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Introduction

Temporomandibular joint (TMJ) is a bilateral

synovial articulation formed between the mandibular

fossa and mandibular condyle. It is important for

normal mouth opening and closing function.

Anatomically, the closing function is achieved by

medial pterygoid, masseter, and temporalis muscles.

On the contrary, opening function of mouth is per-

formed through lateral pterygoid and suprahyoid

(SH) muscles. The SH and infrahyoid (IH) muscles

are attached to the hyoid bone. To open the mouth,

IH muscle depresses the hyoid bone and the SH

muscle acts as a coupled force with inferior head of

the lateral pterygoid. Thus, the biomechanics of the

SH and IH muscles influence the position of the hy-

oid bone in the hyo-mandibular system (Muto and

Kanazawa, 1994; Thurow, 1977; Winnberg et al, 1988).

It was well known that poor head and neck pos-

ture can negatively impact the masticatory muscles

and related structures. Moreover, poor positioning of

the head and neck might lead to temporomandibular

disorder (TMD) (Catanzariti et al, 2005; Thilander et

al, 2002). Forward head posture (FHP), one of the

most common postural problems, has been associated

with increased load in the cervical spine (Bonney

and Corlett, 2002) and changes in the length and

strength of cervical muscles (Gonzalez and Manns,

1996). In FHP, the resting position of the mandible is

pulled posteriorly due to increased passive tension in

the SH and IH muscles (Neumann, 2010; Ohmure et

al, 2008).
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Abstract1)

Although the relationship between temporomandibular disorder and forward head posture (FHP) is

controversial, it is generally accepted that altered head posture can affect mandible position and

masticatory muscles activity. Because suprahyoid (SH) and infrahyoid (IH) muscles are stretched by

increased passive tension in FHP, this study investigated their activity during mouth opening in FHP

compared to neutral head posture (NHP). Twenty healthy subjects (10 males and 10 females) participated

in this study. Head postures were evaluated with a cervical range of motion instrument.

Electromyography (EMG) activity of bilateral SH and IH muscles was measured while an open mouth

was maintained at each head posture. Paired t-test was used to identify significant differences in

normalized EMG activity between head postures. Statistical significance was set at .01. Results showed

the normalized EMG activity of SH and IH muscles were significantly lower in FHP compared to NHP.

This finding indicates that FHP affects the EMG activity of hyoid muscles when they are stretched.
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Previous studies have shown that FHP is more

often seen in patients with TMD than in those with-

out TMD (Huggare and Raustia, 1992; Watson and

Trott, 1993). However, other studies indicated that it

was considered not to be clinically significant

(Armijo-Olivo et al, 2011; Hackney et al, 1993).

Although the relationship between TMD and FHP is

still controversial (Rocha et al, 2013), it is generally

accepted that altered head posture can affect man-

dible position (Forsberg et al, 1985).

A previous study reported that the electro-

myography (EMG) activity of the masticatory mus-

cles including masseter and anterior temporalis mus-

cles are influenced by head posture (Ballenberger et

al, 2012). Also, the influence of FHP on SH muscle

at mandibular resting position was described by

Milidonis et al (1993). However, no previous re-

searches have studied effects of FHP on IH muscle

activity or relationship between FHP and hyoid mus-

cles during mouth opening. Therefore, the purpose of

this study is to investigate the influence of FHP on

EMG activity of hyoid muscles during mouth

opening. It was hypothesized that the EMG activity

of hyoid muscles in FHP would be different in neu-

tral head posture (NHP) during mouth opening.

Methods

Subjects

This study included 20 volunteers (10 males and

10 females) who had no perceived symptoms in the

cervical or TMJ area for at least six months.

Subjects were recruited from college students in

Wonju according to the inclusion/exclusion criteria

described as follows: subjects with any cranio-

mandibular dysfunction assessed by axis 1 of the re-

search diagnostic criteria for temporomandibular dis-

orders (Dworkin and LeResche, 1992) were excluded

from the study. Craniomandibular dysfunctions as-

sessed by axis 1 include (1) myofascial pain with or

without reduced mouth opening; (2) disc displacement

with or without disc reduction; and (3) arthralgia

and osteoarthritis. Other exclusion criteria were den-

tal disease, tumors, mental disorders, and rheumatic

diseases. Each participant received a detailed ex-

planation of the research content and purpose before

providing written informed consent. Study protocols

were approved by the Yonsei University Wonju

Institutional Review Board (IRB: 1041849-201408-BM-

036-02).

