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ABSTRACT 
International Journal of Exercise Science 16(4): 550-562, 2023. Hypopressive exercises (HE) are part of 

the Low Pressure Fitness training program which is widely used by physical therapists in the rehabilitation of the 
pelvic floor, abdominal and spinal musculature. The aim of this study was to compare the effects of HE on the 
sagittal lumbo-pelvic posture in athletic and non-athletic females. It was hypothesized that a 5-week training 
program of HE could influence lumbo-pelvic position while reducing abdominal circumference and low back pain 
in athletic and non-athletic females. Twenty normoweight females (mean age = 24.8 (SD 3.5) years; body mass index 
= 22.4 (SD 1.6) kg/m2) participated in this study. Ten athletic females were rugby players (RG), and 10 females 
were non-athletic (SG). Participants completed twenty minutes of HE twice weekly for 5 weeks. Before and after 
the intervention, two-dimension photogrammetry was used to assess lumbar lordosis and pelvic horizontal 
alignment. A Visual Analog Scale was used to assess low back pain and cirtometry was used to assess abdominal 
circumferences at umbilical, supra and infra-umbilical levels. An analysis of variance between moments revealed 
no significant differences in lumbar lordosis and pelvic positioning but showed significant differences for 
abdominal circumferences between groups. No significant differences between groups were found for other 
variables. Significant correlations were found between the three different abdominal circumference measurements 
(p > 0.05) but not between lumbar lordosis and abdominal circumferences. These preliminary findings indicate that 
a 5-week HE intervention displayed non-significant changes in lumbar lordosis, pelvic horizontal alignment, and 
low back pain but a significant reduction in abdominal circumferences in non-athletic and athletic females. 
 
KEY WORDS: Sagittal alignment, breathing exercise, lumbar lordosis, low back pain, pelvic tilt, 
abdominal circumference 
 
INTRODUCTION 
 
The normal curvatures of the spine in the sagittal plane (thoracic kyphosis and cervical and 
lumbar lordosis) are balanced with each other in a normal bipedal posture (1). A variety of 
intrinsic and extrinsic factors can impact postural abnormalities which may be structural or non-
structural. Postural alignment deviations have been associated to alterations in movement 
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patterns or range of motion (15). Further, abnormal lumbopelvic sagittal alignment has been 
considered a predisposing factor for low back pain (LBP) (12, 30). Subgroups of people with LBP 
have been shown to display differences in their lumbar alignment (12). In adults, a common 
non-structural spinal misalignment in the sagittal plane is lordotic posture which is 
characterized by increased lumbar lordosis (LL) and increased anterior pelvic tilt (1, 15). The 
different sagittal spinal curves are known to impact the muscle activity of the stabilizing muscles 
(13). 
 
The body's gravitational line crosses the vertebral curvatures, which are balanced both 
anteriorly and posteriorly. Deviation from this line results in altered balance, triggering 
compensatory processes, altering the entire postural kinetic and biomechanical chain (1, 5). The 
position of the pelvis is maintained by the balanced action of the abdominal, vertebral extensor, 
and hip muscles. When these muscle groups are dysinergistic, the pelvis tilts forward and the 
abdominal and pelvic contents press the abdominal wall, which stretches, causing an increase 
in intra-abdominal pressure, which can cause overload in the lumbar and a proportional 
angulation in the pelvis to remain as balanced as possible (3, 13).  
 
Therapeutic exercise is a conservative approach for lumbopelvic stabilization and postural 
alignment. Over the past few years, hypopressive exercise (HE) has emerged as an alternative 
therapeutic for the treatment of spinal disorders such as scoliosis (9), chronic nonspecific low 
back pain (6, 7, 41) and for the recovery of deep abdominal and pelvic floor muscles (31, 33). HE 
has been proposed as a means of lumbo-pelvic training through specific postural adjustments 
(i.e, spinal alignment and axial spinal lengthening, axis forward) performed in a variety of body 
positions while slow deep breathing (31, 36). The main part of the session consist of a flow of 
static poses combined with the breathing maneuver feature of HE named the abdominal 
vacuum maneuver (11).  
 
