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Abstract: Core training often involves engagement of the abdominals and plays an important role in 

rehabilitation, health promotion, and improvement of sports performance. Crunches and straight leg raises 

which are commonly employed in training the abdominal muscles. This study examined the effects of combining 

double straight leg raise and abdominal crunch exercises on core strength, endurance and flexibility.27 

participants were recruited (13 males and 14 females)which comprised of three exercise groups [abdominal 

crunch group (ACG), double straight leg raise group (DSLG) and a combination group (ACG+DSLG)]for a 

period of six weeks. Pre and post-intervention parameters of core strength, endurance, and flexibility were 

measured. Paired sample t-test and ANOVA were used to test for differences within and between groups 

respectively.Within groups analysis showed significant improvements in all outcomes among the ACG+DSLG 

for core flexibility (0.004), endurance(0.021) and  strength (0.004). Flexibility (0.046) improved within the ACG 

while the DSLG improved in flexibility (0.017) and strength (0.030).This study suggest that during core 

rehabilitation, abdominal exercise programs involving the recruitment of both the upper and lower abdominal 

muscle groups may be better in improving core stability.  
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I. INTRODUCTION 

Core stabilization is the muscular control required around the lumbar spine to maintain functional stability [1]. 

The stabilization of the trunk is necessary for the spine and the pelvis to increase stability, improve muscle 

strength, and to adjust muscular motion and balance during general body movement [2]. Contraction of the core 

muscles keeps the spine in its most stable position, the neutral zone [1]. This contraction occurs prior to any 

limb movement to keep the core of the body rigid during all movements [3,4]. A comprehensive strengthening 

or facilitation of these core muscles enhances athletic performance, prevents and rehabilitates various lumbar 

spine and musculoskeletal disorders [1]. 
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Core stability refers to the ability of the “core” muscles to stabilize the lumbar spine and pelvic girdle 

when involved in static postures and dynamic motions [5]. This involves the ability of the lumbopelvic hip 

complex to prevent buckling and to return to equilibrium after perturbation [6]. Components of core stability 

include strength, endurance, flexibility, motor control, and function [7]. Core endurance is the ability to 

maintain a position or perform multiple repetitions,[8] while core strength relates to the muscles’ ability to 

produce force through contractile force and intra-abdominal pressure.[9] Flexibility refers to the range of motion 

possible around a specific joint or a series of articulations.[10].Weakness of the core causes alterations in the 

transfer of energy, resulting in reduced sport performance and risk of injury to the weak or underdeveloped 

muscle group. It has therefore been suggested that strong extremities with a weak core results in a decrease in 

the muscular summation through the core and will result in less force production and inefficient movement 

patterns [11].The coordination of muscle activity around the lumbopelvic region is therefore vital to the 

generation of mechanical spinal stability [5] and the abdominal muscles are primarily involved in controlling the 

position of the spine and pelvis [11]. 

Individuals with poor endurance of the abdominal and back muscles will benefit from appropriate use of 

core stabilization exercises like bridging, crunch, leg raises, side-bridging, prone bridging on elbows and toes, 

and the quadruped arm/lower extremity lift exercises [12], depending on the individual needs of a patient or 

athlete [12]. Increasing trunk stability is considered one of the most important functions of the abdominal 

muscles [13]. Promotion of this stabilizing role should be a prime consideration when designing abdominal 

exercise programs [13]. 

Abdominal exercises are prescribed for both the prevention and treatment of low back injury. The 

abdominal crunch and straight leg-raise are popular abdominal exercises performed by the general and athletic 

populations for the benefits of improving fitness, sport performance, and core muscle function [14]. They are 

among the most common exercises being used for strengthening the abdominal muscles [15]. The crunch is 

considered a principal exercise for working the abdominal musculature [14]. It consists of flexing the spinal 

column approximately 30 degrees from the lying down position with knees flexed and feet fixed (by a person) in 

place [16]. Greater activity of the superior portion of the rectus abdominus (RA) muscle has been reported in 

exercises flexing the spinal column” [17]. 

