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The purpose of this study was to assess the relative

involvement of four muscles rectus abdominis, external

obliques, rectus femoris, and the lumbar region of

sacrospinalis - during performances of eight different

variations of the sit-up exercise. The sit-up variations

investigated were long-lying sit-ups with/without feet

support and hook-lying sit-ups with knee angles of 65, 90,

and 105 degrees with/without feet support. Twenty-seven

male volunteers between the ages of 20 and 36 years

participated as subjects in the investigation.

Myoelectric activity was monitored using an Orion

Computerized System with a pair of surface electrodes

positioned over each of the four muscles on the right side

of the body. A clear plastic goniometer was aligned over

the hip, knee, and ankle joints to measure knee angle.

Three repetitions of each sit-up variation were performed,

with sit-up variations administered to each subject in

random order. One minute of rest was given between sit-up

variations to minimize the influence of fatigue.



A two-way ANOVA with repeated measures on both factors

was used to evaluate differences in myoelectric activity

levels. The main factors were feet support

(supported/unsupported) and knee angle (long-lying or hook-

lying with 65, 90, and 105 degree knee angle). Statistical

significance (p < .05) of mean differences were tested using

the statistical software BMDP2V on the CYBER mainframe

computer. Tukey's HSD or Bonferroni pairwise comparisons

were used for evaluation of significant F values for knee

ankle, while the Scheffe procedure was used to evaluate

significant interaction effects.

Sit-ups with feet unsupported produced significantly

greater myoelectric activity than with feet supported in all

selected muscle groups except the rectus femoris, where the

reverse was true. The hook-lying sit-up with larger knee

angle produced significantly greater myoelectric activity in

the external obliques and the sacrospinalis. In the external

oblique, only the mean comparison of long-lying vs. hook-

lying sit-up with 105 degree knee angle showed a significant

interaction difference. Increased knee angle in hook-lying

sit-ups resulted in increased involvement of the abdominal

muscles. Myoelectric activity at the sacrospinalis site was

greater with increasing knee angle and with the feet

unsupported. These findings can be utilized by physical

education instructors and by physicians in educating their

students and patients as to the relative efficacy of the sit-

up variations investigated.
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An Electromyographic Comparison of

Eight Sit-up Variations

CHAPTER I

INTRODUCTION

For the past few decades, sit-ups have been used as

tools to evaluate and develop the strength and endurance of

the abdominal musculature. A number of papers have appeared

which deal with the specific actions of either abdominal

muscles (upper and lower rectus abdominis, external and

internal obliques) or hip flexors (iliopsoas and rectus

femoris) during various sit-up exercises. Controversy,

however, has continued as to which sit-up variation

contributes most toward the development of the abdominal

musculature. That is, there is a lack of agreement in the

research literature as to the optimal position of the legs

and as to whether the feet should be supported by a partner

in order to maximize the requirement of the abdominal

muscles during the exercise.

The most controversial issue appears to be the position

of the legs during the sit-up. Early sit-up tests utilized

a long-lying position of the legs with the feet supported by

the partner. As a result of electromyography (EMG) studies

(La Ban, Raptou, & Johnson, 1965; Walters & Partridge,

1957), the long-lying position was thought to make greater
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use of the hip flexors than of the abdominal muscles. Also,

it was found that myoelectric activity in the abdominal

musculature is greater during sit-ups performed in the hook-

lying position (i.e., knees flexed) than during sit-ups

performed in the long-lying position (Gutin & Lipetz, 1971;

Kelley, 1982). However, other investigators have reported

that abdominal muscle activity is the same in hook-lying and

long-lying positions (Flint, 1965a; Lipetz & Gutin, 1970).

It has also been found that the amount of myoelectric

activity present in the abdominal muscles during sit-up

performance is dependent on the angle present at the knee.

Various studies have shown large amounts of myoelectric

activity produced in the abdominal muscles with knee angles

of 65 degrees (Godfrey, Kindig, & Windell, 1977; Gutin &

Lipetz, 1971; Walters & Partridge, 1957), 90 degrees

(Alexander, 1985; Bell, 1985), and 105 degrees (Ricci,

Marchetti, & Figura, 1981). These researchers also

indicated that when the angle at the knee was either 65, 90,

or 105 degrees, the hip flexor muscles participated less

than did the abdominal muscles.

Feet support (supported/unsupported by a partner) is

another variation which influences the magnitude of the

myoelectric activity present in the abdominal musculature.

Most studies have determined that myoelectric activity

present in the abdominal muscles is greater when the feet

are unsupported (De Lacerda, 1978; Faulkner & Stewart,
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1982). It appears that when the feet are supported, the

relative contribution of the hip flexors increases while the

relative contribution of the abdominal muscles decreases.

Allsop (1971) has suggested that the use of a partner to

support both feet stabilizes the insertion of the iliopsoas,

and increases its potential for exerting force during the

sit-up.

Another controversy surrounding the sit-up exercise

relates to its suggested use as a prophylactic for low back

pain. Pain in the lower part of the back has long been a

major health problem. Although it has been suggested that

poor abdominal strength may be a predisposing factor in many

low back pain cases, this has not been concretely documented

in the research literature. Conversely, some authors have

suggested that a certain level of abdominal strength can

help prevent low back pain (Alexander, 1985; Girardin,

1983). More specifically, it has been recommended that the

strength of the abdominal muscles should be greater than, or

at least equal to, that of the hip flexors. Studies

indicate, however, that abdominal strength is generally

inferior to hip flexor strength (Rasch & Allman, 1972).

The rationale cited for the hypothetical relationship

between abdominal strength and the likelihood of developing

low back pain relates to the anatomical arrangement of the

abdominal and hip flexor muscles. Since the rectus

abdominis is attached to the thorax and to the pubic bone of
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the pelvis, tension development in the muscle tends to pull

the pelvis into a posterior-tilt position accompanied by a

flattening of the back (Hesson, 1986). When the psoas and

iliacus muscles develop tension, on the other hand, the

psoas has a tendency to hyperextend the lumbar spine and the

iliacus causes the pelvis to tilt forward (Rasch & Allman,

1972). Therefore, a balance of strength between the muscle

groups should facilitate the maintenance of a normal range

of pelvic tilt and lumbar curvature. Strong abdominal

muscles, in particular, should help to prevent forward

tilting of the pelvis and hyperextension of the low back.

Accentuated lumbar curvature (lordosis) may place an added

load on the low back muscles by causing an anterior shift in

the location of the trunk center of mass. Consequently,

many physicians prescribe abdominal strengthening exercises

of some type for some low back pain patients.

