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ABSTRACT 

 

DENTOSKELETAL AND TEGUMENTAL CHANGES IN INDIVIDUALS WITH 

NORMAL OCCLUSION AFTER A 40-YEAR FOLLOW-UP 

 

Introduction: Craniofacial growth and development is a continuous process that 

determines maturational changes throughout life. Objectives: The aim of this study 

was to evaluate cephalometric changes in individuals with normal occlusion from 17 

years of age to the seventh decade of life. Methods: The sample comprised lateral 

cephalograms of 21 subjects with normal occlusion (11 males, 10 females), taken at 

17 (T1) and 61 years of age (T2), which were digitized and measured using Dolphin 

Imaging 11.0 software. Anteroposterior and vertical maxillomandibular relationship, 

dentoalveolar and tegumental changes were analyzed. The interphase comparison 

was performed using paired t tests. Sexual dimorphism was evaluated using t tests. 

Results: A significant anterior displacement of the maxilla and mandible was observed 

between T1 and T2 time points. An increase of the ramus height, a counterclockwise 

rotation of the occlusal, palatal and mandibular planes, and a decrease of the upper 

facial height were observed during maturational process. Maxillary first molars tipped 

mesially and extruded. Soft tissue changes with aging were a decrease of the 

nasolabial angle, upper and lower lip retrusion and an increase of the soft-tissue chin 

thickness. A decrease of the maxillary incisor exposure and upper lip thickness was 

also observed. Sexual dimorphisms in the mandibular anteroposterior displacement 

and rotation were found. In males, a protrusion and a counterclockwise rotation of the 

mandible was found with a decrease in the overjet. In females, a mandibular clockwise 

rotation and a backward displacement of the chin were noted. A greater retrusion of 

the upper and lower lips and a greater increase of the soft chin thickness were 

observed in males. Conclusion: Aging changes were more intense in the soft tissue 

compared to the skeletal and dentoalveolar structures. An expressive sexual 

dimorphism for craniofacial changes was observed during the maturational process. 

 

Key words: Normal occlusion, cephalograms, adults, maturation, aging. 
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RESUMO 

 

ALTERAÇÕES DENTOESQUELÉTICAS E TEGUMENTARES EM INDIVÍDUOS 

COM OCLUSÃO NORMAL APÓS 40 ANOS DE ACOMPANHAMENTO 

 

Introdução: O crescimento e desenvolvimento craniofacial é um processo continuo 

que determina alterações maturacionais durante toda a vida. Objetivos: O objetivo 

deste estudo foi avaliar alterações cefalométricas em individuos com oclusão normal 

dos 17 anos de idade até a sétima década de vida. Materiais e métodos: A amostra 

foi composta por telerradiografias de 21 individuos com oclusão normal (11 homens, 

10 mulheres), tomadas aos 17 (T1) e 61 anos de idade (T2), que foram digitalizadas 

e medidas usando o software Dolphin Imaging 11.0. Alterações das relações 

anteroposterior, vertical, dentoalveolar e tegumentares foram analisadas. A 

comparação interfase foi feita usando o teste t pareado. O dimorfismo sexual foi 

avaliado usando o teste t. Resultados: Um significante deslocamento anterior da 

maxila e mandibula foi observado. Um aumento da altura do ramo, uma rotação anti-

horária dos planos oclusal, palatino e mandibular, e uma redução da altura facial 

superior foram observadas durante o processo maturacional. Os primeiros molares 

superiores mesializaram e extruíram. Alterações tegumentares com o envelhecimento 

foram a redução do ângulo nasolabial, retrusão dos lábios superior e inferior e um 

aumento da espessura do mento. Uma diminuição da exposição dos incisivos 

superiores e da espessura do lábio superior foi observada. Dimorfismo sexual no 

deslocamento anteroposterior e rotação mandibular foi encontrada. Nos homens, uma 

protrusão e rotação anti-horária da mandibula foi observada com uma redução do 

overjet. Nas mulheres, rotação horária mandibular e deslocamento para trás do mento 

foi notado. Uma maior retrusão dos lábios superior e inferior e maior aumento da 

espessura do mento mole foi observada nos homens. Conclusões: As alterações 

com o envelhecimento foram mais intensas nos tecidos moles comparadas às 

estruturas dentoesqueléticas. Um expressivo dimorfismo sexual para as alterações 

craniofaciais foi observado durante o processo de maturacional. 

Palavras-chave: Oclusão normal, telerradiografias, adultos, maturação, 

envelhecimento. 
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1 INTRODUCTION 
 

 

 The normal occlusion plays an important goal in orthodontics, once the 

occlusion evaluation is fundamental to stablish success at the end of the treatment. 

Dental arches and teeth positioning suffer changes due to the maturation process, 

since the individual is alive, teeth will change position respecting a compensatory 

mechanism that aims to maintain the structural balance of the face and dentition 

(BEHRENTS, 1985; BISHARA; TREDER; JAKOBSEN, 1994; TIBANA; PALAGI; 

MIGUEL, 2004). The knowledge of the normal changes that occur in the craniofacial 

complex with aging have total importance for the professional predict what will happen 

in the long term, considering that the life expectancy in the last century and the number 

of adults who seek orthodontic treatment remarkably increased. Growth until the first 

two decades of life is well documented (RIOLO, 1974; SINCLAIR; LITTLE, 1985; 

RICHARDSON; MOYERS, 1992) and some other studies extended the assessment to 

the mid adulthood (BISHARA; TREDER; JAKOBSEN, 1994; WEST; MCNAMARA, 

1999; PECORA; BACCETTI; MCNAMARA, 2008). However, few studies evaluated the 

maturational changes in the late adulthood (MASSARO et al., 2018; MIRANDA et al., 

2018). 

