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ABSTRACT 

The modified plank test is a relatively new test for 

examining one’s core muscle strength and endurance. 

However, there is a lack of previous studies have been 

done to evaluate the validity of the test. It is wondered 

if the test is really testing one’s ability of core 

muscles. This study was designed to examine the validity 

of the modified plank test by assessing the difference 

and correlation between taking the test with and without 

prior fatiguing the core muscles. Ten male university 

students who aged from 21 to 26 participated in this 

study. Subjects were asked to perform the modified plank 

test (Test 1) and modified plank test with prior 

fatiguing the core muscles (Test 2) respectively. In this 

study, the mean of subjects’ performance in Test 1 and 

Test 2 was 230.2 ± 90.5 seconds and 152.5 ± 78.6 seconds 

respectively. Paired-Sample t test and Pearson Product 

Moment Coefficient of Correlation were used and the 

significant level of 0.05 was set. The results indicated 

that there was significant difference between Test 1 and 

Test 2 (t=4.75, p<0.05). The mean performance of Test 2 

(mean=152.5) was significantly lower than the mean 

performance of Test 1 (mean=230.2). Moreover, it was 

found that there was a significant positive relationship 

between both tests (r=0.822, p<0.05). These results 



suggested that the modified plank test was valid and 

could be used to examine one’s function of core muscles. 
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Chapter 1 

INTRODUCTION 

Core muscle strength and endurance was important in 

both athletic performance and overall general health, 

including prevention and treatment of low back pain 

(Biering-Sorensen, 1983). However, it is not uncommon 

that many people do not exactly know what core muscles 

are. According to “Fitness & Wellness” (2005), the body's 

core included the trunk, pelvis, hips, abdominal muscles 

and small muscles along the spinal column. Besides, the 

term core had been defined as the 29 pairs of muscles 

that supported the lumbo-pelvic-hip complex (Thompson, 

2008). Boettcher (2004) also indicated that core was the 

complex system of muscles, tendons and ligaments that 

comprised the body’s foundation, approximately the area 

known as the trunk or torso traditionally. Recently, 

there has been a significant increase in core muscle 

training for both sports conditioning programs and the 

general population as a result of fitness professionals 

emphasizing training the core region of the body. 

Although researchers have examined different methods to 

strengthen the core, there are limited tests for 

evaluating the core muscle function. A common and popular 

method used to assess the core is The Muscular Endurance 

Test which includes the Lateral Musculature Test, Flexor 



Endurance Test and Back Extensors Test (McGill, 2007). 

The torso flexors, extensors, and lateral musculature can 

be tested separately. Another test, the Core Muscle 

Strength and Stability Test, can also evaluate the core 

muscle function, which was designed by Brian Mackenzie, a 

senior athletics coach with UK Athletics, the United 

Kingdom’s National Governing body for Track and Field 

Athletics. It is a modified plank test which proceeds 

with a prone position. However, the validity of this test 

is not well studied. There is a need for research to 

validate this modified plank test. 

 

Statement of Problem 

Previous studies demonstrated that the Muscular 

Endurance Test (Lateral Musculature Test, Flexor 

Endurance Test and Back Extensors Test) designed by 

Stuart Mcgill was most commonly recognized and used to 

evaluate core muscles endurance. It was proved that the 

tests had reliability coefficients of >.97 for the 

repeated tests on five consecutive days and eight weeks 

later again (McGill, Childs & Leibenson, 1999). However, 

the validity of another test, the modified plank test 

designed by Brian Mackenzie for assessing core function 

is not well studied. Moreover, McGill, Belore, Crosby, 

and Russell (2010) found that there was no significant 



correlation between the results of Flexor Endurance Test 

and the Plank Test. The study appeared that the two tests 

were independent and measuring different variables since 

the recruitment of muscles might not be identical between 

the two tests. Therefore, is the modified plank test 

really assessing the core muscles? It is wondered if 

there is difference between the results of doing the test 

with and without prior fatiguing the core muscles and to 

see whether the core muscles are recruited during the 

modified plank test. 

 

Purpose of the Study 

The purpose of this study was to examine the 

validity of the modified plank test by assessing the 

difference and correlation between the results of taking 

the test with and without prior fatiguing the core 

muscles. 

 

Significance of the Study 

Having strong core muscles not only can enhance the 

performance in sports, but also it can reduce athletes’ 

opportunity of injuries during the competitions or 

practices. Purton (2003) stated that “increasing numbers 

of athletes in all sports have come to realize that core 

training gives you more than just gorgeous, washboard abs. 



It also improves your performance and reduces injuries” 

(p.38). Therefore, core strength is certainly a factor 

that would affect sports performance and body health. In 

fact, there are many exercises available for developing 

strong abdominals and building core strength, but few 

methods are offered for evaluating the core muscles. 

According to About.com (2008), the modified plank test 

can assess athlete’s strength of core muscles and monitor 

the development and improvements of an athlete’s core 

strength and endurance over time, in order to help the 

athletes keep training the core strength systematically 

and achieve better performance. In addition to the 

athletes, the modified plank test can also be helpful to 

the rehabilitation of patients (such as low back 

disorders). It would be useful for the patients to do the 

test and to see what extent they are worse than the 

healthy individuals and thus they can easily understand 

the progress of the rehabilitation. Last but not least, 

taking the modified plank test would consume less time 

and is simpler when comparing with The Muscular Endurance 

Test which including four separate tests. Therefore, 

validating the modified plank test can make it credible 

and give public a choice other than the Muscular 

Endurance Test to evaluate the core muscle function 

simply, effectively and efficiently.  



Chapter 2 

REVIEW OF LITERATURE 

Core muscle function is important to our health, no 

matter you are general public, athletes or patients. As 

described by Liemohn, Baumgartner, and Gagnon (2005), 

core stability was not only a key component in the 

training programmes of individuals who were intending to 

improve their health and physical fitness, but core 

stability was also an important concept in clinical 

rehabilitation and in the training of competitive 

athletes. Akuthota and Nadler (2004) noted that core 

served as the centre of the functional kinetic chain and 

the core was seen as a muscular corset working as a unit 

to stabilize the body and in particular the spine, both 

with and without limb movement. As to the alternative 

medicine world, the core had been regarded as the 

'powerhouse', the foundation or engine of all limb 

movement. Kibler, Press, and Sciascia (2008) also 

stressed the importance of the core in providing local 

strength and balance, in decreasing back injury and in 

maximizing force control. As core muscles are significant, 

there is a need for us to validate the modified plank 

test in order to evaluate one’s core muscle function 

effectively and accurately. 

