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ABSTRACT

Objectives: Abdominal hypopressive gymnastics (AHG) is a little-researched method designed to train the muscles of the abdominal wall and pelvic floor
under low stress. This study’s objective is to compare levels of muscle activation in AHG against prone bridge by surface electromyography (sEMG) of the
abdominal wall muscles.
Methods:  Twenty healthy subjects were enrolled to measure the muscle activity of the rectus abdominis (RA), transversus abdominis/internal oblique
(Tra/IO), and external oblique (EO) during three exercises: prone bridge (PB), orthostatic hypopressive (OH), and hypopressive bridge (HB). Root mean
square values normalized to the PB (%PB) as a baseline were used to compare the PB against OH and HB.
Results: The median PB ratio (%PB) for the Tra/IO showed –10.31% and +59.7% activation during OH and the HB, respectively, whereas the RA showed –
77.8% and +19.3% and the EO –39.8% and +9.8%. Significant differences were found for all muscles except the Tra/IO during the OH.
Conclusion: This study’s results suggest that hypopressive exercises facilitate the activation of the Tra/IO similar to bridge exercises while simultaneously
reducing RA and EO activity. This suggests that hypopressive training is a valid alternative for activating the abdominal muscles, isolating the Tra/IO at
low intra-abdominal pressure.
Keywords:  Electromyography,  Abdominal  wall,  Gymnastics,  Pelvic  Floor,  Abdominal  Oblique  Muscles,  Exercise  therapy,  Exercise,  Rectus  Abdominis,
Healthy volunteers.

Comparación de la electromiografía de superficie de la gimnasia abdominal hipopresiva con el ejercicio de
puente prono

RESUMEN

Objetivos: La gimnasia abdominal hipopresiva (AHG) es un método poco estudiado, diseñado para entrenar los músculos de la pared abdominal y piso
pélvico con bajos niveles de estrés. Los objetivos de este estudio fueron comparar los niveles de activación muscular de la AHG y el ejercicio de puente en
prono a través de electromiografía de superficie (sEMG).
Métodos: 20 voluntarios sanos fueron reclutados para medir el  recto abdominal (RA), transverso del  abdomen/oblicuo interno (Tra/IO), y oblicuo
externo  (EO)  durante  tres  ejercicios:  Puente  en  prono  (PB),  hipopresivo  Ortostático  (OH)  y  Puente  hipopresivo  (HB).  La  raíz  media  cuadrática
normalizada en proporción al PB (%PB) como línea de base fue utilizada para la comparación.
Resultados: El %PB para el Tra/IO fue de -10.31% y +59.7% durante el OH y HB respectivamente, el RA -77.8% y 19.3% y el EO -39.88% y +9.8%. Todos
presentaron diferencias significativas, excepto el Tra/IO durante el OH.
Conclusión:  Los resultados sugieren que el ejercicio hipopresivo facilita la activación del Tra/IO de manera similar al ejercicio de puente mientras que
simultáneamente se reducen la actividad del RA y el EO. La AHG es una alternativa válida para activar la musculatura abdominal, aislando al Tra/IO a baja
presión intraabdominal. 
Palabras  Clave:  Electromiografía,  Pared Abdominal,  Gimnasia,  Suelo  pélvico,  Oblícuo abdominal,  Músculos,  Ejercicio  terapéutico,  Recto  Abdominal,
Voluntarios sanos.
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Comparação da eletromiografia de superfície da ginástica abdominal hipopressiva com o exercício em ponte 

