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Abstract
Mastication is the first step of food intake and digestion, which is a complex act that requires the participation of the whole
functional stomatognathic system. Among all its components, teeth are regarded as the executor and take the main charge of
mechanical food breakdown. Based on this, many researchers suspected that there is a mutual effect between malocclusion and
masticatory function, and made efforts to figure out their interrelationships. Various studies have revealed that the alteration
of occlusal patterns may decrease masticatory capability, and orthodontic treatment is an efficient solution. On the other hand,
it is also detected by clinicians that masticatory anomalies can have a long-term impact on the formation of malocclusion and
dentomaxillar deformities. But due to the complexity of stomatognathic system and the uncertainty of individual growth, this
theory has not yet been sufficiently validated. Therefore, in order to define dental positions tuned to masticatory capabilities,
it is necessary to understand how different associated factors including the properties of food textures, masticatory muscles,
bite forces and chewing patterns affect dental positions and craniofacial growth in the long run. This review is determined to
summarize the previous evidence and try to illustrate a potential rule so as to avoid postponed intervention and correction of
subsequent masticatory dysfunction and malocclusion.

Abbreviations: ACNC: Areas of Contact and Near Contact; BSE: Backscatter Electron; DMD: Duchenne Muscular Dystrophy; FSHD: Facioscapulohumeral Muscular Dystrophy; UPCB: Unilateral Posterior Crossbite.

Introduction
These days, the prevalence of malocclusion and craniofacial deformities seems significantly increased compared to industrial age
[1]. Physical anthropologists attributed these changes in dental occlusion greatly to the transition of modern diet [2], and suggested
mastication or chewing habits might have a long-term effect on
dentofacial growth and development. This topic has attracted interests from both orthodontists and physiologists, and abundant
studies were conducted to explore the association between mastication, malocclusion and craniofacial morphology.
Mastication or chewing is defined as a process of mechanically
breaking down food into smaller pieces so that it can be further
digested by enzymes. The coordination of masticatory function is
based on the harmony in stomatognathic system, including teeth,
periodontal tissues, craniofacial bones, masticatory muscles, temporomandibular joint and nerve system. Otherwise, masticatory

dysfunctions may occur, which render lower masticatory performance. It has been found that various factors could play a role in
the function of mastication [3]. Since teeth are the final executor
shredding and comminuting food, it may be hypothesized that
malocclusion could also decrease masticatory function and performance.
As for malocclusion, it is a developmental deformity characterized by incorrect relationships between the teeth and two dental
arches. The etiology of malocclusion or dentofacial deformities
has not-yet been fully understood. Generally, it is regarded as the
result of a complex interaction among multiple factors like genes,
environment, bad oral habits and oral functional disorders [4-7].
According to functional matrix theory [8], persistent disequilibrium of stomatognathic system could result in malocclusion and
craniofacial deformities, which has been verified in patients presenting mouth breathing habits [7] and swallowing disorders [6].
Masticatory function is also one of the most essential abilities
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conducted by orofacial system, and its abnormality seems to affect tooth eruption and render skeletal morphological changes in
children and adolescents as well [9, 10]. To date, many clinicians
have witnessed that greater use of the jaw or more prolonged biting force could increase the dimension of dental arches [11]. But
whether it is because of the strengthened masticatory muscles
[12] or the increased stimulation of force transduction into craniofacial bones [13] has not been fully clarified. Moreover, chewing
is a dynamic act, which varies in rate, duration and spatial aspects
(e.g., kinetic trajectory and lateral excursion) [14]. Those factors
might also influence the growth and development of craniofacial
areas in the long run.
Overall, although the association between mastication, malocclusion and craniofacial morphology has long been investigated, we
are still inadequate to draw a firm conclusion. This review is determined to summarize the previous evidence in order to enhance
our knowledge in this field. Due to the complexity of masticatory
process and the uncertainty of individual growth, the long-term
effect of mastication on dentomaxillary complex will be further
illustrated according to influential factors, i.e. food textures, masticatory muscles, bite force and chewing patterns.