Instrumentation

Cervical range of motion

Head posture was measured using the cervical

range of motion (CROM) instrument (Performance

Attainment Associates, St Paul, MN, USA). Previous

study has reported excellent intra-rater [intraclass

correlation coefficient (ICC)=.93] and inter-rater

(ICC=.83) reliability with this instrument in measure-

ment of FHP (Garrett et al, 1993). The CROM in-

strument was used to measure the degree of NHP or

FHP in this study.

Electromyography

The TeleMyo 2400T surface EMG device with a

wireless telemetry system (Noraxon Inc., Scottsdale,

AZ, USA) was used to measure activity of SH and

IH muscles. EMG data were collected bilaterally from

the SH and IH muscles. Before positioning the elec-

trodes over the muscles, the electrode sites were

shaved, swabbed, and exfoliated with alcohol-soaked

cotton to decrease skin resistance. Disposable Ag/AgCl

surface electrodes were placed on the SH muscle in

the direction of the anterior belly of the digastric

muscle fibers, according to a technique described in

a previous study (Criswell, 2010; Pancherz et al,

1986). For IH EMG activity recordings, the electrodes

were placed on the prominent anterior part of the

thyroid cartilage, 1 ㎝ lateral to the anterior median

line (Ding et al, 2003; Valenzuela et al, 2006). EMG

data were recorded at a 1000 ㎐ sampling rate and

analyzed with Myo-Research Master Edition 1.06 XP
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software (Noraxon Inc., Scottsdale, AZ, USA). The

raw signal was filtered using a digital band-pass fil-

ter (Lancosh FIR) between 20 and 400 ㎐ to elimi-

nate movement artifacts, and a 60 ㎐ notch filter

was used to reduce electrical noise. Root-mean-square

values were considered with a moving window of 50 ㎳.

Procedures

All measurements were conducted by two phys-

ical therapists; one placed the patient in the meas-

urement position and the other recorded maximal

mouth opening (MMO) and EMG activity. After the

CROM instrument was placed, the subject was

seated in an upright position on a chair, arms

hanging down at the sides, and feet flat on the

floor. While keeping the sacrum and thoracic spine

in contact with the back of the chair, subjects were

asked to maintain a vertical head position. NHP

was defined as the position in which the tragus of

the ear and acromion were bisected by the plumb

line (La Touche et al, 2011) (Figure 1A). FHP was

defined as anterior cervical translation with upper

cervical extension and lower cervical flexion (La

Touche et al, 2011) (Figure 1B). To attain maximal

protracted head position, subjects were asked to

slide their jaws forward as far as they could from

NHP (Table 1).

Prior to EMG data collection, subjects were asked

to open their mouth as wide as possible with less

cervical extension. The vertical mouth opening was

measured between the incisal edges of the upper

and lower central incisors using a millimeter ruler

(Higbie et al, 1999). Of the three vertical mouth

opening measurements performed in NHP, the

greatest value was considered the MMO (Table 2).

This was used as a reference point for EMG data

collection of SH and IH muscles during mouth

opening in both NHP and FHP.

After the EMG electrodes were attached, EMG

signals of the SH and IH muscles were recorded

while the subject performed 5-second maximum

isometric resistive mandible depressions (depression

of the jaw against manual resistance) to normalize

EMG data to the maximal voluntary isometric con-

traction (MVIC) (Juul-Kristensen et al, 2004). We

used the central 3 seconds of collected EMG data to

determine the mean amplitude of MVIC. The nor-

malized activity of each muscle is presented as a

percentage of MVIC.

EMG data were collected while the subjects

maintained MMO for 5 seconds. There were three

trials for each neck posture. A practice trial was

allowed for each head posture so participants felt

familiar with the procedure. A mirror was located

in front of the subjects to provide visual feedback.

After attaining the given head position. To avoid

fatigue, a 2 minutes break was provided between

postures. After each mouth opening, subjects rested

for 10 seconds.

Statistical analysis

Kolmogorov-Smirnov Z-tests were performed to

A B

Figure 1. Measurement of head posture with
the cervical range of motion and plumb line
(A: neutral head posture, B: forward head
posture).

Mean±SDa Range

MMOb (㎝) 4.63±.48 1.90
amean±standard deviation, bmaximal mouth opening.

Table 2. Maximal mouth opening (N=20)

Head posture (㎝) Mean±SDa Range

FHPb 6.35±1.11 4.00
amean±standard deviation, bforward head posture.

Table 1. Anterior cervical translation at rest (N=20)
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assess the normality of distribution. p-values<.01

were considered statistically significant. Mean EMG

activity during MMO of the bilateral SH and IH

muscles were compared between NHP and FHP us-

ing paired t-tests. Statistical analyses were per-

formed with PASW ver. 21.0 software (SPSS Inc.,

Chicago, IL, USA).

