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Abstract  

Postnatal nutrition in humans is associated with advancement in the mode of feeding from the 

neonatal and infancy period of growth to adulthood. During the neonatal and infancy periods, the 

palate functions in suckling, tongue manipulation and swallowing, while in adulthood and with 

dental eruption, the palate participates in both mastication and in the production of sound. It is 

anticipated that the transition in the role of the palate due to alterations in its function over time 

will cause morphological changes. Thus, the aim of this study was to analyse alterations in the 

shape and dimensions of the human palate from birth through the stages of dental eruption to the 

complete emergence of the permanent dentition in the sub-adult stages of life. Crania from 72 

South African individuals were sourced from the Raymond A. Dart Collection of Human 

Skeletons, School of Anatomical Sciences, Faculty of Health Sciences, University of the 

Witwatersrand. The sample was divided into three age groups to correspond with the age ranges 

of the eruption of the deciduous dentition (birth to 5 years of age), mixed dentition (6 to 12 years 

of age) and the permanent dentition (13 to 20 years of age) respectively. A series of 14 osteological 

landmarks were digitized across the oral surface of the palate using an Immersion MicroScribe G2 

unit. Landmark data were converted to linear distances and the length, width and elevation of the 

palate were assessed in relation to the state of the dentition. Analysis included both quantitative 

(linear measurements) and qualitative (wireframes) methods. The length and width of the palate in 

the permanent dentition group was significantly larger when compared to the mixed and deciduous 

dentition groups. While elevation of the palatal dome in the permanent dentition group was 

significantly greater than that of the palate in the mixed dentition group, no further significant 

differences were observed. Thus, changes in the morphology of the palate appear to be progressive 

with dental eruption and development across the different states of the dentition. By establishing 

the nature of the changes in the functional environment of the palate during development and 

growth, abnormalities in the postnatal development of the palate could be diagnosed.  
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Chapter One  

1.1 Introduction   

Feeding is a characteristic of every living organism and is essential for survival. Structures 

involved in feeding have evolved over time to aid the mechanisms of prehension, mastication and 

deglutition in different organisms (Fish, 2019). The palate is one such structure. The palate has 

evolved in complexity from non-vertebrates to vertebrates, spanning from protostomes without a 

palate feeding by fluid filtration, through a short palate in fishes and birds, and finally in some 

reptiles (alligators and crocodile) and mammals into a long palate, completely separating the oral 

cavity from the nasal cavity (Li et al., 2016; Fish, 2019). The latter separation is important in 

animals that have an advanced feeding mechanism such as mammalian suckling, in order for the 

respiratory system to be “closed off” from the oral cavity during feeding.  

 

The palate, which forms the roof of the oral cavity in humans, consists of bones in its anterior 

twothirds and soft tissues, including skeletal muscles, in its posterior one-third. The bones 

contributing to the human adult palate are the palatine processes of the maxilla and the horizontal 

plates of the palatine bones, bordered by the alveolar region of the maxilla which is tooth bearing. 

The continuous intermaxillary and interpalatine sutures mark the line of palatal fusion 

(Cunningham et al., 2016). The muscles of the soft palate such as the tensor veli palatini, levator 

veli palatini and the uvular muscles are all attached to the palate via the palatine aponeurosis, while 

the palatopharyngeus is directly attached to the horizontal plate of the palatine bone. The 

palatoglossus muscle attaches the palate to the tongue (Mu et al., 2021). These muscles are of 

mechanical importance to the palate, particularly during swallowing.     

 

During the neonatal and infancy periods, the palate functions in suckling, tongue manipulation and 

swallowing, while in adulthood, the palate participates in both mastication and in the production of 

sound. The importance of the palate in setting up a vacuum in the oral cavity and hence enabling 

suckling is realized in neonates with a cleft of the palate (Sperber et al., 2010; Singh, 2018).   
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1.1.2 Development and ossification of the palate  

The development of the palate in humans occurs as a highly regulated sequence of events beginning 

from 5 weeks of gestation (Humphrey, 1971; Sperber et al., 2010). Neural crest cells migrating 

into the first pharyngeal arches contribute to the formation of the palate. At 5 weeks of gestation, 

the ectomesenchymal (neural crest) content of the median nasal process forms a median palatal 

process. The median palatal process gives rise to the premaxilla (primary palate) of the embryo 

and fetus (Humphrey, 1971; Allan and Kramer, 2010). The developing tongue occupies most of 

the stomodeal cavity at 5 weeks, and as a result, the lateral palatal process from each maxillary 

prominence lies vertically on each side of the tongue (Humphrey, 1971; Sperber et al., 2010). As 

the tongue descends during week 6 of gestation, due to the growth of the stomodeal cavity 

(Humphrey, 1971; Allan and Kramer, 2010), the lateral palatal processes elevate to a horizontal 

position and join the median palatal process. The three shelves begin to fuse from anterior to 

posterior to form the palate at 9 weeks of gestation (Humphrey, 1971; Allan and Kramer, 2010; 

Sperber et al., 2010).   

 

Ossification of the palate occurs by means of intramembranous bone formation. At about 6 weeks 

of gestation, ossification of the palate proceeds from primary and secondary ossification centres in 

the median palatal process, thus producing a premaxilla (Allan and Kramer 2010). One primary 

ossification centre in each lateral palatal process appears at about 6 weeks, and will give rise to the 

horizontal part of the maxillary bone on either side of the midline (Allan and Kramer 2010; Sperber 

et al., 2010). A primary ossification centre also appears at 8 weeks of gestation in the posterior 

region of each lateral palatal process and will give rise to the horizontal process of the palatine 

bone on either side of the midline (Allan and Kramer, 2010; Sperber et al., 2010). The maxillary 

bone will overgrow the premaxillary bone superficially, so that the premaxilla is not evident after 

16 weeks of gestation in humans (Singh, 2018). Ossification does not occur in the posterior 

“extremities” of the fused lateral palatal processes, resulting in the soft palate and the uvula 

(Sperber et al., 2010).  
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1.1.3 Postnatal growth and development  

As the oral cavity assumes full function during the early postnatal period of growth, the growth of 

the oral cavity during this period (birth – 5 years of age) is further complicated by the development 

and eruption of the dentition (Wise and King, 2008; Alqahtani et al., 2010; Hutchinson et al., 

2017). During this period, the maxilla develops by increasing in size to accommodate dental 

eruption.  