The straight leg-raise abdominal exercise involves lying supine on the floor and lifting up the legs until 

the upper thighs touch the lower abdominals. The feet are kept off the ground through the exercise [18]. Straight 

leg-raise in the supine position targets the lower rectus abdominis muscle [15]. Although abdominal 

strengthening exercises can differentially activate various abdominal muscle groups [19], there is paucity of 

evidence supporting the use of one core stability exercise over the other [5]. Partial curl-ups (crunches)were 

reported to have generated the highest muscle challenge-to-spine cost indices in an Electromyographic study 

conducted by [20] but no single exercise was found that optimally trained all of the abdominal muscles. It was 

concluded that a variety of selected abdominal exercises are required to sufficiently challenge all of the 

abdominal muscles and that these exercises will-differ to best meet the different training objectives of 

individuals. Therefore, this study set out to compare the effect of the isolated administration of double straight 

leg raises and abdominal crunch exercises to the effect of combining both abdominal exercises for improved 

core endurance, strength and flexibility. 

II. Materials and methods 

2.1 Participants 

A total of 36 untrained apparently healthy students of the Department of Medical Rehabilitation, University of 

Nigeria Enugu Campus (UNEC), aged between 18 and 30years were recruitedfor this study but only 27 

completed the post-test (13 men and 14women). All participants were free from any known cardiovascular and 

orthopedic problems. Subjects were also excluded if they had a history of acute or chronic back pain or if they 

could not complete the prescribed exercises.The study was approved by the Health Research and Ethics 
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Committee of University of Nigeria Teaching Hospital (UNTH), Ituku/Ozalla, Enugu State. Physical activity 

readiness questionnaire was completed and written informed consent was obtained from the participants prior to 

participation in the study.  

2.2 Study Design 

This study utilized a pre-test post-test (repeated measures) experimental design. In order to compare the effects 

of  double straight leg raise and abdominal crunches on core strength, endurance and flexibility, participants 

completed a 6-week core exercise training program. Participants did not engage in any other core specific 

exercises during the 8-week period of this study. The flowchart of the experiment is presented in Fig 1. 

 

 

Figure 1.study design 

2.3 Procedure 

All participants were required to attend a briefing session before the pre-test. The weight in kilogram (kg) and 

height in meters (m) of all the participants were measured and BMI (body mass index) was calculated and the 

age of the participants were also recorded. Simple Random sampling technique (balloting without replacement) 

was used to assign the participants into three different groups, each of the participants was asked to pick a piece 

of paper with one of the following inscriptions AC– Abdominal crunch (Fig. 2), DSLR – Double Straight Leg 

Raise (Fig 3), AC+DSLR –Combination group. Participants completed a three-minute warm-up exercise by 

walking at a self-selected pace up and down a levelled surfaced hallway before commencing the pretest.The pre-

Briefing session

Experimental group 1 (12) Experimental group 2 (12) Experimental group 3 (12)

Pre-test (n=36) 

Abdominal Crunch  

(AC) exercises (10) 

AC+SLR exercises (n=9)  

Post-test (29) 

Subjects (n=36) 

Double straight leg raise 

exercises (SLR)  (n=8) 

( 
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test involved core strength, endurance and flexibility testing to obtain baseline data. Core strength was tested 

using isoinertial strength test. It is a timed sit-up test, with the objective of performing as many full sit-ups as 

possible within one minute. This sit-up test protocol was developed by American Alliance of Health, Physical 

Education, Recreation, and Dance[22]. The test was initiated in the hook-lying position, with the participant’s 

arm held across the chest, knees flexed at 90°, and feet secured. To complete a full sit-up, the participant’s 

scapula touched the mat in the lying position and in the upright position, the elbows made contact with the 

knees.  

