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ABSTRACT

Purpose. Research on isometric training states that strength levels depend on the length of the muscle at the moment of con-
traction. So far, its effects have been studied at different joint ranges, except at maximal muscle shortening. Ballistic stretching
(BS) is also used in sports to achieve maximal ranges of joint mobility. The present study examined the acute effects of voluntary
isometric contractions at maximal shortening (VICAMS) on shoulder range of motion, strength, and throwing and compared
them with BS.

Methods. Sixty physically active participants volunteered to participate and were randomly assigned to one of three in-
terventions: BS, VICAMS, and a control group (CG). Active range of motion (AROM), maximal voluntary isometric strength
(MVIF), and one-handed [unilateral seated shot-put throw (USSPT)] and two-handed [seated shot-put throw (SSPT)] throws
were measured before and after the intervention.

Results. After setting the significance level at p < 0.05, main effects were found for time and time*group interactions for
all variables (p < 0.001). Between-group differences were observed in the VICAMS group after the intervention, with signifi-
cantly higher AROM and MVIF values compared to the other groups. Intra-group differences were observed in the VICAMS
and BS groups, as the values of all three variables increased from baseline.

Conclusions. Applying VICAMS on the shoulder induced superior acute improvements than BS in flexibility, strength,
and throwing ability, indicating that a new warm-up could be developed. Coaches should consider these findings as they offer
a practical and effective solution for immediate performance improvement.
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Introduction bilitation, including shoulder stabiliser muscle coac-

tivation assessment [7] and neck-shoulder pain treat-

Among the various strength enhancement methods,
isometric training is an effective athletic performance
improvement strategy [1]. Its primary characteristic is
the absence of external movement during contraction
[2]. In addition, owing to its risk-benefit ratio, it repre-
sents an attractive alternative to dynamic training [3].
Research on factors influencing strength development
in isometric training, such as contraction duration [4],
contraction speed [5], tendon characteristics [3], and
muscle length [6], is available in the literature. How-
ever, most publications focus on the effects of isometric
training on the lower body. Regarding the upper body,
isometric contractions have mainly been used in reha-

ment [8].

Few studies have focused on isometric training at
short muscle lengths [9, 10], in which neural adapta-
tions are primarily responsible for strength gain [6].
Constant feedback from the neuromuscular spindles is
essential for muscle contraction positions at short joint
angles and requires gamma motor neurons to stretch
the intrafusal fibres; otherwise, a communication def-
icit between the muscle and central nervous system
would occur [11]. Moreover, Carolan and Cafarelli [12]
demonstrated that strength improvements in isometric
training depend on antagonist co-contraction reduc-
tions. Thus, maintaining constant muscle-nervous sys-
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tem communication is essential to complying with the
law of reciprocal inhibition and regulating this antag-
onist co-contraction [11]. This factor is even more nec-
essary in joints, such as the shoulder, which is the most
mobile in the human body and requires effective mus-
cle stabilisation [7].

Although various types of muscle training have
been investigated, few studies have compared isomet-
ric and high-speed dynamic contractions. These con-
tractions, known as dynamic or ballistic stretching (BS),
have been used historically in sports warm-ups as they
can simulate the competition movements. They are char-
acterised by fast movements in which the mass is ac-
celerated to the end of the range of joint mobility [13], in
other words, maximal muscle shortening. In throwing
sports, ballistic shoulder movements are the key tech-
nical elements of competition [14]. As such, one and
two-handed throws are used in performance evalua-
tion and are considered simple, reliable, and close to
the sporting gesture [15]. Nonetheless, studies on the
acute effects of BS on sporting performance have yielded
favourable [13], non-significant [16], and negative ef-
fects [17].

Despite investigations on the effects of isometric
contractions on different muscle lengths [10], they have
yet to be studied in maximally shortened positions.
Furthermore, there are few studies on the effects of BS
on the shoulder compared to those on the lower body
[13], despite the number of sports in which upper-body
performance is critical. Similarly, isometric training
has not been compared with protocols involving BS.
Therefore, this study compared the acute effects of BS
and voluntary isometric contractions at maximal short-
ening (VICAMS) as part of a warm-up on strength,
range of motion, and release. We hypothesised that
VICAMS would augment active range of motion
(AROM), maximal voluntary isometric force (MVIF),
and one-handed [unilateral seated shot-put test (USSPT))
and two-handed [seated shot-put test (SSPT)] throw
lengths than BS.

