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Abstract1)

Abdominal curl-up exercise may excessively increased superficial neck flexor such as

sternocleidomastoid (SCM) muscle. Also, the muscle activity of the abdominal muscles haven’t

investigated during abdominal curl-up with craniocervical flexion (CCF). Therefore, the purpose of our

study was to determine the effect of CCF on the muscle activity of the abdominal and SCM muscles

during abdominal curl-up. Twelve healthy subjects (six men and six women) with no history of

abdominal or lower back pain within 6 weeks were recruited. Surface electromyographic signals were

collected on SCM, rectus abdominis (RA), internal oblique (IO), and external oblique (EO) muscles

bilaterally during performing the traditional abdominal curl-up and the abdominal curl-up with CCF.

Paired t-tests were used to compare the differences in the muscle activity of the bilateral SCM, RA, EO,

and IO muscles between the traditional abdominal curl-up and the abdominal curl-up with CCF (p<.05).

There was significantly lower electromyogram (EMG) activity of the both SCMs during the abdominal

curl-up with CCF (Right SCM, 39.50±15.29%MVIC; Left SCM, 38.24±17.31%MVIC) than with the

traditional abdominal curl-up (Right SCM, 54.85±20.05%MVIC; Left SCM, 53.18±26.72%MVIC) (p<.05).

The activity of abdominal muscles were not significantly different between the traditional abdominal

curl-up and the abdominal curl-up with CCF. The abdominal curl-up with CCF requires significantly less

muscle activity of SCM. Consequently, the abdominal curl-up with CCF is recommended to prevent

excessive activation of superficial cervical flexors during abdominal curl-up exercise.
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Introduction

Strong abdominal muscles help stabilize the trunk

and lessen lumbar spine stress (Axler and McGill,

1997; Gardner-Morse and Stokes, 1998). Abdominal

muscles are usually activated by active flexion of the

trunk through a concentric muscle contraction

(Escamilla et al, 2006). Trunk flexion occurs during

traditional abdominal exercises, such as abdominal

curl-up (crunch) or sit-up exercises, as a person

raises the head and shoulders off the floor from a

supine position toward a sitting position. During the

abdominal curl-up exercise, the hips remain at a

constant angle and the pelvis does not rotate. In

contrast, during the bent-knee or extended-knee

sit-up exercise, the hips flex and the pelvis rotates

(Ricci et al, 1981). Bent-knee and extended-knee

sit-up exercises are effective in activating the rectus

abdominis (RA) and external and internal oblique

musculature (EO and IO) (Juker et al, 1998).

However, the bent-knee sit-up exercise generates

greater spinal flexion than the curl-up exercise

(Halpern and Bleck, 1979). Therefore, the curl-up

exercise may be a safer exercise to perform than the

bent knee sit-up exercise for patients required to

minimize lumbar spinal flexion because of lumbar
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Variables Male (n1=6) Female (n2=6) Total (N=12)

Age (year) 22.2±1.2 21.7±1.9 21.9±1.5

Height (㎝) 175.5±3.4 163.0±2.5 154.4±7.1

Weight (㎏) 67.0±3.9 51.0±3.5 59.0±9.1

BMI
a

(㎏/㎡) 21.8±1.2 19.2±.9 20.5±1.7
a
body mass index,

b
mean±standard deviation.

Table 1. General characteristics of subjects

pathologies (Axler and McGill, 1997b).

However, the abdominal curl-up exercise also may

activate the hip flexor and lumbar paraspinal muscle,

a result that may not be beneficial. For example,

high activation levels from the hip flexor and lumbar

paraspinal muscles tend to rotate the pelvis ante-

riorly, increase lumbar lordosis and increase lumbar

segmental compression, thus increasing the risk of

low back pain (Ralston et al, 1990). Consequently,

several studies include designs for increasing isolated

abdominal muscle activity without eliciting non-ben-

eficial abdominal muscle activity (Escamilla et al,

2006; Youdas et al, 2008).

Although the prevention of high activation of hip

flexor and lumbar erector muscle during abdominal

curl-up exercise is a prime cause of low back pain,

neck position that cause neck pain also could be a

contributing factor of increasing back pain, because

vertebral regions are connected with each other, and

the condition of each region can be affected by the

linked joint structure of the vertebral column

(Panjabi, 1992). In chronic neck pain patients, who

have weakness of deep cervical stabilizers, may pre-

dominantly activate the global muscles of neck such

as sternocleidomastoid (SCM) during various tasks

and aggravate the neck pain (Armijo-Olivo et al,

2011; Jull et al, 2009; Lindstrøm et al, 2011; O’Leary

et al, 2011).