 The knowledge of the normal occlusion characteristics recognized by Andrews 

(ANDREWS, 1972) is an important reference in Orthodontics and over the years, many 

studies in the literature reported changes in the craniofacial complex with aging 

(BJORK, 1955; KENDRICK; RISINGER, 1967; SINCLAIR; LITTLE, 1985; 

BEHRENTS, 1986; BISHARA; TREDER; JAKOBSEN, 1994; WEST; MCNAMARA, 

1999; PECORA; BACCETTI; MCNAMARA, 2008; MASSARO et al., 2018; MIRANDA 

et al., 2018). Many longitudinal cephalometric comparisons, from adolescence to 

adulthood were evaluated, in treated and nontreated individuals (ISRAEL, 1973; 

SARNAS; SOLOW, 1980; BEHRENTS, 1985; BISHARA; TREDER; JAKOBSEN, 

1994; FORMBY; NANDA; CURRIER, 1994; WEST; MCNAMARA, 1999; PECORA; 

BACCETTI; MCNAMARA, 2008). 

 The results of these long-term longitudinal cephalometric studies showed that 

craniofacial growth is a continuous process throughout life (BJORK, 1951, 1955, 1963; 

KENDRICK; RISINGER, 1967; ISRAEL, 1973; BEHRENTS, 1985; BISHARA; 
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TREDER; JAKOBSEN, 1994; WEST; MCNAMARA, 1999; PECORA; BACCETTI; 

MCNAMARA, 2008) and did not corroborate the hypothesis that growth stops soon 

after puberty. Changes in the dentoskeletal and tegumental structures was reported 

until the sixth decade of life (WEST; MCNAMARA, 1999; PECORA; BACCETTI; 

MCNAMARA, 2008). 

In one of the first attempts to examine craniofacial growth into early adulthood, 

with lateral cephalograms of 12 to 20 years old boys, results showed that growth 

continued up through age 22 (BJORK, 1951, 1955; BJORK; SKIELLER, 1977). From 

21 to 26 years, an increase in the vertical dimensions, specially in total anterior facial 

height was noted with no sexual dimorphism (SARNAS; SOLOW, 1980). A longitudinal 

cephalometric study with individuals between 25 to 35 years found an increase in lower 

anterior facial height, anterior movement of the nose apex, retrusion of the lips 

(FORSBERG, 1979). Behrents, (BEHRENTS, 1985) conducted the most detailed 

investigation into the changes with aging in the craniofacial complex. The sample was 

composed by individuals between 25 and 83 years. It was observed a general stability 

of the pterygomaxillary fissure. The maxilla moved forward in concordance with the 

nasion. The total mandibular length increased with aging, and the gonial angle became 

more acute, especially in men. In males, the chin moved forward and downward, while 

in females, there was only a downward movement. There were several changes in the 

soft tissues, like the pogonion, that became more prominent with aging, especially in 

men. Extending the evaluation until the fifth and sixth decade of life (WEST; 

MCNAMARA, 1999; PECORA; BACCETTI; MCNAMARA, 2008), it was observed a 

different pattern of mandibular changes for each sex. Men showed an anterior rotation 

of the mandible, while women had a posterior rotation. Changes in the soft tissues 

were the most remarkable and included significant thinning of the upper lip, drooping 

of the nasal tip and columella and more acute nasolabial angle. 

 Although there are many longitudinal cephalometric changes in the craniofacial 

complex, there is no study in the literature that evaluates the aging process until the 

seventh decade of life, especially in individuals with normal occlusion. Thus, the aim 

of the present study was to assess dentoskeletal and tegumental changes in 

individuals with normal occlusion, from 17 to 61 years of age, a 43-year follow-up study. 
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2 ARTICLE 
 

 

 The article presented in this Dissertation was written according to the American 

Journal of Orthodontics and Dentofacial Orthopedics instructions and guidelines for 

article submission. 
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DENTOSKELETAL AND TEGUMENTAL CHANGES IN INDIVIDUALS WITH 

NORMAL OCCLUSION AFTER A 40-YEAR FOLLOW-UP 

 

ABSTRACT 

Introduction: Craniofacial growth and development is a continuous process that 

determines maturational changes throughout life. Objectives: The aim of this study 

was to evaluate cephalometric changes in individuals with normal occlusion from 17 

years of age to the seventh decade of life. Methods: The sample comprised lateral 

cephalograms of 21 subjects with normal occlusion (11 males, 10 females), taken at 

17 (T1) and 61 years of age (T2), which were digitized and measured using Dolphin 

Imaging 11.0 software. Anteroposterior and vertical maxillomandibular relationship, 

dentoalveolar and tegumental changes were analyzed. The interphase comparison 

was performed using paired t tests. Sexual dimorphism was evaluated using t tests. 

Results: A significant anterior displacement of the maxilla and mandible was observed 

between T1 and T2 time points. An increase of the ramus height, a counterclockwise 

rotation of the occlusal, palatal and mandibular planes, and a decrease of the upper 

facial height were observed during maturational process. Maxillary first molars tipped 

mesially and extruded. Soft tissue changes with aging were a decrease of the 

nasolabial angle, upper and lower lip retrusion and an increase of the soft-tissue chin 

thickness. A decrease of the maxillary incisor exposure and upper lip thickness was 

also observed. Sexual dimorphisms in the mandibular anteroposterior displacement 

and rotation were found. In males, a protrusion and a counterclockwise rotation of the 

mandible was found with a decrease in the overjet. In females, a mandibular clockwise 

rotation and a backward displacement of the chin were noted. A greater retrusion of 

the upper and lower lips and a greater increase of the soft chin thickness were 

observed in males. Conclusion: Aging changes were more intense in the soft tissue 

compared to the skeletal and dentoalveolar structures. An expressive sexual 

dimorphism for craniofacial changes was observed during the maturational process. 