 

Skeletal growth within the oral cavity is thought to be continuous from birth through to adulthood 

(Alqahtani et al., 2010; Martinez-Maza et al., 2013; Amirabadi et al., 2018). The maxilla grows 

more inferiorly in the early age of postnatal growth and during the eruption of the deciduous 

dentition. As the dentition transitions between the deciduous state and the permanent state (a period 

known as the “mixed dentition”), the cranial base grows in width and also inferiorly. Thus, the 

eruption and growth of the mixed dentition is thought to increase the width of the maxilla (Hesby, 

2006; Martinez-Maza et al., 2013). Further growth of the maxilla inferiorly in the region of the 

alveolar process during the stages of the mixed dentition results in an increase in the height of the 

palatal dome (Thilander, 1995; Amirabadi et al., 2018). During the sub-adult stage of growth (14 

– 20 years of age) in which the permanent dentition is fully erupted, the maxilla grows more 

anteriorly. This anterior growth of the maxilla results in an increase in the length of the palate 

(Martinez-Maza et al., 2013).   

 

Intake of nutrition is thought to be significant in the postnatal growth of the oral cavity, as there is 

local stimulation of blood by the activities of the tongue anteriorly, and by jaw movement and 

swallowing (Humphrey, 1971). The increased masticatory function is also characterised by further 

growth of the osteological structures of the oral cavity (Humphrey, 1971; Herring, 1985).  
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Drachman and Banker (1964) postulated that function has no effect on structural presentation or 

configuration. However, later studies have shown that the maturation of structures (such as bones 

and muscles) affect function by increasing their activities, and in turn influences further structural 

development and growth (Humphrey, 1971; Herring, 1985; Le Reverend et al., 2014; Setiawati 

and Rahardjo, 2018). The juvenile stage of growth is characterised by extensive morphological 

changes in the maxilla as the deciduous dentition exfoliates, the permanent dentition erupts and a 

relative increase in the mass of the maxillary alveolar bone and growth of the inter-alveolar width 

occurs (Herring, 1985; Hesby et.al, 2006). Growth of the alveolar bone will be adjusted throughout 

life by bone modelling and remodelling (Wise and King, 2008; Chang et al., 2012; Hutchinson et 

al., 2017).  Late changes in the maxillary region of the oral cavity such as appositional growth of 

the palate, may be triggered by bone loading.   

Forces associated with the mechanical activities of the oral cavity such as mastication, occlusion, 

swallowing and dental eruption may stress and cause osteogenic loading of the associated bones. 

These weight bearing activities stimulate the building of bone and lead to an increase in bone mass 

(Li et al., 2016) and also to bone remodelling in the palate (Li et al., 2016). Remodelling of bones 

involves the constituent cells such as osteocytes, osteoblasts and osteoclasts. Osteocytes regulate 

the flow of fluid in bones which results from the mechanical forces on the bone (Seeman 2009) 

and signal the surrounding cells (Seeman 2009) when changes in the flow of fluid occur. This 

mechanotransduction by the osteocytes results from the forces and stress of the mechanical 

activities, which are translated into biomechanical signalling and which in turn stimulate bone 

formation by osteoblasts and bone resorption by osteclasts (Seeman 2009). The process of bone 

remodelling causes the release of growth factors which regulate this process (Crane and Cao, 

2014). Growth hormone promotes osteoblast formation and osteoclast resorption which function 

through insulin-like growth factor – 1 (IGF – 1) secreted by the liver (Crane and Cao, 2014). The 

geometry of a bone is thus adjusted by osteoblasts and osteoclasts in order to adapt to mechanical 

forces and stress (Langdahl et al., 2016).  

  

Martinez-Maza et al. (2013) demonstrated variations in bone modelling of the maxilla by 

comparing the bone modelling pattern of the anterior and posterior craniofacial region in sub-adult 

(age 7 – 17 years) and adult (age 24 – 39 years) samples. They observed increased bone modelling 
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towards the incisors in the sub-adult group. A further marked increase in the bone modelling 

activities of the anterior incisor region was observed during the transition between sub-adult and 

adult samples. The study concluded that the difference in bone modelling activities between the 

sub-adult and adult samples resulted in the change of the inferiorly directed growth of the face to 

an anterior direction in adulthood (Martinez-Maza et al., 2013). The growth of the maxilla is 

thought to be associated with the growth of the alveolar bone, as a relative change in the dimensions 

of the dental arch of the maxilla due to an increase in length and width is observed during the 

stages of eruption and emergence of the dentition (Wise and King, 2008). Hesby et.al. (2006) 

observed that growth at the mid-palatal suture and remodelling along the lateral aspect of the 

posterior region of the maxilla and maxillary tuberosity, resulted in transverse alveolar growth 

during the stages of dental development. It was also observed that the inter-molar and inter-canine 

width increased continuously from childhood into adulthood (Hesby et.al, 2006). Thus, Hesby 

et.al. (2006) postulated that growth in the width of the alveolar process and palate may be age 

related.   

  

Permanent teeth erupt earlier in females when compared to males (Kaczmarek, 1994; Nystrom et 

al., 2001; Ekstrand et al., 2003; Almonaitiene et al., 2010). Morphological variation of the oral 

cavity attributed to sex is also observed in the alveolar bone (Alhldlaq, 2010). The alveolar bone 

in adolescent females is characterized by higher activities of bone modelling and remodelling 

compared to adolescent males (Alhldlaq, 2010). However, in adulthood the alveolar bone in males 

is characterized by higher activities of bone modelling and remodelling when compared to females 

(Alhldlaq, 2010). The marked difference in bone modelling and remodelling activities relative to 

sex further explains the greater alveolar bone cortical thickness observed in adolescent females 

compared to adolescent males (Hesby et al., 2006). This difference may be a result of hormonal 

differences between males and females, as females assume the adolescent stage of growth earlier 

than their male counterparts. The alveolar bone cortical thickness may affect the morphology of 

the palate. Thus, changes in palatal morphology during the sub-adult stage of growth may vary 

from male to female individuals, and as such knowledge of the differences in palatal morphology 

between sexes may be of importance in determining the sex of unidentified human remains 

(Chovapoulou et al., 2013).  
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Carter and McNamara (1988) and Thilander (2009) demonstrated marked changes in the length 

and width of the dentoalveolar arch relative to the stages of dental development. Other studies have 

also shown variations in the form and dimensions of the dental arch resulting from dental eruption 

and emergence (Moyers et al., 1976; Van der Linden, 1983; Van der Linden, 1989; Ross-Powel 

and Harris, 2000). Amirabadi et al. (2018) evaluated palatal width and height at various stages of 

the dentition in children and adolescents ranging in age from 5 – 18 years, and observed an increase 

in palatal width from the deciduous to the permanent dentition. A decrease in palatal height 

occurred from the deciduous to the mixed dentition stage, and then increased from the mixed to 

the permanent dentition stage (Amirabadi et al., 2018). While Amirabadi et al. (2018) evaluated 

the postnatal changes in the height and width of the palate relative to the dental stages of eruption, 

they did not analyse these changes relative to the early stages of dental development and eruption 

beginning at about the third month postnatally (Sperber et al., 2010).  

