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Abstract: The Planche is a challenging, the most required, and a highly valued gymnastic skill. Yet,
it is understudied biomechanically. This article aims to explore the anthropometric variations that
could affect the quality of balancing control in the Planche and to identify the body types that have an
advantage in learning and training. To achieve this goal, a 9-segment rigid-body model is designed
to simulate the skill performance by using 80 different body types. The results demonstrate that body
type is a critical factor in determining an individual’s innate ability to perform the Planche. The innate
ability is affected by body mass, height, gender, and race. The findings reveal that a personalized
training plan based on an individual’s body type is necessary for optimal learning and training. A one-
size-fits-all approach may not be effective since each individual’s body type varies. Additionally, this
study emphasizes the importance of considering segmental and/or limb characteristics in designing
effective training plans. This study concludes that, for a given height, individuals with relatively
longer legs and a shorter trunk (the characteristics of Europeans in comparison to Asians) could be
better suited to perform the Planche. This suggests that European body types are naturally more
advanced than Asian body types when it comes to performing the Planche. The practical implications
of the current study are that practitioners can use biomechanical modeling and simulation techniques
to identify body types that are most suited for the Planche and design training programs that are
tailored to individual body types for optimizing their learning and training.

Keywords: variations of body type; personalized motor control; gender; race

1. Introduction

The Planche is one of the most iconic and challenging movements in gymnastics. It
involves supporting the body in a horizontal position with the arms extended in front of
the body and the feet off the ground. This requires power, stability, and control, making
it a critical skill for gymnasts to master. According to the Fédération Internationale de
Gymnastique (FIG), the Planche is included in the “Static Strength Elements” category
and is often performed in men’s floor exercise, rings, parallel bars, and pommel horse
competitions, as well as in women’s balance beam and floor exercise competitions [1].
Therefore, it is one of the most required skills in gymnastics.

From a motor control perspective, the Planche requires exceptional upper body
strength, particularly in the shoulders, arms, and core muscles [2]. This strength is es-
sential for other gymnastic skills, such as the handstand and iron cross on rings. Mastering
the Planche also helps to develop the athlete’s overall body control and balance. Moreover,
the Planche is a skill that is highly valued in gymnastic competitions [1]. It requires a high
degree of technical proficiency and artistry, making it a skill that is both challenging and
aesthetically impressive. Hence, the Planche is an essential skill for gymnasts to master.
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Practically, it is known that the Planche is a high-level skill that requires years of
dedicated training to master [2]. From the principles of biomechanics [3], the Planche
requires static strength and accurate control in the shoulders and wrists. Proper technique,
body alignment, and balance are essential to performing the Planche safely and effectively.
As such, the knowledge obtained from biomechanics studies should be incorporated into
Planche learning and training to provide targeted exercises and practice to help athletes
increase learning/training efficiency in order to achieve mastery of this skill effectively [4,5].
Yet, a search using the keywords “Planche + biomechanics” in Web of Science in March
2023 returned zero records. Obviously, the Planche is understudied biomechanically.
As such, biomechanical fundamental studies are needed to identify the key parameters
that contribute to a successful performance. Understanding these factors could improve
the efficiency and effectiveness of skill learning and training. Therefore, the relevance
of studying Planche biomechanics lies in the potential to improve training methods in
gymnasts [4,5].

One fundamental type of study in biomechanics is modeling and simulation, which
enables researchers to investigate aspects that are typically difficult to measure or invisible
to the naked eye. In the past few decades, Yeadon and his team have conducted numerous
studies that have demonstrated the value of biomechanical modeling and simulation in en-
hancing gymnastic performance [6-10]. Yeadon’s investigations have yielded novel insights
into gymnastic motor skills, advanced training methodologies, performance optimization,
and the discernment of the degree of control involved in complex gymnastic movements.
His research efforts have substantially aided researchers and coaches in expanding their
understanding of this acrobatic discipline. These insights have not only facilitated im-
proved training techniques for gymnasts but have also provided essential knowledge on
how to acquire some complex gymnastic skills efficiently. In short, by comprehending the
underlying mechanisms of motor skills through biomechanical modeling and simulation,
researchers and coaches can design more effective training programs tailored to individ-
ual requirements while optimizing performance outcomes. Therefore, the biomechanical
modeling and simulation technology was applied in the current study.