 

Key words: Normal occlusion, cephalograms, adults, maturation, aging. 
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INTRODUCTION 

Life expectancy remarkably increased in the last century.1 Craniofacial growth 

and development is a continuous process and maturational changes can occur during 

aging.2,3 The number of adults who seek orthodontic treatment for functional or esthetic 

improvement has increased and understanding the natural changes that occur 

throughout life in the craniofacial complex is extremely important. Most previous 

longitudinal studies evaluated changes in the first two decades of life.4-9 Growth was 

thought to stop soon after puberty.10 However, previous studies revealed that growth 

continued during adulthood.2,3,10-21   

The first studies on craniofacial growth after adolescence have evaluated males 

from 12 to 22 years of age showing that growth continued until adulthood.13-16 An 

increase in all anteroposterior dimensions of the skull over a one-year period was found 

in adult males.20 From 35 to 54 years of age, women showed a slight increase in 

several craniofacial dimensions, including skull thickness, cranial base length and 

upper anterior facial height.19 Behrents showed that craniofacial growth is a continuous 

process during human aging.2  In his detailed study in a nontreated sample from 25 to 

83 years of age, men showed a forward and downward mandibular displacement while 

women showed a backward mandibular rotation. The soft pogonion became more 

prominent specially in men. The soft tissue glabella continued to move forward and 

there was retrusion of the upper lip. After 40 years of age, only mild changes were 

observed until the eighth decade of life. The facial profile straightened with age only in 

males.17 A previous maturational study until the fifth decade of life showed that men 

presented an anterior rotation of the mandible while women showed a posterior 

mandibular rotation.21 A study with untreated subjects from 17 to 57 years of age 

reported that changes in the soft tissue were more evident than dentoskeletal changes 

with aging, including a flattening and elongation of the upper lip, and a drooping of the 

nasal tip and columella.10  

Only one previous cephalometric study evaluated aging in normal occlusion 

subjects showing that the anteroposterior and vertical dimensions increased from 25 

and 46 years of age.3  No cephalometric study has evaluated individuals with normal 

occlusion up to the seventh decade of life. Therefore, the objective of this study was 

to evaluate the dentoskeletal and soft tissue changes in individuals with normal 

occlusion from 17 to 61 years of age.  
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MATERIAL AND METHODS 

This observational and longitudinal study was approved by the Ethics in 

Research Committee of Bauru Dental School, University of São Paulo, Brazil (Process 

#71634917.5.0000.5417). The sample size calculation was based on preliminary 

statistics including the first 5 subjects of the sample. For a standard deviation of 

1.57mm for the variable A-Nperp and a minimal interphase difference of 1mm to be 

detected, a sample of 21 subjects was required to provide statistical power of 80% with 

an α of 5%. 

The initial sample comprised 82 white-Brazilian individuals with normal 

occlusion obtained between 1970 to 1974 from the files of the Department of 

Orthodontics from Bauru Dental School, University of São Paulo. All subjects had (1) 

clinically acceptable occlusion in the complete permanent dentition, (2) dental and 

skeletal Class I relationships, (3) absence of crossbites, (4) normal overjet and 

overbite, (5) maximum 2mm of incisor crowding and (6) no previous orthodontic 

treatment. Lateral cephalograms taken at 17 years of age was used (T1). From 2015 

to 2016, the sample was recalled and lateral cephalograms were obtained at a mean 

age of 61 years (T2).  The exclusion criteria for T2 records were history of orthodontic 

treatment between T1 and T2 and complete tooth loss in the posterior region of the 

dental arches. The final sample comprised 21 subjects (11 males, 10 females) 

described at Table I.  

All the lateral cephalograms were scanned using ScanMaker i800 scanner 

(Microtek, Hsinchu, Taiwan) and analyzed using Dolphin Imaging 11.0 software 

(Dolphin Imaging and Management Solutions, Chatsworth, Calif., USA). 

Magnifications factors were corrected and 37 variables were measured (Table II).  

For the error study, 50% of the sample was randomly re-measured by the same 

examiner (G.M.N.) after a minimum 30-day interval. The intraexaminer reliability was 

assessed using intraclass correlation coefficients (ICCs).22  

Statistical analyses 

Mean and standard deviation were calculated for all measurements at T1 and 

T2. Kolmogorov-Smirnov tests showed normal distribution for all variables. Interphase 

changes from T1 to T2 were evaluated using paired t tests. Sexual differences were 

investigated using t tests. The significance level considered was 5%. The statistical 
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analyses were performed using Statistica© software (Statistica for Windows version 

7.0, StatSoft Inc., Tulsa, USA). 

RESULTS 

Table III shows the error study results. All variables had good to excellent 

intraexaminer agreement with intraclass correlation coefficients varying from 0.75 to 

0.98. 

Table IV shows interphase changes for the complete sample. From 17 to 61 

years of age, there was a maxillary and mandibular anterior displacement and a 

significant increase of the ramus height. The occlusal, palatal and mandibular planes 

rotated counterclockwise and a decrease of the upper facial height was observed. 

Maxillary molars extruded and angulated toward mesial. Significant changes were 

observed in the soft tissue including a retrusion of the upper and lower lips and a 

decrease of the nasolabial angle. The thickness of the upper lip decreased, while the 

thickness of the soft chin significantly increased. The exposition of maxillary incisor by 

the upper lip decreased with aging. 

