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Introduction

High-intensity functional training (HIFT) is defined 
as an exercise modality involving functional, multi-

joint movements, adaptable to any fitness level [4], 
and comprises the basis of world-renowned programs 
such as CrossFit™, among others [3, 12]. Its growing 
popularity is undeniable, with scientific interest in this 
exercise modality simultaneously increasing [4, 5, 21].
Endurance-based exercises such as running, cycling, 
and rowing are merged with powerlifting, weightlifting, 
and gymnastics, performed in a continuous circuit or 
interval format and conducted at a high intensity [4]. This 
characteristic design justifies the recent use of the term 
“mixed modality training” (MMT) [5, 15] to designate this 
training methodology and, among the cited modalities, 
gymnastics exercises stand out as the most complex ones.
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Indeed, artistic gymnastics comprises complex movements 
and requires adaptations to take part in HIFT workouts. 
For example, the ring muscle-up (RMU), one of the 
most complex gymnastics-based movements in the 
HIFT workouts, is an adaptation of the movement 
called “front uprise” in artistic gymnastics (for more 
details see [23]). RMU execution requires high-level 
motor skills, such as strength, temporal and spatial 
orientation, and coordination, which is difficult, but not 
impossible, to achieve when someone has no previous 
experience in artistic gymnastics, as the majority of 
HIFT practitioners around the world.
Other gymnastics-based exercises included in HIFT 
workouts are pull-up (PU) and its variations (strict 
pull-up [SPU], kipping/butterfly PU, strict chest-to- 
-bar [SCtB], kipping/butterfly CtB), strict (STtB) and 
kipping toes-to-bar (TtB), bar muscle-up (BMU), 
which are exercises performed when suspended from 
a bar, while RMU is performed when suspended from 
a pair of rings. The list of gymnastics-based exercises 
also includes handstand exercises, such as handstand 
hold, handstand push-up (HSPU), and handstand  
walk (HSW).
Despite the growing adherence to HIFT programs, 
owing to the greater sense of community [2, 24], and 
the fact that gymnastics-based exercises represent  
a relevant part of HIFT workouts, there are no previous 
studies investigating estimates of the prevalence of 
gymnastics-based movement ability/inability among 
HIFT practitioners. 
The present study aimed to estimate the prevalence of 
the ability/inability to perform these gymnastics-based 
movements among HIFT practitioners.

Material and Methods

Study design and sampling
This is a descriptive study using a “virtual snowball” 
sampling method [13]. Conducted from October to 
December 2021 with HIFT practitioners, through an 
online questionnaire (appendix) sent by the internet 
(Instagram® and WhatsApp® platforms) and detailed 
instructions to volunteers were available on a website. 
The sampling is a non-probability virtual snowball type, 
where the volunteers recruit prospective volunteers 
through their social networks or social communities, 
which expands the sample like a snowball [13]. The 
questionnaire was developed using Google Sheets® and 
presented in Portuguese, thus the sample volunteers 
were Brazilians or Portuguese speakers around the 
world.

The purpose and procedures of the survey were 
explained on the first page of the online form and 
consent was obtained prior to completing the form. All 
procedures were approved by the local ethics committee 
(protocol #3.425.388) according to the Declaration of 
Helsinki.

Definitions of variables
The online form was developed by the authors 
and contains 34 questions divided into 5 sections: 
sociodemographic questions (n = 4), history of physical 
training (n = 8), personal records of gymnastics-based 
exercises applied in HIFT workouts (n = 14), perceived 
and/or measured gymnastic skills (n = 3), perceived and/
or measured core endurance (n = 5), with an estimated 
time of 3 to 5 minutes to answer all questions 
The personal records of gymnastics-based exercises 
applied in HIFT workouts comprised the following 
movement: PU and its variations (SPU, kipping/butterfly 
PU, SCtB, kipping/butterfly CtB), STtB and kipping TtB, 
BMU, which are exercises performed when suspended 
from a bar, while RMU is performed when suspended 
from a pair of rings. The list of gymnastics-based 
exercises also includes the handstand exercises, such as 
handstand hold, HSPU, and HSW.
Aiming to determine the prevalence of gymnastics-based 
movement ability/inability among HIFT practitioners, 
the data from personal records of gymnastics-based 
exercises applied in HIFT workouts were dichotomized 
as “Yes”, when the volunteer reported being able to 
complete the specific movement (e.g. BMU), and 
“No”, when the volunteer reported being unable to do 
it. For handstand hold the parameter was established 
as “Yes”, when the volunteer reported being able to 
sustain this position for more than 5 seconds with the 
body aligned (freestanding, without wall support), and 
for HSW the parameter was established as “Yes”, when 
the volunteer reported being able to walk for at least 1 
meter unbroken.
Considering that men tend to be naturally stronger than 
women [17] and many gymnastics-based movements 
depend on strength, all descriptive data were analyzed 
for the total sample and stratified by sex.