Core endurance was assessed using trunk flexion endurance test. The test started with the subject in a 

hook-lying position with the trunk supported manually with a wedge angled at 60 degrees of trunk flexion. With 

the aid of a goniometer, the hips and knees were flexed to 90 degrees. The feet were secured with a strap. The 

arms were folded across the chest with the hands placed on the opposite shoulder. Subjects were instructed to 

hold the isometric posture as the wedge was removed. Time started when the wedge was moved backwards, and 

the participant held the isometric posture for as long as possible. Time stopped when any part of the participants 

back touched the wedge. The test was scored individually. Time was recorded in seconds, (to the nearest 0.1 

sec)[23]. This protocol for theflexor endurance test as established by McGill, Childs, and Liebenson[24] targets 

the major trunk flexor, the rectus abdominis, which is a "global" muscle[23]. 

Active range of motion measurements was used as the trunk flexibility assessment based on Norkin and 

White[25].The trunk extension range of motion was measured by first recording the distance between C7 

cervical vertebra and S1 sacral vertebra while standing upright. The participant was then asked to bend 

backward as far as possible with the pelvis stabilized. The distance between C7 and S1 was measured again and 

the length decrease was documented as the trunk flexibility. 

Double straight leg raise and abdominal crunch exercises were administered 3 days a week for a period of 

6weeksas shown in Table 1 below. Participants in the combination group received both exercises. 

Table 1 

Protocol for Double Straight Leg Raise and Abdominal Crunch Exercises 

       

 1
st
 Wk 2

nd
 Wk 3

rd
 Wk 4

th
 Wk    5

th
 Wk 6

th
 Wk 

Repetitions/Sets 

Intensity  

   8/1 

4secs 

  8/1 

6secs  

 10/1             10/1 

 8secs 10 secs 

12/1 

12secs 

 12/1 

14secs 

       

 

                  

        Figure 2: abdominal crunches.                                       Figure 3: double straight leg raise. 
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2.4 Data analysis 

Data was analyzed using Statistical Package for Social Sciences (SPSS), version 20. The data collected were 

analyzed using descriptive statistics of mean, standard deviation, frequency and percentages to summarize the 

data.  Paired sample t-test was used to test for differences within the groups. Analysis of Variance (ANOVA) 

was used to test for significant difference between groups. Level of significance was set at α (alpha) = 0.05.  

III. Results 

Table 2shows the physical characteristics of the participants. A total of 27 participants completed the study, 10 

were in the abdominal crunch exercise group (AC), 8 in the double straight leg raise exercise group (DSLR) and 

9 in the combination group (AC+DSLR). The participants’ age rangedfrom 18-30 years with a mean age and 

BMIof 23.26±2.80years and 23±1.75kg/m2respectively. Table 3 shows the paired T-test of the difference in 

mean within the abdominal crunch exercise group. In the AC, analysis of the pre-test and post-test mean scores 

showed a significant difference only in core flexibility (p=0.046). Table 4 shows the paired T-test analysis of the 

difference in mean within the DSLR. In the DSLR, analysis of the pre-test and post-test mean scores showed 

significant differencesin core strength (p=0.030)and flexibility (p=0.017) only. Table 5 shows the paired T-test 

analysis of the difference in mean within the AC+DSLR. In the AC+DSLR, analysis of the pre-test and post-test 

mean scores showed no significant differencesin core strength(p=0.004), endurance (p=0.021) and flexibility 

(p=0.004). Table 6 shows the analysis of variance across the three groups. There was no significant difference in 

core strength (p=0.236), endurance(p=0.869) and flexibility (p=0.587). 

Table 2 

Physical characteristics of participants (n=27) 

Variables  Minimum             Maximum  Mean             Standard Deviation 

  

 

Age (yrs)    17   28 23.26  2.80 

 

Weight(kg)  51.50   86                   64.20                8.11 

 

Height (m)    1.43  1.91                    1.66                0.11 

 

BMI (kg/m
2
)    20.31 26.25                 23                      1.75 

 

BMI= Body Mass Index,  SD= Standard Deviation 

Table 3 

Paired T-test Analysis of the Pre and Post Strength, Endurance and Flexibility of the AC (n=10) 

  Variables  Pre   Post    t-value P-value 

  Flexibility  6.89 ± 2.52  8.89 ± 2.89  2.353  0.046* 

 