Despite the increasing use of HE, only one study has addressed its impact on lumbo-pelvic 
sagittal alignment in a group of 29 healthy adults (10). Reductions in LL were observed in the 
HE group compared to control group (10). The impact of HE on trunk alignment on physically 
active populations remains unknown. A recent study assessed the effects of an 8-week training 
protocol of HE on female professional basketball players who exhibited a decrease of LBP levels 
and increased posterior chain kinematics (40). Another 8-week HE training protocol with female 
rugby players reported an increase in transverse abdominis contractility and a decrease in 
abdominal circumference (2). In fact, increased transverse abdominis activation with HE has 
been previously described in adult healthy females (16, 24, 31) supporting the use of HE as an 
alternative lumbo-pelvic form of training. Previous HE studies on athletes or physically active 
females (40, 2, 35) were of a non-controlled nature with a non-active group.  
 
To date, there is insufficient evidence regarding the effects of HE on spinal alignment and 
abdominal circumference in different populations. To further compare the effects of HE on an 
athletic vs a non-athletic population, the aim of our study was to assess if a HE program could 
influence sagittal lumbo-pelvic positioning in female athletes compared to a non-athletic 
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matched group. We hypothesized that a 5-week training program of HE could display changes 
in lumbo-pelvic sagittal position and abdominal circumference independent of athletic 
background.  
 

METHODS 
 
Participants 
This was a before and after intervention study in a group of athletic and non-athletic young 
adult females. A power analysis conducted with G*POWER 3.1 determined that 20 participants 
were needed in the present study for a power of 0.80, with an α = 0.05 and an effect size of 1 
based on previous data from Álvarez-Sáez et al (2). The intentional sample was composed of 
twenty adult young females (mean age = 24.8 (SD 3.5) years; body mass index = 22.4 (SD 1.6) 
kg/m2 who volunteered to participate between November 2019 and March 2020. The non-
athletic group (SG) of participants was recruited from the University Methodist Center IPA 
(Porto Alegre, Brazil) and the Rugby (RG) were recruited from two amateur rugby teams from 
the city of Porto Alegre (Brazil). After screening, the final sample consisted of 10 rugby players 
(RG) and 10 non-athletic females (SG). Demographics are presented in Table 1. Inclusion criteria 
for both groups included a) adult females age range between 18 and 31 years; b) normoweight 
defined as a BMI between ≥ 18.5 and < 24.9 kg/m2. Inclusion criteria for the SG was defined as 
a) not participating in any form of exercise, recreational activity, or sport during the previous 
six months of the study; and b) not engaging in any other form of exercise training during the 
study period. The inclusion criteria for the RG were to be involved in the sport of rugby for at 
least the previous six months. This group continued participating in rugby practice during the 
intervention period. For both groups exclusion criteria included: a) any limitations to perform 
the abdominal vacuum maneuver such as heart disease and/or pregnancy or high/low blood 
pressure (17); b) any previous experience training with HE; and c) were undergoing any 
musculoskeletal rehabilitation program or had any injury limiting their participation in any 
exercise program.  
 
All participants were informed about the purposes and procedures of the study. Informed 
consent was obtained from each participant prior to data collection. This study was approved 
by The Human Research Ethics Committee of the University Center Methodist at Porto Alegre, 
Brazil (nº 3.453.269), and was conducted in accordance with the Declaration of Helsinki for 
experiments involving humans gathered at the 64th General Assembly, Fortaleza, Brazil, 
October 2013, and the relevant Brazilian legislation. This research was carried out fully in 
accordance with the ethical standards of the International Journal of Exercise Science (28). 
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Table 1. Baseline characteristics of participants 
a) Standard deviation; SG: sedentary group; RG: rugby group. 