Differences were found between sexes. In males, a protrusion and 

counterclockwise rotation of the mandible were observed. A greater increase of the 

ramus height and a decrease in the overjet were also found in males. In females, a 

backward displacement of the chin and a mandibular clockwise rotation were noted. 

Additionally, a greater retrusion of the upper and lower lips and a greater thickness 

increase of the soft chin were observed in males.  

DISCUSSION 

This is the first cephalometric study evaluating aging until the seventh decade 

of life in normal occlusion subjects. Previous studies on maturational changes of 

craniofacial complex were conducted in untreated individuals.3,10,12,17,21,23,24 One of the 

limitations of performing longitudinal studies is the difficulty in collecting data, which 

restricts the sample size.10,21,25,26 From the original normal occlusion sample of 82 

individuals, 36 were not found, 8 have died, 3 have lost all teeth, 8 have not accept to 

participate and other 6 individuals have not met the inclusion criteria. In this study, 

changes in the craniofacial complex were evaluated over 43 years, from early 

adulthood to the seventh decade of life. The results showed several changes in the 

skeletal and tegumental tissues with aging (Figs. 2 to 4), confirming that craniofacial 

growth continued into adulthood as previously reported.2 The most relevant findings 
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were that  soft tissue changes were more expressive than dentoskeletal changes 

confirming previous studies performed in untreated individuals.2,10,17,21  

A slight maxillary and mandibular anterior displacement was observed during 

the 43-year follow-up with no changes in the maxillomandibular relationships (Table 

IV). Mandibular ramus height showed a significant increase of 1.91mm from T1 to T2. 

These results corroborate previous longitudinal studies on craniofacial 

growth.3,10,17,21,23,27 The anterior movement of the maxilla could be explained by a 

maxillary bodily displacement as a whole,27 considering the maxillary length was 

stable. The increase of the mandibular protrusion was probably related to the increase 

of ramus height and the counterclockwise rotation of the mandible.5,9,23 Additionally, 

bone apposition on the anterior surface of symphysis might has occurred23 (Table IV). 

Occlusal, palatal and mandibular planes showed a counterclockwise rotation 

from 17 to 61 years of age, corroborating previous studies.2,9,10,21 A slight decrease of 

upper facial height was observed probably in consequence to the upward rotation of 

the palatal plane. This finding disagrees with previous studies showing an increase of 

upper facial height with aging.3,10,21 Differences in sample age, ethnical background 

and occlusion features might explain these divergences.  

 Dentoalveolar changes occurred only in the maxillary first molars that tipped 

mesially and extruded (Table IV). The increase of the maxillary molar angulation can 

be explained by the mesial shift of the posterior teeth throughout life2,28,29 and the 

mesiodistal tooth size reduction during aging.25 The increase of the maxillary molar 

extrusion supports the observation that the maxillary teeth continue to erupt over time 

during adulthood.9,21  Dental relationships remained stable during aging, agreeing with 

previous studies until 40 and 50 years of age.10,21 

 Over the 40-year follow-up, changes of facial soft tissue were more expressive 

than dentoskeletal alterations. The upper and lower lips became more retruded, 

specially the upper lip (Table IV, Fig. 3). Considering that no significant changes were 

observed for maxillary and mandibular incisor protrusion with aging, lip retrusion is 

probably most related to the decrease of lip thickness. Similar findings were reported 

in previous studies in untreated subjects.10,17,23 The reduction of the upper lip thickness 

observed in our study might be related to the natural aging process of the skin which 

becomes less consistent and inelastic over time.2,10,17,30 In addition, the maxillary 

incisor exposure decreased probably due to both upper lip vertical changes and the 

occurrence of an incisal edge wear in the central incisors.25 The 3.89mm reduction in 
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the maxillary incisor exposure over a 40-year follow-up indicate that a rate of 

approximately 1mm/decade is lost in the maxillary incisor display at rest, agreeing with 

previous study that related a gradual decrease of maxillary incisor exposition with 

age.31-33 

Changes were also observed on the perioral structures. The nasolabial angle 

decreased approximately 6º even in front of an upper lip retrusion, indicating that a 

downward movement of the nose columella has occurred with aging. A previous study 

measured the vertical development of columella relative to the Frankfurt plane showing 

an increase of 3.8mm from 17 to 57 years of age.10 Other studies also reported similar 

findings of downward movement of the nose with advancing age.2,17,21,24,34 The soft-

tissue chin became thicker and slightly more protruded with aging (Table IV, Figure 3). 

This finding agrees with previous studies that showed an increase in the region of the 

soft-tissue chin.2,10 Both the nose and soft-tissue chin changes should increase the 

perception of lip bi-retrusion with aging. 

 Some differences between sexes were noted over the 40-year follow-up. Males 

presented a protrusion and a counterclockwise rotation of the mandible. In contrast, 

females showed a retrusion and a clockwise rotation of the mandible (Table V; Figs. 4 

and 5). Our results agree with previous studies in untreated subjects.2,10,21 Pecora et 

al also showed sexual mandibular growth differences from 17 to 47 years of age.10 

Both sexes showed an increase in the mandibular ramus height (Co-Go) from T1 to 

T2, but men showed a greater increase than women (3.37mm and 0.31mm, 

respectively). These findings corroborate with other studies.2,3,21 The greater increase 

in the ramus height in men could be associated with the counterclockwise rotation of 

the mandible.23 Furthermore, several men had not completed their circumpubertal 

active growth at T1. Considering the cervical vertebral maturation,35 seven out of 11 

males subjects were at CS5 and three were still at CS4 at 17 years of age. On the 

contrary, 6 out of 10 females subjects showed stage CS6 at T1. These differences in 

skeletal maturation between the sexes at T1 could explain the greater changes noted 

in men from 17 to 61 years of age (Table V, Fig. 4). 