Malocclusion and Masticatory Function
Masticatory performance is a direct quantitative evaluation of
masticatory function. It scales one’s ability of breaking down food
according to particle sizes after a specific chewing cycle numbers
[15]. Many factors like age, gender, BMI, bite force and occlusal
contact areas have been proved to have an impact on masticatory performance [16, 17]. Malocclusion, to some extent, is regarded as a form of mutilated dentition, which could negatively
affect masticatory function based on mechanical disadvantage
[18]. Over the past decades, the association between malocclusion
and masticatory function have been studied but the results remain
controversial.
Several studies compared the masticatory performance of different types of malocclusion based on Angle Classifications. Toro
et al., [19] found children who had normal occlusion performed
better in mastication than those with Class I malocclusion, but no
significant difference was detected between those with neutroclusion and distocclusion. However, after conducting a longitudinal
study on a larger sample, Barrera LM et al., [20] found there was
no significant difference among the three occlusal types, which
seemed to contradict previous results drew by English et al., [18]
and Henrikson et al., [21] who detected that children with normal
occlusion had better masticatory performance than those with
Class II and Class III malocclusions. The inconsistence might
result from the difference in study subjects. English et al., collected patients who sought orthodontic treatment, while Toro et
al., recruited children from school. Therefore, we may conclude
that the severity level of malocclusion is a considerable aspect
affecting masticatory function, and the Angle Classifications of
malocclusion might not directly correlate with masticatory performance.
Apart from analyzing the association in terms of Angle Classifications, Choi TH et a1., [23] utilized objective and subjective methods to examine the masticatory function of individuals with vertical craniofacial discrepancies, i.e. anterior open-bite and posterior
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cross-bite, then revealed the masticatory function of patients with
those types of malocclusion are significantly reduced.
The concept of “areas of contact and near contact”(ACNC) was
proposed as a direct factor influencing masticatory performance
among subjects with different malocclusion types. Owens S et al.,
[17] detected individuals with larger ACNC showed better masticatory performance, while sagittally maloccluded patients who
have less ACNC performed worse in mastication. The number
of occlusal pairs and occlusal curvature were also reported as two
influential factors to masticatory performance. Riosvera V et al.,
[24] reported the pairs occluding teeth were associated both with
malocclusion and masticatory performance but there was no direct correlation between malocclusion and masticatory function.
Fueki K et al., [22] found individuals with flatter occlusal curvatures had better masticatory performance and mixing ability.
Overall, although the above factors may not be mutual independent, we could still speculated that traditional descriptors of malocclusion types might not interpret the variation in masticatory
performance, but some occlusal factors do.
To conclude, severe malocclusion could play a negative role in
mastication and it might be due to the impact of diverse occlusal
factors. Malocclusion type is not a direct indicator for masticatory
dysfunction and we cannot simply ascribe the changes in masticatory function to the classifications of malocclusion.

