
Journal of 

Dental Research, Dental Clinics, Dental Prospects 

 

JODDD, Vol. 13, No. 4 Autumn 2019 

Introduction  

alocclusion occurs due to inconsistencies in the 

complex process of facial growth pattern, en-

vironmental factors, and absence of a compensating 

mechanism in the dentoalveolar arch.1 Factors such as 

age, sex, racial characteristics, facial growth pattern, 

and some related clinical parameters are essential in 

orthodontic treatment planning.2 Facial growth pat-

tern is determined at young ages prior to the eruption 

of maxillary first molars.3 Skeletal facial characteris-

tics in individuals with a vertical facial growth pattern 

include increased overall facial height (especially 

lower anterior height), clockwise rotation of the man-

dible, short ramus, and high gonial angle. The skeletal 

facial characteristics of individuals with horizontal 

growth pattern are in contrast to those in individuals 
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Abstract  

Background. Mesiodistal and buccolingual angulations of teeth are variable in different malocclusion classes. This study 

aimed to assess the mesiodistal angulation of posterior teeth in orthodontic patients with vertical, normal, and horizontal facial 

growth patterns. 

Methods. This descriptive, cross-sectional study evaluated 150 lateral cephalograms of orthodontic patients. According to 

cephalometric analysis, facial growth patterns were divided into three groups of normal, horizontal, and vertical (n=50). The 

angulation of maxillary and mandibular posterior teeth was then measured. Data were analyzed using SPSS 22. 

Results. The results showed an increase in the mean angle of maxillary and mandibular posterior teeth relative to palatal and 

mandibular planes in patients with a vertical facial growth pattern. Conversely, their angulation decreased relative to the 

bisected occlusal plane (BOP). The angulation of posterior teeth decreased relative to palatal and mandibular planes and 

increased relative to the occlusal plane with an increase in overbite. The mean angle of all maxillary teeth relative to the 

palatal plane was significantly greater in open bite patients compared to normal and deep bite patients. This value in patients 

with normal bite was significantly greater than that in deep bite patients (P<0.05).   

Conclusion. The current results revealed that in patients with a vertical growth pattern, all the posterior teeth had a forward 

inclination. Conversely, in patients with a horizontal growth pattern, the teeth had a backward inclination. 
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with vertical growth pattern.4-7 Considering the den-

