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Abstract— Core endurance refers to the ability of the trunk muscles to sustain prolonged contraction and maintain stability, whereas breath-

hold time (BHT) is a measure of cardiopulmonary reserve, reflecting the duration an individual can voluntarily hold their breath. The 

diaphragm, an essential component of the core, plays a crucial role in respiration and breath control. This study aims to investigate the 

correlation between core endurance and BHT in normal young adults, given the paucity of literature on this subject. A correlational study was 

conducted with 62 participants (31 males, 31 females) aged 20 to 25 years. Core endurance was assessed using the McGill protocol, which 

evaluates flexor, extensor, and side bridge endurance times. BHT was recorded after a standardized rest period, with the best of three trials 

considered. Spearman correlation analysis demonstrated a significant moderate positive correlation between BHT and Flexion Completion 

Time (r = 0.400, p = 0.001), Extension Completion Time (r = 0.468, p < 0.001), Right Side Bridge Completion Time (r = 0.337, p = 0.007), and 

Left Side Bridge Completion Time (r = 0.327, p = 0.01). The study concluded that core endurance had a significant positive correlation with 

BHT, suggesting that individuals with greater core endurance tended to have better breath-holding capacity. 

 

Keywords— Breath Hold Time, Core Endurance, McGill protocol, Normal young adults. 

Abbrevations— FCT = Flexion completion time, ECT = Extension completion time, RSBCT = Right side bridge completion time, LSBCT = Left 

side bridge completion time, BHT = Breath hold time, F = flexion, E = extension, RSB = right side bridge, LSB = left side bridge 

 

I. INTRODUCTION  

The core consists of a group of trunk muscles that surrounds 

the spine and abdominal organs [1]. The core muscles refer to 

the muscles in the torso that help stabilize the spine, pelvis, 

and shoulder girdle, providing a stable base for movement. 

These muscles are important for posture, balance, and 

movement. The core is composed of several interconnected 

muscle groups i) Deep Core Muscles which are the stabilizers 

and ii) Superficial Core Muscles which are the Movers [29]. 

Core strength is the trunk muscles capacity to produce 

force. Based on this, core strength can be evaluated from the 

perspective of maximum strength, power or even ability to 

maintain force over time, which is called strength-endurance 

[3].  Core endurance refers to the capacity to sustain a posture 

or carry out repeated movements over time. Core endurance 

contributes to prolonged core stabilization, enabling efficient 

and sustained force generation and transfer during both 

athletic performance and everyday functional activities. [3] [4] 

Core endurance plays an important role in maintaining 

postural stability. It refers to the ability of core muscles to 

sustain contraction over extended periods, which is crucial for 

effective force transfer and stability during various physical 

activities. Breathing is the physiological process of moving air 

in and out of the lungs, which allows for oxygen to be 

absorbed into the bloodstream and carbon dioxide to be 

expelled. Breath-holding refers to the voluntary or involuntary 

cessation of breathing, often explored in scientific studies to 

understand respiratory physiology, diving physiology, and 

various adaptive mechanisms of the human body [32]. The 

duration of the breath hold is measured in seconds. It is 

dependent on multiple variables such as lung volumes, 

respiratory muscle functioning, disease states and training 

level and is frequently used as an indicator of pulmonary 

function owing to its positive correlation to spirometric 

indices [5] [7]. Normal duration is 45-55 seconds, [37][38] 

Indian Male (60+) 28 +/- 8 and for Indian Female (60+) 26+/-

6;[39] diminished cardiac or pulmonary reserve is indicated by 

duration of 20 seconds or less[6] [7]. Breathe hold time, which 

reflects the duration an individual can hold their breath, has 

been associated with diaphragm function and core stability. 

The diaphragm, a key component of the core, is involved in 

respiration and forms the superior boundary of the core. 

Understanding the interplay between core endurance and 

respiratory functions is important, particularly in activities 

requiring sustained postural control and endurance. Previous 

studies have established a relationship between core strength 

and breath hold time, suggesting that individuals with greater 

core strength may exhibit longer breath hold times [9]. This 

correlation underscores the importance of core stability in 

respiratory control and overall endurance. However, while 

there is substantial evidence linking core strength with breath 

hold time, research specifically exploring the relationship 

between core endurance and breath hold time remains limited. 

Core endurance, which pertains to the ability of core muscles 

to sustain contraction over time, might influence breath hold 

capacity in a manner distinct from core strength [23][24] 

Understanding this relationship could provide valuable 

insights into how core endurance impacts respiratory function 

and postural control. 

