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ABSTRACT 
 The purpose of this study was to evaluate the effect of nociceptive trigeminal 
inhibition-tension suppression system (NTI-tss) splints in changing anterior temporal and 
masseter muscle activity during maximum voluntary clenching using an 
electromyographic recording system. Subjects  consisted of 20 participants with symptom 
free temporomandibular disorders(TMD), 10 males and 10 females. Electromyographic 
(EMG) recordings of the right superficial masseter muscle and right anterior temporal 
muscle activity were obtained during rest position as well as during maximum voluntary 
clenching with and without the splint. 
                   The results showed that the EMG activity of the superficial masseter  and 
anterior temporal muscles decreased significantly during maximum voluntary clenching 
on the splint (p<0.05). During maximum voluntary clenching without the splint, anterior 
temporal muscle activity was 76 times greater and masseter muscle activities 135 times 
greater than that during rest position, whereas during rest position with the splint the 
muscle activity decreased by a factor of 13  for anterior temporal muscle and a factor of 58  
for masseter muscle. Comparing the percentage changes of muscle activity of  maximum 
voluntary clenching on the splint and maximum voluntary clenching without the splint, the 
percentage change of anterior temporal muscle was 18.2% and the percentage change of 
masseter  muscle was 46.7%  (p = <0.05). The percentage reduction of muscle activity 
during maximum voluntary clenching on the splint in anterior temporal muscle was 81.8% 
and in masseter muscle was 53.3%. There were statistically significant differences (p = 
<0.05) between the male and female groups in  the mean value of both muscle activities 
during maximum habitual clenching, the percentage change of muscle  activity during  
maximum voluntary clenching on the splint compared to maximum voluntary clenching 
without the splint, and the percentage reduction in muscle activity during maximum 
voluntary clenching on the splint. 
  This study indicated that the splint can reduce muscle activity of the anterior 
temporal and masseter muscles during maximum voluntary clenching. However, this was 
not studied in the involuntary condition of sleeping. Also the volunteers participating  in 
this study were healthy and had no problems with muscles of mastication or  
temporomandibular  joints, so the results might not  apply to bruxism and TMD patients. 
The  study  result  is therefore only baseline data  for future studies which would include 
the evaluation of the EMG  in involuntary conditions and  side effects such as  retention of 
the splint, and force on anterior teeth. This will be useful knowledge about this oral 
appliance for treatment of patients. 
 
KEY WORDS: NTI-tss /  CLENCHING / ELECTROMYOGRAPHY  
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บทคัดยอ 
 การศึกษานี้มีวัตถุประสงคเพื่อศึกษาประสิทธิภาพเฝอกสบฟนเอ็นทีไอ–ทีเอสเอส ตอการ
เปลี่ยนแปลงทํางานของกลามเนื้อแมสซีเตอรและเทมโพรอลสวนหนาในขณะกัดเนนฟนสูงสุดภายใตอํานาจจิตใจ
โดยทําการวัดคลื่นไฟฟาและบันทึกผลการทํางานของกลามเนื้อ การศึกษาทําในอาสา สมัคร 20 คน เพศชาย 10คน 
เพศหญิง 10 คน มีการสบฟนปกติและ ไมมีอาการผิดปกติของกลามเนื้อและขอตอขากรรไกร ทําการบันทึกผลการ
ทํางานของกลามเนื้อแมสซีเตอรและขมับสวนหนาดานขวาในขณะพัก และขณะกัดเนนฟนสูงสุดภายใตอํานาจ
จิตใจ โดยใสและไมใสเฝอกสบฟน 

ผลการศึกษาพบวา ขณะกัดเนนฟนสูงสุดบนเฝอกสบฟนเอ็นทีไอ–ทีเอสเอส กลามเนื้อแมสซีเตอร
และเทมโพรอลสวนหนา มีการทํางานลดลงอยางมีนัยสําคัญทางสถิติ (p<0.05)  โดยคาการทํางานของกลามเนื้อ
เทมโพรอลสวนหนาขณะกัดเนนฟนสูงสุดมีคา 76 เทา และกลามเนื้อ แมสซีเตอรมีคา135เทาของขณะพัก ในขณะ
ที่เมื่อกัดเนนฟนสูงสุดบนเฝอกสบฟนการทํางานของกลามเนื้อเทมโพรอลสวนหนามีคา13 เทา และกลามเนื้อแมส
ซีเตอรมีคา 58 เทาของขณะพักที่ใสเฝอกสบฟน รอยละการเปลี่ยนแปลงของการทํางานของกลามเนื้อ ระหวางขณะ
กัดเนนฟนสูงสุดบนเฝอกสบฟนตอขณะไมใสเฝอกสบฟน มีคารอยละ18.2 ในกลามเนื้อเทมโพรอลสวนหนา และ
รอยละ 46.7   ในกลามเนื้อแมสซีเตอร พบวามีความแตกตางอยางมีนัยสําคัญของรอยละการเปลี่ยนแปลงการ
ทํางานระหวางกลาม เนื้อทั้ง 2 (p<0.05) สวนรอยละการลดลงของการทํางานของกลามเนื้อเมื่อกัดเนนฟนบนเฝอก
สบฟนมีคารอยละ 81.8ในกลามเนื้อเทมโพรอลสวนหนา  และรอยละ 53.3  ในกลามเนื้อแมสซีเตอร และพบวาไม
มีความแตกตางอยางมีนัยสําคัญ(p<0.05)ระหวางกลุมเพศชายและหญิงจากการเปรียบเทียบในหัวขอคาเฉลี่ย,รอยละ
การเปลี่ยนแปลงและรอยละของการลดลงของการทํางานของกลามเนื้อทั้ง2  

การศึกษานี้แสดงใหเห็นวา เฝอกสบฟนเอ็นทีไอ-ทีเอสเอส สามารถลดการทํางานของกลามเนื้อ
เทมโพรอลสวนหนาและกลามเนื้อแมสซีเตอร ในขณะกัดเนนฟนสูงสุดภายใตอํานาจจิตใจ อยางไรก็ตามการศึกษา
นี้ไมไดทําในภาวะนอกอํานาจจิตใจ(นอนหลับ)และไมไดทําในคนไขที่มีอาการของความผิดปกติของกลามเนื้อ
และขอตอขากรรไกร จึงไมสามารถนําไปแปลผลอธิบายในภาวะทั้ง 2ได ผลของการวิจัยนี้จะเปนขอมูลพ้ืนฐาน
เบื้องตนในการทําการวิจัยศึกษาตอไปในอนาคต และมีขอเสนอแนะวาควรมีการศึกษาในภาวะการนอนกัดฟน
ในขณะนอนหลับ และควรศึกษาถึงผลขางเคียงไมพึงประสงคที่อาจเกิดขึ้น เชนการหลุดของเฝอกสบฟน,แรงที่
กระทําตอฟนหนา   เพื่อประโยชนในการนําขอมูลไปประเมินผลในการตัดสินใจเลือกเฝอกสบฟนใชในการรักษา
ผูปวยตอไป  
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CHAPTER I 

INTRODUCTION 

 

 
Muscles of mastication  function in complicated harmonious coordination 

as one working group. The muscle of mastication system is controlled through the 

nervous system. Disorder of the central nervous system or other multifactorial factor 

that cause  temporomandibular disorder  lead to disorder of the masticatory system. 

The harmful effects of TMD on masticatory system are the excessive occlusal force 

on tooth, the stiffness of muscle of mastication and the excessive force on TMJ. 

Normally when teeth bite on hard objects, the biting  force  is created by the jaw 

closing muscles. This excessive force  can cause tooth fracture. The  protective 

mechanism is initiated by mechanoreceptors in the periodontal ligament which are 

sensitive to the change in tooth position during chewing.  Occlusal splint is used in 

TMD treatment. Occlusal splint stabilize the occlusion and decrease disorder of the 

masticatory system. To study the effect of  occlusal splint on the muscle function ,an 

electromyography  is needed. Occlusal splint has many designs  which differ by the 

purpose of treatment and the supporting data obtained from the previous study. 

In the recent years a new version of occlusal splint has been developed .It 

differs from a traditional occlusal splint  by covering only anterior teeth , and is called 

‘Nociceptive  trigeminal inhibition tension suppression system. NTI-tss. It is smaller 

and visually clear. As  no laboratory work is required ,it takes less steps to fabricate 

this type of splint which is beneficial to the dentist who can deliver it in one visit. 

Because the product has been newly launched, the researches on its properties are 

limited and its efficacy has not been proved widely. Furthermore the effects of the 

splint to the components of masticatory system has not yet been known. 

Thus the present study would be undertaken to provide further evaluation 

of the masseter and anterior temporal muscle activities during maximum voluntary 

clenching with and without the oral appliance “Nociceptive trigeminal inhibitory  

tension suppression system (NTI –tss)”. 
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CHAPTER II 

OBJECTIVES 

 

 
The Purpose of this Study are as Follows: 

To evaluate the effect of  NTI-tss splint in reducing jaw closing muscle 

activity during maximum voluntary clenching using an electromyographic (EMG) 

recording system. 

 

The Expected Benefits of this Study: 

1.The investigation will elucidated to prove that NTI-tss splint can reduce 

jaw closing muscle activity. 

2.The result  from this study  will be the basic data for the  future research 

involving NTI-tss .  



)     
 
Fac. of Grad. Studies, Mahidol Univ.                                                                              M.Sc.(Dentistry) / 3 

 

 

CHAPTER III 

LITERATURE REVIEW 

 

 
Muscles of mastication(1)  are the group  of skeletal muscles that move 

mandible. Mastication is accomplished through the activity of the 4 pairs of muscles of 

mastication consist of  1.Masseter muscle 2.Temporal muscle 3.Medial pterygoid 

muscle 4.Lateral pterygoid muscle showed in Figure 1. All muscles that are attached to 

mandible have an influence on its movements and positions. Muscles move parts only 

by pulling them. Hence, the musculoskeletal apparatus is designed in opposing 

systems. Agonists act to pull in a given direction while antagonists pull in the opposite 

direction to bring parts back to the original position.  

A muscle is organized in functional units. The unit consists of a number of 

muscle fibers innervated by the same motor neuron. These motor units vary in sizes. 

Muscles controlling fine, swift, subtle movements and adjustments are made up of the 

smallest number of muscle fibers per motor neuron Muscles involved in grosser 

performance have the largest number of muscle fibers per motor neuron. Jaw muscles 

seem to range between these extremes (about 600 to 900). Activating an increasing 

number of motor units while, at the same time, reducing the action of antagonists, 

makes movements.  

The mechanism of muscle contraction and relaxation (2) 

1. Action potential transmit down an axon  of  alpha motor neuron to the neuron terminal. 

2. Acetylcholine release  from nerve ending into the synaptic cleft. 

3. Acetylcholine bind to and activate receptor on the motor end plate, Na-K channels at  

    the receptor open. 

4. Sodium move inside through cell  membrane , the potential  become more positively  

    charge, triggering and action potential. 

5. Action potential move along the cell membrane. 

6. Action potential alter the cell membrane  polarity and spread through the  transverse  
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    tubule , depolarizing the inner portion of the muscle fiber. Sarcoplasmic reticulum is  

    activated and release calcium. 

7. Calcium initiate the pulling force between actin and myosin filament. Actin filament  

    move to myosin. Muscle contraction occur. 

8. In a few milliseconds calcium is actively pumped back into sarcoplasmic reticulum.   

   Calcium remain there until sarcoplasmic reticulum  is stimulated by next action    

   potential. Muscle relaxation occur. 

 In masticatory muscle system,the masseter and the medial pterygoid 

muscle are associated as a sling, and for the most they pull in an upward and forward 

direction. The most massive portion of the temporal lies anteriorly, and it pulls upward 

in a practically vertical direction. The pull of lateral pterygoid is forward in a 

practically horizontal direction. The resultant of the vertical component of the 

temporal and the horizontal component of the lateral pterogoid is upward and forward, 

which is in coordination with the masseter-pterygoid sling.  

                      

 

 

                  

Temporal 

Lateral pterygoid 

Masseter 

Medial pterygoid 

                               Figure 1.  The muscles of mastication. 