Several researchers (Godfrey et al., 1977; Kelley,

1982; Rasch & Allman, 1972), however, have reported that

long-lying sit-ups, in particular, may be detrimental to the

low back by contributing more to the development of the hip

flexor muscles than to the development of the abdominal

muscles. The hook-lying, or bent-knee, sit-up has been

recommended as a preferable alternative to the long-lying

sit-up because the hips are in a flexed position so that the

pull of the psoas is reduced and the lower back is less

likely to be hyperextended (Vincent & Britten, 1980).
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Allsop (1971) reported that when the body is in the hook-

lying position of a sit-up, the iliopsoas is slackened and

its capacity to develop tension is greatly reduced. A

number of investigators (Halpern & Bleck, 1979; Kelley,

1982; Nachemson, 1976), however, have proposed that

incorrectly performed hook-lying and long-lying sit-ups may

contribute to exaggerated lumbar curve, hyperextension of

the back, and compression on the discs.

An issue which has not been addressed in the research

literature is the amount of tension present in the low back

muscles during the performance of sit-up exercises.

Although the low back muscles do not directly contribute to

the performance of the sit-up exercise, it is possible that

the assumption of different body positions during sit-up

execution could result in different amounts of tension in

the low back muscles. If this type of exercise is to be

used for low back pain patients, knowledge about tension

requirements for the low back muscles is certainly relevant.

Statement of the Problem

The purpose of this study was twofold: 1) to determine

the relative myoelectric involvement of the rectus

abdominis, external obliques, and the rectus femoris during

the performance of selected variations of sit-up, and 2) to
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investigate the relative myoelectric involvement of the low

back muscles (sacrospinalis) during the same sit-up

exercises. The sit-up variations examined were hook-lying

sit-ups at knee angles of 65, 90, and 105 degrees and the

long-lying sit-up. Each variation was examined with the

feet supported and unsupported.

Hypotheses

The following hypotheses were tested:

1. There is a significant difference between mean EMG

activities for performances of the sit-up with the feet

supported and with the feet unsupported at each electrode

site.

Ho: All =m2

Hl: Al /m2

where,

Al: mean microvolts in the feet unsupported condition

)112: mean microvolts in the feet supported condition

2. There is a significant difference among mean EMG

activities for performances of sit-ups with knee angles of

0, 65, 90, and 105 degrees at each electrode site.

Ho: ,ua =Alb =Aic =Aid

Hl: ma / Alb #mc /Aid



where,

ma: mean microvolts

knee angle)

,ub: mean microvolts

knee angle

ADC: mean microvolts

knee angle

md: mean microvolts

knee angle

3. There is a significant interaction between the factors

of feet supported/unsupported and knee angle variation for

mean EMG activities at each electrode site.

Ho: all rii = 0

Hl: all tiJ # 0

where, tij is an interaction contrast of interest.

7

in the long-lying sit-up (with 0

in the hook-lying sit-up with 65

in the hook-lying sit-up with 90

in the hook-lying sit-up with 105

pefinition of Terms

$it-up. Exercise performed from a supine position which

requires elevation of the trunk to a vertical position (see

Figure 1).
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Figure 1

Sit-Up

blackp
Text Box
Best scan available.  Black and white photocopy.
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Curl-up. Exercise performed from a supine position which

requires spinal flexion, but during which, the lumbar region

of the back remains in contact with the floor (see Figure

2).

Figure 2

Curl-up

song -lying position (with feet supported/unsupported).

Supine position with the legs extended and arms folded

across the chest (with feet supported/unsupported by a

partner).

Hook-lying position with knee angle variation. (with feet

supported/unsupported). Supine position with the knees

flexed (65, 90, or 105 degrees) and arms folded across the

chest (with feet supported/unsupported by a partner) (see

Figure 3, Figure 4, and Fugure 5).
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Figure 3

Hook-lying position with 65 knee angle

go°

Figure 4

Hook-lying position with 90 knee angle

Figure 5

Hook-lying position with 105 knee angle
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Anterior pelvic tilt. Downward rotation of the anterior

part of the pelvis (see Figure 6).

Figure 6

Anterior Pelvic Tilt

Posterior pelvic tilt. Upward rotation of the anterior part

of the pelvis (see Figure 7).

Figure 7

Posterior Pelvic Tilt

Electromyography (EMG). The technique used to record

electrical activity of living active muscle.
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Delimitations

The findings of the study are delimited to:

1. Healthy males with low levels of adipose tissue.

2. Knee angle variations of 0, 65, 90, and 105 degrees.



13

CHAPTER II

REVIEW OF LITERATURE

The investigations included in this chapter are

divided into two categories: effects of leg position and

feet support on four muscle groups, and the relationship

between sit-up performance and low back pain.

Effects of Leg Position and Feet Support

on Four Muscle Groups

Several studies have been devoted to investigating

various aspects of long-lying and hook-lying position sit-

ups. The long-lying sit-up has been used by many physical

educators as a means of measuring strength and endurance of

abdominal muscles (rectus abdominis, external and internal

oblique). It has been shown, however, that the hip flexors

are involved to a greater extent than are the abdominal

muscles in the long-lying sit-ups (Rasch & Allman, 1972).

Therefore, "the hook-lying position has been recommended in

place of the long-lying position due to problems related to

the lumbar spine" (Vincent and Britten, 1980) (p.74).

Walters and Partridge (1957) investigated the

myoelectric activity of the upper and lower rectus abdominis

and of the anterior, middle, and posterior internal and
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external obliques. Results indicated that abdominal muscle

activity was greater in the hook-lying than in the long-

lying position, and that hip flexor involvement appeared to

be greater when feet were supported than when unsupported.

They also reported that when the knees were flexed at 65

degrees in the hook-lying position, the rectus femoris

participated less than when the knee angle was 90 degrees,

thereby requiring greater involvement of the rectus

abdominis.

Flint (1965a) obtained electromyographic readings on

the rectus abdominis and external oblique muscles during the

performance of ten variations of the sit-up from the supine

position. The following exercises were investigated.

1. Sit-up with back and legs extended throughout the

exercise and feet not supported. Trunk flexed

upward to vertical position and lowered slowly.

2. Sit-up as above with feet supported.

3. Curl-up with legs extended and feet not supported.

Performed as a sit-up with back rounded throughout

the movement.

4. Curl-up as above with feet supported.

5. Curl-up with knees flexed 45 degrees and feet

supported.

6. Curl-up as above with feet not supported.

7. Sit-up with back extended, knees flexed 45 degrees

and feet supported.
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8. Sit-up as above with feet not supported.

9. Curl-up with knees flexed 45 degrees, feet supported

and trunk twisted to left.

10. Curl-up as above with feet not supported.

Ten women students ranging in ages from 18 to 25 were the

subjects. Flint reported that the upper section of the

rectus abdominis recorded greater electrical impulses when

the feet were not supported than when both feet were

supported. On the other hand, she reported that when the

feet were supported, the muscle activity of the lower rectus

abdominis was greater than when the feet were unsupported.

This was contradictory to the results of Walters and

Partridge (1957). After conducting a further study,

however, Flint (1965b) agreed that sit-ups, when performed

without support to the feet, required more muscle activity

from the rectus abdominis than when the feet were

supported.