Material and methods
Participants

Sixty healthy recreationally active subjects [30 fe-
males and 30 males; age = 46.4 + 5.5; height = 1.70 *
0.17 m; weight = 76.0 * 14.9 kg; body mass index (BMI)
= 25.5 + 2.5 kg/m?] voluntarily enrolled in this study.
The eligibility criteria were age between 35 and 55
years and engaging in non-competitive physical activity
at least twice a week. Exclusion criteria were shoulder
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injuries, such as rotator cuff tears, adhesive capsulitis,
or scapulothoracic fusion, which prevented correct test
performance and reduced measurement reliability [18].

Individuals engaging in recreational physical ac-
tivity at various sports centres were invited to partici-
pate, with the first 30 men and 30 women meeting the
established criteria selected. The recruitment process
took place over two months prior to the start of testing.
The participants were unfamiliar with the tests per-
formed and were informed that they should not engage
in physical activity the day before the test. During the
familiarisation sessions, the study design was explained
to the athletes, and they were allowed to ask questions.

Design and procedures

A randomised controlled repeated-measures design
was used to assess and compare the acute effects of
VICAMS and BS on AROM, MVIF, USSPT, and SSPT.
Participants underwent two weeks of test familiarisa-
tion and various exercises before starting the meas-
urements. They were then randomly assigned to
a VICAMS group (n = 20), BS group (n = 20), or control
group (CG) (n = 20), with males and females equally
distributed between each. AROM, MVIF, SSPT, and
USSPT were used to assess acute effects before and
after the intervention. The AROM and MVIF measure-
ments were performed in shoulder flexion (SF) and
shoulder extension (SE). The CG did not undergo any
intervention and was measured again 20 min after the
first measurement.

Before starting, the participants were required to
complete a standardised shoulder warm-up consist-
ing of 10 flexion-extensions, 10 abductions, 10 exter-
nal rotations, 10 internal rotations, and 10 horizontal
abduction-adductions. They performed the first half
with slow movements and the other half in a ballistic
manner and were instructed to reach the maximum
possible joint shortening in each repetition. Finally,
three two-arm throws with a 5 kg medicine ball and
three throws with each arm with a 3 kg medicine ball
were performed. The warm-up was followed by
a 10-minute rest period before the first measurement
to minimise its effect. The measurements were then
taken in the following order: (1) AROM (3-minute
pause); (2) MVIF (3-minute pause); (3) SSPT (3-minute
pause); (4) USSPT (5-minute pause); (5) Intervention
(5-minute pause); (6) AROM (3-minute pause); (7)
MVIF (3-minute pause); (8) SSPT (3-minute pause);
(9) USSPT. A schematic representation of the study de-
sign is shown in Figure 1. All measurements were
taken by the principal investigator, who has a degree
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Figure 1. Study design schematic. The order in which the study was carried out and the variables that were measured
are shown, including active range of motion (AROM), maximal voluntary isometric force (MVIF),
seated shot-put test (SSPT), and unilateral seated shot-put test (USSPT).

in sports science and extensive experience in this area.
The study took place at the BioReed Lab, Puerto de la
Cruz, Tenerife (Spain), which was maintained at ap-
proximately 23°C.

Measures
Active range of motion measures

AROM measurements of the glenohumeral joint
were performed according to the method described by
Clarkson [19]. A calibrated hand-held digital goniom-
eter-dynamometer (Micro-FET3; Hoggan Scientific,
UT, USA), which provides reliability and ease of use,
measured AROM and MVIF [20]. SF was measured
first with the participant seated, the back upright, and
the arm at the side with the palm directed medially.
For the initial measurement, the goniometer was placed
on the anterior side of the arm, just above the elbow.
The participant slowly moved the extended arm for-
ward and upward until reaching the limit of movement,
where the final measurement was taken. He/she then
returned to the initial position, with the process re-
peated three times. Subsequently, the SE was meas-
ured in the prone position, with the arm at the side and
the palm facing medially. The goniometer was placed
on the back of the arm, just above the elbow, to take
the initial measurement. The participant slowly moved

the extended arm upwards until reaching the limit of
movement, where the final measurement was taken.
The participant then returned to the starting position,
and the process was repeated three times. The largest
measurements were used for further analysis. The in-
vestigator ensured that the scapula was fixed so no com-
pensatory movements occurred. A 10-second rest was
taken between measurements to minimise the effect
of fatigue, with 30 s between positions to anchor the
participant’s posture.

