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Abstract

This synthesis (1) reviewed the existing literature on the use of the rectus abdominus musculature while performing various abdominal exercises and (2) identified certain exercises and devices that are superior in the use of the rectus abdominus muscle based on the EMG scores attained during performance.

The use of exercises and devices to train the abdominal musculature is well documented.  Entrepreneurs have become rich selling the concept of strong and sculpted abdominals.  Persons attempting to lose weight and look attractive spend billions of dollars (Avedisian, 2005).  Additionally, rehabilitation and fitness professionals have documented the need for strong abdominals in order to reduce low back pain.  As a result, the market is saturated with various devices and exercises for the development of the abdominal musculature. The viability of these infomercial devices and exercises has not always been studied and as a result has cost the uninformed consumer a great deal in terms of money and time in their pursuit of a quality midsection. 

Ten research articles were synthesized to determine which exercise/device elicited the greatest use of the rectus abdominus musculature, the largest muscle of the midsection.  The results of this synthesis indicated that both device and non-device exercises will enhance the musculature of the midsection, particularly the rectus abdominus.  The crunch exercise was found to be the exercise that produced the greatest raw data score on both the URA and the LRA of those exercises/devices studied (754.9 and 399.4= 1154.3 collectively).  When considering percent of MVIC the curl-up was ranked the highest with a percent of MVIC for the URA being 68.6% and the LRA 63.1% for an overall percentage of 65.9%.
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Introduction

The purpose of this study was to synthesize the research literature related to the development of the abdominal muscles through the use of device and non-device abdominal exercises.  This introductory section contains the following sections:  (1) background, (2) statement of the problem, (3) operational definitions, (4) limitations, (5) assumptions, (6) delimitations and (7) summary.

Background

Several authors have described the important role of strong abdominal muscles in both postural control and prevention of injury to the low back (Beim & Helewa, 1997, 1993). Injury prevention and rehabilitation of low back has centered around the strengthening of the abdominal muscles focusing on the imbalance of the low back musculature and the abdominal musculature (Willet, 2001). Adequate muscle tone in the abdominal region is important, however, abdominal exercises can be harmful to the spine if performed incorrectly (Shrier, 2004). The curled trunk sit-up with the hips and knees flexed has been a widely used abdominal strengthening exercises both in the fitness and rehabilitation industries.  Shier (2004) however, found that interdiscal pressure at L3 was higher in the sit-up exercise than standing posture.  Further evidence indicated that the sit-up exercise should be avoided for patients with acute or subacute low back pain, and subjects in poor physical condition might not achieve pelvic stabilization during the sit-up as a result of abdominal muscle weakness (Helewa, 1993).  The indication that the traditional sit-up may be associated with back pain, pelvic instability and spine malalignment has resulted in the development of alternative methods to obtain strong abdominal musculature.

Historically, people have performed abdominal exercises without devices.  However, with the heightened interest in the development of the abdominal musculature, devices have been developed and promoted to aid in the development of this anatomical location. Manufacturers of abdominal strengthening devices have claimed to measurably improve the strength of the abdominal musculature while maintaining the postural integrity of the head and neck. The claims of the manufacturers, however, are based on anecdotal information and have not offered any experimental data to support their claims. Conversely, researchers have disputed the infomercial claims that devices such as the Perfect Ab, AbDoer and Abslide will significantly elicit greater activity in the abdominal muscles than a traditional exercise with experimental data and peer-reviewed presentations (Beim, Hildenbrand, Sternlicht & Zannotti, 1997, 2004, 2003, 1998).
The use of non-device exercises has not been completely obliterated.   Vera-Garcia and Clark (2000, 2003) indicated that use of non-device exercises such as the bicycle and the curl-up on unstable surfaces produced the greatest electromyographic (EMG) activity in the abdominal muscles.   Willett and Francis (2001, 2001) both indicated that the crunch exercise, and the bicycle exercise, respectively elicited the greatest stable surface electomyograqphic (EMG) activity. 

Statement of the Problem

The purpose for this study was to synthesize the research literature related to the development of the abdominal muscles through the use of device and non-device abdominal exercises. In this regard, the following questions were explored:

1. Based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage?

2. Does the ABRoller (an abdominal strengthening device), elicit greater rectus abdominus muscle usage than the curl-up and or traditional sit-up?  
Operational Definitions

1.  Electromyographic device (EMG)
An instrument used in the diagnosis of neuromuscular disorders that produces an audio or visual record of the electrical activity of a skeletal muscle by means of an electrode inserted into the muscle or placed on the skin.

2. Rectus Abdominus Muscle

Two parallel muscles, separated by a band of connective tissue called the linea alba, running vertically on each side of the anterior wall, responsible for flexing the lumbar spine, It extends from the pubic symphysis inferiorly to the xiphisternum and lower costal cartilages superiorly. 

3.  Oblique Muscles

Internal 

An intermediate muscle of the abdomen, lying just underneath the external oblique and just above the transverse abdominal muscle. The function of the internal obliques is to act as an antagonist to the diaphragm reducing the volume of the thoracic cavity during exhalation, and to rotate and side-bend the trunk. 

External 

A diagonal abdominal muscle on either side of the torso

Limitations

The study was limited to:

1. Sources available from SUNY Brockport and SUNY Fredonia’s Libraries

2. 20 peer-reviewed research articles published from 1990- to -2006
Assumptions

For the purpose of this study, the following assumptions were made:

1. It was assumed that all participants in the studies were healthy, had no limitations, and performed the required exercise(s) to this best of his/her ability.  

2. It was assumed that all participants understood all the directions for the usage of all equipment.

3. It was assumed that the instrument(s) used in the studies were calibrated properly. 

Delimitations
1.   An EMG device must have been utilized in the data collection process of each study and expressed as either raw data or a percent of MVIC.

2.   Studies used for the meta-analysis must have been completed within the last 26 years.

Summary

This section included background information concerning the evolution of abdominal strengthening exercises based on the need to develop safe and effective devices and exercise designs for consumers and rehabilitation patients. This section indicated that consumer demand has lead to a marketplace saturated with new devices and methods claiming to be the vehicle to strong and sculpted abdominal muscles. Researchers were identified who both disputed and upheld the claims of the manufacturers.   Additionally this section outlined the assumptions, the limitations and delimitations of this synthesis paper. Operational definitions have also been included to help clarify certain terms that are being used. 

