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Purpose: This study aimed to examine the effects of forward head posture on the flexion-relaxation ratio (FRR) and muscle activity during sustained neck flexion and to investigate the correlation between craniovertebral angle and FRR.
Methods: Nineteen subjects participated in this study and were allocated to a forward head posture (FHP) group or a non-forward head
posture (NFHP) group. Craniovertebral angle (CVA) and FRR were measured in all subjects, and all participants performed a standardized
cervical flexion-extension movement in two phases: Phase I, sustained cervical full flexion for 5s; and Phase II, cervical extension with
the return to the starting position for 5s. The value of CVA has calculated three times, and the value of FRR was measured three times in
order to obtain the mean value.
Results: FRR values in the FHP and NFHP group were significantly different (p< 0.05). Phase I was significantly different, but the Phase II
was not significantly different between the FHP and NFHP group (p> 0.05). There was a significant correlation between the muscle activity of Phase I and CVA (p< 0.05). However, FRR and the muscle activity of the Phase II were not a significant correlation with the CVA
(p> 0.05).
Conclusion: FHP increases the muscle activity of the cervical erector spinae during sustained neck flexion and reduces FRR, which can
cause fatigue in the cervical erector spinae. In addition, for those with a smaller CVA, muscle activity of the cervical erector spinae is increased during sustained neck flexion, which can increase neck muscle tension.
Keywords: Forward head posture, Flexion-relaxation ratio, Craniovertebral angle

FHP can place stresses on muscles and connective tissue in the cervical

INTRODUCTION

spine region.6 As occurs in other postural and movement dysfunctions,
Forward Head Posture (FHP) is a poor habitual neck posture called

FHP often results in movement compensations due to regional muscula-

iHunch and is defined as hypertension of upper cervical vertebrae and

ture becoming excessively underactive or overactive.7 Individuals with

forward translation of cervical vertebrae.1 Due to frequent computer work

FHP underuse certain muscles such as deep neck flexors, rhomboids,

and smartphone use, upper trapezius and neck muscles are repeatedly

lower trapezius, and cervical erector spinae, and underactivity in these

overused, which results in muscle fiber damage, cumulative damage from

muscles makes it difficult for the cervical spine to maintain an upright po-

2-4

acute trauma, and muscle fatigue commonly in the neck and shoulders.

sition.8 Advanced stages of FHP can contribute to upper cervical spine

Repeated damage causes FHP due to weakening of lower cervical and up-

compression, which reduces the ability of the first cervical vertebrae (C1)

per thoracic erector spinae and scapular retractor muscles, and capital

to rotate around the second vertebrae (C2) and can result in increased risk

flexors. Cervical spinae and head attached to the scapula and upper tho-

of spinal instability, degeneration, and pain.9

rax and suboccipital region muscles shortened relative to normal posture,

In a study to quantitatively evaluate these pain and determine thera-

causing secondary problems such as cervicogenic headache and referred

peutic effects, Murphy et al. mentioned the Flexion-Relaxation Phenome-

pain.

non (FRP).10 Callaghan and Dunk11 reported the FRP as a decrease or
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sudden onset of myoelectric “silence” in erector spinae during trunk flex-

participants had medical conditions or problems that might make testing

ion. FRP, in response to passive tissue that can sustain the moment placed

unreliable. Two participants had problems with electromyogram data.

on the joint, refers to the mechanism of loss of muscle activity in the range

Thus, they were excluded. A total of 19 subjects (7 men and 12 women

of motion. Compared to normal people, subjects with damaged neuro-

with ages ranging from 20 to 29 years) were voluntarily recruited at a local

muscular systems reported loss of flexion-relaxation phenomenon and

university. Subjects were allocated to an FHP group when the angle be-

ratio (FRR) in the end range of motion.