  Endurance  65.33 ± 53.51  105.56 ± 102.60 2.088  0.070 

 

 Strength  19.44 ± 12.86  21.00 ± 6.71  0.670  0.522    

 

*= Statistically Significant 



Volume 04, Issue 04 (July-August 2021), PP 36-44                                   www.ijmsdr.org                    

ISSN: 2581-902X  

41 

Table 4 

Paired T-test Analysis of the Pre and Post Strength, Endurance and Flexibility of DSLR (n=8) 

Variables  Pre   Post   t-valueP-value 

Flexibility  6.44 ±2.74  9.67 ±3.35  2.991  0.017* 

 

Endurance  82.67 ±39.02 126.44 ±69.46 1.825  0.105  

 

Strength  22.11 ±5.04  28.22 ±9.04  2.630  0.030* 

 

*= Statistically Significant 

Table 5 

Paired Sample t-test Analysis within the Combined Group (AC+DSLR)                                     (n=9) 

*= Statistically Significant 

Table 6 

Analysis of Variance Comparison of the Strength, Endurance and Flexibility across Groups (n=27) 

Variables   Flexibility   Endurance  Strength 

AC  2.00 ±2.55   40.22 ±57.78  1.56 ±6.97 

 

DSLR               3.22 ±3.23   42.33 ±72.36  6.11 ±6.97 

 

AC+DSLR  2.44 ±1.42   29.56 ±19.31  6.78 ±4.02 

 

f-value  0.545    0.142   1.536 

 

p-value  0.587    0.869   0.236 

 

 

IV. Discussion 

Core strength and endurance did not significantly improve in the AC.This result is not consistent with the 

findings of a previous work by Gauri, Vinod & Prajakta, (2011),that reported significant differences in core 

endurance with administration of curl ups. This differencemay be because trunk extensor exercises were 

administered alongside curl up exercises 5 days per week for a period of 5 weeks.Moraes et al (2009) had also 

suggested that for young, healthy and physically active adults which is the populationincluded in this study, 

when the objectiveis progression in the training process of abdominal force, the option ought to be for changes 

of loadsuperior to 20% of the 1-RM. This may also explain the insignificant difference recorded in the AC.The 

increase in flexibility of the trunk extensors reported in theAC even with the increase in the contraction of the 

anterior abdominal wall muscles (rectus abdominis and internal obliques) may be as a result of co-contraction, 

synergy and antagonistic properties of the trunk extensor muscles.   

Variables  Pre   Post   t-value P-value 

Flexibility  6.11 ±1.83  8.22 ±1.98  3.919  0.004* 

 

Endurance  77.22 ±92.41 102.55 ±98.57 2.873  0.021* 

 

Strength  19.78 ±8.79  24.89 ±8.01  3.912  0.004* 
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Significant improvements were recorded in core strength and flexibility with DSLR. This is in line with 

the findings of aprevious EMG study that showed that bilateral leg raise exercises elicited greater than 45% of 

MVC in the Rectus Abdominis and the Internal Oblique muscles [21]. It has also been reported that EMG signal 

amplitude greater than 45% MVIC on average may provide sufficient stimulus for strength gains in trunk 

musculature [22]. In accordance with another previous study, bilateral leg raise exercises are adequate for 

strengthening the abdominal muscles especially with internal oblique and rectus abdominis muscles [23,24] 

AC+DSLR significantly improved core strength, endurance and flexibility. Guamares et al (1991) found 

significant differences between the EMG activity rectus abdominis with exercises targeted at the upper and 

lower abdominal muscles.AC activates the rectus abdominis, internal and external obliques [26]. Considering 

that abdominal strengthening exercises can differentially activate various abdominal muscle groups [27], it is 

expected that a combination of these exercises will yield greater improvements in core stability. This is 

consistent with the report of [28] that suggested that a variety of selected abdominal exercises are required to 

sufficiently challenge all of the abdominal muscles and that these exercises will-differ to best meet the different 

training objectives of individuals. However, this combination of exercises targeted at the upper and lower 

abdominal muscles did not yield significantly different benefits to the measured components of core stability 

when compared to the administration of those exercises in isolation. No significant differences were recorded in 

core strength, endurance and flexibility across the groups. The findings of this study also differs from the 

findings of Kim & Lee [29] which stated that for the activation of the upper and lower rectus abdominis and the 

external oblique, the sit-up (an exercise that flexes the spinal column) which is similar to abdominal crunches 

was found to be more effective than the straight leg-raise. 