Methods

Background
The purpose of the methods section was to explicate the methods used in finding literature relating to abdominal exercises and their effectiveness in the development of strength of the rectus abdominus muscle.   This methods section includes: (1) background, (2) source of data, (3) data coding procedure(s) used, (4) description of data analysis procedures, and (5) summary.

Sources of data

The Drake Memorial Library at the SUNY Brockport and the Reed Library at SUNY Fredonia were utilized to amass the peer reviewed journal articles used in this research project.   The databases used from the on-line resources were InfoTrac, Ebsco Host and The Educational Resource Information Center (ERIC). Several search words were used to locate information including: abdominal exercises, abdominal strength, abdominal devices, abdominal muscles, external oblique muscles, rectus abdominus muscles and abdominal electromyography. 

Twenty-one journal articles were selected after reading abstracts, downloading PDF files, reviewing the National Strength and Conditioning Association (NSCA) archives and retrieving several articles through the use of the in-house libraries at both SUNY Fredonia and SUNY Brockport.  All articles selected used electromyography (EMG) to determine the usage of the abdominal musculature while performing abdominal exercises.  Articles selected for this synthesis included those that tested both device and non-device abdominal strengthening exercises, exercises that were performed on stable and non-stable surfaces and those that utilized both raw EMG scores and percent of Maximum Voluntary Isometric Contraction (MVIC) EMG scores.

Data coding 

The purpose of this section was to identify what data coding procedures were used for this synthesis. The studies were coded and tabulated as follows:

Table 1 (See Appendix A) organized the studies by author, purpose, subjects, instrumentation, procedures and findings. 

Table 2 (See Appendix A) Organized the percent of Maximum Voluntary Isometric Contraction (MVIC) studies into the following five separate categories: (1) Authors (2) Number of Subjects (3) Device(s) or Exercise(s) (4) Exercise percent usage of the upper rectus abdominus (URA) muscle and (5) Exercise percent usage of the lower rectus abdominus muscle (LRA).
Table 3 (See Appendix A) organized the raw data collection studies into the following six separate categories: (1) Authors (2) Number of Subjects (3) Device(s) or Exercise(s) (4) Exercise usage of the upper rectus abdominus (URA) muscle (5) Exercise usage of the lower rectus abdominus muscle (LRA) and (6) Total EMG Score.
Data analysis procedures

The data analysis involved comparing two different types of data.  The first data were from studies (n=4) that collected data on abdominal exercises by recording the percent of maximum EMG scores, based on an earlier assessment of the participant’s Maximum Voluntary Isometric Contraction (MVIC).  The MVIC is a measure of maximum effort, recorded as an EMG score, of the participant during a 5 second isometric contraction.

The second comparison was from studies (n=6) that used raw EMG scores in their statistical data. The data is displayed on separate graphs showing the comparisons of raw data (Table 3) and percent of maximum EMG mean scores (Table 2) for each exercise, respectively. The data analysis procedure included comparing the mean EMG raw and percentage scores of the upper rectus abdominus (URA), lower rectus abdominus (LRA) and the total EMG scores for both areas of the musculature. Tables 2 and 3 include all of the devices and exercises that were reported by the various studies used.  A comparison of all devices was not feasible because of the number of devices/exercises studied.  Therefore an analysis was only made when the device/exercise was present in at least three studies that utilized raw data or was present in two studies that based their comparisons on percentage of MVIC.  This data is presented in Tables 4 and 3, respectively. Within Tables 3 and 4 a final column indicates the total EMG scores for both the URA and LRA.  This column indicates the total use of the abdominal musculature for each piece of equipment.

Comparison of the collective mean of the studies included was used to determine the exercise/device with the highest percentage of EMG or raw EMG score.  The means of each study selected were multiplied by the number of participants in each study.  That sum was then divided by the total number of participants in all studies to determine an overall mean for each piece of equipment, for both raw data (See Table 6) and percent of MVIC (See Table 7).  Each mean was then ranked (See Table 6 and 7).  Two graphs (See Figures 1 and 2) were then developed to depict the variations in the usage of the URA, LRA and total rectus abdominus muscle while performing the various abdominal exercises. 

Summary

This section included background information concerning the collection of data for synthesis, the sources of data used, data coding procedures and data analysis procedures including graph and rank order comparisons.  Appendix A contains Table 1 which indicates the author, purpose, subjects, instrumentation, procedures and findings, as well as tables 2 and 3 which indicate a comparison of authors, number of subjects, name of the device(s) or exercise(s), exercise/device usage of the upper rectus abdominus (URA) muscle and exercise/device usage of the lower rectus abdominus muscle (LRA). Tables 3 and 4 show a breakdown of the devices/exercises that were coded for use in the meta-analysis based on the frequency of the exercise/device in the studies. This summary section also described the comparison of data based on how data was collected in each study.  Six studies used raw EMG scores for their comparison of data, and four used percent of MVIC for comparison.  Finally Tables 6 and 7 are an indication of the rank order of the collective means of all studies used for both raw data collection and percent of MVIC data collection.  Figures 1 and 2 are graph interpretations of the conclusions of this study.

Results

The purpose of this section was to review the findings of the various studies, and to report the findings of this study as they relate to the usage of the rectus abdominus muscle while performing abdominal exercises.  The results section contains three sections:  (1) review of the research studies, (2) data analysis and (3) summary.

Review of the research studies 
Twenty-one research articles were consulted for this synthesis. Ten were utilized in the actual data analysis; four were from studies that utilized a percent of Maximum Voluntary Isometric Contraction (MVIC) to determine the effectiveness of the device/exercise used.  The remaining six used raw data scores from an electromyographic (EMG) analysis to determine the usage of the rectus abdominus musculature during various abdominal exercises.  The remaining eleven articles were utilized for background information and references concerning abdominal musculature and the effectiveness of various devices and exercises.  

Raw data collection studies.

