cm) 171 (±7) 168 (±5)

PROCEDURE 
All the teams included in the study participated in a continuous prospective injury
registration protocol during the study period, season 2006-2007 (baseline season), used as
baseline data, and season 2007-2008 (intervention season). All the teams were tested for
physical performance, on a first occasion (pre-test) during the pre-season in September 2007.
The experimental group and one team from the control group were tested one week prior to
the initiation of the intervention. The other team from the control group was tested three
weeks prior to the start of the intervention. The intervention started after the pre-test and
lasted during the 26-week intervention season, from October 2007 to March 2008. All the
teams received a program of resistance training exercises that was designed by the first
author and aimed to improve physical performance and prevent injuries (Table 2). This
resistance training program was given in addition to the regular training routine for all teams
(both control and experimental group). Baseline information relating to the players in the
experimental group was collected at the beginning of the intervention season. This
information included injuries that did not cause absence from practice or games. The pain
level of these injuries was then estimated by the players using a 100 mm Visual Analog Scale
(VAS), where 0 is no pain and 100 is the worst pain imaginable. The estimation was made
three times during the intervention season, in September 2007, in January 2008 and in April
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2008. The result of the pain estimations was registered by the first author. This information
was then used as a tool when designing the individualized training programs (e.g., players
experiencing anterior knee pain were given neuromuscular exercises for the knee). The teams
in the control group were reminded once a month during the intervention season to continue
with the resistance training program. The coaches of the teams in the control group recorded
compliance on a designated form as the number of resistance training sessions and the
duration of each session in minutes. All the teams were tested on a second occasion (post-
test) in April 2008, after the end of the intervention season.

Table 2. Basic Program (4 w) for the Players in the Experimental Group and
the Control Group, Presented by Exercise, Number of Sets and
Repetitions and Rest Periods Between Sets

Exercise Sets Repetitions Rest (min)
Squat 3 15 3
Bench press* 3 15 2
Push-ups* 2 max 1
Lat pulldown 3 15 1
Seated cable row 3 15 1
Overhead dumbbell press** 3 12 2
Machine overhead press** 2 15 1
Bodyweight back extension 3 15 1
Machine crunch 3 15 1
Sit-ups 2 max 1

* Exercises that were performed in supersets for the experimental group.
** Exercises that were alternated every second training session for the experimental group.

TESTING SCHEDULE
Five tests were used to assess the players’ physical performance: vertical jump, 1 RM squat,
1 RM bench press, push-ups and sit-ups. All the players received a test manual two weeks
before the pre-test. The tests were performed in the same order on both test occasions. The
sequence of the tests was: vertical jump, 1 RM squat, 1 RM bench press, push-ups and sit-ups.
The teams were also tested at the same time of the day, in the morning or the afternoon. The
players were given strong verbal encouragement to perform all the tests as well as they could.
During the pre-test, height and weight were noted for each player and the weight was noted
again at the post-test. Each test session began with a warm-up, which consisted of five minutes
of ergometer cycling at 100 W of resistance. The vertical jump, 1 RM squat and 1 RM bench-
press tests were instructed and supervised by three blinded test leaders, one for each test, who
did not know the players’ team or group affiliations. The push-up and sit-up tests were
instructed and supervised by a non-blinded test leader (the first author). These tests were
chosen as they were considered to be specific to the tasks associated with volleyball (such as
jumping height and overhead activities) and to the intervention20-22. The test battery was
designed to measure maximal muscular strength in the lower and upper extremities and
functional performance and muscular power in the lower and upper extremities and in the
trunk flexors. To determine whether the tests in the test battery measured different aspects of
physical performance, the relationships between the tests were investigated after the first test
session.
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MEASURES
Vertical Jump. The vertical jump test was performed as a counter-movement jump, which has
previously been described by Gustavsson et al.23. Players performed the jump from an
upright and extended leg position with the hands placed on the waist. The players quickly
bent their knees and then immediately jumped upwards for maximum height. A
computerized system (MuscleLab, Ergotest Technology) using a field of infrared light
(approximately 10 mm above the floor), serving as a contact mat, made it possible to
measure the flight time. The system then converted the flight time into jump height in
centimeters. The players were tested to the point at which no more improvement was made,
3-10 trials. The best attempt was used for further analysis. High test-retest reliability (ICC =
0.95) has been previously reported with this testing approach23.