Maximal voluntary isometric force measures

All measurements used the positions and techniques
described by Andrews [21]. Force measurements were
expressed in Newtons, and values were provided by
our scientifically validated device (Microfet 3; Hoggan
Scientific, UT, USA). To measure the SF, the participant
was supine with the shoulder flexed 90°, the elbow
extended, and the palm facing medially. The dyna-
mometer was placed on the front of the upper arm just
proximal to the epicondyle of the humerus. To measure
SE, the participant was supine with the shoulder flexed
90°, the elbow flexed, and the palm facing medially.
The dynamometer was placed on the back of the upper
arm just proximal to the epicondyle of the humerus.
The positions used are shown in Figure 2. As in the
previous protocol, the SF was measured first, then the
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shoulder flexion

shoulder extension

Figure 2. Positions used to measure maximal voluntary isometric force

SE, with three measurements taken and the largest
used for analysis [22]. For its execution, participants
were instructed to exert as much force as possible
against the device while the researcher held the device
as still as possible without breaking the position. This
methodology, known as a make test, is used almost
exclusively with hand-held dynamometry [23]. The
subjects rested for 15 s between measurements and
30 s between positions to minimise the effect of fatigue.
Participants gradually increased to maximal strength
and maintained the effort for 5 s, which was sufficient
to reach maximal strength [24].

Seated shot-put test measures

Three 5 kg medicine ball throws were performed
[15, 25], with 30 s of rest between each attempt, and
the best mark was used for the analysis. The distance
from the chest to the point of impact with the ground
was measured using a tape measure and expressed in
metres. These methods have excellent reliability and
provide a practical and effective measure of upper-limb
functional power [15, 25]. During the warm-up, the
participants practised the throwing technique and ad-
justed their angle to throw the ball as far as possible,
simulating a movement similar to the chest pass in
basketball [25]. For the measurement, the subject sat
on the floor with their back against a wall with their
knees flexed at approximately a right angle, and their
feet applied force backwards to maintain a firm position
against the wall [26]. They held the ball with both
hands up to their chest and threw it as far as possible,
following the technique practised during the warm-up.
The ball was coated with magnesium powder to pre-
vent slipping and ensure a strong, reliable grip. The
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closest mark on the ground was used to measure the
throw accurately. Only throws that were correctly ex-
ecuted within the lane were considered. The throw test
was repeated for any mismatch that could affect the
measurement after a consistent recovery time. Verbal
encouragement was provided to promote maximum
effort in the throw [15].

Unilateral seated shot-put test measures

The USSPT measurements were similar to the SSPT
measurements, except for the ball weighing 3 kg and
the throwing technique. In this case, the participants
were instructed to position their arms like an athletic
weight thrower before executing the throw. The back
was supported on a 33 cm column that allowed free-
dom of movement of the throwing arm.

Interventions
Ballistic stretching intervention

The exercises were performed with each arm in the
following order:

1. SF: The participant was standing with arms ex-
tended towards the floor and palms facing the body
and was instructed to raise one arm forward with the
elbow extended and return to the starting position.

2. SE: The participant was standing with arms ex-
tended towards the ground and palms facing the body
and was instructed to raise one arm behind with the
elbow extended and return to the starting position.

3. Shoulder abduction (SABD): The participant was
standing with arms extended towards the ground and
palms facing forward and was instructed to raise one
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arm to the side with the elbow extended as close to the
head as possible and return to the starting position

4. Shoulder internal rotation (SIR): The participant
was supine on the side of a stretcher with one arm out-
side the stretcher. To reach the starting position, the
participant performed a 90° elbow flexion, 90° shoul-
der abduction, and maximum shoulder external ro-
tation. The exercise consisted of bringing the hand to
maximum internal rotation and returning to the initial
position, keeping the elbow in flexion and the shoulder
in abduction.

5. External shoulder rotation (SER): The participant
was prone on the side of a stretcher with an arm hang-
ing towards the floor. The participant performed a 90°
horizontal shoulder abduction and 90° elbow flexion
to reach the starting position. The exercise consisted
of bringing the hand to the ceiling in front and return-
ing to the starting position, keeping the elbow in flex-
ion and the shoulder in abduction.

Three sets of 20 s were performed with each arm
and exercise, recovering for 10 s after each set. The
intervention lasted approximately 15 min. A rhythm
of 40 beats per minute (bpm) was established and con-
trolled using a metronome. The subject’s arm returned
to the starting position for each repetition of the full
range of motion. The subject was instructed to per-
form the movement following the metronome rhythm
and reach the maximum possible joint shortening in
each repetition.