  



The review of literature for the present study was 

focused on the following aspects: (a) Definitions of the 

core region; (b) Benefits of having good core function; 

(c) Relationship between core function and sports 

performance; (d) Various alternatives of core training; 

(e) Mechanisms of muscle fatigue and its influence on 

exercise performance; (f) Summary of literature review. 

 

Definitions of the Core Region 

As the term core implicated, it was the central 

portion of the body, or torso, in which stabilization of 

the abdominal, paraspinal and gluteal muscles were 

crucial for optimal performance (Thompson, 2008). 

Definitely, the core muscles are much more than the 

abdominal muscles. According to Hedrick (2000), the core 

consisted of four general muscle groups in addition to 

the abdominal muscles (rectus abdominis, internal oblique, 

external oblique and transversus abdominis), which were 

the hip musculature, lumbar spine musculature, thoracic 

spine musculature, and cervical spine musculature. 

Fredericson and Moore (2005) provided a more thorough 

definition of core muscles that the core musculature 

involved the 29 pairs of muscles that supported the 

lumbo-pelvic-hip complex in order to stabilize the spine, 

pelvis, and kinetic chain during body movements. An 



interesting and concrete description stated by Akuthota 

and Nadler (2004) was the core was a box with the 

abdominals in the front, paraspinals and gluteals in the 

back, the diaphragm as the roof, and the pelvic floor and 

hip girdle muscles as the bottom. In fact, different 

researchers would have a bit differences in the 

definitions of the core region. Furthermore, researchers 

in the same scope could also have different 

understandings of the core region. Hibbs, Thompson, 

French, Wrigley, and Spears (2008) mentioned that some 

researchers focusing on sports performance considered the 

core including all of the anatomy between the sternum and 

the knees with a stress on the abdominal region, low back 

and hips, while some other researchers concluded that the 

core muscles should be composed of the muscles in the 

shoulder and pelvis since they were important for the 

transfer of energy from the larger torso to the smaller 

extremities, which might be more involved in sport 

performance rather than daily tasks. 

 

Benefits of Having Good Core Function 

Behm, Leonard, Young, Bonsey, and MacKinnon (2005) 

suggested that the strengthening of trunk and core 

muscles was an important consideration for activities of 



daily living, sports performance, and the prevention and 

rehabilitation of low back pain.  

Boettcher (2004) pointed out that core muscles 

maintained internal organ function and acted as a life 

support system. The core muscles stabilized us when we 

moved our arms and legs. The author also stated that all 

the movement was originated at the core, it was the 

primary source of stability. As a result, whether we were 

running, jumping, twisting or even picking up a baggage, 

the core kept our body balanced and stable. Moreover, the 

author pointed out that good core function could improve 

our alignment and posture, particularly when we performed 

sedentary tasks that allowed us to slump or cock while 

moving our heads closer for information on computer 

screens or the pages of books. Therefore, fine core 

development helped us to achieve a stronger functional 

alignment that prevented the slouching habits in normal 

daily life.  

Regarding the sports performance, trunk and pelvis 

muscles were responsible for the maintenance of stability 

of the spine and pelvis and assisted in generating and 

transferring energy from large to small parts of body 

during many sports activities (Borghuis, Hof & Lemmink, 

2008). For athletes, good core strength could give more 

power to a swing or more distance in a throw; for 



children, they would have healthier and fitter bodies, 

leading them to move more energetically, and be easier 

and quicker to learn other athletic activities (Boettcher, 

2004). Hibbs, Thompson, French, Wrigley, and Spears (2008) 

concluded that core stability and balance were 

indispensable for good performance in almost all sports 

and activities due to many movements in sports were 3-

dimensional nature that demanded athletes having good hip 

and trunk muscle strength to provide effective core 

stability.  

Apart from sports performance, Demont et al. (1999) 

pointed out that strong abdominal muscles were critical 

in both prevention and rehabilitation of lumbar 

pathologies. They added that low back pain was related to 

weak abdominal muscles. Therefore, strengthening of 

abdominal muscles could be beneficial in reducing low 

back pain. Similarly, Amir, and Mahyar (2007) had finding 

in their clinical research that clinical trunk muscle 

endurance tests showed a relatively good sensitivity and 

specificity and predictive value in low back pain. It 

revealed that the poorer function of trunk muscles, the 

easier to be associated with the low back pain. Luoto et 

al. (1996) also suggested that the psychomotor reaction 

time was lower in those subjects with low back pain than 

without low back pain, as well as the postural control 



would be impaired in women who suffered from low back 

pain. Importantly, the psychomotor speed could be 

improved through an active, functional, restoration back 

rehabilitation program. Besides low back pain, having 

good core function could reduce the risk of muscle and 

joint injuries. Hibbs, Thompson, French, Wrigley, and 

Spears (2008) found that weak strength and endurance of 

the trunk muscles and inappropriate recruitment of the 

trunk and abdominal muscles might cause spinal 

instability and injuries to core muscles and knee or hip 

joints endured during movements. Borghuis, Hof, and 

Lemmink (2008) reported that core stability played an 

important role in injury prevention because decreased 

lumbo-pelvic stability has been suggested to be 

correlated with a higher rate of suffering lower 

extremity injuries, especially in females, and this core 

instability might lead to increased strain on the 

ligaments of the knees. 

 

Relationship between Core Function and Sports Performance 

The importance of the central core function of the 

body for force generation and stabilization in sports 

activities is being increasingly recognized. Some 

previous studies have shown that the core function was 

important to certain sports performance. In a study by 



abt et al. (2007), they suggested that core stability 

contributed to lower extremity cycling mechanics. 