 

V. Conclusion 

The findings of this study suggest that during core rehabilitation, abdominal exercise programs involving the 

recruitment of both the upper and lower abdominal muscle groups may be better in improving core stability. 

Further studies are however recommended on the effects of exercises targeted at the upper and lower abdominal 

muscle groups. 

 

References 

 

[1.] A. Venu and S. Nadler, Core Strengthening, Archives of Physical Medicine and Rehabilitation, 85 (3), 

2004, 86-92 

 

[2.] S. K. Yong, H. C. Yong and W. P. Ji, Changes in the Activities of the Trunk Muscles in Different kinds 

of Bridging Exercises, Journal of Physical Therapy Science; 25, 2013. 1609-1612 

 

[3.] A. Venu, A. Ferreiro, T. E. Moor and M. Fredericson, Core Stability Exercise Principles. Current Sports 
Medicine, 7 (1), 2008, 39-44. 

 

[4.] S. Gauri, K. Vinod and D. Prajaka, Effect of Core Stabilization Exercise in Improving trunk endurance, A 

Quarterly E-Journal for Promoting Research for Human Wefare, 01 (01), 2011, 01. 

 

[5.] B. Paul, The Use of “Stabilization Exercise” To Affect Neuromuscular Control in the Lumbopelvic 

Region: A Narrative Review. J Can Chiropr. Assoc, 58(2), 2014, 119-130 

 

[6.] W. F. Peate, B. Gerry, L. Karen, F. Smitha and B. Kristen, Core Strength: A New Model for Injury 

Prediction and Prevention, Journal of Occupational Medicine and Toxicology, 2(3), 2007, 2-3. 

 

[7.] A. Waldheim, Assessment of core stability: Developing practical models, Louisiana State University, 

Baton Rouge, LA. 

 

[8.] S. M. McGill, A. Childs and C. Liebensn, Endurance times for low back stabilization exercises: Clinical 
targets for testing and training from a norma database, Arch Phys Med Rehabil, 80, 1999, 941-4. 



Volume 04, Issue 04 (July-August 2021), PP 36-44                                   www.ijmsdr.org                    

ISSN: 2581-902X  

43 

 

[9.] M. D. Faries and M. Greenwood, Core training: Stabilizing the confusion, Strength Cond J, 29, 2007, 10-

25. 

 

[10.] F. G. Shellock and W. E. Prentice, Warming up and stretching for improved physical performance and 

prevention of sports-related injuries, Sports Med, 2, 1985, 267-78. 

 

[11.] S. Chris, C. Jarrod, M. Joel, J. Matt and M. Terry, A Pilot Study of Core Stability and Athletic 
Performance: Is there a relationship, The International Journal of Sports Physical Therapy; 6(2),  2011, 

63-74. 

 

[12.] A. E. Richard, A. D. Robert and C. C. Kenji, Electromyographic Analysis of Core Trunk, Hip and Thigh 

Muscles During Rehabilitation Exercise. Orthopedic & Sports Physical Therapy, 37(12), 2007, 754-762. 

 

[13.] M. Manuel, J. V. Francisco, S. Daniel and Á. S. Maria, Electromyographic studies in abdominal exercise: 

A Literature Synthesis. Journal of Manipulative & Physiological Therapeutics; 32(3), 2009, 232-244. 
 

[14.] J. S. Brad and J. K. Morey, Crunches Are/Are No a Safe Effective Exercises, Orthopaedic Group; 38(6), 

2016, 61-64. 

