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Objectives: Improving the timing and endurance of the deep abdominal muscles, notably 
transversus abdominis (TrA), is a known protocol for improving spinal stability. TrA is the 
deepest abdominal muscle, and monitoring its activity is a difficult task. Ultrasound and 
pressure biofeedback have been employed for monitoring the activity of TrA; however, these 
methods are expensive, not always available in all clinical settings, and their application 
requires formal training. The purpose of this study was to examine the use of a broadly known 
method, i.e., changes in the waist circumference, to monitor the activity of TrA. 

Methods: The study was carried out on 14 subjects following a pilot study of 5 participants. 
The thickness of TrA measured by ultrasound was considered the standard indicator for activity 
of TrA and was compared with simultaneous measurement of waist circumference. 

Results: A significant criterion validity between the thickness of TrA and the waist 
circumference was established (Pearson correlation=-0.71, P=0.001), indicating an inverse 
relationship between changes in the thickness of the transversus abdominis muscle and waist 
circumference.

Discussion: This result confirmed the hypothesis that changes in the waist circumference 
could be employed as a suitable indicator for the activity of TrA.
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Highlights 

● Ultrasound and biofeedback have been standard method for monitoring the activity of TrA.

● Waist circumference fluctuation is comparable with ultrasound in monitoring TrA thickness.

● Measuring changes of the waist circumference helps in monitoring the activity of TrA.

Plain Language Summary 

One of key muscles in abdominal region is Transversus Abdominis (TrA). The activity of this muscle is important in 
trunk stability. Within the present study the authors investigated a new method of measuring the activity statement of 
TrA. We studied any relationship between the findings of the standard ultrasound scan and the new method of measur-
ing the fluctuations of waist circumference. The thickness of TrA was measured by ultrasound, was compared with 
the waist circumference in 19 participants. The relationship between the two sets of findings was clinically significant. 
Any increase in waist circumference was correlated with more muscle contraction. Because of some limitations of 
standard methods of muscle thickness measuring such as inability of the ultrasound probes for covering the full length 
of the muscle, the new method based on changes of waist circumference would be feasible choice for routine daily use. 

1. Introduction

ransversus Abdominis (TrA) is a key 
muscle in core stability [1, 2]. Different 
rehabilitation protocols target improving 
the timing and endurance of this muscle 
to recover spinal stability and ultimately 

prevent or alleviate back pain [3, 4]. Studies have shown 
that monitoring the activity of this muscle is not an easy 
task [5, 6] because of its deep location. Ultrasound is one 
method for monitoring the activity of TrA. The reliability 
and validity of this method have been acceptable [7-10], 
but it is expensive, and its application depends on suffi-
cient training. The pressure biofeedback unit is another 
device that has been used to achieve the same clinical 
objectives [11]. Few studies have examined the repeat-
ability and validity of the device [6, 12]. Furthermore, the 
problem with the cost and the required training persists. 

TrA is a muscle with horizontal fibers. It creates an “in-
ternal corset” in conjunction with the abdominal and thora-
columbar fascia [13]. TrA is the only contractible element 
of this corset, and its contraction can decrease waist cir-
cumference. An established method for achieving isolated 
contraction of TrA is the so-called “hollowing maneuver” 
[14-16]. This technique involves drawing the abdominal 
wall in towards the spine without affecting breathing [16]; 
this is important as it can be challenging to contract TrA 
without simultaneous diaphragm contraction, and contin-
ued breathing shows that this is not occurring.

The purpose of this study was to investigate the re-
lationship between the activity of TrA and changes in 
waist circumference.

2. Materials and Methods

The study was approved by the Ethics Committee of the 
National Centre for Prosthetics and Orthotics (NCPO). 
A convenience sample of volunteers taken from the staff 
of Strathclyde University was recruited for this study. 
The required sample size was 18 based on α=0.05, β= 
0.20, for a pilot study involving five participants, where 
the minimum and maximum expected levels of reliabil-
ity were 0.7 and 0.9, respectively. The sample was in-
creased to cover the potential dropout rate. Therefore, 19 
participants were recruited. The exclusion criteria were 
neurological conditions affecting the abdominal muscles, 
sensory impairment in the trunk area, and change in an 
exercise routine during the previous 4 weeks before in-
clusion, low back pain episodes during the year before 
inclusion, pregnancy, previous abdominal or spinal sur-
gery, inability to perform the hollowing maneuver fol-
lowing training, and previous training in the hollowing 
maneuver. All participants gave informed consent to 
participate in the study, following which they were given 
an appointment for training in the hollowing maneuver. 
Training in the correct performance of the hollowing ma-
neuver was carried out according to a standard protocol 
and approved by qualified physiotherapists. The partici-
pants were trained in four-point kneeling (quadruped), 
supine (hook-lying), chair seated, and upright standing as 
posture is essential in the recruitment of TrA [17].