RESUMO

Objetivos:  A ginástica  abdominal hipopressiva (AHG) é um método pouco estudado, projetado para treinar os músculos da parede abdominal e do
assoalho pélvico com baixos níveis de estresse. Os objetivos deste estudo foram comparar os níveis de ativação muscular do AHG e do exercício em ponte
através da eletromiografia de superfície (EMGs).
Métodos:  20 voluntários saudáveis  foram recrutados para medir o rectus abdominis externo (RA), transverso abdominal/oblíquo interno (Tra/IO) e
oblíquo (EO)  durante  três  anos:  Ponte  (PB),  Hypopressive  ortostática  (OH)  e  ponte  hipopressora  (HB).  A  raiz  média  quadrática  normalizada  em
proporção ao PB (% PB) como base foi utilizada para a comparação.
Resultados:  %PB para o Tra/IO foi de -10,31% e + 59,7% durante o OH e HB, respectivamente, o RA -77,8% e 19,3% e o EO -39,88% e + 9,8%. Todos
apresentaram diferenças significativas, exceto o Tra/IO durante o OH.
Conclusão:  Os  resultados  sugerem  que  o  exercício  hipopressivo  facilita  a  ativação  de  Tra/OI  de  forma  semelhante  ao  exercício  em  ponte  e
simultaneamente reduz a atividade de RA e OE. O AHG é uma alternativa válida para ativar os músculos abdominais, isolando o Tra/IO a baixa pressão
intra-abdominal.
Palavras-chave:  Eletromiografia,  Parede Abdominal,  Ginástica,  Chão pélvico, Abdominal abdominal,  Músculos,  Exercício terapêutico, Reto abdominal,
Voluntários saudáveis.

Introduction

Abdominal hypopressive gymnastics (AHG) can be defined as a
set of postural techniques that synergistically activate the muscles
from the pelvic floor and abdomen in response to negative intra-
abdominal pressure (IAP).1 AHG have been used traditionally for
the  enhancement  of  pre-  and  postpartum  urinary  and  fecal
incontinence, genital prolapse, and other gynecological disorders
related to the function of the pelvic floor and abdominal muscles.2,3

Other applications of the AHG include the treatment of back pain
and gym activities to train the core muscles.1,4,5

The search for an ideal exercise to reinforce the abdominal wall
at high activation levels under favorable and safe conditions for
the  lumbar  spine  and  pelvic  diaphragm  has  encouraged  the
development of several approaches.6–8 One of the arguments for
studying AHG is that it could be a valid training method for the
deep abdominal  muscles,  this  could  have repercussions in  core
stability and rehabilitation programs.8,16–20

AHG focus on pelvic floor and abdominal wall activation1,3 but
few studies have compared this training against other abdominal
exercises through surface electromyography (sEMG) and most of
them  have  focused  on  evaluating  their  effects  on  the  pelvic
floor.1,3,11

Therefore,  the  present  study  aimed  to  investigate  how  AHG
perform  against  the  prone  bridge  (PB)  to  determine  if  they
produce higher  sEMG signal  amplitudes,  which  are  assumed  to
yield greater strengthening effects.3,4,12 We hypothesized that AHG
will  perform  better  or  similarly  to  the  bridge  exercise  for
transversus  abdominis/internal  oblique  (Tra/IO)  and  external
oblique (EO).

Methods

Participants

A database was generated with volunteers from the university
campus who were recruited via newsletters, after which a random
selection was applied. A total of 20 right-handed participants, 10
healthy men and 10 healthy women, with an average age of 21.8 ±
1.5  years  and  body  mass  index  of  22.8  ±  1.2,  who  met  the
inclusion/exclusion criteria were finally considered for the study.
Patients with a history of lumbar pain, pregnancy, spine surgery,
or  skeletal  muscle  injuries  that  caused  a  physical  disability  or
limitation were excluded. None of the subjects practiced or had
practiced  any  sport  in  a  competitive  way during  the  last  three
years. Participants were also asked to abstain from physical strain
48 hours prior to the evaluation and sign and approve the study’s

informed  consent.  All  procedures  were  approved  by  the
university’s  ethical  board  and  were  conducted  based  on  the
Declaration of Helsinki.

Procedures

Data of electromyography were recorded with a Trigno wireless
sEMG sensor system (Delsys, Boston, MA, USA). Trigno electrodes
included four 5-  1-mm skin sensors with 1-cm spacing between
sensors. EMG data were acquired with EMGWorks 4.1.7 software
(Delsys, Boston) at a frequency rate of 1926 Hz. Before placing the
electrodes,  the  skin  was  prepared,  shaved,  and  sanitized  with
cotton and alcohol. The electrodes were attached to the abdomen
with  double-sided  tape  and  reinforced  with  Transpore  plastic
tape.