The calculation method is de-

tween the horizontal line of the C7 spinous process (defined as the cranio-

termined by dividing the maximum activity measured during these

vertebral angle (CVA) and the tragus was <48.7 degrees or to a Non-For-

movements by the average muscle activity measured during the fully

ward Head Posture (NFHP) group when the angle was ≥ 48.7 degrees.14

flexed position.10,14 Specifically, extension of the paravertebral muscles

Inclusion criteria were as follows: 1) no treatment for FHP within the pre-

provides mechanical stimulation to the structure around the neck joint,

vious 3 months, 2) no history of musculoskeletal or neurologic disease, 3)

and a stress-suppression reaction takes place to provide stability within

no pain in the neck or shoulders, and 4) no surgery within the previous 3

the end range of the structure. FRP can be presented to the FRR by mea-

months. All subjects were provided an overview of the purpose of the

suring the cervical erector muscles during flexion. The FRR has been

study and the procedures involved and provided written consent. Demo-

commonly used to measure the relaxation capacity of the muscles of the

graphic data was collected and it was not significantly different in the FHP

neck. Several studies have addressed FRP in patients with lower back

and NFHP groups (p> 0.05)(Table 1).

11

12,13

15

16

pain.

13,17

Furthermore, cervical FRP is similar to lumbar joint FRP, and re-

cent studies have suggested FRR may be an important marker of neuro-

2. Measurements

muscular impairment. A previous study reported that cervical FRR was

1) Craniovertebral angle

significantly lower for neck pain patients than healthy subjects, and an-

A camera fitted with a tripod was fixed on a flat table at 80 cm from the

other reported FRR might be used as a tool to identify potential risk fac-

face of the subject, who stood with profile toward the camera. The camera

tors for neck joints.

was positioned at the level of the C7 vertebrae (Figure 1). CVA was mea-

18

10

19

Studies have addressed the association between FHP and articular an-

sured between a horizontal line at the C7 spinous process and the tragus

gle and muscle activity, but few studies have investigated FRR in subjects

three times using the GNU Image Manipulation Program ver. 2.10.12

with FHP. The purpose of this study was to compare FRR in the presence

(Spencer Kimball, Peter Mattis. CA, USA). The value of CVA was calculat-

or absence of FHP and to investigate muscle activity differences during

ed three times in order to obtain the mean value.

sustained neck flexion.
2) Electromyography

Muscle activity was measured by surface electromyography (EMG) Tele-

METHODS

myo DTS Desk RECEIVER (Noraxon, Scottsdale, USA). EMG signal data
were sampled at 1,000 Hz, bandpass filtered between 10 and 500 Hz, and

1. Subjects

A total of 24 adults were recruited for this study. Of them, 19 participants
completed this study. There were five drop-outs in both groups. Three
Table 1. General characteristics of the subjects
Group
Gender (M/F)

FHP

NFHP

p

2/8

5/4

0.808

165.3± 6.6

169.3± 7.5

0.260

Age (yr)

21.6± 1.2

21.6± 2.2

0.847

Weight (kg)

57.1± 12.9

62.6± 8.4

0.315

CVA (°)

46.7± 3.6

57.5± 4.5

< 0.001*

Height (cm)

Mean± SD.
FHP: forward head posture, NFHP: non-forward head posture, CVA: craniovertebral angle.
*p< 0.05.
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Figure 1. Craniovertebral angle (CVA) measurement.
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converted to digital signals using MR3 software (Noraxon, Scottsdale,

groups. The independent t-test was used to compare the FRR values, and

USA). A notch filter at 60 Hz was employed to clean power line noise. The

Pearson correlation analysis was used to determine the association be-

data were further processed in the electromyographic silence during full

tween CVA and FRR. SPSS software ver. 20.0 (IBM Corp., NY, USA) was

flexion and during neck extension by measuring the root mean square

used for the data analysis. Null hypotheses of no difference were rejected

(RMS) on a 50 ms window of time. EMG electrodes were placed bilaterally

when p-values were < 0.05.

