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Abstract: In male elite gymnastics, lately, eccentric training is often used to improve the maximum
specific strength of static elements on rings. Therefore, in this study, we aimed to investigate the
effects of a three-week, gymnastic-specific, eccentric-isokinetic (0.1 m/s) cluster training with a
change of stimulus after three of six training sessions (eccentric-isokinetic with additional load) on
a computer-controlled training device on the improvement of the elements swallow and support
scale on rings. Maximum strength and strength endurance in maintaining the static positions
of ten international elite male gymnasts were determined on a weekly basis. After three weeks
of training, specific maximum strength and strength endurance increased significantly (strength:
swallow: +8.72%, p < 0.001; support scale: 8.32%, p < 0.0001; strength endurance: swallow: +122.36%;
p = 0.02; Support Scale: +93.30%; p = 0.03). Consequently, top gymnasts can considerably improve
ring-specific strength and strength endurance in only three weeks. The separate analysis of the effects
of both eccentric-isokinetic training modalities showed that efficiency might even be increased in
future training interventions. We suggest using this type of training in phases in which the technical
training load is low and monitoring the adaptations in order to compile an individually optimized
training after an intervention.

Keywords: artistic gymnastics; strength training; eccentric; rings

1. Introduction

On rings in men’s artistic gymnastics, a maximum of eight static, eccentric and/or
concentric strength elements may be performed within a competition routine. According to
its difficulty, each element is assigned an element value from A to H as well as correspond-
ing difficulty values (A: 0.1 points to H: 0.8 points) in the code of points [1]. In addition,
all elements are assigned to one of the four element groups (EG I: kip and swing elements;
EG II: strength elements and hold elements; EG III: swing to strength hold elements EG IV:
dismounts) depending on the movement structure. Strength elements are included in two
element groups; therefore, these elements are among the most important to be successful on
rings. For a technically clean execution of these elements, a high level of specific maximum
strength and strength endurance in the upper extremities is required. In order to over-
come gravity and to maintain the static (quasi-isometric) positions of strength elements,
muscle work is performed that may be similar to eccentric contractions [2]. In order to
achieve a maximal execution score, elements must be held for at least two seconds without
angular deviations from the correct position or other executional errors. Angular deviations
and other execution errors are classified as small (>0° to <15°), medium (15° to <30°) or
large (30° to <45°) and lead to a point deduction by the judges (small: 0.1 points; medium:
0.3 points; large: 0.5 points) [1]. Traditionally, specific concentric exercises with dumbbells
or barbells or static strength exercises on rings with additional weight or a counterweight
device have been used [3,4] to improve the specific strength and the quality of execution of
static elements on rings such as swallow (EG II; difficulty value: D; 0.4 points) and support
scale (EG II; difficulty value: C; 0.3 points) (Figure 1).
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Figure 1. Swallow and support scale. The static elements, swallow (left) and support scale (right),
on rings (FIG, 2022, p. 87) [1].

Recently, eccentric training has become more and more important in athletic training
and rehabilitation [5,6], especially where eccentric movements are an integral part of sports
activities [7]. As this is the case on rings, where gravity must be overcome while holding
static elements, gymnastics coaches have begun using eccentric-isoinertial (constant load)
exercises on rings more often to develop the specific strength of the static elements. During
eccentric-isoinertial exercises, a supramaximal weight leads to a lengthening contraction of
the muscles. In some cases, eccentric-isoinertial training can lead to greater muscle strength
gains and muscle hypertrophy as well as greater improvements in muscle coordination
compared to concentric strength training [8]. However, the effectiveness for elite athletes is
not entirely clear. Compared to concentric contractions, fewer motor units are recruited
during the lengthening actions of eccentric-isoinertial exercises, which leads to a higher
mechanical stress per motor unit [9]. For this reason, it has been supposed that it is more
difficult to control an eccentric movement [5]. On rings, coordinational challenges and
the innate instability of the apparatus may provoke excessive torques on the shoulder
joint, which may lead to overuse injuries to tendons and muscles. In contrast to eccentric-
isoinertial training, eccentric-isokinetic exercises involve maximum voluntary force applied
at a constant velocity given by an isokinetic dynamometer with a given range of motion.
Both eccentric-isoinertial and eccentric-isokinetic strength training may be used to improve
muscle strength in training and rehabilitation [5,10,11]. However, lower level of muscle
activation and the unspecific exercises on a dynamometer seem to reduce the effectiveness
of eccentric-isokinetic exercises [12]. In order to increase effectiveness of eccentric-isokinetic
exercises, a sport-specific range of motion and movement velocity should be applied [13].
Lately, new computer-controlled devices were developed that facilitate to create sport-
specific training exercises.