The overjet changes were also different between sexes. Men showed a 1.10mm 

reduction of the overjet, while women showed no change. This result is possibly 

associated with the anterior rotation of the mandible observed in men. These results 

are in agreement with a previous study in subjects with normal occlusion that also 

reported a decrease in the overjet in some males.26  Previous studies showed no 
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significant longitudinal changes for the overjet in nontreated subjects.10,21 These 

differences might be related to the presence of malocclusion in the sample. Men 

showed a greater retrusion of the upper and lower lips than women. These findings 

corroborate previous studies.2,3,21,36 The soft-tissue chin thickness increased more in 

men than women in a 3:1 ratio. These results support previous studies showing similar 

findings.2,10,30,32 

In summary, this study provided further evidence that craniofacial complex 

continues to change from early adulthood to the seventh decade of life. Several 

changes in the dentoskeletal and tegumental tissues might be expected with aging in 

subjects with normal occlusion. As clinical considerations, orthodontists should be very 

careful when indicating procedures that reduces lip protrusion and decreases maxillary 

incisor display once these procedures might accelerate facial aging.  

CONCLUSION 

 From 17 to 61 years of age, the changes in the facial soft tissue were more 

remarkable than dentoskeletal changes. An anterior displacement of both the maxilla 

and mandible was observed. There was an increase of the ramus height, a 

counterclockwise rotation of the occlusal, palatal and mandibular planes and a 

decrease of the upper facial height. Maxillary first molars tipped mesially and extruded. 

A closure of the nasolabial angle, a retrusion of the upper and lower lips related to soft 

tissue thickness decrease, an increase of the soft-tissue chin and a reduction of the 

maxillary incisor exposition were observed. Significant sexual differences were noted 

during the aging process.  
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FIGURE LEGENDS 

Figure 1 – A-B: Lateral cephalograms of a man at T1 (17 years) and T2 (61 years). C-

D: Lateral cephalograms of a woman at T1 (17 years) and T2 (61 years). 

Figure 2 – Superimposition of average sample tracing from T1 to T2 (red line, T1, black 

line, T2). 

Figure 4 – Superimposition of average male tracing from T1 to T2 (red line, T1, black 

line, T2). 

Figure 5 – Superimposition of average female tracing from T1 to T2 (red line, T1, black 

line, T2).  
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Figure 3 
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Figure 4 
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Table I – Sample age. 

Time 
Mean age (Males) Mean age (Females) Mean age (total) 

Mean SD Mean SD Mean SD 

T1 17.90 0.91 17.29 0.91 17.61 0.96 

T2 61.52 1.59 61.13 1.61 61.34 1.57 
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Table II - Skeletal, dental, soft tissue profile cephalometric variables. 
Variables Definition 

Maxillary Skeletal Component 
SNA (º) SN to NA angle 
CoA (mm) Condylion to A-point distance 
A-NPerp (mm) A point to nasion-perpendicular 

Mandibular Skeletal Component 
SNB (º) SN to NB angle 
Co-Gn (mm) Condylion to Gnathion distance 
P-Nperp (mm) Point P relative to the perpendicular passing through N 
Co-Go (mm) Condylion to gonion distance 

Maxillomandibular relatioship 
ANB (º) NA to NB angle 
mx/md dif (mm) difference between mandibular and maxillary length 

Vertical Component 
OP.FH (º) Oclusal plane to Frankfurt plane angle 
PP.FH (º) Palatal plane to Frankfurt plane angle 
FMA (º) Frankfurt mandibular plane 
SNGoGn (º) SN to GoGn angle 
UFH (mm) Distance between N and ANS points 
LAFH (mm) Distance bewteen ANS and Me points 

Maxillary dentoalveolar component 
Mx1.NA (º) Maxillary incisor long axis to Na angle 
Mx1-NA (mm) Distance between anterior point of crown of maxillary incisor and NA line 
Mx1-PP (mm) Distance between maxillary incisal edge and palatal plane 
Mx6.SN (º) Angle formed by the long axis of maxillary first molar and SN plane 

Mx6-PP (mm) 
Mean perpendicular distance between mesial and distal cusp of maxillary first 
molar and palatal plane 

Mandibular dentoalveolar component 
Md1.NB (º) Mandibular incisor long axis to NB angle 

Md1-NB (mm) 
Distance between most anterior point of crown of mandibular incisor and NB 
line 

IMPA (º) Incisor mandibular plane angle 
Md1-MP (mm) Distance between mandibular incisal edge and mandibular plane 
Md6.MP (º) Angle formed by the long axis of mandibular first molar and MP 
Md6-MP (mm) Distance between occlusal point of mandibular first molar and mandibular plane 

Dental relationship 

Overjet (mm) 
Distance bewteen incisal edge of maxillary and mandibular central incisor, 
parallel to occlusal plane 

Overbite (mm) 
Distance between incisal edge of maxillary and mandibular central incisor, 
perpendicular to occlusal plane  

Mx1.Md1 (º) Angle between the long axis of Mx1 and Md1 
Soft Tissue Profile 

Nasolabial Angle (º) Angle formed between the nose and upper lip 
UL cant (º) Upper lip inclination 
UL-E plane (mm) Distance between upper lip to E plane 
LL-E plane (mm) Distance between lower lip to E plane 
UL thickness (mm) Distance between UL to Mx1 
LL thickness (mm) Distance between LL to Md1 
Chin thickness (mm) Distance between Pog to Pog’ 
Mx1 exposure (mm) Mx1 exposure with lips at rest 
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Table III - Error study (Intraclass correlation coefficients - ICC). 

