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Abstract: 

Purpose: The placement of dental implants in a distal RPD extension provided more stable and reliable 

occlusion. The target of this trial was to investigate the degree of correlation between the maximum biting force 

and surface electromyography of masseter fibers and anterior fibers of temporalis in two different implant positions 

in lower Kennedy class I 
Material and methods: Fourteen patients having lower Kennedy class I with the first premolar as the last abutment 

and completely dentulous maxilla were randomly divided into two equal groups to receive implant supported partial 

overdenture. Each group received posterior bilateral two implants in the second molar area in the first group, while 

the group 2 one in the second premolar area. Right and left Maximum biting force was measured for both groups 

using I loadstar sensor and masseter and anterior temporalis muscle activity were evaluated with Surface 

Electromyography 

Result: The data revealed that group I had significant positive correlation between maximum biting force and the 

masseter and anterior temporalis muscles activity in both the right and the left side with r value (1 , 0.79 , 0.89 and 

0.75) respectively on the other hand the group II showed no significant positive correlation with r(0.04,0.01.-0.04 

and -0.11) respectively 

Conclusion: Within the limitation of this clinical trial, it was concluded that there were better muscle coordination 
between the two largest muscles of mastication (masseter and temporalis) and the produced biting force as a 

product due to installation of posterior implant in the lower second molar area. 
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INTRODUCTION: 

Distal extension partially edentulous patients face 

several problems, which should be managed 

wisely to preserve the surrounding tissues and 

to maintain stability of the stomatognathic system"’. 
In designing distal extension removable partial 

dentures (RPDs), it is important to restore 

masticatory function as well as to preserve abutment 

teeth and residual ridge. The influence of occlusal 

factors on masticatory performance and the stability 

of the denture base should be considered. "’ 

 

Recently, the implant-supported removable partial 

dentures had proven to be a more dependable 

alternative to conventional removable partial 

dentures. However the implant’s insertion is 

limited by anatomical limitations. In this situation, 
a minor number of shorter implants can be placed to 

stabilize the RPD in vertical direction, provide 

comfort and increase patient masticatory efficacy." 

" The literature proved that implant supported 

removable partial denture improves the prosthetic 

biomechanics, resulting in greater patient 

satisfaction. Keltjens et al "’ stated that the 

insertion of implants in a distal RPD extension 

provided more stable and reliable occlusion 

Brudvik '" proved that molar and canine areas are 

the most appropriate positions for implants 
placement. However implant in the molar region 

can provide better biomechanical configuration. 

 

Biting force is an important variable to investigate 

oral function related to occlusal factor. The natural 

dentition fixed, removable and Implants prosthesis 

may affect the biting force. In addition, 

orthognathic surgery, temporo- mandibular 

disorders and neuromuscular changes should be 

considered. Muscle force and the number of 

functional teeth are determinant factors in 

masticatory efficiency. The measurement of the 
maximum bite force is an attempt to quantify the 

force that mandible elevator muscles can make. '7’ 

 

The bite force measurements can be made directly 

by using a suitable transducer that has been placed 

between a pair of teeth. This direct method of force 

assessment appears to be an easy way of assessing 

the submaximal force. An alternative method is 

indirect evaluation of the bite force by 

employing the other physiologic variables known 

t o be functionally r e l a t e d  t o  t h e force 

production.'8’ Surface Electromyography of the 

elevator muscles of the mandible can be measured 
from the cutaneous projection of the muscular belly. 

In this way, obtained data give an idea for the bite 

force. The results of some investigations 

showed a linear relationship between 

electromyography activity potentials and direct 

bite force measurements, especially at a 

submaximal level. "’ 

 

Increasing of the biting force is considered as 

success indicators of the prosthesis that this means 

improvement of the oral functions. It was found 

that the biting force magnitudes of mandibular 
implant-supported overdentures subjects have 

been 609r—2009r higher than those of subjects with 

conventional complete dentures."° "’ 

 

Evaluation of muscle activity can be done with 

Surface Electromyography. It is a non-invasive 

technique where surface electrodes are placed on 

the skin overlying a muscle or group of muscles. It 

is widely used to record compound muscle action 

potentials. "" 