Push-Ups. The push-up test was performed as previously described by Augustsson et
al.24. The player was in a prone starting position on her toes and hands. The hands were
placed shoulder-width apart with the fingers pointing forward. The elbows were held in full
extension and the feet were placed 10 cm apart. In a continuous movement, the torso was
lowered by bending the elbow joints to 90° of flexion. Keeping the midsection tight and
holding the head in a neutral position, the player then pressed herself back up to full elbow
extension. The player used maximum speed throughout the test. Thirty-second timed push-
ups were documented as the number of repetitions. The test was stopped if two consecutive
repetitions were unsuccessful or if the player was unable to continue. An unsuccessful
repetition was regarded as one that deviated from the standard procedure. High test-retest
reliability (ICC = 0.93) has been previously reported with this testing approach24.

Sit-Ups. The sit-up test was performed as previously described by Augustsson et al.24. The
player sat on the floor with the knees in 90º of flexion and the feet placed 10 cm apart on the
floor. The player’s hands were clasped behind the neck and the elbows were placed against
the knees. The test examiner knelt in front of the player, pushing her feet lightly against the
mat. The player lowered her upper body until the scapula came in contact with the mat. The
player’s head was not permitted to touch the mat. The player then reversed the motion by
curling back up into the starting position. The player used maximum speed throughout the
test. Thirty-second timed sit-ups were documented as the number of repetitions. The test was
stopped if two consecutive repetitions were unsuccessful or if the player was unable to
continue. An unsuccessful repetition was regarded as one that deviated from the standard
procedure. High test-retest reliability (ICC = 0.93) has been previously reported with this
testing approach24.

As only one test leader monitored the push-up and sit-up tests, these tests were
subsequently videotaped and analyzed by the test leader (first author) to ensure correct
performance and number of repetitions. Minor alterations were then made (i.e., number of
repetitions were reduced in final data).

1 RM Squat. The 1 RM squat test began with a back extension warm-up exercise
consisting of 20 repetitions with no extra load. Further, 20 repetitions of the squat exercise
were performed with no extra load. For the test, the player stood in an upright starting
position with an Olympic barbell on her shoulders placed high on the trapezius muscle. The
player stood with her feet shoulder width apart, chest up and eyes fixed straight ahead. The
player performed the squat by descending to a parallel position, approximately 110º of knee
flexion, by bending her knees and hips until the greater trochanter of the femur reached the
same horizontal plane as the superior border of the patella16. The player then ascended to the
starting position. The squat depth was monitored by the test leader. A board (2 cm thick)
elevating the heels of the player was used, thereby facilitating a squat position. In addition,
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a tight weightlifting belt supporting the trunk was obligatory. The player was instructed to be
as upright as possible. A mirror placed 1.5 m in front of the player enabled visual feedback.
A safety squat rack was used to ensure a safe performance. The test leader stood behind the
player, with his arms placed around the waist of the player during the lift to secure the
exercise and to ensure that the proper form and technique was maintained. Any trials failing
to meet the standardized technique criteria were discarded. The weight lifted for each trial
was increased by 5-10 kg until failure occurred. 1 RM was determined within two to seven
attempts, using 1-min resting periods between trials. For the post-test, the bar was loaded to
75% of the 1 RM performance from pre-test as the starting load. The reliability of the parallel
squat test (r = 0.95) has previously been noted as high25.