 
Protocol 
Measurements were carried out individually in the laboratory of the Integrated Clinics of the 
University Method Center IPA (Porto Alegre, Brazil) with controlled environmental 
temperature. Pre and post measurements were performed by the same evaluator (L.M) who was 
experienced with photogrammetry assessments. All participants were evaluated the week 
before and week after the 5-week intervention protocol. Primary outcome measures were 
lumbo-pelvic position analysis and secondary outcomes were anthropometric measures and 
LBP levels.  
 
Two-dimensional photogrammetry was used for the assessment of sagittal lumbo-pelvic 
position. Photogrammetry is a valid, noninvasive, and accurate method for postural analysis of 
static posture (18, 21). Photogrammetry has been reported to have a good to excellent interrater 
reliability (25, 37) and is a useful tool in determining interventional effects in clinical practice or 
in research (8). 
 
We followed the photogrammetry protocol described by Iunes et al. (25). The subjects were 
positioned standing upright, looking straight ahead with the upper limbs beside the body and 
in barefoot conditions. They were instructed to wear a swimsuit. With the help of a double-sided 
tape, Styrofoam spheres with a diameter of 1 cm were fixed on the posterior-inferior iliac spines 
and anterior-superior iliac spines. Cylindrical rods of 3 cm were fixed on the spinous processes 
of 7th thoracic vertebrae (T7), 12th thoracic vertebrae (T12) and 5th lumbar vertebrae (L5) for a 
precise visualization of anatomical landmarks. Photographs were taken in a right lateral view 
(sagittal plane) using a digital camera (Nikon®, model D500 18-55 mm) with a fixed focal lens, 
positioned parallel to the floor on a level tripod Targus (model 50 inch) with 1m of height and 
2.4 m away from the participants (Figure 1). Photographic records were analyzed using the 
Postural Evaluation software (SAPO) which is one of the most frequently used software for 
postural assessment due to its reliability, and ease of use (20, 38). Sagittal postural assessment 
included angle of LL which refers to the inward curvature of the lumbar spine and angle of 
pelvic horizontal alignment (PHA) which is determined by the spatial orientation of the pelvis. 
Forward movement of the pelvis rotation around the axis of the femoral head was defined as 
anteversion (< PHA angle) and backwards movement as retroversion (> PHA angle).   

Characteristics 
All (n = 20) 
Mean (SDa) 

SG (n = 10) 
Mean (SD) 

RG (n = 10) 
Mean (SD) 

Age (years) 24.8 (3.5) 24.3 (2.9) 25.3 (4.0) 

Body Mass (kg) 58.1 (6.4) 57.3 (7.2) 58.8 (5.7) 

Body Height (cm) 160.9 (6.5) 160.5 (5.9) 161.2 (7.4) 

Body Mass Index (kg/cm²) 22.4 (1.6) 22.1 (1.9) 22.5 (1.3) 
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Figure 1. Lumbo-pelvic angles assessed pre and post intervention. 

 
Before carrying out any physical intervention, anthropometric measures were assessed. Height 
(cm) was measured using a professional stadiometer fixed to the wall (Balmak EST-221 Sanny®, 
Brazil), and weight (kg) was determined (Balmak scale, model ActLife) by the same trained 
evaluator. Subsequently, calculation of BMI (kg/m2) was obtained. Measurement of abdominal 
circumference was performed at three different anatomical sites (midway, umbilical, and infra-
umbilical level). Due to differences documented in the absolute values of abdominal 
circumference measurements across adults and to correlate these different measurements we 
choose three different anatomic locations (29). All measurements were performed at the end of 
a normal expiration with a flexible nonelastic WISO anthropometric tape to the nearest 0.1 cm, 
as recommended by the World Health Organization (43). First anatomic site was located 
midway between the lowest rib and the superior border of the iliac crest (MC). Second site was 
measured at umbilicus level (UC) and third site was measured 2.5 cm below the umbilical level 
(IC). LBP intensity was performed using visual analog scale (VAS) through a 10 cm horizontal 
line, where the left end of the line indicates absence of pain and at the right end, the greatest 
pain ever experienced. VAS is a valid, reliable pain-rating scale appropriate for clinical practice 
(44).   
 