Craniocervical flexion (CCF) is generally recom-

mended to provide craniocervical stability and to ac-

tivate deep cervical stabilizers (Falla et al, 2012;

Kelly et al, 2013).

The question of whether the recruiting deep neck

muscles with CCF can alter the muscle activity of

RA, EO, IO, and SCM muscles during abdominal

curl-up exercise has not been investigated. Thus this

study is designed to determine the effect of CCF on

the muscle activity of the abdominal muscles and

SCM during abdominal curl-up exercise in healthy

subjects. The research hypothesis is that CCF would

decrease the muscle activity of SCM and alter the

muscle activity of abdominal muscles.

Methods

Subjects

Power analysis was performed to estimate the

sample size in this study. G-power 3.1.3 software

(Franz Faul, Kiel University, Kiel, Germany) was

used with an alpha level of .05, power of .8, and ef-

fect size of .88, resulting in a sample size require-

ment of 10. Twelve healthy subjects were recruited

to accommodate the calculated sample size. Young

healthy subjects (six men and six women) vol-

unteered to participate in this study from a uni-

versity (Table 1). Individuals were excluded from

participation in the study for the following: history of

abdominal or lower back pain within six weeks of

start of the study or inability to correctly perform

the traditional abdominal curl-up and abdominal

curl-up with CCF in a pain-free manner (Youdas et

al, 2008). Prior to participation, all subjects were in-

formed of the purpose of the study, and informed

consent was obtained. This study was approved by

Yonsei University Wonju Institutional Review Board.

Instrumentation

Surface electromyographic (EMG) signals were

collected with the Tele-Myo 2400T EMG instrument
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Figure 1. Electrode placements of rectus
abdominis, external and internal oblique, and
sternocleidomastoid muscles.

(a wireless telemetry system) (Noraxon, Scottsdale,

AZ, USA). EMG data were collected at the sampling

rate of 1000 ㎐ and analyzed with Myo-Research

Master Edition 1.07 XP software (Noraxon,

Scottsdale, AZ, USA). The raw signal was filtered

using a digital band-pass filter (Lancosh FIR) be-

tween 20 and 450 ㎐ and notch filtered (60 ㎐, 120

㎐). Root-mean-square values were calculated with a

moving window of 50milliseconds.

Electrodes

The skin was prepared before attaching the elec-

trodes by shaving the site and cleaning with alcohol

to reduce the skin impedance before positioning the

electrodes over each muscle. Disposable Ag/AgCl

surface electrodes were positioned parallel to the

muscle fibers with a center-to-center spacing of 2

㎝. All electrodes were placed bilaterally in the fol-

lowing muscles and locations: (a) RA, electrode posi-

tioned 2 ㎝ lateral from the midline of the umbilicus;

(b) EO, electrode positioned halfway between the

most inferior point of the costal margin of the ribs

and the anterior superior iliac spine and angled to-

ward the pubic symphysis in a parallel direction to

the fibers of the EO; (c) IO, electrode positioned

horizontally within a triangle consisting of a medial

border made up of a line from the umbilicus to the

pubic symphysis, an inferior border made up of a

line from the anterior superior iliac spine (ASIS) to

pubis symphysis, and a superior border made up of

a line from ASIS to ASIS; and (d) SCM, electrode

placed on the muscle belly, at 5 ㎝ from the mastoid

process (Figure 1). Participants were asked to make

a brief neck flexion isometric contraction (3-5 s) to

confirm that the electrodes had been placed on the

right position (Cram and Kasman, 1998; Falla et al,

2002; Guedes et al, 2009; Hermens et al, 2000)

Normalization

Once the electrodes were attached, EMG data from

each muscle tested were collected during a 5 s max-

imum voluntary isometric contraction (MVIC). The

MVICs were obtained to normalize the EMG data

during the abdominal exercises. For the RA, the

subject was positioned supine in a hook-lying posi-

tion with the feet flat with the thoracolumbar spine

fully flexed. The subject’s shoulders was forced with

manual resistance into trunk extension. For the EO,

the subject was instructed in supine with a hook-ly-

ing position on the table. The thoracolumbar spine

was fully flexed and rotated to the left, with apply-

ing manual resistance at the shoulders into extension

and right rotation. For the IO muscle, the subject

was instructed in supine with a hook-lying position

on the table. The thoracolumbar spine was fully

flexed and rotated to the right, with applying manual

resistance at the shoulders into extension and left

rotation (Escamilla et al, 2006; Youdas et al, 2008).