1 RM Bench Press. The 1 RM bench-press test began with a warm-up consisting of one
set of 15 repetitions using a 10 kg barbell. The starting position for the bench-press test was
lying supine on a bench. To standardize the bench-press technique, subjects were required to
use the same hand placement for each trial, as determined by the distance between the index
finger and bar striations. The bar was lowered by the individual until it touched her chest and,
following a hand-clap signal from the test leader, it was then pressed into a full arm
extension. The player’s shoulders and buttocks had to be in contact with the bench during the
test. The test leader stood over the player to secure the exercise and to ensure that the proper
form and technique was maintained. Any trials failing to meet the standardized technique
criteria were discarded. The weight lifted for each trial was increased by 2.5-10 kg until
failure occurred. The 1 RM was determined within two to six attempts, using a 1-min resting
period between trials. For the post-test, the bar was loaded to 75% of the 1 RM performance
from the pre-test. In a pilot study, twenty-one young female university students (mean age
25), who were not included in the study, were recruited prior to the study to perform the tests
on two separate occasions within 1 week to evaluate the test-retest reliability of the 1 RM
bench-press test. The bench-press test produced a satisfactory ICC value of 0.99 with a 95%
CI of (0.978-0.996).

INJURY AND EXPOSURE REGISTRATION
Volleyball training exposure was documented by coaches on a standard attendance record
form. The coaches registered the total duration of each training session and game in minutes
for each player during the baseline and intervention seasons. For the intervention season, the
resistance-training sessions were also recorded for all teams. Completed exposure forms
were returned on a monthly basis. Incomplete forms were immediately followed up by the
first author. Subsequently, all forms were completed. All injuries were recorded on a standard
injury form which was a modified protocol that has previously been used for injury
registration in volleyball and has face validity4. The injury definition used in the present
study was an injury that occurred as a result of participating in volleyball, forcing the player
to leave the court for the rest of the game/training session and/or leading to an absence from
or reduction in play lasting one day or more26. The severity of the injuries was classified
according to Ekstrand and Gillquist26; minor injury, an injury causing absence from practice
of less than one week; moderate injury, an injury causing absence from practice and games
for more than a week and less than a month; major injury, an injury causing absence from
practice and games for more than a month. The diagnosis determined whether the injuries
were classified as either traumatic or overuse injuries. Traumatic injury was defined as an
injury with a sudden onset and associated with a known trauma, whereas overuse was an
injury without a known trauma and with a gradual onset; e.g., a sprain was a traumatic injury
and tendinopathy was an overuse injury. The data that were collected also included whether
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the injury occurred during training or a game, the skill performed, the injured player’s court
position and the anatomical localization of the injury. The team coaches were responsible for
the injury registration, but all injuries were followed up by a physical therapist.
Subsequently, all injuries were documented but only those leading to absence were included
in the injury statistics.

PERIODIZED RESISTANCE TRAINING
The training program consisted of 26 weeks of progressive resistance training divided into
three phases, familiarization phase, progression phase 1 and progression phase 2 (Figure 1). All
workouts started with a general warm-up of approximately 10 min and ended with a cooling-
down period (e.g., stretching). A physical therapist (the first author), functioned as physical
coach, supervised the players and was responsible for ensuring that exercise prescriptions were
properly carried out and achieved during a particular workout (e.g., velocity of movement,
appropriate spotting and technique, as well as safety considerations, intensity of the training
and prescribed rest periods). The physical coach was also responsible for ensuring that all
players attended the training session. Any missed workout was made up as quickly as possible
within approximately two weeks. The players noted every training session with every exercise,
every set, repetitions and training load in a training diary. The program was periodized, starting
with a four-week familiarization phase with one training session per week. During this phase,
the players performed exercises with approximately 70% of 1 RM (15 repetitions) with
controlled velocity. The familiarization phase consisted of a basic program which was given,
as described previously, to each player in both the experimental group and the control group
(Table 2). During the familiarization phase, the experimental group focused on proper
technique and form and adaptation of the load. Factors such as exercise technique, equipment
used, exercise order, lifting tempo, rest periods between sets and program progression were
carefully explained. After the familiarization phase, the players in the experimental group were
given an individual training program that was designed by the first author and included most
of the exercises from the basic program (Table 3). The individual training programs were based
partly on the pre-test results, but they also took account of the players’ court position. The
individual training programs took any previous injury into account, together with the injury
screening by the visual analog scale, as mentioned in the study design section. During the
subsequent 10 weeks, the aim of the training was progression (progression phase 1) with one
training session per week. The training load was approximately 80% of 1 RM (10 repetitions)
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Table 3. Progression and Individualization During the Resistance Training
Period for Each Player in the Experimental Group 
Presented by exercise, number of sets and repetitions and rest periods
between sets. Phase 1 represents progression phase 1 (10 w) and phase
2 represents progression phase 2 (12 w).