T
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To confirm the correct performance of the hollowing 
maneuver, an ultrasound scan was performed to display 
the thickness of the transversus abdominis muscle while 
the waist circumference was measured simultaneously. 
A diagnostic ultrasound imaging system (Shimasonic 
SDU-400, Shimadzu Corporation, Kyoto, Japan) was 
used with a linear probe (nominal frequency: 5 MHz, 
view width: 61 mm). The maximum thickness of TrA 
was measured from an ultrasound image. The images 
were taken from the anterolateral aspect of the abdomi-
nal wall with the subject in a standing position. The gel 
was interposed between the transducer and the skin, and 
the transducer was positioned adjacent and perpendicu-
lar to the abdominal wall in a horizontal orientation on 
the anterolateral aspect of the abdomen halfway between 
the iliac crest and inferior border of the rib cage [9]. The 
angle of the probe was manipulated until a clear image of 
the lateral abdominal muscles (TrA, internal oblique, and 
external oblique) was identified. Once the ideal picture 
was generated, a still image was captured. All measure-
ments were taken from that still image. Before assessing 
the thickness of the TrA, the ability of the investigator 
to conduct the ultrasound evaluation was confirmed by 
a qualified sonographer. This procedure involved mea-
suring the thickness of TrA on five participants on two 
separate occasions, once by the observer and once by the 
qualified sonographer, and the results were compared 

clinically. The sonographer then confirmed the ability 
of the observer to identify TrA accurately and to mea-
sure its thickness. To measure the waist circumference, a 
plastic tape measure was placed around the participant’s 
bare abdomen, just one inch above the iliac crests. Care 
was taken to ensure that the tape was snug but did not 
compress the skin and was parallel to the floor while the 
participant was standing [18]. 

3. Results 

Of 43 people who responded to the recruitment letter, 
23 met the eligibility criteria; the first 15 (convenience 
sample) were selected for the study. One person de-
cided to withdraw from the study and did not show at 
the appointment. The data from these 14 participants 
were combined with data from 5 participants in the pilot 
study, as the recruitment criteria were similar between 
the pilot and the main study. So we have a total of 19 
participants in the final study (10 males, 9 females). The 
demographics of the participants are presented in Table 
1. The descriptive statistics related to the test variables 
are presented in Table 2. 

The distribution of the quantitative variables was veri-
fied using the Kolmogorov-Smirnov test, and normality 
was assumed for all the quantitative variables. 

Table 1. Demographics of the study participants 

Variables Min. Max. Mean±SD

Weight (kg) 50.8 100.0 72.13±12.58

Height (m) 1.52 1.88 1.69±0.09

BMI (kg/m2) 19.12 33.41 25.29±4.13

Age (y) 24 63 40.74±13.65

Table 2. Descriptive statistics of the test variables in the study

Parameters Min. Max. Mean±SD

Waist Circumference (relaxed) [19] 69.0 109.0 89.6±10.3

Waist Circumference (contracted) [19] 65.0 102.0 84.4±9.8

Changes in waist circumference [19] 2.0 8.0 5.2±1.7

TrA thickness (relaxed) [20] 6 8 6.7±0.6

TrA thickness (contracted) [20] 8 11 10.0±0.8

Changes in thickness of TrA [20] 1 5 3.5±1.0
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To investigate a possible linear relationship between 
changes in the thickness of the TrA muscle measured 
by ultrasound and changes in the waist circumference, 
we used the Pearson correlation test. According to the 
null hypothesis, there is no linear relationship between 
changes in the thickness of the TrA and changes in the 
waist circumference during the performance of a suc-
cessful hollowing maneuver. The result of the Pearson 
correlation (Table 3) was significant at the 0.01 level 
(2-tailed), with r as - 0.710. The result indicated a good, 
inverse relationship between these two variables.

4. Discussion

The transversus abdominis muscle wraps around the 
waist area. With attachments to the lumbosacral fascia 
and abdominal fascia, it creates an internal corset [13] 
when contracted. Concentric contraction in this muscle, 
as with any other skeletal muscle, results in a decrease 
in length. When skeletal muscle contracts, actin, and 
myosin filaments slide over each other to increase their 
overlaps and create more cross-bridges which shorten the 
muscle length; consequently, the contraction of transver-
sus abdominis, which encircles the waist, will result in 
a decrease in the waist circumference. Richardson con-
firms this by explaining that “if the transversus abdomi-
nis contracts bilaterally, it reduces the circumference of 
the abdominal wall and flattens the abdominal wall” [13]. 
This finding is in line with the results of the current study, 
which shows that changes in waist circumference can be 
an indicator for activity of the transversus abdominis. 

The next question would be how reliable and repeat-
able the waist circumference measurements are. The 
protocol of measuring waist circumference, which was 
employed in this study, has been suggested by Chen, who 
conducted a study on 4732 participants in Scotland [21]. 
Chen had already reported the intra-observer and inter-

observer reliability of his method by performing a study 
on a larger scale, including 218121 participants who were 
given two measurements within a week of each other by 
two observers [18]. The intra-observer Intra-class Cor-
relation Coefficient (ICC) for measuring waist circumfer-
ence has been determined as 0.987 (95% confidence in-
terval [5]: 0.983 to 0.990) and the inter-observer ICC for 
waist circumference 0.988 (95% CI: 0.982 to 0.993) [18]. 
It can be asked whether contraction of any other muscle 
can produce the same reduction in waist circumference. 
The other muscles that can considerably contribute to the 
changes in the waist circumference are the diaphragm 
and intercostal muscles. If someone holds their breath 
and expands their ribcage, they can create negative pres-
sure inside their abdominal cavity and, as a consequence, 
decrease the waist circumference. That is why the correct 
performance of the hollowing manoeuver requires that 
the person continues breathing normally. 