In a previous study, a gymnastics-specific eccentric-isokinetic training exercise in a
supine position on a computer-controlled device was developed as a substitute for the
coordinationally difficult, specific eccentric-isoinertial exercises on rings with the aims of
improving strength while minimizing the risk of injury during training [2]. The intervention
consisted of eight training (T) of two to three series with three to four clusters of four
repetitions each (T1 and T2: 2 x 4 x 4; T3 and T4: 3 x 3 x 4, T5 and T6: 2 x 3 x 4; T7
and T8: 3 x 4 x 4). While the protocol in that study was successful in both senses, the
analysis of training data (recorded by the computer-controlled device) showed that eccentric
maximum strength increased in particular from training 2 to training 4 by 9%. Before and
after that, the level of eccentric maximum strength stagnated (+2%). In terms of optimizing
the training stimulus(what would be in the interest of the coaches and athletes, who are
constantly looking for new and even more effective training methods) we concluded that
in order to prevent stagnation, future interventions could possibly be shortened and that a
more efficient training stimulus could be achieved by changing the configuration after a
few training sessions. In this context, a combination of both contraction forms (eccentric-
isokinetic training with additional load) could be an interesting new stimulus to boost
strength gains when applied in a sport-specific training exercise. However, to the best
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of our knowledge, eccentric-isokinetic and eccentric-isoinertial training has only been
used separately in training interventions. The aim of this combined form of training was
that muscles remain under tension throughout the entire cluster sets, thus achieving a
higher level of exhaustion and thus providing a new (even greater) eccentric and more
complex stimulus to the muscles. For this reason, we hypothesized that the stagnation
observed in the previous study would not occur. Moreover, the number of series and sets
in training 2 to 4 seemed to be optimal to provoke the desired adaptation. Therefore, only
these training configurations should be used in this investigation.

Consequently, the aim of this study was to investigate the effects of a three-week
specific eccentric-isokinetic and eccentric-isokinetic training with an additional load on
maximum strength and strength endurance of the elements swallow and support scale on
rings in elite gymnasts.

2. Materials and Methods
2.1. Subjects

Ten international and national elite male gymnasts (age: 22.14 &+ 2.99 years, height:
167.35 £ 4.07 cm, weight: 63.71 £ 4.04 kg) volunteered to participate in this study. All
athletes trained professionally at the national training center and followed during the
intervention a similar training program (25 h per week) composed by the head coach of
the national team. Gymnasts were informed of benefits and risks prior to participating
in the study, which was conducted in accordance with the Declaration of Helsinki, and
approved by the Ethics Committee of Bern (Project ID: 2018-00742, 7 June 2018). Informed
consent was obtained from all athletes involved in the study. Written informed consent
was obtained from the athletes to publish this paper.