The objective of this study was to investigate the correlation 

between core endurance and breath hold time in normal young 
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adults. There is a direct linear correlation established between 

abdominal core strength and breath holding time. As a result, 

both diaphragmatic contraction and the abdominal core 

muscles have an impact on the intra-abdominal pressure 

during breath holding. If there occur reduced tone or 

decreased strength in either of the musculature the intra-

abdominal pressure is affected leading to increased spinal 

loading and increased intra disc pressure and resulting low 

back ache. Thus, in activities where breath holding is 

necessary especially during weight lifting, adequate 

contraction of the core as well as the diaphragm is beneficial 

to unload the spine. Consequently, specific muscle training for 

abdominals can improve results and reduce the chances of 

backache [9]. The aim of this study was to find out correlation 

of core endurance with breath hold time in normal young 

adults as the correlation of core strength to breath hold time is 

already established a need arises due to paucity of literature 

about correlation of core endurance to breath hold time. 

II. METHOD 

The study population comprised normal young adults, 

specifically individuals within the typical age range of young 

adulthood who are not affected by any diagnosed physical or 

psychological disorders that could impact the outcomes of the 

study. Participants were selected based on their availability 

and willingness to participate in the study. The duration of the 

study was set to a total of six months, during which time 

participants were recruited, data was collected, and 

preliminary analysis was conducted. A convenient sampling 

method was used to select participants. The sample size 

consisted of 62 participants.  

The breath hold time (BHT) is another straightforward 

evaluation procedure that requires the person to hold their 

breath for as long as they can until they reach the breaking 

point.  

Core Endurance: Core endurance is often assessed using the 

McGill Torso Muscular Endurance Test Battery. The first 

component, the flexor endurance test, measures the endurance 

of deep core muscles such as the transverse abdominis, 

quadratus lumborum, and erector spinae. This test involves 

maintaining a static, isometric contraction of the anterior trunk 

muscles, holding a specific position until fatigue prevents 

further endurance. 

The trunk lateral endurance test, also known as the side-

bridge test, is the second test in the battery. It assesses the 

endurance of the lateral core muscles, which include the 

transverse abdominis, obliques, quadratus lumborum, and 

erector spinae. Like the flexor test, this is a timed isometric 

assessment performed separately on both sides of the trunk. 

The trunk extensor endurance test, which is the third 

element, measures the endurance of the muscles that extend 

the back, such as the erector spinae, longissimus, iliocostalis, 

and multifidus. This test also requires the participant to 

maintain a static position involving isometric contraction of 

the posterior trunk muscles until exhaustion. 

For each test, the duration the participant was able to 

maintain the required position—flexor endurance time, right 

and left side-bridge times, and trunk extensor endurance time 

was recorded. 

III. STATISTICAL ANALYSIS 

The Statistical Package for Social Science (SPSS) 

software, version 26, was employed for statistical analysis. 

Using the Shapiro-Wilk test, the sample size distribution's 

normality was confirmed. Spearman correlation test was used 

to examine the relationship of BHT with Flexion Completion 

Time, Extension Completion Time, Right Side Bridge 

Completion Time and Left Side Bridge Completion Time. The 

results indicate a significant moderate positive correlation of 

BHT with Flexion Completion Time(r=0.400, p=0.001), 

Extension Completion Time (r=0.468,p<0.001), Right Side 

Bridge Completion Time (r=0.33, p=0.007) and Left Side 

Bridge Completion Time (r=0.327,p=0.01). 

 
Tests of Normality 

  
Shapiro-Wilk 

Statistic df P Value 

FCT (in sec) 0.651 62 <0.001 

ECT 
(in sec) 

0.901 62 <0.001 

RSBCT 

 (in sec) 
0.805 62 <0.001 

LSBCT 

 (in sec) 
0.809 62 <0.001 

BHT 0.917 62 <0.001 

F:E 0.659 62 <0.001 

RSB:LSB 0.574 62 <0.001 

RSB:E 0.754 62 <0.001 

LSB:E 0.653 62 <0.001 

FCT = Flexion completion time, ECT = Extension completion time, 

RSBCT = Right side bridge completion time, LSBCT = Left side 

bridge completion time, BHT = Breath hold time, F = flexion, E = 

extension, RSB = right side bridge, LSB = left side bridge. 

IV. RESULT 

A total of 62 participants participated in the study of which 

31 (50%) were male and 31 (50%) were female between the 

age group of 20 to 25, with a mean age of 22.95. 

 
TABLE 1. Gender-wise Distribution of the study participants 

Gender Count Percentage 
Female 31 50.00% 
Male 31 50.00% 

 
TABLE 2. 