toalveolar aspects, the maxillary dental arch in pa-

tients with vertical growth pattern is narrower, in-

creasing the chances of posterior crossbite and ante-

rior open bite.8,9 Wider dental arch and more severe 

overbite are seen in patients with a horizontal facial 

growth pattern.10 Tsunori et al11  showed that posterior 

teeth have a buccal inclination in patients with a ver-

tical facial growth pattern. In patients with horizontal 

growth pattern, posterior teeth have a lingual inclina-

tion. Vertical facial growth pattern has some varia-

tions. Patients with vertical facial growth pattern are 

susceptible to deep bite. Patients with a horizontal fa-

cial growth pattern might also have anterior open 

bite.12-14  

Bjork, in his implant studies, showed that the apical 

rotation of teeth affects their final position.15,16 Kim17 

reported that in patients with skeletal open bite, pos-

terior teeth have a mesial angulation relative to the oc-

clusal plane, and correction of this mesial angulation 

is a significant goal in the treatment of patients with 

open bite. Growth and rotation of the jaws during 

growth and development affect the path of eruption of 

the teeth.18 A direct association has been noted be-

tween the overbite of anterior teeth and their inclina-

tion and vertical position of the jaws. It has been re-

ported that the palato-mandibular angle is wider, and 

open bite is more common in individuals with a long 

face, and the reverse is true in patients with deep 

bite.19 Bjork16 also believed that in patients with open 

bite, the posterior palate has a downward inclination, 

causing downward and backward movement of the 

mandible. Nanda20 also confirmed this finding and 

added that the mandibular, palatal, and anatomic oc-

clusal plane angles decrease during growth and devel-

opment. This can cause a reduction in the anterior fa-

cial height and subsequently less discrepancy in pa-

tients with open bite. Ellis and McNamara21 reported 

that increased mandibular angle is associated with 

open bite and increased lower facial height. They also 

reported that the occlusal plane is steeper in patients 

with open bite.22 There is a vertical discrepancy (in-

creased anterior facial height) originating from an-

teroposterior discrepancies (protruded incisors) in 

most cases of open bite. Thus, anteroposterior dis-

crepancies should also be corrected in order to correct 

vertical ratios.23  

According to Enlow et al,25 the gonial angle has an 

anticlockwise rotation to compensate for the posterior 

movement of the mandible during growth and devel-

opment, causing a reduction in this angle with aging.24 

Tsai discussed that incisors are more upright in indi-

viduals with a long face. The most stable 

dentoskeletal pattern in each individual can be 

achieved when a balance exists between intraoral 

forces applied by the muscles of mastication, bone, 

and teeth. In the presence of malocclusion, the sagit-

tal, vertical, and transverse positions of the teeth are 

in coordination with the base of the skull, creating a 

stable situation. On the other hand, changing the po-

sition of the teeth and jaws in the orthodontic treat-

ment of malocclusions impairs the balance of maloc-

clusion. If a stable situation cannot be achieved be-

tween the bone and the surrounding tissues, the treat-

ment results would not be stable.  

On the other hand, studies are limited on the rela-

tionship between the facial growth pattern and angu-

lation of teeth relative to the alveolar bone and angu-

lation of maxillary and mandibular teeth relative to 

each other. Previous studies have paid much attention 

to the dentoalveolar compensation of posterior and 

anterior teeth in the treatment of open bite, and the 

mesiodistal angulation of posterior teeth has not been 

addressed.26 Thus, this study aimed to assess the mesi-

odistal angulation of posterior teeth in patients with 

different facial growth patterns.  

Methods   

This descriptive cross-sectional study evaluated 150 

lateral cephalograms retrieved from the archives of 

the Orthodontic Department of Shahid Beheshti Uni-

versity of Medical Sciences. The study was approved 

in the Ethics Committee of Shahid Beheshti Univer-

sity of Medical Sciences  

(IR.SBMU.RIDS.REC.1395.414). The inclusion cri-

teria were high resolution of digital lateral cephalo-

grams, an age range of 14‒20 years, the presence of 

posterior teeth (the first premolar to the second mo-

lar), and permanent dentition period. The exclusion 

criteria consisted of systemic conditions, the presence 

of asymmetry on the frontal-view photographs taken 

at rest, and a history of orthodontic treatment.  

A total of 150 lateral cephalograms of patients 14‒

20 years of age were retrieved using convenience 

sampling and divided into three groups according to 

cephalometric indices.  

Group 1 included 50 patients with vertical growth 

pattern. In this group, the Jarabak index was <62%, 

the angle between the SN and Me-Go lines was >36°, 

and the inclination angle was >87°. 

Group 2 included 50 patients with a normal vertical 

growth pattern. The Jarabak index was 62‒65%, the 

angle between the SN and Me-Go lines was 32‒36°, 

and the inclination angle was 83‒87°. 

Group 3 included 50 patients with a horizontal 

growth pattern. The Jarabak index was >65%, the 
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angle between the SN and Me-Go lines was <32°, and 

the inclination angle was <83°. 

The angulation of maxillary and mandibular poste-

rior teeth (the vertical axis of the first and second mo-

lars and the first and second premolars) with the pala-

tal plane (PNS-ANS), mandibular plane (GO-Me), bi-

sected occlusal plane (BOP), and relative to each 

other was measured. To assess overbite, first, the 

magnification of all radiographs was standardized. 

For this purpose, the magnification of each lateral 

cephalogram in each group was calculated using a 

ruler. Next, by taking into account the magnification 

factor, overbite was measured in all the three groups 

and standardized. According to the severity of over-

bite, the samples were divided into three groups of 

open bite (overbite <1 mm), normal bite (1‒3 mm of 

overbite), and deep bite (overbite >3 mm).  