As stated above, the Planche is dominated by static balancing [1,2]. The kinetic mecha-
nism of the static balancing has been extensively elaborated in biomechanical textbooks [3,4].
It can be quantitatively determined through the application of a 2D biomechanical model
with rigid segments. Nevertheless, an essential aspect that remains overlooked is the
anthropometrical influence on the learning and training of the static balancing. The rela-
tionship between gymnastic performance and anthropometry (i.e., the body type that is
often characterized by using body mass and body height, such as heavy/tall or light/short)
has been studied extensively. Previous research consistently indicates that body mass and
height have significant implications for biomechanical optimization in gymnastic perfor-
mance [11-13]. Further, other anthropometrical characteristics of an athlete’s body, such as
the segmental and/or limb lengths, can also significantly affect their motor skills [14-16].
Consequently, body types and segmental characteristics will affect the execution of ad-
vanced gymnastic skills, such as the Planche. Without fundamental knowledge, the effi-
ciency and effectiveness of training the Planche will be negatively influenced. Clearly, there
is a gap in the current knowledge for learning the Planche in coaching practices.

This article aims to explore the anthropometrical variations that could affect the quality
of control and balancing in the Planche, with a specific focus on identifying the body types
that have an advantage in the learning /training by using a specially designed nine-segment
rigid-body model and its simulations. The goals are to provide a comprehensive overview
of the anthropometrical factors underlying the successful performance of the Planche and
to highlight areas for future research. Ultimately, this study aims to provide practical knowl-
edge for practitioners to develop more effective training methods for learners performing
this demanding skill.
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2. Materials and Methods

The present study investigates the anthropometric influences on learning the Planche
through biomechanical modeling and simulations. Previous research has established the
utility of a 15-segment full-body biomechanical model for analyzing athletes” movements
to determine optimal techniques for various sports skills [17-21]. However, due to the
Planche’s unique symmetrical characteristic in the medial-lateral direction, a 2D 9-segment
model is developed (Figure 1). By merging the limb segments, the simplified 9-segment
model includes the head, upper trunk, lower trunk, thighs, shanks, feet, upper arms, lower
arms, and hands. The accurate control of the shoulders and wrists has been identified as
the key control parameter influencing the skill quality [2], which can be quantified by the
segment angles B and « in the 9-segment model, respectively. The validity of the static
model used in this study is mechanically well proven [3,4].
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Figure 1. The 2D 9-segment biomechanical body model of the Planche. The blue dot: segmental
center of gravity; x: the horizontal coordinate of shoulders.

Anthropometric factors, including body mass (BM), body height (BH), gender, and
race, are important in determining human body size and shape. BM and BH have been
proven to be the determinants of the absolute segmental masses and lengths [15,22,23],
while gender and race influence the relative segmental masses and lengths [15,23]. In
other words, for the same body mass and height, different genders and/or races possess
different segmental masses and lengths. Regarding Planche performance, Figure 1 suggests
that, mechanically, the lengths of the trunk, legs, and arms should play important roles.
A previous study has clearly indicated the differences in these lengths due to gender
and race (Table 1). Hence, 4 race-gender groups, namely, Asian-male, Asian—female,
European-male, and European—female, are selected for the current study.

Table 1. The influence of gender and race on the relative segmental lengths (% BH) of trunk, legs,
and arms under the condition of the same BM and BH (The data are from Shan’s study published in
Applied Ergonomics [15]).