2 cm from midline at the level of the C4 spinous process, longitudinally in
the direction of muscle fibers to record activity of the cervical erector spi-

RESULTS

nae. A reference electrode was taped to the right wrist. The electrodes were
placed as previously described.20 All participants performed a standard-

No significant intergroup difference was observed for age, height, or

ized cervical flexion-extension movement in two phases: Phase I, sus-

weight. However, mean FHP angles were significantly different in the two

tained cervical full flexion for 5 seconds; and Phase II, cervical extension

groups (p < 0.05)(Table 1). Muscle activities and FRR values of cervical

with return to the starting position for 5 seconds. The FRR was measured

erector spinae are summarized in Table 2. FRR values were significantly

three times in order to obtain the mean value.

different in the FHP and NFHP groups (p< 0.05). Muscle activity of Phase
I was significantly different, but muscle activity of Phase II was not signifi-

3. Flexion-relaxation ratio

cantly different between the FHP and NFHP groups (p> 0.05). Correla-

Subjects were asked to perform a standardized cervical flexion-extension

tion analysis showed that there was a significantly negative correlation be-

movement in two phases: phase I, sustained cervical full flexion for 5 sec-

tween the muscle activity of Phase I and CVA (p < 0.05). However, FRR

onds; and phase II, cervical extension followed by return to the starting

and the muscle activity of Phase II were not significantly correlated with

position for 5 seconds. Motion speeds were standardized using a metro-

the CVA (p> 0.05).

21

nome to prevent motion speed affecting FRP during measurements. Subjects performed two familiarization procedures and three trials at intervals

DISCUSSION

of 60 seconds. FRR was calculated by dividing maximum muscle activity
during the 5 seconds of phase II by average activation during phase I.14

In the current study, we investigated the effects of FHP and NFHP group
on FRR during sustained neck flexion. FRR was significantly lower in the

FRR=

Maximum EMG in Phase Ⅱ

FHP group than in the NFHP group, and muscle activity of the Phase I in

Average EMG in Phase Ⅰ

the FHP group was lower than in the NFHP group. Correlation analysis
showed that CVA was significantly negative correlation with the muscle

4. Statistical analysis

activity of Phase I, which indicated that a smaller CVA angle made it more

General subject characteristics were analyzed using descriptive statistics.

difficult to completely relax neck muscles.

Shapiro-Wilk test was used for normality test among the outcome mea-

Previous studies have reported that FHP increases flexion moment of

sures. The independent t-test was used to determine the significances of

the head by extending the neck, and thus, increases loads on tissues

age, height, weight, and CVA differences between the FHP and NFHP

around the neck. Continuing this abnormal posture reduces the stability

Table 2. Comparison and correlation analysis for the CVA, FRR and each phase between FHP and NFHP group
FHP

NFHP

t

p

CVA
Pearson r

p
0.123

2.06± 0.43

4.67± 2.80

-2.648

0.019*

0.389

Phase 1 (μv)

50.21± 14.97

27.28± 12.00

3.504

0.003*

-0.498

0.042*

Phase 2 (μv)

98.81± 11.87

-0.480

0.683

0.280

0.916

FRR

101.33± 9.75

Mean± SD.
FRR unit: %RVC; FHP: forward head posture, NFHP: non-forward head posture, CVA: craniovertebral angle, FRR: flexion relaxation ratio, Phase 1: sustain cervical full
flexion, Phase 2: extension with return to the starting position.
*p< 0.05.
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of viscous tissues and can change muscle length-tension properties.22

acteristics.

Since greater neck flexion angles are required to produce the same force in

In conclusion, a forward head posture increases cervical erector spinae

passive tissues, posterior neck muscles remain active over a wider range of

activity during sustained cervical full flexion and reduces FRR, which can

flexion to control motion and provide cervical stability. Furthermore, it

cause fatigue of cervical erector spinae muscles. Also, subjects with a

has been reported that cervical muscle hyperactivity caused by deforma-

smaller CVA, cervical muscle activity can be increased during sustained

tion reduces FRR. These loads on the cervical spine can induce tension

full cervical flexion and increase neck muscle tension.

23

24

and muscle fatigue and affect muscles and ligaments. Indahl et al. sug25

gested that the complex regulatory mechanisms of reflexes control move-
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