The intervention program was carried on by a physiotherapist certified in HE by the Low 
Pressure Fitness training school (K.W.) Both groups performed the same intervention protocol 
and were instructed in how to perform the postures and breathing following the guidelines 
described in Rial & Pinsach (36). Participants were given cues for postural alignment such as 
“keep pelvis neutral”, “stand tall and lengthen spine” and “widen and open chest”. All six poses 
followed the postural adjustments of: 1) spine elongation with neutral pelvis while sitting; 2) 
ankle dorsiflexion; 3) slight knee flexion; 4) shoulder girdle muscle activation; 5) axis forward. 
Each pose was repeated three times. Each repetition was performed with three slow deep 
breaths followed by an abdominal vacuum maneuver held between a minimum of 6 seconds 
and a maximum of 25 seconds. The cues given were "expand the rib-cage while holding your 
breath", “inhale deeply through the nose” and exhale slowly through the mouth”. Three 
breathing cycles and associated breath-holds were considered one completed repetition. The 
total duration of the exercise intervention was of 20 minutes practiced twice per week. Figure 2 
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shows the poses practiced in the intervention protocol and their sequential order of practice 
(pose A to F and pose variations (pose variations 1 to 4).  
 

 
Figure 2. LPF poses performed during the intervention protocol. 

 
Statistical Analysis 
A blinded specialist in statistics (not responsible for the intervention or data collection) analyzed 
the data. All data are reported as mean and standard deviation (SD). For the descriptive analysis 
the statistical package Statistical Package for the Social Sciences (SPSS), version 25.0 was used. 
Data distribution was analyzed by the Shapiro-Wilk test. To test differences in groups (SG or 
RG) a T-test for independent samples for normal distribution variables and Mann-Whitney for 
non-normal distribution variables was used. Pearson’s correlation coefficient was used for 
normal distribution variables and Spearman’s for non-normal distribution variables. The effect 
size (ES) reported as Cohen’s d was calculated to determine the magnitude of the differences 
between testing moments.  Cohen’s d values were categorized as “trivial” (< 0.50), “small” (d = 
0.50-1.25), “moderate” (d = 1.25-1.9) and large (> 2.0) according to Rhea (34). The level of 
statistical significance was established as p < 0.05 and IC was considered at 95%. 
 
RESULTS 
 
All participants completed the intervention and study related outcome measurements. No 
adverse events occurred nor were dropouts reported. Sample characteristics are summarized in 
Table 1. The before and after results for all outcomes in both groups are presented in Table 2. 
Table 3 presents between group results.  
 
All participants displayed PHA imbalance before the intervention. PHA was found to change in 
40% of all participants where 25% (n = 5) changed pelvic position from retroversion to 
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anteversion and 15% (n = 3) from anteversion to retroversion. The other 60% (n = 12) of 
participants remained with pelvic horizontal imbalance. LL and PHA degrees did not change 
significantly between moments for both groups nor between groups.  
 
Abdominal circumference at the three different anatomical locations reduced significantly after 
the intervention for both groups. However, no differences between groups were noted for 
abdominal circumference. Body weight displayed no differences significant changes after the 
intervention protocol for both groups. Also, no differences between groups were noted for 
abdominal circumferences for all measurement sites. Correlation analysis for abdominal 
circumference measurements between moments and three different sites revealed high 
correlations between MC and UC (R2 = 0.723); MC and IC (R2 = 0.731); UC and IC (R2 = 0.895). 
After the intervention, also high correlations were found between MC and UC (R2 = 0.692); WC 
and IC (R2 = 0.729); UC and IC (R2 = 0.889). The correlation analysis between LL degrees before 
the program revealed non-significant correlations for MC (R2 = 0.113), IC (R2 = 0.011) and UC 
(R2 = -0.009) (p.0 / 05). Similarly, no associations were described after the program between LL 
and the abdominal circumferences MC (R2 = 0.088), IC (R2 = 0.110) and UC (R2 = -0.089). LBP 
was only noted by 35% of the participants. Of those with LBP, no significant reductions were 
noted between moments nor differences between groups. 
 
