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Abstract

Objective: To provide some insight into annual horizontal and vertical 
components of mandibular growth. 

Material and Methods: The averaged growth data for the ages of 8 to 16 
were garnered from an Atlas of craniofacial growth: Cephalometric standards 
from the university school growth study, the University of Michigan and organized 
into horizontal and vertical growth components utilizing trigonometry. 

Results: Considering the limitations of the data, during puberty it would 
seem the average horizontal growth vector of the mandible is approximately 
1.5mm per year for females and 2mm/yr for males. The average vertical 
component of growth during puberty is approximately 2.8mm/yr for males and 
1.5 mm/yr for females. 

Conclusion: The amount of horizontal growth may be overestimated and 
vertical growth underestimated with current use of growth along anatomic 
planes rather than relative to the horizontal or Frankfort plane.

a year over the 36 months of pubertal growth. Mandibular length 
measured as Co-Gn displayed growth of 4.31mm per year measured 
over a 5 to 24 month observation period [1], 2.5mm/year over 5 years 
from 91/2 years of age to 14½ [2], and approximately 2mm per year for 
an untreated control group [11,12]. Mandibular length measured as 
Ar-Gn displayed a 3.26 ± 1.47mm/yr for males and 2.90 ± 1.32 mm/yr 
of incremental growth [4] and 1.33mm/yr as observe for an untreated 
control group [12]. Bjork described 2-5mm of condylar growth per 
year [13], and Buschang [14] described incremental condylar growth 
with an approximate average of 2.8mm/yr for males and 2.2mm/yr 
for females, however this may not directly translate into the desired 
growth direction at pogonion [15].

Growth vector analysis has been previously described utilizing 
a constructed reference of a perpendicular line to the sella turcica-
nasion line (SN), SN-7 or FH which originates from sella, however 
growth periods presented often do not allow an annual assessment of 
growth without additional assumption [5,15-18]. 

The purpose of this study was to provide an estimate for the average 
amount of horizontal and vertical circumpubertal mandibular growth 
using cross-sectional data from normal growth standards relative to 
the horizontal plane approximating the Frankfort horizontal (FH) [8]. 
Potential application includes orthodontic diagnosis and treatment 
planning when considering normal growth and the potential for 
orthopedic or dento-alveolar modification.  

Material and Methods
The sample for this study was obtained from an Atlas of 

Introduction
Diagnosis and treatment often rely on the amount of craniofacial 

growth available, however it is difficult to find a description of annual 
horizontal (ventral) and vertical (caudad) components of normal 
mandibular growth relative to the Frankfort horizontal (FH) on a 
search of orthodontic literature. Mandibular growth in length is 
often described utilizing the distance between condyle associated 
landmarks and mandibular symphysis associated landmarks eg 
condylion-gnathion (Co-GN), condylion-pogonion (Co-Pg), 
articulare-pogonion (Ar-Pg), and articulare-gnathion (Ar-Gn) [1-4]; 
however these measured changes are angled relative to the Frankfort 
Horizontal /horizontal plane. For this reason, the measured change 
does not adequately reflect clinically observed facial development [5] 
nor the ventral change resulting in decreased facial convexity.

According to Proffit [6,7] mandibular ramus height growth 
(condylion-gonion) is 1 to 2 mm per year and mandibular body 
(gonion-pogonion) growth is 2 to 3 mm per year based on the 
growth standards utilized in this study [8], and Ricketts reported 
1.5mm/yr of mandibular growth measured from Co to symphysis 
[9]. Burstone and Marcotte [10] observed Ar-Pg annual growth and 
growth increments for female ages 10 to 14 which displayed annual 
growth increments of 2mm, 3.5mm, 1.9mm and 1.4mm, and for male 
ages 12 to 16 which displayed annual growth increments of 2.2mm, 
2.8mm, 4.7mm and 2.3mm. Female mandibular length as Ar-Pg has 
been observed to display 4.29mm of growth for 18months prior to 
menarche and then a subsequent decrease in growth rate to 2.84mm 
for 18 months post-menarche [3], which is approximately 2.4mm 
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measurements for condylion-gonion (Co-Go), condylion-gnathion 
(Co-Gn), gonion-gnathion (Go-Gn), and sella-nasion-gonion-
gnathion (SN-GoGn) (Table 1) were obtained for the ages of 8 
to 16 years of age and were chosen as they were the only available 
landmark measurements which would relate the condyle, gonion and 
mandibular symphysis; Co, Go, Gn. 6A measurement for the gonial 
angle was not available; therefore, the cosine rule was used to establish 
the angle of Co-Go-Gn (θCo-Gn) (Figure 1). The Law of Sines was then 
used to calculate the remaining angles θGo-Gn and θCo-Go (Figure 1). 