  

1.1.4 Investigations of size and shape in the craniofacial region  

Most craniometric studies (Moyers et al., 1976; Van der Linden, 1983; Carter and McNamara, 

1988; Van der Linden, 1989; Ross-Powel and Harris, 2000; Thilander, 2009; Amirabadi et al., 

2018) analysing the morphology of the palate relative to dental development have studied the 

palate in two dimensions (2D). Most 2D studies make use of a caliper in collecting data and each 

measurement is carried out by measuring the distance between two landmarks. The 2D method 

usually produces metric data related to a biological structure which is limited to changes in size 

only and does not account for potential shape related changes in a structure. Previous craniometric 

studies (Chovalopoulou et al.,2013; Al-Shahrani et.al.,2014; Hutchinson et al., 2015; Small et al., 

2016; Ghislanzoni et al., 2017) have made use of geometric morphometrics, which takes into 

account the shape factor, to study different structures of the oral cavity in 3D orientation.   
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Geometric morphometrics provides information related to geometrical changes in a structure as 

studied in three-dimensional space, which may be expressed as either variations in the size and/or 

shape of the structure under investigation. The geometric information provided by this technique 

further allows for the complex shape analyses such as a Generalized Procrustes analysis as well as 

a principal component analysis which further facilitates three dimensional reconstructions of 

objects in space (Chovalopoulou et al.,2013; Al-Shahrani et.al.,2014; Hutchinson et al., 2015; 

Small et al., 2016; Ghislanzoni et al., 2017).  

  

Three-dimensional data can be captured using different methods and instruments, including a 

surface scan or volumetric scan, or coordinates captured directly with a digitizer such as a 

miroscribe or Polhemus. Data from volumetric scans are obtained from computer tomography (CT) 

or magnetic resonance imaging (MRI) scans, or from higher resolution scans such as microCT or 

micro-MRI. Tissue density can be linked to gray values on scan slices to provide a 3D orientation 

of the object in volumetric scans (Mitteroecker and Gunz, 2009). However, these techniques 

require extensive training and expertise, and are more expensive and time consuming when 

compared to using a microscribe. The microscribe is a tool used in the digitizing and recording of 

landmark data. The microscribe has the ability to capture data and represent them as coordinates 

(X, Y and Z). Data captured with a microscribe can be analysed without the influence of rotation 

or translation. In addition to its role in capturing landmark data, the microscribe is reported to have 

a high accuracy which effectively assists in minimizing the loss of biological information 

(Chovalopoulou et al.,2013; Al-Shahrani et.al.,2014; Hutchinson et al., 2015; Small et al., 2016; 

Ghislanzoni et al., 2017). Due to the precision of the technique, the current study made use of 

geometric morphometrics with the aid of a microscribe to analyse the morphology of the palate in 

the sample population.  

  

Knowledge of palatal growth relative to the stages of dental eruption and emergence is essential in 

diagnostics and subsequent treatment planning and management of patients in the fields of 

orthodontics and craniofacial surgery (Ghislanzoni et al., 2017). Furthermore, knowledge of the 
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dimensions of the palate relative to the dental stages of eruption and emergence may be of 

significance in the estimation of the age of immature skeletal samples and the identification of 

functional influences on the morphology of the palate (Chovalopoulou et al., 2013).  

  

The growth and morphology of the palate in humans may be better understood by studying palatal 

growth relative to the growth dynamics of the maxillary dentition and alveolar process with the 

aid of geometric morphometric. Thus, it is hypothesised that the morphological variation and 

growth of the palate is related to the stages of dental development and eruption of the maxillary 

dentition in immature, juvenile and subadult individuals.  

  

1.2 Aims and objectives  

1.2.1 Aim  

The aim of this study was to analyse changes in the shape and dimensions of the human palate 

from birth through the stages of dental eruption to the complete emergence of the permanent 

dentition in the sub-adult stages of life.  

  

1.2.2 Objectives  

The objectives of the study were to:  

1. Assess and compare changes in the dimensions i.e. maximum length, width and height of 

the human palate relative to the different states of the dentition.  

2. Visualise and illustrate the relevant shape variations of the human palate between the 

different states of the dentition.  



9 

 

3. Compare the degree of change in shape of the human palate across the different states of the 

dentition.  

Chapter Two  

2.1 Materials and methods  

Ethical clearance to use skeletonized human maxillae was obtained from the University of the  

Witwatersrand’s Human Research Ethics Committee (HREC - Medical) (Appendix I). In addition, 

permission to use the ethical clearance waiver certificate for the use of skeletonized elements was 

obtained from the Head of the School of Anatomical Sciences, who is the custodian of the waiver. 

All materials used in this study were handled in accordance with the requirements of the South  

African National Health Act, Act 61 of 2003. Furthermore, permission to use specimens from the 

Raymond A. Dart Collection of Human Skeletons, was obtained from the Collections Committee 

of the School of Anatomical Sciences.  

  

2.2 Study population  

Crania from 72 South African individuals were sourced from the Raymond A. Dart Collection of 

Human Skeletons, School of Anatomical Sciences, Faculty of Health Sciences, University of the 

Witwatersrand. Individuals aged between 0 and 20 years of age, which included 44 males and 28 

females, were analysed. Age estimation was based on the stages of dental eruption and emergence 

of the teeth of each specimen. The age of the individuals was also obtained from the available 

record at the time of death of the individual, as contained in the database of the Raymond A. Dart 

Collection.  

  

As the eruption and emergence of the dentition is associated with the modeling and remodeling of 

the alveolar bone (Hutchinson et al.,2017), and as alveolar bone is closely associated with the 

postnatal development of the palate (Wise et al., 2012), dental eruption and the emergence of the 
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teeth were taken into account in the grouping of individuals for analysis. Thus, the sample was 

divided into three age groups to correspond with the age ranges of the eruption of the deciduous 

dentition (birth to 5 years of age), mixed dentition (6 to 12 years of age) and the permanent 

dentition (13 to 20 years of age) respectively (Alqahtani et al., 2010). Maxillae with any congenital 

abnormalities, trauma, pathology or surgical interventions and general damage were excluded from 

this study. Specimens where sutures could not be visualised or with absence of landmarks were 

also excluded from the study.  

  

2.3 Methodology  

This study was conducted as a cross-sectional study with a quantitative approach.  