Statistical analysis
The dichotomized data concerning the ability/in- 
ability of gymnastics-based movements were 
analyzed descriptively using absolute and relative (i.e. 
percentage) frequency. Continuous data (e.g. age) from 
sociodemographic recordings were presented as mean 
± standard deviation.
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Results
A total of 1325 volunteers (men: 587; women: 738) 
answered the survey; the mean age of volunteers was 
30.8 ± 7.1 (min: 12, max: 71) years old (men: 30.7 ± 
± 7.0, min: 14, max: 67; women: 31.0 ± 7.2, min: 12, max: 
71 years old). A quarter of volunteers (24.5%; men: 
22.8%, women: 25.8%) reported having less than one 
year of HIFT experience, 39.9% (men: 38.5%, women: 
41.0%) reported having one to three years of practice, 
and 35.6% (men: 38.7%, women: 33.2%) more than 
three years of practice. 
We found 76.4% of volunteers (n = 1325) able to 
complete at least one SPU, while 52.8% were able to 
complete SCtB. Considering the kipping and butterfly 
variations, the prevalence of volunteers able to perform 
them was 80.7% for PU, and 64.9% for CtB (Table 1).
When the sample was stratified according to sex, we 
found different profiles between women and men. The 
prevalence of women able to perform strict exercises 
was lower than men. We found that 61.7% and only 
29.9% of women were able to perform SPU and SCtB, 
respectively, while among men the prevalence was 
95.1% and 81.7%, respectively. Considering the same 
movements, but using kipping/butterfly technique, the 
prevalence among women was 71.4% and 49.4% for 
PU and CtB, whereas among men it was 92.5% and 
84.5% for PU and CtB, respectively (Table 1).

Table 1. Prevalence of volunteers (n = 1325) stratified by 
sex (women = 738; men = 587) able to do strict and kipping/
butterfly pull-up and chest-to-bar pull-up

Strict pull-up

All Women Men

No 23.6% 38.3% 4.9%

Yes 76.4% 61.7% 95.1%

Kipping/butterfly pull-up

All Women Men

No 19.3% 28.6% 7.5%

Yes 80.7% 71.4% 92.5%

Strict chest-to-bar

All Women Men

No 47.2% 70.1% 18.2%

Yes 52.8% 29.9% 81.7%

Kipping/butterfly chest-to-bar

All Women Men

No 35.1% 50.6% 15.5%

Yes 64.9% 49.4% 84.5%

The prevalence of volunteers able to complete at least 
one STtB was 62.1%, while only 10.2% and 14.1% 
were able to complete at least one strict BMU and strict 
RMU, respectively. Using kipping, 81.2%, 42.1%, and 
27.5% of volunteers reported being able to complete at 
least one TtB, BMU, and RMU, respectively (Table 2). 
For STtB, strict BMU and RMU the prevalence of 
women able to do each movement was 44.8%, 3.8%, 
and 6.1%, respectively, while for men it was 83.9%, 
18.3%, and 24.2%, respectively. Considering the 
same movements, but using the kipping technique, 
the prevalence among women was 71.0%, 20.4% and 
10.2% for TtB and BMU and RMU, and among men it 
was 94.0%, 69.4%, and 49.3% for TtB and BMU and 
RMU, respectively (Table 2).