The sella-nasion line minus 7 degrees (SN-7) was utilized to 
represent the horizontal plane as it approximates the FH (16, 17, 19, 
20) (Figure 2). The SN-GoGn value [8] was adjusted by 7 degrees to 
compensate for the 7° difference between the SN-GoGn and SN-7-
GoGn.

Because SN-7 is known, the angle between Go-Gn and a 
horizontal constructed by an arbitrary Cartesian co-ordinate system 
(α) could be extrapolated (Figure 2). Adding the angles θCo-Go and α 
(Figure 2) will allow one to determine the x- component (horizontal) 
and y-components (vertical) of growth (Figure 3). 

The ages at puberty were considered separately. The ages for 
puberty were assumed to display a 2 year sexual dimorphism [21], 
and were separated using growth increments that represented the 
ages during puberty; 10-13 years of age for females and 12 to 15 for 
males [17,22,23].

A Average Age related length of 
Co-Gn (mm)

Average Age related length 
of Go-Gn (mm)

Average Age related length 
of Co-Go (mm)

Average Age related angle of 
SN-GoGn (mm)

Growth Increments for 
Co-Gn (mm)

Co-Gn Sex Go-Gn Sex Co-Go Sex SN-GoGn Sex

AGE M F AGE M F AGE M F AGE M F AGE M F

6 103.0 100.5 6 65.4 65.6 6 48.7 46.5 6 34.8 35.8 6 to 7 2.3 2.8

7 105.3 103.3 7 68.2 67.3 7 49.1 47.7 7 35.6 36.3 7 to 8 3.9 3.0

8 109.2 106.3 8 70.5 69.8 8 51.3 49.1 8 34.7 34.9 8 to 9 2.5 2.0

9 111.7 108.3 9 72.4 70.9 9 52.8 50.8 9 34.2 35.0 9 to 10 2.8 3.0

10 114.5 111.3 10 74.4 73.4 10 54.0 51.5 10 34.4 35.0 10 to 11 3.1 2.1

11 117.6 113.4 11 76.6 75.1 11 55.8 52.4 11 34.3 34.6 11 to 12 2.1 2.3

12 119.7 115.7 12 77.9 75.9 12 57.2 54.6 12 33.5 34.0 12 to 13 3.4 2.1

13 123.1 117.8 13 79.9 77.8 13 59.4 55.1 13 32.9 34.2 13 to 14 3.4 2.1

14 126.5 119.9 14 82.4 78.9 14 61.6 56.8 14 32.9 33.5 14 to 15 2.2 2.1

15 128.7 122.0 15 84.0 80.0 15 62.7 58.9 15 32.9 32.1 15 to 16 4.9 1.6

16 133.6 123.6 16 86.3 81.0 16 66.1 60.5 16 32.6 31.1

Table 1: Average age related length of Co-Gn, Go-Gn, Co-Go in millimeters and angulation of SN-GoGn in degrees. (from An Atlas of craniofacial growth: Cephalometric 
standards from the University school growth study, the University of Michigan1). Also shown are growth increments for Co-Gn, Co-Go, Go-Gn.

Figure 1: Shown are the equations representative of the Rule of Cosines and 
the relationship of the angles to their respective to the sides of a triangle. A 
rule of Cosines equation is adapted to solve for C(θCo-Gn) and then the Law 
of Sines is shown adapted to solve for θGo-Gn and θCo-Go.

Figure 2: The orientation on an arbitrary co-ordinate system and 
conceptualization used to relate the Frankfort Horizontal/Horizontal plane 
to the mandibular anatomic planes (Co-Go, Go-Gn, Co-Gn).  The Frankort 
Horizontal/ Horizontal plane represents the x-axis and the y-axis is drawn 
perpendicular to the Horizontal plane at the position representing condylion 
(Co).