Segment Gender Asian European
Trunk Male 39.53 37.92
run Female 40.19 38.54
Legs Male 48.15 49.83
& Female 47.29 49.01
Male 40.46 41.43

Arms Female 39.21 4151
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Combinatorially, the four anthropometric factors (BM, BH, gender, and race) funda-
mentally affect human motor learning and are critical in developing personalized training
programs [11-13]. Numerous studies have established regression equations to quantify the
influence of these factors on segmental characteristics, such as the Hanavan model [22],
which quantifies the influence of BM and BH, and the Zatsiorsky model [23], which con-
siders BM, BH, and gender. However, only one study [15], based on Web of Science, has
quantified the influence of BM, BH, gender, and race on segmental characteristics. There-
fore, the regression equations from this study are utilized to build the 9-segment model
and perform the simulations to identify appropriate control characteristics for various
body types.

In athletic training, body type classification is relevant [11,14,23]. The selection of
body types should be based on BM, BH, gender, and race. An accurate classification is
essential, as BM and BH are key factors in determining the absolute segmental masses
and lengths, while gender and race result in differences in the relative segmental masses
and lengths. To determine the influence of body-type variations on learning/training the
Planche, simulations are performed using the Simulink software supplied in MATLAB [24].
The segmental masses, segmental lengths, and segmental center of gravity (COG) are
determined using regression equations established in the previous study [15]. The torques
of each segment are determined by using the following equations:

Ty = [x = (L1 — Dy)cos lmig ey

Ty = (x + Dycos B)iag @)

T3 = [x + (Ly + D3)cos Blmsg 3)

Ty = {x+[Lp + Lz + (Ly — Dy)]cos B} myg 4)

Ts = {x+[Ly + Lz + Ly + (Ls — Ds)]cos B} msg 5)
Te = {x+[Lo+ L3+ Ls+ Ls + (Le — Dg)]cos B} meg (6)
e

where T;: segmental torque, x: the horizontal coordinate of shoulders, m;: segmental mass,
L;: segmental length, D;: the location of segmental COG, and g: gravity.
Mechanically, the equation below

ﬁn:o )

governs the Planche equilibrium and is applied in the simulations of this study. Anatom-
ically, |x| should be smaller than L; + Lg. Therefore, if a simulation provides a solution
where |x| is larger than Ly + Lg, it is considered as having no solution; i.e., the Planche is
impossible for the selected body type. For all possible Planches, « is calculated by using
the formula below:

X
=180 — cos™ ! 10
o cos L+ Ls (10)
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Simulations are conducted on the age group of 12-20 years old. The preliminary
selection ranges for BM and BH are selected based on the 95th percentile established in
Chinese and German norms [25,26] for both race groups; then, the common range of both
racial groups is finally used for the classification of body types. The BM classification is
determined by equally dividing the finally selected range (i.e., the common range of both
racial groups) into five weight classes (rounded up to the nearest integer), while the finally
selected range of BH is equally divided into four height groups (Table 2). Consequently,
there are 20 variations of body type for each race-gender group, i.e., Asian—-male, Asian—
female, European—male, and European—female. In total, the simulation study includes
80 variations to quantify the influence of BM, BH, gender, and race on Planche performance.

Table 2. The selected body types for biomechanical model simulations.

Body Type Male Female
44 39
54 48
Body Weight (kg) 63 56
73 65
83 74
1.57 1.45
. 1.66 1.53
Body Height (m) 1.74 162
1.82 1.70

The model simulations in Simulink are organized with automatic inputs for all an-
thropometrical and kinetic calculations. Specifically, the inputs of Equations (1)—(8) are
the anthropometrical data obtained via the regression equations using BM, BH, race, and
gender [15]. The body horizontal angle f3 is the input of Equation (9) for calculating the
shoulder horizontal position x, whereas x is the input of Equation (10) for obtaining the
arms’ angle «. In short, the simulations provide the control characteristics of the body
horizontal angle B and the arms’ angle «, as shown in Figure 1, for a quantitative analysis
based on the selected body types.