Enhancements in core function could promote greater torso 

stability within the saddle and maintenance of lower 

extremity alignment to apply greater force transmission 

to the pedal when riding for extended durations. Besides, 

McGregor, Hill, and Grewar (2004) found that well 

developed strength of the trunk muscles was important in 

many sports particularly rowing. In their findings rowers 

were significantly stronger than non-rowers at all test 

speeds in peak torque of the trunk flexion and extension 

strength. Similarly, according to Muller, Hille, and 

Szpalski (1994), they investigated the trunk isometric 

strength in 20 elite male rowers and noted isometric 

torque was greater in rowers compared with control 

subjects. The lower trunk extension/flexion ratio of the 

strength, the better rowing performance the subjects had. 

It showed that the rowers who had better trunk muscles 

balance and coordination would have greater performance 

in rowing.  

However, there were several research findings showed 

that there was no significant correlation between core 

function and sports performance. Nesser and Lee (2009) 

indicated that core strength did not significantly 

contribute to strength and power and should not be the 



concentration of any strength and conditioning program in 

order to enhance sport performance, while in their study 

no significant correlations were found between core 

strength and strength and power including vertical jump, 

shuttle run, 40 yard sprint and 1 RM bench press and 

squat. Moreover, Scibek (1999) examined the swimming 

performance and core strength in high school level 

swimmers, and the results indicated that six-week core 

stability training had improvement on upper trunk 

strength and postural control during the forward throw 

and supine stability test, but did not have effect on 

swimming performance. Stanton, Reaburn, and Humphries 

(2004) also reviewed running performance and economy, and 

core strength in high school aged touch football and 

basketball athletes. They concluded that 12 Swiss ball 

training sessions in six weeks had positively affected 

core stability, however there were no significant 

improvements in physical performance in the athletes, 

including the myoelectric activity of the abdominal and 

back muscles, treadmill VO2max, running economy or 

running posture. Furthermore, Tse, Mcmanus, and Masters 

(2005) tested the relationship between rowing performance 

and core strength in college aged rowers, it revealed 

that after 8 weeks effective core training there were no 

significant differences for the 2000m maximal rowing 



ergometer test between before and after the improvement 

of core function, thus the effectiveness of the core 

intervention on rowing performance was not supported. 

 

Various Alternatives of Core Training 

As Borghuis, Hof, and Lemmink (2008) stated, the 

goal of core muscle exercise programmes was enabling 

performance of high-level activities in daily life and 

sports with keeping the spine stabilized. Also, Core 

strengthening became a major trend in rehabilitation and 

had been regarded as a preventive regimen as a form of 

rehabilitation (Akuthota & Nadler, 2004). There were 

various alternatives of training core muscles. Some of 

them needed specific equipment to assist, while some of 

the exercises can be trained without equipment. According 

to Fredericson and Moore (2005), they showed several core 

muscle exercises that could be trained without equipment: 

(1) supine bent-knee raises, (2) quadruped with alternate 

arm/Leg raises, (3) Bridging. Boettcher (2004) introduced 

more detailed core training exercises in three different 

postures, which were supine, prone and standing. For 

example, (1) abdominal and oblique crunch for training 

abdominal muscles in supine posture; (2) hip extension 

concentrating the erector spinae, gluteals and psoas in 

prone posture; (3) standard step and lunge for training 



iliopsoas muscles, erector spinae and abdominals in 

standing posture.  

Concerning the equipment used in core training, the 

most common and prevalent tools would be the medicine 

ball and Swiss ball. Medicine balls normally supplied in 

a range of weights from 1-10 lbs. Trunk rotation with 

medicine ball in seated position and leg raise with 

medicine ball in hanging position were examples that 

could train the oblique and low back, and abdominals and 

iliopsoas muscles respectively (Boettcher, 2004). As to 

the Swiss ball, it was a tool that allowed us training on 

labile surfaces since the trainee has to position his 

body against gravity on an unstable surface (the ball) 

during the training. Fredericson and Moore (2005) showed 

some training methods, including (1) seated marching on a 

Swiss ball, (2) spinal flexion on a Swiss ball, (3) 

alternate leg bridge with shoulders on a Swiss ball, (4) 

leg curls on a Swiss ball, (5) abdominal rollout and (6) 

squat ball thrust. There were findings supporting the 

benefits of training core muscles with Swiss ball. 

Borghuis, Hof, and Lemmink (2008) reported that there was 

higher level of activation of the abdominal muscles when 

performing different core stability exercises on a Swiss 

ball than exercising on a stable surface. Besides, an 

improved performance on a static balance task after a 



five-week functional training programme with a Swiss ball 

was demonstrated when compared with conventional floor 

exercises in untrained women. They concluded that using 

the unstable surfaces such as the Swiss ball could 

emphasize the propriocepsis and extend the degree of 

activation of the trunk muscles that were vital for 

balance and stability in sport. 

 

Mechanisms of Muscle Fatigue and Its Influence on 

Exercise Performance 

In healthy individuals, muscle fatigue could 

restrict performance and limit participation in 

recreation and sports activities, particularly in elite 

athletes, muscle fatigue might adversely affect their 

performance in competitions (McKenna & Hargreaves, 2008). 

Simply, muscle fatigue can be defined as an exercise-

induced impairment of performance during sport 

competitions. As muscle fatigue seems to be a natural 

enemy to the athletes, the origin of muscle fatigue has 

been widely investigated by many researchers. Place, 

Yamada, Bruton, and Westerblad (2010) indicated that 

muscle fatigue was induced by prolonged dynamic exercise 

or sustained isometric contractions, as shown by 

decreased performance and a reduction in the maximum 

voluntary contraction force. Muscle fatigue was complex 



as it could be generally divided into central and 

peripheral components (Adamo, Khodaee, Barringer, Johnson 

& Martin, 2009). When processes emerged from muscle cells 

and directly impaired muscle contractile function, this 

condition was called peripheral fatigue. Peripheral 

fatigue would result in reducing the peak force and 

muscle power because of the metabolic factors, such as 

accumulation of lactic acid, diminished glucose or 

glycogen availability, and ionic factors (Knicker, 

Renshaw, Oldham & Cairns, 2011). For ionic factors, 

McKenna and Hargreaves (2008) indicated that decreased 

Calcium ion released from sarcoplasmic reticulum was a 

major causative factor in fatigue in muscles while 

Calcium ion was the element that stimulated the muscle 

cells. Place, Bruton, and Westerblad (2009) concluded 

that the decrease in force-generating capacity during 

isometric contraction exercise to exhaustion could be 

explained by three factors: (1) reducing number of active 

cross-bridges due to a decreased release of Calcium ion; 