Variables 
Measurement 1 Measurement 2 Difference 

ICC 
Mean SD Mean SD Mean SD 

Maxillary Skeletal Component 
SNA (º) 84.26 3.12 84.44 3.24 0.17 1.01 0.94 
CoA (mm) 86.19 5.68 86.75 5.16 0.56 1.41 0.96 
A-Nperp (mm) 1.95 2.88 2.45 2.92 0.47 0.97 0.93 

Mandibular Skeletal Component 
SNB (º) 80.97 2.54 81.01 2.44 0.04 0.46 0.98 
Co-Gn (mm) 118.67 6.84 117.92 7.41 -0.74 1.60 0.96 
P-Nperp (mm) -0.63 3.72 -0.23 3.62 0.40 1.98 0.84 
Co-Go (mm) 63.18 4.85 62.38 6.01 -0.80 2.58 0.87 

Maxillomandibular relationship 
ANB (º) 3.28 1.52 3.45 1.83 0.16 0.72 0.90 
mx/md dif. (mm) 27.53 3.30 26.61 3.26 -0.92 1.99 0.78 

Vertical Component 
OP.FH (º) 7.08 3.86 6.72 4.14 -0.36 2.57 0.79 
PP.FH (º) -0.52 2.33 -1.15 2.00 -0.62 1.39 0.76 
FMA (º) 23.28 3.04 22.97 3.51 -0.31 0.83 0.96 
SNGoGn (º) 28.02 4.23 28.35 4.02 0.32 1.17 0.95 
UFH (mm) 51.52 2.44 51.55 3.00 0.02 1.29 0.88 
LAFH (mm) 68.15 4.93 67.46 5.18 -0.69 2.39 0.87 

Maxillary dentoalveolar component 
Mx1.NA (º) 17.54 5.82 16.59 6.51 -0.95 2.13 0.92 
Mx1-NA (mm) 2.43 1.84 2.23 2.10 -0.20 0.92 0.88 
Mx1-PP (mm) 29.30 2.37 28.83 1.99 -0.46 1.42 0.77 
Mx6.SN (º) 77.45 4.17 78.37 3.57 0.91 2.46 0.77 
Mx6-PP (mm) 21.04 2.30 20.33 2.54 -0.70 1.27 0.82 

Mandibular dentoalveolar component 
Md1.NB (º) 22.78 3.58 23.29 3.14 0.50 2.08 0.79 
Md1-NB (mm) 4.26 1.13 4.41 1.22 0.15 0.36 0.94 
IMPA (º) 90.55 3.83 91.40 3.20 0.86 2.17 0.78 
Md1-MP (mm) 39.75 2.87 39.58 3.09 -0.17 1.50 0.87 
Md6.MP (º) 83.77 5.19 83.42 4.40 -0.35 3.06 0.79 
Md6-MP (mm) 33.20 2.90 32.81 3.38 -0.38 1.73 0.84 

Dental Relationship 
Overjet (mm) 2.95 0.43 2.86 0.43 -0.08 0.29 0.75 
Overbite (mm) 2.42 1.13 2.40 1.22 -0.02 0.34 0.95 
Mx1.Md1 (º) 138.23 7.34 138.53 7.45 0.30 4.11 0.84 

Soft tissue profile 
Nasolabial Angle (º) 108.93 9.73 109.30 9.75 0.37 4.04 0.97 
UL cant (º) 4.72 5.01 4.80 5.62 0.07 2.40 0.89 
UL-Eplane (mm) -5.48 2.33 -5.30 2.56 0.17 0.56 0.97 
LL-Eplane (mm) -3.76 2.16 -3.65 2.46 0.11 0.54 0.97 
UL thickness (mm) 12.09 2.56 11.93 2.38 0.15 0.76 0.95 
LL thickness (mm) 12.37 1.63 12.19 1.68 -0.18 0.79 0.87 
Chin thickness (mm) 13.30 2.28 12.92 2.32 -0.37 1.51 0.77 
Mx1 exposure (mm) 1.85 2.62 1.82 2.44 -0.02 0.82 0.94 
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Table IV - Interphase comparisons (paired t tests). 

Variables 
T1 T2 T2-T1 

p 
Mean SD Mean SD Mean SD 

Maxillary Skeletal Component 
SNA (º) 82.52 3.73 82.90 3.95 0.38 1.47 0.244 
CoA (mm) 86.56 5.06 87.29 5.29 0.45 2.34 0.168 
A-Nperp (mm) 0.16 3.26 1.57 2.62 1.41 1.79 0.001* 

Mandibular Skeletal Component 
SNB (º) 80.17 2.97 80.34 3.40 0.17 1.47 0.598 
Co-Gn (mm) 120.22 7.06 120.56 7.64 0.34 2.39 0.521 
P-Nperp (mm) -2.20 3.70 0.24 3.80 2.44 4.20 0.014* 
Co-Go (mm) 63.32 5.03 65.23 6.20 1.91 3.24 0.013* 

Maxillomandibular relationship 
ANB (º) 2.34 2.04 2.56 2.48 0.21 1.36 0.472 
mx/md dif. (mm) 28.70 4.09 28.70 3.90 0.13 1.61 0.697 