and was increased, if possible, every two weeks to maintain the 80% level in order to gain
strength. After progression phase 1, progression phase 2 was initialized and consisted of 12
weeks of high-intensity resistance training, with two training sessions per week, focusing on
maximum strength and performance. The individual program did not change during this phase,
but the training intensity increased. The players increased the training load to 90-100% of 1 RM
in some of the multiple-joint exercises, such as the squat and the bench press. The players were
instructed to complete all repetitions in all sets, even if assistance was required for several
repetitions (so-called forced repetition). All training sessions were recorded (i.e., exercises,
training load, number of sets and repetitions and total duration of training) in the athlete’s
training diary. The players performed all bench-press and squat training in a free weight using
a standard Olympic 20-kg barbell. The players in the experimental group were tested by the
physical coach, in week 12 and in week 20, in squat, bench press, push-ups and sit-ups to
determine any flaws and to evaluate performance enhancement. 

Initial training loads (kg) were based on the pre-test results and also on the training
performed during the familiarization phase of the study, using approximate percentages of
the 1 RM. Then, using standard trial and error methods (i.e., unload if too few repetitions
were performed and load if too many repetitions were performed), the loads for each set were
modulated based on performance with reference to the target 1 RM. The physical coach was
responsible for this careful modulation of the training load progression. The progress by each
athlete, in terms of training intensity, volume and type of exercises, was supervised and
outlined individually by the physical coach. Most of the exercises were performed
simultaneously by pairs of players. The players were instructed to give verbal encouragement
to each other and to secure the exercises. Some exercises were performed using alternating
sets (supersets) of two exercises (e.g., bench press and push-ups) to increase the time
efficiency of the workout by decreasing the amount of rest between sets. These alternating
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sets were performed until progression phase 2 started. 

STATISTICAL METHODS
To evaluate changes in physical performance, sample size calculations and the power to
detect a difference of 50%, at the 95% significance level, between the experimental group
and the control group were determined by power analysis. A 50% mean difference in the test
battery (vertical jump, 1 RM squat, 1 RM bench press, push-ups and sit-ups) was used for
the power analysis. The reference values against which these differences were calculated
came from previous training studies by Kraemer et al.27 (vertical jump and bench press),
Augustsson et al.28 (squat), and Bell et al.29 (push-ups and sit-ups).The number of players
required to obtain sufficient power (90%) was achieved before the start of the study 
(n = 17/group).

The descriptive data relating to the players are based on registration at the pre-test session.
Pre- and post-intervention data were analyzed with Wilcoxon’s signed-rank test. The Mann-
Whitney U test was used to determine significant differences between the groups for the
various tests in the test battery. Standardized Z-scores were used when calculating the total
score for the test battery and the total score differences were analyzed using the One-Way
ANOVA test. The relationships between the tests in the test battery were also investigated,
using Pearson’s correlation coefficient, to determine whether they measured different aspects
of physical performance. Injury incidence rates were calculated, together with a 95%
confidence interval (CI), taking exposure into account and expressed as the number of injury
occurrences per 1,000 h of volleyball practice and game. Injury prevalence was calculated as
the number of injury occurrences per volleyball player. Fisher’s exact test was used to
compare the percentage of injured players in the experimental group and the control group
in the baseline season and the intervention season. The SPSS statistical software package,
version 15 (SPSS Inc., Chicago, U.S.A), was used for statistical calculations. The level of
significance was set at p < 0.05. 

RESULTS
Twenty-seven players (10 in the experimental group and 17 in the control group) completed
the study. Three players dropped out of the experimental group, two due to quitting the
volleyball team and one due to other sports participation conflicting with the resistance-
training sessions. Three players dropped out of the control group for unknown reasons. No
differences were found between the groups in terms of age, height or weight. The body
weight noted at the post-test did not differ from that at pre-test registration in either of the
groups. Three of the players in the control group were unable to attend the post-test occasion
due to injuries. These players were still included in the injury data registration and thus were
not excluded from the study.