The Fédération Internationale de Gymnastique (FIG) has set strict rules on angle j;
for example, “the body line must not exceed 20° above parallel” [27]. As a result, the
biomechanical simulations in the current study set the range for § to 0-20°. Under this
condition, the wrist angle « can be used to analyze the advantage/disadvantage of different
body types for performing the Planche; i.e., as & decreases, the difficulty rate for maintaining
proper balance will increase.

3. Results

The simulation results for Asian—-male, Asian-female, European—-male, and European-
female are presented in Figures 2-5.

For Asian—male, the body types that could perform the Planche more easily were
1.82 m with 83 kg, 73 kg, and 63 kg, while the body types that could perform the Planche
more difficultly were 1.57 m with 44 kg and 54 kg, as well as 1.66 m with 44 kg. For all
body types, a increased as f increased. Furthermore, for the same BH, « increased as BM
increased; equivalently for the same BM, « increased as BH increased (Figure 2).

For Asian—female, only one body type could not perform the Planche, with a BH of
1.45 m and BW of 74 kg. For the remaining body types, the top three that could perform
the Planche more easily were 1.70 m with 39 kg, 1.62 m with 39 kg, and 1.70 m with 48 kg,
while the bottom three that could perform the Planche more difficultly were 1.53 m with
74 kg, 1.45 m with 65 kg, and 1.62 m with 74 kg. Similar to Asian males, « increased as 3
increased, and, for the same BM, « increased as BH increased. Contrary to Asian males,
for the same BH, « decreased as BM increased (Figure 3), indicating that increasing weight
may make balancing more difficult.
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Figure 2. The simulation results of Asian males.
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—— female: 1.45 m, 48 kg
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female: 1.62 m, 65 kg
—— female: 1.62 m, 74 kg
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0_

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Figure 3. The simulation results of Asian females.

For European—male, the body types that could perform the Planche more easily were
1.57 m with 83 kg, 1.66 m with 83 kg, and 1.74 m with 83 kg, while the body types that
could perform the Planche more difficultly were 1.82 m with 44 kg, 1.74 m with 44 kg, and
1.66 m with 44 kg (Figure 4). For all body types, « increased as f increased. Furthermore,
for the same BH, « increased as BM increased, but for the same BM, a decreased as BH
increased, indicating that increasing body height may make balancing more difficult.

For European-female, the top three body types that could perform the Planche more
easily were 1.45 m with 39 kg, 1.53 m with 39 kg, and 1.62 m with 39 kg, while the bottom
three that could perform the Planche more difficultly were 1.45 m with 74 kg, 1.53 m with
74 kg, and 1.45 m with 65 kg (Figure 5). « increased as f§ increased, and, for the same BM, «
increased as BH increased, but for the same BH, &« decreased as BM increased.
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Figure 5. The simulation results of European females.
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Comparing the average BM and BH of Olympic male (1.66 m, 63 kg) and female
(1.53 m, 48 kg) gymnasts [28], this study found that European gymnasts can perform
the Planche more easily than Asian gymnasts. Moreover, European female gymnasts
can perform the Planche more easily than European male gymnasts, while Asian male
gymnasts can perform the Planche more easily than Asian female gymnasts. The body type
of European female gymnasts was found to be the most suitable for performing the Planche,
followed by that of European male, Asian male, and Asian female gymnasts. These results

are presented in Figure 6.
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32
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Figure 6. The influences of gender and race on Planche performance.

4. Discussion

The present study used biomechanical modeling and simulations to investigate the
effects of body type on the performance of the Planche, one of the most required gymnastic
skills that needs a high degree of upper body strength, balance, and coordination. The
simulation results demonstrated that body type is a critical factor in determining the
natural competence of an individual to perform the Planche, and this innate characteristic
is affected by body mass, body height, gender, and race. A general interpretation of the
simulation findings can be found in Table 3. The findings have practical implications for
gymnastic coaches and trainers, as detailed below.

Table 3. The inherently advantaged and disadvantaged body types in learning the Planche.