Long-term effect of Mastication on Malocclusion
and Craniofacial Growth
Food Textures, Mastication and Craniofacial Development
Chewing is a semi-automatic act, which is governed by the feedback of periodontal mechanoreceptors and could also be mediated by intentional self-adjustments. Periodontal receptors can
react from disparate characteristics of food bolus and then send
signals to neural center for motivating an appropriate chewing
pattern [25, 26].
Historical views about the effect of disparate food textures are
associated with changes in masticatory muscle performance governed by afferent feedbacks [12], therefore influence craniofacial
development in the long run. Some anthropologists believed that
a decrease in masticatory stress among softer dieters can cause
smaller mandibles and craniofacial sizes [2, 11]. This assumption has been validated in animal experiments. Ciochon RL et al.,
used minipigs as subjects and detected those in softer diets had
greater facial prognathism, arch narrowness and severer crowding compared to hard dieters [27]. Growing rats with masticatory
hypofunction created by powder-feeding also exhibited maxillofacial deformities [28]. Another discovered effects of food textures were on the growth of mandibular condyles. Tanaka E et al.,
[29] found the trabecular bone of condyles in hard-diet rats was
less mineralized than that in the control group, which indicated
hard-diet rats were experiencing a more active remodeling in the
mandibles. Dias GJ et al., [30] drew a same conclusion using piglet
models but observed the condyles in hard-diet group had higher
mineralization levels based on Backscatter electron (BSE) imaging
and histology examination. The difference in the degree of mineralization possibly owes to the different periods of calcification.
To sum up, all evidence points to the conclusion that the proper-
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ties of food textures could have a long-term impact on craniofacial development, which might be conducted via the changes in
masticatory muscles and mandibular condyles.
Recently, some researchers propounded that different properties
of food textures could play an essential role in the improvement
of mandibular control and the coordination of masticatory apparatus [14]. It is believed that children gradually refine their chewing skills, which can be boosted by solid textures [32]. Compared
to the beginners, sophisticated chewers are more experienced in
adjusting their mandibular movement based on the properties of
their food. The acknowledgement about the toughness of chewing task help chewers elicit greater bite force, faster jaw movements and more chewing cycles [33, 34], which would benefit the
coordination of masticatory apparatus. On the contrary, reported
immature chewing patterns involve abnormal lateral and vertical
jaw displacement, increased chewing duration and number of
chewing cycles per bite [14]. Would those chewing inefficiencies,
if persist, contribute to the changes in masticatory muscles, temporomandibular joint and craniofacial development? The answer
is still unclear. By analyzing three groups of people in childhood,
adolescent and adulthood, Geoffrey E et al., [35] found that
chewing cycle duration appeared to adapt with age, and is more
linked to “functional” variables, i.e. jaw length and size, but not
associated with “aesthetic” cephalometric parameters like ANB.
He also observed no remarkable correlation between chewing
rate and jaw length, which is consistent with previous findings in
dog [36] and horse [37] models. Therefore, food consistency can
affect children’s acquisition of chewing skills and might play a
potential role in the development of craniofacial morphology, but
future studies are still needed.
Muscles of mastication affect jaw growth
The contractile activity of masticatory muscles is the driving force
of mastication and jaw movements. The elevator muscles, which
include masseter, temporalis and medial pterygoid, contract during occluding and show maximum activity when clenching in intercuspal position. As for disoccluding phases, lateral pterygoid
and some suprahyoid muscles exhibit prominence and help mandible descend. Technically, suprahyoid muscles do not belong to
masticatory muscles, but they are essential to stabilize both jaw
and hyoid, and are involved in jaw-opening process.
The masticatory muscular dystrophy can generate malocclusions
and craniofacial deformities. Patients with Duchenne muscular
dystrophy(DMD) have an increased occurrence of open-bites
and cross-bites with their severity aggravates over time [39]. Eckardt L et al., believed that the deterioration of masseter muscles
and the enlargement of hypotonic tongue might be the reason
of sagittal underdevelopment and transverse overdevelopment
of dentomaxillary complex respectively [40]. Another craniofacial
deformity could be seen from patients with facioscapulohumeral
muscular dystrophy (FSHD), which involves progressive facial
muscle atrophy and weakness. Patients with FSHD have narrow
arches, high palates and different degrees of malocclusion [41].
Because of the limitation on direct interference with human subjects, many studies use animals for substitute to analyze the longterm effect of altered masticatory muscles on craniofacial formation and development. Sidney L et al., [42] removed one side of
masseter muscle in growing rats and detected severe modifications of cranium, mandible and dental arches. Veccione L et al.,
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[43] also found morphological changes in skulls and mandibles in
myostatin-deficient mouse models, which suggested hypermuscularity significantly correlated with skeletal growth. All above studies indicate the fact that normal masticatory muscle function is
the foundation of sound dentofacial growth and development.
Apart from severe pathologic abnormalities of masticatory muscles, some types of malocclusion are accounted for long-term
effects of irregular muscular activities and subsequent forces applied on the skeleton during craniofacial growing period. Some
researchers revealed the alteration in muscular activities after
functional treatments could contribute to the establishment and
maintenance of a new dento-skeletal relationship [44-46]. Additionally, some studies found masticatory muscular abnormities
could play a role in the formation of unilateral posterior crossbite(UPCB). Woźniak K et al., [47] observed that the activities
of both temporalis and masseter muscle significantly decreased
in UPCB patients compared to those without malocclusion, and
the imbalance torque of the two pairs of muscle was responsible for the lateral functional shift of the mandible. Raoul G et
al., [48] analyzed the phenotype of masseter muscle in patients
with asymmetric mandible and found the percentage of type II
fibers on the jaw deviation side significantly increased than the
contralateral side.
However, current views about the association between separate
masticatory muscle activities and the types of malocclusion remain controversial. A lack of large sample analysis might be a
reason. Another is that medial and lateral pterygoid muscles are
located beneath the surface, therefore it requires invasive methods
to detect the activities in those muscles. Moreover, there are various mandibular positions and movements, which increase the difficulty in investigating all conditions. Nishi S.E, et al., [49] found
the activities of masseter muscle during masticatory process
exhibited linear association with overjet in distocclusal patients.
Tecco, et al., [50] found no significant difference in activities of
masseter and temporalis among patients with Class I and Class
II malocclusion no matter at rest position or during the period
of maximum voluntary clenching, but both pairs of muscle in
Class III subjects showed higher activities than the other types
of malocclusion at mandibular rest position. Similarly, Cha BK
[51] detected that Class III patients have a higher resting temporal
muscle activity and their masseter muscle activity increased less
when clenching compared with other skeletal types. As for vertical malocclusion types, its association with masticatory muscle
activity levels is also unclear. Some researchers found the activity
duration of masseter muscle was remarkably longer in individuals
with hypodivergent discrepancy [52], while some detected no significant difference between individuals with short and long faces
[53]. Therefore, it is still insufficient to demonstrate the specific
long-term effect of each masticatory muscle on malocclusion, and
further studies with larger sample and higher quality are required.
Bite force, malocclusion and craniofacial morphology
Bite force, which is an intermittent load directly implemented on
teeth and dental arches while chewing, could be a physiological or
pathological factor to dentomaxillary complex [54, 55]. Since realtime bite force during mastication is hard to test, most researchers
evaluated maximum bite force as a representative and explored its
association with malocclusion and craniofacial morphology.
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Unfortunately, up to now, there is no clear evidence for a direct
relationship between variation in bite force and the sagittal patterns of malocclusion. Roldán S et al., [56] found children with
normal occlusion have stronger maximum bite forces compared
with those with malocclusion, but no remarkable difference was
detected between subjects in Class I and Class II malocclusion.
However, De B.L.L et al., [57] observed that the bite force in individuals with normal occlusion did not differ from those with malocclusion, which is consistent with other study results analyzed
according to Angle Classifications [58, 59]. As for vertical patterns
of malocclusion, it seems to associate with maximum bite force.
Several researchers have announced that subjects with anterior
open-bite and posterior cross-bite showed weaker maximum bite
forces than those with normal occlusion [23, 60]. Considering
non-sagittal malocclusions always appear along with craniofacial
discrepancies, some researchers postulated that the relationship
between malocclusion and bite force is more likely to scale with
other factors (e.g. masticatory muscles) than with malocclusion
type [61].
In terms of craniofacial growth, some researchers observed bite
force was closely correlated with vertical dimension of craniofacial morphology in adults [62, 63]. Individuals with hyperdivergent discrepancy have lower maximum bite force than the
brachyfacial ones. A larger bite force was correlated with a larger
posterior-anterior face height proportion, a smaller mandible
inclination and a smaller gonial angle [64]. It was previously assumed that lower bite force possibly allowed excessive posterior
teeth’s eruption during crucial period of craniofacial growth and
then contributed to a clockwise rotation of the mandible. However, Proffit WR et al., [65] were unable to find a difference in bite
force between 6 to 11-year-olds with long faces and normal faces,
which suggests craniofacial discrepancies pre-exist the variation in
bite force. Therefore, it is reasonable to speculate that bite force
in the long run can affect craniofacial morphology but it might
not be an initiator for vertical dentofacial discrepancies.
Chewing patterns and malocclusion
Chewing is a highly complex process with a diversification in
rhythmic mandibular movements, which makes adjustment to
food properties, occlusal contacts, temporomandibular joints and
neuromuscular system. There are various chewing patterns exhibited in individuals with different occlusion types but the classifications involved have not yet been established as an agreement
[66-68]. Reverse chewing cycle is one of the irregular chewing
patterns studied most due to its close correlation with posterior
cross-bite. It is characterized with a lateral excursion before descending the mandible, while normal chewing pattern is identified
as mandible moving downward first from centric occlusion and
then laterally before returning back to intercuspation [68]. Many
clinicians suggested that frequent reverse chewing cycles might
be a functional disorder and in the long term contribute to dental
malposition or craniofacial asymmetry [69], but there is still a lack
of sufficient evidence.
Up to now, it has only been well examined that patients who have
posterior cross-bite exhibited a high prevalence of reverse chewing cycles. Proeschel PA et al., [67] observed that patients with
cross-bite showed more reverse chewing patterns, while those
with Class I and II malocclusion presented normal sequencing
chewing cycles. Apart from adults, Sever E et al., [69] collected
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children in primary dentitions as subjects and also found the number of reverse chewing pattern increased in those with posterior
cross-bite when masticating on the affected side. They then hypothesized that reverse chewing patterns might cause abnormal
growth and suggested early treatment to eliminate this functional
disorder. However, some researchers hold opposite views and
argued that the reverse chewing cycle was a typical pattern for
children in primary dentition, and there was no indication for
early treatment required [70, 71]. Tsanidis N et al., [73] studied the
evidence in functional changes of UPCB patients after early orthodontic intervention and found their chewing patterns tended
to normalize, which suggested dento-skeletal asymmetry might
result in reverse chewing cycles, not the other way around. Irregular chewing patterns may not be an initial factor for dentofacial
deformities and there is a lack of long-term observation in the
effect of reverse chewing cycles on individual growth.
To sum up, despite a close correlation between reverse chewing
cycles and UPCB, there is still a gap in the field whether irregular
chewing patterns can render malocclusion and craniofacial deformities or not, which requires further longitudinal prospective
studies and high quality evidence.