Table 2. Summary of comparison between moments for all outcome measures. 

Outcome 
Measures 

SG (n = 10) RG (n = 10) 

Pre-test 
Mean 
(SD) 

Post-test 
Mean 
(SD) 

Dif p d 
Pre-test 
Mean 
(SD) 

Post-test 
Mean 
(SD) 

Dif p d 

LL (degrees) 12.4 (1.9) 13.2 (1.9) -0.85 0.131 -0.47 13.9 (2.8) 13.5 (1.7) 0.47 0.561 0.17 

PHA 
(degrees) 

1.9 (7.0) 1.7 (6.8) 0.18 0.875 0.02 0.0 (4.3) 2.2 (5.5) -2.2 0.134 -0.44 

MC (cm) 70.1 (4.4) 68 (4.2) -2.1 0.005* 0.48 69 (3.8) 67.7 (3.4) -1.35 0.018* 0.36 

UC (cm) 78 (5.6) 75.4 (5.8) -2.52 0.008* 0.45 75.3 (3.4) 73.3 (3.2) -1.93 0.005* 0.60 

IC (cm) 82.5 (6.1) 80.9 (5.8) -1.6 0.017* 0.26 80 (3.6) 78.7 (3.2) -1.27 0.017* 0.38 

Body Weight 
(kg) 

57.3 (7.2) 57.5 (6.9) -0.2 0.932 -0.02 58.8 (5.7) 58.7 (5.5) 0.1 0.984 0.017 

LBP # 5.6 (1.9) 3.7 (2.7) -1.9 0.109 0.81 2.8 (1.8) 2.0 (2.2) -0.8 0.465 0.39 

*p ≤ 0.05; SD: standard deviation; SG: sedentary group; RG: rugby group; LL: lumbar lordosis; PHA: pelvic 
horizontal alignment; MC: midway circumference; UC: umbilical circumference; IC: infra-umbilical circumference; 
LBP: low back pain; Wilcoxon test; # LBP SG (n = 3) RG (n = 4), d: Cohen’s d 
 

DISCUSSION 

 
This study aimed to analyze lumbo-pelvic position after a short-term HE program in a group of 
rugby players and sedentary females. Contrary to our initial hypothesis, findings revealed that 
10 sessions of HE did not produce significant changes in LL or pelvic position. However, a short-
term program was able to reduce abdominal circumference in both groups for all measurement 
sites. No differences between groups were found in other analyzed variables.  
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Table 3. Summary of comparison between athletic vs non-athletic group for all outcome measures. 

Outcome 
Measures 

Pre-test Post-test 

SG 
Mean 
(SD) 

RG 
Mean 
(SD) 

Dif p 
SG 

Mean (SD) 

RG 
Mean 
(SD) 