(2) decreasing sensitivity of the myofilaments to Calcium 

ion; (3) reducing force produced by each active cross-

bridge. As for the phenomenon of central (neural) fatigue, 

it would originate when a reduced muscle force occurred 

during volitional contractions and might also appear 

through a lowered drive from the motor cortex in the 



brain. This inhibition of motor drive from the central 

nervous system which reduced recruiting frequency of 

motoneuron or motor units might be the consequent to 

peripheral feedback from working muscles (Knicker, 

Renshaw, Oldham & Cairns, 2011). Place, Bruton, and 

Westerblad (2009) added that running a marathon would 

have a greater extent of central fatigue than in a 400 m 

race since central fatigue was more likely to occur in 

endurance event. 

Knicker, Renshaw, Oldham, and Cairns (2011) stated 

that repeated electrical stimulation could reduce peak 

tetanic force by >60%, which was related to high and 

constant stimulation frequencies used. Specifically, 

prolonged cycling, running, or skiing could induce 

decrements of up to 30% of peak maximum voluntary 

contractions force. They also reported that larger force 

decrements up to 50–80% could be induced by prolonged 

isometric maximum voluntary contractions or repeated 

isokinetic contractions. As a result, force reduction 

would be the reason that adversely influencing exercise 

performance when muscle fatigue occurred. 

 

Summary of Literature Review 

As observed above, core muscles comprised 29 pairs 

of muscles mainly within the regions of the body’s 



abdominals, paraspinals and gluteals, diaphragm and 

pelvic and hip muscles.  Core muscle function was an 

important consideration for activities of daily living, 

sports performance, and the prevention and rehabilitation 

of low back pain (Behm, Leonard, Young, Bonsey & 

MacKinnon, 2005). Although some researches found that 

there was no significant correlation between core muscle 

function and sports performance, it could not be denied 

that various alternatives of core training could enhance 

the function of core muscles in order to enabling higher 

performance in daily life and considered a way of 

prevention or rehabilitation of low back pain and lower 

extremity injuries. Muscle fatigue was induced by 

prolonged dynamic exercise or sustained isometric 

contractions, as shown by decreased performance and a 

reduction in the maximum voluntary contraction force 

(Place, Yamada, Bruton & Westerblad, 2010). Core muscle 

fatigue would be an important part in present study. This 

study was designed to examine the validity of the 

modified plank test by assessing the difference and 

correlation between the results of taking the test with 

and without prior fatiguing the core muscles. 

 

Definition of Terms 

The following terms were defined operationally: 



Core muscles 

Fredericson and Moore (2005) provided a definition 

of the core muscles, as “The core musculature can be 

defined generally as the 29 pairs of muscles that support 

the lumbo-pelvic-hip complex in order to stabilize the 

spine, pelvis, and kinetic chain during functional 

movements” (p. 26). 

Core muscle function 

Core muscle function involves core strength and core 

stability in present study. The definitions of core 

strength and core stability are as follows: 

Core strength 

According to Nesser and Lee (2009), core strength 

was defined as an individual’s ability to stabilize the 

torso from the hips to the shoulders for the purpose of 

force production, control and transfer to one or more 

extremities.  

Core stability 

Kibler, Press, and Sciascia (2008) defined that Core 

stability was the ability to control the position and 

motion of the trunk over the pelvis and leg to allow 

optimum production, transfer and control of force and 

motion to the terminal segment in integrated kinetic 

chain activities. Moreover, Hibbs, Thompson, French, 

Wrigley, and Spears (2008) pointed out that core 



stability was the ability of maintaining the 

intervertebral range of motion within a safe limit to let 

activities to be executed in daily movement. 

They showed that the difference between core 

stability and core strength was core stability referred 

to the ability to stabilize the spine as a result of 

muscle activity, while core strength was defined as the 

ability of the muscle to produce force through 

contractile forces and intra-abdominal pressure. 

Plank test 

In performing the plank test, McGill, Belore, Crosby, 

and Russell (2010) stated that: An alternate approach for 

testing the flexors is to begin laying prone, elbows 

directly under the shoulders and hands together so that 

the forearms form a “V”. Subjects then bridge off the 

ground with the torso straight. Failure occurs when a 

straight back can no longer be maintained and the hips 

drop toward the floor, or the participant request to stop, 

or they are unable to preserve form after one verbal 

warning. (p.57) 

Muscle fatigue 

Place, Yamada, Bruton, and Westerblad (2010) 

indicated that muscle fatigue was induced by prolonged 

dynamic exercise or sustained isometric contractions, as 

shown by decreased performance and a reduction in the 



maximum voluntary contraction force. In addition, when 

the muscle was in a state of fatigue, it was unable to 

provide sufficient stabilization and a shift in load-

sharing towards passive stabilizing structures would be 

induced (Descarreaux, Lafond, Jeffrey-Gauthier, Centomo & 

Cantin, 2008). 

 

Research Hypotheses 

The hypotheses of the present study were as follows: 

1. There would be a significant difference between the 

performance of testing with and without prior fatiguing 

the core muscles in the modified plank test. 

2. There would be a significant correlation between the 

performance of testing with and without prior fatiguing 

the core muscles in the modified plank test. 

 

 

 

 

 

 

 

 

 

 



Chapter 3 

METHOD 

The method of this study was divided into the 

following sections: (a) subjects; (b) testing procedures; 

and (c) statistical analysis. 

 

Subjects 

Ten male undergraduate students from different 

universities majoring in different disciplines were 

invited to participate in this study. Their age was 

between twenty one and twenty six years old. They had 

active sport participation. Participants were screened 

using a PAR-Q to rule out pre-existing health 

contraindications and risk factors to exercise. All the 

subjects were asked to sign on the informed consent forms 

after knowing the purpose, benefits and risks of this 

study. 