In an investigation conducted by Gutin and Lipetz

(1971), ten abdominal exercises (conventional hook lying

sit-up, modified hook sit-up, conventional sit-up, inclined

sit-up, controlled backward lean, V-sit, arched back sit-up,

basket hang, curl-up, and hook sit-up arms across chest)

were studied. Each exercise was monitored by EMG, with

eight high school varsity athletes serving as subjects.

Three variations of the hook-lying sit-up (modified,

conventional, and hook sit-up with the arms across the
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chest) produced high levels of myoelectric activity in the

rectus abdominis. Gutin and Lipetz suggested that bending

the knees and leaving the legs unsupported might contribute

to isolation of the abdominals and minimize the potential of

the hip flexors to assist the movement. In their previous

work (1970), Gutin and Lipetz had reported that the hook-

lying sit-up with the feet supported was similar in

magnitude of myoelectric activity to the conventional and

arched back sit-ups.

The results of a study by Kelley (1982) indicate that

when the hook-lying position is assumed, the hip flexors

become partially shortened, thus minimizing their potential

contribution to hip flexion. Kelley also reported that as

the feet are moved toward the buttocks due to concurrent hip

and knee flexion, it is more difficult to maintain body

stabilization so that greater tension development is

demanded from the abdominal muscles.

While many other studies (Gutin & Lipetz, 1971; Kelley,

1982; Walters & Partridge, 1957) indicated that the hook-

lying position produced a greater amount of myoelectric

activity in the abdominal musculature, contrary results were

reported by Borkowicz (1981). In this study, all of the

sit-up variations were performed using either a sit-up bag

(weighted bag) directly behind the head or interlaced

fingers behind the head. In all cases, the feet were

supported by a partner. Myoelectric activity in the
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external oblique and rectus abdominis muscles was monitored

with surface electrodes. The results indicated that the

long-lying position required greater involvement of both

muscle groups than did the hook-lying position. The reason

for these contradictory results may be related to

Borkowicz's methodology, which was not clearly specified.

Another related investigation was conducted by Simmons

(1980). He reported that when the hook-lying position was

assumed, the hip flexors were in a state of active

contraction. Simmons also reported that the hip flexors

were minimally involved, allowing the abdominal muscles to

function as the major contributors to the long-lying sit-up.

Godfrey, Kindig, and Windell (1977) studied myoelectric

activity in the external oblique, rectus abdominis, and

rectus femoris muscles of 17 college women during sit-up

exercises. The eight sit-up variations examined were: (a)

hook-lying versus long-lying, (b) feet supported versus feet

unsupported, and (c) slow versus fast paced. Knees were

flexed at 65 degrees in the hook-lying variations. The

results of their study indicated that the hook-lying,

unsupported variations of the sit-up were found to be

desirable for maximizing the activity of the rectus

abdominis and for minimizing the activity of the rectus

femoris.

Ricci, Marchetti, and Figura (1981) investigated four

types of sit-ups which included a long-lying position, a
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hook-lying position (knees flexed to 105 degrees), a

position with both legs elevated (hips flexed to 150

degrees), and a curl up. They studied myoelectric activity

at seven muscle sites: rectus abdominis, external obliques,

rectus femoris, vastus medialis, vastus lateralis, tibialis

anterior, and gastrocnemius. Results indicated that in the

long-lying sit-up and curl-up the EMG responses for the

rectus abdominis and external obliques muscles were similar

to those reported by Walters and Partridge (1957) and by

Flint (1965a), with greater EMG activity produced during

trunk flexion than during extension.

One controversial issue has been whether the feet

should be supported during sit-up performances. Gilliam and

Roy (1980) stressed that the abdominal exercises should be

performed without supporting the feet. In addition, they

reported that, with the feet supported and with the knees

bent, the hip flexors produced more relative myoelectric

activity compared to the abdominal muscles. De Lacerda

(1978) also concluded that abdominal muscle activity is

maximized in performing sit-ups and curl-ups if the feet are

not supported.

Noble (1981) investigated myoelectric activity of the

upper rectus abdominis, lower rectus abdominis, and external

oblique muscles during sit-up performance using 18

volunteers aged 19 to 24 years as subjects. The following

types of sit-ups were investigated: (a) AAHPERD sit-up (the
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knees were flexed, the feet were supported and both elbows

touched the knees), (b) YMCA sit-ups (the knees were flexed,

feet were supported and each elbow alternately touched the

opposite knee), (c) modified AAHPERD sit-up (identical to

the AAHPERD sit-up except the feet were not supported), (d)

modified YMCA sit-up (identical to the YMCA sit-up except

the feet were not supported), and (e) trunk curl (identical

to the YMCA sit-up except that cardboard was held over the

abdomen at the level of the umbilicus and perpendicular to

the floor). The subject alternately touched opposite sides

of the board with the elbows. All subjects were asked to

perform with fingers interlaced behind the head and with the

knees bent. Results indicated that when the feet were

supported, both upper and lower abdominal muscles produced

less myoelectric activity during the performance of all sit-

ups variations.

Relationship Between Sit-Up Performance and Low Back Pain

Most investigators agree that an adequate abdominal

strength decreases the likelihood of low back pain (Flint,

1958; Flint, 1965a; Harris & Walters, 1955). Alexander

(1985) reported that if the abdominal muscle is strong

enough it lifts the pelvis and tilts it backwards. He also

reported that strong abdominal muscles decrease the lumbar

curve and reduce the occurrence of low back pain. Allsop
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(1971) also reported that many of those afflicted with back

problems tend to have anteriorly tilted pelvis and shortened

hip flexor muscle.

Flint (1958) investigated the effect of abdominal

strength on the low back in two groups of subjects. The

experimental group consisted of 19 women who were suffering

from chronic back pain. The control group consisted of 27

women without any abnormality in the back region. After an

average of twelve weeks of treatment, he concluded that

relief from chronic low back pain may be obtained by

increasing the strength of the back and abdominal

musculature, and by reducing the strength imbalance between

the trunk extensors and trunk flexors.

In Le Veau's roentgenographic study of the long-lying

position (1973), it was reported that as the angulation

between the fifth lumbar and first sacral vertebrae

increased, the lordotic curve of the lumbar spine increased.

He also reported that this angulation is further increased

in the long-lying sit- up due to compression of the

intervertebral disc, and that it is reduced in the hook-

lying position.

Some negative views about sit-ups in relation to low

back pain were published by Vincent and Britten (1980).

They stated that the sit-up exercise may result in a

strength imbalance between the hip flexors and the

abdominals, thus exaggerating pelvic tilt, accompanying
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lordosis, and aggravating low back pain in adults. They

also recommended that the hook-lying sit-up not be used as a

regular exercise for strengthening the abdominal muscle.