 

[15.] K. Kanghoon and L. Taesik, Comparison of Muscular Activities in the Abdomen and Lower Limbs 

While Performing sit-up and Leg-Raise. Journal of Physical Therapy Science, 28(2), 2016, 491-494. 

 

[16.] Antonio, C., Moraes., Ronei, S. P., Maria, J. V. Maria, J. V., Pedro, L. P., Alexandre, H. O., Pedro, M. 
S., &Jan, M. C. (2009). EMG Activation of Abdominal Muscles in the Crunch Exercise Performed with 

Different External Loads. Physical Therapy in Sport;10,57-62. 

 

[17.] D. Brooks and C. C. Brooks, Mitos do exercicio abdominal, Sprint, 71, 2001, 28-38. 

 

[18.] L.S. Bettu, C. Mutlu and K. Feza, Effects of Swiss-Ball core strength training on strength, endurance, 

flexibility and balance in sedentary women, Jounal of Strength & Conditioning Research; 24(11),  2010, 

3032-3040. 
 

[19.] G. M. Willet, J. E.Hyde, M. B.Uhrlaub, C. L.Wendel,  and G. M. Karst, Relative activity of abdominal 

muscles during commonly prescribed strengthening exercise. Journal of strength and Conditioning 

Research, 15,2001,480-485. 

 

[20.] C. T.Axler and S. M. McGill, Low back loads over a variety of abdominal exercises: searching for the 

safest abdominal challenge,Medicine and science in Sports and Education, 29, 1997,804-811. 

 

[21.] P. Du-Jin and P. Se-Yeon,Which trunk exercise most effectively activates abdominal muscles? A 
comparative study of plank and isometric bilateral leg raise exercise. Journal of Back and 

Musculoskeletal Rehabilitation – 12019, 1-61. 

 

[22.] R. A. Ekstrom, R. A. Donatelli and K. C. Carp, Electromyographic analysis of core trunk, hip and thigh 

muscles during rehabilitation exercises,J. Orthop. Sports Phys Ther.37(12),2007, 367 754-762. 

 

[23.] K. L. Davidson and C. L. Hubley-Kozey, Trunk muscle responses to demands of an exercise progression 

to improve dynamic spinal stability, Arch Phys Med Rehabil., 86(2), 2005,  216-363 223 
 

[24.] W. B. Kibler,  J. Press and A.Sciascia, The role of core stability in athletic function, Sports 

Medicine36(3), 2006, 189-198. 

 

[25.] A. C. Guimaraes, M. A. Vaz, M. I. De Campos and R Marantes, The contribution of the rectus abdominis 

and rectus femoris in twelve selected abdominal exercises, An electromyographic study,J Sports Med 

Phys Fitness, 31, 1991,: 222-230. 

 



Volume 04, Issue 04 (July-August 2021), PP 36-44                                   www.ijmsdr.org                    

ISSN: 2581-902X  

44 

[26.] N. A. Ratamess, N. A. Beller , A. M. Gozalez , G. E. Spatz,J. R. Hoffman,  R. E. Ross and A. D. 

Faigenbaum, J. Kang, The effects of multiple-joint isokinetic resistance training on maximal isokinetic 

and dynamic muscle strength and local muscular endurance. J Sports Sci Med, 15, 2016, 34-40. 

 

[27.]  J. W.Youdas, B. R. Guck, R. C. Hebrink, J. D. Rugotzke,  T. J. Madson and J. H. Hollman, An 

electromyographic analysis of the ab‑ slide exercise, abdominal crunch, supine double leg thrust, and 

side bridge in healthy young adults: Implications for rehabilitation professionals. J Strength Cond Res, 

22, 2008, 1939‑ 46.  

 

[28.] E. M. Stenger,Electromyographic Comparison of a Variety of Abdominal Exercises to the Traditional 

Crunch, MS diss, University of Wisconsin‑ la Crosse, 2013. 

 

[29.] C. R. Kim, D. K. Park , S. T. Lee, and J. S. Ryu, Electromyographic changes in trunk muscles during 

graded lumbar stabilization exercises, PM&R 2016, 8,979‑ 89. 

 

 

 

 

 

 

 