Avedisian (2005) conducted a study to determine if the ABVice device (tested in the prototypical stage) was effective in using the abdominal musculature.  This device claimed to incorporate the use of the hamstring and glueteuls and the producers claimed that the theory of muscle inhibition (meaning that once the gluteals were activated the reciprocal muscles, the hip flexors, would relax) would allow greater usage of just the abdominals.  The study involved 24 participants (17 women).  Each participant completed 10 repetitions while performing the crunch exercise, the ABVice device, the AbRocker and the ABRoller.  Electromyographic (EMG) activity of the upper recuts abdominus (URA), the lower rectus abdominus (LRA) the internal oblique (IO) and the transverse abdominus were recorded.  This study indicated that The ABVice enhanced the activation of the abdominal musculature better than any of the other devices tested.  (1,165mV).  The other devices/exercises produced scores of: ABRocker (753.29mV) the standard crunch (524.81mV) and the ABRoller (542.85mV.) Unfortunately this study only reported data in a sum total of EMG scores for the URA, LRA, EO and IO. Therefore a breakdown of the individual muscles concerning usage was not possible, and use of this study in the data analysis was not possible.

The second study used was done by Beim (1997).  This group compared the EMG scores of the abdominal muscles while performing the crunch exercise to the following five other exercises:  sit-up, Nautilus crunch machine, Nordic Track Ab Works, ABFlex and the ABRoller.  20 athletically active male participants completed 10 repetitions while they performed the aforementioned exercises.  Electromyographic (EMG) activity of the upper recuts abdominus (URA), the lower rectus abdominus (LRA) the internal oblique (IO) and the transverse abdominus were recorded while performing a 3 second isometric contraction in the fashion of each device.  The results indicated the ABFlex showed a significantly greater activation of the URA than the crunch (t=2.93, p=.009) and that the crunch exercise showed a significantly greater activation than did the sit-up exercise (t=5.79, p< .001).  Concerning the LRA, the crunch was significantly higher (t=3.64, p=.002).  No statistical difference was seen for the exercise/devices concerning the EO.

Demont (1999) studied the training effects of using the ABFlex, the ABRoller and the standard crunch.  This study involved 18 training sessions of progressively increasing repetitions from 10 to 20, in increments of 2 every three sessions.  26 persons (21 females) who had previously participated in recreational activities, but had not performed any abdominal training prior to the study, were used.  This was a pre/post test study design that used the crunch as a control, and the ABFlex and TheABRoller as interventions.  Electromyographic (EMG) activity of the upper recuts abdominus (URA), the lower rectus abdominus (LRA) the external oblique (EO) and the internal oblique (IO) were recorded.  The results of this study indicated that the ABRoller, despite the fact that this device has no twisting component, recorded the highest EMG activity of the IO and EO musculature tested.  EMG data further indicated that there was no statistically significant difference between the means of the groups for all muscles examined (URA p=0.764), LRA p=0.513, IO p=0.358 and EO p= 0.340).

The focus of the fourth study (Sternlicht, 2003) was to compare the abdominal muscle activity elicited while using 4 portable abdominal devices (ABRoller, Torso Track, ABDoer Pro and the Perfect Abs) to that elicited while performing the traditional crunch.  Several different levels of resistance were possible by means of low, medium and high resistance bands.  33 adults (20 men) participated in this study that required them to perform 1 set of 8-10 repetitions on each piece of apparatus while performing the crunch.  Electromyographic (EMG) activity of the upper recuts abdominus (URA), the lower rectus abdominus (LRA) and the rectus femoris (RF) was recorded.  The results indicated that each piece of equipment and the crunch all recruited the muscles tested, but that minimal recruitment of the rectus femoris was involved in any of the exercises and was therefore not included in the statistically analysis.  The URA and the LRA  EMG recording while using the Perfect Abs (med-high resistance bands, supine position) was significantly greater by 58 and 72%  (URA) and 169% (LRA) and 64% and 88% (EO) than that of the traditional crunch.  The Torso track also produced significantly greater EO activity than the traditional crunch by 76%. No other piece of equipment recorded any significance over the crunch exercise. This study reported data in terms of percent of activation of the musculature while performing on the device to that of activation while performing the crunch, an therefore the data obtained from this study was not suitable for the meta-analysis.

Hall (1990) determined the EMG activity of the low back, abdominal and hip flexor muscles while performing eight variations of the sit-up exercise.  The variations included knee angles at 0, 65, 90 and 105 degrees of flexion done both with and without support of the feet.  Electromyographic (EMG) activity of the recuts abdominus (total score for both URA and LRA), the external oblique, rectus femoris and the L3 level of the sacrospinalas were recorded.  Twenty-seven male subjects performed three trials of each exercise in random order. 

Results showed significantly greater recording of URA and LRA EMG activity were seen in trials where the feet were unsupported than when supported.  Conversely, greater RF activity was seen in the supported models than in the unsupported.  EMG activity of the EO showed a significant F-value for knee angle.  A further Tukey comparison showed the significance to be present at the 105-degree angle. Additionally the results showed that the EMG activity of the EO increased as the knee angle increased from 0-105 degrees.  This study was included in the total EMG score comparison for devices/exercises (see table 3) but was not included in the meta-analysis because it was not possible to extrapolate the URA and LRA data scores from the data given.

Guimaraes  (1991) looked at the influence of 12 abdominal exercises (sit-up: long lying position  (feet supported and unsupported) hook lying position  (feet supported and unsupported), curl-up, elevation of limbs, (forearm supported, suspended and long lying positions), V-Sit, conventional sit-up and inclined sit-up (long lying and hook lying position.) on the rectus abdominus and the rectus femoris.  20 undergraduate physical education students randomly performed four movements on each exercise with a minimum of three minutes rest between exercises.  Electromyographic (EMG) activity of the upper rectus abdominus (URA), lower rectus abdominus (LRA) and the rectus femoris  (RA) were recorded.