                                             Source: Sicher, 1980 (1) 
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Masseter muscle 

Masseter muscle: the most superficial of the masticatory muscles, stretches 

as a rectangular plate from the zygomatic arch to the outer surface of the mandibular 

ramus. The origin consists of two heads; the superficial head arises from superficial 

aspect of anterior 2/3 of lower border of zygomatic arch, the deep head arises from 

posterior 1/3 of lower border and through medial surface of zygomatic arch. These two 

parts of masseter muscle  form 50 degree angle to each other. The insertion attaches at 

lateral surface of mandibular ramus, coronoid process of mandible and angle of 

mandible. The masseteric nerve, the branch of anterior trunk of V3, supplies the 

muscle; it reaches and enters the muscle from its deep surface after passing through 

the semilunar notch of the mandible. The action of the muscle is that of a powerful 

elevator of lower jaw closing the jaw and exerting pressure on the teeth, especially in 

the molar region.  

Temporal muscle 

Temporal muscle: the fan-shaped. It consists of 3 parts anterior temporal 

,middle temporal muscle and posterior temporal muscle.The anterior fibers are 

vertical; the fibers in the middle part of the muscle are increasingly oblique. The most 

posterior fibers run horizontally forward to bend sharply downward in front of the 

articular eminence to reach the mandible. The origin extends from the floor of 

temporal fossa and deep surface of temporal fascia. The insertion fibers pass through 

deep zygomatic arch and fuse to thick tendon and attach to anterior and posterior 

borders, apex and medial surface of coronoid process of mandible. Further more the 

tendinous extensions have two tendons; the superficial (outer) tendon is attached to the 

anterior border of coronoid process and mandibular ramus, the deep (inner) tendon is 

inserted to the temporal crest of mandible. The deep tendon is stronger and longer than 

the superficial tendon, it just medially and reaches downward into the region of the 

lower wisdom tooth. The retromolar fossa of the mandible between the superficial and 

deep tendon is free from the insertion of the temporal muscle fibers. The innervation is 

provided by the anterior and posterior deep temporal branches of anterior trunk of V3. 

The action of the muscle, built more for movement than for power, is mainly an 

elevator of the mandible. Its middle fibers have a retracing component because of their 
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oblique direction downward and forward. It’s most posterior fibers act as retrusion of 

mandible because of their horizontal direction. 

Anterior temporalis muscle 

Functions are elevate mandible(jaw closing), mastication,chewing in centric 

occlusion.No function when mandible depression ( jaw opening).Except maximum 

mouth opening and mouth opening against resistance. 

Middle temporalis muscle 

Functions are elevate and retract mandible, positioning mandible. 

Posterior temporalis muscle 

Functions are retract mandible , positioning mandible .No function when mandible 

depression and protrusion. 

Medial pterygoid muscle 

Medial pterygoid muscle: situate on the medial side of the mandibular 

ramus, is anatomically and functionally a counterpart of the masseter muscle. It is a 

rectangular, powerful muscle, although it is not as strong as the masseter muscle. The 

origin consists of two heads; the superficial head is attached to the lateral surface of 

the pyramidal process of palatine bone and the tuberosity of maxilla, the larger deep 

head is attached to the medial surface of the lateral pterygoid plate and the grooved 

surface of the pyramidal process of palatine bone. The fibers of the medial pterygoid 

muscle run downward, backward and outward direction. The field of insertion is at the 

medial surface of the mandibular angle. The innervation is provided by the medial 

pterygoid muscle which the branch of undivided trunk of V3
. The muscle is a synergist 

of the masseter and temporal muscles, especially of its superficial part; therefore, the 

action is an elevator of the mandible. 

Lateral pterygoid muscle 

Lateral pterygoid muscle: arises from two heads; the smaller superior head 

originates from the infratemporal surface and the crest of greater wing of sphenoid 

bone, the larger head originates from the lateral surface of the lateral pterygoid plate. 

The insertion fibers is attached to the anteromedial surface of the articular capsule and 

thus indirectly to the anterior border of the articular disc. The majority of the fibers are 

inserted to the anterior surface of the mandibular neck. The nerve to the lateral 
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pterygoid muscle branches off the masseteric or the buccal nerves, the branch of 

anterior trunk of V3. The action of the muscle is the chief protractor of lower jaw; 

protect backward displacement of the articular disc and the head of mandible while 

opening the mouth. Lateral pterygoid muscle coordinate with the digastric muscle 

while opening mouth. 

The elevator muscles (3)  are all positioned distal to the teeth so that they 

elevate the condyles and hold them firmly against the eminence while hinging the jaw. 

The masseter, the internal pterygoid ,and the major part of the temporal muscle are 

responsible for elevation. In the normal resting position of the mandible,the elevator 

muscles and their antagonistic depressor muscles are in a resting state of postural 

contraction. The mandible is balanced between them. To open the jaw from the resting 

position requires the contraction of the depressor muscles and the silmultaneous 

release of the elevator muscles.As the jaw continues to open,the temporomandibular 

ligament reaches its restricting length at the neck of the condyle to stop the pure hinge 

rotation of the condyle. At this point,the condyle must translate forward. As the 

inferior belly of the lateral pterygoid muscle contracts, It pull the condyle forward 

down the convex eminentia,and the disc is pulled along with the condyle. As the 

condyle-disc assembly moves down the steep incline and onto the crest of the 

eminence,the elastic fibers behind the disc keep tension on it to rotate it onto the top of 

the condyle so that the disc will be maintained in line with the direction of force. To 

permit the retrodiscal elastic fibers to rotate the disc to the top of the condyle, the 

muscle attached to the front of the disc must release contraction,and so the superior 

belly of the lateral pterygoid is in a controlled released upon opening or protrusive 

movements of the mandible. As the mandible starts its closure,the temporal muscle 

contract to pull the mandibular back while the inferior lateral pterygoid releases its 

protrusive action. The depressor muscles also release as the elevator muscles start their 

contraction. The combined contraction of the elevator muscles pulls the condyle up the 

lubricated incline until it is stopped by the bracing of the medial pole. The forwardly 

directed muscle contraction holds the condyle against the eminence. During clenching 

on anterior teeth, the activity of the anterior and posterior temporal muscles ceases ; 

however ,both the medial pterygoid muscle(4) and the inferior head of the lateral 
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pterygoid muscle(5) are maximally active.The superior head of the lateral pterygoid 

may be active(6) or silent(7). The deep and superficial masseter muscles are active,but 

less so than with intercuspal vertical clenching(8). 

The relationship between the masticatory muscle activities has been 

studied electromyographically (EMG) by various researchers. Most studies were 

concerned with the activity in temporal and masseter muscles (9) . Because of these 

muscles lie superficially and EMG can be recorded with satisfactory results.  

 

Controlling of masticatory muscle 

There are several general classes of movements,which are controlled in 

different ways .Voluntary movements are of course those which are carried out as the 

result of a deliberate effort of will. These are primarily the result of the execution of a 

well- formed movement plan by brain, although most movements are fine-tuned as 

they are carried out,through the action of reflexes. Current evidence suggests that the 

rhythm for the masticatory cycle comes from a central pattern generator somewhere 

within the central nervous system. The first piece of evidence that a central pattern 

generator operates in the masticatory system came from experiments in which the 

motor cortex or subcortical structures of experimental animals were stimulated with 

electrical pulses at different frequencies(10-13)   . In the study of Chandler and Tal 

(1986)(14)   found that the pattern-generating mechanism lay within the boundaries of 

the nucleus reticularis  gigantocellularis,in the medullary reticular formation.There are 

central pattern generators on each side of the brain stem,each capable of initiating 

bilateral masticatory movements. The pattern generator produces motor neuron signals 

for alternating chewing movements.Mastication is started rather unconsciously when 

food enters the mouth by impulses from receptor in the oral cavity and/or the central 

nervous system.From the previous study there are the discussion of the origin and 

regulation of masticatory movements. Several studies have shown effects of isolated 

inputs from joint rotation on the activity of jaw muscles and associated motor neurons 

(15-18). Two possible functions for the TMJ receptors are to provide sensory input for 

the jaw position in postural adjustments ,and to project the joint from damage,such as 

subluxation,due to extreme opening (19). 
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For the reflex in vertebrate body, neural reflexes may be roughly 

categorized as 1.postural, or antigravity 2.protective 3.cardiovascular4.respiratory 

,either for airway protection or regulation of blood gas levels5.digestive or secretory 6. 

specialized for functions such as papillary constriction in the eye7.humoral as in the 

thyroid and pituitary-adrenal systems. Nature has found many ways to use peripheral 

reflexes  to improve the performance of our sensory and motor systems,and to regulate 

the internal milieu of our bodies. The main reflexes associationed with the jaw 

muscles are the postural and protective types. Masticatory movements are not the 

result of reflexes , either, but of the activity of a central pattern generator in brain 

stem. 

 

Reflexes in mastication system (20)  

The reflex of muscle of mastication system is controlled through the 

nervous system. A part of this controlling system is reflex.  A reflex action 

is involuntary and almost immediate movement in response to a stimulus. A reflex 

action is mediated via the reflex arc without reaching the level of consciousness. A 

reflex arc consists of the stimulation of an afferent nerve through  a sensory organ  , or 

receptor, and followed by transmission of the sensory input from the stimulus , usually 

through a nerve fiber, to an efferent motor nerve, resulting in an action of a muscle or 

gland, called the effectors. 

The reflexes relating to masticatory system   such as the jaw-closing reflex 

and the jaw-opening reflex. 

The  jaw closing reflex   comprised  

1.Receptor :The muscle spindles in the jaw closing muscles. 

2.Primary afferent :The spindle Ia afferent fiber 

3.Cell body : Mesencephalic nucleus of cranial nerve V 

4.Central process :Monosynaptic connection with trigeminal motor neuron 

5.Motor neurons:Jaw closing motor neurons in motor nucleus of cranial     

    nerve V 

6.Appropriate stimulus :Opening of jaw , Stretching of jaw closer muscles 

7.Response : Contraction of jaw closing muscles, Jaw closing. 
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8.Function : Maintain position of jaw against gravity and inertial loading 

Mandible is maintained in the postural position  by the function of the jaw 

closing muscle via a stretch reflex  .When one  falls asleep while sitting,the control 

system of the jaw closing reflex is disturbed, causing involuntary mouth opening 

which differs from when one awakes, the position of mandible is maintained by the 

jaw-closing reflex. 

The jaw opening reflex is comprised of  

1.Receptor :Mechanoreceptors and pain receptors in oral cavity 

2.Primary afferent :Trigeminal sensory axon 

3.Cell body :Trigeminal ganglion 

4.Central process :Synapse with interneurons in sensory nucleus of cranial nerve V , which    

    synapse with motoneurons 

5.Motoneurons : In human, closer motoneurons are inhibited. 

6.Appropriate stimulus :Short-onset, high intensity localized mechanical or noxious 

7.Response : Inhibit jaw closing ,promote jaw opening 

8.Function : Prevent  injury to hard and soft oral structure 

 

Role of periodontal receptor in control of occlusal function. (21) 

Periodontium is comprised of 4 specialized connective tissues which are 

1.Gingiva   2.Cementum   3.Periodontal ligament   4.Alveolar process. Within these 

connective tissues contain  nerve ending and nerve fiber of cranial nerve V to transmit 

sensory impluse related to the control mechanism of occlusal function especially the 

periodontal ligament’s receptor. 

Periodontal ligament is a band of soft connective tissue connecting root 

surface and alveolar bone approximately 0.15 to 0.38 mm. wide. Periodontal ligament 

differs from other ligament in that  there are a lot of cells, blood vessels and nerves 

within. Periodontal  ligament plays an important role in occlusion, which is absorbing 

occlusal force during  mastication  by providing adaptive tooth movement and 

providing  neurosensory input. Another important function of periodontal ligament is  

acting as a neurosensory organ in control mechanism of masticatory force and 

prevention of excessive force on periodontal apparatus.The innervation of periodontal 
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ligament  of mandibular teeth is from inferior alveolar nerve and maxillary teeth is 

from superior alveolar nerve both of which are branches of trigeminal nerve. 

In addition to initiation of tactile  sensation, the periodontal ligament 

mechanoreceptors also help to control the reflex of motor function related to 

occlusion, swallowing pattern, habit ,speech and protective reflex in orofacial area. 