Table 2. Prevalence of volunteers (n = 1325) stratified by sex 
(women = 738; men = 587) able to do strict and kipping toes- 
-to-bar, bar muscle-up (BMU) and ring muscle-up (RMU)

Strict toes-to-bar

All Women Men

No 37.9% 55.2% 16.1%

Yes 62.1% 44.8% 83.9%

Kipping toes-to-bar

All Women Men

No 18.8% 29.0% 6.0%

Yes 81.2% 71.0% 94.0%

Strict BMU

All Women Men

No 89.8% 96.8% 81.7%

Yes 10.2% 3.8% 18.3%

Kipping BMU

All Women Men

No 57.9% 79.6% 30.6%

Yes 42.1% 20.4% 69.4%
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Strict RMU

All Women Men

No 85.9% 93.9% 75.8%

Yes 14.1% 6.1% 24.2%

Kipping RMU

All Women Men

No 72.5% 89.8% 50.7%

Yes 27.5% 10.2% 49.3%

Table 3 presents the results from handstand exercises, 
indicating that 60.5% of volunteers were able to 
complete at least one strict HSPU and 72.1% were able to 
complete kipping HSPU. The prevalence of volunteers 
able to maintain more than 5 seconds of handstand  
hold was 51.1%, while only 31.2% were able to walk at 
least 1 meter in the handstand position.
Regarding the handstand exercises, 45.3% of women 
and 79.7% of men volunteers were able to perform 
strict HSPU, while 61.3% of female and 85.7% of male 
volunteers were able to perform kipping HSPU. For the 
handstand hold, 42.1% of women and 62.5% of men 
volunteers were able to maintain more than 5 seconds 
of the handstand hold, while for HSW only 15.0% of 
women and 51.8% of men volunteers were able to walk 
at least 1 meter (Table 3). 

Table 3. Prevalence of volunteers (n = 1325) stratified by 
sex (women = 738; men = 587) able to do strict and kipping 
handstand pushup (HSPU), handstand hold, and handstand 
walk (HSW)