Simultaneous  sEMG  readings  were  taken  for  the  rectus
abdominis  (RA),  Tra/IO  (since  it  is  impossible  to  rule  out  the
internal  oblique  muscle  overlapping  with  the  transversus
abdominal muscle with the sEMG),8,13 and EO muscles, all from the
subject body’s right side.

Electrodes were placed for the RA, 5 cm below and 3 cm lateral
to  the  xiphoid  process;  Tra/IO,  2  cm  medial  and  caudal  to  the
anterior superior iliac spine; and EO, just under the eighth rib’s
anterior angle, superolateral to the upper lateral costal margin.12

Signal  quality  was  monitored  at  all  times  during  the  tests  to
ensure low noise and interference levels.

Subjects were summoned two days before the evaluation to be
briefed  on the  exercises  to  be  performed  and  ensure  a  proper
execution  during  the  evaluation  period.  Participants  performed
two repetitions of each exercise,  with a 1-minute resting period
between repetitions and 4-minute intervals between exercise sets.
The arithmetical means of each exercise’s two repetitions for each
of the three evaluated muscles, was calculated.

To establish a valid reference for comparison, the PB was used
because  previous  studies  reported the  highest  activation  of  the
abdominal muscle wall in this exercise.12 The results shown in this
study are expressed using the PB performance as baseline, which
means that 0% is an activation equal than the PB performance;
hence,  positive  values  show  higher  percentage  yield  and  vice
versa.

Prone Bridge:  the participant  was asked to  remain in the PB
position,  maintaining  a  neutral  position  of  the  hips,  pelvis,  and
lumbar spine joints. Feet were placed in such a manner that they
matched the hip’s  width, the forearms acted as support,  elbows
were  flexed  under  the  glenohumeral  joints,  and  arms  leaned
perpendicular to the surface. Participants held that position for 25
seconds.
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Orthostatic  Hypopressive  (OH):  All  volunteers  received  AHG
training one week before the data collection. The subjects were
instructed to start the exercise with costal breathing and raising
the lower ribs, followed by total expiration. They were then asked
to perform expiratory apnea and, with the glottis closed, expanded
and  raised  their  rib  cage  by  contracting  accessory  inspiratory
muscles while standing in an upright position with knees, elbows,
and shoulders slightly flexed.1

Hypopressive Bridge (HB): The subject assumed the same PB
exercise position while performing the HB exercise.

Figure  1  shows  a  participant  performing  the  PB,  OH,  HB
exercises. 

Figure 1. Orthostatic Hypopressive (OH), Prone Bridge (PB) and
Hypopressive Bridge (HB) exercises.

Data Processing:  raw electromyography signals obtained from
each muscle were band-pass filtered at 10 to 400 Hz and analyzed
with the EMGworks software (Delsys). Next, the root mean square

(RMS) was calculated for the signal and was processed every 125
milliseconds.  The RA,  EO, and Tra/IO average EMG activity was
acquired between the two repetitions performed by each subject
during the three different exercises in a 10-second window. Lastly,
the RMS data for each subject were normalized and expressed as
the ratio (%) of the PB for comparison analysis purposes.

Statistical Analysis

The Kolmogorov-Smirnov test was applied to determine if the
variables  exhibited  normal  distribution.  Because  of  variable
nonnormal  distribution,  the  Wilcoxon  test  to  identify  specific
differences was used with a 95% significance level in all the tests
and the median and interquartile  range is  presented.  Statistical
analyses  were  carried  out  using  Statistical  Package  for  Social
Sciences (SPSS) software and GraphPad Prism 6 software version
18.

Results

The median performance of the OH was lower than the PB for
the RA (–77.84% [-84,  -61])  and EO (–39.88% [-65,  -31])  with
statistically  significant  differences;  the  Tra/IO  showed  high
variability  (median,  10.31%  [-60,  63])  and  no  statistically
significant differences against the PB (p = 0.97). The HB showed a
better  performance  than  the  other  exercises;  only  the  RA
performed  worse  than the  PB (–19.33%  [-48,  -5]).  The  Tra/IO
increased its ratio (59.79% [-9, 128]), and the EO showed minimal
differences (–9.8% [-5, 20]). No statistical differences were found
between men and women.