PHYSICAL PERFORMANCE
No significant differences were noted at the pre-test for any individual tests or for the total
score (p = 0.495) for the test battery between the experimental group and control group. At
post-test, the players in the experimental group had improved significantly more than the
players in the control group in the squat (p <0.001), bench press (p = 0.042), push-ups 
(p = 0.002) and sit-ups (p <0.001) but not in the vertical jump test (p = 0.412) (Table 4). The
total score for the test battery was also significantly higher in the experimental group
compared with the control group (p <0.001). Table 4 shows the pre and post scores for the
individual tests in the test battery. 
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Table 4. Mean (±SD) Results of the Vertical Jump, 1 Repetition Maximum
Squat, 1 Repetition Maximum Bench Press, 30-sec Timed Push-Ups and
30-sec Timed Sit-ups Tests

Experimental (n = 10) Control (n = 14)
Pre Post Change (%) Pre Post Change (%)

Vertical jump (cm) 26 (±4) 28 (±4) ‡ 8 27 (±4) 28 (±4) 4
Squat (kg) 42 (±14) 70 (±13)*‡ 67 50 (±14) 56 (±17) 12
Bench press (kg) 31 (±5) 36 (±6)*‡ 16 32 (±5) 34 (±6) ‡ 6
Push-ups 9 (±4) 20 (±5)*‡ 122 10 (±4) 13 (±5) 30
Sit-ups 11 (±3) 17 (±3)*‡ 55 13 (±3) 14 (±2) 8

*Difference in increase between groups (p <0.05). 
‡Intragroup difference (p <0.05).

PRE- AND POST-CORRELATION BETWEEN TESTS
A significant relationship was found between the vertical jump test and the squat test (r =
0.42, p = 0.026) at the pre-test. No significant correlations were found for any of the other
tests in the test battery at the pre-test. 

COMPLIANCE
Thirty-five percent (6/17) of the players from the control group performed the resistance-
training program to which they were assigned during the intervention season, with 50% or
more compliance (i.e., the total number of resistance training sessions) during the season. All
the players (excluding drop-outs, n = 10) from the experimental group carried out the
resistance-training program during the entire season. Eighty percent of these players had at
least 50% compliance. When comparing players who were compliant, we found that the
experimental group improved its physical performance for the total test battery significantly
more than the control group (p = 0.002). 

INJURY DATA 
Baseline Season 2006-2007
During 3,546 hours of exposure time (practice and games), nine (29%) players sustained 15
injuries during the baseline season. The injury incidence for the experimental group was 5.3
injuries with a 95% CI of -1.2-12.2. The injury incidence for the control group was 3.8
injuries with a 95% CI of 1.2-6.4. The injury incidence and prevalence are shown in Table 5.
There was no significant difference in the proportion of injured players between the
experimental group and control group (p = 0.437). The most common injury was localized
in the knee area (seven of 15 injuries). There were also injuries to the ankles (2/15), shoulders
(2/15), lower leg (2/15) and wrist (2/15). Of all the injuries, 71% were overuse symptoms
and 29% were of a traumatic nature. Of the four traumatic injuries, one (1/4) occurred during
contact with another player. 72% of the injuries were of moderate severity, while 21% were
of minor severity and 7% were of major severity.

Intervention Season 2007-2008
For the intervention season, an exposure time of 3,242 hours was noted during which six
players sustained eight injuries. The injury incidence for the experimental group was zero
injuries. The injury incidence for the control group was 3.7 injuries with a 95% CI of 0.8-
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6.6. The injury incidence and prevalence are shown in Table 5. There was a significant
difference (p = 0.042) in the proportion of injured players between the experimental group
and the control group in the intervention season. Fifty percent (4/8) were ankle injuries of a
traumatic nature, whereas the other injuries were overuse injuries located in the knee (2/8),
shoulder (1/8) and thigh (1/8) areas. Fifty percent (2/4) of the traumatic injuries occurred
during contact with another player. Seventy-five percent of the injuries were evenly
distributed between minor and moderate severity, while 25% were of major severity. 