Results of this study showed significantly lower URA EMG levels for the elevation of the lower limbs forearm supported and long lying positions than for all of the other 10 exercises. The V-Sit elicited the greatest EMG value (890mV) compared to the aforementioned exercises (500mV).  Concerning the LRA, the V-sit and the elevation of the lower limbs: suspended position were significantly more able to elicit muscle activity than were the other ten exercises (650mV compared to a range of 450mV to 510mV).

Hildenbrand ( 2004) compared the EMG scores of the abdominal musculature and RF muscles while utilizing the traditional curl, the ABRoller, the ABSlide and the Fitball.  26 undergraduates (10 males) completed 10 to 15 consecutive repetitions of each exercise, however, only five consecutive repetitions were recorded.  Order was randomized and a 2-minute rest period was allowed between exercises.   Electromyographic (EMG) activity of the upper recuts abdominus (URA) the lower rectus abdominus (LRA) the external oblique (EO) and the rectus femoris (RF) were recorded.

Results from this study indicated that the ABSlide was significantly less able to produce EMG activity in the URA and the LRA than the ABRoller, the Ftiball and the trunk curl (effect size 1.12 and .67 respectively) but there was no significant difference between the other three.  The ABSlide, however, produced significantly more activity in the EO than the other three exercises (effect size 0.62).  The ABSLide and the Fitball produced greater activity in the RF than the ABRoller and trunk curl.  (Effect size 1.12).

The final article dealing with raw data comparisons (Whiting, 1999) was concerned with assessing the EMG activity of the URA, LRA, EO, RF and sternocleidomastoid muscles while performing sit-up type exercises under four different conditions (crunch-arms up, and down, oblique crunch and reverse crunch) with and without the use of the following devices: the ABRoller, ABSculpter, ABTRainer and ABWorks.  This study was used to determine what effect, if any, existed when the devices were used.   19 persons  (10 women) participated in this study that required each subject to perform 4 different exercises for each of the 5 conditions.  25 seconds was allotted for each trail and EMG activity was recorded for 5 consecutive sit-ups in each series.  Electromyographic (EMG) activity of the upper rectus abdominus (URA), the lower rectus abdominus (LRA) the external oblique (EO), rectus femoris (RF) and sternocleidomastoid (SCM) was recorded.  The results of this study showed a higher EMG activity level for the upward (concentric) phase than for the downward (eccentric) phase of each exercise.  Generally the results indicated that no significant differences occurred in abdominal muscle activity while performing basic crunches and oblique crunches when comparing the performace of these exercises done with and without devices.  

Percent of Maximum Voluntary Isometric Contraction (MVIC) Studies.

The first article to use MVIC to determine comparisons of abdominal exercises (Escamilla, 2006) studied the effectiveness of traditional and non-traditional exercises in activating the abdominal musculature.  21 subjects (10 men) performed 10 nontraditional abdominal exercises (1-4)AB Revolutionizer: double crunch/oblique crunch/reverse crunch/ reverse crunch with weights (5) hanging knee-up with straps (5-7) Power wheel pike/knee-up/roll out (9-10) reverse crunch flat and inclined 30 degrees and 2 traditional exercises (11-12) the bent-knee sit-up and the crunch.  All exercises were performed to a three-second cadence.  One second to get from start to the end of range, a one second isometric hold and one second to return to the starting position.  EMG data was collected during 5 repetitions of each exercise and compared to the MVIC collected during the same trials.  Electromyographic (EMG) activity of the upper recuts abdominus (URA), the lower rectus abdominus (LRA) the external oblique (EO) the internal oblique (IO), the latissimus dorsi, lumbar paraspinals and the rectus femoris (RF) were recorded.  

Results indicated that the highest URA EMG activity was seen in the Power Wheel rollout, the hanging knee-up with straps and the reverse crunch inclined 30 degrees (% of MVIC 75, 70 and 77 respectively). EMG LRA activity was the highest in the Power Wheel rollout and hanging knee-up with straps (% of MVIC 80 and 76 respectively).

Lehman (2001) used eleven subjects who performed five abdominal exercises (the curl-up, the abdominal muscle lift, the leg raise and the isometric leg raise) to determine if the URA or LRA musculature equally activated during exercise.  Each exercise was measured using EMG during the isometric phase of each exercise.  Electromyographic (EMG) activity of the upper rectus abdominus (URA), the lower rectus abdominus (LRA) and the external oblique (EO) were recorded while the subject maintained his/her two-second isometric contraction.  Subjects performed 4 trials of each task for each of the five exercises.  To maintain a consistent level of spinal flexion, all exercises were performed with the hands under the lower back.  Results indicated that no difference was seen between the URA and LRA across all exercises performed.

Peynado (2005) looked at various forms of the abdominal crunch (stability ball, conventional crunch and ABTrainer) to determine which method was most effective in activating the abdominal musculature.  10 experienced exercisers performed 20 repetitions of the 3 crunch exercises paced by a metronome set at 30pbm.  Participants performed all exercises both with legs raised and in standard position. Electromyographic (EMG) activity of the upper rectus abdominus (URA), the lower rectus abdominus (LRA) and the external oblique (EO) were recorded.  Results indicated that the conventional crunch (in standard position and legs raised) produced the highest activity in the URA (41% and 43% of MVIC respectively). The only significant difference found concerned the URA between the conventional crunch-standard position and the ABTrainer-standard position (34.5% MVIC).  The results suggest that the ABTrainer is less effective in activating the URA and the researcher questioned the ABTrainer’s use as a viable abdominal training device.

Willett (2001) studied 25 subjects to determine the relative EMG activity of the URA, LRA and EO muscles while performing 5 abdominal strengthening exercises (curl, the reverse curl, the twist curl, the V-sit and the vacuum).  Each participant performed all five exercises in random order.  Electromyographic (EMG) activity of the upper rectus abdominus (URA), the lower rectus abdominus (LRA) and the external oblique (EO) were recorded during 3 complete repetitions of each exercise. The results indicated that the reverse curl produced the greatest amount of activity in the LRA (88% MVIC) and was significantly greater than all of the other exercises. (p<0.05)  The reverse curl showed the greatest LRA activity and had statistical significance over all of the other exercises tested. The EO muscle produced no statistical difference between the five exercises. The vacuum showed very low levels of activity in both the URA and LRA and very moderate levels for the EO.