Table  1. Z-test  values  for  Wilcoxon’s  post  hoc  test  for  the  difference
between the values of normalized electromyographic activity between the
rectus  abdominis,  external  oblique and  transversus  abdominis/internal
oblique ratio muscles in each position analyzed.

RA
HB vs OH –3.808 0.000
PB vs OH –3.771 0.000
PB vs HB –2.688 0.007

Tra/IO
HB vs PB –2.277 0.023
PB vs OH –0.037 0.970
PB vs HB –2.987 0.003

EO
HB vs OH –3.883 0.000
PB vs OH –3.734 0.000
PB vs HB –2.203 0.028

RA: rectus abdominis;  Tra/IO: transversus abdominis/internal oblique; EO: external.  Statistically
significant differences were found for all the muscles except for the transversus abdominis/internal
oblique Tra/IO between the prone bridge and orthostatic. oblique.

Figure  2  shows  the  median  and  IQ25-75  range  for  the  ratio
activation percentage of the prone bridge exercise for the rectus
abdominis,  transversus abdominis/internal oblique and external
oblique  muscles  during  the  orthostatic  hypopressive  and  the
hypopressive bridge. 

Figure  2. Prone  bridge  ratio  (%PB).  RA:  rectus  abdominis;  Tra/IO:
transversus  abdominis/internal  oblique;  EO:  external  oblique;  OH:
orthostatic hypopressive; HB: hypopressive bridge; *: P ≤ 0.05; **: P ≤ 0.01;
***: P ≤ 0.001.
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Discussion

This  study  shows  that  the  hypopressive  technique  facilitates
Tra/IO activation, similar to bridge exercises inducing reduction of
the RA activity. As this study and others suggest, the behavior of
the  abdominal  muscles  during  AHG  is  also  affected  by  body
position.1

We hypothesized that AHG would perform better than or similar
to bridge exercise for Tra/IO and EO, but only Tra/IO performed
similar to the PB. These findings contribute to the scarce existing
knowledge  on  the  behavior  of  the  abdominal  hypopressive
technique  compared  with  traditional  exercises.2,3,11 Most  of  the
studies  published  in  the  field  of  AHG  focused  on  determining
whether they produce low abdominal stress levels and the clinical
effects on pelvic floor dysfunctions with mixed results.1–3,7,11,14,15

Although  other  research has  mentioned  that  it  is  possible  to
isolate the Tra/IO activity by applying the abdominal hollowing
technique,13,16 the  AHG  shows  significant  execution  differences
since major diaphragm elevation and abdominal volume reduction
are required.14

Because  of  the  difficulties  in  the  control  of  the  diaphragm
during the  execution  of  the  hypopressive  exercises,  part  of  the
population  did  not  execute  it  in  the  standardized  manner,  also
Variability  in  the  Tra/IO  may  be  due  to  differences  in  the
contraction  intensity  between  subjects.  This  difficulty  was
observed during the OH and HB exercises; hence, a high variability
in Tra/IO contraction levels can be observed in the study’s data.
We also found an interesting high performance with statistically
significant difference for the Tra/IO in the HB. The study results
showed  that  Tra/IO  activity  levels  were  enhanced  during  the
execution of the HB compared with the PB. The latter results can
become relevant if we take into account that this exercise (PB) is
reported to have one of the highest levels of abdominal activity,
especially  for  the  Tra/IO  and  EO.12,16,19,21,22 This  argument  is
important to consider AHG as an effective technique for Tra/IO
training and leads us to think that the HB could be one of the most
demanding static exercises reported for this muscle.

The reduction in IAP resulting from the hypopressive exercises
could be compensated to some level by higher activity of the spine
and  abdominal  stabilizing  muscles  to  avoid  shear  stress  and
uncoordinated  movement  at  the  joint  level  due  to  the  loss  of
support from the abdominal cavity.6,20,23 The latter could explain
higher the Tra/IO and EO activity during HB exercises.