 

Testing procedures 

To examine the validity of the modified plank test, 

participants were invited to perform test 1 and test 2 in 

randomly sequences on two separate days within a week. 

Both tests were conducted in the Dr. Stephen Hui Research 

Centre for Physical Recreation and Wellness. Each 

participant was introduced to the study in a 



familiarization session in which the experimental setup 

and the procedures were demonstrated. 

Modified plank test (Test 1) 

The subjects were strongly advised not to have a 

heavy meal 2 hours before the tests. The subjects were 

invited to do warm up exercises before the tests. Warm up 

exercises should be 5 minutes jogging and then 5 minutes 

related stretching exercises. After the warm up exercises, 

subjects were invited to perform the Test 1 or Test 2. 

To prepare for the Test 1, flat surface (two tables), 

a mat, a stop watch, a stand with scale and two rubber 

bands for checking subjects’ correct position (Figure 1 & 

Figure 2), labels and a ruler were needed. Before 

performing the test, the distances between elbows and 

between toes as well as the height of the linear line 

among shoulder, trunk and hip in the plank position (3 

labels would be stuck on the lateral side of subjects’ 

shoulder, trunk and hip respectively) of the subjects 

were recorded. The points of subject’s elbows and toes 

were marked on the mat by labels. The data were used to 

ensure the same position of the subjects in the second 

test in order to enhance the objectivity.  



 

Figure 1 & Figure 2 

Stand with scale and two rubber bands for checking 

subjects’ correct position 

 

The following guidelines of modified plank test with 

the reference of the About.com (About.com, 2008) would be 

used and the modified plank test was conducted as follows: 

1. Start in the Plank Exercise Position (elbows on the 

ground) (Once the subject is in the correct position 

the tester starts the stopwatch)  

Hold for 60 seconds 

       

Figure 3  

The Plank Exercise Position 

2. Lift your right arm off the ground  

Hold for 15 seconds 



3. Return your right arm to the ground and lift the left 

arm off the ground  

Hold for 15 seconds 

4. Return your left arm to the ground and lift the right 

leg off the ground  

Hold for 15 seconds 

5. Return your right leg to the ground and lift the left 

leg off the ground  

Hold for 15 seconds 

6. Lift your left leg and right arm off the ground  

Hold for 15 seconds 

7. Return you left leg and right arm to the ground 

8. Lift your right leg and left arm off the ground  

Hold for 15 seconds 

9. Return to the Plank Exercise Position (elbows on the 

ground)  

Hold this position for 30 seconds 

If stage 9 is completed, repeat the procedure from 

stage 1. 

The tester was responsible for instructing the 

subjects as to the position to assume at the appropriate 

stage. Throughout the test, the subjects should maintain 

the 3 labels on the body within the two rubber bands 

(10cm apart) of the stand under the supervision of the 

tester as like as the following figure: 



 

Figure 4 

The points of 3 labels and the use of the stand with 

scale and two rubber bands for checking subject’s correct 

position 

  

If the subject is unable to hold the position which 

all 3 labels are within two rubber bands (tester would 

observe in horizontal view) after giving 2 chances to 

correct the unacceptable position then the test is to be 

stopped. During the stage 2, 3, 6, 8, the labels on the 

subjects especially the shoulder one may be gone beyond 

the rubber bands a little bit since the subjects may need 

to turn the body for maintaining balance. This 

circumstance was permitted.  



The tester recorded the time at which the subjects 

were unable to maintain the correct body position third 

times or were unable to continue with the test. After 

subjects performed the test, cool down and stretching 

exercises were advised to do. 

Modified plank test with prior fatiguing the core muscles 

(Test 2) 

In test 2, a Core Fatigue Workout was performed 

before the modified plank test. The subjects were 

required to start the modified plank test immediately 

after the Core Fatigue Workout. The content of the Core 

Fatigue Workout was referred to abt et al. (2007) as 

follows: 

Subjects performed a 32 minute circuit of 7 exercises 

designed to target core stabilizer muscles in multiple 

planes of motion. Each subject completed 4 consecutive 

sets of the exercise circuit, performing each exercise 

for 40 seconds and resting for 20 seconds. A Mechanical 

Metronome is used to assist the subjects in keeping the 

constant pace during exercises (2 seconds for 1 

repetition). The exercise circuit consisted of the 

following exercises: seated upper torso rotations with 

medicine ball, static prone torso extension with medicine 

ball, supine lower torso rotations with medicine ball, 

incline sit-ups with weighted plate, lateral side bend 



(performed bilaterally) with weighted plate, rotating 

lumbar extension with weighted plate, and standing torso 

rotations with weighted pulley resistance. 

In present study, there were 2 modifications of the 

above Core Fatigue Workout: 

1. Since the weighted pulley resistance which used in last 

exercise was unavailable, “standing torso rotations 

with weighted pulley resistance” was deleted therefore 

the Core Fatigue Workout was changed to be a 28 minute 

circuit of 6 exercises. 

2. A 10-pound dumbbell substituted for the weighted plate. 

The Core Fatigue Workout was performed on the table 

with mat except that the “seated upper torso rotations 

with medicine ball” was performed with seating on a chair. 

The equipment used in the Core Fatigue Workout were shown 

in the following figures. 

 

Figure 5 

4-pound medicine ball 



 

Figure 6 

10-pound dumbbell 

 

After performed the Core Fatigue Workout, the 

subjects performed the modified plank test mentioned in 

Test 1 at once. 

 

Statistical analysis 

The followings were the statistical (null) 

hypotheses of the study: 

1. There would be no significant difference between the 

performance of testing with and without prior 

fatiguing the core muscles in the modified plank 

test. 

2. There would be no significant correlation between 

the performance of testing with and without prior 

fatiguing the core muscles in the modified plank 

test. 