  

2.3.1 Digitising of landmarks  

Each cranium was placed in a fixed position with the oral surface of the palate exposed to show 

the basicranial surface of the skull, in order to facilitate the recording of each landmark. The 

cranium was protected and secured in place with the aid of a beanbag or oasis foam. A series of 

14 osteological landmarks (Fig. 1) were digitized across the oral surface of the palate using an 

Immersion MicroScribe G2 unit (Solution technologies Oella, MD, USA), with an accuracy of 

0.38mm. The landmarks were recorded in a pre-set anti-clockwise sequence (from LM1 towards 

LM14) (Fig. 1) as the microscribe captured and represented the coordinates in that order. The 

points necessary for calculating the linear measurement and defining the shape of the palate were 

all included in these landmarks. A total of 10 fixed (FX) landmarks (Table 1), selected for the 

purposes of calculating the linear measurements and defining the shape of the palate, and four 

floating landmarks (FL) (Table 1) to define the shape by replicating the angle of curvature of the 

palate of each specimen, were included in the 14 osteological landmarks selected for this study.  
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Figure 1: Inferior view of the human immature palate indicating the location of all 14 osteological 

landmarks used to assess size and shape differences. 1A: birth; 1B: 12 years of age.  
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Table 1: The 14 osteological landmarks.   

Landmarks  

(FX / FL)  

Location  Description  

LM (FX) 1  Incisive foramen  The most posterior point of the incisive foramen along the 

midline palatal suture.  

LM (FX) 2  Staurion  The point of intersection between the median and 

transverse palatine sutures (Chovalopoulou et al.,2013).  

LM (FX) 3  Staphylion  The most posterior point on the spine of the palate.  

LM (FL) 4  Midpoint between the staphylion and 

left postalverion  

A point halfway between the staphylion and the most 

posterior part of the left alveolar process.  

LM (FX) 5  Left Postalverion  The most posterior part of the left alveolar process 

(Chovalopoulou et al.,2013).  

LM (FX) 6  Left Endomolare  A point on the lingual dental crypt of the left 2nd molar 

tooth for the palatal width measurement (Cordeiro et al., 

2015).  

LM (FL) 7  Left 2nd premolar or 1st deciduous 

molar tooth (Lingual dental crypt).  

Either location was chosen based on the age of the 

specimen.  

LM (FX) 8  Left canine tooth (Lingual dental 

crypt).  

This point was located in younger specimens by 

accessing the canine dental crypt.  

LM (FX) 9  Orale  The midpoint on the prosthion.  

LM (FX) 10  Lingual aspect of the dental crypt of 

the right canine tooth.  

As described in LM 8  

LM (FL) 11  Lingual aspect of the dental crypt of 

the right 2nd premolar or 1st 

deciduous molar tooth.  

As described in LM 7  

LM (FX) 12  Right Endomolare  As described in LM 6  

LM (FX) 13  Right Postalverion  As described in LM 5  

LM (FL) 14  Midpoint between the right 

postalverion and the staphylion.   

As described in LM 4  
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Subsequent to the digitising of the landmarks using MicroScribe utility software (MUS) 7 

(Revware inc. Raleigh, NC, USA), the 3D coordinates were imported into a Microsoft Excel 

worksheet. Each digitised landmark consisted of three coordinates (X, Y, and Z), which 

represented the horizontal, vertical and depth planes respectively. A Pythagorean formula was used 

to convert the recorded data into linear distances.  

Pythagorean formula =  √(𝑋1 − 𝑋2)
2 + (𝑌1 − 𝑌2)

2 + (𝑍1 − 𝑍2)
2  

  

where 𝑋1, 𝑌1, 𝑍1 and  𝑋2, 𝑌2, 𝑍2  refer to the coordinates of the first and second landmarks 

respectively (Hutchinson et al., 2015).  

  

2.3.2 Linear measurements  

The length of the palate was measured by a linear measurement taken between LM9 and LM3 (Fig. 

2). The width of the palate was measured at its widest point between LM6 and LM12 (Fig. 2).  
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Figure 2: Schematic diagram illustrating the oral surface of the bony palate depicting the length and 

width measurements of the palate.  

  

2.3.3 Palatal dome elevation  

To calculate the posterior elevation of the palatal dome, landmarks LM3, LM5 and LM13 were used. 

The elevation calculation required two separate calculations as described below:  

  

As the triangle created by the collective use of distances between LM3, LM5 and LM13 was not a 

right-angled triangle, the cosine rule was first used to calculate angle B (Fig. 3A).  

   

CosB = (c2 + a2 – b2) / (2ac)  

  

Once angle B was calculated then a line was drawn perpendicular to side c, creating a 900 

triangle (Fig. 3B). As angle B and side a were both known, the sine rule was then used to 

calculate the elevation of the dome as represented by side d (Fig. 3B).  

  

a x Sin B = d (elevation of the palatal dome)   
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Figure 3: Schematic diagram illustrating the posterior view of the bony palate. 3A. Dimensions 

used to calculate angle B in an isosceles triangle. 3B. Parameters used to calculate the posterior 

elevation of the palatal dome using angle B and the sin rule.  

  

2.3.4 Shape analysis  

In order to visualise the digitised osteological landmarks in 3D, a wireframe model was constructed 

by creating a set of lines connecting the digitised osteological landmarks together in 3D space. The 

wireframes were generated by analysing the data through a Generalized Procrustes analysis (GPA). 

The osteological landmarks were digitized in 3D orientation. Each landmark coordinate was 

characterized by shape and size. In order to analyse the shape component a GPA was performed 

by centering the data on the average size known as the centroid size. The centroid size was 

calculated using the square root of the sum of the squared distance of each osteological landmark 
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of the palate from the centre of gravity (the location was determined by taking the average of the 

X and Y coordinate of each landmark). The GPA removed the influence of size, rotation, and 

translation of the data, thus generating a new set of coordinates known as the Procrustes shape 

coordinate (Al-Shahrani et.al., 2014; Klingenberg, 2016).  

  

2.4 Data analysis  

The 3D landmark measurements extracted from the data were subjected to a principal component 

analysis (PCA) using PAST statistical software to analyse the size and MORPHOLOGIKA 2 v. 

2.5 (University College London, UK) to assess the shape. All analysis was conducted using 

Microsoft Excel for Windows and SPSS V20 (IBM, Armonk, NY, USA). A Shapiro–Wilk’s test 

was conducted to assess the nature of the data. The partial eta squared was used to determine the 

effect of the group size on the level of significance for each measurement by running the data 

through MANOVA and performing the tests of between-subject effect. In the assessment of partial 

eta squared results, values ranged from 0 – 1 and the closer the values were to 1, the greater the 

effect group sizes had on the variable, values of 0 indicated no real effect. Thus, a value of 0.9 

would translate to group sizes having a 90% effect on the variable.  

  

Size analyses: Descriptive statistics, including means and standard deviations, were calculated. 

The data analysis included: a multivariate analysis of variance (MANOVA). A p≤0.05 was 

considered significant. The geometric mean was calculated, and it represented the size measure 

independent of the shape of the sample population. The geometric mean evaluated the total average 

of all values associated with a specimen and established the overall position of the size of the 

individual compared to the rest of the sample. MANOVA assessed the variations in the size of the 

palate relative to dental eruption and development by comparing the Scheffe posthoc variables.  