Vertical Component 
OP.FH (º) 7.15 2.27 3.41 4.69 -3.73 4.81 0.007* 
PP.FH (º) -0.70 2.11 -1.71 2.92 -0.93 2.05 0.049* 
FMA (º) 24.37 3.02 22.04 3.94 -2.32 3.06 0.002* 
SNGoGn (º) 28.64 3.31 28.08 4.61 -0.56 2.47 0.309 
UFH (mm) 52.20 2.32 51.18 2.63 -1.01 1.09 <0.001* 
LAFH (mm) 69.26 6.11 68.45 6.03 -0.80 2.38 0.136 

Maxillary dentoalveolar component 
Mx1.NA (º) 19.59 5.08 19.97 9.38 0.38 6.96 0.802 
Mx1-NA (mm) 3.64 1.78 3.43 2.63 -0.20 1.83 0.611 
Mx1-PP (mm) 29.41 3.20 28.64 4.01 -0.76 1.85 0.072 
Mx6.SN (º) 74.06 3.62 77.97 4.53 3.90 4.55 0.003* 
Mx6-PP (mm) 20.26 2.79 22.36 2.91 2.10 1.90 <0.001* 

Mandibular dentoalveolar component 
Md1.NB (º) 23.20 5.01 24.50 5.27 1.29 4.56 0.209 
Md1-NB (mm) 4.39 1.69 4.73 2.10 0.34 1.11 0.173 
IMPA (º) 89.10 5.84 91.23 6.82 2.12 5.16 0.073 
Md1-MP (mm) 40.12 3.12 39.17 4.37 -0.95 2.63 0.111 
Md6.MP (º) 82.24 4.39 82.21 6.34 -0.03 7.59 0.983 
Md6-MP (mm) 32.97 3.09 32.01 3.91 -0.95 2.59 0.125 

Dental Relationship 
Overjet (mm) 2.61 0.91 2.36 1.41 -0.25 0.95 0.304 
Overbite (mm) 1.99 1.26 1.78 1.20 -0.21 1.18 0.484 
Mx1.Md1 (º) 134.84 6.80 132.98 11.21 -1.86 8.72 0.338 

Soft tissue profile 
Nasolabial Angle (º) 109.45 8.66 103.70 10.97 -5.74 10.92 0.025* 
UL cant (º) 5.71 6.63 4.71 7.75 -1.00 7.87 0.567 
UL-Eplane (mm) -4.05 1.92 -7.53 3.16 -3.47 2.22 <0.001* 
LL-Eplane (mm) -2.61 1.76 -5.04 2.70 -2.43 1.65 <0.001* 
UL thickness (mm) 13.95 1.87 10.76 1.84 -3.18 1.77 <0.001* 
LL thickness (mm) 12.47 1.93 13.12 2.55 0.64 1.90 0.134 
Chin thickness (mm) 12.15 1.71 14.55 2.28 2.40 1.82 <0.001* 
Mx1 exposure (mm) 3.27 1.28 -0.62 1.98 -3.89 1.94 <0.001* 

*Statistically significant at p < 0.05  
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Table V – Males and females changes and comparisons (t tests). 

Variables 
Male (n=11) Female (n=10) 

p 
Mean SD Mean SD 

Maxillary Skeletal Component 
SNA (º) 0.92 1.18 -0.21 1.59 0.076 
CoA (mm) 1.51 2.40 1.13 0.51 0.634 
A-Nperp (mm) 1.49 2.36 1.31 0.97 0.817 

Mandibular Skeletal Component 
SNB (º) 0.94 1.18 -0.68 1.30 0.007* 
Co-Gn (mm) 1.43 2.20 0.46 1.06 0.223 
P-Nperp (mm) 3.14 4.92 0.79 3.32 0.436 
Co-Go (mm) 3.37 3.22 0.31 2.51 0.026* 

Maxillomandibular relationship 
ANB (º) 0.00 1.00 0.47 1.70 0.437 
mx/md dif. (mm) 0.54 1.90 -0.30 1.15 0.239 

Vertical Component 
OP.FH (º) -5.17 5.11 -3.96 4.70 0.588 
PP.FH (º) -0.48 2.36 -1.44 1.62 0.297 
FMA (º) -3.28 3.08 -1.28 2.82 0.138 
SNGoGn (º) -1.97 1.91 0.99 2.08 0.003* 
UFH (mm) -0.97 0.95 -1.05 1.28 0.867 
LAFH (mm) -1.44 2.19 -0.11 2.50 0.210 

Maxillary dentoalveolar component 
Mx1.NA (º) 0.82 5.98 -0.10 8.21 0.769 
Mx1-NA (mm) -0.31 1.76 -0.08 2.00 0.782 
Mx1-PP (mm) -1.40 1.74 -0.07 1.80 0.101 
Mx6.SN (º) -5.82 2.85 3.64 4.99 0.344 
Mx6-PP (mm) -0.95 8.99 2.08 1.76 0.335 

Mandibular dentoalveolar component 
Md1.NB (º) 2.32 5.47 0.15 2.90 0.268 
Md1-NB (mm) 0.43 1.39 0.24 0.75 0.713 
IMPA (º) 3.89 5.68 0.19 3.91 0.101 
Md1-MP (mm) -0.71 1.59 -1.22 3.53 0.663 
Md6.MP (º) 1.28 8.53 -1.50 6.59 0.441 
Md6-MP (mm) -0.38 1.36 -1.59 3.49 0.327 

Dental Relationship 
Overjet (mm) -1.10 1.10 0.18 0.83 0.015* 
Overbite (mm) -0.65 0.99 -0.01 1.38 0.296 
Mx1.Md1 (º) -3.10 9.12 -0.51 8.51 0.510 

