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Deep neck flexor endurance in university students: M)
normative data and reliability

updates

Su-chang Lee, Ye-rin Lee, Seong-kwang Yu, Dong-kwon Seo

Department of Physical Therapy, College of Medical Science, Konyang University, Daejeon, Republic of Korea

Objective: Deep neck flexor muscle endurance (DNFET) is important to cervical pain patients. However, there is no normative
data of the DNFET hold time of Korean university students. The purpose of this study was to provide normative data and the reli-
ability of the DNFET times of Korean university students and to compare the DNFET hold times between male and female
subjects.

Design: Cross-sectional study.

Methods: The participants included 39 male and 39 female students with no cervical pain. Each DNFET was measured while the
subjects kept their chin tucked in while in a supine (hook-lying) position and with the head lifted 2.5 cm off the bed. The DNFET
was conducted on each subject twice and the mean values were obtained. After each measurement, the participants rested for 5
minutes. Inter-rater reliability was measured by intraclass correlation coefficient (ICC) by three separate evaluators.

Results: The inter-rater reliability was good, showing an ICC (2,3) value = 0.785 (95% confidence interval, 0.370-0.942). The
DNFET time scores for men and women were 25.14+9.96 seconds and 15.2346.10 seconds, respectively, in which the time scores
of the men were significantly longer compared to women (p<0.05).

Conclusions: Asymptomatic men displayed higher DNFET scores than women. This study can help clinicians test cervical func-
tion of patients and set an interventional goal. These findings serve as a basis that insists Korean women to increase their amount

of physical activity.
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Introduction

Approximately 70% of the total population experience
neck pain more than once a lifetime [1]. Every year, the
number of smart mobile users is increasing, and neck pain
occurs mostly due to assuming an inappropriate posture
while using their mobile devices [2]. The greater the amount
of neck flexion that occurs during smartphone usage, the
more stress is placed onto the spine, which causes neck pain
[2]. Those with poor cervical spine stability may not ony suf-
fer neck pain, but also whiplash-associated disorders and
headaches [3-5].

Recent studies have shown that the automatic feedfor-

ward mechanism of the deep flexor muscles in patients with
cervical spine pain does not occur normally and that the deep
cervical flexor muscle activation is delayed [6].

The deep neck flexor (DNF) muscles provide stability to
the cervical spine during head and cervical spine movements
[7]. Deep neck flexor endurance (DNFE) is an important
component of cervical spine function [8].

To ensure that the cervical spine is functioning normally,
an easy and precise method of testing the deep cervical flex-
or muscle endurance is needed. In previous studies, deep
neck flexor endurance test (DNFET) was performed on
healthy adults and showed that the electromyography
(EMGQG) signals of the deep neck muscles were increased and
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that the sternocleidomastoid and anterior scalene muscles
remained relatively inactive [9-11]. In the previous studies,
the intra-rater reliability (intraclass correlation coefficient,
ICC [3, 1]=0.82-0.91) and inter-rater reliability (ICC [2, 1]=
0.67-0.78) for DNFET have already been established [12].

In previous studies, standard data had been obtained by
conducting DNFET on American participants [13,14].
However, the generalized data from the United States cannot
be applied to Korean citizens because there is not enough re-
search to verify that the experimental data for the United
States can be applied to other countries. Several previous
studies also examined the relationship between DNECT
time and sex, but the results were diverse.

The DNECT standard data study of Domenech et al. [14]
showed a significant difference between gender and DNFET
time. However, in a study by Jarman et al. [13], there was no
significant difference between gender and DNFET time.
Therefore, the purpose of this study was to be the first to col-
lect DNECT standard data from Korean college students,
and secondly, to provide objective indicators by comparing
DNFET between men and women.

Methods
Subjects

The G-power program was used to calculate the number
of subjects required. The independent t-test was used to ass-
sess significant differences between groups using effect
sizes (Cohen’s d)=0.65, power=0.8, and significance level
(@ )=0.05. Each group included thirty-nine subjects result-
ing in with a total number of seventy-eight subjects included
in this study.

The selection criteria of subjects was as follows: (1) those
with no pain in the neck at all times (2) college students ages
18 to 26 years old with an Korean nationality (3) those with
no issues with lying on the bed for 30 minutes. The exclusion
criteria was: (1) present neck pain or deformity, (2) those
who have been diagnosed with concussion, (3) those who
have had spinal surgery, (4) those who are currently re-
stricted in their daily activities due to headaches (5) those
with a history of cancer, (6) those who cannot lie flat on a bed
due to excessive flexion of the spine. The subjects who were
recruited were excluded from the experiment if any of the
above exclusion criteria were applicable. A total of 78 sub-
jects (39 males and 39 females) were recruited.