2.2. Procedure

All gymnasts performed a three-week eccentric training intervention (six sessions
(T1-T6), two sessions per week) using the computer-controlled training device 1080 Quan-
tum Syncro (1080 Motion, Liding6, Sweden). The first three sessions (T1-T3) employed the
same eccentric-isokinetic protocol previously used by Schérer, Tacchelli, Gopfert, Gross,
Luthy, Taube and Hiibner [2]. The second three sessions (T4-T6) adapted the eccentric-
isokinetic protocol by applying additional (isoinertial) loads in the form of dumbbells. The
dumbbells were used with the intention that the athletes had to keep a continuous muscle
tension even between repetitions. The decisions to shorten the overall duration of the
intervention and to change the training stimulus after three sessions were based on the
results of the previous study, where a plateau in strength gains was observed after only
four of eight training sessions. In order to investigate the effects of the eccentric training
forms both with and without additional isoinertial loads, gymnasts performed maximum
strength and strength endurance tests on a weekly basis (Test 1 (pre-test), Test 2 and 3, Test 4
(post-test)) of the elements swallow and support scale on rings. During the intervention,
athletes and coaches were asked not to perform any other ring-specific strength training to
avoid biasing the study results.

2.3. Maximum Strength and Strength Endurance Tests on Rings

At each test time point, gymnasts performed a 5 s maximum resistance test of the static
strength elements swallow and support scale on rings. The resistance was individually
chosen so that gymnasts were able to maintain the elements no longer than 5 s. For this,
either a weight belt (additional weight) or a pulley system with a counterweight were
used (Figure 2). Athletes were instructed to hold the elements in the best possible position.
Attempts were only valid if the required position (joint angle deviation from ideal position
<45° according to the Code of Points [1]) could be maintained for the entire 5 s. In order
to determine strength endurance of the elements swallow and support scale on rings at
test 2, test 3 and post-test, the gymnasts also performed the elements as long as possible,
using the maximum resistance determined at pre-test. Between each attempt, gymnasts
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had at least five minutes of rest in order to recover fully. The attempts were captured with
an iPad (iPad Pro 9.7, Apple Corporation, Cupertino, CA, USA). Holding time and holding
positions (body angles: swallow—shoulder and body angle; support scale—body and hip
angle) were analyzed with the video analysis software Dartfish (Dartfish SA, Fribourg,
Switzerland) at the first and the last frame of holding time. Holding time of strength
elements started when reaching a stable holding position (with at least two consecutive
video frames in the same holding position) and ended when the position was no longer
recognized or when the athlete aborted the holding position [2].
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Figure 2. The elements, swallow (top) and support scale (bottom), were performed with maximum
resistance (bodyweight + additional/ — counterweight) for five seconds. The image shows the use of
the pulley system with counterweight (left) and additional weight ((right), weight belt).

2.4. Eccentric Training

For the eccentric-isokinetic training sessions (T1-T3), gymnasts lay in a supine position
with arms in the support scale position (45°) holding a pair of rings. From the start of the
eccentric movement (cables were reeled in synchronously with 0.1 m/s), the athlete applied
a maximum resistance for approximately 5 s until the arms were in a position of —15°
below the horizontal. Thus, the duration of one repetition was comparable to an average
holding time of the strength elements during traditional ring training (Figure 3).
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Figure 3. Eccentric isokinetic training with 1080 Quantum. (Left): Starting position with arms in the
support scale position (45°). (Right): End position with arms —15° below the horizontal.

For the eccentric-isokinetic training sessions with additional load (T4-T6), the Quan-
tum device operated in the same manner as in T1-T3. The difference was that dumbbells
were used in place of rings.

The goal of the additional weight was to induce a slightly different stimulus after three
sessions in order to prevent stagnation of progress. In preliminary tests, an additional load
that would provoke greater fatigue but yet still allows gymnasts to complete all sets was
determined to be 30% of the minimum applied eccentric force of the eccentric-isokinetic
sessions. Therefore, the additional load used in T4-T6 was calculated on an individual
basis using the mean of the lowest applied eccentric force from T1 to T3. This resulted
in the use of dumbbells between two and six kilograms (1 kg increments) for each hand
(mean: 4.38 & 1.30 kg) (Figure 4).