Conclusion
• Malocclusion can have a negative impact on masticatory performance based on mechanical disadvantage, but the Angle Classification does not directly associate with the variation in masticatory
function.
• Food textures can influence craniofacial morphology via masticatory muscles and condyles, and it is associated with the development of mandibular control and masticatory coordination.
• Masticatory muscular abnormities contribute to the occurrence
of malocclusion and craniofacial deformities, but it is still insufficient to determine which specific role does masticatory muscle
play in terms of craniofacial growth.
• Although bite force is not a cause of malocclusion and craniofacial discrepancies, it may have a long-term effect on the vertical
dimension of craniofacial morphology.
• Despite the fact that reverse chewing cycles are closely related
to posterior cross-bite, it is still lack of evidence for a high prevalence of irregular chewing patterns initiating malocclusion in the
long run.

References
[1]. Peck CC. Biomechanics of occlusion--implications for oral rehabilitation. J
Oral Rehabil. 2016 Mar;43(3):205-14. doi: 10.1111/joor.12345. PubMed
PMID: 26371622.
[2]. von Cramon-Taubadel N. Global human mandibular variation reflects
differences in agricultural and hunter-gatherer subsistence strategies. Proc
Natl Acad Sci U S A. 2011 Dec 6;108(49):19546-51. doi: 10.1073/
pnas.1113050108. PubMed PMID: 22106280.
[3]. Van der Bilt A. Assessment of mastication with implications for oral rehabilitation: a review. J Oral Rehabil. 2011 Oct;38(10):754-80. doi:
10.1111/j.1365-2842.2010.02197.x. PubMed PMID: 21241351.
[4]. de Souza BS, Bichara LM, Guerreiro JF, Quintão CC, Normando D. Occlusal and facial features in Amazon indigenous: An insight into the role of
genetics and environment in the etiology dental malocclusion. Arch Oral
Biol. 2015 Sep;60(9):1177-86. doi: 10.1016/j.archoralbio.2015.04.007.
PubMed PMID: 26051559.
[5]. Moimaz SA, Garbin AJ, Lima AM, Lolli LF, Saliba O, Garbin CA. Longitudinal study of habits leading to malocclusion development in childhood.
BMC Oral Health. 2014 Aug 4;14:96. doi: 10.1186/1472-6831-14-96.
PubMed PMID: 25091288.