Strict HSPU

All Women Men

No 39.5% 54.7% 20.3%

Yes 60.5% 45.3%/ 79.7%

Kipping HSPU

All Women Men

No 27.9% 38.7% 14.3%

Yes 72.1% 61.3% 85.7%

Handstand hold

All Women Men

No 48.9% 57.9% 37.5%

Yes 51.1% 42.1% 62.5%

HSW

All Women Men

No 68.8% 85.0% 48.2%

Yes 31.2% 15.0% 51.8%

Discussion
The present study aimed to estimate the prevalence of 
gymnastics-based movement ability/inability among 
HIFT practitioners, and our results allowed us to identify 
a relatively high prevalence of practitioners unable to 
perform strict movements, especially BMU and RMU, 
an inability that was more prominent among female 
practitioners. The prevalence of practitioners unable to 
perform HSW was also high, especially among women.
Performance in artistic gymnastics routines is linked 
to strength (static strength, muscle power in the lower 
and upper limbs), flexibility, and muscular anaerobic 
endurance [1, 30]. Indeed, static strength is the basis of 
gymnastics training [25], since it is essential in artistic 
gymnastics routines, as well as gymnastics-based 
exercises applied in HIFT workouts [27]. Sommer [25] 
stated that basic strength, which involves the ability to 
develop maximal strength at fundamental static positions 
with bodyweight resistance, is the initial building block, 
from which all other gymnastics training progresses. In 
the context of HIFT, these fundamental static positions 
should be interpreted as SPU, SCtB, STtB, strict BMU, 
strict RMU and HSPU.
In our study the prevalence of inability to perform at 
least one repetition of strict movements was high, which 
represents a barrier to the progress of gymnastics skills, 
impacting the HIFT workouts progress when gymnastics- 
-based movements are included. Strict BMU and RMU 
exhibited the highest prevalence of inability with 
89.8% and 85.9% of volunteers unable to perform these 
movements, respectively. Among the strict movements, 
BMU and RMU were the ones with lower percentage 
differences between men and women, indicating they 
were the main deficit, at least in the context of maximal 
strength, among HIFT practitioners independent of 
sex. In this context, two aspects should be highlighted:  
1) in artistic gymnastics the rings are used exclusively 
by men, while in HIFT workouts there are no general 
rules limiting women to perform RMU; 2) despite the 
high inability to perform strict BMU (89.8%) and RMU 
(85.9%), the prevalence of inability to perform the cited 
movements using kipping was relatively lower, 57.9% 
and 72.5%, corresponding to a difference of 35.5% and 
15.5% of volunteers that were unable to perform the 
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strict BMU and RMU, respectively, but were able to 
perform these movements using kipping as a technique. 
Thus, it is possible that the “maximal strength at 
fundamental static positions” could account for a small 
part of the factors that influence/determine the ability to 
perform kipping BMU and RMU, then using the kipping 
effectively could help to achieve the movement, despite 
the inability to perform the strict BMU and RMU.
In time, it is also worthwhile to highlight that the 
relevance of maximal strength should not be excluded as 
a determinant of kipping BMU and RMU success, since 
men, who are generally stronger than women, exhibited 
a greater discrepancy in the percentage of volunteers 
reporting that they were unable to perform strict BMU 
and RMU, but able to perform kipping BMU and RMU. 
Another interesting aspect to be discussed in the context 
of technique was the very similar percentage of inability 
to perform strict BMU and RMU (BMU = 89.8%;  
RMU = 85.9%; difference = 3.6% greater for BMU), but 
a considerable discrepancy in the percentage of inability 
to perform kipping BMU and RMU (BMU = 57.9%; 
RMU = 72.5%; difference = 14.6% greater for RMU), 
suggesting the RMU demands greater technique skills. 
The characteristics of used implements (i.e. bar vs 
rings) in each movement (BMU vs RMU) could explain 
this discrepancy, since the bar is a fixed implement, 
while rings are a mobile implement, demanding greater 
abilities to control it. Indeed, Santos Rocha et al. [23] 
discussed the complexity of RMU as a gymnastics- 
-based exercise, and our results corroborate this fact.
The STtB is similar to the hanging leg lifts (HLL) in 
artistic gymnastics that demand great core strength, 
requiring specific core strengthening routines, 
commonly applied by artistic gymnastics, to perform 
this movement. In our study, 37.9% of volunteers 
reported being unable to perform at least one STtB. 
As the HLL is a mandatory component in gymnastic 
athletes’ training programs [25], our result from STtB 
suggests that HIFT practitioners are not prioritizing the 
specific core strength training as the artistic gymnastics. 
Despite the peculiarities of each modality (i.e. artistic 
gymnastics vs HIFT), core strength seems to be a common 
skill required for high performance in both modalities 
[6, 9, 25].
The kipping TtB is a gymnastics-based movement  
with close technical aspects to kipping BMU and  
RMU, especially the former one. Like kipping BMU 
and RMU, the kipping TtB consists of two main phases, 
the “arch”, and “hollow” position. During the kipping 
BMU and RMU the hollow position is changed with an 
abrupt hip extension, projecting the hip vertically (see 