It should be noted that in premolar teeth, the longi-

tudinal axis of the tooth was considered as the line 

connecting the apex and cusp tip. In the molar teeth, 

the longitudinal axis was considered as the line con-

necting the furcation to the center of the crown. 

The BOP was considered as the line connecting the 

most distant point of molar contact to the midpoint of 

overbite. Figure 1 shows the angle of posterior teeth 

relative to different planes.  

Data were analyzed using descriptive statistics, in-

cluding frequency, mean, and standard deviation. In-

ferential statistics, including one-way ANOVA, were 

used to compare the angle of posterior teeth in patients 

with different growth patterns. In the case of the pres-

ence of a significant difference, post hoc LSD tests 

were applied for pairwise comparisons. Pearson’s cor-

relation test was used to assess the correlation of over-

bite with the angulation of the posterior teeth.  

Results  

Table 1 shows the mean parameters measured in the 

three groups of normal, horizontal, and vertical 

growth patterns.  

Angulation of maxillary posterior teeth relative to 

the palatal plane 

Table 2 shows that the mean angle in patients with 

vertical growth pattern was significantly higher than 

that in patients with normal and horizontal growth 

patterns (P<0.001). Also, in the normal growth pat-

tern, the mean angle was significantly higher than that 

in the horizontal growth pattern (P<0.001).  

Angulation of maxillary and mandibular posterior 

teeth relative to the BOP  

Table 3 shows that the mean angle of all the maxillary 

and mandibular teeth relative to the BOP in patients 

with horizontal growth pattern was significantly 

higher than that in patients with normal and vertical 

growth patterns (P<0.001). Also, the mean angle of all 

the maxillary and mandibular teeth in patients with 

normal growth pattern was significantly higher than 

that in patients with a vertical growth pattern 

(P<0.001).  

Angulation of mandibular posterior teeth relative to 

the mandibular plane 

Table 4 shows that the mean angle of mandibular pos-

terior teeth relative to the mandibular plane in patients 

with a vertical facial growth pattern was significantly 

higher than that in patients with normal and horizontal 

growth patterns (P<0.05). The mean angle of mandib-

ular posterior teeth relative to the mandibular plane in 

patients with a normal growth pattern was 

 

Figure 1. The angle of posterior teeth relative to different planes. A: Maxillary and mandibular teeth to BOP. B: 

Maxillary teeth to palatal plan. C: Mandibular teeth to mandibular plan.  
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significantly higher than that in patients with a hori-

zontal growth pattern (P<0.001).  

As mentioned earlier, to assess the correlation of 

overbite with angulation of posterior teeth, the pa-

tients were divided into three groups with open bite 

(overbite <1 mm), normal bite (1‒3 mm of overbite) 

and deep bite (overbite >3 mm). Of patients with a 

horizontal growth pattern, 38 had deep bite, 11 had 

normal bite, and one had open bite. Of patients with 

normal growth pattern, 18 had deep bite, 24 had nor-

mal bite, and 8 had open bite. Of patients with vertical 

growth pattern, 6 had deep bite, 15 had normal bite, 

and 29 had open bite.  

Correlation of overbite with angulation of maxillary 

posterior teeth 

The amount of overbite had a significant positive cor-

relation with maxillary 4‒7 BOP. An increase in the 

amount of overbite increased the maxillary 4‒7 BOP 

(P<0.001). On the other hand, the amount of overbite 

had a significant but negative correlation with maxil-

lary 4‒7. Increased overbite was correlated with a re-

duction in maxillary 4‒7 (P<0.001) (Tables 5 and 6). 

Correlation of overbite with angulation of mandibu-

lar posterior teeth 

The amount of overbite had a significant and positive 

correlation with mandibular 4‒7 BOP. An increase in 

the amount of overbite increased the mandibular 4‒7 

BOP (P<0.001). The amount of overbite had a signif-

icant but negative correlation with mandibular 4‒7 

MP. Increased overbite was correlated with a reduc-

tion in mandibular 4‒7 MP (P<0.001) (Tables 5 and 

6). 