Figure 4. Combined eccentric isokinetic and isoinertial training with the 1080 Quantum Syncro.
(Left): Starting position with arms in the support scale position. (Right): End position with arms
—15° below the swallow position.

In order to maintain a high quality (maximum applied force) for each repetition [14],
a cluster training method was applied (Table 1). In the first session of each block (T1 and
T4), only two cluster sets of 4 X 4 repetitions were performed. In all other sessions, three
cluster sets of 3 x 4 were performed. The sets within a cluster were separated by brief rest
periods of 20 s. Between the complete cluster sets, in order to recover completely, gymnasts
had five minutes of rest.
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Table 1. Eccentric-isokinetic training protocol. Sets, clusters, repetitions (reps), rest duration and time
under tension (mean duration per rep ~5 s) for the three-week eccentric-isokinetic training (with
additional load) on the computer-controlled training device 1080 Quantum Syncro for the elements
swallow and support scale.

Sets/Clusters/Reps Time under
Week Training (Rest: 5 min/20 Tension per Exercise Modality
s/None) Training
1 1 2/4/4 ~2min40s Ecc-isokin.
2 3/3/4 ~3 min Ecc-isokin.
5 3 3/3/4 ~3 min Ecc-isokin.
4 2/4/4 ~2min40s Ecc-isokin + additional load
3 5 3/3/4 ~3 min Ecc-isokin + additional load
6 3/3/4 ~3 min Ecc-isokin + additional load

2.5. Statistical Analyses

Descriptive statistics were run on all variables. Normal distribution of the data was
confirmed with Shapiro-Wilk test (except for body angles of the static holding position
of both elements). In order to calculate overall effects, a one-way analysis of variance
(ANOVA) with repeated measures was used. The t-tests (post hoc) and effect sizes (Cohen'’s
d) were calculated to determine differences between the four tests. Effect sizes (d) were
classified according to Hopkins, et al. [15] (small: 0.2-0.59, moderate: 0.6-1.19, large: >1.2).
Overall changes in body angles of the static positions were analyzed using the Friedman-
Test. The significance level was set to p < 0.05. p-values were adjusted using the Holm—
Bonferroni correction (Holm, 1979). All statistics were performed with SPSS 22 software
(SPSS, Inc., Chicago, IL, USA).

3. Results

All participating gymnasts completed the six training sessions. One athlete did not
perform post-tests due to illness, and one athlete did not perform the strength endurance
tests of Support Scale at test 2 due to shoulder pain unrelated to the studied training
intervention. Complete data are presented in Tables S1 and S2.

3.1. Maximum Strength

Across the entire three-week intervention, improvements of maximum strength of
8.72% for the element Swallow (p < 0.001, 1? = 0.65) and 8.32% for support scale (p < 0.0001,
n? = 0.708) were observed.

For the element Swallow, maximum strength was improved by 5.49% between test 2 and 3
(d = 1.04), while a positive tendency for improvement was found between test 3 and post-
test (+2.79%; d = 0.81; p = 0.08).

Maximum strength performing the element support scale increased by 3.61% between
pre-test and test 2 (d = 1.08), by 2.00% between test 2 and 3 (d = 0.88) and by 1.70% between
test 3 and post-test (d = 0.98). The average holding time of all maximum strength tests
was 4.88 £ 0.29 s for the element swallow and 4.70 & 0.26 s for support scale (Figure 5).
Mean body angles were similar across all maximum strength tests (p > 0.05) with slight
changes from the start to the end of the holding time (swallow: start (end): shoulder angle:
18.44° £ 1.20° (12.25° £ 1.46°), body angle: 6.62° & 0.8° (6.73° £ 0.84°); support scale: hip
angle: 17.45° &+ 2.47° (6.53° £ 1.75°), body angle: 4.85° £ 0.98° (4.78° £ 0.59°)). Overall,
the angles corresponded to a maximum deduction of 0.3 points according to the code of
points [1].
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Figure 5. Maximum strength. Mean values and standard deviations for maximal strength (body
mass—counterweight or body mass + additional weight) for the swallow and support scale elements
when held for 5 s on rings (n = 9). Pre-test: before training; Test 2 and 3: after one and two weeks
of training, respectively; Post-test: after three weeks of eccentric-isokinetic (ecc-isokin) training.
*: significant change: p < 0.05; **: significant change: p < 0.01; ***: significant change: p < 0.001.