Variables Mean Standard Deviation Median 

Age 22.95 1.4 23 

weight 59.04 9.56 57 

height 164.73 8.47 164.5 

FCT (in sec) 121.52 117.74 82.5 

ECT (in sec) 101.08 69.2 84.5 

RSBCT (in sec) 47.35 29.85 39 

LSBCT (in sec) 47.03 28.98 39 

BHT 43.65 13.35 43 

FCT = Flexion completion time, ECT = Extension completion time, 

RSBCT = Right side bridge completion time, LSBCT = Left side 

bridge completion time, BHT = Breath hold time 
 

This graph shows flexion completion time on y-axis 

measured in seconds against their breath hold time on the x-



International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 

 

14 

 
Dr. Sushama A Bhandare, Dr. Khushbu Arun Lichade, and Dr. Vishakha Mulaokar, “Correlation of Core Endurance with Breath Hold Time 

in Normal Young Adults,” International Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 8, Issue 5, pp. 12-17, 

2025. 

axis also measured in seconds. This graph suggests a weak 

positive correlation of flexion completion time and breath hold 

time. 
 

 
Graph no. 1 Correlation between flexion completion time and breath hold time 
 

 
Graph no. 2 Correlation between extension completion time and BHT 

 

This graph shows extension completion time and breath 

hold time on y-axis and breath hold time on x-axis. This graph 

suggests there is weak positive correlation of extension 

completion time and breath hold time. 
 

 
Graph no. 3 Correlation between Right side bridge completion time 

 
Graph no. 4 Correlation between Left side bridge completion time and BHT 

 

This graph shows left side bridge completion time and 

breath hold time on y-axis and breath hold time on x-axis both 

are measured in seconds. This graph suggests there is weak 

positive correlation of left side bridge completion time and 

breath hold time 

 
TABLE 3. 

 
FCT 

(in sec) 

ECT 

(in sec) 

RSBCT 

(in sec) 

LSBCT 

(in sec) 

B
H

T 

Correlation 

Coefficient 
0.4 0.468 0.337 0.327 

P Value 0.001* <0.001* 0.007* 0.01* 

N 62 62 62 62 

  

In all cases, the P-values indicate that the observed 

correlations are statistically significant, meaning there is 

evidence that BHT is related to these completion times. 

There is a significant positive correlation between BHT 

and all four completion times, with extension showing the 

strongest relationship. This suggests that individuals with 

longer BHT tend to have a longer time for which they can 

hold the positions, although the strength of this relationship 

varies. 

 
TABLE 4. Showing no. of participants with good and poor BHT 

Breath Hold Time Good 28 45.20% 

 Poor 34 54.80% 
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TABLE 5. Showing no. of participants with good and poor Flexion: Extension 

Flexion: Extension Good 28 45.20% 

 Poor 34 54.80% 

 

 
 

TABLE 6. Showing no. of participants with good and poor RSB: LSB 

RSB:LSB Rating Good 14 22.60% 

 Poor 48 77.40% 

  

 
 

TABLE 7 Showing no. of participants with good and poor RSB: E 

RSB: E rating Good 48 77.40% 

 Poor 14 22.60% 

  

 
 

TABLE 8 Showing no. of participants with good and poor LSB: E 

LSB: E rating Good 48 77.40% 

 Poor 14 22.60% 

 

 