Figure 3: The formulae used to solve for the X and Y component of growth.  
Derived from Cosθ= adjacent /hypotenuse and Sinθ= opposite/hypotenuse.

Craniofacial Growth: Cephalometric Standards from the University 
School Growth Study, the University of Michigan and consisted of 
83 Caucasian individuals (47 male, 36 female). Growth standard 
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Cosine rule to determine θ(Co-Gn) in degrees(o) Law of Sines to determine θ(Go-Gn) and  θ(Co-Go) in 
degrees(o)

Sex θ (Go-Gn) Sex θ(Co-Go) Sex

Age M F Age M F Age M F

8 126.7 125.9 8 31.2 32.1 8 22.1 22.0

9 125.6 124.9 9 31.8 32.5 9 22.6 22.6

10 125.4 125.1 10 32.0 32.7 10 22.6 22.3

11 124.6 124.6 11 32.4 33.0 11 23.0 22.4

12 124.0 124.1 12 32.7 32.9 12 23.4 23.0

13 123.5 124.0 13 32.8 33.2 13 23.7 22.8

14 122.3 123.3 14 33.4 33.4 14 24.4 23.3

15 122.0 122.2 15 33.6 33.7 15 24.4 24.1

16 121.9 121.1 16 33.3 34.1 16 24.8 24.8

Table 2: Average age related angulation change of θCo-Gn as determined by using the Cosine Rule and θ(Go-Gn) as determined by the Law of Sines (in degrees).

Component of growth along the X-axis (mm) Increment of Growth Per Year along the X-axis (mm)

Sex Sex

Age M F Age M F

8 70.6 68.5 8 to 9 1.5 0.2

9 72.1 68.7 9 to 10 1.5 2.4

10 73.6 71.1 10 to 11 1.4 1.8

11 75.0 72.9 11 to 12 2.1 1.5

12 77.1 74.4 12 to 13 2.7 1.3

13 79.8 75.7 13 to 14 1.2 1.7

14 81.0 77.4 14 to 15 1.2 2.3

15 82.2 79.7 15 to 16 3.0 1.2

16 85.2 80.9 Ttl 14.6 12.4

Puberty 8.1 6.3

2 mm/yr at Puberty 1.5 mm/yr at Puberty

Table 3: The age related growth component along the x-axis and the increment of yearly growth along the x-axis (in millimeters; assumed growth direction is ventral).

Component of growth along the Y-axis (mm) Increment of Growth Per Year along the Y-axis (mm)

Sex Sex

Age M F Age M F

8 83.3 81.3 8 to 9 2.0 2.4

9 85.3 83.7 9 to 10 2.4 1.9

10 87.7 85.6 10 to 11 2.8 1.3

11 90.5 86.9 11 to 12 1.1 1.7

12 91.6 88.6 12 to 13 2.2 1.6

13 93.8 90.2 13 to 14 3.4 1.6

14 97.2 91.6 14 to 15 1.8 0.8

15 99.0 92.4 15 to 16 3.9 1.0

16 102.9 93.4 Ttl 19.6 12.3

Puberty 11.3 6.2

2.8 mm/yr at Puberty 1.55 mm/yr at Puberty

Table 4: The age related growth component along the y-axis and the increment of yearly growth along the y-axis (in millimeters; assumed growth direction is caudad).
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The sample is represented by an SNA, SNB, MPA, and ANB 
consistent with a mesoprosopic/mesocephalic craniofacial type 
(normal growth standards) [8].

Results
The calculated x and y components based on averaged growth 

data relative to age are shown in Table 3 and 5, and Figures 4-7. It 
would seem that the horizontal component of growth during puberty 
(12 to 16 for males, 10-14 for females) is approximately 1.5mm per 
year for females and 2mm/yr for males on average. The vertical 
component of growth during puberty is approximately 2.8mm/yr for 
males and 1.5 mm/yr for females. 