Voluntary isometric contraction at maximal
shortening intervention

The exercises were performed as follows:

1. SF: In the supine position, force was applied just
above the elbow in the direction of SE while keeping
the elbow extended.

2. SA: In the supine position, force was applied just
above the elbow in the direction of shoulder adduction
while keeping the elbow extended.

3. SIR: In the supine position, with the shoulder ab-
ducted to 90° and the elbow flexed to 90°, force was
applied to the wrist in the direction of the shoulder ex-
ternal rotation (SER). The scapula was stabilised to
prevent compensatory movements.

4. SER: In the supine position, with the shoulder
abducted to 90° and the elbow flexed to 90°, force was
applied to the wrist in the direction of the SIR. The scap-
ula was stabilised to prevent compensatory movements.

5. SE: In the prone position, force was applied just
above the elbow in the direction of SF while keeping
the elbow extended.

For the execution of each exercise, the joint was
brought to maximum muscle shortening and force was
applied in the opposite direction of the movement. The
participants were instructed to perform a push contrac-
tion to resist this force without overcoming it. After
each repetition, the position of maximum joint short-
ening was maintained without returning to the initial
position. Three actions were performed before each
exercise to optimise muscle contraction, including
showing the approximate location of the main mus-
cles to be exercised, palpating several points of these
muscles with the fingers, and asking the participant
for maximum concentration. The forearm was kept
perpendicular to the segment where the force was ap-
plied to avoid the involvement of other muscles. The
execution of each exercise was verbally guided by in-
structions to contract, hold, and relax. Nine repetitions
(5 s each) of each movement were performed, applying
force at different intensities, including light (20-30%),
medium (45-55%), and maximum (100%). Individual
intensity thresholds were recorded for each subject to
work in their zone. Rests of 3 s were recorded between
repetitions, 15 s between each arm, and 30 s between
exercises. The duration of the intervention was similar
to that of the previous protocol.

Statistical analysis

Standard statistical methods were used to calcu-
late the mean and standard deviation (SD). The Kol-
mogorov-Smirnov test confirmed that the data had a
normal distribution. The sample size was calculated
using GRANMO version 7.12 (Barcelona, Spain), with
a 5% significance level and 80% statistical power, in-
dicating that 14 participants were required for each
group. Based on previous studies [27], the standard
deviation was 6.4°. Student’s independent samples t-
test compared the baseline characteristics of the par-
ticipants. Since there were no between-group differences
at baseline, a two-way (group X time) repeated-meas-
ures analysis of variance (ANOVA) with Bonferroni’s
post hoc evaluated group-by-time interactions and with-
in-group and between-group effects. A confidence in-
terval (CI) of 95% was obtained for all differences, and
effect size (ES) was obtained for significant differences.
ES was interpreted as small (0.1), moderate (0.3), large
(0.5), very large (0.7), or extremely large (0.9) using Co-
hen’s d [28]. All analyses employed SPSS version 21.0
(IBM Corp., NY, USA), with statistical significance set
at p < 0.05.
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Results

Tables 1 and 2 show all data regarding AROM, MVIF,
SSPT, and USSPT variables of all participants, accord-
ing to their group. Main time effects and time*group
interactions were found for all variables (p < 0.001).

AROM: In the SF, intra-group differences were ob-
served in both shoulders in the VICAMS group by in-

creasing the values compared with the initial values
(p < 0.001). On the right shoulder, the mean AROM
increased from 154° to 163° (5.34%), while it increased
from 155° to 163° (5.49%) on the left shoulder. Addi-
tionally, the BS group showed increased baseline val-
ues in the right (1.22%, p < 0.001) and left (1.38%, p =
0.001) shoulders. Between-group differences were ob-
served for the VICAMS group after the intervention

Table 1. Mean and standard deviation data for active range of motion, maximal isometric strength (shoulder), seated
shot-put test, and unilateral seated shot-put test. Pre and post-measurements for participants in all groups are also shown