Scheffe posthoc test was used as the sample group sizes were unevenly distributed.  
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Shape analyses: The geometric mean was used as a scaling factor by dividing the measurement 

value by the geometric mean to give the Mosimann shape variable. This allowed for the analysis 

of shape as an independent variable. A MANOVA was performed using the Mosimann shape 

variable, and the Scheffe posthoc test was run to determine exactly where significance existed. The 

multivariate nature of shape as captured by the Procrustes shape coordinate were analysed using a 

principal component analysis (PCA) to show and compare shapes (Klingenberg, 2016). The data 

was then organized according to the stages of dental eruption and developmental age range 

(deciduous, mixed and permanent dentition) and the mean shape of each dental eruption and 

developmental age range was assessed using wireframes. Alteration in the wireframes across the 

different states of the dentition indicated changes in the shape of the palate.  

 

Inter- and intra- observer errors were determined by two researchers on ten specimens and tested 

using Lin’s concordance correlation coefficient of reproducibility. This provided information on 

the level of repeatability of the method and the degree of association between measurements.  

Values ranging between 0.8 and 1 was considered acceptable levels of repeatability.  
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Chapter Three  

3.1 Results  

3.1.1 General morphology of the palate   

General changes in the morphology of the palate were observed between the different states of the 

dentition. The palate appears to have a horseshoe-shape in the deciduous dentition group (Fig. 4A) 

when compared to a more oval-shape in the mixed and permanent dentition groups (Fig. 4B and 

4C). In the posterior region of the palate in the mixed and permanent dentition groups, bilateral 

indentations (curvatures) and a formed palatal spine were observed when compared to the 

deciduous dentition group (Fig. 4B and 4C). The incisive foramen, and the greater and lesser 

palatine foramina were more visible in the mixed and permanent dentition groups when compared 

to the deciduous dentition group (Fig. 4). The incisive suture appeared to be longer and more 

evident in the palate of the permanent dentition group when compared to the mixed and deciduous 

dentition group (Fig. 4). The region of the incisive foramen was observed to be more posteriorly 

situated in the permanent dentition group when compared to the deciduous and mixed dentition 

groups (Fig. 4).  
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Figure 4: Oral surface of the immature human palate showing the general morphology. A: at birth; B: 10 years of age; C: 16 

years of age. The figures are representative of the samples of the deciduous dentition group (A), the mixed dentition group (B) 

and the permanent dentition group (C) respectively. Red rectangles indicate areas of the palate with marked morphological 

changes. 
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3.1.2 Quantitative analysis of the palate  

A high level of repeatability was observed across all measurements (height: 84%, width: 95.8%, 

length: 97.1%).  

In the assessment of the overall change in the size and shape parameters of the palate, an increase 

in the size parameters was observed between the different states of the dentition (Table 2).  

 

Table 2: Measurements (mean and standard deviation) of the palate according to the state of the 

dentition    

  GROUP 1  

(Deciduous dentition) 

n = 14  

GROUP 2  

(Mixed dentition) 

n = 8  

GROUP 3  

(Permanent dentition) 

n = 50  

Scheffe Post Hoc  

(P)  

Measurements  Mean (SD)  Mean (SD)  Mean (SD)  Group 1 vs. 2  Group 2 vs. 3  

Width  26.26 (3.30)  31.70 (2.17)  38.83 (3.33)  0.001  0.001*  

Height  3.02 (1.03)  4.60 (1.46)  7.75 (2.86)  0.366  0.006  

Length  31.79 (3.24)  41.16 (2.71)  51.23 (4.37)  0.001*  0.001*  

Geo_Mean  13.43 (2.38)  17.98 (1.87)  24.46 (4.22)  0.029  0.001*  

MSV_W  1.99 (0.27)  1.78 (0.17)  1.64 (0.33)  0.303  0.495  

MSV_H  0.22 (0.05)  0.25 (0.06)  0.31 (0.08)  0.571  0.146  

MSV_L  2.42 (0.39)  2.31 (0.27)  2.16 (0.45)  0.846  0.640  

LENGTH, length of the palate; WIDTH, the width of the palate; HEIGHT, the height of the palate; Geo_Mean, geometric mean; 

MSV_L, Mosimann shape variable of the length of the palate; MSV_W, Mosimann shape variable of the width of the palate; 

MSV_H, Mosimann shape variable of the height of the palate. Scheffe Post Hoc p is significant at p ≤ 0.05.*all indicated values of 

p were less than 0.001  
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3.1.3 Size of the palate  

The length and width measurements of the palate in the mixed dentition group were significantly 

larger (p ≤ 0.001) when compared to the deciduous dentition group (Table 2). Similarly, the length 

and width measurements of the palate for the permanent dentition group were significantly larger 

(p ≤ 0.001) than the mixed dentition group (Table 2) and thus, also larger than the deciduous 

dentition group. The height measurement of the permanent dentition group was significantly 

greater (p ≤ 0.006) than that of the mixed dentition group. However, the difference in height 

between the mixed dentition and deciduous dentition was not statistically significant (Table 2). 

The geometric mean of the palate (geo_mean) was significantly greater when comparing the 

permanent dentition group to the mixed dentition group (p ≤ 0.029) and when comparing the mixed 

dentition group to the deciduous dentition group (p ≤ 0.001) (Table 2).  

  

In determining the effect of each set of measurements on the variations in size observed in the 

sample by means of principal component analysis loading values, the length of the palate had the 

greatest influence, while the height of the palate had the smallest influence (Fig. 5).   

  

  

  



22 

 

  

Figure 5: Principal component analysis (PCA) loading values indicating the influence of each set 

of variables and the geometric mean on the size variance of the palate.   

  

The significant level of variance observed in terms of the length (p ≤ 0.001), width (p ≤ 0.001), 

and geo_mean (p ≤ 0.029) when comparing the deciduous and mixed dentition groups (Table 2) 

was evident in the high degree of separation observed in the PCA between these groups (Fig. 6).  