Zhiyi S, Min G, Yanqi Y. The Association between Mastication, Malocclusion, and Craniofacial Morphology. Int J Dentistry Oral Sci. 2018;S1:02:002:6-11.

9

Special Issue on: Long-term Effects of Orthodontic Treatment. OPEN ACCESS
[6]. Maspero C, Prevedello C, Giannini L, Galbiati G, Farronato G. Atypical
swallowing: a review. Minerva Stomatol. 2014 Jun;63(6):217-27. PubMed
PMID: 25267151.
[7]. Grippaudo C, Paolantonio EG, Antonini G, Saulle R, La Torre G, Deli R.
Association between oral habits, mouth breathing and malocclusion. Acta
Otorhinolaryngol Ital. 2016 Oct;36(5):386-394. doi: 10.14639/0392100X-770. PubMed PMID: 27958599.
[8]. Moss ML, Salentijn L. The primary role of functional matrices in facial
growth. Am J Orthod. 1969 Jun;55(6):566-77. PubMed PMID: 5253955.
[9]. Wang XT, Ge LH. Influence of feeding patterns on the development of
teeth, dentition and jaw in children. Beijing Da Xue Xue Bao Yi Xue Ban.
2015 Feb 18;47(1):191-5. PubMed PMID: 25686355.
[10]. Kiliaridis S. Masticatory muscle influence on craniofacial growth. Acta Odontol Scand. 1995 Jun;53(3):196-202. PubMed PMID: 7572097.
[11]. Sardi ML, Novellino PS, Pucciarelli HM. Craniofacial morphology in the
Argentine Center‐West: consequences of the transition to food production.
Am J Phys Anthropol. 2006 Jul;130(3):333-43. PubMed PMID: 16421925.
[12]. Kawai N, Sano R, Korfage JA, Nakamura S, Kinouchi N, Kawakami E, et al.
Adaptation of rat jaw muscle fibers in postnatal development with a different
food consistency: an immunohistochemical and electromyographic study. J
Anat. 2010 Jun;216(6):717-23. doi: 10.1111/j.1469-7580.2010.01235.x.
PubMed PMID: 20579175.
[13]. Cattaneo PM, Dalstra M, Melsen B. The transfer of occlusal forces through
the maxillary molars: a finite element study. Am J Orthod Dentofacial Orthop. 2003 Apr;123(4):367-73. PubMed PMID: 12695762.
[14]. Simione M, Loret C, Le Révérend B, Richburg B, Del Valle M, Adler M, et
al. Differing structural properties of foods affect the development of mandibular control and muscle coordination in infants and young children. Physiol
Behav. 2018 Mar 15;186:62-72. doi: 10.1016/j.physbeh.2018.01.009. PubMed PMID: 29343459.
[15]. Bates JF, Stafford GD, Harrison A. Masticatory function - a review of the
literature: III. Masticatory performance and efficiency. J Oral Rehabil. 1976
Jan;3(1):57-67. PubMed PMID: 772184.
[16]. Consolação Soares ME, Ramos-Jorge ML, de Alencar BM, Marques LS,
Pereira LJ, Ramos-Jorge J. Factors associated with masticatory performance
among preschool children. Clin Oral Investig. 2017 Jan;21(1):159-166. doi:
10.1007/s00784-016-1768-5. PubMed PMID: 26925583.
[17]. Owens S, Buschang PH, Throckmorton GS, Palmer L, English J. Masticatory performance and areas of occlusal contact and near contact in subjects
with normal occlusion and malocclusion. Am J Orthod Dentofacial Orthop.
2002 Jun;121(6):602-9. PubMed PMID: 12080313.
[18]. English JD, Buschang PH, Throckmorton GS. Does malocclusion affect
masticatory performance?. Angle Orthod. 2002 Feb;72(1):21-7. PubMed
PMID: 11843269.
[19]. Toro A, Buschang PH, Throckmorton G, Roldán S. Masticatory performance in children and adolescents with Class I and II malocclusions. Eur J
Orthod. 2006 Apr;28(2):112-9. PubMed PMID: 16272209.
[20]. Barrera LM, Buschang PH, Throckmorton GS, Roldán SI. Mixed longitudinal evaluation of masticatory performance in children 6 to 17 years of
age. Am J Orthod Dentofacial Orthop. 2011 May;139(5):e427-34. doi:
10.1016/j.ajodo.2009.08.031. PubMed PMID: 21536184.
[21]. Heorikoon T, Ekberg E, Nilner M. Masticatory efficiency and ability in relation to occlusion and mandibular dysfunction in girls. Int J Prosthodont.
1998 Mar-Apr;11(2):125-32. PubMed PMID: 9709601.
[22]. Fueki K, Yoshida E, Igarashi Y. Association between occlusal curvature and
food comminution and mixing in human young adults with permanent
dentitions. Arch Oral Biol. 2013 Apr;58(4):377-83. doi: 10.1016/j.archoralbio.2012.06.006. PubMed PMID: 22776108.
[23]. Choi TH, Kim BI, Chung CJ, Kim HJ, Baik HS, Park YC, et al. Assessment
of masticatory function in patients with non‐sagittal occlusal discrepancies.
J Oral Rehabil. 2015 Jan;42(1):2-9. doi: 10.1111/joor.12227. PubMed
PMID: 25185505.
[24]. Rios-Vera V, Sánchez-Ayala A, Senna PM, Watanabe-Kanno G, Cury AA,
Garcia RC. Relationship among malocclusion, number of occlusal pairs and
mastication. Braz Oral Res. 2010 Oct-Dec;24(4):419-24. PubMed PMID:
21180962.
[25]. Green JR, Simione M, Le Révérend B, Wilson EM, Richburg B, Alder M, et
al. Advancement in texture in early complementary feeding and the relevance
to developmental outcomes. Nestle Nutr Inst Workshop Ser. 2017;87:2938. doi: 10.1159/000448935. PubMed PMID: 28315885.
[26]. Grigoriadis A, Johansson RS, Trulsson M. Temporal profile and amplitude of
human masseter muscle activity is adapted to food properties during individual chewing cycles. J Oral Rehabil. 2014 May;41(5):367-73. doi: 10.1111/
joor.12155. PubMed PMID: 24612326.
[27]. Ciochon RL, Nisbett RA, Corruccini RS. Dietary consistency and craniofacial development related to masticatory function in minipigs. J Craniofac
Genet Dev Biol. 1997 Apr-Jun;17(2):96-102. PubMed PMID: 9224944.