Pre Post
Variables Group
mean SD mean SD

control 154.45 5.92 154.75 5.95
ﬁRﬁl\S/[houl der lexion () ballistic 155.45 6.29 157.35 6.22
8 VICAMS 154.50 5.92 162.75 5.24
control 155.10 8.75 155.70 8.68
ﬁﬁ?ﬁ dlder flexion () ballistic 155.50 5.07 157.65 4.69
VICAMS 154.80 6.29 163.30 4.43
control 34.95 5.10 34.80 4.96
A.ROM . o ballistic 34.85 6.43 35.40 6.52
right shoulder extension (°) VICAMS 35.10 5 65 41.40 6.08
control 35.95 6.19 36.10 6.19
AROM . o ballistic 35.25 5.97 35.60 6.15
left shoulder extension (°) VICAMS 35.20 553 4105 6.43
MVIF control 189.71 51.86 189.85 52.43
right shoulder flexion (N) ballistic 195.88 53.91 200.05 56.50
8 VICAMS 195.15 52.58 239.22 64.47
MVIF control 191.32 49.30 192.01 49.68
left shoulder flexion (N) ballistic 193.48 52.39 195.78 51.11
VICAMS 189.22 56.00 233.38 68.44
MVIF control 233.78 66.75 234.66 66.00
. . ballistic 235.00 66.56 237.84 69.76
right shoulder extension (N) VICAMS 229.80 67.30 267.16 74.72
MVIF control 228.04 73.44 228.38 72.79
. ballistic 231.91 72.16 232.01 70.57
left shoulder extension (N) VICAMS 235.49 71.78 282.16 83.80
control 1.33 0.53 1.33 0.52
SSPT (m) ballistic 1.37 0.51 1.39 0.52
VICAMS 1.37 0.56 1.48 0.62
control 1.40 0.53 1.40 0.52
gsff:rm - ballistic 1.44 051 1.47 0.52
g VICAMS 1.44 0.57 1.54 0.63
control 1.33 0.52 1.34 0.53
Eisi L - ballistic 1.36 0.50 1.38 0.51
VICAMS 1.38 0.57 1.48 0.63

AROM - active range of motion, MVIF — maximal voluntary isometric force, SSPT - seated shot-put test,
USSPT - unilateral seated shot-put test, VICAMS - voluntary isometric contraction at maximal shortening
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Table 2. Intra-group and between-group differences for active range of motion, maximal isometric strength (shoulder),
seated shot-put test, and unilateral seated shot-put test. Pre and post-measurements for participants in all groups
are also shown

Intra-group differences (pre vs post)

Between-group differences (at post)