Kawamura (1967) (22) proposed  the controlling mechanism of functional jaw 

movement in occlusion which is related to sensory input  from  receptors in muscle of 

mastication , tendons, TMJ and periodontal ligament . 

The periodontal receptors play a dominant role in limiting the biting force 

by inhibiting  muscle activity in the mandibular elevators when teeth contact .These 

mandibular elevators are masseter muscles , temporalis muscles,medial pterygoid 

muscles and also include superior head of lateral pterygoid muscles.  The periodontal  

receptors also  play a role in sudden cessation of chewing that occur when teeth bite on 

hard objects in food mass. This chewing cessation is a nociceptive reflex. The 

periodontal receptors can initiate the jaw-opening reflex which is an important 

mechanism when teeth bite on hard  objects during chewing. The responsible 

periodontal receptors in this reflex  are both  pain  receptor and mechanoreceptor .In 

addition  the periodontal receptor roles in initiating the silent period of jaw-closing 

muscle after tooth contact. In the silent period, the  electromyographic activity of 

contracted  mandibular elevator muscle  is absent in short period of time, about 5-60 

seconds during tooth contact. Yemm(1972)(23) claimed that silent period occured 

immediately before the start of jaw-opening reflex. 

Periodontal  mechanoreceptors have roles in inhibiting   jaw-closing reflex  

,initiating  monosynapstic reflex and  silent period and also helping in limiting of 

clenching force between the occluding teeth. The study reported that  the maximal 

clenching force increased continuously when teeth  were clenching.When teeth clench 

, the teeth  are intruded into socket and viscoelastic  periodontium is changed.The 

sensitivity of periodontal mechanoreceptor is decreased , so the  clenching for 

increase.This adaptive mechanism may have important effect in   parafunctional 

activities  case  such as  bruxism since the clenching force may cause  destruction of 

periodontium and tooth structures.  
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Therefore the treatment of bruxism should be  conservative and reversible 

and the objective of treatment should be to control the symptoms and to prevent the 

harmful  effect  from  bruxism, such as encouraging the patient to wear  an occlusal 

splint.   

 

Biting force(24) 

is created by the jaw closing muscles. The excessive bite force can cause 

tooth fracture. The  protective mechanism is initiated by mechanoreceptors in the 

periodontal ligament . The contact of upper and lower teeth during chewing stimulates 

the mechanoreceptors causing the reflex that inhibits the action of jaw-closing muscles 

immediately. Also the pain receptors in oral soft tissue can cause reflex that inhibits  

the jaw-closing muscle action to prevent tooth injure from the accidental biting. In 

human, the jaw opening reflex is performed by inhibiting the action of jaw-closing 

muscles instead of stimulating the jaw-opening muscles. 

 

Maximal bite habitual clenching 

A  maximum  force  of  about 50 kg can  be developed  between  the  

molar  teeth  of  a  dentate  patient,  although  forces  of  up  to  150 kg  have  been  

recorded  between  the  molar  teeth  in  Eskimos.(24) This  maximum  force  can  be  

increased  by  exercise  and  practice.  The  maximum  force  occurs  between  the  

first  molars,  and  falls  off  by  about  10 kg  in  the  incisor  region. Currently, the 

exact  mechanism in control of the maximal biting force in habitual clenching has not 

been known yet, but  is  believed to be related to either the protective reflex  initiated 

by periodontal membrane  receptors/ inhibition  of jaw-closing muscles/ inhibition of 

jaw-closing reflex or the limitation in physical property of muscles of mastication . In 

fact, these two mechanisms may have some relationships. In some cases the maximal 

biting force is controlled  by the pain sensation from  dental origins especially  in 

patients with advanced chronic periodontal disease. 

The factors influencing the biting force are  listed as follow 

1.Physical  property of muscle. 

2.Tooth position :  The biting force of molar teeth is  more than  the biting   
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        force of anterior teeth. 

3.Food texture. 

4.The extent of periodontal disease. 

5.The anatomy of tooth and cusp. 

6.Natural tooth  or prosthesis. 

7.Bite practicing 

Maximum bite force is a useful indicator of the functional state of the 

masticatory system and the loading of the teeth, and its recordings can be performed in 

a relatively simple way in the clinic. However, because maximum bite-force levels 

vary with method, sex and age, it is important that the measurements are compared 

against the appropriate reference values. The level of bite force is a result of the 

combined action of the jaw elevator muscles modified by jaw biomechanics and reflex 

mechanisms. Pain limits the maximum bite force and may thus impede the 

measurements, but this factor may also be useful in treatment control. The maximum 

bite force increases with the number of teeth present(25). The number of occlusal 

tooth contacts is an important determinant for the maximally attainable bite force, 

explaining about 10% to 20% of the variation(25). The association between maximum 

bite force and the amount of occlusal contact is closest in the posterior region(25), and 

as a consequence, loss of molar support results in reduction of force. In contrast, 

malocclusions defined solely on the basis of molar and canine relationships have less 

influence on the level of bite force.The excessive bite force is the cause of TMD(26). 

Temporomandibular  disorder 

The  temporamandibular  disorder , TMD  is a collective term  embracing 

a number of  clinical  problems that involve  the muscle of mastication , the 

temporomandibular joints( TMJ) and associated structures  or  both.The 

epidermiological study of TMD  report that 75% of the general populations have at 

least one characteristics of  TMD  dysfunction and 33% of the general population 

experience TMD pain, with a cautions  estimate that up to 5-7 % of the general 

populations  are in need of treatment. 
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The  causes of TMD are considered to be  multifactorial(27). These 

contributing factors generally can be  classified into 3 types that are listed below 

 Predisposing  factor is the factor directly causing   disorder or disease of 

TMD .The example of causative factor is injury both direct or indirect to the orofacial 

area such as an accidental injury or parafunctional habit such as clenching and 

bruxism. 

 Risk factor is the factor  increasing the risk of incidence of  TMD .The 

example of risk factor is disease  such as systemic  disease, phychological disease and 

structural impairment. 

-  Perpetuating factor is the factor worsening  or disturbing the healing 

process of TMD.The  example of perpetuating factor is when a patient  suffered from  

muscle pain after chewing  sticky food  may  experience  more pain if he or she 

bruxism.In this case bruxism is considered to be a perpetuating factor.Any factor can 

be determined to be one of the above factor or be all factors at the same time  such as 

bruxism   can be a predisposing , risk or perpetuating factor. 

 

Bruxism (28)  

Bruxism is an oral motor disorder, a parafunctional habit which involves  

episodic  short intervals of strong contraction of muscles of mastication occurring 

during sleep .Bruxism can occur both in centric occlusion and eccentric jaw 

movements. Most researchers term bruxism as the sleep periods that  muscular 

function activity has increased 15-20% , at least, from  maximal  voluntary muscle 

contraction for at least 1 second. They found that in most people bruxism occurred 

several times during sleeping period ,especially in sleeping state arousal. Force from 

bruxism  causes harmful effects to tooth structures , TMJ and muscles of mastication. 

Clinical findings in patients with bruxism include  the evidence of attrition, cracked 

tooth  , impressions of tooth on adjacent mucosal surfaces of tongue and cheek. Also 

,some patients may experience  chronic muscle and TMJ  pain  especially after woke 

up in the morning, chronic TMJ clicking  sound and episodic  locking of TMJ. 

Bruxism is mostly found in children and  teenagers ,  also be found in adults and 

elderly people. Bruxism incidence is not different in both sexes. Diagnosis of bruxism  
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cannot be clearly determined except by mean of polysomnographic study,  because 

having clinical signs and symptoms can only show that patients may have history of 

bruxism or other parafunctional habits. In addition , many studies found that  those 

clinical signs and symptoms do not correlate with  patients’awareness of  bruxism. 

Treatments of bruxism  include  encouraging patients to wear occlusal splint, which  is 

a conservative and reversible mean . Occlusal splint  is used to control this harmful 

habits and prevent harms from bruxism.And there are other reason for using oral splint 

to treat patients. 

 

Indications for use of oral splint .(29) 

1.Masticatory  myalgia.  

The  myalgia  is  the  result  of  sustained  clenching      and/or bruxism  behaviors 

(either waking or  sleeping) that  cause  a  diminished  circulation  in  the contracting  

muscles  and  ischemia-related  muscle  pain. 

2.TMJ  arthralgia  or arthritis.    

There  is  localized  arthralgia  or  arthritis  that  is caused  by  clenching  and/or  

bruxism  behavior  or   arthritis  (either  waking  or  sleeping),  which  causes  TMJ 

surface  damage,  or the  patient  has  a  polyjoint  arthralgia  or  arthritis  and 

clenching  and/or  bruxism  behavior  that  is  irritating  the damaged  joint  surface. 

3.Atypical  odontalgia.  

The  patient  has  chronic  tooth  pain  of  unknown  origin without  evidence  of   

cracks  or  dentalpulpal  disease,  and  the  teeth  are  sensitive  to  pressure. 

4.TMJ  dysfunction(eg, clicking  and  episodic  locking)  

The  patient  has  chronic  TMJ  clicking  and/or episodic  locking  of  the   TMJ,  and  

it  is  suspected that  the  patient  is  clenching  or  grinding  the  teeth strongly  and  

that  this  behavior  is  aggravating/causing  the  joint  dysfunction. 

5.Temporary  occlusion ,the  occlusion  is  unstable  (eg,  tooth  contacts  

on  The  posterior  teeth  are  uneven  or  inadequate)  and  reconstruction  is  planned  

after  a  stable,  comfortable   jaw  position  is  achieved.  The  occlusal  instability   

could  be  the  result  of  orofacial  trauma,  osteoarthritic  changes  in  the TMJ, or  

iatrogenic changes  to  the  dentition. 
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6.Cracked,  chipped, or  worn  teeth 

The  patient  has  evidence  of  substantial  attrition,  cracking,  or  chipping  of  the  

teeth,  presumably  because  of  heavy  bruxing  or  clenching. 

7.Frequent  headaches  

The  patient  has  episodic  tension  headache,  migraine headache,  or  even chronic   

daily  headache  that  is  being  triggered  by  masticatory  myalgia  or  TMJ arthralgia   

induced  by  clenching  and  grinding  of  the  teeth. 

 
Occlusal splint 

Occlusal splint is usually made of acrylic resin. It can be categorized into 

2groups, one covers all teeth and the other covers only some  teeth. The group that  

covers all teeth  in one arch  is aimed to prevent tooth worn from occlusal force , alter  

occlusal relationship, distribute the forces from occlusion  to cure disorders of muscles 

of mastication, change the relationship between internal structure of TMJ and reduce 

patients’s bruxism behavior. Effectiveness \Efficiency  of occlusal splint in  treatment 

of TMD  has been studied. Among all cases, 70-90% (30) have shown some 

improvement in clinical signs and symptoms. However controversies relating  to 

effectiveness\efficiency  of occlusal splints in TMD treatment  have still existed,  been 

discussed and inconclusive in most of those studies.  

Many studies about the effect of splint eg.Harada et al (2006) (31) studied 

stabilization splint and palatal splint,which have the same design as stabilization splint 

but  does not cover occlusal surface, in bruxism patients. The  portable 

electromyographic recording system was used in monitoring. This study enrolled 16 

subjects. The functional activity of the right masseter muscle was recorded during five 

intervals of sleeping period  per time,  which are before wearing the appliances , 

immediately after wearing the appliances and at 2 week, 4 week, 6 week after wearing 

the appliance. The records were performed in 3 nights and the  study was a cross-over 

designed study .Each subject was assigned to wear first appliance  for 6 weeks, then 

quit wearing  appliance for 2 months, then wear another appliance for additional 6 

weeks, and masseter muscle function activity were recorded in the same way as  first 6 

weeks period. Each subject will be assign appliance using randomized control 
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procedure. Numbers of bruxism incidence, duration of bruxism, muscle function 

activity were recorded and analyzed. Both appliances significantly reduced the 

frequency of bruxism incidence immediately after wearing appliance. However 

bruxism incidence decreased  at 2 week, 4 weeks, 6weeks also.There is no significant 

statistical difference in treatment’s results of both appliance.The results shown that 

both appliances can reduce  masseter muscle functional activity  after wearing in short 

period. 