While significant differences in the length (p ≤ 0.001), width (p ≤ 0.001), height (p ≤ 0.006), and 

geo_mean (p ≤ 0.001) were observed between the mixed and permanent dentition groups (Table 

2),  no significant level of variance was noted in the PCA between these groups (Fig. 6) as indicated 

by the degree of overlap observed between these groups (Fig. 6). 
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Figure 6: Principal component analysis (PCA) assessing the degree of variance in the size of the palate between the three states of the 

dentition: Group 1 (blue: deciduous dentition), group 2 (red: mixed dentition), group 3 (green: permanent dentition). Box plots illustrate 

the influence of each measurement and the geometric mean (Geo_Mean) on PC1 and PC2. In the PCA, an overlap of the group 

distribution map (coloured areas) indicates little to no variation between the represented groups, while a separation between groups 

indicates a high to moderate degree of variation which is proportional to the degree of separation between the represented groups.   
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3.1.4 Quantitative analysis of palatal shape  

While a decrease in the parameters of the MSV_Length and the MSV_Width were observed 

between the different states of the dentition, an increase in MSV_Height occurred (Table 2).  No 

statistically significant differences were found in the quantified shape parameters between the 

deciduous dentition group and the mixed dentition group, and between the mixed dentition group 

and permanent dentition group respectively (Table 2).  

  

The MSV_Length of the palate had the greatest level of influence on the change in the palatal 

shape across the different states of the dentition, while the MSV_Height appeared to have the least 

level of influence (Fig. 7). A high degree of overlap between the different groups of the dentition 

in relation to the MSV_Length, MSV_Width and MSV_Height was observed, indicating no 

difference in terms of the quantified shape variance between the Mosimann shape variables (Fig. 

8). The observed degree of overlap corresponds well with the absence of statistically significant 

differences between the Mosimann shape variables observed in the MANOVA assessment for 

shape (Table 2).  
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Figure 7: Principal component analysis (PCA) loading shape variables indicating the influence of 

the Mosimann variables on the shape variance of the palate. MSV_L, Mosimann shape variable of 

the length of the palate; MSV_W, Mosimann shape variable of the width of the palate; MSV_H, 

Mosimann shape variable of the height of the palate. 
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Figure 8: Principal component analysis (PCA) assessing the degree of shape variation of the palate across the different states of the 

dentition: Group 1(blue: deciduous dentition), group 2 (red: mixed dentition), group 3: permanent dentition). Box plots illustrate the 

effect of each Mosimann shape variable on PC1 and PC2. MSV_L, Mosimann shape variable of the length of the palate; MSV_W, 

Mosimann shape variable of the width of the palate; MSV_H, Mosimann shape variable of the height of the palate.  
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3.1.5 Qualitative analysis of palatal shape  

On comparing the wireframes between the three dentition groups, the oral view of the palate shows 

that the left and right posterior alveolar regions (at LM6 and LM12 respectively) were directed 

towards the midline of the palate in the mixed dentition and permanent dentition groups (Fig. 9A). 

The medial orientation of the left and right alveolar regions towards the midline resulted in a 

narrower appearance of the wireframe of the palate in the permanent dentition group when 

compared to the mixed dentition and deciduous dentition groups respectively, as indicated by the 

distances between LM12 – LM6 and LM10 – LM8 (Fig. 9A). The palate was also observed to be 

longer along the median plane (distance between LM3 – LM9) in the permanent dentition group 

when compared to the deciduous and mixed dentition groups respectively (Fig. 9A). The long and 

narrow-looking palate of the permanent dentition group, resulted in a more acute angle anteriorly 

(LM8-LM9-LM10) and a protruded orale (LM9), when compared to the palate of the deciduous 

dentition group (Fig. 9A). In the posterior region of the permanent dentition group, an outward 

protrusion of the left and right postalverions (LM5 and LM13) was observed (Fig. 9A).   

  

Shape changes in the posterior region of the palate such as the protrusion of the staphylion (LM3) 

were observed across the different states of the dentition (Fig. 9A). When comparing the posterior 

region (LM13-LM14-LM3-LM4-LM5) of the palate across each of the assessed dentition groups, 

particularly in the area of the posterior palatal indentation and staphylion in the deciduous 

dentition, a broad obtuse angle was observed relative to LM13-LM14-LM3 and LM3-LM4-LM5 

on either side of the palatal spine. In the mixed dentition group the formation of bilateral indenting 

or curvature of the posterior region of the palate was observed at LM4 and LM14 respectively. 

The bilateral indenting was observed to be deeper in the permanent dentition group in comparison 

to the mixed dentition, and absent in the deciduous dentition group. As such a change in the obtuse 

angle of the bilateral indentations to an acute angle and a well defined “W” shape (LM13-

LM14LM3-LM4-LM5) was observed at the posterior border of the palate in the permanent 

dentition group when compared to the palate of the deciduous dentition group (Fig. 9A).   
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When the wireframes were viewed from the lateral view, the height of the palate in the alveolar 

region was observed to have increased (LM13-LM3-LM5 and LM12-LM2-LM6) when the 

different dentition groups were compared (Fig. 9B). The observed increase in the height of the 

alveolar region in the lateral view of the wireframes as indicated at LM13-LM3-LM5 and 

LM12LM2-LM6 respectively, is associated with the more elevated roof of the palate in the 

permanent dentition group when compared to the mixed and deciduous dentition groups 

respectively (Fig.  

9B).  

  

From the posterior view of the wireframes (Fig. 9C), the roof of the palate changed from being flat 

in the deciduous dentition group (see line across the three groups indicated by: LM13-LM14-

LM3LM4-LM5) to being deeper and forming a dome, as a marked elevation of LM14-LM3-LM4 

was observed in the mixed and permanent dentition groups (Fig. 9C). The landmarks LM13 – 

LM14 and LM4 – LM5 respectively indicate a reorientation of the left and right alveolar regions 

from a horizontal orientation in the deciduous dentition group to a vertical orientation with a lateral 

inclination in the mixed and permanent dentition groups (Fig. 9C). The lateral divergence of the 

vertically oriented alveolar regions is associated with the observed significant increase in the width 

of the palate in the later dentition groups. 
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Figure 9: Wireframes illustrating the changes in the palatal shape between the varying stages of dental eruption and emergence. Oral 

view (A), illustrating the oral surface; lateral view (B), illustrating the right alveolar region and an overlapping of the left alveolar region; 

posterior view (C), illustrating the posterior region of the palate. Blue rectangles indicate areas of the palate with marked morphological 

changes. Numbers 1 – 14 indicates landmarks. 
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Chapter Four  

4.1 Discussion  

The development and growth of the palate is said to be a continuous process which is influenced 

by changes in the functional environment associated with the growth of the surrounding oral cavity 

structures (Cunningham et al; 2016; Li et al; 2017). This study investigated the morphological 

variations associated with the postnatal development and growth of the palate relative to the 

eruption and emergence of the maxillary dentition in immature, juvenile and subadult individuals. 

Significant changes in the shape and size of the palate were observed between the varying states of 

the dentition.  