Variables
group  mean 95%CI ES(d) group mean 95%CI ES(d)
AROM control 0.30 (-0.25 to 0.85) NS  control vs ballistic 2.60 (-1.94to 7.14) NS
right shoulder ballistic 1.90 (-1.16t02.64) 0.30 Dballistic vs VICAMS  5.40 (0.86-9.94) 0.94
flexion (°) VICAMS  8.25 (6.70-9.80) 1.48 VICAMS vs control 8.00  (3.46-12.54) 1.43
AROM control 0.60 (0.09-1.11) NS  control vs ballistic 1.95 (-2.92to0 6.28) NS
left shoulder ballistic 2.15 (0.89-3.41) 0.44 Dballisticvs VICAMS  5.65  (0.78-10.52) 1.24
flexion (°) VICAMS 850  (6.88-10.12) 1.56 VICAMS vs control 7.60  (2.73-12.47) 1.10
AROM control 0.15 (-0.50 to 0.20) NS  control vs ballistic 0.60 (-4.00-5.20) NS
right shoulder ballistic 0.55 (0.19-0.90) 0.09 ballistic vs VICAMS  6.00  (1.40-10-60) 0.95
extension (°) VICAMS  6.30 (4.83-7.77) 1.07 VICAMS vs control 6.60  (2.00-11.20) 1.19
AROM control 0.15 (-0.16 to 0.46) NS  control vs ballistic 0.50 (-5.38 to 4.38) NS
left shoulder ballistic 0.35 (0.12-0.58) 0.06 ballisticvs VICAMS  5.65  (0.77-10.53) 0.90
extension (°) VICAMS  6.05 (4.92-7.12) 1.01 VICAMS vs control 5.15 (0.27-10.03) 0.82
MVIF control 0.15 (-0.81t01.10) NS  control vs ballistic 10.20 (-35.06-55.45) 0.19
right shoulder ballistic 4.17 (1.14-7.20) 0.08 ballistic vs VICAMS 39.17 (-6.09 to 84.42) NS
flexion (N) VICAMS 44.07 (37.73-50.41) 0.75 VICAMS vs control 49.36  (4.19-94.62) NS
MVIF control 0.69 (-0.62 to 1.99) NS  control vs ballistic 3.78 (-40.77 t0 48.28) NS
left shoulder ballistic 2.30 (-0.75t0 5.36) NS  ballistic vs VICAMS 37.60 (-6.90to 82.10) NS
flexion (N) VICAMS 44.17 (37.41-50.92) 0.71 VICAMS vs control 41.37 (-3.13t085.88) NS
MVIF control 0.88 (-0.36 to 2.13) NS  control vs ballistic 3.19 (-51.61t057.98) NS
right shoulder ballistic 2.84 (-0.47to 6.15) 0.04 Dballistic vs VICAMS 29.31 (-25.48to 84.11) NS
extension (N) VICAMS 37.35 (29.35-45.35) 0.53 VICAMS vs control  32.50 (-22.30to 87.30) NS
MVIF control 0.34 (-0.60 to 1.29) NS  control vs ballistic 3.63 (-55.61-62.86) NS
left shoulder ballistic 0.10 (-2.34 to 2.53) NS  ballistic vs VICAMS 50.15 (-9.09 to 109.38) NS
extension (N) VICAMS 46.67 (37.96-55.38) 0.60 VICAMS vs control 53.78 (-5.46to 113.01) NS
MVIF control 1.32 (0.37-2.28) NS  control vs ballistic 3.38 (-44.29 t0 51.05) NS
right shoulder ballistic 4.51 (2.28-6.74) 0.08 ballistic vs VICAMS  32.50 (-15.17 to 80.17) NS
abduction (N) VICAMS 39.36 (33.30-45.42) 0.65 VICAMS vs control 35.88 (-11.79 to 83.55) NS
MVIF control 0.74 (-0.54 to 2.01) NS  control vs ballistic 5.88 (-42.80to 54.46) NS
left shoulder ballistic 3.33 (1.37-5.30) 0.06 ballistic vs VICAMS 37.84 (-10.84 to 86.52) NS
abduction (N) VICAMS 4294 (36.38-49.50) 0.66 VICAMS vs control  43.73 (-4.95t0 92.41) NS
control 0.00 (-0.01 to 0.01) NS  control vs ballistic 0.54 (-0.38 to 0.49) NS
SSPT (m) ballistic 0.02 (0.01-0.03) 0.04 Dballistic vs VICAMS  0.09 (-0.34 to 0.53) NS
VICAMS 0.11 (0.08-0.14) 0.19 VICAMS vs control 0.15 (-0.29 to 0.58) NS
USSPT control 0.00 (-0.01 to 0.01) NS  control vs ballistic 0.63  (-0.37 to 0.50) NS
right arm (m) ballistic 0.02 (0.01-0.03) 0.06 Dballistic vs VICAMS  0.08 (-0.36 to 0.51) NS
& VICAMS  0.10 (0.07-0.13) 0.17 VICAMS vs control 0.14 (-0.30 to 0.58) NS
USSPT control 0.00 (-0.01 to 0.02) NS  control vs ballistic 0.04 (-0.39 to 0.48) NS
left arm (m) ballistic 0.02 (0.01-0.03) 0.04 Dballistic vs VICAMS  0.10 (-0.33 to 0.54) NS
VICAMS  0.10 (0.07-0.13) 0.17 VICAMS vs control 0.15 (-0.29 to 0.58) NS
AROM - active range of motion, MVIF — maximal voluntary isometric force, SSPT - seated shot-put test,
USSPT - unilateral seated shot-put test, VICAMS - voluntary isometric contraction at maximal shortening
CI - confidence interval, ES - effect size, NS - not significant
39
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(Figure 3), with statistically higher values in the right
(p = 0.014) and left (p = 0.018) shoulders than in the
BS group and in both shoulders compared to the CG
(p < 0.001). For SE AROM, intra-group differences
were observed in both shoulders as values increased
compared to baseline values for the VICAMS group
(p <0.001) and BS group (p = 0.002). In the VICAMS
group, the mean AROM increased from 35° to 41°
(17.57%) in the right and left shoulders. Between-group
differences were observed in the VICAMS group after
the intervention, with significantly higher AROM val-
ues in the right shoulder than in the BS (p = 0.006)
and CG (p = 0.002) groups and higher values in the
left shoulder than in the BS (p = 0.018) and CG (p =
0.035) groups (Figure 3).

MVIF: In terms of SF, intra-group differences were
observed in both shoulders in the VICAMS group, with
highervalues compared to baseline (22.96%, p < 0.001).
The BS group showed an increase in the right shoulder
(2.13%, p = 0.005) but not in the left shoulder (1.19%,
p = 0.66) compared to the baseline values. Between-
group differences showed that the VICAMS group had
significantly higher MVIF values in the right shoulder

after the intervention compared to the CG (p = 0.028)
but not in the BS group (p = 0.111) (Figure 4). In the left
shoulder, these values were not statistically significant
(p > 0.05). For SE MVIF, intra-group differences were
observed in both shoulders in the VICAMS group, with
higher values compared to baseline values (18.04%,
p < 0.001). The BS group showed an increase in the
right shoulder (1.21%, p = 0.044) but not in the left
shoulder (0.04%, p > 0.05). No significant differences
were observed between the groups (p > 0.05) (Figure 4).