Data Analysis 

The data analysis is reported in two sections with respect to the two research questions. In the first section, data from the studies is presented for the question, based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage? In the second section, data from the studies is presented for the question, does the ABRoller (an abdominal strengthening device), elicit greater rectus abdominus muscle usage than the traditional sit-up and/or crunch?  

Question 1:  Based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage?

Data used for this comparison came from studies (n=4) that collected data on abdominal exercises by recording the percent of maximum EMG scores, based on an earlier assessment of the participant’s Maximum Voluntary Isometric Contraction (MVIC).  The MVIC is a measure of maximum effort, recorded as an EMG score, of the participant during a 5-second isometric contraction.  The results from this comparison indicated that the curl-up exercise was superior to both the crunch and the reverse curl-up.  The curl-up showed an overall total of 65.9% MVIC for the RA muscle  (63.1% MVIC for the LRA, 68.6% MVIC for the URA).  The reverse curl-up had a total RA usage of 61.9% (61.5% for the LRA, 62.2% for the URA). The last exercise to be evaluated was the crunch.  The crunch scored a total usage score of 44.7% (41.5% on the LRA, 56% on the URA)  (See Table 5). The rank order comparison of the above three exercises when considering the MVIC of the RA musculature was (1) curl-up (2) reverse curl-up and (3) crunch (See Table 7). A graphic depiction of the MVIC usage of the RA musculature is shown in Appendix B figure 2.
Question 2: Does the ABRoller (an abdominal strengthening device), elicit greater rectus abdominus muscle usage than the traditional sit-up and or crunch?  

This statistical analysis (n=6) utilized raw EMG scores and indicated that the ABRoller device was inferior to the crunch but superior to the traditional sit-up when considering the EMG scores.  The studies, using raw data statistics, indicated that the sit-up exercise scored the lowest of the three exercises studied with an overall score of 739.9mV (500mV- URA, 317 mV-LRA). The ABRoller, the only device considered in this study, had an overall score of 920.1mV (551mV for the URA, 360mV for the LRA).  The crunch had the highest overall EMG score of 1154.3mV (URA 754.9mV and the LRA 399.4mV) (See Table 4).  A rank order comparison of the equipment/devices using EMG raw data for evaluation resulted in the following:  (1) Crunch (2) ABRoller (3) Sit-up (See table 6). A graphic depiction of the EMG raw data scores for the RA musculature is shown in Appendix B figure 1.
Summary 

The results section included a review of the research studies used for both the data analysis and studies that were not included as a result of the data collection procedure utilized.

The data analysis section included a description of the results of the study based on the statistical analysis.

Discussion

This section will explore, and discuss, the research findings related to rectus abdominus muscle usage while performing device and non-device abdominal exercises. This section will also include: (1) limitations (2) conclusions (3) summary and (4) recommendations for future research.

The following questions from the introduction section of this synthesis project were addressed:

1.  Based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage?

3. Does the ABRoller (an abdominal strengthening device) elicit greater rectus abdominus muscle usage than the traditional sit-up and/or crunch?

Question 1: Based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage?
This study considered the EMG scores of the crunch, the reverse curl-up and the curl-up to determine which exercise elicited the greatest rectus abdominus muscle usage.  The studies used for this comparison used percent of MVIC for their comparison of data.  
When considering the rectus abdominus percent of MVIC scores, the curl-up had the highest mean percentage score (65.9% compared to 61.9% for the reverse curl-up and 44.7% for the crunch.)  Therefore, based on percent of MVIC EMG scores, the curl-up elicits the greatest rectus abdominus muscle usage of the three exercises studied.

This indication of rank order is inconsistent with the findings of Willet (2001)  and Escamilla (2006).  Willet (2001) determined the reverse curl to be superior to the curl-up by 5.5%.  (Escamilla, 2006) found the crunch to be superior to the reverse curl by 16.5%.  
Question 2: Does the ABRoller (an abdominal strengthening device), elicit greater rectus abdominus muscle usage than the traditional sit-up and or crunch?

Research for this study considered the use of the rectus abdominus muscle while using the ABRoller (an abdominal strengthening device) compared to the usage when performing the traditional crunch and sit-up.  The results of this synthesis project indicated that the ABRoller did not elicit greater RA usage than the traditional crunch. However, the ABRoller device did elicit greater use of the RA than the traditional sit-up. Whiting (1999), and Beim (1997) utilized both the crunch and the ABRoller in their analyses. Both were consistent in their findings that the crunch was superior to the ABRoller in the utilization of the RA muscles based on EMG readings. The sit-up exercise was rated third in this analysis.  Beim (1997) was the only researcher to study all three of the exercises/devices considered in this synthesis, and the results concerning rank order were consistent with the results of this study; namely (1) Crunch (2) ABRoller and (3) Sit-up.

These findings were consistent with the findings of Beim (1997) in his study of the crunch exercise in comparison to two commercially available abdominal devices (the ABRoller, and the ABFlex) and the sit-up. (Crunch- 730mV compared to 700mV for the ABRoller) The findings of Whiting (1999) were concordant with this study. The remaining study that researched both the ABRoller and the crunch (Demont, 1999) determined the ABRoller to be superior in the performance of the RA.  (1330mV for the ABRoller compared to 1225mV for the crunch exercise.)  In all the studies used for this synthesis of raw data, this was the only study that determined an EMG score higher than the crunch for either the URA or LRA for any exercise/device tested.  Based on the finding of this study, the crunch exercise should be considered an exercise superior to the ABRoller or sit-up when considering the EMG raw data scores of the rectus abdominus.

Conclusions

Based on the overall EMG scores, the results of this synthesis project indicated that the curl-up and the traditional crunch provide the greatest respective EMG raw and MVIC percent scores when considering the use of the rectus abdominus musculature. It is important to understand, however, that the RA has two components (URA and LRA) and in terms of research using EMG, the two components are studied separately, and that the URA and the LRA portions are worked differently by different devices/exercises.   As a result, certain exercises will specialize in the utilization of the URA, some the LRA and others the obliques. The fitness consumer interested in the development of his/her abdominals should give careful consideration to the various exercises/devices. While the research for this synthesis suggests that all of the exercises studied elicited some use of the RA muscle, (Sternlicht, 2003) consumers must consider the nature of their fitness regime and the outcomes desired. Individual preference may become the deciding factor when small disparities exist between the EMG values of two particular exrecises. 