 



Analysis of data was done on subjects who completed 

all tests. Physical characteristics such as age, weight 

and height of the subjects were recorded. Statistical 

data were analyzed by the Statistical Package for Social 

Science Version 14.0 (SPSS 14.0). Descriptive data such 

as range, mean and standard deviation were reported and 

all data were described in mean ±SD. The subjects’ 

performance in the modified plank test (Test 1) and 

modified plank test with prior fatiguing the core muscles 

(Test 2) were compared for significant difference by 

using Paired-Sample T-test (t). Moreover, Pearson 

Production Moment Coefficient of Correlation (r) was used 

to examine the correlation between the modified plank 

test results with and without prior fatiguing the core 

muscles. An alpha level of p<0.05 indicated statistical 

significance. 

 

Delimitations 

The study was delimited to the followings: 

1. The subjects of the study were delimited to the male 

undergraduate students who studied in universities and 

aged between 21 to 26 years old. 

2. 10 students were volunteered to participate in this 

study. 



3. The tests were carried out in the Dr. Stephen Hui 

Research Centre for Physical Recreation and Wellness in 

Hong Kong Baptist University. 

4. The modified plank test (Test 1) and the modified plank 

test with prior fatiguing the core muscles (Test 2) 

were tested on two separate days within a week. 

 

Assumption 

1. It was assumed that the Core Fatigue Workout was 

effective that fatiguing the core muscles directly and 

definitely. 

 

Limitations 

The study was limited by the following factors: 

1. The subjects’ attitude toward the tests and the 

motivation of the subjects in performing the tests 

were uncontrollable. It might affect the results of 

the study. 

2. The performance of the subjects might be affected by 

their physical activity pattern and the physical 

lifestyle such as the sleeping hours before performing 

each test. 

3. The performance of the subjects might be affected due 

to their different physical characteristics. 



4. The result of this study could not produce a good 

generalization since the sample size was small (n=10). 

5. The subjects were from a convenience sample. 

6. Study findings were applicable only to the subjects 

included in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

ANALYSIS OF DATA 

Results 

Total ten male students from different universities 

were invited to participate in this study. The purpose of 

this study was to examine the validity of the modified 

plank test by assessing the difference and correlation 

between the results of taking the test with and without 

prior fatiguing the core muscles. All subjects engaged in 

modified plank test and modified plank test with prior 

fatiguing the core muscles (Core Fatigue Workout) in the 

study.  

The physical characteristics of the subjects were 

shown in the table 1: 

Table 1 

Physical characteristics of the subjects (N=10) 

_____________________________________________________________________ 

                                            Range                           Mean                           ±SD 

_____________________________________________________________________ 

Age (yr)                               21-26                             23                               1.7 

Height (cm)                       165-181                         172.3                            5.5 

Weight (kg)                        54-75.3                          64.6                             6.4 

_____________________________________________________________________ 



The results of the modified plank test (Test 1) and 

modified plank test with prior fatiguing the core muscles 

(Test 2) of each subject were shown in table 2: 

Table 2 

The results of Test 1 and Test 2 of each subject (N=10) 

_____________________________________________________________________ 

  Subject                                  Test 1 (second)                              Test 2 (second) 

_____________________________________________________________________ 

1                                              210                                                 201 

2                                              158                                                  76 

3                                              330                                                 135 

4                                              390                                                 299 

5                                              172                                                 130 

6                                              301                                                 240 

7                                              170                                                  58 

8                                              182                                                 122 

9                                              106                                                  74 

10                                              283                                                 190 

_____________________________________________________________________ 

 

The descriptive statistics of the subjects’ 

performance in the modified plank test (Test 1) and 

modified plank test with prior fatiguing the core muscles 

(Test 2) were shown in table 3: 

 



Table 3 

Descriptive statistics of the subjects’ performance in the Test 1 and Test 2 (N=10) 

_____________________________________________________________________ 

                                            Range                           Mean                           ±SD 

_____________________________________________________________________ 

Test 1 (second)                  106-390                         230.2                            90.5 

Test 2 (second)                   58-299                          152.5                            78.6 

_____________________________________________________________________ 

Test 1: Modified plank test 

Test 2: Modified plank test with prior fatiguing the core muscles 

 

In order to examine the validity of the modified 

plank test, Paired Samples T-Test (t) was computed to 

examine the mean difference between the subjects’ 

performance in the modified plank test (Test 1) and 

modified plank test with prior fatiguing the core muscles 

(Test 2). The results were shown in table 4: 

 

 

 

 

 

 

 

 



Table 4 

Paired Samples T-Test of the results of Test 1 and Test 2 (N=10) 

_____________________________________________________________________ 

                                                                   Paired Differences 

_____________________________________________________________________ 

                                     Mean             SD                 t        df                    Sig 
                                                                                                                        (2-tailed) 

Paired Test 1 –              77.7             51.7             4.75                 9                   0.001 

Test 2 

_____________________________________________________________________ 

 

The result of the paired-sample t test of the 

modified plank test (Test 1) and modified plank test with 

prior fatiguing the core muscles (Test 2) indicated that 

the difference between the test 1 and test 2 was 

significant (t=4.75, p<0.05). The mean performance of 

test 2 (mean=152.5) was significantly lower than the mean 

performance of test 1 (mean=230.2) at the 0.05 level of 

significance. Therefore, the null hypothesis of there 

would be no significant difference between the 

performance of testing with and without prior fatiguing 

the core muscles in the modified plank test was rejected. 

The Pearson correlation between the subjects’ 

performance in the modified plank test (Test 1) and 

modified plank test with prior fatiguing the core muscles 

(Test 2) was computed. The Pearson correlation 



coefficient and the coefficient of determination were 

shown as the following table: 

Table 5 

Pearson’s correlation test between the subjects’ performance in the modified plank 

test (Test 1) and modified plank test with prior fatiguing the core muscles (Test 2) 

(N=10) 

 

_____________________________________________________________________ 

                                                          r                             r2                            p 

_____________________________________________________________________ 

Correlation between                   0.822**                     0.676                     0.004 

Test 1 and Test 2 

_____________________________________________________________________ 

** Correlation is significant at the 0.01 level (2-tailed) 

 

The relationship between the subjects’ performance 

in modified plank test (Test 1) and modified plank test 

with prior fatiguing the core muscles (Test 2) was shown 

in the following Figure: 

 

 

 

 

 

 



Figure 7 

Scatter plotted graph showing the relationship between the subjects’ performance of 

the modified plank test (Test 1) and modified plank test with prior fatiguing the core 

muscles (Test 2) (N=10) 
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It was found that there was a significant positive 

relationship between the subjects’ performance in the 

modified plank test (Test 1) and modified plank test with 

prior fatiguing the core muscles (Test 2) (r=0.822, 

p<0.05). Hence, the null hypothesis “There would be no 

significant correlation between the performance of 

testing with and without prior fatiguing the core muscles 

in the modified plank test” was rejected. 