Monitoring the activity of TrA based on changes of 
waist circumference would be more feasible for routine 
daily use than one based on changes in the thickness of the 
transversus abdominis, as assessed by ultrasound, or based 
on the changes in the weight of abdominal contents when 
one lies prone, as assessed by a pressure biofeedback unit. 

About the weight, the same health survey for England 
gives 71.3 kg (for women), 85.7 kg (for men) and 78.50 
kg (in total) for all people aged between 25 and 64 years. 
The corresponding figures for the study participants 
were 68.4, 75.5, and 72.13 kg, respectively. This result 
means that the participants in this study were on average 
6.37 kg lighter than the general population in England. 
This difference is statistically significant (1-sample t 
test, P=0.041). Thus, the participants in the current study 
did not present the same characteristics as the general 
population, and therefore any quantitative generalization 
needs to be carried out with caution.

Table 3. The Pearson correlation between changes in the waist circumference and changes in the thickness of TrA

Parameters Waist Circumference TrA Thickness

Waist circumference

Correlation 1 -0.710

Sig. NS 0.001

n 19 19

TrA thickness

Correlation -0.710 1

Sig. 0.001

N 19 19
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Ultrasound was chosen as the gold standard for this 
purpose [8, 22, 23]. As stated earlier, the pressure bio-
feedback unit lacks the required reproducibility. Mag-
netic resonance imaging (MRI) was neither practical at 
the time nor was this technique within the study’s bud-
get. However, a recent study using a sample size of 13 
healthy participants who have undergone MRI and ultra-
sound imaging while performing the hollowing maneu-
ver demonstrated that the ICC coefficients for measures 
of muscle thickness obtained by MRI and ultrasound 
were high within the range of 0.78 to 0.95 [19]. This 
finding confirms that ultrasound has excellent validity 
for monitoring the activity of the TrA.

The ultrasound scan, which is the “gold standard” for 
monitoring the activity of this muscle, measures changes 
in TrA thickness when contracted. Therefore, as muscle ac-
tivity is compared through measurement by two different 
instruments using two separate scales, the intra-class corre-
lation was not a suitable statistical method, and the Pearson 
correlation was employed instead. This test is advocated 
as a statistical method for assessing a linear relationship 
between two activity measurements on separate scales. The 
correlation was shown to be significant at the 0.01 level 
(2-tailed), having r as -0.71. A negative r was expected be-
forehand as the contraction of the TrA decreases the waist 
circumference but increases the thickness of the muscle.

As stated previously, the pressure biofeedback unit 
senses any decrease in the contact pressure when the 
user is lying prone over the unit and performs the hol-
lowing maneuver. The pressure over the unit comes from 
the weight of the trunk area and particularly abdominal 
contents. The weight of the thoracic area transfers to the 
supporting plate through the ribcage, and the weight of 
the pelvic region transfers to the supporting plate through 
the anterior superior iliac spines and possibly through 
the symphysis pubis. When the TrA muscle contracts, its 
connection to the lumbar vertebrae (origin) acts as a static 
end, and its connection to the abdominal fascia (inser-
tion) acts as a dynamic end. So a concentric contraction 
will pull the abdominal wall and the abdominal contents 
up, which will decrease the pressure on the unit. This 
means that using the pressure biofeedback unit, the func-
tion of the muscle is measured indirectly, which may be 
another reason for the poor reproducibility of the unit [6]. 

The ultrasound scanner monitors the activity of the 
muscle based on the change in thickness. Concentric 
contraction of skeletal muscle results in a reduction in 
muscle length and increases the thickness of the muscle. 
Measurement of this change in thickness is the method 
advised for monitoring the activity of the TrA, as mea-

suring the thickness of the muscle is more practicable be-
cause the ultrasound probes are not long enough to cover 
the length of the transversus abdominis. Additionally, the 
muscle follows a curve and cannot be fully monitored 
using a linear probe. Conversely, the thickness of the 
muscle is relatively easy to measure as the probe acts 
tangentially to the curve of the muscle and, therefore, 
can measure its actual thickness.

One of the limitations of this study was the small sam-
ple size with its heterogeneous participants that is insuf-
ficient for the generalization of the results. The authors 
recommend doing this study with larger sample size. 
Also, waist circumference might be affected by some 
factors such as digestion, which should be considered 
whether it is negligible or not. 

5. Conclusion

The thickness of the TrA, produced by a correctly ex-
ecuted hollowing maneuver, is highly correlated with 
changes in the waist circumference. 
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