The findings of this study, as well as several of the studies used for this meta-analysis indicate that persons seeking high performance development of the rectus abdominus, the largest and most visible musculature of the midsection, should consider and utilize either the crunch or the curl-up in their fitness routine. Both exercises are inexpensive and provide the consumer and fitness professional with a simple method to achieve strong abdominal muscles as the research indicates that each exercise highly activates the RA muscle. 

Additional Findings
Research indicated that numerous devices/exercises are in existence to train the abdominal musculature.  One study (Avedisian, (2005) tested a prototype, the ABVice, which suggests that devices are still being developed, and that the need for scientific research into the effectiveness of abdominal exercises/devices is warranted. Various areas of concern exist when discussing the abdominal region.   Some researchers included the use of the rectus femoris muscle as well as the obliques in their research. While the rectus femoris muscle is not an abdominal muscle, research into the participation of this muscle in abdominal exercises may indicate less use of the rectus abdominus.  Use of the powerful RF muscle assists in the flexion of the hip, and disallows the weaker abdominal muscles to work to their full potential. (Hildenbrand, 2004). (Guimaraes, 1991) found that less activation of the RF muscle could be achieved by performing exercises where the feet were not supported and/or the knees were not extended. 

Other factors, such as injury must be considered.  Individuals with low back pain or the need to strengthen the abdominal muscles to contraindicate low back problems should avoid long leg abdominal exercises as they may adversely compress the lower spine (Lehman, 2001). 

Lastly, this study indicated that the ABRoller device is useful in the development of the RA musculature.  This device could offer the consumer some motivation to exercise as expense is associated with the purchase of the device, and devices may offer the consumer some intrigue to exercise.  Demont (1999) reported that the groups in his study were more motivated to use the devices than those assigned to the control group executing the traditional crunch

Recommendations for future Research
Future research should focus on three items.  (1) Research into the usage of the RA musculature utilizing raw data collections specifically so that across the board comparisons may be done. This study was limited to narrow comparisons as the research collected was done in three different manners: raw data collections, percent of MVIC collections and comparisons to a traditional exercise. (2) Research into the use of the RA musculature while performing the crunch exercise in conjunction with the use of external resistance.  This research needs to be performed as the crunch exercise is the pillar of the abdominal exercises and offers the consumer a simple, cost free and highly effective method to achieve strong abdominals.  The addition of external resistance may provide even greater benefits to this highly successful exercise.  This would support the findings of Beim (1997) who indicated the ABFlex machine, which mimics the crunch exercise, elicited greater EMG readings when performed using external resistance, than the traditional crunch. (3) Research into the diminished use of the RA musculature as a result of the involvement of the RF muscle.

Summary
This section contained a discussion of this study.  Additional information concerning the conclusions of this study, additional findings that may be helpful to the reader and recommendations for future study were also included in this section.
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Appendix A
Tables

Table 1:  Description of Studies
	Authors
	Purpose of Study
	Subjects
	Instrumentation
	Proceedures
	Findings

	Hildenbrand and Noble (2004)
	To determine the effectiveness of the ABRoller, Abslide, Fitball and trunk curl on the rectus femoris and the abdominal musculature
	10 males, 13 females
	EMG and metronome
	10-15 repetitions for all exercises, 2 minutes rest, metronome set at 63 BPM.  EMG recorded
	Trunk curls involved the greatest use of the URA and LRA

	Guimaraes, Vaz, DeCampos and Marantes (1991)
	Effectiveness of 12 different exrecises on the rectus abdominus and rectus femoris muscles
	20 undergraduate students
	EMG and metronome
	12 Exercises, 4 reps/exercise, 3 minutes rest between.  EMG recorded
	V-sit involved the greatest EMG scores for the URA and LRA

	Beim, Giraldi, Pincivero, Borror, Fu (1997)
	Effectiveness of the crunch exercise and 5 other abdominal exercises (sit-up, Nautilus crunch machine, Nordic track /ab Works, Abflex Machine and AbRoller)on the EMG activity of the abdominal muscles
	20 males
	EMG
	Performance of the exercises for 3 seconds EMG recorded
	EMG activity of LRA, EO and URA, greatest using the Abflex.  Nautilus had greatest IO activity.

	Willett, Hyde, Uhrlaub, Wendel, Karst (2001)
	Effectiveness of five exercises (curl, reverse curl, twist curl, V-sit and vacuum) on the EMG activity of the abdominal muscles
	25 subjects, 15 women and 10 men
	EMG
	EMG was recorded during 3 isometric and dynamic contraction phases of each exercise
	Reverse curl greatest LRA activity  Reverse curl and V-sit greatest EO Reverse curl, trunk curl w/ twist and V-sit all similar in URA activity          

	Sternlicht and Rugg (2003)
	Effectiveness of portable exercise devices (Ab RollerPlus,Torso Track 2, AB-Doer Pro and the Perfect Abs) and the crunch exercise on the EMG activity of the abdominal muscles
	33 adults, 20 men and 13 women
	EMG
	1 set, 8-10 reps for each device.  EMG Recorded
	The Perfecdt Abs was the only device to elicit greater abdominal muscle activity than the traditional crunch.

	Bird, Fletcher and Koch (2006)
	Effectiveness of the Ab-Slide and crunch exercises on the EMG activity of the abdominal muscles
	45 subjects
	EMG
	5 trials of each exercise
	Eccentric movement had a higher EMG scores for the URA, LRA and EO when using the Ab-Slide.  When in the concentric phase the EO and LRA EMG scores were higher for the traditional crunch.

	Clark, Holt, Sinyard (2003)
	Effectiveness of six abdominal exercises on the EMG of the upper and lower rectus abdominus muscles
	8 subjects, 4 men, 4 women
	EMG
	EMG was recorded during 3 isometric and dynamic contraction phases of each exercise
	The Sissel Ball Curl up recorded the highest EMG scores for both the URA and LRA.