  

Changes were noted in the morphology of the palate such as the horseshoe-shape of the palate of 

the deciduous dentition group compared to a more oval-shaped palate in the later dentition groups, 

which may be due to an increase in the length and width of the palate in the posterior region. Studies 

by Yu et al. (2014) and Bushan et al. (2015) observed a distinct palatal spine due to lengthening of 

the palate in the mixed and permanent dentition groups. The increase in the length and width of the 

palate results in the oval-shape palate in the mixed dentition and permanent dentition groups (Yu 

et al., 2014). The change in shape of the posterior palatal region from a relatively straight line to a 

bilaterally indented surface in the current study indicates that bone remodelling activities have 

occurred (Martinez-Maza et al., 2013). Also in the current study, the more evident incisive suture 

and the posterior relocation of the incisive foramen may result from an increase in the size of the 

anterior alveolar region in the later dentition groups. (Yu et al., 2014).  

  

The palate was significantly longer in the permanent dentition group when compared to the mixed 

and deciduous dentition groups thus indicating growth of the palate across the different states of 

the dentition. The acute angulation of the anterior incisor region and the lengthening of the 

postalverions in the posterior region of the palate observed in this study, demonstrates the potential 
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role of the permanent dentition in increasing the length of the palate through growth. The role of 

the eruption of the permanent dentition in the lengthening of the palate has been shown previously 

in children with delayed eruption of permanent teeth, who have shorter palatal lengths when 

compared to children with normal dental eruption patterns. (Suda et al., 2002). Thus, eruption of 

the molar teeth and the transition from the deciduous dentition to the permanent dentition may lead 

to growth in the length of the palate. The biomechanical forces associated with the posterior 

movement of the molar teeth may stimulate osteoblasts to deposit bone in the posterior alveolar 

region, thus contributing to posterior growth and lengthening of the palate (Hesby et al., 2006). The 

forces of occlusion and increased masticatory activities which lead to movement of the molars in a 

posterior direction (Hesby et al., 2006) have also been shown to influence growth of the posterior 

palate.   

  

The tongue has also been identified as playing a crucial role in craniofacial morphology (Fatima 

and Fida, 2019). During the stages of dental eruption, forces emanating from the tongue influence 

the reorientation of the maxillary incisors from a lingual to a more labial direction (Moss-Salentijn, 

1997). This anterior orientation of the incisors as a result of an anterior drift of the anterior alveolar 

region may have contributed to the anterior palatal thrust (anterior palatal acute angulation) 

observed in this study. Increased bone mass which indicates bone remodelling has been observed 

in both the anterior (incisor region) and posterior (molar region) regions of the palate in the subadult 

stages of growth respectively (Martinez-Maza et al., 2013). Thus, growth of the palate in response 

to mechanical pressure from the tongue on the anterior incisor region, and posterior movement of 

the molar teeth may be involved in the increase in the length of the palate.   

  

In this study, the posterior palate of the permanent dentition group was significantly wider when 

compared to the palate of the deciduous and mixed dentition groups. The findings of the current 

study is consistent with that of Knott and Johnson (1970) and Amirabadi et al. (2018), who found 

increases in the posterior width of the palate in their respective samples of individuals aged between 

5 – 18 years of age by measuring the inter-endomolar width (LM6 – LM12). Odajima (1990) 
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observed a change in the dimension of the inter-endomolar palatal width up to the stage of the 

mixed dentition with no further significant increase thereafter. The findings of Odajima (1990) are 

in contrast with the current study which showed a significant increase in the palatal width between 

the mixed and permanent dentition groups. The increase in the inter-endomolar width of the palate 

coincides with the eruption of the permanent dentition and thus may trigger the widening of the 

alveolar region (Thilander, 2009; Amirabadi et al., 2018). The alveolar region expands with the 

eruption of the permanent dentition, the teeth of which are larger in comparison to the deciduous 

dentition. The increase in the width and the divergence of the alveolar region laterally due to the 

eruption of the permanent dentition is responsible for the increase in the width of the palate in the 

later dentition groups. Thus the eruption of the permanent dentition contributes to the increase in 

width of the palate in the current study.   

  

While the activities of the tongue have been identified in the lengthening of the palate, it may also 

be a significant factor in the growth of palatal width (Hesby et al., 2006; Li et al., 2016). The tongue 

may have contributed to the increase of the palatal width observed in this current study, as Li et al 

(2016) observed that the tongue creates a distortional force through suckling which coincides with 

the appearance of cartilage in the median palatal suture. This leads to growth at the median palatal 

suture and results in the expansion and growth in the width of the palate (Li et al., 2016). Cases of 

aglossia and hypoglossia have been reported alongside an observed cleft of the palate and shortened 

or total absence of the soft palate (Rachmiel et al., 1993; Mandai and Kinouchi, 2001; Salles et al., 

2008). An extremely high and narrow palate, malocclusion with bilateral buccal cross-bite and deep 

overbite, and receded facial growth with a short palate have been observed to be associated with 

aglossia (Rachmiel et al., 1993; Salles et al., 2008; Rasool et al., 2009; Bommarito et al., 2016; 

McMiken et al., 2019). It is evident that the presence of the tongue is associated with the 

development and growth of the normal morphology of the palate, such as the increased width and 

length as opposed to the narrow and short palate in cases of aglossia (Rachmiel et al., 1993; Rasool 

et al., 2009; Bommarito et al., 2016; McMiken et al., 2019). The absence of the pressure created 

by the mechanical activity of the tongue which is associated with aglossia, results in the abnormal 

development of the oral cavity leading to the dysmorphology of the palate (Rachmiel et al., 1993; 
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Rasool et al., 2009; Bommarito et al., 2016; McMiken et al., 2019). Thus, forces emanating from 

the biomechanical activity of the tongue influence the increase in the length and width of the palate.   

The individual skeletal structures of the viscerocranium expand by growing at sutures due to growth 

of the associated organs with aging (Wei et al., 2017). The expansion of the viscerocranium is 

characterised by the expansion of the body and the zygomatic process of the maxilla (Enlow, 1966), 

the anterior and lateral growth of the supraorbital regions, and the expansion and growth of the 

nasal regions. Thus, the growth of the viscerocranium may also influence growth in the length and 

width of the palate. As the supraorbital and nasal region grow anteriorly, they direct growth of the 

viscerocranium anteriorly. In order to achieve equilibrium of the craniofacial growth, the sphenoid 

bone moves posteriorly and apposition of new bone accrues in the posterior region of the maxillary 

tuberosity, which results in increasing the anterior-posterior dimension of the maxillary alveolar 

regions (Enlow and Bang, 1965; Wei et al., 2017). The expansion of the zygomatic process of the 

maxilla also allows for bone growth in the lateral region of the palatine bone thus increasing the 

lateral dimension of the alveolar region and thus, increasing the palatal width. The growth processes 

involved in the expansion of the viscerocranium directly influence the increases in the anterior-

posterior and lateral dimensions of the maxillary body and the alveolar region, which increase the 

length and width of the palate (Enlow and Bang, 1965). The increase of the alveolar region in its 

posterior direction is associated with the relocation of its resorptive surface towards the posterior 

direction of the maxilla, and thus termed “the concept of area relocation” (Enlow and Bang, 1965). 