 

 



Discussions 

The purpose of this study was to examine the 

validity of the modified plank test by assessing the 

difference and correlation between the results of taking 

the test with and without prior fatiguing the core 

muscles. In the following discussion part, four parts 

would be divided: (a) Validity of the modified plank test, 

(b) Relationship between the subjects’ performance of the 

modified plank test and the modified plank test with 

prior fatiguing the core muscles, (c) Factors affecting 

the performance of both tests, (d) Review of the modified 

plank test. 

Validity of the modified plank test 

According to abt et al. (2007), a significant 

decrease in core muscles performance in cycling was 

demonstrated after the Core Fatigue Workout, confirming 

the effect of the Core Fatigue Workout to induce fatigue. 

Since in the present study it was assumed that the Core 

fatigue Workout which indicated by abt et al. (2007) was 

fatiguing the core muscles directly and definitely, it 

implicated that the performance of the modified plank 

test after doing the Core fatigue Workout would determine 

whether the modified plank test was really testing the 

core muscles. It was because if the modified plank test’s 

performance is dropped after the Core fatigue Workout, it 



would prove that the core muscles were recruited in the 

modified plank test indeed; contrarily, if the 

performances are similar between doing the modified plank 

test with and without prior fatiguing the core muscles, 

it would show that the core muscles were not primarily 

contributed during the test while there was no 

differences no matter the core muscles were fatigue or 

not. The results of the present study demonstrated that 

there was a statistically significant mean difference 

between the subject’s performance in the modified plank 

test (Test 1) and modified plank test with prior 

fatiguing the core muscles (Test 2). The mean performance 

of test 2 (mean=152.5) was significantly lower than 

(t=4.75, p<0.001) the mean performance of test 1 

(mean=230.2) at the 0.05 level of significance. This 

stated that fatiguing the core muscles would induce the 

performance descended in the modified plank test. It 

implied that the modified plank test was testing the core 

muscles and it required core muscles generating force to 

maintain the performance during the test. As a result, it 

was possible to use the modified plank test for 

evaluating one’s core strength and stability. In other 

words, the modified plank test was a valid test to assess 

the core muscle function effectively. 



Relationship between the subjects’ performance of the 

modified plank test and the modified plank test with 

prior fatiguing the core muscles 

According to the present study, it was found that 

there was significant correlation between the performance 

of the modified plank test and that of modified plank 

test with prior fatiguing the core muscles (r=0.822, 

p<0.05). From the results of subjects’ performance it 

could be noted that all the subjects had a poor 

performance as well as similar degree of descent in the 

modified plank test with prior fatiguing the core muscles 

when comparing to the performance in the modified plank 

test without prior fatiguing the core muscles. As a 

result, it could be concluded that the modified plank 

test could assess the subjects’ core muscle function. On 

the one hand, the significant positive correlation 

explained the subjects with stronger core muscles 

strength and stability originally would still have better 

performance after the Core Fatigue Workout than the 

subjects with poor core muscles strength and stability 

originally, it proved the significance of the core 

muscles in the test as the strength and stability of the 

core muscles would influence the result of the test 

although the core muscles were fatigued. On the other 

hand, the significant positive correlation revealed that 



the Core Fatigue Workout was applicable to all subjects 

as all of them had close levels of fatigue therefore 

their descending extent of performance were approximate. 

Factors affecting the performance of both tests 

In addition to the core muscles, McGill, Belore, 

Crosby, and Russell (2010) believed that the shoulder 

might also be a factor that affecting the performance of 

the plank test. According to the feedback from the 

subjects in present study, most of them reported that 

they felt tired of shoulders after doing the modified 

plank test. This showed that the shoulder muscles were 

also demanded to perform the test. As a result, if the 

subject has very weak shoulder muscles there is 

possibility that the subject might terminate the test 

because of the fatiguing shoulder muscles but not the 

core muscles. 

The main difference of the both tests was the 

setting. For test 1, the subjects should perform the 

modified plank test only; for test 2, a 28 minute Core 

Fatigue Workout should be performed before the modified 

plank test. The setting would affect subjects’ 

performance directly, especially from the view of 

motivation. Subjects would be more motivated to perform 

the modified plank test in test 1 as they know the test 

would be finished in few minutes. For test 2, when 



subjects did their best in the Core Fatigue Workout, 

muscle fatigue would probably be created and they would 

feel exhausted or painful. While requiring them to 

perform the modified plank test immediately with 100% 

effort under a fatigued condition, this negative 

reinforcement would reduce their motivation of performing 

the modified plank test. Leger and Gadoury (1989) pointed 

out that lack of motivation might lead to test ceasing 

before participants had reached their physiological 

limits. 

Review of the modified plank test 

Since the present study was testing the validity of 

the modified plank test by male subjects and the result 

indicated that the modified plank test was valid for 

assessing core muscle function, the findings might not be 

applicable to the females. For females, further study was 

needed to validate the modified plank test. The reason 

was attributed to the shoulder’s influence during the 

modified plank test which has been mentioned above. 

McGill, Belore, Crosby, and Russell (2010) stated that 

the plank test required more shoulder challenge, men 

might have an advantage. From my observation during the 

tests and the results in present study, there was no 

indication showed that the shoulder’s strength of the 

subjects was a factor affected the evaluation of their 



core muscle function. However, the muscle strength of 

females was lower than males. According to Anders, 

Bretschneider, Bernsdorf, Erler, and Schneider (2004), 

all the strengths of each shoulder muscle in men were 

significantly higher than in women during the isometric 

exercises. If the females do not have enough strength of 

the shoulders to maintain the correct posture in modified 

plank test, the core muscle function could not be 

assessed because the females were unable to support the 

body in correct position by generating enough force from 

the shoulders despite the core muscles were not fatigue. 