Dif p 

LL (degrees) 12.4 (1.9) 13.9 (2.8) 1.5 0.15 13.2 (1.9) 13.5 (1.7) -0.29 0.74 

PT (degrees)1 1.9 (7.0) 0.0 (4.3) -1.9 0.47 1.7 (6.8) 2.2 (5.5) -0.45 0.87 

MC (cm) 70.1 (4.4) 69 (3.8) -1.1 0.56 68 (4.2) 67.7 (3.4) -0.35 0.84 

UC (cm) 78 (5.6) 75.3 (3.4) -2.7 0.21 75.4 (5.8) 73.3 (3.2) -2.11 0.33 

IC (cm) 82.5 (6.1) 80 (3.6) -2.45 0.29 80.9 (5.8) 78.7 (3.2) -2.12 0.33 

Body Weight (kg) 57.3 (7.2) 58.8 (5.7) -1.5 0.61 57.5 (6.9) 58.7 (5.5) -1.2 0.69 

LBP# 5.6 (1.9) 2.8 (1.8) -2.8 0.92 3.7 (2.7) 2.0 (2.2) -1.7 0.88 

*p ≤ 0.05; SD: standard deviation; SG: sedentary group; RG: rugby group; LL: lumbar lordosis; PHA: pelvic 
horizontal alignment; MC: midway circumference; UC: umbilical circumference; IC: infra-umbilical circumference; 
LBP: low back pain; Independent T-Student Test ¹; Mann-Whitney Test; # LBP SG (n = 3) RG (n = 4). 
 

To the best of our knowledge, this is the first study to assess static sagittal LL and PHA in an 
athletic group of young females. The non-clinical features of this population who displayed no 
spinal disorders nor high levels of LBP could have influenced the results. Previously, RCT with 
8-week training protocols of HE described improvements in postural control (31), scoliosis 
degrees (9), LBP intensity and disability (41) and lumbar mobility (6, 7). The proposed short-
term protocol and short session duration could have also influenced the outcomes obtained in 
our study. In a randomized group of young females, after 10 one-hour HE sessions, decreased 
LL values compared to the control group were described (10). In contrast to this study, our 
intervention proposed 10 twenty minutes sessions rather than a one complete hour session to 
assess if a shorter program could obtain similar results than Caufriez et al (10). Previous 
interventions with HE in athletic groups proposed HE of 30 min (40) and 20 min (35). A six 
month RCT on the Pilates method in adult females, found improved sagittal alignment of the 
pelvis compared to the control group (14). In this RCT, one hour Pilates sessions were practiced 
over a period of 6 months (14).  
 
Elabd and Elabd (19) found significant associations between LBP intensity and spinopelvic 
sagittal alignment measured via radiographs. In our study 30% and 40% indicated some mild to 
moderate levels of LBP. Although there was a trend of decreased LBP this was not significant 
after the intervention. These results contrast with the decline in LBP intensity described in 
previous HE studies in female basketball players (40) and in chronic LBP patients (6, 7, 41). In 
our study there were no significant differences between the athletic and non-athletic group in 
LBP or lumbo-pelvic alignment. Similar results were yielded in a recent study who described 
no differences in trunk alignment parameters in the sagittal planes between active participants, 
with and without LBP, regardless of their level of physical activity (32).  
 
Despite not finding statistically significant differences in lumbar and pelvic angles, a change in 
pelvic PHA in 40% of all participants was observed. This could be partly explained by the 
influence of HE on breathing mechanics such as increased rib-cage excursion (40) and 
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diaphragm muscle thickness (41). Postural control and breathing share an interdependent 
relationship where postural imbalances are associated with changes in diaphragm mobility (22). 
The diaphragm is fascially connected the trunk musculature and fascia transversalis. Of interest 
is also the anatomic intersection of the costal section of the diaphragm with the transversus 
abdominis muscle and its main pillars in the lumbar section to lumbar (i.e, L2, L3) and thoracic 
vertebraes (i.e, T11, T12). We hypothesize that increased muscle activity of the deep trunk 
musculature including that of the thoracic diaphragm could have influenced the preliminary 
pelvic changes in our sample. Indeed, the position of the pelvis is directly related to spine 
positioning and is responsible for modulating trunk muscle activity (23). In this sense, a study 
on healthy adults revealed sagittal plane postural changes and breathing amplitude after an 
exercise program targeting the deep stabilizing muscles (39). 
 