The area relocation of the posterior alveolar region may indicate bone remodelling activity and the 

growth of the viscerocranium in the anterior-posterior dimension, which may also function to 

lengthen the palate.  

  

A significant increase in the height of the palate was recorded in the permanent dentition when 

compared to the mixed dentition in the current study. Amirabadi et al. (2018) and Thilander (2009) 

observed an increase in the height of the palate in the mixed dentition and a subsequent increase in 

the permanent dentition. The increase in the height of the palate across the different states of the 

dentition may be attributed to the dental eruption which results in the growth of the alveolar bone 

inferiorly (Thilander, 2009). This is evident in the current study by observing the alteration of the 
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palatal shape from the lateral view. The wireframes of the palate showed changes in shape 

morphology of the alveolar region from a horizontal orientation to a vertical orientation between 

the different states of the dentition. The change in shape of the alveolar region indicates growth of 

the alveolar region in an inferior direction and thus, increase in palatal height in the mixed and 

permanent dentition groups.   

  

The palate forms both the roof of the oral cavity and the floor of the nasal cavity. Thus, growth and 

function of the nasal cavity during the stages of palatal development may also influence palatal 

morphology (Aziz et al., 2015). Enlow (1966) postulated that growth in one region of the skull 

necessarily influences growth in other regions in order to maintain functional equilibrium. Thus, 

craniofacial skeletal growth is observed to be related across regions in structure and geometrics, 

and equilibrium growth is achieved if the regional structure and its counterpart structures grow to 

the same extent e.g. the oral cavity and the nasal cavity (Enlow and Bang, 1965). During the stages 

of postnatal development, deposits of new bone are accrued on the oral surface of the palate with 

corresponding bone removal from the nasal surface (Enlow and Bang, 1965). Thus, the expansion 

of the nasal cavity results in increase in the depth of the palatal dome while the eruption of teeth 

results in the growth of the alveolar region in an inferior direction (Enlow and Bang, 1965). This 

may also indicate the influence of the nasal cavity in the increase in height of the palate which is 

termed the “counterpart principle of craniofacial growth” by Enlow and Bang (1965). 

MossSalentijn (1997) suggested that breathing through the nose is crucial in the development of 

the craniofacial region. Baccetti et al (2001) were able to correlate growth of the palatal dimensions 

with the development of the nasal cavity during the stages of postnatal development and growth, 

and observed abnormally high depths of the palatal dome in individuals with nasal obstruction and 

a reduced nasal cavity. Nasal breathing may stimulate inferior growth of the palate, and the lateral 

expansion of the nasal cavity may stimulate growth of the maxilla, which will further lead to growth 

at the median palatal suture thus increasing the width of the palate (Enlow and Bang, 1965; Moss-

Salentijn, 1997; Baccetti et al., 2001).  
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The stages of dental development in humans are associated with an evolved feeding mechanism 

which is characterised by a shift from fluid-based feeding to a more solid-based feeding, with 

advancement in the muscles of mastication and swallowing (Li et al., 2016). The swallowing 

mechanism in humans involves the functioning of the soft palate musculature which may influence 

growth in palatal dimensions and morphological shape changes (Li et al., 2016). The levator veli 

palatini muscles of the soft palate elevate the palate, while the tensor veli palatini muscles aids the 

action of the levator veli palatini. The uvula also causes elevation to close off the naso-pharynx. 

Thus, the biomechanical pressure passed on to the palate by an upward pull of these muscles may 

result in an increase in the palatal height (Swartz et al., 2012).   

  

Alterations in craniofacial shape and reduced or abnormal cranial growth which result in a short 

and flat palate have been observed in individuals with craniofacial muscular abnormalities or 

degeneration (Sharir et al., 2011). While the influence of the swallowing mechanism on the height 

of the palate has been identified from the activities of the soft palate musculature, the palatoglossus, 

palatopharyngeus and uvula muscles of the soft palate may also influence the increase in length 

and modification of the shape of the posterior palatal region. This can be understood by observing 

the actions of these muscles during swallowing, as the soft palate pulls the palate posteriorly 

towards the pharynx through the actions of the palatoglossus and palatopharygeus muscle. Thus, 

this posterior pull action of the soft palate musculature may stimulate the posterior appositional 

growth of the palate and result in lengthening of the palate. The uvula is also observed to cause 

lengthening of the posterior nasal spine (posterior palatal spine)  

i.e. the point of the staphylion (LM3). The lengthening of the palate is indicated by the protrusion 

of the posterior palatal spine across the stages of dental eruption. The different shape patterns of 

the posterior alveolar region is an indication of alveolar growth in a posterior direction with increase 

in width. The posterior bilateral indentation of the palate (“W” shape) in the later dentition groups 

may be an indication of remodelling and growth in width resulting from the forces emanating from 

the soft palate musculature.  
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The muscles of the soft palate all originate from associated skeletal structures and insert into the 

palatal aponeurosis. However, in a cleft of the palate, the muscles insert into the posterior border 

of the hard palate which results in an abnormal muscular morphology, characterised by two bone 

attachments rather than one as is seen in the normal palate (Monroy et al., 2012). This abnormal 

muscular attachment in cleft palate disrupts normal actions of soft palate musculature by restricting 

the isometric contractions. Thus the separated cleft palate is pulled laterally resulting in widening 

of the cleft and altering the height of the palate. This shows that abnormal development of the 

palatal morphology is correlated with the presence of abnormalities in dysfunction of the soft palate 

musculature, which may imply that normal palatal morphology may be influenced by the normal 

functioning of the soft palate musculature. However, no single oral structure or function in isolation 

can be said to influence the morphological variation of the palate. (Thilander, 2009; Sharir et 

al.,2011; Bommarito et al., 2016; Amirabadi et al., 2018; McMiken et al., 2019).  

  

4.2 Limitations  

The nature of this study (cross-sectional) is considered a limitation as it restricts the extrapolations 

which can be made. This study was conducted on a limited sample of maxillae of South African 

individuals in the Raymond A Dart human skeletal collection within the School of Anatomical 

Sciences at the University of the Witwatersrand. Increasing the sample size may be of benefit to 

the study.   

 

4.3 Conclusion.  

Significant morphological changes were observed in the palate between the different states of the 

dentition, indicating that these changes may be progressive with dental eruption and development. 

By establishing the influence of the oral activities on the morphological variations and postnatal 

development of the palate during the stages of dental eruption and development, the diagnosis of 

abnormalities in the postnatal development of the palate is possible in other fields of dentistry and, 

can be applied in craniofacial rehabilitation. 
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