Results

All of the continuous variables were found to ap-

proximate a normal distribution (Kolmogorov-Smirnov

Z-test, p>.05). There was a significant bilateral de-

crease in normalized EMG activity of the SH muscle

during mouth opening in FHP compared to NHP

(both: p<.001). A similar significant difference was

noted in the IH muscle during mouth opening (right:

p=.001, left: p=.003) (Figure 2).

Discussion

The purpose of this study was to determine the

influence of FHP on EMG activity of the hyoid

muscles during mouth opening. The result of this

study showed that there was significantly decreased

EMG activity of SH and IH muscles during mouth

opening in FHP compared to NHP. Milidonis et al

(1993) investigated EMG activity of the genioglossus

muscle (one of the SH muscles) between NHP and

FHP when the mouth was closed. They found that

genioglossus muscle activity was greater in FHP

than in NHP. While the previous study investigated

activity of the SH muscle at mandibular resting po-

sition, our study focused on SH muscle at man-

dibular depressed position. Therefore, the position of

the mandible explains the difference in SH muscle

activity.

In regard to mouth opening, Higbie et al (1999)

found that vertical mouth opening was greater in

FHP than NHP. To control for this potentially con-

founding variable, we measured MMO in the NHP.

Mean MMO of this study is 4.63±.48 ㎝, which is

nearly consistent with values (4.15±.48 ㎝) from a

previous study. For both NHP and FHP, EMG data

had collected while the subject maintained MMO

which was obtained in the NHP.

There is possible explanation for the decrease in

SH and IH muscles EMG during mouth opening in

FHP. Based on the interrelationship of muscles in

the craniocervical region, when the mouth is closed,

there may be increased passive tension to the IH

muscle in FHP. The stretched IH muscle could cre-

ate an inferior and posterior pull on the hyoid bone.

The traction is transferred to the mandible through

Figure 2. Comparison of normalized EMG activities in NHP vs. FHP (NHP: neutral head posture, FHP:
forward head posture, EMG : electromyography, MVIC : maximal voluntary isometric contraction).
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the SH muscle (Neumann, 2010). The position of the

mandible was changed by different stretches of soft

tissues and muscles in the cervical area. This is due

to alterations of head posture caused by changes in

length of the muscle fibers. In the literature, it has

been demonstrated that an alteration of muscle

length results in a change of EMG activity (Babault

et al, 2003; Heckathorne and Childress, 1981;

Kennedy and Cresswell, 2001; Kubo et al, 2004;

Lunnen et al, 1981). Therefore, mouth opening with

relatively low EMG activity in FHP compared to

NHP could be indirect evidence that SH and IH

muscles are lengthened in FHP.

Ohmure et al (2008) demonstrated that the man-

dibular condyle is positioned more posteriorly in FHP

than that in NHP. When the condyle is positioned

posteriorly, an additional force might be applied to

the posterior region of the TMJ. Theoretically, a

posteriorly displaced condyle could compress the

weak retrodiscal tissues, creating inflammation and

muscle spasm. Moreover, the anterosuperior structure

of the TMJ is a durable load-bearing site, while the

posterior structure of the TMJ is not (Radu et al,

2004). It has been reported that posterior displace-

ment of the condyle possibly might be a one of the

contributing factors to TMD including TMJ disc dis-

placement (Hibi and Ueda, 2005; Imai et al, 2001;

Pullinger et al, 1986). A previous study revealed that

the head tended to be positioned more forward in the

group with TMD than in the healthy group (Lee et

al, 1995). However, it is difficult to find supporting

literature that unequivocally proves this cause-and-ef-

fect relationship between FHP and TMD.

This study has some limitations. First, in this

study, EMG activity of the hyoid muscles was eval-

uated only at the point the mouth was fully opened,

rather than during the gradual mouth opening

process. To assess the sequential influence of neck

posture on EMG activity of the hyoid muscles ac-

cording to mouth position in a more functional way,

we suggest collecting EMG data through the entire

mouth opening process rather than just at a fixed

position. Second, this research was performed on on-

ly healthy subjects. Therefore, a further research is

necessary to examined the EMG activity of patients

with FHP who have had lengthened SH and IH

muscles, and to evaluate the influence of the chroni-

cally lengthened SH and IH muscles in patients with

FHP on TMJ.

Conclusion

To examine the relationship between FHP and

TMJ, SH and IH muscles which are highly sugges-

tible on TMJ were selected to be investigated during

mouth opening with FHP and NHP. The results of

the current study showed that EMG activity of SH

and IH muscles were significantly decreased during

mouth opening with FHP than with NHP. This find-

ing supports that FHP might affect TMJ indirectly

through alteration of the hyomandibular system.
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