Discussion
Growth of the mandible is complex as there are horizontal, 

vertical, transverse and rotational components of mandibular growth 
for which the affects cannot be easily separated. Yet, it is still useful 
to have normal values for the horizontal and vertical components 
of growth to aid in diagnosis and treatment planning. This study 
demonstrates normal growth of a mesoprosopic/ mesocephalic 
nature (normal growth standards) with limitations of the unknown 
change in condyle-fossa position and the lack of a reported gonial 
angle which required mathematical determination rather than direct 
measurement. In future studies, the calculation of the gonial angle 
would be avoidable if simple direct radiographic measurement of 
Co-Go-Gn is possible. The average growth effect presented in this 
study means there will be situations where growth will be greater and 
situations where growth will be less than described. The use of the 
terms horizontal and vertical to describe the relative growth change 
are more consistent terms for use with the presented data [17,24], 
however the assumption of growth direction should consider that 
sella-turcica may be displaced cephalad during growth [25-29] and 
that the asymmetrically growing spheno-occipital synchondrosis [27] 
bisects the anterior cranial base and mandibular condyle [28,29]. A 
caudad and ventral growth vector of the mandible and mandibular 
condyles could be reasonably assumed through application of 
observations from superimposition on the posterior cranial base 
[25,26,28-31] and the occurrence of airorhyncy (posterior and upper 
portions of the face rotate dorsally relative to the posterior cranial 
base by extension of the anterior cranial base relative to the posterior 

Ratio of x/y

Sex

Age M F

8 to 9 0.8 0.1

9 to 10 0.6 1.3

10 to 11 0.5 1.4

11 to 12 1.9 0.9

12 to 13 1.2 0.8

13 to 14 0.4 1.1

14 to 15 0.7 2.9

15 to 16 0.8 1.2

Table 5: Ratio of the increments of horizontal growth relative to vertical growth.

Figure 4: The age related growth component along the x-axis (in millimeters; 
adapted from Riolo [8]).  Male (M) and female (F) values are shown.

Figure 5: The increment of yearly growth along the x-axis (in millimeters).  
Male (M) and female (F) values are shown.

Figure 6: The age related growth component along the y-axis (in millimeters; 
adapted from Riolo [8]).  Male (M) and female (F) values are shown.

Figure 7: The increment of yearly growth along the y-axis (in millimeters).  
Male (M) and female (F) values are shown.
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cranial base) [32-34] as growth progresses from a central axis 
based on the preservation of neural structures (eg. brain stem) and 
airway [31,32,35,36]. This is not to say the glenoid fossae positions 
are not altered between different craniofacial types [37-39], but 
rather considers that the development process may require further 
investigation. Other studies have attempted to describe the horizontal 
nature of mandibular growth: Johnston’s pitchfork analysis, 
McNamara’s nasion perpendicular.

For this study, the calculated average amount of horizontal growth 
seemed slightly less than commonly assumed magnitudes (common 
assumption of growth along Go-Gn seems to over-estimate) and the 
average amount of calculated vertical growth seemed slightly greater 
than commonly assumed (common assumption of growth along Co-
Go seems to under-estimate). 

It is notable that the ratio of horizontal relative to vertical growth 
is not consistently equal to 1 (equal horizontal and vertical growth 
components). This may reflect the fluctuating horizontal/vertical 
pattern of mandibular growth described by Bergersen [28], Bjork [18] 
and Downs [29]. 

Growth vector analysis of hyperdivergent/ leptoprosopic and 
hypodivergent/euryprosopic individuals could be considered in the 
future relative to a “stable” reference point while preserving sexual 
dimorphism [26]. Further analysis of growth standard samples to 
determine horizontal and vertical components of mandibular growth 
may improve our understanding, diagnosis, treatment planning and 
would corroborate the available information. 

Conclusion
Based on normal craniofacial growth standards:

•	 Average horizontal growth of the mandible during 
puberty as measured at pogonion appears to be 2mm/
year for males and 1.5mm/year for females.

•	 Average vertical growth of the mandible during puberty 
as measured at pogonion appears to be 2.8mm/year for 
males and 1.5mm/year for females.

The amount of horizontal growth may be overestimated and 
vertical growth underestimated with current use of growth along 
anatomic planes rather than relative to the Frankfort Horizontal/
horizontal plane. 
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