Race—Gender Naturally Advantaged Body Naturally Disadvantaged
Type Body Type
Asian-male Tall and heavy/normal weight Short and light
Asian—female Tall and light Short and heavy
European—male Short/normal height and heavy Tall/normal height and light
European—female Short and light Short and heavy

Firstly, the inherently advantaged body types for Asian males were found to be tall
and heavy/normal weight, while tall and light body types were advantageous for Asian
females. For European males, short/normal height and heavy body types were considered
naturally advantaged, whereas for European females, short and light body types were
advantageous. These results clearly indicate that individual body type plays a crucial
role in determining one’s innate ability to perform the Planche. The results reveal that
a one-size-fits-all approach to Planche training may not be effective, and a personalized
training plan based on an individual’s body type may be necessary for optimal learning
and training. As revealed by a recent systematic review article on anthropometry and
competitive performance in gymnastics, the appearance of body shape has a significant
impact on the evaluations of the execution of gymnastic movements in rhythmic, acrobatic,
and aesthetic gymnasts [29]. The present study further highlights that body type is an
innate determinant for executing gymnastic skills. This innate factor plays an important
role in coaching practice, because it is well known that body type is highly individualized.
Overall, our study underscores the importance of personalized training plans that consider
individual body types in optimizing gymnastic learning and training.

Secondly, the challenge of body type variations induced by weight, height, gender, and
race can be easily addressed through the use of biomechanical modeling and simulation
techniques. By utilizing these tools, trainers and coaches can identify the body types that are
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the most suitable for the Planche and design training programs that optimize performance
based on each athlete’s unique body type. This study demonstrates that the method used
in this investigation is able to analyze an individual’s innate factors relevant to the optimal
training regimen for that individual. Such a training plan is tailored to an individual’s
specific physical characteristics. By incorporating these factors into training, individuals
can achieve their goals in a more efficient and effective manner.

Thirdly, for a given height, individuals with longer legs and shorter upper bodies
could be more suited to perform the Planche; i.e., individuals with a higher center of gravity
(COG) may have an advantage in learning the Planche than individuals with a lower COG.
Previous studies have revealed that, under the same BM and BH conditions, European
people have a shorter trunk and longer legs (i.e., a higher COG) than Asians [15]. Regarding
gender, for the same BM and BH, European females have a higher COG than males [15,23],
while the reverse result is found among Asians [15]. These results consistently support
our findings (Figure 6). Specifically, European female gymnasts are the most suitable for
performing the Planche, while Asian female gymnasts have the most difficulty in learning
the Planche. These results highlight the impact of race on the innate ability to perform
the Planche, with European body types being more naturally advantaged than Asian
body types. These results have additionally led to an anthropometrical post-exploration
aiming to determine whether the relative body structure (i.e., the length ratios of segments)
could be used as easy and practical indicators for selecting advantageous body types
in learning the Planche. The present findings imply that three segments, namely, the
trunk, legs, and arms, would be suitable candidates for the post-explorations. This is
because the length ratios of the trunk and legs are related to the relative COG height,
while the relative length of the arms is associated with the wrist angle «, used to analyze
the difficulty rate of maintaining proper balance in the Planche. Hence, the length ratios
of the trunk/leg, trunk/arm, and/or arm/leg were post-investigated. The ratios were
obtained by performing regression equations using data from young German and Chinese
subjects [15]. The means and standard deviations were calculated based on 20 body types
in each of the four race—gender groups. The results of the post-exploration are shown in
Table 4.

Table 4. Post-explorations related to the possibilities for developing user-friendly parameters for
selecting body types in learning the Planche.

Race-Gender TL/AL (%) TL/LL (%) AL/LL (%) TL/AL-TL/LL
Asian—-male 1344 £5.1 82.7+24 615+ 1.0 51.8 £ 3.0
Asian—female 151.4 £ 20.0 919 £12.5 60.7 £ 1.0 595 +77
European—male 1278 £1.5 77.0 09 60.2 + 0.7 509 +1.3
European—female 1324 £ 6.6 83.0+75 62.6 +2.7 494 +1.7

TL: trunk length, AL: arm length, LL: leg length.