The study was approved by the Institutional Review
Board of the University of Kanyang (assignment No.

2017-062). All subjects received a full explanation of the
deep neck endurance test and provided their informed
consent.

DNFET procedure

The DNFET was performed in the same manner as in the
previous studies [13,14]. The subject laid supine (hooked-
lying position) with both feet in contact with the table with
the knees bent, both hands placed comfortably on the belly,
and the head positioned in centerline of the body.

The subject maintained the chin tucked in an isometric
position with maximum force and lifted the head and neck
off the table by approximately 2.5 cm. The evaluator over-
lapped the index finger and middle finger and while in con-
tact with the back of the subjects head, the evalutor and drew
a line approximately 1 cm long horizontal to the horizontal
wrinkles on the anterior-posterior side of the neck with a
marker (Figure 1).

Then the measurer instructed the subject to, ‘Lift your
head and pull your chin. At this time, you must maintaing
your head in contact with my fingers’. The subjects were al-
lowed to maintain contact with the evaluator’s fingers but
without placing the weight of their head by lifting the head
and mainting the chin-tuck position.

At the end of the assessment, subjects were allowed to rest
for 5 minutes, were instructed to avoid lifting the head from
the bed during the rest period, and were allowed to lightly ro-
tate the neck within the pain-free range.

During the DNFET operation, it was judged that out of the
3, at least 1 error that was greater than 1 second could have
occurred.

When the subject no longer was able to tuck the chin in

Figure 1. Deep neck flexor muscle endurance measurement
(normal).
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and the perpendicular line no longer touched the neck line
(Figure 2) [2]. When the head weight of the subject is felt on
the overlapping finger of the subject [3], when the subject
was no longer in contact with the hand When lifting your
head without keeping. At the time of error, the evaluator in-
structed the subject to correct the error through verbal
instructions. If an error occurred twice, the measurer records
the time and ends the measurement.

However, if the subject wanted to end the assessment
even if no error occurred, the evaluator recorded the time
and finished the measurement.

The DNFET was performed a total of two times after two
exercises of 5 seconds each before the measurement. A
S5-rest period was provided between the practice and assess-
ment periods. If an error occurred during the training period,
the subject’s posture was corrected by verbal instructions.
After the second training session and 5 minutes of rest, the
timer on the stopwatch began the moment the subjects lifted
their heads (Figure 3).

The measurement was performed only twice in order to
take into account the learning curve [4,14]. Similarly, at the
time of evaluatoin, the posture was corrected through one
verbal instruction when an error occurred and when a second
error occurred or the subject wanted to stop the experiment,
the evaluation was terminated and the time was recorded.

After the first measurement, a 5-minute rest interval was
provided, and the second measurement was performed. The
mean values of the two measurements were obtained.

In order to ensure the inter-rater reliability before the ex-
periment, each of the three evaluators asessed the 10
subjects. The subjects were instructed to be evaluated from
one evaluator and then by a different evaluator.

Each participant was assessed during two training ses-

Figure 2. Deep neck flexor muscle endurance measurement
(abnormal).

sions and two evaluating sessions as well as given a five-mi-
nute resting period between training sessions.

Statistical analysis

Measurement results were analyzed using PASW
Statistics ver. 18.0 software (IBM Co., Armonk, NY, USA).
Descriptive statistics were used to identify the demographic
characteristics of college students. The ICC was used to con-
firm the inter-rater reliability of the three evaluators. The in-
dependent t-test was used to identify significant differences
between male and female subjects. The significance level «
for confirming all statistical significance was less than 0.05.

Results

A total of seventy-eight college students (20.46+2.16
years) participated in the study (Table 1). The inter-rater reli-
ability was high with ICC (2, 3)=0.785 (95% confidence in-
terval [CI], 0.370-0.942). The meantstandard deviation of
the DNFET time scores for men and women were
25.14+£9.96 seconds and 15.23+6.10 seconds (Table 2).
There was a significant difference in average DNFET time
between men and women (p<0.001).