 
However due to increasing utilizing the implants as 

means to solve the free end saddle problems, the 

purpose of the current study is to investigate the 

degree of correlation between the maximum biting 

force and surface electromyography of master fibers 

and anterior fibers of temporalis in two different 

implant position in lower Kennedy class I 

 

MATERIAL AND METHODS: 

Participants 

A total of 14 participants were chosen. The 

patients enrolled in the current study had age ranged 

between fi0-60 and complained of partial 

edentulism having lower Kennedy class I with the 

first premolar as the last abutment and completely 

dentulous maxilla. All the patients were 

investigated to ensure being free from any 

systemic diseases which could affect. 
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Fig. (1) Measurement of biting force using I loadstar sensor 
 

Recording electromyogram of masseter and tem-

poralis 

 

The two muscles studied (masseter and anterior 

fibers of temporalis) were first located. The masseter 

muscle was located by asking the patient to clench 

and marking of the muscle was done one cm. behind 

the palpated anterior border in the area of the 

greatest lateral distention parallel to the main 

direction of the fibers. The temporalis muscle was 
located by asking the patient to open and close 

with palpation just in front of the anterior border of 

the hair line in the area of the greatest lateral 

distention. 

 

The sites of electrodes placement were rubbed with 

abrasive gel and cleansed with a cotton pellet 

moistened with alcohol before placement of 

electrodes. A conductive gel was applied to the 

inner side of the electrode (between the electrode 

and skin) before fixation in the planned position. 

 

Active surface electrode was positioned in this 

location of the maximum bulge of the muscle and 

another reference electrode was placed 2-3 cm. 
beside it along the main direction of the muscle 

fibers. The electrodes were fixed to the patient's 

face with adhesive strips to avoid bias due to 

movements. The ground surface electrode was 

located on the patient's forehead. The muscle 
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activity of each patient was recorded while 

exerting maximum biting force in both the right 

and the left site. (Fig 2) Fig. (2) Electromyogram 

measurement 

 

Statistical Analysis 

The data were collected and then analyzed using 

SPSS software Probability values <0.05 to 

indicate significant relationships between variables. 

All calculations were made with the SPSS software 

package (version 13.1: SPSS Inc). Descriptive data 

were tabulated, and the tested variables were not 

normally distributed as Kolmogorov-Smirnova 

and Shapiro-Wilk tests was used to assess data 

normality. Spearman's correlation test was used to 

correlate different variables (the maximum biting 

force and the muscles activity). Maximum biting 

force and muscles activity values in the two groups 

were tested using Man n-Whitney IN test. All the 

data in the Tables and text were described as median 

and interquartile range (IQR) 

 

RESULT: 

The group II reported a higher maximum biting 

was statistically significant (p < 0.002) in both the 

right and the left side as confirmed in table 1. On 

the other hand, group I reported a higher muscles 

activity in both the right and the left side. The value 

was statistically significant (p < 0.002) in right and 

left masseter muscles. The right and left temporalis 

muscle was statistically significant with (p <0.015) 

and (p <0.041) respectively as confirmed in 

table 2 

 

CORRELATION BETWEEN BITING FORCE AND MUSCLE ACTIVITY ACCORDING  
As shown in table 3 and figure 5 there was positive correlation and statistically significance between biting force in 

group I and muscle activity in the right and the left side while there was positive correlation but not statistically 

significance between biting force and muscle activity in group II. 

 

TABLE (1) The median, interquartile range and P values for comparing right and left maximum biting force 

in newton (N) in both groups 

 

Variable groups Median IQR p value 

 

Right maximum biting 
force 

I 129.3 2.2  

0.002* 
II 148.2 5.3 

 

Left maximum biting 

force 

I 110.5 17.G  

0.002* 
II 145 11.1 

 

TABLE (2) The median, interquartile range and P values for comparing right and left muscle activity in 

micro volts (Mv) 

 

Variables groups Median IQR p value 

 

Right masseter muscle 

activity 

I 62.2  
 

 

0.002* 
II 31.5 9.8 

 

Left masseter muscle activity 
I 60.2 7.7  

0.002* 
II 31.2 

 
 

 

Right temporalis muscle 

activity 

I 47 7.2  
 

II 40.3 10.1 

 

Left temporalis muscle 

activity 

I 47.2 9  

0.041* 
II 35 .2  
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TABLE (3) Correlation between right and left maximum biting force and muscles activity in both groups. 