In terms of throws, intra-group differences were
observed as values increased compared to baseline in
both the VICAMS and BS groups (p < 0.001). In SSPT,
the average throw distance increased from 1.37 to
1.48 m (7.87%) after VICAMS. After BS, the distance
increased from 1.37 to 1.39 m (1.43%). In the one-hand-
ed throws, the mean distance increased from 1.44 to
1.54 m in the right arm (6.96%) and 1.38 to 1.48 m in
the left arm (7.42%) after VICAMS. After BS, the aver-
age distance increased from 1.44 to 1.47 m in the right
arm (1.59%) and 1.36 to 1.38 m (1.55%) in the left arm.
No significant differences were found between the
groups (p > 0.05) (Figure 5).
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Figure 3. Pre and post-differences between groups.
Mean active range of motion (AROM) values (°) for shoulder flexion and extension
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Figure 4. Pre and post-differences between groups.
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Figure 5. Pre and post-differences between groups. Mean values for the seated shot-put test (SSPT) and right and left
shoulder values for the unilateral seated shot-put test (USSPT)

Discussion

The study compared the acute effects of BS and
VICAMS on AROM, MVIF, USSPT, and SSPT vari-
ables. One of the most important findings was that,
compared to BS, VICAMS generated acute improve-
ments in AROM and MVIF of the shoulder and in-
creased throwing distance in the SSPT and USSPT.
Although both showed improvements across all vari-
ables, the VICAMS was superior to BS. These results
demonstrate the efficacy of alternative and effective
strategies for improving strength and athletic perfor-
mance.

AROM improvements were observed after BS, which
is in line with other studies showing an immediate
improvement in flexibility after BS [29-31]. However,
the studies used procedure durations of 15 s [30], 30 s
[31], and 1 min [29], while our study used 20-second
periods. Despite numerous investigations on the acute
effects of BS on flexibility [32], it has not been studied
specifically on the shoulder joint, with the vast majority
focusing on the lower body. In any case, the increase
in the range of motion after BS is justified by the de-
crease in resistance to stretch by increasing muscle
temperature [33]. Another factor that could improve
flexibility following BS is an increase in the subject’s
tolerance to stretch tension [34].

Regarding the AROM improvement VICAMS, the
fact that flexibility is not a specific objective of isomet-
ric training means that there are practically no studies
on this subject. We have to go back to Hartley-O’brien
[35] and Hardy [36], who found significant improve-
ments by performing active stretching of the hip using
an external counter force and holding the position for
6 s at the end of the movement. They also found signifi-
cant improvements of more than 15° in AROM after
three weeks of intervention. We established similar
points in our study, in which the shortening position
was maintained for 5 s by activating the agonist mus-
cles without applying an external counter force and
for much longer. The improvements in AROM after
VICAMS are understood because isometric contrac-
tions of the agonist muscles and the consequent de-
crease in antagonist tension by reciprocal inhibition
[12, 37] is a good way to improve active flexibility [35,
36]. This coincides with the results of the present study
and suggests that VICAMS may be useful in acutely
improving AROM.

Superior improvements were found in maximal
isometric strength after VICAMS. Likewise, improve-
ments were found after the application of BS, in agree-
ment with studies affirming the positive effects of BS
on sports performance [38]. Hough et al. [38] explained
that these improvements were due to increased neuro-
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muscular activity, which they recorded through electro-
myography (EMG). In addition, post-activation poten-
tiation (PAP) and temperature increase after BS favour
strength development [13].