https://scidoc.org/IJDOS.php

[28]. Ulgen M, Baran S, Kaya H, Karadede I. The influence of the masticatory
hypofunction on the craniofacial growth and development in rats. Am J
Orthod Dentofacial Orthop. 1997 Feb;111(2):189-98. PubMed PMID:
9057619.
[29]. Tanaka E, Sano R, Kawai N, Langenbach GE, Brugman P, Tanne K, et al. Effect of food consistency on the degree of mineralization in the rat mandible.
Ann Biomed Eng. 2007 Sep;35(9):1617-21. PubMed PMID: 17522978.
[30]. Dias GJ, Cook RB, Mirhosseini M. Influence of food consistency on growth
and morphology of the mandibular condyle. Clin Anat. 2011 Jul;24(5):5908. doi: 10.1002/ca.21122. PubMed PMID: 21647960.
[31]. Wilson EM, Green JR, Weismer G. A kinematic description of the temporal characteristics of jaw motion for early chewing: preliminary findings.
J Speech Lang Hear Res. 2012 Apr;55(2):626-38. doi: 10.1044/10924388(2011/10-0236). PubMed PMID: 22223889.
[32]. Le Révérend B, Saucy F, Moser M, Loret C. Adaptation of mastication mechanics and eating behaviour to small differences in food texture. Physiol Behav. 2016 Oct 15;165:136-45. doi: 10.1016/j.physbeh.2016.07.010. PubMed PMID: 27436795.
[33]. Anderson K, Throckmorton GS, Buschang PH, Hayasaki H. The effects of bolus hardness on masticatory kinematics. J Oral Rehabil. 2002
Jul;29(7):689-96. PubMed PMID: 12153460.
[34]. Mioche L, Peyron MA. Bite force displayed during assessment of hardness in
various texture contexts. Arch Oral Biol. 1995 May;40(5):415-23. PubMed
PMID: 7639645.
[35]. Gerstner GE, Madhavan S, Braun TM. Relationships between masticatory
rhythmicity, body mass and cephalometrically-determined aesthetic and
functional variables during development in humans. Arch Oral Biol. 2014
Jul;59(7):711-21. doi: 10.1016/j.archoralbio.2014.04.011. PubMed PMID:
24798980.
[36]. Gerstner GE, Cooper M, Helvie P. Chewing rates among domestic dog
breeds. Journal of Experimental Biology. J Exp Biol. 2010 Jul 1;213(Pt
13):2266-72. doi: 10.1242/jeb.030213. PubMed PMID: 20543125.
[37]. Stover KK, Williams SH. Intraspecific scaling of chewing cycle duration in
three species of domestic ungulates. J Exp Biol. 2011 Jan 1;214(Pt 1):10412. doi: 10.1242/jeb.043646. PubMed PMID: 21147974.
[38]. Wood WW. A review of masticatory muscle function. J Prosthet Dent. 1987
Feb;57(2):222-32. PubMed PMID: 3550055.
[39]. van den Engel-Hoek L, de Groot IJ, Sie LT, van Bruggen HW, de Groot SA,
Erasmus CE, et al. Dystrophic changes in masticatory muscles related chewing problems and malocclusions in Duchenne muscular dystrophy. Neuromuscul Disord. 2016 Jun;26(6):354-60. doi: 10.1016/j.nmd.2016.03.008.
PubMed PMID: 27132120.
[40]. Eckardt L, Harzer W. Facial structure and functional findings in patients
with progressive muscular dystrophy (Duchenne). Am J Orthod Dentofacial
Orthop. 1996 Aug;110(2):185-90. PubMed PMID: 8760845.
[41]. Kriwalsky MS, Deschauer M, Eckert AW, Schubert J, Zierz S. Orthognathic
surgery in a case of infantile facioscapulohumeral muscular dystrophy with
macroglossia. Oral Maxillofac Surg. 2008 Dec;12(4):195-8. doi: 10.1007/
s10006-008-0116-6. PubMed PMID: 18682994.
[42]. Nanda SK, Merow WW, Sassouni V. Repositioning of the masseter muscle and its effect on skeletal form and structure. Angle Orthod. 1967
Oct;37(4):304-8. PubMed PMID: 5234008.
[43]. Vecchione L, Miller J, Byron C, Cooper GM, Barbano T, Cray J, et al. Age‐
related changes in craniofacial morphology in GDF‐8 (myostatin)‐deficient
mice. Anat Rec (Hoboken). 2010 Jan;293(1):32-41. doi: 10.1002/ar.21024.
PubMed PMID: 19899116.
[44]. Erdem A, Kilic N, Eroz B. Changes in soft tissue profile and electromyographic activity after activator treatment. Aust Orthod J. 2009 Nov;25(2):116-22.
PubMed PMID: 20043545.
[45]. Cuevas MJ, Cacho A, Alarcón JA, Martín C. Longitudinal evaluation of jaw
muscle activity and mandibular kinematics in young patients with Class II
malocclusion treated with the Teuscher activator. Med Oral Patol Oral Cir
Bucal. 2013 May 1;18(3):e497-504. PubMed PMID: 23385506.
[46]. Uysal T, Yagci A, Kara S, Okkesim S. Influence of Pre-Orthodontic Trainer
treatment on the perioral and masticatory muscles in patients with Class
II division 1 malocclusion. Eur J Orthod. 2012 Feb;34(1):96-101. doi:
10.1093/ejo/cjq169. PubMed PMID: 21212169.
[47]. Woźniak K, Szyszka-Sommerfeld L, Lichota D. The electrical activity of the
temporal and masseter muscles in patients with TMD and unilateral posterior
crossbite. Biomed Res Int. 2015;2015:259372. doi: 10.1155/2015/259372.
PubMed PMID: 25883948.
[48]. Raoul G, Rowlerson A, Sciote J, Codaccioni E, Stevens L, Maurage CA,
et al. Masseter myosin heavy chain composition varies with mandibular asymmetry. J Craniofac Surg. 2011 May;22(3):1093-8. doi: 10.1097/
SCS.0b013e3182107766. PubMed PMID: 21586952.
[49]. Nishi SE, Basri R, Ab Rahman N, Husein A, Alam MK. Association between
muscle activity and overjet in class II malocclusion with surface electromyo-