For the SCM, a combined movement of craniocer-

vical and cervical flexion in the supine position for

10 s was used. This movement consists of lifting the

head so that it just clears the surface. This position

is maintained isometrically with verbal encourage-

ment to maintain a consistent effort during the
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Figure 2. Curl up (A: traditional abdominal curl-up, B: Abdominal curl-up with craniocervical
flexion).

MVIC. Each contraction was repeated three times

with a 30 s rest period between each repetition

(Galiano-Castillo et al, 2011).

Procedures

During familiarization session, each subject re-

ceived verbal instructions explaining how to correctly

perform the traditional abdominal curl-up and the

abdominal curl-up with CCF. For familiarization with

the traditional abdominal curl-up, the subject was

instructed to lay supine with both arms down by the

side, the hands relaxed, the knees flexed approx-

imately 90 degrees, the hips flexed approximately 45

degrees, and the feet placed flat on the table

(Escamilla et al, 2006). An investigator held the legs

of subject to prevent altering the position during the

traditional abdominal curl-up exercise. Subjects ele-

vated the trunk by lifting the head and shoulders

while staring straight ahead such that the scapulae

were lifted above the table. We installed a target bar

that could be positioned to the chest at the point

when the scapulae came off the ground (Figure 2A).

This was to ensure that both scapulae were con-

sistently elevated above the table for each abdominal

curl-up exercise. The subject was asked to touch the

target bar with each abdominal curl-up exercise in 2

s and hold the position for 3 s (Hildenbrand and

Noble, 2004).

For familiarization with the abdominal curl-up

with CCF, subjects learned how to perform CCF

first. The subject begins in a supine hook-lying po-

sition, hands resting by side. With instruction, the

subject raises the head just enough to allow a in-

vestigator to slide the widths of the index and mid-

dle finger of one hand, one atop the other, under the

subject’s head at the most posterior aspect of the

occiput. The subject is asked to relax their neck,

resting their head on the examiner’s fingers. During

the practice, the investigator gently moves his/her

fingers side to side under the subject’s head, provid-

ing a tactile cue for maintaining proper head position

above the plinth (Olson et al, 2006). When the CCF

is correctly performed, a skin fold is produced poste-

rior to the mandible. Subjects next practiced the ab-

dominal curl-up with CCF. During the abdominal

curl-up with CCF, loss of CCF was determined by

observing the skin fold produced posterior to the

mandible when the head was maximally flexed on

the neck by investigator (Figure 2B). When the fold

began to open, the subject was given the verbal cue

for correction the neck position by investigator.

Once the subject correctly performed the tradi-

tional abdominal curl-up and the abdominal curl-up

with CCF, a testing session was scheduled after an

hour of rest. During data collection, all subjects per-

formed the traditional abdominal curl-up and the ab-

dominal curl-up with CCF under the close super-

vision of investigator. When the subject’s chest

BA
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Figure 3. Comparing traditional abdominal curl-up and abdominal curl-up
with craniocervical flexion (SCM: sternocleidomastoid, RA: rectus
abdominis, IO: internal oblique, EO: external oblique, MVIC: maximum
voluntary isometric contraction).

touched the target bar, the subject isometrically held

the position for a count of 3 s. This process was

repeated for to average the data. A two minute rest

was given between each exercise trial to prevent

muscle fatigue. The performing order of the tradi-

tional abdominal curl-up and the abdominal curl-up

with CCF was randomly assigned by drawing lots.

This randomization was to minimize threats to the

study’s internal validity (Youdas et al, 2008).

Statistical analysis

We used Kolmogorov-Smirnov Z to test whether

continuous data approximated a normal distribution,

and paired-t tests to compare the differences in nor-

malized EMG muscle activity of the bilateral SCM,

RF, EO, and IO muscles (dependent variable) be-

tween the traditional abdominal curl-up and the ab-

dominal curl-up with CCF (independent variable).

We rejected null hypotheses of no difference if

p-values were less than .05, and used SPSS ver.

18.0 software for all data analysis (SPSS, Inc.,

Chicago, IL, USA).