Halpern and Bleck (1979) investigated the activity of

the abdominal muscle and lumbar flexion during four

different sit-up variations (traditional long-lying sit-up,

crossed long-lying sit-up, hook version of crossed long-

lying sit-up, and hook-lying shoulder lift sit-up). With

the use of EMG and X-ray techniques, they found that the

intervertebral angle from Ll to L5 was 15 degrees in a full-

flexion hook-lying sit-up, and was reduced to 6 degrees in

the long-lying sit-up. Thus, they suggested that the trunk

be elevated only to the point where the scapula is clear of

the supporting ground to decrease the intradiscal pressure.

Mutoh, Mori, and Nakamura (1983) studied the

relationship between sit-up exercises and the occurrence of

low back pain both clinically and biomechanically. Their

results demonstrated that the integrated electrical

activities of the rectus abdominis tended to be lower and

that of the rectus femoris tended to be higher when the

ankles were supported than when the ankles were unsupported.

They concluded that the sit-up exercises with the ankles

unsupported led to more effective strengthening of the

abdominal muscles without causing an increased lumbar

lordosis.

Griffin (1983) stressed that while the iliopsoas
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muscles pull or extend the lower back and increase the

lumbar curve, "strong abdominal muscles help tilt the pelvis

backward and reduce the strain on the lower back" (p.35).

He also added that "a hook-lying sit-up, especially if the

feet are not held down, is an excellent exercise for the

abdominals" (p.35). According to Alexander (1985), the

abdominals have to be strong enough to raise the trunk and

to counteract the forces of the hip flexors. As a result,

he stated that if the abdominals are not strong enough to

counteract the forces, the pelvis will tilt forward, thus

causing lumbar hyperextension.

Summary

The sit-up exercise has been used as a tool to measure

the strength and endurance of the abdominal muscles. Before

EMG studies on the sit-up were conducted, the long-lying

sit-up was the major exercise used to strengthen the

abdominal muscles. Research utilizing electromyography has

now shown the hook-lying sit-up to be more advantageous than

the long-lying variation. Most investigators have reported

that the hook-lying sit-up is the better exercise for

strengthening the abdominal muscles. It has been reported

that abdominal muscle activity is greater in the hook-lying

position than in the long-lying position, and that hip

flexor involvement is greater when feet are supported than
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with feet unsupported. Some researchers, however, reported

contrary results, indicating that greater abdominal muscle

activity may be produced when in the long-lying position

than when in the hook-lying position.

Most investigators agree that strong abdominal muscles

contribute to reducing the incidence of low back pain. As

several authors have pointed out, many individuals who have

low back problems have an anteriorly tilted pelvis.

Strengthening of the abdominal muscles may ameliorate this

problem by tending to tilt the pelvis posteriorly, thereby

reducing lumbar hyperextension and the strain on the low

back.
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CHAPTER III

METHODS

This chapter deals with the subjects, apparatus,

procedures, and research design used in this study.

Discussions of the procedures are presented in the following

sections: (1) pilot study, (2) subjects, (3) testing

procedures, (4) data collection, and (5) data analysis.

Pilot Study

A pilot study was conducted in order to determine 1)

which electrode site(s) to use, 2) the appropriate knee

angles and arm positions to include, 3) the appropriate

amount of trunk elevation to require, and 4) the appropriate

number(s) of repetitions to utilize. Another reason for a

pilot study was to enable the investigator to become

familiar with the instrumentation and general experimental

protocol.

Two subjects were used in the pilot study. A total of

eight sit-up variations were examined. The subjects took

one timed trial for each sit-up variation. Upon completion

of each timed trial, the subjects took 10 seconds rest to

minimize muscle fatigue. Four electrode sites were used

during the pilot study: the rectus abdominis, external
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obliques, rectus femoris, and sacrospinalis.

In the pilot study, the long-lying sit-up with feet

unsupported and the hook-lying sit-up with 105 knee angle

and with feet unsupported produced the highest amounts of

myoelectric activity in the rectus abdominis and in the

external oblique. However, for the rectus abdominis, the

long-lying sit-up, whether performed with feet supported or

unsupported, produced maximum myoelectric activity.

Finally, the long-lying sit-up with feet supported generated

higher activity readings in the sacrospinalis than did any

other sit-up variation.

Subjects

Twenty-seven male volunteers between the ages of 20 and

36 years who were attending Oregon State University during

the winter of 1988 were the subjects for this investigation.

The sample size was to achieve a power of 0.80 of detecting

a true defference among means when o. of 0.05 (Kirk, 1982).

All subjects were required to be free from excess adipose

tissue in the abdominal region to facilitate the monitoring

of electrical activity in the underlying muscles.

Volunteers with a history of related disorders or injury to

vertebrae were barred from participation. The descriptive

statistics for subject age, height, and weight are given in

Table 1. Raw data for these variables are listed in
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Appendix A. All subjects read and signed an informed

consent document approved by the Oregon State University

Human Subjects Committee on the day of testing (Appendix B).

Table 1

Description of Subjects

Range ii SD

Age (yrs) 20 36 29.07 4.70
Height (cm) 166 185 172.52 5.06
Weight (kg) 54 86 66.00 8.70

The subjects were clothed only in tight-fitting stretch

swimming suits. Since the stretch swimming suit is skin

tight, it enabled easy estimation of the location of segment

angle variations throughout the experiment.

Testing Procedures

Testing was conducted in a laboratory setting. Prior

to the data collection, instructions as to the correct

position for each sit-up variation were given by the

investigator. The subjects then practiced at least five

repetitions of each sit-up variation in order to become

familiar with the exercises. Each sit-up variation was

performed with the arms folded across the chest to eliminate

their contribution to the exercise. As shown in Figure 8,

each sit-up was started from a supine position. Each



27

subject was asked to raise his trunk to a vertical position

(see Figure 9) and then to return to the starting position.

The same arm position and trunk movement were used for each

sit-up variation. Manual resistance was used to restrain

the feet during the supported sit-up variations.

Figure 8.

Starting position

blackp
Text Box
Best scan available.  Black and white photocopy.
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Figure 9

Vertical position

A total of three repetitions of each of eight sit-up

variations were performed. Subjects were instructed to

maintain a constant cadence and a smooth motion without

jerking. A six count cadence was set for each repetition

(up, two, three, down, two, three) right after a beep was

blackp
Text Box
Best scan available.  Black and white photocopy
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sounded for starting. The three successive repetitions

spanned a time interval of approximately 15 seconds, during

which data were continuously collected.

At least one minute of rest was given between sit-up

variations to eliminate any influence of fatigue. Sit-up

variations were administered to each subject in random order

using the following procedure: (a) the eight cards on which

each number of the sit-up variation was written were mixed

randomly by the subject, (2) the subject chose one card

after another, and (3) the subject performed the sit-up

variations in accordance with the random order he had

chosen.