It also has been reported that there is a decreased activity of the
RA  during  the  bipedal  position5 and  that  a  motor  inhibitory
synergy between the diaphragm and the RA could be related to
the  reduction  of  the  abdominal  perimeter  due  to  diaphragm
elevation and relaxation.5,13 This is supported by our research that
shows decreased activity  for  the RA compared with the Tra/IO
and OE during orthostatic hypopressive. This finding seems to be
more frequently interpreted by other authors as an isolated and
selective Tra/IO contraction during AHG and hollowing.6,13,23–25

Although it  is  currently  not possible  to  establish  that  the HB
behaves as a safer spine exercise than the PB, this exercise could
combine low stress levels with higher activity for the Tra/IO and
EO than the traditional PB and could be considered as an effective
and selective training approach for these muscles.6

Comparing the PB against hypopressive exercises (OH and HB),
this study’s results suggest that hypopressive exercises facilitate
the activation of the Tra/IO similar  to bridge exercises while  it
reduces RA and EO activity. The execution of a combined bridge
exercise plus hypopressive exercise (HB) boosts the Tra/IO and
EO activation and decreases RA activity. As other studies suggest,
hypopressive  training  is  a  valid  alternative  to  activating  the
abdominal  muscles,  isolating  the  TrA/IO  at  low  IAP  and  high
intensity.

Authotship. All the authors have intellectually contributed to the development of the study, assume
responsibility for its content and also agree with the definitive version of the article.  Conflicts of
interest. All  the  authors  report  no  conflicts  of  interest.  Provenance  and  peer  review. Not
commissioned; externally peer reviewed.  Ethical Responsabilities. Protection of individuals and
animals: The  authors  declare  that  the  conducted  procedures  met  the  ethical  standards  of  the
responsible  committee  on  human  experimentation  of  the  World  Medical  Association  and  the
Declaration of Helsinki .  Confidentiality: The authors are responsible for following the protocols
established  by  their  respective  healthcare  centers  for  accessing  data  from  medical  records  for
performing this type of publication in order to conduct research/dissemination for the community.
Privacy: The authors declare no patient data appear in this article. 

References

1. Ithamar  L,  de  Moura  Filho  AG,  Benedetti  Rodrigues  MA,  Duque  Cortez  KC,
Machado  VG,  de  Paiva  Lima  CRO,  et  al.  Abdominal  and  pelvic  floor
electromyographic analysis during abdominal hypopressive gymnastics. J Bodyw
Mov Ther. 2018;22(1):159-65.

2. Resende AP, Stüpp L, Bernardes BT, Oliveira E, Castro RA, Girão MJ, et al.  Can
hypopressive exercises provide additional benefits to pelvic floor muscle training
in women with pelvic organ prolapse? Neurourol Urodyn. 2012;31(1):121-5.

3. Stüpp L,  Resende AP,  Petricelli  CD,  Nakamura MU, Alexandre SM, Zanetti  MR.
Pelvic  floor  muscle  and  transversus  abdominis  activation  in  abdominal
hypopressive technique through surface electromyography.  Neurourol Urodyn.
2011;30(8):1518-21.

4. Borreani S, Calatayud J, Colado JC, Moya-Nájera D, Triplett NT, Martin F. Muscle
activation during push-ups performed under stable and unstable conditions.  J
Exerc Sci Fit. 2015;13(2):94-8.

5. Mesquita Montes A, Gouveia S, Crasto C, de Melo CA, Carvalho P, Santos R, et al.
Abdominal muscle activity during breathing in different postural sets in healthy
subjects. J Bodyw Mov Ther. 2017;21(2):354-61.

6. Axler  C,  McGill  S.  Low  back  loads  over  a  variety  of  abdominal  exercises:
searching  for  the  safest  abdominal  challenge.  Med  Sci  Sports  Exerc.
1997;29(6):804-11.

7. Caufriez M, Fernández JC, Guignel G, Heimann A. Comparación de las variaciones
de presión abdominal en medio acuático y aéreo durante la realización de cuatro
ejercicios  abdominales  hipopresivos.  Rev  Iberoam  Fisioter  Kinesiol.
2007;10(1):12-23.

8. Yoon TL, Kim KS, Cynn HS. Slow expiration reduces sternocleidomastoid activity
and increases transversus abdominis and internal oblique muscle activity during
abdominal curl-up. J Electromyogr Kinesiol. 2014;24(2):228-32.