Zhiyi S, Min G, Yanqi Y. The Association between Mastication, Malocclusion, and Craniofacial Morphology. Int J Dentistry Oral Sci. 2018;S1:02:002:6-11.

10

Special Issue on: Long-term Effects of Orthodontic Treatment. OPEN ACCESS

[50].

[51].
[52].

[53].

[54].

[55].

[56].

[57].

[58].
[59].

[60].

[61].
[62].

[63].

graphy. J Orthod Sci. 2018 Feb 15;7:3. doi: 10.4103/jos.JOS_74_17. PubMed PMID: 29765915.
Tecco S, Caputi S, Festa F. Electromyographic activity of masticatory, neck
and trunk muscles of subjects with different skeletal facial morphology - a
cross‐sectional evaluation. J Oral Rehabil. 2007 Jul;34(7):478-86. PubMed
PMID: 17559615.
Cha BK, Kim CH, Baek SH. Skeletal sagittal and vertical facial types and
electromyographic activity of the masticatory muscle. Angle Orthod. 2007
May;77(3):463-70. PubMed PMID: 17465654.
Ueda HM, Miyamoto K, Saifuddin MD, Ishizuka Y, Tanne K. Masticatory muscle activity in children and adults with different facial types. Am
J Orthod Dentofacial Orthop. 2000 Jul;118(1):63-8. PubMed PMID:
10893474.
Farella M, Michelotti A, Carbone G, Gallo LM, Palla S, Martina R. Habitual daily masseter activity of subjects with different vertical craniofacial
morphology. Eur J Oral Sci. 2005 Oct;113(5):380-5. PubMed PMID:
16202024.
Tamut T, Pooran C, Pratap SB, Arvind T, Jitendra R, Dayal SR. Effect of
bone mineral density on masticatory performance and efficiency. Gerodontology. 2012 Jun;29(2):e83-7. doi: 10.1111/j.1741-2358.2010.00414.x.
PubMed PMID: 21054510.
Zhou SY, Mahmood H, Cao CF, Jin LJ. Teeth under high occlusal force may
reflect occlusal trauma-associated periodontal conditions in subjects with
untreated chronic periodontitis. Chin J Dent Res. 2017;20(1):19-26. doi:
10.3290/j.cjdr.a37738. PubMed PMID: 28232963.
Roldán SI, Restrepo LG, Isaza JF, Vélez LG, Buschang PH. Are maximum
bite forces of subjects 7 to 17 years of age related to malocclusion?. Angle
Orthod. 2016 May;86(3):456-61. doi: 10.2319/051315-323.1. PubMed
PMID: 26347948.
de Lima Lucas B, de Souza Barbosa T, Midori Castelo P, Duarte Gavião
MB. Influence of anthropometry, TMD, and sex on molar bite force in
adolescents with and without orthodontic needs. J Orofac Orthop. 2017
Nov;78(6):487-493. doi: 10.1007/s00056-017-0105-1. PubMed PMID:
28913603.
Sonnesen L, Bakke M. Molar bite force in relation to occlusion, craniofacial
dimensions, and head posture in pre-orthodontic children. Eur J Orthod.
2005 Feb;27(1):58-63. PubMed PMID: 15743864.
Sathyanarayana HP, Premkumar S, Manjula WS. Assessment of maximum
voluntary bite force in adults with normal occlusion and different types of
malocclusions. J Contemp Dent Pract. 2012 Jul 1;13(4):534-8. PubMed
PMID: 23151705.
Shinkai RS, Lazzari FL, Canabarro SA, Gomes M, Grossi ML, Hirakata LM,
et al. Maximum occlusal force and medial mandibular flexure in relation to
vertical facial pattern: a cross-sectional study. Head Face Med. 2007 Apr
2;3:18. PubMed PMID: 17407566.
Bakke M, Holm B, Jensen BL, Michler L, Møller E. Unilateral, isometric
bite force in 8‐68‐year‐old women and men related to occlusal factors. Scand
J Dent Res. 1990 Apr;98(2):149-58. PubMed PMID: 2343274.
García‐Morales P, Buschang PH, Throckmorton GS, English JD. Maximum
bite force, muscle efficiency and mechanical advantage in children with vertical growth patterns. Eur J Orthod. 2003 Jun;25(3):265-72. PubMed PMID:
12831216.
Usui T, Uematsu S, Kanegae H, Morimoto T, Kurihara S. Change in maxi-