Data Collection

Electromyography

In general, electromyography (EMG) is used to monitor

the electrical activity present in a muscle. As myoelectric

activity in a given muscle increases, the tension present in

the muscle increases, although the relationship is not

necessarily a direct one. Electromyographic comparison of

different muscles is meaningless, however, since differences

in skin resistance, intervening adipose tissue between

muscle and electrode, and electrode resistance all affect

the magnitude of the signal recorded.
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A pair of 8 mm Beckman recessed bipolar surface

electrodes were placed in alignment with the muscle fibers

at each of the four electrode sites, with an interelectrode

distance of 2.5 cm. Before securing each electrode pair,

the skin over the site was rubbed with an ethyl alcohol

solution for reduction of skin resistance. The electrodes

for monitoring rectus abdominis activity were placed to the

right of the midline, 3 cm lateral to the umbilicus. For

monitoring the external obliques, electrodes were placed

along the axillary media midway between the rib cage and the

iliac crest. For monitoring the rectus femoris, electrodes

were placed along the muscle belly. The sacrospinalis site

was 3 cm lateral to the spine at the level of the third

lumbar vertebra. All sites were located on the right side

of the body. Adhesive electrode collars were attached to

the electrodes, which were filled with an electrolyte paste.

Myoelectric activity was monitored with an Orion

computerized system (Model No. 8600, see Figure 10), which

generated digital and graphical output for total integrated

EMG over each 15 second period.
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Figure 10

Orion computerized system

Goniometer and Marking Tape

During the resting period, the investigator positioned

the subject's knees at the selected angle using a clear

plastic goniometer aligned directly over the hip, knee, and

ankle joints. A white marking tape was attached over the

hip, knee, and ankle joints so that the investigator could
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easily locate these joint centers when measuring knee angle.

The subjects were asked to maintain the selected angle

during each sit-up variation. The knee angle positions for

hook-lying sit-up are shown in Figure 11, Figure 12, and

Figure 13, respectively.

Figure 11

Hook-lying with 65 degree knee angle

blackp
Text Box
Best scan available.  Black and white photocopy
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Figure 12

Hook-lying with 90 degree knee angle

Figure 13

Hook-lying with 105 degree knee angle

blackp
Text Box
Best scan available.  Black and white photocopy
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Data Analysis

Data for each muscle were treated separately using 2 x

4 analysis of variance (ANOVA) with repeated measures on

both factors in order to evaluate whether there were mean

differences in myoelectric activity levels across the eight

sit-up variations. The main factors for the ANOVA design

were feet support (feet supported/unsupported) and knee

angle (hook-lying with angles of 65, 90, and 105 degrees and

long-lying). All hypotheses were tested at the .05 level of

significance.

ANOVA tables and E values were computed using the BMDP

Statistical Software (Dixon, et al., 1985) subroutine BMDP2V

on the CYBER mainframe computer at the Computer Center of

Oregon State University. Tukey's Honestly Significant

Difference (HSD) procedure (Kirk, 1982) was used to test all

pairwise comparisons for the knee angle main effect with the

exception of main effects for which the sphericity

assumption was violated. For any effect for which

sphericity was violated, the Bonferroni comparison method

was employed as suggested by Maxwell (1980). Scheffg post

hoc comparisons were used to test interaction effects.

Tests of sphericity (Anderson, 1958) were performed on the

knee angle main effect and the omnibus test of interaction

to determine if the data violated the sphericity

assumption.
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CHAPTER IV

RESULTS

The results of this investigation have been divided into

the following sections: (1) rectus abdominis, (2) external

obliques, (3) rectus femoris, and (4) sacrospinalis. Raw

data for myoelectric activity at the four selected sites are

provided in appendices C, D, E, and F, respectively.

Rectus Abdominis

The ANOVA performed on the rectus abdominis (RA) data

showed significantly (p < .05) greater myoelectric activity

at the RA site with the feet unsupported (M = 624.53 mv)

than with the feet supported (M = 523.30 mv). Anderson's

(1980) test of sphericity was nonsignificant. Therefore,

traditional critical E. values were used to test the within

subjects effects. The E value for knee angle showed no

significant differences among long-lying, hook-lying with 65

degree, hook-lying with 90 degree, and hook-lying with 105

degree knee angle variations for the RA. The E value for

interaction between feet support and knee angle was also

nonsignificant at this site. Table 2 contains the ANOVA

summary table for the RA site. Table 3 contains descriptive

statistics of myoelectric activity for the rectus abdominis.
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Analysis of Variance

Table 2

for the Rectus Abdominis Site

SOURCE SS df MS F P

MEAN 71023389.34 1 71023389.34 167.08 .000

ERROR 11053352.54 26 425128.94

FSPT 564368.89 1 564368.89 12.79 .001
ERROR 1147364.98 26 44129.42

PSTN 29698.35 3 9899.45 .53 .664
ERROR 1459860.28 78 18716.16

F x P 71942.98 3 23980.99 1.43 .241
ERROR 1310594.65 78 16802.50

Table 3

Means and Standard Deviations in Microvolts
for the Rectus Abdominis Site

L.L H 65 H 90 H 105

unsupported 608.78 625.26 606.07 658.04 624.54
(281.73)a (265.73) (290.18) (264.13)

supported 552.56 489.63 529.30 517.74 522.31
(264.81) (254.20) (267.66) (257.94)

580.67 557.44 567.69 587.89

a: standard deviation myoelectric activity in
parenthesis

L.L: long-lying sit-up
H 65: hook-lying sit-up with 65 degree knee angle
H 90: hook-lying sit-up with 90 degree knee angle
H 105: hook-lying sit-up with 105 degree knee angle
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External Oblique

The ANOVA for the external oblique (EO) site yielded

significant F values for feet support, for knee angle, and

for the interaction between them, as shown in Table 4.

Comparison of the mean values for feet supported and feet

unsupported showed more myoelectric activity present with

feet unsupported (M = 573.67 my) than with the feet

supported (M = 462.63 mv) at the EO site. The test of

sphericity performed on the the within subjects factors was

nonsignificant. Therefore, traditional F values were

employed to test main effect and interaction hypotheses.

Descriptive statistics for myoelectric activity at the

external oblique site are provided in Table 5.

Table 4

Analysis of Variance for the External Oblique Site

SOURCE SS df MS F P

MEAN 57991140.74 1 57991140.74 178.55 .000
ERROR 8444460.75 26 324786.95

FSPT 665778.07 1 665778.07 16.31 .000
ERROR 1061319.93 26 40820.00

PSTN 443084.30 3 147694.77 13.06 .000
ERROR 882243.20 78 11310.81

F x P 161040.15 3 53680.05 3.36 .023
ERROR 1247454.85 78 15993.01



Table 5

Means and Standard Deviations in Microvolts
for the External Oblique Site

L.L H 65 H 90 H 105

unsuporpted 490.96 538.70 584.22
(231.80)a (248.45) (243.32) (213.16)

38

680.78 573.67

suporpted 462.63 428.33 456.89 501.59 462.63
(237.10) (213.96) (235.54) (264.48)

477.33 483.52 520.56 591.19

a: standard deviation myoelectric activity in
parenthesis

L.L: long-lying sit-up
H 65: hook-lying sit-up with 65 degree knee angle
H 90: hook-lying sit-up with 90 degree knee angle
H 105: hook-lying sit-up with 105 degree knee angle

Tukey's pairwise comparisons were performed to

identify which knee angle positions generated significantly

different levels of myoelectric activity at this site.