The anthropometrical post-exploration revealed that Asian females have relatively
longer trunks and shorter legs (91.9%), while European females have less extreme ratios
(83.0%). In contrast, European males have the shortest trunks relative to their legs (77.0%).
Moreover, the length ratios of the trunk/arm influence the easiness of the Planche position.
Asian females have the longest trunks compared to their arms (151.4%), followed by Asian
males (134.4%), European females (132.4%), and European males (127.8%). The length ratio
of the arm/leg may not play a significant role in Planche performance, but the result shows
that European females have relatively longer arms (62.6%) than other groups (Table 4).

However, none of the length ratios in the post exploration showed an identical result
to the simulation related to race-gender in Figure 6, indicating that no simple ratio pa-
rameter exists for selecting the proper body type for learning the Planche. Nonetheless,
the ratio difference between the trunk/arm and trunk/leg (the fifth column in Table 4)
demonstrates the same ranking order (i.e., European female > European male > Asian
male > Asian female) as shown in Figure 6. This analysis may suggest that the two length
ratios could combinatorially determine the advantage of body type in learning the Planche.
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Consequently, it may indicate that a user-friendly method could be developed for coaching
practice. Of course, more studies are needed to confirm the practicality of this approach for
body type selection and/or evaluation.

This is the first biomechanical study that quantitatively explores the influence of body
type on learning and training the Planche. It is understandable that there are limitations
associated with this study. The obvious one is the lack of consideration of causal factors,
such as the role of muscle strength in learning/training the Planche. As elaborated in
the current paper, the Planche is an advanced gymnastic skill that requires a high degree
of upper body strength. As such, the contribution of the current study is limited to
anthropometry only. Mechanically, it is well known that tall and/or heavy individuals
need more muscle strength to perform the Planche, and, empirically, this is proved by the
average short body height of elite gymnasts [28,30]. Therefore, the purely anthropometric
results obtained from the current study, such as the advantageous body type for Asian
males being tall and heavy/normal weight, may not be realistic. A logical hypothesis is
that the balancing ability of tall and heavy individuals is limited by their muscle strength.
Biomechanical dynamic modeling can be used to verify this hypothesis [31,32]. The second
limitation is related to the application range of the regression equations employed for the
anthropometrical data simulation. The regressions [15] are established based on young
German and Chinese subjects aging from 15 to 26 years old; therefore, the simulation results
may have large deviations for learners under 15 years old or for Southern Europeans or
Middle Eastern Asians. In order to obtain accurate and individualized feedback, a proper
anthropometric databank or database is advised for an individual model simulation. The
third limitation is that this study is restricted to a simulation-based approach and does not
include real-world testing of the Planche. Realistically, some of the selected body types
in the simulations may not be able to perform the skill. Hence, future studies can extend
the current study to include motion capture technology to carry out real-world testing
of the Planche in individuals with different anthropometric characteristics. Additionally,
dynamic modeling can also provide valuable information on the prevention of muscle
injuries during learning and training [31,32]. Therefore, the insights from both innate and
causal factors will provide a holistic picture for practitioners to design their individualized
training. Future studies may try this avenue (i.e., motion capture and biomechanical
modeling) for revealing more insights related to individualized training. In short, as
an initial biomechanical study on Planche learning, the current study provides only a
fundamental view for practitioners.

5. Conclusions

In conclusion, this study contributes to the understanding of the relationship between
body type and Planche performance in gymnastics. An individualized approach to training
should be the most effective for improving the performance of the Planche. By considering
an athlete’s specific anthropometric characteristics and developing training programs that
target their unique needs, coaches and trainers would be able to help gymnasts improve
their Planche performance and reach their full potential. Further research is needed to
investigate the effects of causal factors, as well as the joint effects of innate and causal factors,
on Planche performance to establish a science-based effective learning/training program.
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