Soft tissue profile 
Nasolabial Angle (º) -2.72 8.66 -9.07 12.58 0.190 
UL cant (º) -4.02 6.98 2.33 7.74 0.062 
UL-Eplane (mm) -5.06 1.70 -1.73 1.13 <0.001* 
LL-Eplane (mm) -3.26 1.79 -1.52 0.84 0.011* 
UL thickness (mm) -3.71 1.78 -2.60 1.65 0.156 
LL thickness (mm) 0.88 2.19 0.38 1.60 0.559 
Chin thickness (mm) 3.51 1.28 1.18 1.99 0.001* 
Mx1 exposure (mm) -4.42 1.45 -3.31 2.30 0.199 

*Statistically significant at p < 0.05. 
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3 DISCUSSION 
 

 

 The present study aimed to evaluate the dentoskeletal and tegumental changes 

in individuals with normal natural occlusion, from the early permanent dentition (T1) to 

their seventh decade of life (T2). All individuals had lateral cephalograms obtained at 

17 and 61 years of age. Longitudinal follow-ups of cephalometric studies are well 

documented in the literature, providing evidence about craniofacial growth and 

development (FORSBERG, 1979; BEHRENTS, 1985; SINCLAIR; LITTLE, 1985; 

BISHARA; TREDER; JAKOBSEN, 1994; FORMBY; NANDA; CURRIER, 1994; WEST; 

MCNAMARA, 1999; PECORA; BACCETTI; MCNAMARA, 2008). However, collecting 

longitudinal data is a difficulty of this type of study. 

 Important changes were observed from 17 to 61 years of age. Like was already 

reported by Behrents and other studies, the craniofacial complex continues to change 

even in adulthood (BEHRENTS, 1985; BISHARA; TREDER; JAKOBSEN, 1994). Our 

results showed that several variables were influenced by the aging process, but the 

most remarkable changes were noted in the soft tissues. Overall, there was maxillary 

and symphysis anterior displacement, increase of the ramus height, counterclockwise 

rotation of the occlusal, palatal and mandibular planes, decrease of the upper facial 

height and maxillary first molar mesial angulation and extrusion. Soft tissue changes 

were decrease of the nasolabial angle, retrusion of the lips and flattening of the upper 

lip, increase of the soft-tissue chin thickness and reduction of the maxillary incisor 

exposition. Sexual dimorphism was also observed in several variables. The mandibular 

growth pattern was different for both sexes. Men presented an anterior displacement 

and rotation of the mandible, with greater increase of the ramus height and reduction 

of the overjet. On the other hand, women showed a posterior mandibular movement 

and rotation. Lips retrusion and increased soft-tissue chin thickness were also greater 

in men. 

 The clinical applications based on these results are extremely important, since 

knowledge of the normal changes that occur in the craniofacial complex with aging, 

specially dentoalveolar and tegumental changes, will serve as a guide to the clinical 

procedures in the orthodontic treatment, avoiding early aging of the face. Lips retrusion 

and flattening are reported in previous studies (BEHRENTS, 1985; ZYLINSKI; NANDA; 
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KAPILA, 1992; BISHARA; TREDER; JAKOBSEN, 1994; FORMBY; NANDA; 

CURRIER, 1994; WEST; MCNAMARA, 1999; PECORA; BACCETTI; MCNAMARA, 

2008). The implication is that orthodontic treatment at earlier ages should not result in 

an overly straight soft tissue profile and overly retrusive lips, since the expected 

changes in the relative positions of the lips, nose and chin may exaggerate these 

characteristics (BISHARA; TREDER; JAKOBSEN, 1994). A large exposure of the 

maxillary incisors during adolescence should not be a concern during treatment, since 

the reduction of the maxillary incisor exposition is part of the natural process of aging 

(BEHRENTS, 1985; FORMBY; NANDA; CURRIER, 1994; DONG et al., 1999; VAN 

DER GELD; OOSTERVELD; KUIJPERS-JAGTMAN, 2008; VAHDETTIN; ALTUG, 

2012). 

 

FINAL CONSIDERATIONS 

 

It is very important to understand what naturally occurs with the craniofacial 

complex with age, since the aging process might change the skeletal, dentoalveolar 

and soft tissue structures. This longitudinal study with individuals with normal occlusion 

showed that significant changes occurred from 17 to the seventh decade of life, and 

the most remarkable change was noted in the soft tissues. 
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4 CONCLUSIONS 

 

 

 From 17 to 61 years of age, the changes in the facial soft tissue were more 

remarkable than dentoskeletal changes. An anterior displacement of both the maxilla 

and mandible was observed. There was an increase of the ramus height, a 

counterclockwise rotation of the occlusal, palatal and mandibular planes and a 

decrease of the upper facial height. Maxillary first molars tipped mesially and extruded. 

A closure of the nasolabial angle, a retrusion of the upper and lower lips related to soft 

tissue thickness decrease, an increase of the soft-tissue chin and a reduction of the 

maxillary incisor exposition were observed. Significant sexual differences were noted 

during the aging process.  
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APPENDIX A - DECLARATION OF EXCLUSIVE USE OF THE ARTICLE IN 

DISSERTATION/THESIS 
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changes in individuals with normal occlusion after a 40-year follow-up” will be included 
in Dissertation of the student Gabriela Manami Natsumeda and may not be used in 
other works of Graduate Programs at the Bauru School of Dentistry, University of São 
Paulo.  
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ANNEX A – Ethics Committee approval, protocol number 71634917.5.0000.5417 
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ANNEX A – Ethics Committee approval, protocol number 71634917.5.0000.5417 
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ANNEX A – Ethics Committee approval, protocol number 71634917.5.0000.5417 
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ANNEX B – Patients informed consent exoneration. 
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