In the recent years,a new version of occlusal splint has been developed . It  

differs  from a traditional occlusal splint  by covering only anterior teeth , and is called 

‘nociceptive  trigeminal inhibition tension  suppression system’, NTI-tss. The assumed 

mechanism is the limitation of excessive force on periodontal ligament   stimulates an 

impulse initiating a reflex pathway that inhibit closing jaw muscle activity. These lead 

to reduction of muscle tension. The supporting data and study of NTI-tss type occlusal 

splint in treatment of TMD  are insufficient and limited at this time, although  NTI-tss 

type occlusal splint has gain popularity in TMD treatment. 

Nociceptive trigeminal inhibition- tension suppression system(NTI-tss) 

(32)is a prefabricated splint made from polycarbonate. Its design is different from 

other splints by the smaller size, made of visually clear plastic. The NTI-tss splint 

separate the upper and lower teeth from occlusion at the anterior teeth.It is weared 

during sleep and easy in fabrication .The patient can get it within one visit cause there 

is no need of laboratory work. The manufacturer of NTI- tss splint claims that  a study 

about NTI-tss report  the reduction of  clenching by 66 % after 2-3 days or weeks of 

wearing,also the reduction of headache, neck pain, jaw pain and disappearance of 

other pain  associating  with clenching. A lot of patient with TMD has been treated 

using NTI-tss. In 1988  FDA accept NTI-tss as an appliance  effective in preventing 

tooth  clenching,  tooth grinding and  tension headache. In 2001 NTI-tss splint is  

accepted in prevention of migrain symptom.Dr.San diago and Jame Boyd have used it 

in treatment of migrain and tension headache for a long time. They described that 

Bruxism during sleep stimulated headache and Migrain, so they conducted  the 

researches ans designed a small appliance for patients to fit at 2 anterior teeth.This 

appliance prevented posterior teeth clenching during sleep.The NTI-tss appliances are 
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the prefabricated splint . There are 7 designs of the splints suiting in different working 

situations.These are 1.Incisal Guidance  Mandibular Device2.Reduced Vertical 

Maxillary Device 3.Standard   4.Standard Wide   5.Daytime   6.Universal   7.IG-Wide. 

                     
                                         Figure 2.  NTI-tss splint. 

There are the questions and concerns about the safety of NTI-tss appliance usage are 

1.Are there the possibility of aspiration of the NTI-tss appliance? 

The manufacturers’ claimed by the conclusions that The mean average pressure to 

dislodge the NTI-tss appliance never came close the maximum tongue-tip pressure 

generated by any of the subjects in this study 

As far as side effects are concerned, Jokstad et al (33) mentioned that one 

person in Norway and three individuals in the United States were subjected to medical 

emergencies due to aspirated NTI-tss devices splints. 

         2.What about supra-eruption of the teeth ? 

The manufacturers’ explained that  the study in rats that it took at least 8 days of 

hypofunction (i.e. the absence of occlusal contact of the molars) before eruption of the 

unopposed molars occurred(34). Although their study were not in human beings, the 

results still demonstrated that  a long period of time is required before un opposed 

molars begin to erupt. On the other hands, use of the NTI-tss only requires a few hours 

of no posterior occlusal contact, not days.  

          The studies in human beings demonstrated that perceivable tooth eruption 

of unopposed teeth proceeds at a rate of 1.43 millimeters in 16 months(35)  to 1 

millimeter per two months(36). There was a study demonstrated that in early years 

after the tooth loss, supra-eruption was due mainly to periodontal growth which did 

not occur when a tooth was in frequent function, such as the posterior teeth when the 

NTI-tss was removed during daytime hours. 
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3.Will there be intrusion of the anterior teeth with use of the NTI-tss? 

The manufacturers explained that since the NTI-tss theoretically contacts the 

mandibular  anterior teeth in only one spot, clenching is focused at that point, thus 

intensifying the stimulation of the periodontal ligament fibers, which in turn, 

stimulates the jaw-opening reflex. 

Currently the research concerning the adverse effect of NTI-tss such as 

inadequate retention and excessive force to anterior teeth is too few to draw any 

conclusions. Recently, the randomized control trial study of NTI-tss performed by 

Baad-Hansen et al (2007)(37)  conducted a blinded randomized cross-over study to 

compare the effects of wearing NTI-tss with that of wearing the conventional flat 

occlusal stabilization splint by monitoring the functional activity of muscle during 

sleep and testing whether its change related with  the short-term changes of clinical 

signs and symptoms of TMD. NTI-tss occlusal splint was claimed that it can reduce 

the jaw-aclosing muscle functional activity and reduce clinical signs and symptoms of  

TMD and bruxism. This study examined the changes of muscular functional activity 

during sleeping period in 10 tooth-grinding volunteers , aged 23-29 years. A portable 

EMG device was used for recording the functional activity of masseter muscle during 

sleep. The volunteers  received either a NTI-tss occlusal appliance  and a standard flat 

occlusal plane occlusal appliance. They  had wore each appliance for 2 weeks during 

recording sessions in sleeping period  .This short-period study results indicated that 

the NTI-tss occlusal appliance clearly decreased functional activity  of the jaw-closing 

muscle while the standard flat plane occlusal appliance did not. However  the decrease 

of muscular function activity did not correlate with the clinical improvements of 

TMD. 

The review literature by Henrike Stapelmann, Jens C. Türp (2008) (38) 

performed a systematic search in nine electronic databases and in NTI-tss associated 

websites (last update: December 31, 2007). The reference lists of all relevant  articles 

were perused. Five levels of scientific quality were distinguished. Reporting quality of 

articles about randomized controlled trials (RCTs) was evaluated using the Jadad 

score.  
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Results are  9 of 68 relevant publications reported about the results of 5 

different RCTs. Two RCTs concentrated on electromyographic (EMG) investigations 

in patients with TMDs and concomitant bruxism (Baad-Hansen et al 2007, Jadad 

score: 4) or with bruxism alone (Kavaklı 2006, Jadad score: 2); in both studies, 

compared between an occlusal stabilization splint and NTI-tss splint ,the NTI-tss 

device showed significant reduction of EMG activity. Two RCTs focused exclusively 

on TMD patients; in one trial (Magnusson et al 2004, Jadad score: 3), a stabilization 

appliance led to greater improvement than an NTI-tss device, while in the other study 

(Jokstad et al 2005, Jadad score: 5) no difference was found. In one RCT (Shankland 

2002, Jadad score: 1), patients with tension-type headache or migraine responded 

more favorably to the NTI-tss splint than to a bleaching tray. NTI-tss-induced 

complications related predominantly to single teeth or to the occlusion. 

       

Table1. The studies of NTI-tss. 

 

Study Aim of the study Authors’ conclusions 

Baad-Hansen 

et al (2007) 

(37) 

 

1. To compare the therapeutic 

efficacy of two different 

intraoral devices on the EMG 

activity of bruxers during 

sleep. (NTI-tss device (n=10) 

vs.flat occlusal stabilization 

splint (n=10) worn at night) 

(OS) 

2. To evaluate if changes in 

EMG activity are associated 

with short-term changes in 

TMD related pain 

A strong and lasting inhibition of 

EMG activity in masseter 

muscles during sleep was caused 

by wearing the NTI splint but not 

the OS. However, this was not 

directly related to the short-term 

clinical outcome measures 
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Study Aim of the study Authors’ conclusions 

Kavaklı 

(2006) 

(39) 

To compare the therapeutic 

efficacy of two different 

intraoral devices on the EMG 

activity of bruxers during 

sleep.(NTI-tss device (n=11) 

vs.Michigantype 

stabilization splint (SS) (n=9) 

worn at night) 

1. Both splint designs do not stop 

sleep bruxism activity as shown 

by polysomnographic evaluation. 

2. The SS does not reduce the 

frequency, duration or intensity 

of the sleep bruxism. 

3. The NTI-tss device reduces  

the intensity of bruxism. 

4. Due to its positive effect on 

sleep 

Jokstad 

et al (2004) 

(33) 

To compare the therapeutic 

efficacy of two different 

intraoral devices in TMD 

patients.  (NTI-tss device 

(n=18) vs.Michigan-type 

Stabilization splint (SS) (n=20) 

worn at night Plus (both 

groups): 1. counseling 2. 

muscle relaxation exercises )  

The therapeutic efficacy between 

an NTI-tss device and a 

Michigan splint did not differ 

over an observation period of 

three months. 

 

Magnusson 

et al (2004) 

(40) 

To compare the therapeutic 

efficacy of two different 

intraoral devices in TMD 

patients. (NTI-tss device 

(n=14) vs. Michigantype 

stabilization splint (SS) (n=14) 

worn at night) 

 

1. “The almost 100% treatment 

success that have been claimed 

after NTI treatment could not be 

confirmed in this study.” 

2. “The statement of a gain in 

chair-side time with the NTI 

device can be questioned. The 

use of NTI devices, however, 

eliminates one clinical visit, as 

well as the laboratory costs.” 

3. “It can not be ruled out that  
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Study Aim of the study Authors’ conclusions 

  long time use of NTI splints can 

be detrimental for the 

occlusion.” “All of the studied 

variables were in favour for the 

stabilization splint, compared to 

the NTI device.” 

Shankland 

(2002) (41) 

 

To evaluate the safety and 

effectiveness of the NTI-tss 

device for the reduction 

of frequency and severity of 

tension-type and migraine 

headaches.( NTI-tss device 

(n=51) vs. full-coverage 

occlusal splint without cuspid 

rise and anterior guidance 

(similar to a bleaching tray) 

(n=43) worn at night and 

during the day when 

perceiving stressful periodes) 

 

 

“The NTI-tss appliance proved 

safe and efficacious in the 

reduction of medically diagnosed 

migraine and tension-type 

headache.” 

 

 
They concluded that the evidence from RCTs suggests that the NTI-tss 

device may be successfully used for the management of bruxism and TMDs. However, 

to avoid potential unwanted effects, it should be chosen only if certain a patient will be 

compliant with follow-up appointments. The NTI-tss  splint may be justified when a 

reduction of jaw closer muscle activity (e.g., jaw clenching or tooth grinding) is 

desired, or as an emergency device in patients with acute temporomandibular pain and, 

possibly, restricted jaw opening. 
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Electromyography (EMG)  

Electromyography (EMG) is  the measurement of the efficiency of muscle 

function . Muscle function can be studied in the following topics  

1. Muscle tension  2. Quality of muscle contraction 3. Electromyography (EMG) 

The first 2 topics are easy to be studied because one can accomplish by the muscle 

tension and force.  

         EMG is defined as a graphic recording of the electrical potential of 

muscle. The basic EMG technique involve insertion of  either surface or intramuscular 

electrode to the muscles studied and  detection and amplification of the motor unit 

action  potential of  muscle.The recording result is called electromyogram. EMG has 

been applied in dental research since the late 1940s.(42, 43)   . It  has  been  used  to  

study  asymptomatic  and  dysfunctional  muscles  in  both  static  and  dynamic  

function.  The  frequent  muscle  parameters   studied  by  EMG  research  have   

included  the  ‘rest’  or  postural  activity  and  the maximal  and  clenching  activity.  

It  has  been  applied  also  to  study  the   effect  of  occlusion  on  normal muscle  

function,  either  with  or  without  as   oral appliance,  the  effect  of  different  oral 

appliance   on   dysfunctional  muscle  function  and  for  monitoring  of  

parafunctional   habits  in  diurnal  and  nocturnal  biofeedback.  

         The study of EMG  in  asymptomatic  muscles.The  masseter  and  

temporal  (especially  anterior  temporal)  muscles  have  been  the  most  frequently  

studied  muscles  of  mastication  because  of  their  ease   of  accessibility  to  surface-

electrode  recordings    .  Intramuscular  recordings  by  hook,  wire  or  needle-

electrodes  have  been  used  to  study  the  action  of  suprahyoid  muscle  complex,  

lateral  pterygoid  muscles  and  medial  pterygoid  muscles  cither  separately (44-46) 

or  simultaneously (47-49) .  These  and  other  studies  have  demonstrated  the  

specific  role  and  contribution  each  muscle  has  in  different  jaw  movements.  The  

masseter  muscles,  both  deep  and  superficial  have  been  shown  to  be  most  active  

in  jaw-closing  movements  and  the  temporal  muscle  in  postural  position,  

especially  the  posterior  temporal muscle (50). The digastric  muscles  have  been  

shown  to  be  active  in  jaw  opening  (51).  In  eccentric  movements  co-ordinated  

activation  in  all  of  the  masticatory  muscles  has  been  reported:  in  lateral  
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excursions  contralateral  lateral  pterygoid,  medial  pterygoid  and  ipsilateral  

masseter  and  temporalis  muscles  are  activated,  whereas  protrusion  is  mainly  

facilitated  by  lateral  pterygoid  muscle (52) . 