3.2. Strength Endurance

Across the entire intervention, significant improvements in strength endurance for the
elements, swallow (p = 0.02, n? =0.46) and support scale (p = 0.03, n? = 0.34), were observed.

Post-hoc-tests showed a significant improvement of strength endurance for the element
swallow between pre-test and test 3 (+80.45%, d = 1.11), and moderate effect sizes between
pre- and post-test (+122.36%, d = 0.95; p = 0.09) and between test 2 and 3 (+57.62%, d = 0.88,
p = 0.09) but small effect sizes between pre-test and test 2 (+14.49%, d = 0.34, p = 0.34) as well
as between test 3 and post-test (+23.23%; d = 0.55, p = 0.27). Regarding the improvement of
strength endurance of the element support scale, a positive tendency for improvement was
found between pre- and post-test (+93.30%, d = 1.08, p = 0.06) as well as between pre-test
and test 3 (+70.05%, d = 0.89, p = 0.08). Between all other tests, moderate effect sizes were
observed (<+38.87%, d < 0.73, p > 0.177) (Figure 6). The holding positions of both elements
were similar across all tests (p < 0.05) but changed slightly from the start to the end of the
holding time (swallow: start (end): shoulder angle: 18.39° £ 1.20° (10.90° % 1.95°), body
angle: 6.07° £ 2.15° (6.77° £ 1.78°); support scale: hip angle: 8.03° £ 5.66° (6.77° £ 1.76°),
body angle: 15.55° £ 8.43° (5.42° £ 1.68°)). Body angles deviated only slightly from the
prescribed perfect position, which corresponded to a maximum deduction of 0.3 points in
the code of points [1].
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Figure 6. Strength endurance. Mean values and standard deviations for the maximum holding
time, with the maximum resistance attained in pre-test (reference) for the swallow and support scale
elements on rings (1 = 9). Pre-test: before training; Test 2 and 3: after one and two weeks of training,
respectively; Post-test: after three weeks of eccentric-isokinetic (ecc-isokin) training. *: significant
change: p < 0.05.

4. Discussion

This study investigated a novel three-week ring-specific eccentric training cycle similar
to a previously published protocol but shorter and with the introduction of additional isoin-
ertial loads halfway through the intervention. Following training, athletes demonstrated
significant gains of strength and strength endurance for both static elements on rings.

4.1. Maximum Strength

Over the entire three-week intervention, the maximum strength of the elements swal-
low and support scale improved similarly by upwards of 8%. This improvement was twice
as large as in the previous study [2] and occurred after only six instead of eight training
sessions. However, improvements for the two elements appeared to occur in somewhat
distinct time courses. For the element support scale, strength gain over the three-week
intervention was nearly linear, although the greatest weekly increase (> 3%) occurred after
the first two eccentric-isokinetic training sessions and weekly improvements decreased
slightly thereafter. In contrast, for the element swallow, the largest increases in maximum
strength were observed between test 2 and 3 (> 5%) and between test 3 and post-test (> 2%).
Therefore, the change in stimulus after the third session appears to have prevented a plateau
in support scale strength gains, while the introduction of additional isoinertial loads may
have generally been better suited for improving swallow strength. With regard to swallow
strength, the question arises as to whether it was the use of additional isoinertial loads or
rather the change in stimulus alone that led to greater strength gains in the second and
third week of training. A short one- or two-week intervention using only the configuration
with additional isoinertial loads could shed some light on this question. If effective, this
sort of short training block could be employed with little risk of overtraining and overuse
injuries, possibly even shortly before or during the competition season in order to achieve
rapid improvements in swallow maximum strength.