These are shown in Table 6. The critical HSD (4, 56) value

was 76.14 for ..4.= .05 and 93.33 for 1-= .01. Tukey test

results indicated that the hook-lying sit-up with 105 degree

knee angle required greater myoelectric activity at the EO

site than both the long-lying sit-up and the hook-lying sit-

up with 65 degree knee angle.
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Table 6

Tukey HSD statistics for the External Oblique Site

=

=

=
=

P
P

591.18
520.56
483.51
477.33

< .05
< .01

X4 X3

70.62

X2

107.67
37.05

**

X1

113.85
43.23
6.18

**

Xl: long-lying sit-up
X2: hook-lying sit-up with 65 degree knee angle
X3: hook-lying sit-up with 90 degree knee angle
X4: hook-lying sit-up with 105 degree knee angle

Because the ANOVA results also revealed a significant

interaction between the factors of feet support and knee

angle position, Scheffe's test was performed to test

interaction contrasts of interest. The critical Scheffe's S

(3, 78) was 2.86. Scheffe statistics for the EO are

presented in Table 7.
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Table 7

Scheffe's Statistics for the External Oblique Site

Comparison Mean Diff. TS

L.L : H 65 -83.11 1.71
L.L : H 90 -100.63 2.07
L.L : H 105 -151.93 3.12 *
H 65 : H 90 -16.96 0.35
H 65 : H 105 -68.81 1.41
H 90 : H 105 -51.85 1.07

* P < .05

L.L: long-lying sit-up (unsupported - supported)
H 65: hook-lying sit-up with 65 degree knee angle

(unsupported supported)
H 90: hook-lying sit-up with 90 degree knee angle

(unsupported supported)
H 105: hook-lying sit-up with 105 degree knee angle

(unsupported supported)

As shown in Table 7, Scheffe test results indicated a

significant interaction between the long-lying and the 105

degree knee angle positions and the feet support factor.

Figure 14 displays the mean comparisons of myoelectric

activity in knee angle positions for the EO.



Figure 14

Mean Comparison at the External Oblique Site
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Rectus Femoris

The ANOVA performed on rectus femoris (RF) data showed

significantly greater mean myoelectric activity with feet

supported (M = 554.78 mv) than with feet unsupported (M =

207.41 mv). Anderson's test of sphericity was significant.

Therefore, Greenhouse Geisser Probability was used to test

the within subjects effects. The E values for knee angle

and for interaction between feet support and knee angle were

nonsignificant. A summary of these values may be found in

Table 8. Descriptive statistics for myoelectric activity

are provided in Table 9.

Table 8

Analysis of Variance for the Rectus Femoris Site

SOURCE SS df MS F P G.G.P

MEAN 31370017.85 1 31370017.85 183.30 .000
ERROR 4449736.15 26 171143.70

FSPT 6515973.41 1 6515973.41 83.27 .000
ERROR 2034418.59 26 78246.87

PSTN 187289.67 3 62429.89 1.43 .240 .247
ERROR 3398162.33 78 43566.18

F x P 117623.44 3 39207.82 1.74 .117 .183
ERROR 1762554.56 78 22596.85

G.G.P: Greenhouse Geisser Probability



Table 9

Means and Standard Deviations in Microvolts
for the Rectus Femoris Site

L.L H 65 H 90 H 105

unsupported 289.15 195.11 188.70
(184.67)a (182.46) (182.59) (179.69)
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156.67 207.41

supported 574.19 524.11 551.59
(245.06) (273.41) (304.29) (295.74)

569.22 554.78

431.67 359.61 370.15 362.94

a: standard deviation myoelectric activity in
parenthesis

L.L: long-lying sit-up
H 65: hook-lying sit-up with 65 degree knee angle
H 90: hook-lying sit-up with 90 degree knee angle
H 105: hook-lying sit-up with 105 degree knee angle

Sacrospinalis

The ANOVA for myoelectric activity in the

sacrospinalis (SS) showed significant difference for both

feet support and knee angle factors. Comparison of

myoelectric activity means for feet support showed that more

myoelectric activity was present with the feet unsupported

(M = 82.56 mv) than with the feet supported (M = 63.53 mv).

Table 10 shows the ANOVA summary table for SS. Anderson's

test of sphericity performed on the knee angle and

interaction revealed violations of sphericity for both the

knee angle main effect and the interaction effect.
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Therefore, the Greenhouse Geisser adjustment was used as a

more realistic test of the F value for interaction and angle

main effect. Table 11 contains descriptive statistics of

myoelectric activity for sacrospinalis.

Table 10

Analysis of Variance for the Sacrospinalis Site

SOURCE SS df MS F P G.G.P

MEAN 1152378.38 1 1152378.38 179.33 .000
ERROR 167077.75 26 6426.07

FSPT 19551.04 1 19551.04 10.63 .003
ERROR 47821.08 26 1839.27

PSTN 29702.83 3 9900.94 12.63 .000 .000
ERROR 61130.55 78 783.73

F x P 9428.24 3 3142.75 2.81 .045 .071
ERROR 87181.14 78 1117.71

G.G.P: Greenhouse Geisser Probability



Table 11

Means and Standard Deviations in Microvolts for the
Sacrospinalis Site

L.L H 65 H 90 H105

unsupported 59.30
(18.21)

supported 48.73
(21.91)

85.41
(42.22)

63.37
(32.43)

80.26
(34.93)

75.89
(49.75)
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105.26 82.56
(78.41)

66.15 63.53
(21.92)

54.00 74.39 78.07 85.70

a: standard deviation myoelectric activity in
parenthesis

L.L: long-lying sit-up
H 65: hook-lying sit-up with 65 degree knee angle
H 90: hook-lying sit-up with 90 degree knee angle
H 105: hook-lying sit-up with 105 degree knee angle

Even though Table 10 indicates a significant difference

for interaction between the main factors, the Greenhouse

Geisser Probability test showed the interaction to be

nonsignificant. Therefore, no further analysis was

performed for interaction at this site. Mean comparisons of

myoelectric activity in knee angle positions for SS are

present in Figure 15.

As suggested by Maxwell (1980), the more conservative

Bonferroni procedure was used to determine which knee angle

positions were significantly different from each other. The

critical Bonferroni t (53, .05) value was 2.76. Bonferroni

statistics for the sacrospinalis are presented in Table 12.
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As shown in Table 12, the long-lying sit-up required

significantly less myoelectric activity at the SS site than

each of the other knee angle variations examined.