Discussion

To test the activity of DNF, an ultrasound or EMG should
be performed [9-11]. This cannot be implemented without
equipment, and the equipment is expensive. In addition, the
evaluator has to learn how to operate the equipment and ana-
lyze the data for a certain period of time. Although the reli-

Figure 3. Deep neck flexor muscle endurance hold time
measurement.
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Table 1. Demographic characteristics of the subjects (N=78)

Table 2. Deep neck flexor endurance test (N=78)

Group Age (y) Height (cm) Weight (kg) Group DNFET (s) DNFET min (s) DNFET max (s)
Male (n=39) 20.46 (2.16) 174.97 (6.30) 71.05 (8.98) Male (n=39)  25.14 (9.96) 9.02 54.94
Female (n=39) 19.46 (1.08) 161.51 (5.12) 54.28 (7.86) Female (n=39) 15.23 (6.10) 6.76 32.58
Entire sample (n=78) 19.96 (1.78) 168.24 (8.85) 62.67 (11.9) t 5.233*

Values are presented as mean (SD).

ability of DNFET has been established in previous studies
[13,14], it is difficult to evaluate the patient by comparing
the DNFET results with the results of the study until the
standard data of the subjects without neck pain are estab-
lished [4,12]. This is the first study to apply DNFET to
Korean people and present a baseline for applying DNFET
measurement results directly to Koreans.

In this study, the reliability between the three instruments
was highly reliable. In addition, the inter-rater reliability of
this study was 9% and 16% higher than the inter-rater reli-
ability of Jarman et al. [13] and Domenech et al. [14],
respectively.

In the studies of Domenech et al. [14] and Jarman et al.
[13], the clinicians had an average of 23 years and 13.5 years
of experience, respectively. In this study, however, three
third-year junior students assessed the inter-rater reliability.
Therefore, the DNFET is a highly reliable tool that can be
used to assess patients by evaluators with minimal clinical
expereince.

The average DNFET results of Korean college students
without neck pain were measured to be approximately 52%
lower than the DNFET results of American subjects. In a
study conducted by Domenech ef al. [14], mean DNECT
values for men and women without neck pain between 20
and 40 years were 38.4 and 23.1 seconds, respectively.

There are two possible explanations for this result. The
first is that Koreans are less physical active than Westerners.
More than half of Korean adults say that they meet the rec-
ommended amount of physical activity (at least 3 days a
week, at least 30 minutes a day, at least moderate physical
activity) [15].

Korean students spend prolonged periods of time sitting
at their desk while studying independently to night starting
from adolescence. In addition, physical education classes
are recognized as insignificant and are often replaced by
in-class or other important lessons [16].

In addition, less than 5% of Korean youths participate in
Moderate to Vigorous Intensity Physical Activity, which is
recommended by the World Health Organization for more

Values are presented as mean (SD) or number only.

DNFET: deep neck flexor muscle endurance, min: minimum, max:
maximum.

*p<0.001.

than 60 minutes every day, and their numbers were lower
than students from other Asian countries [17,18]. Second,
Koreans are accustomed to sitting on the floor sitting with
their legs crossed.

A human epidemiologic study has also been reported in
which sitting the crossed legs on the floor reduces lumbar
lordosis and posterior rotation of the pelvis compared to
standing or sitting [19,20]. Forward Head Posture (FHP)
may appear in the cervical spine as a result of decreased lum-
bar lordosis and increased kyphosis.

In women with FHP, the isometric force of the head neck
flexion and extension muscle ratio was smaller than that of
the women with normal neck flexion [21]. Patients with
FHP may have less muscle activation of Longus Colli com-
pared to healthy adults, and FHP may have a a negative ef-
fect on neck endurance [22].

In an American study, studies conducted by Domenech e?
al. [14] reported a significant difference in DNFET outcome
according to gender but not in Jarman et al. [13] studies. In
Korean college students, gender affected DNFET results as
well as the results of Domenech ef al. [14].

Differences in physical activity between men and women
can also contribute to the DNFET results. In a study inves-
tigating physical activity for Korean college students, the
average sitting time per day for male college students and fe-
male college students was approximately 784 minutes and
937 minutes, respectively. In addition, 42.5% of male col-
lege students and 66.5% of female college students re-
sponded that they lacked physical activities [18,23].

The limitation of this study is that it is difficult to general-
ize the results of the study because only college students
from one university were selected. In future studies, we hope
to expand DNFET research to university students and
Koreans of all ages from various regions without neck pain,
and to recruit a larger number of subjects.

Domenech et al. [14] showed no significant difference
between physical activity and DNFET. However, consider-
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ing that the amount of physical activity of Koreans is differ-
ent from the amount of physical activity of Westerners, the
result of previous research that there is no difference be-
tween the two may be difficult to apply to Korean citizens
[15,18]. Therefore, in future research, we hope to investigate
the relationship between DNFET and physical activity.

In this study, the mean value of DNFET was lower in
Koreans than in westerners and was lower in women than
men. This results of this study suggests that the DNFET
should be used to obtain objective data from patients with
neck soreness and pain and it is hoped that it can be used as
evidence to promote increased physical activity in Korean
women.
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