In any case, the differing effects of these two different training configurations on the
maximum strength of the elements swallow and support scale gives the opportunity to
reflect upon the specific adaptation patterns of each.
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Adaptations to eccentric exercises are not completely understood, but maximum
strength gains from eccentric training appear to occur due to neural, muscle architectural
and/or morphological adaptations [16]. Further, it was observed that fast-twitch fibers are
selectively activated during lengthening contractions and that Ila- [17,18] and IIx-muscle
fibers [18] adapt especially strongly to eccentric training. For this reason, a shift towards
a fast phenotype may occur after training [5]. By considering the very short intervention
time in this study, it can be assumed that rather functional and/or neuronal adaptations led
to the increase in maximum strength. Nevertheless, the eccentric nature of the investigated
training protocols, and perhaps, in particular, the configuration with additional isoinertial
loads, results in large times under tension and presumably total exhaustion of fast-twitch
fibers within each. This may, in general, explain the large strength gains in only three weeks
of intervention.

In addition to these factors, the specificity of the movement employed most likely
played an important role in eliciting the observed strength adaptations. In the starting
position (similar shoulder angle to support scale position), the gymnasts tried to build up a
maximal force in a short time and then to maintain maximal resistance through the five-
second eccentric movement. During the lowering of the arms, the mechanical strain caused
by the eccentric movement increases. Therefore, in the start position (similar shoulder
angle to support scale position), muscles are less stretched than in the end position (similar
shoulder angle as the swallow position), where the muscle stretch at its maximum and
a large mechanical stimulus is acting on the muscular and tendon apparatus. Further,
compared to the start position (30° shoulder angle), near the (horizontal) end position,
a higher force is applied due to the larger lever arm. This stretch-induced strain may
be further intensified by the use of the additional weight. This could explain the larger
effects of the training exercise performed with additional weight on the maximum strength
performing the element swallow. Contrary to this, in the start position (support scale), the
stimulus is more likely to be an explosive movement, with a high rate of force development.
With the addition of dumbbells, tension was elevated before the ropes began to pull through
the range of motion, which probably diminished the initial rate of force development.
Therefore, it might be supposed that specifically in the support scale position, the stimulus
was not very different when performing the exercise without or with additional weight.
This could explain the slowly decreasing weekly progress of specific maximum strength
during the intervention.

4.2. Strength Endurance

Overall, strength endurance for both elements, swallow and support scale, increased
significantly with large effect sizes from pre- to post-test. Compared to the pre-test, the
elements were maintained in the mean between 93% and 133% longer at post-test (with the
maximum resistance defined in pre-test).

Regarding the weekly improvements, a similar effect could be observed as for the
development of the maximum strength. Strength endurance of the element support scale
improved rather continuously, while for the element swallow, a largely greater improve-
ment could be observed when the stimulus was changed with the addition of dumbbells.
Therefore, the gains of strength endurance in this study seem to be closely related to the
observed maximum strength gains of these two elements on rings. This is contrary to
the first study with the same eccentric training device [2], in which the improvements
of strength and strength endurance were not so closely related, especially for support
scale. Other authors confirm that strength endurance in the upper body is closely related
to maximum strength level [19], and therefore, maximum strength is the indispensable
prerequisite for strength endurance. However, in the literature, strength endurance and
strength levels are usually measured with concentric exercises with rather small coordi-
native requirements. Further, strength endurance is generally defined as the maximum
amount of repetitions with a submaximal weight performed to exhaustion [20]. In this
study, strength endurance was specified as the maximum time a quasi-static position on
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rings could be maintained with a near-maximal resistance. In order to maintain the static
positions, a high level of maximal strength, as well as technical and balance skills, are
required. A previous study [21] showed that the elements swallow and support scale
require different levels of balance skills. For the element support scale, the body’s center of
gravity must be maintained above the rings and therefore require more balance skills than
to hold the element swallow, where the body’s center of gravity must be maintained at ring
level. This requires more maximum strength but involves lower coordination demands.