Table 5. Injury Incidence (Number of Injuries per 1000 hours of Exposure)
and Prevalence with 95% CI, Frequency and Rate of Injured Players in the
Control (n=17) and the Experimental Group (n=10) During the Baseline and
Intervention Season

Baseline season Intervention season
Control Experimental Total Control Experimental Total

Injury incidence (95% CI) 3.8 (1.2-6.4) 5.3 (-1.2-12.2) 4.3 3.7 (0.8-6.6) 0 (0) 2.5
Injury prevalence (95% CI) 0.6 (0.2-1.0) 0.5 (-0.1-1.1) 0.6 0.5 (0.1-0.8) 0 (0) 0.3
Injury frequency 10 5 15 8 0 8
Injured players 7 3 10 6 0 6

DISCUSSION
The main finding in this study was the significant improvement in strength and power in the
experimental group, with individual and supervised resistance training, in comparison with
the control group performing standard group training that did not address individual needs
and/or were only indirectly supervised. The present study revealed no significant differences
at the pre-test for any tests between the experimental group and the control group. At post-
test, the players in the experimental group had improved significantly more than the players
in the control group in all tests except the vertical jump test. However, the improvements
noted in the vertical jump test between pre- and post-test were significant in the experimental
group but not in the control group. The pre-test sessions were performed during the pre-
season and after the summer break. Consequently, the players’ jumping performance was
probably poorer due to training reductions during the summer and then, after one season of
regular training, the players in both groups experienced normal adaptation to sport. Previous
studies have shown that the physical performance, such as jumping performance and
throwing velocity, were enhanced during one season of ordinary training or preparation for
competition in sports21, 30 and that interruptions in normal training can result in physical
capacity reductions31. Since jumping is one of the most important tasks in volleyball, it is
likely that this ability will improve during one season of volleyball training. The lack of
significant differences between groups when it came to jumping performance in the present
study could therefore possibly be explained by this fact. 

Previously, few studies have examined the effect of entire in-season resistance training for
physical performance and injury prevention in sport. Designing an optimal resistance-
training program for sport can be a complex process in itself. The resistance training
prescribed for the players at the beginning (i.e., basic program) of the present study was the
same for both groups. A simple program design is recommended when resistance training is
introduced12. Consequently, the basic program in the present study consisted of no more than
nine exercises and focused on the correct technique and form and adaptation of the load.
After the familiarization phase, the players in the experimental group received an individual
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training program. The program included most of the exercises from the basic program with
additional and individual exercises. Improvements in physical performance and associated
physiological adaptations are correlated to the intensity and number of repetitions
performed32. It has been recommended that training with loads corresponding to 80-85% of
1 RM or more are effective for increasing maximum strength32. Although strength also
increases using loads corresponding to 70-80% of 1 RM, it is believed that this range may
not be as effective in increasing maximum strength in advanced strength-trained athletes
compared with heavier loading (e.g., 85% of 1 RM). Since the athletes in the present study
were inexperienced in resistance training, we therefore set the starting load at 70% of 1 RM,
in order to begin gradually, learn the proper technique and allow sufficient recovery time.
However, the more advanced the athletes become in performing the exercises, the more
variation (i.e., specific training cycles) may be necessary to avoid performance plateaus12.
For this reason, the training load was increased to approximately 80% of 1 RM (progression
phase 1) after the familiarization phase to augment progression. The training load was then
increased, if possible, every two weeks to maintain the 80% level and optimize strength
gains. Moreover, after progression phase 1, the load increased even more to an intensity
corresponding to 90-100% of 1RM (progression phase 2) in some of the multiple-joint
exercises. Progression phase 2 consisted of 12 weeks of heavy resistance training, with two
training sessions a week, focusing on maximum strength and performance mainly in the
multiple-joint exercises. Multiple-joint exercises require rapid force production and have
been widely used for strength and power training20,33. Because vertical jump capacity (a
multiple-joint movement) is critical for success in volleyball, multiple-joint exercises were
included in the present study, as well as ordinary explosive strength exercises, such as the
barbell jump squat. However, the multiple-joint exercises require additional time to learn and
the proper technique compared with single-joint exercises. To secure safety, it is
recommended that multiple-joint exercises are performed early in the workout session when
fatigue is minimal12. For this reason, the multiple-joint exercises included in the present
study training regimens were placed first in each training session. 