	Demont, Lephart, Giraldo, Giannantonio, Yuktanandana (1999)
	Effectiveness of the crunch exercise and 2 other abdominal exercises (Abflex Machine and AbRoller)on the EMG activity of the abdominal muscles
	26 subjects, 21 females and 5 males
	EMG
	18 sessions with progressively increasing repetitions of each exercise.  EMG was recorded pre/post test
	No significant difference in pre/post test scores

	Peynado and Scott (2005)
	Effectiveness of the crunch exercise and 2 other abdominal exercises (stability ball and Ab Trainer)on the EMG activity of the abdominal muscles
	10 subjects
	EMG
	20 reps of each of the three exercises.  EMG recorded.
	The crunch with both legs raised produced the greatest EMG score for the URA.  No significant differences were found in the other muscles or exercises ewhen comparing EMG scores.

	Avedisian, Kowalsky,Albro, Goldner and Gill (2005)
	Effectiveness of the Ab-Roller, Ab-Rocker Ab-Vice and crunch exercises on the EMG activity of the abdominal muscles
	24 subjects
	EMG
	10 repetitions/device
	The Ab-Vice elicited the greatest EMG scores on the abdominal muscles.

	Hall, Lee and Wood (1990)
	Effectiveness of variations of the sit up exercise on the EMG activity of the abdominal muscles
	27 Subjects
	EMG
	3 repetitions of 8 variations of the sit-up exercise
	hook lying sit-up showed the greatest EMG activity

	Escamilla, DeWitt, Jew Kelleher, Burnham, Busch et al (2006)
	Effectiveness of the Powerwheel, hanging knee with straps, Ab Revolutionizer, crunch, sit-up and reverse crunch on the EMG activity of the abdominal muscles
	21 Subjects
	EMG
	5 repetitions of each exercise
	Reverse crunch greatest URA,Powerwheel-greatest LRA

	Whiting and Vincent (1999)
	Effectiveness of 4 sit-up exercises with and without devices
	19 Subjects
	EMG
	Performance of 4 different abdominal exercise under 5 different conditions
	No difference in muscle activity for basic crunches and oblique crunches with and without devices

	Lehman (2001)
	Effects of different exercises on the activation of the URA and LRA portions of the RA muscle
	11 Subjects
	EMG
	5 exercises, 3 mins rest, 4 times/week
	No difference in muscle activity for all exercises in regard to use of the URA and LRA


        Table 2:  Study Results Expressed as a Percent of MVIC
	Authors
	# of Subjects
	Exercise/Device
	% of LRA
	% of URA

	Willet
	25
	Curl-up
	75
	82

	
	
	Reverse Curl
	88
	80

	
	
	Twist Curl
	70
	90

	
	
	V-Sit
	68
	70

	Peynando
	10
	Crunch
	36
	41

	
	
	Ab Trainer Standard
	34
	34

	
	
	Stability Ball
	36
	36

	
	
	Crunch-Legs Raised
	36
	43

	
	
	Ab Trainer-Legs Raised
	34
	37

	
	
	Stability Ball-legs Raised
	30
	35

	Lehman
	11
	Curl-up
	36
	38

	
	
	Abdominal Muscle Lift
	42
	36

	
	
	Leg Raise
	46
	39

	
	
	ISO Leg Raise
	38
	31

	
	
	ISO Curl-up
	39
	46

	Escamilla
	21
	Powerwheel
	81
	76

	
	
	hang Knee
	75
	69

	
	
	Crunch
	48
	56

	
	
	Sit-up
	38
	39

	
	
	Reverse Curl
	30
	41


Table 3:  Study Results Expressed as Raw Data

	Authors
	# of subjects
	Exercise/Device
	EMG Score URA
	EMG Score LRA
	Total EMG Score

	Whiting
	19
	Crunch
	948
	623
	1571

	 
	 
	ABRoller
	622
	472
	1094

	 
	 
	Ab Sculpter
	717
	502
	1219

	 
	 
	Ab Trainer
	812
	550
	1362

	 
	 
	Ab Works
	872
	663
	1535

	Hall
	27
	Sit-up knee>90 degrees
	 
	 
	625

	 
	 
	Sit-up knee>105 degrees
	 
	 
	675

	Hildenbrand
	23
	Trunk Curl
	213
	148
	361

	 
	 
	ABRoller
	192
	121
	313

	 
	 
	Fit Ball
	236
	153
	389

	 
	 
	ABSlide
	148
	96
	244

	Beim
	20
	Crunch
	490
	240
	730

	 
	 
	ABFlex
	645
	310
	955

	 
	 
	ABRoller
	480
	220
	700

	 
	 
	Sit-up
	300
	125
	425

	Guimaraes
	20
	Curl-up
	700
	430
	1130

	 
	 
	V-Sit
	900
	620
	1520

	 
	 
	Sit-up
	700
	510
	1210

	Demont
	26
	Crunch
	848
	377
	1225

	 
	 
	AB-Flex
	507
	458
	965

	 
	 
	ABRoller
	817
	513
	1330

	Avedisian
	24
	ABVice
	 
	 
	*1165

	 
	 
	ABRocker
	 
	 
	*242

	 
	 
	Crunch
	 
	 
	*753

	 
	 
	ABRoller
	 
	 
	*757

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	*sum of LRA, URA, OE and IO
	 
	 
	 
	 
	 


Table 4- Mean EMG Scores for Raw Data Studies
	Exercise/Device
	Study
	# of Subjects
	 EMG Raw Score URA
	 EMG Raw Score LRA
	Total EMG Raw Score