However, in order to determine strength endurance, the muscle must reach complete
exhaustion, which may impair muscular control and balance, maintaining the static position.
Muscular fatigue is generally characterized by a loss of muscle force due to exhaustive
repetitive movements that result in intramuscular accumulation of metabolites that cause
spinal and motor brain structures inhibitions [22]. However, regarding difficult coordinative
motor tasks, it was observed that the brain is able to modify the motor control during
muscular fatigue, which resulted in a larger variability of muscle activation patterns and
probably increases time to exhaustion [23].

Thus, the effects of the two different eccentric training modalities in this study may be
summarized as follows. During the “pure” eccentric-isokinetic training form, gymnasts
maintain complete control of the intensity by applying more or less force, whereas, during
the eccentric-isokinetic training form with the additional weight, there is a minimal force
that is required at all times. With the additional weight, greater fatigue can be developed
during each set because gymnasts are required to maintain a baseline muscle tension even
in a fatigued state. This may have forced the brain to alter motor control and to use different
muscle activity patterns in order to prevent the dumbbell from dropping. If so, it seems
that gymnasts were able to transfer this ability to alter muscle activation patterns to the
technically more difficult element support scale. This could be the main factor that led to
the greater increases in strength endurance for both elements compared to the previous
study in which only “pure” eccentric-isokinetic training was applied.

The study showed that significant increases in ring-specific maximum strength are
possible within a very short time period. It is generally known that muscles adapt much
faster to a stimulus than passive structures (tendons, ligaments). Therefore, in the case
of a rapid and large increase in strength, an excessive number of supramaximal (also
eccentric) loads on the specific muscle groups should be avoided for a few weeks after
the intervention in order to allow passive structures to adapt to the new strength level. In
order to detect large strength gains, such training interventions must be monitored closely.
Finally, this type of training is very strenuous and can therefore limit the quality of sports
training. Therefore, eccentric training should be performed in a training phase with a
moderate load in technical training.

In individual elite sports, it is difficult to recruit a sufficient number of top-level athletes
for scientific studies, and all top-athletes want to benefit from new and promising training
methods to preserve their chance of success at an international competition. Therefore,
control groups in intervention studies are rare, and it is difficult to verify the effectiveness of
a training method in a scientifically correct way. Hence, studies with elite athletes (especially
in individual sports) are often limited. However, several athletes who participated in our
study won medals at major international events. Consequently, the results in this study can
be considered representative, in particular for highly trained top-level athletes.

5. Conclusions

In conclusion, this study showed that a three-week specific eccentric-isokinetic training
with a change in stimulus after only three training sessions is highly effective for improving
the maximum strength and strength endurance of static elements on rings in elite gymnasts.
However, the different stimuli used in this study evoked different adaptations for the
maximum strength and strength endurance of the elements swallow and support scale.
Based on these findings, it is likely that even more efficient interventions could be developed
to help gymnasts and coaches optimize ring-specific strength training. Therefore, this study
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may contribute to the prevention of overload due to inefficient strength training and to
a faster improvement of performance if the eccentric training is monitored and applied
with caution.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/sports10040049/s1, Table S1. Individual results (resistance:
body weight + additional weight/— counterweight; holding time) at the maximum strength tests of
the elements swallow and support scale on rings before (pretest), during (Test 2 and 3) and after
(posttest) the three-week eccentric training intervention; Table S2. Individual results (resistance:
body weight + additional weight/ — counterweight; holding time) at the strength endurance tests
of the elements swallow and support scale on rings before (pretest), during (Test 2 and 3) and after
(posttest) the three-week eccentric training intervention.
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