As mentioned above, the literature linking shoulder
BS and maximal strength is nonexistent. The closest
work is that of Beedle et al. [39], who found that dy-
namic (non-ballistic) diagonal shoulder stretching did
not affect one repetition maximum (1RM) bench press
performance. Participants performed three sets of 30 s
on each shoulder, a much lower volume of work than
in our study, which probably justifies their results. On
the other hand, a few studies on isometric shoulder
training focussed on strength improvement for reha-
bilitation, not on performance. Hagberg et al. [8] and
his team used isometric contractions of the shoulder
at 90° of flexion in sets of 5 s and found it to improve
strength, which coincides with the five-second sets used
in our study. Some studies have associated these in-
creases with neural factors [40] and an increase in PAP
[41]. Furthermore, maximal isometric strength im-
provements have been found following isometric train-
ing at short muscle lengths [10]. In addition, Bandy et al.
[9] applied isometric contractions in short knee joint
positions (30°) and achieved strength improvements.
In both cases and in contrast to our study, training
was applied to the lower body after several weeks of
training and did not reach maximal shortening. As
such, if the results of the application of BS are con-
trasted with VICAMS, the higher levels of improve-
ment in MVIF can be justified since isometric contrac-
tions at short muscle lengths produce less fatigue [42],
and shorter muscle lengths produce more neural acti-
vation [6]. Therefore, VICAMS may be an effective acute
method of increasing muscle strength.

There were significant intra-group improvements
in throwing ability after BS and VICAMS, although
not in the post hoc between-group analysis. Several
studies have found improvements in weighted throw
performance after ballistic training [43]. Bellar et al.
[43] and their team found acute improvements fol-
lowing shot-put training with loads above the compe-
tition level and found that PAP was the main cause of
increased performance. Although the present study
used body weight as the ballistic stimuli, the poten-
tiation component was similar. The beneficial mech-
anisms of PAP are widely known in the literature [41].
In addition, increased EMG activity after BS suggests
greater stimulation of the nervous system by increas-
ing heart rate and temperature to optimal levels [33].
Other studies have also found improvements after 12
weeks of ballistic exercises involving the throwing of
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medicine balls [44]. Indeed, Kontou et al. [45] inves-
tigated acute throwing improvement after isometric
shoulder training involving six-second isometric push-
ups. The results indicated that these exercises are po-
tent methods for increasing throwing performance,
which is consistent with the findings of the present study.
Several studies have also shown improvements in SSPT
[26] and USSPT [46] after shoulder strength training,
with the results primarily justified by increased peak
power due to the PAP mechanism [47]. Based on these
results, VICAMS could be considered a good method
for improving acute throwing performance.

The results of this study provide valuable informa-
tion that could provide coaches with new resources to
achieve immediate improvement in shoulder perfor-
mance. There are many sports in which shoulder mus-
cle activation is crucial for optimal performance, such
as swimming, baseball, basketball, and volleyball, and
the knowledge gained here could be applied easily,
quickly, and economically, both in pre-competition
warm-ups and training. Furthermore, these results can
contribute to advances in rehabilitation by providing
an alternative to commonly used techniques [48]. In-
deed, shoulder dysfunction is one of the leading causes
of musculoskeletal pain and affects approximately 20—
30% of the general population [49]. Improving flexi-
bility and strength could help to improve these con-
ditions.

This research pioneered the study of the acute ef-
fects of shoulder training on maximally shortened
muscle positions. Previous work by our group found
similar results for the lower limbs [50]. Moreover, other
authors studied the acute effects in positions close to
maximal shortening and showed improvements in lower
limb strength [9, 10].

Performance and measurement variables were con-
trolled thoroughly, though the study was not without its
limitations. First, the results cannot be extrapolated to
athletes because of the participant’s profiles, though
they were more interesting because they reflected a large
proportion of the population. Future studies should
focus on the acute effects of VICAMS on athletes, as
this would be interesting for coaches. In addition, fu-
ture studies on the differences between males and fe-
males could be worthwhile due to the physiological
characteristics of force production. Furthermore, fu-
ture research should study the chronic effects of
VICAMS, which will provide insights into the duration
of the response and its long-term implications. Another
limitation is the need for external resistance, and it
remains to be determined how another type of resis-
tor may influence whether the participant performs
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the VICAMS independently. Nonetheless, coaches could
assist the athlete and assess the quality, speed, and
quantity of the force applied. Finally, a future line of
research on the application of VICAMS in rehabilita-
tion could explore improvements in muscle and joint
function.

Conclusions

Applying VICAMS to the shoulder can acutely im-
prove active flexibility, maximal strength, and throw-
ing ability in physically active subjects. In this homo-
geneous group, all variables obtained the best results
compared to traditional training methods such as BS.
Coaches should consider using VICAMS as part of
a warm-up protocol or an immediate performance-en-
hancement strategy. A short period of time is required
to perform nine contractions of 5 s for each of the
shoulder movements. As such, it represents a fast, ef-
fective, and low-cost practical application, which could
benefit many sporting practices, as most sports require
active flexibility and upper-body strength. Therefore,
our findings indicate that a new way of working in
physical preparation could be developed.
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