Figure 15

Mean Comparison at the Sacrospinalis Site
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Table 12

Bonferroni Statistics for the

X4 X3

Sacrospinalis

X2

Site

X1

X4 = 85.66 7.59 11.28 31.66 *
X3 = 78.07 3.69 24.07 *
X2 = 74.38 20.38 *
X1 = 54.00

*

Xl:

P < .05

long-lying sit-up
X2: hook-lying sit-up with 65 degree knee angle
X3: hook-lying sit-up with 90 degree knee angle
X4: hook-lying sit-up with 105 degree knee angle
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CHAPTER V

DISCUSSION AND CONCLUSION

This chapter includes a three-part discussion, with

sections on feet support, knee angle, and EMG findings

related to the low back. This section is followed by the

conclusions for the study.

Discussion

Feet Support

The results of this study show that there are

significant differences between the feet supported and feet

unsupported sit-up variations for all four selected muscle

groups. Mean values of myoelectric activity at both the

rectus abdominis and the external oblique sites were greater

with feet unsupported than supported, thus indicating that

the sit-up with feet unsupported is the more taxing exercise

for these muscles. The rectus femoris, on the other hand,

produced much more myoelectric activity with the feet

supported than with the feet unsupported. This indicates

that the contribution of the hip flexors is greater when the

feet are supported, while the contribution of the abdominal

muscles is greater with the feet unsupported.
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Several authors (De Lacerda, 1978; Godfrey et al.,

1977; Gutin and Lipetz, 1971; Noble, 1981; and Walters and

Partridge, 1957) have reported comparisons of myoelectric

activity for sit-ups performed under conditions of feet

support vs. feet non-support. All have found greater EMG

activity in the abdominal muscles with the feet unsupported.

Walters and Partridge (1957) also reported that when the

myoelectric activity of the hip flexor is minimized, more

force is exerted by the abdominal muscles, as was the case

in the present study. The results of the present

investigation are also consistent with the conclusion by

Flint (1965b) that less hip flexor myoelectric activity was

recorded when the feet were unsupported as compared to

supported.

Knee Angle

Flint (1965a) and Lipetz and Gutin (1970) reported that

myoelectric activity in the abdominal muscles (rectus

abdominis and external oblique) is the same in hook-lying

and long-lying positions. The results of the present study,

however, showed significant differences in myoelectric

activity at the external oblique and sacrospinalis sites

with regard to knee angle variation. Significant

differences were not found among knee angle variations for

EMG means at the rectus abdominis and rectus femoris sites.
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The Tukey's test for the external oblique data revealed

significantly greater myoelectric activity with the 105

degree knee angle than with either the 65 degree knee angle

or the long-lying position. This finding was in agreement

with those of Gutin and Lipetz (1971); Godfrey, Kindig, and

Windell (1977); and Kelley (1982) in that greater

myoelectric activity in the abdominal muscles was required

with the hook-lying sit-up than with the long-lying sit-up.

Although Walters and Partridge (1957) reported greater

abdominal myoelectric activity for a 65 degree knee angle

position than for a 90 degree angle position, their study

was qualitative in nature, with no statistical analysis

conducted.

The increased involvement of the external obliques with

increasing knee angle documented in this study and others

may be related to several factors. For one, as knee angle

increases, the tension in the strong iliopsoas group

decreases, thus lessening its ability to contribute to the

performance of a sit-up. For another, it is likely that

changes in leg position affect the amount of torque that

must be generated in order to elevate the trunk. Although

differences were not significant among knee angles for

rectus abdominis activity, greater knee angle was also

associated with more myoelectric activity at this site.

Scheffe post hoc interaction comparisons for the

external oblique site also show that greater myoelectric
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activity was required with the hook-lying sit-up with 105

knee angle than with the long-lying sit-up and that this

difference was greater in the feet unsupported condition as

compared to the feet supported condition. This suggests

that the hook-lying sit-up with 105 degree knee angle and

feet unsupported is the most effective sit-up variation for

strengthening the external oblique. Even though significant

differences were not found among all of the three hook-lying

sit-ups, mean myoelectric activities show greater knee angle

associated with increased myoelectric activity requirement

at both the external oblique and rectus abdominis sites.

FMG Findings Related to the Low Back

In the present study, myoelectric activity at the

sacrospinalis site was significantly greater with the feet

unsupported than supported. The results of the present

study also showed that there is less myoelectric activity in

SS during the performance of the long-lying sit-up than with

any of the hook-lying sit-up positions investigated. As

both clinicians and electromyographers (Laban, 1965; Walters

& Partridge, 1957) have indicated, it is clear that

relatively more iliopsoas activity and relatively less

abdominal activity exist when a sit-up is performed from the

long-lying position as opposed to the hook-lying position.

Since the pelvis is in a posteriorly-tilted position during
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the hook-lying sit-up, thus making the back tend to flatten,

it may be that the increased myoelectric activity observed

for this position is related to increased stretch of the

sacrospinalis.

When the two main factors of the present study are

considered together, it is apparent that the sit-up

variation which produces the greatest amount of myoelectric

activity in SS is the hook-lying position with the feet

unsupported. The least amount of activity was produced with

the long-lying position with feet supported. Although the

long-lying sit-up has been condemned by Le Veau (1973),

Rasch and Allman (1972), Godfrey et al. (1977), and Kelley

(1982) for tending to increase the lordotic curve present in

the lumbar spine, the results of the present investigation

suggest that for the low back patient, perhaps the hook-

lying sit-up is to be avoided as well. While the hook-lying

sit-up without feet support appears to be the best of the

exercises investigated for increasing abdominal strength, it

is also most taxing to the low back muscles. This finding

should be considered carefully by physicians when

prescribing abdominal strengthening exercises for low back

pain patients.
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Conclusions

Based upon the findings of this investigation the

following conclusions are warranted.

1. The lack of feet support during performance of a

sit-up maximizes the involvement of the abdominal muscles,

while minimizing the involvement of the hip flexors.

2. Increased knee angle during the performance of

hook-lying sit-ups results in increased involvement of the

abdominal muscles, although the findings for the rectus

abdominis were not statistically significant.

3. Myoelectric activity in the lumbar region of the

sacrospinalis during sit-up performance is increased with

increasing knee angle and with the feet unsupported.

Recommendations

Recommendations for future investigation include:

1. A replication of the present study with different

sit-up positions, for example, curl-up, bench sit-up, and

twisted sit-up with different knee angles.

2. A replication of the present study with subjects of

different gender and/or age range.
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APPENDIX A

PERSONAL DATA

SUBJECT AGE (yrs) WEIGHT (kg) HEIGHT (cm)

01 28 54 175
02 23 86 185
03 28 71 169
04 26 68 170
05 32 78 175
06 27 66 173
07 32 58 167
08 20 82 179
09 20 82 178
10 20 66 168
11 30 62 173
12 33 60 163
13 33 61 172
14 31 64 166
15 32 59 172
16 31 67 176
17 30 60 170
18 30 64 170
19 31 60 172
20 25 66 172
21 36 70 172
22 33 60 174
23 29 80 185
24 31 65 173
25 23 55 167
26 36 59 172
27 35 59 170

M = 29.07
SD = 4.70

66.00
8.70

172.52
5.06
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APPENDIX B

SUBJECT CONSENT DOCUMENT

OREGON STATE UNIVERSITY

Subject's Name:
Current Address:
Phone Number:

Project Title: An Electromyographic Comparison of Eight
Sit-Up Variations

The purpose of this study is to determine the relative
involvement of the rectus abdominis, external obliques,
rectus femoris, and sacrospinalis during the performances of
selected variations of sit-up. Surface electrodes will be
used to measure the myoelectric activity in the selected
muscles.