V. DISCUSSION 

Core stability is of great importance for force transfer 

balance with the spine, pelvis and kinetic chain. Core stability 

training combined with breathing exercises with core stability 

training leads to improved results, including better lumbar 

spine function, pain relief, and increased low-back muscular 

endurance in patients with chronic low back pain has been 

proven earlier [1]. This study investigated the relationship 

between core endurance and breath hold time (BHT) in normal 

young adults, finding a moderately significant correlation 

between these two variables. In this study the mean 

completion time of flexion was 121.52 seconds, extension 

101.08 seconds, Right Side Bridge 47.35 seconds and Left 

Side Bridge 47.03 seconds. The mean breath-hold time in this 

study was 43.65 seconds, with 45.2% of participants 

demonstrating good breath-holding capacity, defined as 

holding their breath for 45 seconds or longer. In a study by 

Andy Waldhelm and colleagues, [45] the intra-tester reliability 

of clinical measurements assessing five core stability 

components which are strength, endurance, flexibility, motor 

control, and function were evaluated. The four core endurance 

tests included the trunk flexor test, trunk extensor test, and 

bilateral side bridge tests. Among these, core endurance tests 

demonstrated the highest reliability. Reliable tests were 

identified across all five categories, but overall, core 

endurance tests were found to be the most reliable, followed 

by flexibility, strength, neuromuscular control, and functional 

tests in that order. The Mc’Gill’s torso muscular endurance 

test battery consist a Ratio of comparison based on which the 

relationship between muscles is recorded as good and poor. A 

balanced relationship between core muscle groups is indicated 

by specific endurance ratios. A flexion-to-extension ratio of 

less than 1.0 suggests optimal muscular balance, where the 

extension completion time exceeds the flexion completion 

time. Similarly, for the right-to-left side bridge ratio, a 

balanced core is reflected by a difference of no more than 0.05 

between the two sides. Additionally, the side bridge (each 

side) to extension ratio should be less than 0.75 to indicate 

proportional endurance between lateral and posterior core 

muscles. 

During diaphragmatic contraction, the diaphragm pulls the 

central tendon downward, leading to an increase in the vertical 

diameter of the thoracic cavity, thereby facilitating effective 

inhalation. However, this expansion is quickly counteracted by 
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the vertical elements of the mediastinum and, more 

significantly, by the resistance from the abdominal organs. 

These organs are held in place by the 'abdominal girdle,' 

which consists of the strong core muscles. Without these 

muscles, the abdominal contents would shift forward and 

downward, and the central tendon would not be stabilized, 

preventing the diaphragm from effectively elevating the lower 

ribs. Thus, the interaction between the abdominal muscles and 

the diaphragm plays a vital role in ensuring optimal 

diaphragmatic function. [9] [16] While Hodges' early research 

emphasized the Transverse Abdominis (TrA) in core stability, 

[15] his more recent findings indicate that the core is a 

dynamic system, relying on the coordinated integration of the 

pelvic floor, TrA, diaphragm, and multifidus. Kolar et al. 

highlighted the significant role of the diaphragm during limb 

movements. In a separate study, Kolar investigated the 

association between back pain, core stability, and 

diaphragmatic function. [16] [44] He examined 18 patients 

with chronic low back pain (LBP) and 29 without, measuring 

diaphragm activity during tidal breathing and isometric flexion 

of the upper and lower limbs against external resistance. The 

study found that individuals with LBP exhibited smaller 

diaphragm excursions and a higher diaphragm position. The 

researchers concluded that "the respiratory movement of the 

diaphragm is synchronized with its stabilizing function, and 

dysfunction of this synchronization in individuals with weak 

diaphragm stabilization leads to spinal segment overload." 

This implies that inadequate and poorly coordinated 

diaphragm activation may compromise spinal stability [16] 

[44]. In this study it was found that there is significant positive 

correlation between BHT and all four completion times, with 

extension showing the strongest relationship. The connection 

between back extensor muscles and breath-holding efficiency 

is well-supported by research emphasizing the importance of 

core strength, spinal stability, and proper posture in enhancing 

respiratory mechanics. Strengthening these muscles can lead 

to improved breath-holding performance through better trunk 

control and lung capacity expansion, making it a critical focus 

in athletic and rehabilitation settings. The back extensor 

muscles (particularly the erector spinae and multifidus) play 

an important role in stabilizing the spine, which indirectly 

affects respiratory function. Breath-holding involves voluntary 

apnea, during which the diaphragm, along with accessory 

respiratory muscles, like the back extensors, works to maintain 

trunk stability. A strong core, including the back extensors, 

can improve the efficiency of breath-holding by providing 

better posture and more control over abdominal and thoracic 

pressure[40] [41]. 

This study suggest that individuals with higher core 

endurance also exhibit longer breath hold times indicating an 

interplay between core stability and respiratory function. 

When compared to core stability training alone, combining 

breathing exercises with core stability training can lead to 

improved results, including better lumbar spine function, pain 

relief, and increased low-back muscular endurance in patients 

with chronic low back pain. [26] The correlation observed 

aligns with previous research indicating that core endurance 

can influence various aspects of physical performance and 

stability. Strengthening the erector spinae and other muscles in 

the posterior chain is often included in respiratory muscle 

training programs aimed at improving breath-holding 

efficiency. 

VI. CONCLUSION 

The study concludes that there is moderately significant 

correlation between core endurance and breath hold time in 

normal young adults.  

VII. LIMITATIONS AND FUTURE SCOPE 

Limitations of this study are that the sample size was 

relatively small, age group and comprised only normal young 

adults. Future research can be done on a larger and more 

diverse population across different age groups and fitness 

levels such as wrestlers, weight lifters and in the occupation 

like laborers, porters and sedentary job for better statistical 

inference. Additionally, exploring the underlying 

physiological mechanism in greater detail could provide more 

insights into how core endurance specifically affects lung 

functions. 
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