 

 
group R p value 

Right maximum biting force and Right 

masseter muscle activity 

I  
 

0.01‘ 

II 0.04 0.94 

Right maximum biting force and Right 

temporalis muscle activity 

I 079 0.04‘ 

II 0.11 0.82 

Left maximum biting force and left 

masseter muscle activity 

I 089 0.01‘ 

II -0.04 0.94 

Left maximum biting force and left 

temporalis muscle activity 

I 075 00 

II 

 

 
 0.82 
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DISCUSSION: 

Partial o r  c o m p l e t e  p r o s t h e t i c  

r e p l a c e m e n t  of missing teeth is 

associated with decreased chewing efficiency and 

consequently decreased patient satisfaction. ") 
Several factors affect the efficiency of the 

masticatory such as the positioning of posterior teeth 

in the dental arch, bite force, malocclusion, degree 

and site of occlusal contacts. Among all factors, the 

positioning of posterior teeth and the bite force are 

the most important factors affecting the efficiency of 

the masticatory system 1’) 

 

Various methods have been used to assess the 

efficiency of the masticatory system, including the 

measurement of bite force and chewing function, for 

this reason the current study involved measuring the 
biting force " l7Lassila et al ") concluded that high 

MBF plays major role in patient's satisfaction. The 

introduction of Osseo integrated implants allowed 

replacing missing teeth with higher success rate 

and also allowed resolving the difficulties with the 

usage of conventional removable partial dentures 

such as decreased bite force as it was proved that 

the bite force decreased in edentulous patients 

between 20% to 50% compared with the natural 

dentition. 18 20) Van Kampen et al 12) observed a 

significant increase in masticatory function after 
rehabilitation with implant supported 

over d en t u r e . The current study had proven that 

installation of implants in free end saddle 

increased the biting force in group II 

significantly than in group I which could be 

attributed to that it is considered the center of 

occlusal forces as described by the shortened arch 

theory. Many recent studies revealed that when 

implant placed in the premolar region in distal 

extension cases it received more stress and higher 

biting force by comparing to implant placed in the 

molar region " "’ which explains the result observed 
of group II as shown in table 1 

 

Biting force by itself is not adequate to evaluate 

muscle strength because bite force is strongly 

influenced by the amount of voluntary effort, 

which may be less than maximal effort. True 

muscle strength depends upon muscle size, muscle 

recruitment, and the length of the muscle moment 

arms. Therefore, the relationship between EMG and 

bite force, as well as the mechanical advantage of 

the jaw muscles, should be determined when ass 
ssing jaw muscle strength. 24’ The purpose of this 

study was to correlate the maximum bite force and 

EMG activity of the jaw abductor muscles (masseter 

and temporalis). 

 

CORRELATION BETWEEN BITING FORCE 

AND MUSCLE ACTIVITY ACCORDING 

The left as well as the right side were assessed 

independently in this study to take into consideration 

the preferred chewing side of each patient which 
known as the “habitual chewing side syndrome” 2’) 

Biting force varies in different regions of the oral 

cavity. 2’) Several researches concluded that the 

more posterior biting force is,  t h e  greater the 

contribution. Of anterior fibers of temporalis 

assessing the action of masseter which runs in 

consistent with the results of this study which 

showed increasing in the activity of temporalis in 

group I than in group II. '8 27 28 ’ this besides the 

positive significance correlation in group I which 

suggest that patients were capable of exerting 

efficient biting force in coordination with 
efficient muscle activity, in addition greater bite 

force can be tolerated better in posterior areas . '27 

In accordance to Grossman et al. who 

recommended the second molar position for 

installation of posterior implant in distal 

extension cases (2b) 

 

CONCLUSION: 
Within the limitation of this clinical trial, it was 

concluded that there was better muscle coordination 

between the two largest muscle of mastication 

(masseter and temporalis) and the produced biting 

force as a product to those muscle activity due to 

installation of posterior implant in the lower second 

molar area. 
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