Electromyoraphic  studies  related  to  ‘rest  activities’  and  clinical  

rest/postural  position.  Occlusal  and  prosthetic  rehabilitation,  apart  from  

maintaining  good  functional occlusal  schemes,  have  emphasized  the  importance  

of  the  so-called  ‘clinical  rest  position/postural  position’.  This  position  was  

thought  to  represent  the  rest  position  of  the  mandible,  maintained  by  tissue  

elasticity  against  the  forces  of  gravity (53)    or  by  tonic  activity  in  the  muscles 

(54, 55)  and  remain  constant  through  life.  It  has  been  used  as  an  important  

reference  position  and  encroachment  on  the  space  between  intercuspal  position  

and  clinical  rest  position,  termed  ‘freeway  space’   has  been  thought  to  be  

hazardous  leading  to hyperactivity  in  the  muscles  of  mastication  because  of  

increased   proprioception  from  the  periodontal  mechanoreceptors,  positional  

changes  of  the  joint  and  occlusal  changes.  More  recent  research  has  shown, 

however,  that  the  clinical  rest  position  is  actually  an  active  muscle  position  and  

that  the  stomatognathic  system  adapts  relatively  well  to moderate  changes  in  

occlusal  vertical  dimension. 

          The muscular activities  are variable in different types of occlusion . There 

are the study in an eletromyographic investigation  to compare the differences in 

sample, type of electrodes, type of muscles and type of masticatory function. Most 

researches (42, 56-60) studied in the growing children. In growing children, many 

researchers found no significant differences in the masseter and anterior temporal 

muscular activities in rest position between Class II division 1 and normal occlusion 

(56-60). In maximum clenching, the EMG activities of the masseter and anterior 

temporal muscles in Class II division 1 were lower than in normal occlusion (59) . In 

chewing the EMG activities of the masseter and anterior temporal muscles in Class II 

division 1 were lower than in normal occlusion (56), however, the EMG activities of 

temporal muscles were found no significant difference (58). In maximum bite in the 

intercuspal position, there were differences in results because of the occlusal 

instability and different sides of the placement of the electrode (58-60). Pancherz (58) 
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found that the EMG activities of the masseter and temporal muscles in Class II 

division 1 were lower than in normal occlusion, whereas Lowe and Takada (59) found 

no significant differences. In swallowing, the children with Class II division 1 

exhibited less EMG activities in the masseter and anterior temporal muscles than the 

children with normal occlusion (56), however, Lowe and Takada (59) found no 

significant differences. 

Miralles et al. (61) found that the postural activities for the masseter and 

anterior temporal muscles were higher in Class III than in Class I and Class II, 

whereas in Class I and Class II subjects’ activities were similar. During swallowing, 

the masseter muscle activities in Class III were higher than in Class I and Class II, 

whereas the anterior temporal muscle activities were higher in Class III than in Class 

II, no significant differences between Class III and Class I, Class II and Class I. 

During maximum voluntary clenching, the activities were not different among classes. 

In normal occlusion, the postural EMG of the posterior temporal muscles was found to 

be greater than in the anterior temporal muscles (57). During chewing and maximal 

bite, the EMG activities in the masseter and temporal muscles were large in cases with 

a tendency of parallelism between the jaws bases and  the mandibular lines 

(rectangular shape of the face in profile and small lower face high). According to 

Lowe et al.  (60), in Class II division 1, high anterior temporal activities were 

correlated with flat palatal planes and large ramus heights. High masseter activities 

were correlated with upright maxillary incisors in rest position. 

Scott (62) and De Luca (63) have defined Electromyographic activity 

(EMG) as a small amount  of electrical current generated by muscle fibers before 

muscular force is affected . This electrical current is produced by the ion exchange 

across the cell membrane of the  muscle fiber when there is an impulse transmission 

for muscle contraction. The basic EMG technique  involves insertion of either surface 

or intramuscular electrodes  to the studied muscles . The components of the EMG 

machine  for skeletal muscle  has  3 parts ,these are 1.The electrode   2.The amplifier 

3.Recording and monitoring system. 

The electrodes can be divided into 2 classes .The surface electrodes are 

used to record  the  electrical current of muscle bundle. The needle electrodes are used 
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to record a single muscle fiber activity or motor unit  by using a very small size needle 

electrode. The EMG  recorded  using surface  electrodes is convenient because  the 

electrodes do not have to penetrate the muscle. It is easier for the examiner and the 

examinee also take lower risk. The results of EMG  recorded by surface  electrodes 

depend  on many factors. The amplification of the EMG signals can vary from 

microvolts to low millivolts. The amplification of the signals, time and frequency  are 

the primary properties of the  signal derived from the surface electrode recording 

which depend on factors such as  time and intensity of the muscle contraction  ,the 

distance between  the electrode  and the muscle ,the qualities of the skin covered by 

the electrode( The thickness of the skin and the fatty tissue) , the properties of the 

electrode and the amplifier, and the quality of the attachment between the electrode 

and skin. The major details that should be considered are  the time and the intensity of 

muscle contraction in order to minimize the effect from the error of the signals .To 

reduce the effect of signal errors, the same electrodes and amplifier should be used 

throughout a study as well as the  other materials and electrode-skin media used 

should be compatible. The variation of EMG signal disturbance can be reduced by 

placing the electrodes at the same area on the skin. The ambient noise from the 

electromagnetic machine  , the  transducer noise from the joint between the electrode 

and skin  and the cross-talk from the adjacent muscles can be prevented by  using the 

suitable size electrodes , using electrical media gel , using Ag-Ag Cl electrode pair,  

measuring the 20 millimetres distance between the electrodes-not exceed  1/4 of the 

length of the muscle fiber, placing the electrode at the middle point between  the origin 

and the insertion of the muscle and  placing  the referenced electrode  as far as 

possible  on the  electrical neutral skin ( the bone covered skin). The EMG signals can 

determine the duration of muscle stimulation , estimate the force created by the muscle 

and show the index derived from the fatigue muscle and analyze  the frequency of the 

recorded  signals. 
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CHAPTER IV 

MATERIALS AND METHODS 

 

 
Collection and Selection of Sample 

This study was designed as a clinical study. Twenty participants, ten male 

and ten female were included in this study. The protocols were reviewed and approved 

by the committee on human rights related to human experimentation Mahidol 

University to study in the human (see Appendix). All patients were explained in the 

details of this study and signed the informed consent if they agreed to participate.  

 

The Criteria for Selection of the Sample  

The sample group : The study was performed on 20 participants. 

The participants included both sexes , male 10 participants and female 10 participants       

1.The inclusion criteria 

          The participants   were selected from 

         1.1 Male and female aged between 20-40 years. 

 1.2 Healthy. 

 1.3 Occlusion: Normal overbite and overjet 2-4 mm. 

 1.4 Angle’s classification I (Upper teeth overlap lower teeth) 

2.The exclusion criteria  

      2.1 Lost two or more posterior teeth. (except the third molars) 

 2.2 There was prostheses or large filling at anterior teeth    

                (#11,21,31,41) 

                 2.3 Having TMD problems : TMJ , masticatory pain 

                 2.4 Intake medicine that has effected on muscle 

                 2.5 Drug addict, alcoholism 

2.6 Physical therapy, dental treatment which related to the study ,eg       

      orthodontic 

                 2.7 Disorder of the nervous system  or  mental  disorder 
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3. Discontinuation criteria 

                3.1 The participants  cannot follow the research’s steps. 

    3.2 The participants   experienced acute pain during the research. 

 
METHODS 

1.Preparing and insertion of NTI-tss splint in the dental clinic. 
A standard type NTI-tss was selected and tried on teeth No.11,21 .The 

operator adjusted it to an appropriate size before relining. Let the participants bite on 

the disclusion element of the splint and  remained the splint there for 2 minutes. This  

made the participants  comfortable and  familiar to the appliance. 

The operator relined the splint with thermal plastic bead by heating 

thermal plastic bead with a microwave oven at high temperature for 2 minutes. This 

step must be caution. Did not let the inside of the splint get wet with monomer or 

water or freshly mixed acrylic resin  before dough state because the splint would 

crack. Wait until dough state before adding acrylic resin inside the splint and pressed 

the splint on the teeth. Let it stay still for the first 2 minutes. Pulled out the splint and 

let it cure completely. 

Adjusted inner surface of the splint to make it properly fit , not too  tight  

or loose. The operator tried in the splint and checked that the disclusion element did 

not make the participants’mouth open too wide  especially in lateral movements. 

Adjust the splint to get the normal freeway space and minimal clearance between the 

tips of canine  when the jaw moved in lateral movements. The vertical dimension 

should not be too wide. The participants   should not feel any muscle or joint pain 

more than they usually do. Check that there was no posterior teeth contact in lateral 

movements.  

 

2 . Monitoring EMG 

Monitoring EMG of the right masseter muscle and anterior temporalis muscle in these 

following moments. 

1. Rest position 

2. Maximal voluntary clenching without NTI-tss 
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3. Rest position with NTI_tss 

4. Maximal voluntary  clenching with NTI-tss 

The monitor is a surface EMG with 5 channel- Medelect –M2 , bipolar 

surface electrodes, 4 channels for recording EMG and 1 channel for the reference. The 

lower frequency filter was set at 100 Hz. The highest frequency filter was set at 

10kHz.The amplifier sensitivity was set at 200µV/ division of the muscle function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Electromyographic device Medelect-M2. 

 

The steps of the EMG monitoring 

The study was conducted in a closed room without the other 

electromagnetic disturbance. The participants   sat  upright on the chair which had no 

head rest. The participants ’ Frankfort plane was parallel with the floor both in the rest 

position and bite position. Before the study, the operator clearly described the steps to 

the participants and let them practice the maximal voluntary clenching before relax. 

Record all the steps to make sure that it always be done in the same way.  
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The operator found the area to place the electrodes  on the participants  ’ 

skin  by advising the participants  to bite in the centric occlusion and palpating along 

the masseter muscle and anterior temporalis muscle, placed the 2 electrodes on the 

skin at the middle of  muscle , paralleling to the muscle fibers. The operator painted 

the skin with 70% isopropyl alcohol and conductive gel ,covered the skin with clear 

plaster to reduce the resistance to the alternating current. The reference electrode was 

placed at the middle of the participants’ forehead. The 2 electrodes were separately 

placed at 20 millimeters distance. The electrodes’position on the acrylic template of 

electrode was recorded to make the reference. This template was used in placing the 

electrodes to get the actual site according to the study of Ingerwell and Bitsanis, 

Miralles et al. ( see picture) 

 

               .                                                    

Temporalis

Masseter

               Figure 4.  The placement of the electrodes 

After the electrode placing step, the operator prepared the participants   

and practiced the study’s steps. 

1. In rest position ;record 3 seconds: 3 times. 

2. Maximum voluntary clenching.  

• Record 3 seconds; rest 1 minute: 3 times. 

• Rest 5 minutes. 

 • Repeat all 3 times. 
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Let the participants   take off the NTI-tss splint. 

Then let the participants   wear the NTI-tss splint  10 minutes to get familiar while the 

participants  were wearing the splint ,the  operator performed the recording as above 

1.In rest position . Record 3 seconds :3 times. 

2.Maximum voluntary clenching on NTI-tss. 

• Record 3 seconds; rest 1 minute: 3 times. 

 • Rest 5 minutes. 

 • Repeat all 3 times. 

 
Variables Used in the Study 

The purpose of this study was to evaluate the effect of  NTI-tss splint in 

reducing jaw closing muscle activity at maximum voluntary clenching using an 

electromyographic (EMG) recording system. 

The independent variables have 2 variables  

1.Biting condition while wearing NTI-tss and not wearing NTI-tss . 