Álvarez-Sáez et al. (2) identified a significant improvement in the contraction pattern of the 
transverse abdominis and reduction of abdominal circumference in female rugby players 
without significant changes in trunk muscle and fat mass measured through electrical 
bioimpedance after 6-weeks of HE. In our study, similar results were noted in all abdominal 
circumference measurements regardless of the groups athletic activity. It is plausible that the 
observed abdominal circumferences reduction rates in our study and the report from Álvarez-
Sáez et al. (2) could be due to an increased deep trunk muscle activation from the transverse 
abdominis or diaphragm muscles. Previous RCTs on healthy adult females demonstrated 
increased transverse abdominal activation after an 8-week protocol compared to a control group 
in adult females (31). One of the main functions of the transverse abdominis muscle it is to 
provide lumbo-pelvic stability (23). Rial et al. (35) assessed the immediate effects of one 20-
minute sessions of HE in physically active young adults where a decrease of abdominal 
circumference as well as an increase of posterior chain kinematics was found. Similarly, Teijido 
et al. (40) also demonstrated back chain kinematics mobility with a HE program in an athletic 
population. As the hamstring muscles originate in the ischial tuberosity of the hipbone, they 
could influence pelvis position when elongated, consequently affecting the ascending and 
descending, lumbar and knee segments. Thus, the preliminary changes presented in the angles 
of the lumbar and pelvis could be related to the increase in the extensibility of the isquiosural 
and lumbar muscles observed in previous studies (40, 35). Of note, Araújo et al. presented low 
to moderate correlation between the pelvis, thoracic and lumbar regions related to hamstring 
flexibility, reinforcing the existence of a relationship between body posture, flexibility, and 
mobility (3). 
 
Central obesity and higher obesity have been noted to be potential determinants of non-neutral 
posture among adults from the general population (3). Our sample consisted of young females 
with BMI in normal ranges (< 25 kg/m2) and abdominal circumferences below cut off points for 
women (< 80 cm) as suggested by the World Health Organization (WHO) (43). Both groups, 
regardless of physical activity levels, demonstrated a reduction in abdominal circumferences at 
three different locations without changes in BMI or body weight. Previous HE studies found 
similar results in mid-way abdominal circumference in female rugby players (2) and post-
partum females (33). However, we added umbilical and infra-umbilical abdominal 
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circumference measurements which revealed high correlations between the three site locations 
before and after the intervention. Of interest, no association was found between LL and the 
abdominal circumferences before and after the intervention. There is still no universal definition 
of abdominal site measurements. Different international guidelines (i.e., WHO, NIH) 
recommend different anatomic locations (43, c27). Agarwal et al. (4) found that phase of 
respiration, posture and time since last meal were all factors influencing waist circumference 
measurements. Wang et al. (42) compared abdominal circumferences at four different common 
abdominal locations and found all sites to be highly reproducible.  
 
This study has several limitations. The sample size was small, and we did not include a control 
group and therefore the results should be interpreted with caution. We did not include the gold 
standard method for assessing body posture which is X-Ray analysis or assessing body 
composition which is Dual-Energy X-ray Absorptiometry (DXA). However, two-dimensional 
photogrammetry and body weight added to abdominal circumferences are considered valid and 
reliable assessment tools (18). Future studies should assess longer-term postural alignment 
effects of HE in males and females with spinal disorders and chronic LBP. 
 
Findings from the present study reveal that across all three sites of anatomical abdominal 
circumference measurement (midway, umbilical, and infra-umbilical) significant reductions 
were noted for athletic and non-athletic females after 5 weeks of HE. Abdominal circumference 
anatomical site measurements and changes displayed in healthy normoweight young females 
are correlated with each other. Our preliminary findings indicate that a 5-week HE intervention 
displayed non-significant changes in lumbar lordosis, pelvic horizontal alignment, and LBP. 
These results could aid in the understanding of HE as a means of therapeutic exercise for non-
structural spinal misalignments as well as for anthropometric changes at abdominal levels. 
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