As a result, the core muscle function could not be 

evaluated accurately. Therefore, to assess core muscle 

function by modified plank test effectively, the 

antecedence might be the testee should have certain 

extent of shoulder strength to avoid exhausted shoulders 

appearing before the core muscles fatigued. 

Although the modified plank test was proved to be 

recruiting core muscles in present study, it should be 

noticed that it was a test only but not an appropriate 

exercise for training core muscles.  McGill, Belore, 

Crosby, and Russell (2010) emphasized that training the 

test to enhance core muscle function was not advocated 

since prolonged spine load would give to the testee. 

Muscles could be trained by isotonic or isokinetic other 



than isometric exercises. There were many preferable 

exercises had mentioned in review of literature that 

could enhance core muscle function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5 

SUMMARY AND CONCLUSIONS 

Summary of Results 

This study was designed to examine the validity of 

the modified plank test by assessing the difference and 

correlation between the results of taking the test with 

and without prior fatiguing the core muscles. Total ten 

male undergraduate students from different universities 

majoring in different disciplines were invited to be the 

subjects in this study. They performed the modified plank 

test and modified plank test with prior fatiguing the 

core muscles respectively in the Dr. Stephen Hui Research 

Centre for Physical Recreation and Wellness in Hong Kong 

Baptist University. The times in seconds of both tests 

were recorded, and the test results data were analyzed by 

Statistical Package for Social Science Version 14.0 (SPSS 

14.0). Paired Samples T-Test (t) and Pearson Product 

Moment Coefficient of Correlation (r) were used, and the 

significant level of 0.05 was set. 

The results of this study were summarized as follows: 

1. There was a significant mean difference between the 

subjects’ performance in the modified plank test and 

modified plank test with prior fatiguing the core 

muscles (t=4.75, p=0.001, <0.05, N=10). 



2. There was a significant positive relationship 

between the subjects’ performance in the modified 

plank test and modified plank test with prior 

fatiguing the core muscles (r=0.822, p=0.004, <0.05, 

N=10). 

 

Conclusion 

According to the findings of current study, it is 

found that the difference between the subjects’ 

performance in the modified plank test and modified plank 

test with prior fatiguing the core muscles is significant. 

Moreover, there is a significant positive relationship 

between the subjects’ performance in the modified plank 

test and modified plank test with prior fatiguing the 

core muscles. Since statistic in the present study proves 

that the results of both tests have a significant 

difference and are correlated, it is concluded that the 

modified plank test is valid because the test is 

certainly examining one’s function of core muscles. 

 

Recommendations for Further Study 

Based on the present study, recommendations are 

suggested for further study. 



1. Different age group and sex group apart from male 

university students can be studied to enlarge the 

external validity of the study. 

2. The enlargement of sample size should be considered 

in order to obtain more generalizations. 

3. The weight of medicine ball and dumbbell which are 

used in the Core Fatigue Workout should be 

considered as well, since the subjects may use 

different weight of the equipment according to their 

body weight in order to obtain an equal proportion 

of the load during the Core Fatigue Workout. 

4. During the modified plank test, the subjects should 

lift one leg and one arm off the ground at the same 

time. This posture requires certain level of balance 

ability. Therefore, a trial of this posture may be 

introduced before the test.  
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APPENDIX A 

Informed Consent 
 
Explanation of the tests 

Two tests are performed in two days independently, which one day is performing the 

modified plank test with prior fatiguing the core muscles and another day is 

performing the modified plank test only. The core fatigue workout and the modified 

plank test are performed on the table with mat. For the core fatigue workout, you 

perform a 28 minute circuit of 6 exercises designed to target core stabilizer muscles in 

multiple planes of motion. 4 consecutive sets of the exercise circuit should be 

completed, performing each exercise for 40 seconds in a correct rhythm and resting 

for 20 seconds. For the modified plank test, you hold the position referring to the 

instruction until you are unable to maintain the correct body position or are unable to 

continue with the test. These tests assess the core muscle function of your body. Moreover, 

maximum effort testing is needed. 

 

Risks and discomforts 

There is a slight possibility of straining a muscle during the core fatigue workout. In 

addition, you may experience muscle soreness 24 or 48 hours after testing. These 

risks can be minimized by performing warm-up exercises prior to taking the tests. If 

muscle soreness occurs, appropriate stretching exercises to relieve this soreness will 

be demonstrated. 

 

Expected benefits from testing 

The tests allow us to assess your physical working capacity and to appraise your 

physical 

fitness status. The results are used to prescribe a safe, sound exercise program for you. 

Records are kept strictly confidential unless you consent to release this information. 

 

Inquiries 

Questions about the procedures used in the physical fitness test are encouraged. If you 

have any questions or need additional information, please ask us to explain further. 

 



Freedom of Consent 

Your permission to perform these physical fitness tests is strictly voluntary. You are 

free to stop the tests at any point, if you so desire. 

_____________________________________________________________________ 

I have read this form carefully and I fully understand the test procedures that I will 

perform and the risks and discomforts. Knowing these risks and having had the 

opportunity to ask questions that have been answered to my satisfaction, I consent to 

participate in these tests. 

 

Date: _________________ Signature of patient: ____________________ 

Date: _________________ Signature of witness: ___________________ 

From Vivian H. Heyward, 2006. Advanced Fitness Assessment and Exercise 

Prescription, 5th ed. (Champaign, IL: Human Kinetics). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX B 

Data Recording Form 

 

Name:____________   Subject No.:____________ 

        Age:_____________        Gender:____________ 

     Height:_____________ cm     Weight:____________ kg 

 

Modified plank test marks: 

Distance between elbows: ___________ 

Distance between toes: _____________ 

Height of the line of shoulder, trunk and hip: 

___________ 

  

1st Test: __________s (Date) __________ M / F 

2nd Test: __________s (Date) __________ M / F 

 

M = Modified plank test 

F = Core Fatigue Workout + Modified plank test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