2.Action in rest position and during maximum voluntary clenching. 

The dependent variable is  muscle activity , the muscle activity of masseter 

muscle and anterior temporal muscle which are the outcome derived from the areas 

under the EMG curve. 

 

Statistic Analysis 

The SigmaStat version 3.1 microcomputer program was used to perform 

the following calculations: 

1. One Way Repeated Measures Analysis of Variance and Multiple Comparison 

Procedures (Student-Newman-Keuls Method) was used to evaluate the changes in the 

muscle activities. 

2. Paired T-test was used to determine significant differences of the percentage change 

of  muscle  between maximum voluntary clenching and maximum voluntary clenching  

on NTI –tss. 

3. T-test was used to determine significant differences of the percentage change  

between anterior temporal muscle and masseter muscle and muscle activities between 
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male and female group, the percentage change  between male and female group in  

masseter muscle. 

4.Man-Whitney Rank Sum test was used to determine significant differences of the 

percentage reduction  between anterior temporal muscle and masseter muscle, the 

percentage change  between male and female group in anterior temporal muscle. 
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CHAPTER V 

RESULTS 

 

 
The EMG of the Masseter and Anterior Temporal Muscles in adults wearing 

nociceptive trigeminal inhibition-suppression system(NTI-tss) splints during  

maximum voluntary clenching.  

The average mean age of twenty participants was 26.7 years. The details 

were shown in  table 2.  

The results of the EMG measurement was analyzed by  

I . Comparing muscle activities between in rest position and in rest position with NTI- 

     tss (use to baseline data). 

II. Comparing muscle activities during maximum voluntary clenching between 

     participants wearing NTI-tss and not wearing NTI-tss. 

III.Comparing  the percentage change of muscle activities . 

IV.Comparing  the percentage  reduction of muscle activities. 

V. Comparing  between male and female in terms of. 

1.Muscle activities during maximum voluntary clenching in the  

participants  wearing and not wearing NTI-tss  

         2.The percentage change of muscle activities . 

         3.The percentage  reduction of muscle activities . 

 

*The percentage change is calculated from 

         :  muscle activities during maximum voluntary clenching x 100 

                                     muscle activities in rest position 

            

          : muscle activities during maximum voluntary clenching on NTI-tss x 100 

                           muscle activities in rest position with NTI-tss 
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          : muscle activities during maximum voluntary clenching on NTI-tss x 100 

                   muscle activities during maximum voluntary clenching 

 

 

* The percentage reduction is calculated from 

: muscle activities during max. clenching - during max. clenching on NTI-tss x 100 
                           muscle activities during max. clenching  
 

I.Comparing muscle activities between in rest position and in rest position with 

NTI-tss. 

Anterior temporal muscle : There were no statistically significant difference between 

muscle activities in rest position and muscle activities in rest position with NTI-tss.  

(p < 0.05). The details were shown in  table 5. 

Masseter muscle : There were   statistically significant difference between muscle 

activities in rest position and muscle activities in rest position with NTI-tss. (p < 0.05). 

The details were shown in  table 6. 

 

II.Comparing muscle activities during maximum voluntary clenching in the 

participants  wearing NTI-tss and not wearing NTI-tss. 

Anterior temporal muscle : There were statistically significant difference between 

muscle activities during maximum voluntary clenching in the participants wearing 

NTI-tss and muscle activities during maximum voluntary clenching in the participants 

not wearing NTI-tss. (p < 0.05). The details were shown in  table in  table 3,4,5 

Masseter muscle : There were statistically significant difference between muscle 

activities during maximum voluntary clenching in the participants wearing NTI-tss 

and muscle activities during maximum voluntary clenching in the participants not 

wearing NTI-tss. (p < 0.05). The details were shown in  table 3,4,6 

•There were statistically significant decreased  of muscle activities during maximum 

voluntary clenching in the participants wearing NTI-tss from the muscle activities 

during maximum voluntary clenching in the participants not wearing NTI-tss. 
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III.  Comparing  the percentage change of muscle activities during maximum 

voluntary clenching to rest position with and without NTI-tss. 

• During maximum voluntary clenching  

Anterior temporal muscle : There were statistically significant increased  of  the 

percentage change of the muscle activities during maximum voluntary clenching from 

muscle activities in rest position. (P = <0.001). The muscle activities during maximum 

voluntary clenching was about 76 times of the muscle activities in rest position. The 

details were shown in  table 7,8.  

Masseter muscle : There was a statistically significant increase of  the percentage 

change of the muscle activities during maximum voluntary clenching from muscle 

activities in rest position. (P = <0.001). The muscle activities during maximum 

voluntary clenching was about 135 times of the muscle activities in rest position. The 

details were shown in  table 7,8.  

• During maximum voluntary clenching on NTI-tss. 

Anterior temporal muscle : There was a statistically significant increase  of  the 

percentage change of the muscle activities during maximum voluntary clenching on 

NTI-tss from muscle activities in rest position with NTI-tss. (P = <0.001). The muscle 

activities during maximum voluntary clenching on NTI-tss was about 13 times of the 

muscle activities in rest position with NTI-tss.The details were shown in  table  7,8. 

Masseter muscle : There was a  statistically significant increase  of  the percentage 

change of the muscle activities during maximum voluntary clenching on NTI-tss from 

muscle activities in rest position with NTI-tss. (P = <0.001). The muscle activities 

during maximum voluntary clenching on NTI-tss was about 13 times of the muscle 

activities in rest position with NTI-tss.The details were shown in  table  7,8. 

 

Comparing the percentage change of muscle of activities of  maximum voluntary 

clenching on NTI-tss and maximum voluntary clenching without NTI-tss. 

Anterior temporal muscle : There was a statistically significant decrease muscle 

activities during maximum voluntary clenching on NTI –tss from muscle activities 

during maximum voluntary clenching at (P = <0.001) (Muscle activities during 
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maximum voluntary clenching  on NTI-tss is about 18.2 % of muscles activities during 

maximum voluntary clenching . The details were shown in  table 7,8. 

Masseter muscle : There was a  statistically significant decrease muscle activities 

during maximum voluntary clenching on NTI –tss from muscle activities during 

maximum voluntary clenching at (P = <0.001) (Muscle activities during maximum 

voluntary clenching  on NTI-tss is about 46.7 % of muscles activities during  

maximum voluntary clenching . The details were shown in  table 7,8. 

 

Comparing between Anterior temporal and Masseter muscle. 

•There were statistically significant difference of the percentage change of the muscle 

activities during maximum voluntary clenching with NTI-tss from with out NTI-tss 

between  anterior temporal  and masseter muscle  at  (P = <0.001) The details were 

shown in  table 9 

 

IV Comparing the percentage  reduction of muscle activities. 

Anterior temporal muscle :the percentage reduction of muscle activities is about 81.8 

%. The details were shown in  table 10. 

Masseter muscle:the percentage reduction of muscle activities is about 53.3 % The 

details were shown in  table 10 

•There were statistically significant difference of the percentage reduction of muscle 

activities between anterior temporal muscle and masseter muscle at  (P = <0.001) The 

details were shown in  table 10. 

 

V Comparing between male and female group. 

1.Comparing muscle activities. 

1.1. Comparing muscle activities of anterior temporal  muscle and 

masseter muscle during maximum voluntary clenching between male and female 

group . The details were shown in  table 11,12. 

• There were no  statistically significant difference  in the mean values of the muscle 

activities of anterior temporal  muscle and masseter muscle between male and female 

group at 95 percent confidence interval.(P > 0.050)  
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2.Comparing the percentage change . 

2.1.Comparing the percentage change of muscle activities during 

maximum voluntary clenching on NTI-tss from the muscle activities in rest position 

with NTI-tss  of anterior temporal   muscle activities between male and female  group . 

The details were shown in  table 13. 

• There were no statistically significant difference between  male and female  groups 

in the percentage change of the of anterior temporal   muscle activities  during  

maximum voluntary clenching  on NTI from the muscle activities in rest position with 

NTI.    (P > 0.050)    

2.2.Comparing the percentage change of muscle activities during 

maximum voluntary clenching on NTI-tss from the muscle activities in rest position 

with NTI-tss of masseter  muscle between male and female group.The details were 

shown in table 14. 

•There were no  statistically significant difference between  male and female  groups 

in the percentage change of the masseter   muscle activities  during  maximum 

voluntary clenching  on NTI from the muscle activities in rest position with NTI   (P > 

0.050)   

3.Comparing the percentage reduction   

         3.1 Comparing the percentage reduction between male and female groups 

of the muscle activities of anterior temporal  muscle . The details were shown in  table 

15. 

• There were no statistically significant difference between  male and female  groups 

(P > 0.050)   

         3.2 Comparing the percentage reduction between male and female groups 

of the muscle activities of masseter  muscle . The details were shown in  table 16. 

• There were no statistically significant difference between  male and female  groups 

(P > 0.050)   
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Table2. Gender distribution of the subjects. ( n=20) 

 

subjects Male (yrs.) Female(yrs.) Total(yrs.) 

Number 10 10 20 

Mean age 26.9 26.6 26.75 

 

 
I.Comparing  muscle activities 

Table3 .  Means and SD (in μVms) Area x duration values of the muscle activities of 

temporal  and masseter muscle .( n=20) 

Muscle Rest Max. Rest with 

NTI 

Max. on NTI 

Ant. temporal 8698.11+ 2702 580637.9+289750.8 8313.9 + 3354.9 94099+ 67795.7 

Masseter 6713.9 + 4070 642479.5+323957.1 9815.8+ 9526 314304.3+262712.6 

 
 

 

Table4 .  Median  (in μVms) Area x duration values of the muscle activities of 

temporal  and masseter muscle .( n=20) 

Muscle Rest Max. Rest with NTI Max. on NTI 

Ant. temporal 8216.4 549835.9 7974.7 74583 

Masseter 4747.2 558001.9 6206.1 219911 
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 Use One Way Repeated Measures Analysis of Variance  

:Normality Test:Failed(P < 0.050) 

Test execution ended by user request, RM ANOVA on Ranks begun 

Friedman Repeated Measures Analysis of Variance on Ranks  

Chi-square= 54.060 with 3 degrees of freedom.  (P = <0.001) 

There were statistically significant differences  in the median values among the 

treatment groups are greater than would be expected by chance at; there is a (P = 

<0.001).  

To isolate the group or groups that differ from the others use a multiple comparison  

  procedure. Use all Pairwise Multiple Comparison Procedures  

  (Student-Newman-Keuls Method) :     

 

Table5. 

Diff of Ranks Ant. temporal 

Muscle Rest Max. Rest with NTI Max. on NTI 

Rest  *  * 

Max. *  * * 

Rest with NTI  *  * 

Max. on NTI * * *  

 

* There were statistically significant difference in mean values between two groups.  
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Use One Way Repeated Measures Analysis of Variance  

:Normality Test:Failed (P < 0.050) 

Test execution ended by user request, RM ANOVA on Ranks begun  

Friedman Repeated Measures Analysis of Variance on Ranks  

Chi-square= 55.500 with 3 degrees of freedom.  (P = <0.001) 

There were statistically significant differences in the median values among the 

treatment groups are greater than would be expected by chance. (P = <0.001).  

To isolate the group or groups that differ from the others use a multiple comparison 

procedure. Use all Pairwise Multiple Comparison Procedures  

(Student-Newman-Keuls Method) : 

 

Table6. 

Masseter Muscle Rest Max. Rest with NTI Max. on NTI 

Rest  * * * 

Max. *  * * 

Rest with NTI * *  * 

Max. on NTI * * *  

 

* There were statistically significant difference in mean values between two groups.  
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II. Comparing the percentage change. 

Table 7 .  Means and SD (in μVms) Area x duration values of the percentage 

change from rest position of the muscle activities of temporal and masseter muscle  

Muscle the percentage change 

Max.from Rest. 

the percentage change   

Max c- NTI.from Rest c- NTI.