9. Vera-Garcia  FJ,  Moreside  JM,  McGill  SM.  MVC  techniques  to  normalize  trunk
muscle EMG in healthy women. J Electromyogr Kinesiol. 2010;20(1):10-6.

10. Hibbs AE, Thompson KG, French DN, Hodgson D, Spears IR. Peak and average
rectified EMG measures:  which method of  data reduction should be used for
assessing core training exercises? J Electromyogr Kinesiol. 2011;21(1):102-11.

11. Navarro Brazález  B, Torres Lacomba M,  Arranz Martín B,  Sánchez Méndez O.
Respuesta  muscular  durante  un  ejercicio  hipopresivo  tras  tratamiento  de
fisioterapia pelviperineal: valoración con ecografía transabdominal. Fisioterapia.
2017;39(5):187-94.

12. Czaprowski D, Afeltowicz A, Gębicka A, Pawlowska P, Kędra A, Barrios C, et al.
Abdominal muscle EMG-activity during bridge exercises on stable and unstable
surfaces. Phys Ther Sport. 2014;15(3):162-8.

13. Chanthapetch  P,  Kanlayanaphotporn  R,  Gaogasigam  C,  Chiradejnant  A.
Abdominal  muscle  activity  during  abdominal  hollowing  in  four  starting
positions. Man Ther. 2009;14(6):642-6.

14. Cabañas Armesilla MD, Chapinal Andrés A. Revisión de los fundamentos teóricos
de la gimnasia abdominal hipopresiva. Apunt Med Esport. 2014;49(182):59-66.

15. Caufriez  M,  Fernández  JC,  Fanzel  R,  Snoeck  T.  Efectos  de  un  programa  de
entrenamiento  estructurado  de  Gimnasia  Abdominal  Hipopresiva  sobre  la
estática vertebral cervical y dorsolumbar. Fisioterapia. 2006;28(4):205-16.

16. Bjerkefors A,  Ekblom MM, Josefsson K,  Thorstensson  A.  Deep and superficial
abdominal  muscle  activation  during  trunk  stabilization  exercises  with  and
without instruction to hollow. Man Ther. 2010;15(5):502-7.

17. Stokes IA, Gardner-Morse MG, Henry SM. Abdominal muscle activation increases
lumbar spinal stability: analysis of contributions of different muscle groups. Clin
Biomech (Bristol. Avon). 2011;26(8):797-803.

18. Cholewicki J,  Panjabi MM, Khachatryan A. Stabilizing function of trunk flexor-
extensor  muscles  around  a  neutral  spine  posture.  Spine  (Phila  Pa  1976).
1997;22(19):2207-12.

19. Mok NW, Yeung EW, Cho JC, Hui SC, Liu KC, Pang CH. Core muscle activity during
suspension exercises. J Sci Med Sport. 2015;18(2):189-94.

20. Critchley  DJ,  Coutts  FJ.  Abdominal  muscle function  in  chronic  low  back  pain
patients:  measurement  with  real-time  ultrasound  scanning.  Physiother.
2002;88(6):322-32.

21. Kim SY, Kang MH, Kim ER, Jung IG, Seo EY, Oh JS. Comparison of EMG activity on
abdominal muscles during plank exercise with unilateral and bilateral additional
isometric hip adduction. J Electromyogr Kinesiol. 2016;30:9-14.

22. Park  HJ,  Oh  DW,  Kim  SY.  Effects  of  integrating  hip  movements  into  bridge
exercises on electromyographic activities of selected trunk muscles in healthy
individuals. Man Ther. 2014;19(3):246-51.

23. McGill  SM,  Karpowicz  A.  Exercises  for  spine  stabilization:  motion/motor
patterns, stability progressions, and clinical technique.  Arch Phys Med Rehabil.
2009;90(1):118-26.

24. Hodges  PW,  Richardson  CA.  Inefficient  muscular  stabilization  of  the  lumbar
spine associated with low back pain. A motor control evaluation of transversus
abdominis. Spine (Phila Pa 1976). 1996;21(22):2640-50.

25. McGill  SM,  Cholewicki  J.  Biomechanical  basis  for  stability:  an  explanation  to
enhance clinical utility. J Orthop Sport Phys Ther. 2001;31(2):96-100.