The players in the present study were instructed to complete all the repetitions in all the
sets, even if assistance was required with several repetitions. This training method is known
as forced repetitions. Previous studies have suggested that, at least for experienced strength
athletes, the forced-repetition and the repetition-to-failure method may be superior to the
more traditional method when it comes to optimizing hormonal response and producing
greater strength gains34-36. In the present study, the players performed exercises to failure and
the forced-repetition method in some of the exercises in progression phases 1 and 2 with the
aim of optimizing strength gains and avoiding stagnation. It has also been noted that the
systematic use of various loading strategies is needed for optimal strength and local muscular
endurance37 and a periodized training protocol is recommended27. The training programs in
the present study were therefore periodized in terms of frequency, duration, intensity, volume
and rest intervals. Exercise testing was carried out by the physical coach twice during the
study period to determine strength deficits and evaluate the athletes’ performance
enhancement and their progress with the programs. 

It has been suggested that tests using free weights reflect the functional strength in
sports20,33. For example, maximum squat strength has been shown to have a strong
relationship with vertical jump height20. The test battery used in the present study was
constructed to reflect the exercises performed by the players in order to fully to detect
eventual improvements as a result of training. The test battery was also thought to be sport
specific and related to the specific injury panorama in volleyball. Since only one low
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significant relationship (r = 0.42) was found (the vertical jump test and the squat test)
between individual tests, the test battery appeared to measure different aspects of physical
performance. 

Resistance-training programs that are individualized to meet specific training goals are
thought to be superior to non-individual programs12. Individual programs should depend on
factors such as initial performance and health status38. Many issues need to be taken into
account when designing resistance-training programs for athletes as well as non-athletes. For
example, the injury profile, the athletes’ individual strengths/weaknesses, the demands of the
sport, court position and physical fitness (e.g., weight, height) all require attention when
designing resistance-training programs12. The training programs in the present study were
individualized on the basis of the pre-test results and also while taking the players’ court
position, previous injuries and the injury screening into account. All training performed by
the players was recorded in both groups. However, the intensity of the resistance training was
not recorded in the control group. All the players in the experimental group documented their
exercises, training volume and training intensity in a diary. The fact that the players in the
experimental group recorded each training session more thoroughly may have influenced the
higher rate of compliance with the program documented in the experimental group compared
with the control group. The use of a training diary could have helped the athlete to remind
herself of the current exercise prescription, training load and number of sets and repetitions.
The diary could also have promoted goal-oriented issues. Using the visible achievement of
a diary (e.g., becoming aware of progress made) might also have facilitated and encouraged
the athlete to complete every training session to the fullest. 

The present study provides more evidence supporting the importance of supervision
during resistance training in order to optimize strength gains. According to the National
Strength and Conditioning Association (NSCA)39, strength and conditioning programs must
provide adequate appropriate supervision with well-qualified, trained personnel. One
previous study has examined the effect of direct supervision by a trained strength and
conditioning coach on measures of muscular strength and power in young rugby league
players19. The players were directly coach-to-athlete supervised and compared with players
supervised by a team manager who was not trained in strength and conditioning coaching.
The outcome showed greater training adherence and increased strength gains for the players
in the direct coach-to-athlete supervised group, which underlines the importance of having
educated strength and conditioning coaches in sports. However, the opportunity for athletes
to have direct coach-to-athlete supervision in strength and conditioning programs, as well as
the sport-specific training routine, is limited, especially in team sports. The challenge for the
coach when strength and conditioning programs are being introduced is therefore to have
quick access to those in the greatest need of support. 

We found greater compliance with the resistance-training sessions in the experimental
group compared with the control group. We do not know whether more players in the control
group would have benefited from the program if they had taken part in more training
sessions. However, the compliant players in the experimental group improved their physical
performance significantly more than the compliant players in the control group. In spite of
this, due to the restricted sample size in the compliant control group, it is not possible to
determine whether this difference was due to the individualized and supervised program or
was just a random effect. Nevertheless, we believe that the higher compliance rate seen in
the experimental group might be due to the direct supervision of each training session.
Further, we believe that, if a training instructor stands waiting for the players, it is probably
more motivating to attend the sessions. Taken together, we believe that compliance with
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prevention programs plays a very important role when it comes to the effectiveness of a
program and that supervision and individualization can enhance the players’ compliance. 