Ant. temporal 7683.2 + 5085.7  1319.8+ 1235.5  

Masseter 13543.9 + 10653.8  5863.3+ 5870  

 

Table8 .  Means and SD (in μVms) Area x duration values of percentage  

change of maximum clenching on NTI per maximum clenching  of  

the muscle activities of temporal  and masseter muscle (n=20) 

 

 

 

 

 

 

-Use Paired t-test comparing the percentage change of ant. temporal muscle  

activities between during max. clenching and during max. clenching  on NTI  

:Normality Test:Passed(P = 0.283) , t = 6.373  with 19 degrees of freedom.  

(P = <0.001) ,95 % CI. for difference of means: 4273.689 to 8453.154 

Result : There were statistically significant difference of the percentage change of 

anterior temporal muscle  at (P = <0.001) α = 0.050: 1.000 

-Use Paired t-test comparing the percentage change of masseter muscle 

activities  between during max. clenching and during max. clenching  on NTI  

Normality Test:Passed (P = 0.091),t = 5.911  with 19 degrees of freedom. (P = 

<0.001) ,95 % confidence interval for difference of means: 4961.138 to 10400.231 

Result : There were statistically significant difference of  the percentage change of 

masseter muscle  occurred with maximum bite (3)and maximum bite on NTI (4) at 

(P = <0.001)α = 0.050: 1.000 

Muscle the percentage change   

Max. c- NTI.from Max. 

Ant. temporal 18.2 + 10 

Masseter 46.7 + 23.5 
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Table 9 .  The percentage change of  the muscle activities during maximum 

voluntary clenching with NTI-tss from muscle activities during maximum voluntary 

clenching with out NTI-tss between  anterior temporal  and masseter muscle . 

 

Muscle The percentage change 

Ant. temporal 20.8  

Masseter 49.3  
 

-Use T-test comparing the  percentage change  between anterior temporal 

muscle and masseter muscle 

Normality Test:Passed (P = 0.654) , Equal Variance Test: Failed (P < 0.050) 

Test execution ended by user request, Rank Sum Test begun use Mann-Whitney 

Rank Sum Test ,T = 267.000  n(small)= 20  n(big)= 20  (P = <0.001) 

Results: There were statistically significant difference between anterior temporal   

and masseter muscle of the percentage change of the muscle activities during 

maximum voluntary clenching with NTI-tss from the muscle activities during 

maximum voluntary clenching with out NTI-tss (P = <0.001) 
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III.Comparing the percentage reduction of muscle activities. 

                                      =  (Max.-Max. on NTI ) ×100   

                                                         Max.  

 

Table10 . Means and SD (in μVms) Area x duration values of the percentage 

reduction   of the muscle activities of temporal  and masseter muscle . 

( n=20) 

 
Muscle The percentage 

reduction  
 

 
Ant. temporal 81.8 + 10 

Masseter 53.3 + 23.5 
 

 
 
Use t-test ,Normality Test:Passed (P = 0.654), 

Equal Variance Test:Failed   (P < 0.050) 

Test execution ended by user request, Rank Sum Test begun  

Mann-Whitney Rank Sum Test , 

T = 553.000  n(small)= 20  n(big)= 20  (P = <0.001) 

There were statistically significant difference of the percentage reduction of muscle 

activities between anterior temporal muscle and masseter muscle at  (P = <0.001) 
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Figure 5.  Means of Area/duration values of  anterior temporal and masseter 

muscle activities (μVms) during maximum voluntary clenching between wearing 

and not wearing NTI –(tss) splint . 
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Figure 6.    Means of Area x duration values of  

-the percentage change of anterior temporal  and masseter muscle activities during 

maximum voluntary clenching from rest position.  

-and the percentage change of anterior temporal  and masseter muscle activities 

during maximum voluntary clenching on NTI-tss from rest position with NTI-tss. 
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Figure 7.    Means of Area x duration values of the percentage reduction  of 

anterior temporal  and masseter muscle activities  during maximum voluntary 

clenching on NTI-tss .  
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Comparing between Male and Female group 

Table 11. Means and SD (in μVms) Area x duration values of the muscle  

activities of anterior temporal  muscle  between male and female groups  

during maximum voluntary clenching. . 

t-test :Normality Test:Passed  (P = 0.59) ,Equal Variance Test:Passed (P = 0.19) 
 

Ant. temporal 

muscle 

Mean+ SD.(Max.) SEM 

Male 470539.9 + 205668.2 65037.9 

Female 690735.9 + 328638.6 103924.6 

 
      t = -1.796  with 18 degrees of freedom. (P = 0.089) (alpha = 0.050: 0.279) 

• There were no statistically significant difference between male and female  

group in the mean values of the anterior temporal  muscle activities during 

maximum voluntary clenching at 95 percent confidence interval for difference of 

means: -477764.758 to 37372.9  (P = 0.089). 

 

 Table 12. Means and SD (in μVms) Area x duration values of the muscle  

activities of masseter  muscle  between male and female  groups during  

maximum voluntary clenching. . 

t-test :Normality Test:Passed  (P = 0.089) ,Equal Variance Test:Passed  
(P= 0.581  ) 

 

Masseter muscle Mean+

 
     t = -1.745  with 18 degrees of freedom. (P =0.098) (alpha =  0.050: 0.259 ) 

• There were no statistically significant difference between male and female   

group in the mean values of the anterior temporal  muscle  activities    

during maximum voluntary clenching at 95 percent confidence interval  

for difference of means: -529415.669 to 49011.295     (P = 0.098). 

 SD.(Max.) SEM 

Male 762580.6+ 318885.7 100840.5 

Female 522378.4+ 296336.6 93709.9 
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Table 13. The percentage change between male  and female group of anterior 

temporal   muscle  activities during maximum voluntary clenching  on NTI from the 

rest position with NTI  

t-test :Normality Test:Passed  (P = 0.52)  ,Equal Variance Test:Failed (P<0.05)   

Use Mann-Whitney Rank Sum Test. 
 

Anterior 

temporal muscle 

The percentage change 

on NTI 
 

 
Male 1576.9 

Female 668.5 
 

 

T = 99.000  n(small)= 10  n(big)= 10  (P = 0.678) 

•There were no  statistically significant difference between of  male and female  

group in the median values of  the percentage change of the anterior temporal   

muscle activities during maximum voluntary clenching  on NTI from the rest 

position with NTI   groups at 95 percent confidence interval (P = 0.678)  

 

 

Table 14. The percentage change between male and female group of masseter   

muscle  activities during maximum voluntary clenching  on NTI from the rest 

position with NTI .t-test :Normality Test:Passed  (P = 0.141) ,Equal Variance 

Test: Passed (P = 0.814)    t = 1.535  with 18 degrees of freedom. (P = 0.142) 
 

 

 

 

 

•There were no  statistically significant difference between male and female group 

in the median values of  the percentage change of the masseter muscle activities 

during  maximum voluntary clenching  on NTI from the rest position with NTI   

groups at 95 percent confidence interval for difference of means: -1434.386 to 

9222.107 (P=0.142)  

 

Masseter 

muscle 

The percentage change on NTI 

Male 1576.9 

Female 668.5 
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Table 15. The percentage reduction between male and female group of the anterior 

temporal  muscle activities during maximum voluntary clenching on NTI-tss. 

t-test :Normality Test:Passed  (P = 0.484)  ,Equal Variance Test:Passed (P = 
0.836) 
 
 Ant. temporal 

muscle 

The percentage reduction   
 
 

Male 83.6 + 9.9 

Female 79.9 + 10.3 

 
 
 
 
 
t = -0.814  with 18 degrees of freedom. (P = 0.426) (alpha = 0.050: 0.050) 
• There were no  statistically significant difference between male and female group 
in the percentage reduction of the anterior temporal  muscle activities during 
maximum voluntary clenching on NTI-tss. at 95 percent confidence interval for 
difference of means: -13.206 to 5.830  (P = 0.426). 

 

 

Table 16. The percentage reduction between male and female of the masseter  

muscle activities during maximum voluntary clenching on NTI-tss. 

t-test :Normality Test:Passed  (P = 0.809)  ,Equal Variance Test:Passed  
(P = 0.261) 
 
 Masseter 

muscle 

The percentage reduction   
 
 
 
 
 
 
 
 
t = -1.583  with 18 degrees of freedom. (P = 0.131) (alpha = 0.050: 0.201) 
•  There were no  statistically significant difference between male and female group 
in the percentage reduction of the masseter  muscle activities during maximum 
voluntary clenching on NTI-tss at 95 percent confidence interval for difference of 
means: -37.262 to 5.244  (P = 0.131). 

 
 

Male 45.3 + 27.2 

Female 61.3 + 16.7 
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CHAPTER VI 

DISCUSSION 

 

 
It was our interest to study the EMG muscle activities during maximum 

voluntary clenching in the participants who wearing the  NTI-tss splint. Our study 

showed that the tested NTI-tss decreased EMG activity of anterior temporal and 

masseter during maximum voluntary clenching . 

Many factors such as individual variations, age, gender, malocclusion, 

composition and shape of the face, connective tissue, and fat may affect all 

characteristic and magnitude of signals recorded . Because of the sensitivity  of  the  

EMG  measurements, carefully processing is needed  throughout  the experiment 

including the  the  data recording. In this study, the confounding factors considered to 

affect the results were controlled , for example,  the sample group was equally  

selected from both sexes,Angle,s classification I and the age of the participants 

selected was between 20-40 years ,whose  bite force was considered to be constant  . 

The study by Hatch et al (2001) (64) showed that the bite force was increasing 

continuously during the growth in childhood and became constant and maximum 

around the age of 20-40 before gradually declined .   The template was used in this 

study  in order   to fix the distance between the electrodes. It was made from  self 

curing acrylic resin.   In the processing of experiment, before the EMG recording, all 

subjects were trained for maximum voluntary  clenching, and recording the procedures 

under the same situation.  

The  masseter  and  temporalis  (especially  anterior  temporalis)  have  

been  the  most  frequent  studied  muscles  of  mastication  due to  ease   of  

accessibility  to  surface-electrode  recordings   either  separately  or  simultaneously  

.The  masseter  muscles,  both  deep  and  superficial,  have  been  shown  to  be  most  

active  in  jaw-closing movements while the  temporalis  muscle  is most active in  
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postural  position(65). The results of this study showed that NTI-tss splint can 

decrease anterior temporal muscle activities greater than masseter muscle activities. 

From the study indicated  there was the muscle activities in the rest 

position.  The muscle activities of the anterior temporal muscle in the rest position did 

not significantly differ between wearing and not wearing  the NTI-tss. Whereas in the 

masseter muscle , there were statistically  significant difference  between  the muscle 

activities in rest position with and without the NTI-tss. This finding may be 

contributed to the fact that after   NTI-tss was relined by the thermal plastic bead ,it  

was thicker than the width of the free way space (the thickness was about 4.5-6.5 mm.) 

so the lower anterior teeth may contact or slightly bite on the disclusion element of 

NTI-tss when the participants wore it in rest position resulting in the difference of the 

muscle  response in rest position in patient with and without .NTI-tss. In , this study 

showed that only the masseter muscle was effected by  the NTI-tss wearing in rest 

position.  

According to the study of the impact of occlusal scheme on muscular 

contraction (66), it has been known for a number of years that there is a significant 

difference in the electrical activity levels of the muscles of mastication, primarily the 

masseter and the temporalis, depending on whether anterior or posterior teeth are in 

contact. When anterior teeth are the only teeth touching, there is a significant 

reduction in the ability of the muscles to contract.There are several theories explaining 

why propriceptive inhibition occurs when anterior teeth are in contact. One concerns 

the possibility of a higher level of sensory neurons leading to the anterior portion of 

the mouth..Another theory is that because of the overbite and overjet relationship,any 

clenching motion on anterior teeth almost always produces a significant torsional 

movement of the root within the alveolar bone, thereby triggering the propioceptors 

and feeding back to the neuromuscular system with the information not to contract the 

muscles any harder. The direction of loading that typically occurs for a posterior tooth 

in a normal occlusal relationship is more axial in nature , and the clenching component 

that occurs will not have the same torsional impact on the root within the alveolar 

housing.Therefore, the posterior does not signal the same level of propioceptive 

inhibition that is seen with the anterior occlusioal relationship. 
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Even though anterior teeth are capable of inhibiting the muscles to a high 

degree,if allowed to touch with any significant degree of load in the arc of centric 

closure, they become mobile or migrate to remove themselves from the excessive 

contacts in ICP. However,leaving a patient with a single isolated point of contact 

presents a problem of force distribution, as all of the muscular contraction occurring 

and all of the force from that contraction is placed on that one isolated tooth. 

