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CHAPTER 7 SUMMARY AND CONCLUSIONS 

The purpose of this study was to investigate jaw muscle morphology in relation to jaw muscle 

biomechanics and craniofacial morphology, and to unravel the three-cornered relationship 

between jaw muscle size, bite force magnitude and craniofacial morphology. In addition, it was 

studied to what extent the size of the jaw muscles is influenced by factors that determine the size 

of skeletal muscles in general. 

In Chapter 1 the role of the muscles of mastication in craniofacial morphogenesis is 

discussed. Tensile forces of the muscles are considered to be growth regulating factors. An 

overview of variables, including muscle cross-sectional area and thickness, that are used in the 

literature as a measure for the maximum possible muscle force is given. Also, the techniques for 

in vivo registration of these variables are mentioned and compared to one another and it is 

explained how they give an indication for the muscle force. The literature clearly showed a 

relationship between skull shape and the measures indicative for jaw muscle size. 

Chapter 2 contains a description of the architectural design of the human masseter 

muscle, especially on fiber and sarcomere level. The morphological findings were used to 

predict changes in sarcomere length at different jaw positions. From fresh human cadavers, 

muscle samples were taken at a number of precisely defined locations across the muscle. From 

each sample the distance between origin and insertion, the ratio between muscle fiber length and 

tendon length, the length of the sarcomeres and the three-dimensional position relative to the 

temporomandibular joint were measured in a closed jaw position. Within the masseter muscle, 

fiber lengths and tendon lengths were found to be heterogeneous. Also, the lengths of the 

sarcomeres varied significantly across the muscle. At the closed jaw position, sarcomeres had a 

suboptimal length with respect to the force-length relationship. Model simulations clearly 

demonstrated that during jaw movements sarcomere lengths changed unequally for different 

muscle parts. This means that the maximum possible force that can be generated by parts of the 

masseter muscle will not be the same across the muscle and will depend on the jaw position; 

thus, the relationship between muscle cross-sectional area and maximal possible muscle force 

will be influenced. 

Chapter 3 provides an evaluation of ultrasonography (US) as a method for measuring the 

thickness of the masseter muscle in vivo. The thickness of the masseter muscle was bilaterally 

registered on three different levels. By comparing these ultrasound registrations with thicknesses 

obtained from MRI-images of the same individuals, it was concluded that US is an accurate and 

reproducible method to measure the thickness of the masseter muscle in vivo. The most 

reproducible scanning level was found to be halfway between zygomatic arch and gonial angle; 

it was, therefore, used in the following studies. 

In Chapter 4 the results are presented of a study in which the thickness of the masseter 

muscle was cross-sectionally measured in growing individuals and related to craniofacial 
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morphology in order to find out whether a relationship between jaw muscle size and craniofacial 

morphology already exists during growth. It was found that the masseter thickness increased 

with age in both sexes. For the whole age range males had significantly thicker masseters than 

females. Variation in muscle size and craniofacial dimensions mainly coincided with variation in 

age, stature and weight. Apart from these, the thickness of the masseter muscle related 

significantly negative to the anterior facial height and the mandibular length, and significantly 

positive to the intergonial width and bizygomatic width. These findings are comparable with 

findings in the literature on adults and demonstrate that a relationship between jaw muscle size 

and craniofacial morphology already exists in early life. This supports the assumption that jaw 

muscle forces are local environmental growth factors. 

Chapter 5 describes a study in which the relative contribution of craniofacial morphology 

and jaw muscle size to the bite force magnitude was investigated. Measurements comprised both 

magnitude and direction of the maximal voluntary bite force, linear and angular craniofacial 

dimensions, and ultrasound thicknesses of the masseter, temporal and digastric muscles. After a 

principal component analysis was performed on the craniofacial dimensions, the correlation 

between bite force magnitude on the one hand and the "craniofacial components" and jaw muscle 

thicknesses on the other hand was assessed by a stepwise multiple regression analysis. It was 

concluded that from the jaw muscles, only the thickness of the masseter muscle correlated 

significantly positive with bite force magnitude. From the craniofacial dimensions, vertical and 

transverse facial dimensions and the inclination of the midface correlated significantly positive, 

and mandibular inclination and occlusal plane inclination correlated significantly negative with 

bite force magnitude. In other words, large bite forces were found in individuals with thick 

masseter muscles, overall large craniofacial dimensions and a convergent maxillo-mandibular 

morphology with an anteriorly upwardly inclined occlusal plane. In total 58% of the bite force 

variance could be explained. The contribution of the thickness of the masseter muscle to this 

variance was higher than that of the craniofacial dimensions. 

In Chapter 6 a study is described in which it was investigated to what extent general 

(e.g., hormonal and metabolic) factors and/or factors on the craniofacial level (e.g., craniofacial 

morphology) contribute to the size and strength of the jaw muscles. As far as we know, this was 

the first study in which such a distinction was made. The ultrasound thicknesses of the masseter 

and temporal muscle were compared to those of the arm flexor and leg extensor muscles. Also, 

moments of maximal voluntary bite force were measured and compared to those of arm flexion 

and leg extension forces. It was concluded that the size of the jaw muscles was significantly 

related to the size of the limb muscles, indicating that they are both subject to the same metabolic 

and hormonal influences. Maximal voluntary bite force moments were not significantly related 

to the moments of the arm flexion and leg extension forces, suggesting that besides the generally 

influenced muscle size, variation in bite force moment was also influenced by variables on the 

craniofacial level, such as craniofacial morphology. 
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In conclusion, in this thesis it has been shown for the first time that jaw muscle size and 

craniofacial morphology are already significantly related during growth. This supports the 

assumption that the tensile forces of the muscles of mastication are a growth regulating factor in 

craniofacial morphogenesis. In the literature, the maximal bite force level, the size of the jaw 

muscles (expressed as the thickness, the cross-sectional area or the volume) and the EMG-level 

are often used as indications of the maximal possible muscle force. They are found to be 

significantly related to craniofacial morphology. These findings are confirmed by the results 

presented in this thesis. New was the conclusion that variation of the maximal possible bite force 

level mainly depends on the size of the masseter muscle. Another new finding was that the total 

amount of jaw muscle tissue, indicative for the maximal possible force that the jaw muscles can 

exert, is dependent on general, e.g., hormonal and metabolic, influences. However, the 

mechanical loading of the craniofacial complex is not only dependent on the size of the jaw 

muscles, but also on 1) their spatial orientation relative to the craniofacial skeleton, 2) their 

intrinsic properties, such as internal muscle architecture, fiber type composition and 

vascularisation, and 3) neuromuscular activation and feedback. In order to get a better 

understanding of masticatory muscle function and its interaction with craniofacial morphology, 

further investigations are needed in which as much different influences as possible are considered 

in one study. 
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