[64].

[65].
[66].
[67].
[68].

[69].

[70].

[71].
[72].

[73].

https://scidoc.org/IJDOS.php
mum occlusal force in association with maxillofacial growth. Orthod Craniofac Res. 2007 Nov;10(4):226-34. PubMed PMID: 17973690.
Pereira LJ, Gavião MB, Bonjardim LR, Castelo PM, Van der Bilt A. Muscle
thickness, bite force, and craniofacial dimensions in adolescents with signs
and symptoms of temporomandibular dysfunction. Eur J Orthod. 2007
Feb;29(1):72-8. PubMed PMID: 17290018.
Proffit WR, Fields HW. Occlusal forces in normal-and long-face children. J
Dent Res. 1983 May;62(5):571-4. PubMed PMID: 6573374.
Jemt T, Hedegard B. Reproducibility of chewing rhythm and of mandibular
displacements during chewing. J Oral Rehabil. 1982 Nov;9(6):531-7. PubMed PMID: 6960163.
Proeschel PA. Chewing patterns in subjects with normal occlusion and with
malocclusions. Semin Orthod 2006;12(2):138-49.
Suzuki Y, Saitoh K, Imamura R, Ishii K, Negishi S, Imamura R, et al.
Relationship between molar occlusion and masticatory movement in lateral deviation of the mandible. Am J Orthod Dentofacial Orthop. 2017
Jun;151(6):1139-1147. doi: 10.1016/j.ajodo.2016.11.023. PubMed PMID:
28554459.
Sever E, Marion L, Ovsenik M. Relationship between masticatory cycle
morphology and unilateral crossbite in the primary dentition. Eur J Orthod. 2011 Dec;33(6):620-7. doi: 10.1093/ejo/cjq070. PubMed PMID:
21118909.
Piancino MG, Comino E, Talpone F, Vallelonga T, Frongia G, Bracco P.
Reverse-sequencing chewing patterns evaluation in anterior versus posterior
unilateral crossbite patients. Eur J Orthod. 2012 Oct;34(5):536-41. PubMed PMID: 21921301.
Wickwire NA, Gibbs CH, Jacobson AP, Lundeen HC. Chewing patterns
in normal children. Angle Orthod. 1981 Jan;51(1):48-60. PubMed PMID:
6971588.
Saitoh I, Yamada C, Hayasaki H, Maruyama T, Iwase Y, Yamasaki Y.
Is the reverse cycle during chewing abnormal in children with primary
dentition?. J Oral Rehabil. 2010 Jan;37(1):26-33. doi: 10.1111/j.13652842.2009.02006.x. PubMed PMID: 19874450.
Tsanidis N, Antonarakis GS, Kiliaridis S. Functional changes after early
treatment of unilateral posterior cross‐bite associated with mandibular shift:
a systematic review. J Oral Rehabil. 2016 Jan;43(1):59-68. doi: 10.1111/
joor.12335. PubMed PMID: 26257271.

Special Issue on
" Long-Term Effects of Orthodontic Treatment"
Theme Edited by:
Yanqi Yang,
Assistant Professor, University of Hong Kong,
Hong Kong
E-mail: yangyanq@hku.hk

Zhiyi S, Min G, Yanqi Y. The Association between Mastication, Malocclusion, and Craniofacial Morphology. Int J Dentistry Oral Sci. 2018;S1:02:002:6-11.

11