Santos Rocha et al. [23]), whereas during the kipping 
TtB the hollow position is sustained, progressing with 
a greater hip flexion aiming to touch the bar with toes. 
The discrepancy between the percentage of volunteers 
unable to perform STtB (37.9%) and kipping (18.8%) 
TtB also indicates that an adequate technique use of 
kipping could help to achieve the moment, despite the 
core strength limitations indicated by the inability to 
perform STtB.
When stratified by sex, our results reveal a greater 
limitation among women than men to perform STtB 
(women: 55.2% vs men 16.1% unable to perform the 
movement) and kipping (women: 29.0% vs men 6.0%) 
TtB. These data emphasize the need to develop specific 
strategies to improve core strength, more specifically 
the engagement and synergy of core and lat muscles, 
and technical skills for women, aiming to achieve the 
TtB movement.
The pull-up and its variation, the CtB pull-up are 
commonly used gymnastics-based exercises in HIFT 
workouts [16, 29]. In the pull-up the aim is to pull the 
body from the hanging position (i.e. the body completely 
extended), aiming for the chin to reach the bar height 
with the elbows flexed at ~90º [19, 26], while in the 
CtB the aim is to pull to touch the bar with the chest, 
requiring a greater vertical displacement, thus also 
a greater effort. The SPU and SCtB are multi-joint 
upper-body exercises that are considered valid 
measures of weight relative to muscular strength [19, 
22, 26], in the same sense they are used to improve 
the upper limb strength when included in gymnastics 
training routines [25]. Our results show that 23.6% of 
volunteers reported being unable to perform at least one 
SPU, and 47.2% were unable to perform a SCtB, a high 
prevalence of inability to perform two basic exercises 
in the gymnastic context. As expected the inability was 
greater among women (SPU: 38.3%; SCtB: 70.1%)  
than men (SPU: 4.9%; SCtB: 18.2%), since 70.1% 
of women reported being unable to perform SCtB. 
Interestingly, the discrepancy between the inability to 
perform SPU and kipping/butterfly pull-up was very 
similar, which was also observed for SCtB and kipping/
butterfly CtB.
Indeed, kipping/butterfly pull-ups (PU) require a complex 
technique [7, 20, 29] and our results corroborate this 
fact. Among men, who are typically stronger than 
women, the pull-up was the unique movement with 
the percentage of volunteers unable to perform the 
strict movement being lower than with the execution 
with technique (i.e. kipping/butterfly) (SPU: 4.9% vs 
kipping/butterfly PU: 7.5%; difference = 2.6% greater 
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for kipping/butterfly PU). It means that kipping/
butterfly pull-ups are less dependent on strength and 
more dependent on technique skills.
The upside-down position, such as the handstand, is 
not easy to achieve and sustain, because it requires 
1) courage, since many persons fear falling being 
submitted to this position [18], 2) strength to sustain 
the body weight over the upper limbs [10], 3) good 
spatial orientation since vestibular, visual and plantar 
somatosensorial inputs are not reliable/congruent [14]. 
These requirements could help to explain why 48.9% 
(57.9% among women and 37.5% among men) of 
volunteers were unable to sustain more than 5 seconds 
of a handstand hold. Curiously, the static handstand hold 
is an essential technique needed to progress to more 
complex tasks in the context of artistic gymnastics [8].
Regarding strict HSPU, an upper-body, multi-joint 
exercise designed to increase upper extremity, shoulder, 
and core stability [11], we found that 39.5% of volunteers 
reported being unable to perform at least one repetition, 
indicating a deficiency in strength for an essential 
pushing task. As expected, the limitation was greater 
among women than men (54.7% vs 20.3% unable to 
perform strict HSPU). The use of a kipping technique 
allowed more volunteers to perform the HSPU, since 
27.9% reported being unable to perform at least one 
repetition of kipping HSPU. Interestingly, the technique 
seems to favor women to perform the HSPU, since the 
percentage difference of inability between strict HSPU 
and kipping HSPU was greater (54.7% minus 38.7% = 
= 16%) among women than among men (20.3% minus 
14.3% = 6%).
The HSW requires the same skills as the handstand hold, 
adding the fact that the HSW is a dynamic task, which 
imposes an additive challenge [28]. Thus, this explains 
the greater percentage of inability to walk at least 1 meter 
in an upside-down position (i.e. HSW) (68.8%) when 
compared to the percentage of inability to sustain more 
than 5 seconds in handstand hold (48.9%).  In addition, 
the rate of inability to perform HSW was greater among 
women (85.0%) than men (48.2%), drawing attention 
to the need for an adequate amount of time applied to 
learn/train this movement, as well as adequate classes to 
allow adequate technique skill acquisition.

Strengths and limitations
This study provides a detailed descriptive insight 
into the rate of gymnastics-based movement ability/
inability among HIFT practitioners. However, the 
limitations of the present study should be recognized. 
This study only included HIFT practitioners from Brazil 

or Portuguese speakers around the world, and the rates 
could diverge from countries with a historical culture of 
artistic gymnastics for children, where the early experience 
with gymnastics is probably greater. Additionally, this is 
a cross-sectional study, and the data were recorded through 
an online survey, thus the precision of reports could not be 
always guaranteed. Despite this, it should be noted that the 
sample size of this study was relatively large.

Conclusions
We presented a complete overview of the prevalence of 
ability/inability to perform gymnastics-based movements 
among HIFT practitioners. As strict movements are 
essential for artistic gymnastics, the high rate of inability 
in these essential movements, for instance, SPU, SCtB, 
STtB, strict HSPU, strict BMU, and strict RMU, draws 
attention to the need for additional (i.e. separate) strength 
training, valuing static strength training of gymnastics-
based movements. Additionally, kipping BMU, RMU, 
and HSW were the “dynamic” movements (i.e. excluding 
the strict ones) with greater rates of inability (all with 
more than 50% of inability reported), suggesting the need 
for more attention within HIFT workouts.
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