Statistical power was calculated on an appropriate sample size to detect differences in
physical performance between groups, but the resistance-training program was also designed
to prevent injuries. The total injury incidence (4.3 injuries/1,000 h) documented during the
baseline season in the present study is higher than has previously been reported for
volleyball40,41. For example, Verhagen et al.41 reported an overall injury incidence of 2.6
injuries/1,000 hours for volleyball players. However, their study comprised 486 players in
both the second and third Dutch national volleyball divisions, which is a much larger sample
size than in the present study. There are no studies that have registered the injury incidence
in the third division of volleyball alone, which makes comparisons with other studies
difficult. There was a high frequency of overuse injuries (71% noted during the baseline
season) in the present study. This may be due to the fact that volleyball players in the third
division are not exposed to game play, where traumatic injuries mostly occur, to the same
extent as players in higher divisions40,41. In addition, only one of the four traumatic injuries
occurred in contact with another player during the baseline season. The contact traumatic
injuries in volleyball, such as ankle sprains, are often the results of incorrect take-off and
landing techniques40 and the incidence of both contact and non-contact traumatic injuries
could therefore be reduced by technical training7. It has yet to be established whether
resistance training reduces the incidence of these injuries. The majority of the injuries were
localized in the knee, ankle and shoulder area, which appears to be in accordance with the
injury location generally seen in volleyball4,41,42. No significant difference was found in the
proportion of injured players after the baseline season, whereas there was a significant
difference in the proportion of injured players during the intervention season between the
experimental group and the control group. When it comes to the injury reduction in the
experimental group, we speculate that the cause could comprise of several factors. For some
players, improved performance (e.g., strength increases) may have prevented injury.
Moreover, improved technique (e.g., improved neuromuscular performance) may have
reduced injurious forces for other players. Further, the level of awareness may have increased
among players when it comes to injury prevention. This may have contributed to a change in
attitude towards preventive action. However, the number of injuries is limited and the effect
of the program on the injury panorama cannot be assessed reliably in the present study.

METHODOLOGICAL ISSUES
With respect to the study design, players in the present study were not randomized. However,
it is difficult to split the team members into different training regimens without the possibility
of interference. Consequently, we chose to randomize the teams instead in order to reduce
the risk of confounding factors. One potential weakness of the present study is the relatively
small sample size. Power for detecting injury incidence, prevalence and frequency was
limited and we are unable to draw any definite conclusions from the injury results. There
were six drop-outs (15%), which has to be regarded as an acceptable number when
considering the length of the study (two seasons and 26 weeks of intervention). Moreover,
the main strength of the study is the players’ compliance with the study and the intervention
protocol. Previous studies have indicated that compliance with a training program is an
important factor and a real effort must be made to motivate participants to carry out the
program14,15. For example, one study with a large sample size, comprising 2,020 football
players, was not able to detect any effect using an injury-prevention program15. The lack of
effect was thought to be a result of poor compliance. A smaller sample size might contribute
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to higher quality and greater compliance with the program and may thus be more effective
in identifying differences. Taken together, although a large sample size is preferable
statistically and methodologically, there is probably a risk that the intervention (when it
comes to information, supervision, placebo effect, and so on) will be diluted and more
difficult to manage compared with a small sample study. As mentioned earlier in the
Discussion section, the players in the experimental group had improved significantly more
than the players in the control group in all tests except the vertical jump test. Whether
statistically significant differences have any clinical relevance is always a matter of
opinion43. In our study, however, the pre/post differences for the squat, bench press, push-
ups and sit-ups tests were 67%, 16%, 122% and 55%, respectively, in the experimental group
which we believe represent clinically meaningful improvements.

CONCLUSION
The present study shows that female volleyball players can improve strength and power
during the competition season by implementing a resistance training program. Both
individualization and supervision of resistance training seem to improve greater training
adherence and strength gains compared with non-individualised and unsupervised training.
Also, supervision alone could improve compliance and thus be an explanation for the
differences seen in the present study.
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