	Crunch
	Whiting
	19
	948
	623
	1571

	 
	Beim
	23
	490
	240
	730

	 
	Demont
	26
	848
	377
	1225

	Crunch  Mean EMG Score
	 
	n=68
	754.9
	399.4
	1154.3

	ABRoller
	Whiting
	19
	622
	472
	1094

	 
	Hidenbrand
	23
	192
	121
	313

	
	Beim
	20
	480
	220
	700

	 
	Demont
	26
	817
	513
	1330

	ABRoller Mean EMG Score
	 
	n=88
	535
	335.1
	973.3

	Sit-up
	Hall
	27
	 
	 
	625

	 
	Beim
	20
	300
	125
	425

	 
	Guimaraes
	20
	700
	510
	1210

	Sit-up Mean EMG Score
	 
	n=67
	500
	317.5
	739.9


Table 5:  Mean EMG Scores for Percent of MVIC Studies
	

	Exercise/Device
	Study
	# of Subjects
	% of LRA
	% of URA
	Mean of % 

	Crunch
	Peynando
	25
	36
	41
	 

	 
	Escamilla
	21
	48
	56
	 

	Mean Crunch
	 
	n=46
	41.5
	47.8
	 44.7

	Curl-up
	Willet
	25
	75
	82
	 

	 
	Lehman
	11
	36
	38
	 

	Mean Curl-up
	 
	n=36
	63.1
	68.6
	 65.9

	Reverse Curl
	Willet
	25
	88
	80
	 

	 
	Escamilla
	21
	30
	41
	 

	Mean Rev Curl
	 
	n= 46
	61.5
	62.2
	 61.9


Table 6:  Rank Order of Raw EMG Scores
	 
	URA
	LRA
	Total EMG Score

	Crunch
	754
	399
	1154

	ABRoller
	551
	369
	920

	Sit-up
	500
	317
	739

	
	
	
	


	Table 7:  Rank Order of % of MVIC Scores

	 
	LRA
	URA
	Overall %

	Curl-up
	63.1
	68.6
	65.9

	Reverse curl
	61.5
	62.2
	61.9

	Crunch
	41.5
	47.8
	44.7


Table 7:  Rank Order of % of MVIC Scores
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Appendix C

Intent

Intent
Examination of the Impact of Various Abdominal Exercises on the Usage of the  Rectus Abdominus Muscles

Purpose & Intent

The purpose of my synthesis is to examine various types of abdominal exercises, performed both with and without devices, to determine which exercise/device(s) elicits the greatest abdominal muscle usage, as measured by an electromyographic (EMG) device, of the rectus abdominus muscle.
The intent of this study will be to review the existing literature concerning the effectiveness of various abdominal strength-training exercises, and determine which exercise/device(s) elicited higher levels of abdominal muscle usage (as indicated by EMG scores) from the rectus abdominus muscle.  Do newly developed abdominal exercise devices such as the ABRoller and abdominal strength training exercises such as the crunch and curl-up elicit a greater usage of the rectus abdominus muscle than that of the traditional sit-up?  The following specific research questions shall be pursued:

1.      Based on EMG scores, which abdominal exercise (the crunch, the reverse curl-up or the curl-up) elicits greater rectus abdominus muscle usage?

2.      Does the ABRoller (an abdominal strengthening device), elicit greater rectus abdominus muscle usage than the traditional sit-up and traditional curl-up?

Rational 
Strong abdominal muscles play an important role in both postural control and prevention of injury to the low back (Beim & Helewa, 1997, 1993). Additionally, strong abdominals are desired by fitness consumers and professionals who constantly seek to determine the exercise/device that most efficiently uses the abdominal musculature.  Research indicates that the abdominal muscles are inadequately trained as compared to the other muscle groups (Beim, 1997) and can be harmful to the spine if performed incorrectly (Shrier, 2004). The curled trunk sit-up with the hips and knees flexed has been a widely used abdominal strengthening exercise.  However, Shier (2004) demonstrated that interdiscal pressure at L3 was higher in the sit-up exercise than standing posture.  Further evidence indicates that the sit-up exercise should be avoided for patients with acute or subacute low back pain, and subjects in poor physical condition might not achieve pelvic stabilization during the sit-up as a result of abdominal muscle weakness (Helewa, 1993).  Due to these and other shortcomings of the traditional sit-up exercises, as well as a wealth of consumers looking for the most efficient exercise to utilize the abdominal musculature, the curl-up and devices imitating these maneuvers have become popular.  The challenge in the exercise science and rehabilitation fields is to determine which exercises(s) elicit the greatest usage of the abdominal muscles while performing abdominal exercises.
Data coding 
Data from the selected studies will be coded into three tables as follows:
· Table 1 (See Appendix A) will organize the studies by author, purpose, subjects, instrumentation, procedures and findings. 
· Table 2 (See Appendix A) will organize the percent of Maximum Voluntary Isometric Contraction (MVIC) studies into five separate categories including: (1) Authors (2) Number of Subjects (3) Device(s) or Exercise(s) (4) Exercise percent usage of the upper rectus abdominus (URA) muscle and (5) Exercise percent usage of the lower rectus abdominus muscle (LRA).
· Table 3 (See Appendix A) will organized the raw data collection studies into the following six separate categories: (1) Authors (2) Number of Subjects (3) Device(s) or Exercise(s) (4) Exercise usage of the upper rectus abdominus (URA) muscle (5) Exercise usage of the lower rectus abdominus muscle (LRA) and (6) Total EMG Score.
Data Analysis
The data analysis will involve comparing two different types of data.  The first data will be from studies (n=4) that collected data on abdominal exercises by recording the percent of maximum EMG scores, based on an earlier assessment of the participant’s maximum voluntary isometric contraction (MVIC).  The MVIC is a measure of maximum effort, recorded as an EMG score of the participant during a 5 second isometric contraction. The second comparison will be from studies (n=6) that used raw EMG scores for their statistical data. The data analysis procedure will include determining which exercise elicits the greatest usage of the rectus abdominus muscle, while performing various abdominal exercises, by comparing the mean EMG raw and percentage of MVIC scores.
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Figure 2:  EMG Score-Percentage of MVIC
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		Table 6:  Rank Order of Raw EMG Scores

				URA		LRA		Total EMG Score

		Crunch		754		399		1154

		ABRoller		551		369		920

		Sit-up		500		317		739

		Table 7:  Rank Order of % of MVIC Scores

				LRA		URA		Overall %

		Curl-up		63.1		68.6		65.9

		Rev curl-up		61.5		62.2		61.9

		Crunch		41.5		47.8		44.7
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