Selected skin will be rubbed with an alcohol solution
for reduction of skin resistance. You will be asked to
perform a total of three repetitions of each of eight sit-up
variations.

You should experience no discomfort throughout the
course of this investigation. You may or may not experience
mild muscle soreness 24 to 48 hours after 30 to 40 minutes'
test.

Upon completion of all data collection and analysis, a
summary of the investigation will be given to you if you so
desire. After your individual session, the investigator
will explain your specific results if you so desire.

CERTIFICATION

I fully understand the activity in which I am
participating and the procedures which will be performed. I

have had an adequate chance to ask questions and understand
that I may ask additional questions while the study is in
progress. I understand that I am participating in this
study of my own free will and I am free to withdraw my
consent and discontinue my participation at any time without
any penalty.

This is to certify that I agree to participate in this
study under the direction of Jurip Lee who is the
investigator.

Date Signature of Subject
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APPENDIX C

MYOELECTRIC ACTIVITY FOR RECTUS ABDOMINIS

SUBJECT LNS HN65 HN90 HN105 LS HS65 HS90 HS105

01 791 999 991 999 840 725 999 772
02 733 645 528 918 552 644 687 782
03 165 264 178 264 215 346 193 397
04 409 500 445 715 666 384 890 588
05 118 119 216 261 243 143 217 201
06 555 416 574 430 371 249 266 189
07 600 516 753 808 447 492 571 634
08 297 306 288 385 220 227 213 148
09 623 562 377 609 955 534 480 572
10 408 230 279 307 315 290 207 276
11 551 670 334 247 419 490 375 297
12 704 645 492 684 729 539 729 662
13 371 360 293 358 423 312 360 273
14 398 999 445 412 471 556 364 284
15 583 802 999 919 648 575 675 776
16 600 471 708 641 483 999 504 552
17 999 999 999 999 762 908 603 559
18 927 989 999 999 541 347 593 538
19 598 938 999 915 968 509 526 554
20 327 595 456 710 252 331 244 348
21 882 690 999 822 999 638 629 685
22 889 634 694 784 316 221 602 384
23 238 534 308 797 296 174 225 278
24 994 868 785 555 467 392 999 999
25 999 999 999 999 955 964 997 994
26 319 322 399 335 367 232 243 238
27 999 810 827 895 999 999 900 999
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APPENDIX D

MYOELECTRIC ACTIVITY FOR EXTERNAL OBLIQUE

SUBJECT LNS HN65 HN90 HN105 LS HS65 HS90 HS105

01 455 741 698 999 593 424 741 557
02 372 567 494 909 448 296 330 363
03 294 395 335 494 324 418 314 422
04 239 316 498 829 665 626 578 755
05 207 153 370 400 185 202 250 370
06 481 355 520 837 288 328 268 145
07 270 244 410 423 213 255 222 317
08 236 335 333 450 197 207 200 193
09 303 241 271 453 480 296 347 359
10 634 507 652 684 453 507 377 533
11 482 485 322 425 317 363 275 286
12 362 447 311 457 555 411 518 515
13 332 364 459 696 267 293 335 259
14 420 999 573 529 326 440 355 536
15 470 638 999 796 450 474 474 479
16 521 401 613 663 284 605 396 391
17 682 999 840 790 550 436 415 485
18 875 969 999 999 647 519 569 999
19 782 691 996 784 803 625 725 819
20 409 379 555 920 297 203 213 220
21 780 495 999 730 875 599 733 850
22 479 354 387 432 328 236 360 301
23 195 413 314 568 221 153 153 179
24 583 552 564 395 336 303 791 831
25 999 999 999 999 999 999 999 999
26 395 688 603 721 420 348 399 381
27 999 818 660 999 999 999 999 999
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APPENDIX E

MYOELECTRIC ACTIVITY FOR RECTUS FEMORIS

SUBJECT LNS HN65 HN90 HN105 LS HS65 HS90 HS105

01 466 326 257 108 721 999 989 633
02 223 817 862 853 699 999 999 999
03 243 082 114 120 437 339 177 120
04 325 376 328 339 333 554 598 880
05 409 066 177 077 857 396 231 252
06 311 043 055 120 470 075 073 034
07 409 321 193 204 542 471 806 642
08 223 154 164 165 451 574 505 732
09 112 117 161 232 245 324 565 629
10 264 341 467 575 323 999 999 999
11 342 147 152 124 693 719 677 400
12 075 096 057 055 997 999 085 999
13 424 223 293 173 992 872 742 816
14 196 161 085 081 202 221 264 470
15 131 133 131 100 708 363 184 296
16 195 144 251 211 235 401 527 761
17 335 341 161 113 645 461 520 458
18 187 031 030 063 836 793 419 520
19 386 048 041 052 758 214 805 340
20 177 087 091 098 321 210 505 218
21 999 058 075 048 999 180 999 999
22 493 194 194 085 480 581 508 536
23 147 093 159 060 526 594 496 504
24 143 599 511 031 215 317 049 033
25 155 103 068 068 585 525 729 743
26 326 126 042 041 486 425 443 502
27 111 041 036 034 747 546 999 854
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APPENDIX F

MYOELECTRIC ACTIVITY FOR SACROSPINALIS

SUBJECT LNS HN65 HN90 HN105 LS HS65 HS90 HS105

01 059 134 091 156 033 037 036 048
02 047 067 065 102 039 058 051 068
03 039 075 056 050 025 042 038 043
04 079 082 115 092 045 071 066 074
05 055 039 059 065 044 075 059 069
06 090 077 069 090 034 044 043 028
07 051 080 062 064 039 044 096 089
08 052 062 072 083 037 042 049 046
09 078 100 101 118 083 067 094 075
10 040 044 058 064 047 042 039 051
11 072 100 079 139 073 096 075 068
12 055 108 058 089 111 074 084 083
13 089 199 158 443 083 205 194 080
14 053 173 097 115 037 070 075 105
15 049 166 098 106 027 041 041 045
16 042 053 055 064 034 061 046 063
17 037 059 040 058 031 045 067 047
18 060 050 047 054 055 059 066 047
19 055 057 073 049 055 052 078 081
20 050 113 136 164 036 057 070 069
21 041 039 079 052 045 058 047 053
22 067 074 186 139 050 070 096 095
23 057 118 078 095 041 045 044 058
24 109 073 069 200 051 090 178 119
25 057 062 076 088 035 049 046 049
26 038 053 035 041 029 041 037 041
27 080 049 055 062 096 076 234 092