Results

All continuous variables approximate a normal dis-

tribution (Kolmogorov-Smirnov Z test, p>.05). There

was significantly lower EMG activity of the both

SCMs during the abdominal curl-up with CCF

(Right SCM, 39.50±15.29%MVIC; Left SCM,

38.24±17.31%MVIC) than with the traditional ab-

dominal curl-up (Right SCM, 54.85±20.05%MVIC;

Left SCM, 53.18±26.72%MVIC) (p<.05). The changes

of the activity of abdominal muscles in the abdomi-

nal curl-up exercise with CCF were not significantly

different from the traditional abdominal curl-up ex-

ercise, but most means of the %MVIC of abdominal

muscles in abdominal curl-up exercise with CCF

were slightly greater than that in the traditional ab-

dominal curl-up exercise except left RA (Figure 3).

Discussion

The aim of this study was to investigate the ef-

fects of CCF on the muscle activity of abdominal

muscles (RA, IO and EO) and SCM during two dif-
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ferent abdominal curl-up exercises. The results of

this study showed that CCF decreased the muscle

activity of SCM significantly. However, CCF did not

alter the activation pattern of the muscle activity of

abdominal muscles significantly. Thus the findings of

this study partially supported the research

hypothesis.

The muscle activity of SCM during abdominal

curl-up exercise with CCF was significantly lower

(Right SCM, 39.50±15.29; Left SCM, 38.24±17.31)

than that during the traditional abdominal curl-up

exercise (Right SCM, 54.85±20.05; Left SCM,

53.18±26.72). This result is consistent with previous

studies, which reported the role of the CCF in pre-

venting excessive activation of global muscle during

functional activity (Falla et al, 2012; Kelly et al,

2013; Kim et al, 2012). We chose abdominal curl up

exercise as a test exercise because people with neck

pain report greater activation of SCM muscles and

complain of neck discomfort or even cervical pain

associated with abdominal curl up exercise (Falla et

al, 2004; Galiano-Castillo et al, 2011; Nederhand et al,

2002).

Thus, we suggest performing the CCF to prevent

cervical discomfort during abdominal curl up

exercise. In addition, considering the significantly re-

duced bilateral SCM activity, CCF may delay the fa-

tigue and hypertrophy of SCM that occurs after re-

petitive functional activity or exercise (Ylinen et al,

2003). Repetitive contraction of SCM can lead to

muscle fatigue due to Type II fiber composition in-

crement and localized muscle fatigue (Ang et al,

2005). Decreased muscle pulling action of SCM can

alleviate the compressive force in cervical spinal col-

umn and activate the deep cervical flexors such lon-

gus colli, longus capitis, and rectus capitis anterior

and lateralis (Moroney et al, 1988; Siegmund et al,

2007). However, the effect of the CCF in stabilizing

the cervical area by stiffening the cervical spinal

column and facilitating local muscles could not be

assessed in this study.

Contrary to our research hypothesis, CCF did not

influence the abdominal muscles activity during ab-

dominal curl-up exercise. However, although the

changes of the activity of abdominal muscles in ab-

dominal curl-up exercise with CCF were not sig-

nificantly greater than that in the traditional abdomi-

nal curl-up exercise, most means of the %MVIC of

abdominal muscles in abdominal curl-up exercise

with CCF were greater than that in the traditional

abdominal curl-up exercise except left RA. The in-

creased %MVIC of the abdominal muscles in ab-

dominal curl-up exercise with CCF could be caused

by reduced cervical curve flexion due to decreased

SCM activity. A previous study claimed that CCF

minimized the activation of superficial cervical mus-

cles (Jull et al, 2008). This reduced cervical flexion

in abdominal curl-up exercise with CCF could in-

crease the abdominal muscles activity from length-

ened lever arm of trunk while performing abdominal

curl-up exercise. Moreover, subjects in this study

were young and healthy. Subjects with weak ab-

dominal muscles could have activated abdominal

muscles during abdominal curl-up exercise with

CCF.

This study has several limitations. First, because

healthy young subjects performed curl-up exercise

with two conditions, generalizability is limited.

Second, kinematic data of cervical position while

performing curl-up was not obtained. Thus, the CCF

position was only confirmed with investigators

observation. Further study with a kinematic analysis

of a patient population is warranted to generalize the

findings of this study.

Conclusion

The abdominal curl-up with CCF requires sig-

nificantly less muscle activity of SCM than the tra-

ditional curl-up. There was no differences %MVIC of

abdominal muscles between the abdominal curl-up

with CCF and the traditional curl-up. Therefore, the

abdominal curl-up with CCF is recommend to pre-



한국전문물리치료학회지 2013년 20권 4호 32-39

Phys Ther Kor 2013;20(4):32-39

- 38 -

vent excessive activation of superficial cervical flex-

ors during abdominal curl-up exercise.
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