The condition in the case that the only tooth contact is on the anterior teeth  

is similar to the case that biting on  the  NTI-tss  which   the contacting teeth  only 

occlude on the small area   of discluding  element  so the muscle activities is lesser 

than when maximum voluntary clenching which posterior teeth are contact the 

opposite teeth. 

The percentage changes of EMG comparing between in rest position and  

during maximum voluntary clenching    show that  the   the anterior  temporal muscle 

activities  was 76 times and the masseter muscle activities was 135 times more during 

maximum voluntary clenching than in rest position .The muscle activities recorded 

during maximum voluntary clenching     on the NTI-tss  decreased both in the anterior 

temporal muscle and the masseter muscle  . In  details  the muscle activities of the  

anterior temporal muscle  decreased to  13 times and the muscle activities of the 

masseter muscle  decreased to 58 times more than in rest position with NTI-tss.The 

percentage reduction of the anterior temporal muscle was greater than the masseter 

muscle. 

The EMG activities from the muscles during maximum voluntary 

clenching were markedly decreased when the appliance NTI-tss was inserted because 

of the results of the EMG activities of the masseter and anterior temporal muscles 

during maximum voluntary clenching on NTI-tss splint showed significant decreases 

on comparison between the registrations maximum voluntary clenching without NTI-

tss splint. This drop may be explained by    the  reduction  of the  number  of  teeth  in  

contact,  increased   vertical  dimension  produced  reduction  in  the  level  of  jaw  

elevator  activation.  Similarly,   Manns  et  al. (67)  reported  least  activity  when  

clenching  on  the  anterior  block  (including  right  and  left  lateral  incisors  and  

canines )  when  compared  with  intermediate  blocks  (including  right  and  left  first  
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and  second  premolars)  or   posterior  blocks  (including  right  and left  first  molars) 

and Similarly,  Fihns  and  Sheikoleslam (68)(69)  showed  significantly  reduced  

EMG  activity during  maximum clenching  on  the  cuspid  ramp  of  intraoral 

appliance  with  an  average  bite-rise  of  7.4  mm inter-incisally.  They  suggested  

that  in addition  to  the  reduction  of the  number  of  teeth  in  contact,  increased   

vertical  dimension  produced  reduction  in  the  level  muscle activities of  jaw  

elevator  activation.   

The  volunteers participating  in this study  are healthy and have no 

symptom of temporomandibular disorder. The  study  result  is there for  the only 

baseline data  for the future study.  That is  when letting the participants bite  on the 

NTI-tss  the muscle activity of  the anterior temporal  muscle and the masseter muscle   

are less than  when letting the participants do the maximum voluntary clenching but  

does not  indicate that  the  NTI-tss  can improve the symptoms  of  TMD patients, 

according to  the previous study  about the relationship between the EMG and  the 

TMD symptoms   reported  that  the  improvement of  TMD symptoms  such as the 

reducing pain  does  not  correlated with the  decrement  of  the  EMG. Some studies,  

the  researcher found that  the EMG is not in line  with  the signs  and symptoms of  

TMD. For example,in the study of  Hansen et al (2007)(37)  this short period of time 

study ‘s results indicated that the NTI-tss occlusal appliance clearly decreased the jaw 

closing muscle function activity  while the standard flat plane occlusal appliance  did 

not give the same results. However  the decrement of muscle function activity does not 

correlate with the clinical improvements of TMD.  

It  is  noteworthy  that  much  of   the  criticism  expressed  in the  EMG  

review  publications  over a decade  ago  still  applies  regarding  the  current  status  

of  EMG  studies.  Overall   at  present  EMG  appears to  have  some  potential  as  an  

adjunct  research tool  to  study  masticatory  function,   but  not  as  a  diagnostic  

tool(66) .   

Also  the result from  this study cannot tell that the NTI-tss  help in 

treating  bruxism   because the  study works under voluntary condition (participants  

awoke) while conducting the research  which  differ from bruxism condition .  In the 

present  knowledge ,there is the believe  that  bruxism  is the result of  the abnormality  
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of the  central  generator pattern within the brain    causing  the change in the 

mechanoreceptor control. For example in  the cases  using  occlusal  splint  with  

canine rise   ,in  some cases   the  severe wear out facets on the canine rise were found 

, some canine rises  were splited into 2 parts ,thus indicate that the mechanism 

controlling the mechanoreceptor during sleep period  may be differ from awake  

period  and  the future study  is needed. 

The additional studies of the NTI-tss should be focused on the long term 

effects and possible side effects .Although,there is the evidence from the randomized 

control trial studies that the NTI-tss bite stop may be successfully used for the 

management of TMD and bruxism. However, to avoid potential unwanted effects, the 

patient should be routinely follow-up recalled periodically and unless any abnormality 

are noticed. The NTI-tss bite splint may be justified as alternative oral appliance to 

reduced jaw closing mucle activies in the patient who rejected the full coverage 

occlusal splint. In addition , NTI-tss splint may be used as an alternative oral appliance  

in oral rehabilitation cases whose occlusion have been changed during treatment. 
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CHAPTER VII 

CONCLUSION 

 

 
This study was comprised of 20 co-operative participants: 10 men and 10 

women who have no clinical signs of temperomanibular joint disorders, Angle’s 

classification I with normal overbite and overjet not exceeding 2-4 mm, no prostheses 

or large fillingat anterior teeth  and no history of related dental treatment the study eg. 

orthodontic treatment. 

There were great individual difference in electromyographic activities of 

the muscle investigated during maximum voluntary clenching with and without NTI-

tss.Accordingly, the careful in methods of recording, types of the electrode, the 

placement of the electrode were performed. The results of this study revealed that 

1. During maximum voluntary clenching on NTI-tss ,The EMG activities 

of the anterior temporal muscle and masseter  decreased with statistically significant 

(P < 0.050)  

2. Comparing muscle activities of anterior temporal  and masseter  muscles 

in male and female group. There were no statistically significant difference of their 

mean values,  the percentage change from the rest position to maximum voluntary 

clenching with NTI and the percentage reduction during maximum voluntary 

clenching on NTI-tss (P < 0.050)  

 

Clinical Implication 

This study showed that NTI-tss can decrease muscle activites of anterior 

temporal and masseter muscle. This knowledge provide the basic information for the 

future research on NTI-tss which may potentially be an alternative oral appliance for 

treating patients who need to reduce jaw closing muscle activities. 
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Limitation  

1. The electromyographic device used in this study could measure only  one side of the 

muscles instead of measuring both side ( right and left )simultaneously. 

2. The  EMG measurement procedures are very sensitive and the recordings take a 

long period of time which may affect the emotion and psychology of the patients, 

consequently vary the results. 

3. The study of bruxism which  occur during sleep period  can not be conducted 

because portable EMG is not available. 

 

Suggestions 

1. The additional study should be focused on the  long term and possible side effects 

of NTI-tss occlusal appliance. 

2. More sample sizes and suitable methods may be required for the future study. 
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ใบยินยอมในการทําวิจัย 
โดยไดรับการบอกกลาวและเต็มใจ  (Informed Consent Form) 

 
การทําวิจัยเร่ือง การศึกษาคลื่นไฟฟากลามเนื้อของกลามเนื้อแมสซีเตอรและขมับสวนหนาในผูที่ใส

เครื่องมือในชองปากชนิด นอซิเซบทีบ ไทรเจมินัล อินฮิบิช่ัน -เทนชั่น สับเพรส
ช่ัน ซิสเท็ม 
EMG STUDY OF MASSETER AND ANTERIOR TEMPORAL 
MUSCLES IN ADULT WEARING NOCICEPTIVE TRIGEMINAL 
INHIBITION TENSION SUPPRESSION SYSTEM(NTI-tss) SPLINT 
 

วันใหคํายนิยอม  วันที่...................................เดือน...................................พ.ศ......................... 
กอนที่จะลงนามในใบยินยอมใหทําการวิจัยนี้  ขาพเจาไดรับการอธิบายจากผูวิจัยถึง 

วัตถุประสงคของการวิจัย  วิธีการวิจัย  อันตราย  หรืออาการที่อาจเกิดขึ้นจากการวิจัย รวมทั้ง
ประโยชนที่เกิดขึ้นจากการวิจัยอยางละเอียด  และมีความเขาใจดีแลว 
 ผูวิจัยรับรองวาจะตอบคําถามตาง ๆ  ที่ขาพเจาสงสัยดวยความเต็มใจ  ไมปดบังซอน
เรน  จนขาพเจาพอใจ 
 ขาพเจามีสิทธิที่จะบอกเลิกการเขารวมในโครงการวิจัยนี้เมื่อใดก็ได และเขารวม
โครงการ วิจัยโดยสมัครใจ และ บอกเลิกการเขารวมการวิจัยนี้จะไมมีผลตอการรักษาโรคที่ขาพเจา
จะพึงไดรับตอไป 
 ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกี่ยวกับตัวขาพเจาเปนความลับ  และจะเปดเผยได
เฉพาะ ในรูปที่เปนสรุปผลการวิจัย   การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตาง ๆที่
เกี่ยวของ  กระทําไดเฉพาะกรณีจําเปนดวยเหตุผลทางวิชาการเทานั้น 
 ผูวิจัยรับรองวาหากเกิดอันตรายใดๆ  อันเนื่องมาจากการวิจัยดังกลาว   ขาพเจาจะไดรับ
การรักษาพยาบาลโดยไมคิดคาตามมาตรฐานวิชาชีพ และจะไดรับการชดเชยรายไดที่สูญเสียไป
ระหวางการรักษาพยาบาลดังกลาว  ตลอดจนเงินทดแทนความพิการที่อาจเกิดขึ้น 
 ผูวิจัยรับรองวาหากมีขอมูลเพิ่มเติมที่สงผลกระทบตอการวิจัย  ขาพเจาจะไดรับการ
แจงใหทราบโดยไมปดบัง  ซอนเรน 
 ขาพเจาไดอานขอความขางตนแลว   และมีความเขาใจดีทุกประการ   และไดลงนามใน
ใบยินยอมนี้ดวยความเต็มใจ 

                            ลงนาม................................................ผูยินยอม 
                   ลงนาม................................................พยาน 
                   ลงนาม................................................พยาน 
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 ในกรณีที่ผูยินยอมตนใหทําการวิจยัไมสามารถอานและเขียนหนังสือได  จะตองไดรับ
การยินยอมในขณะทีย่ังมีสติสัมปชัญญะ  และระบุขอความไวตามนี้  ขาพเจาไมสามารถอานหนังสือ
ไดแตผูวิจัยไดอานขอความในใบยนิยอมนีใ้หแกขาพเจาฟงจนเขาใจแลว    ขาพเจาจงึลงนาม    หรือ
ประทับลายนิว้หวัแมมือของขาพเจาในใบยินยอมนี้ดวยความเต็มใจ 
   ลงนาม.............................................ผูยินยอม 
     (หรือประทับลายนิ้วหัวแมมือ) 
   ลงนาม.............................................พยาน 
   ลงนาม.............................................พยาน 
 
 ในกรณีที่ผูยินยอมตนใหทําการวิจยัยังไมบรรลุนิติภาวะ    จะตองไดรับการยินยอม       
จากผูปกครองหรือผูอุปการะโดยชอบดวยกฎหมาย 
 
     ลงนาม...............................................ผูปกครอง/ผูอุปการะ 
                    โดยชอบดวยกฎหมาย 
                         ลงนาม…............................................พยาน 
     ลงนาม...............................................พยาน 
 
 ในกรณีที่ผูยินยอมตนใหทําการวิจยัไมสามารถตัดสินใจเองได   (เชน กรณีผูยินยอมให
ทําการวิจยัอยูในภาวะหมดสติ) ใหผูแทนโดยชอบดวยกฎหมาย  หรือผูปกครอง หรือญาติที่ใกลชิด
ที่สุดเปนผูลงนามยินยอม 
 
                      ลงนาม................................................ผูแทน/ผูปกครอง/ญาติ 
                      ลงนาม…............................................พยาน 
                      ลงนาม...............................................พยาน 
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