Discussion  

This study assessed the mesiodistal angulation of pos-

terior teeth in patients with vertical, normal, and hor-

izontal facial growth patterns. The results showed the 

highest frequency of deep bite in patients with a hori-

zontal growth pattern (61.2%), while the highest fre-

quency of open bite was noted in patients with a ver-

tical growth pattern (76.3%), which was consistent 

with the findings of a previous study.10 Some other 

studies have reported that patients with a vertical fa-

cial growth pattern are prone to posterior crossbite 

Table 1. Mean parameters in the three groups of normal, horizontal, and vertical growth patterns (n=50) 

Cephalometric index 
Mean ± SD 

Normal growth pattern Horizontal growth pattern Vertical growth pattern 

Jarabak index (%) 63.50±1.28 70.12±2.53 56.90±2.17 

SN-Me-Go (°) 33.76±1.02 25.06±1.80 41.72±1.56 
Inclination angle (°) 84.40±1.35 80.38±2.57 88.48±2.03 

Overbite (mm) 1.86±1.18 3.96±1.86 1.92±0.02 

 

Table 2. Mean angles of maxillary posterior teeth relative to the palatal plane in the three growth patterns 

 
Mean ± SD 

P-value 
Normal growth pattern Horizontal growth pattern Vertical growth pattern 

Mx 4. PP (°) 94.88±1.64 89.04±1.79 97.92±1.17 <0.001 

Mx 5. PP (°) 89.92±1.93 84.98±1.42 96.20±1.31 <0.001 

Mx 6. PP (°) 86.48±1.64 81.28±1.78 89.00±1.63 <0.001 
Mx 7. PP (°) 77.34±1.55 75.30±1.21 80.54±1.77 <0.001 

 

Table 3. Mean angles of maxillary and mandibular posterior teeth relative to the BOP 

 
Mean ± SD 

P-value 
Normal growth pattern Horizontal growth pattern Vertical growth pattern 

Mx 4. BOP (°) 79.96±1.88 85.48±1.47 74.70±1.62 <0.001 
Mx 5. BOP (°) 83.04±2.01 89.12±1.24 76.16±1.52 <0.001 

Mx 6. BOP (°) 88.20±1.96 89.22±1.31 80.30±1.25 <0.001 

Mx 7. BOP (°) 90.56±1.64 94.42±1.29 82.32±1.43 <0.001 
Md 4. BOP (°) 83.52±1.83 85.32±1.88 74.74±0.96 <0.001 

Md 5. BOP (°) 84.82±1.19 88.12±1.24 78.02±1.48 <0.001 

Md 6. BOP (°) 87.04±1.34 90.70±1.36 79.97±1.38 <0.001 
Md 7. BOP (°) 88.32±2.07 91.46±1.46 80.72±1.54 <0.001 

 

Table 4. Angles of mandibular posterior teeth relative to the mandibular plane 

 
Mean ± SD 

P-value 
Normal growth pattern Horizontal growth pattern Vertical growth pattern 

Md 4. MP (°) 84.16±1.96 80.24±1.19 90.00±1.29 <0.001 
Md 5. MP (°) 84.10±2.00 79.70±1.45 89.76±1.32 <0.001 

Md 6. MP (°) 84.14±2.05 79.74±1.38 87.26±1.85 <0.001 

Md 7. MP (°) 84.10±2.19 79.86±1.56 88.44±2.05 <0.001 
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and anterior open bite.8,9 Overbite is seen with greater 

severity in a horizontal facial growth pattern.10 

Evidence shows that the angulation of teeth in mesi-

odistal and buccolingual directions is different in dif-

ferent malocclusion classes.26 The current results 

showed that the mean angulation of maxillary and 

mandibular posterior teeth, relative to the palatal and 

mandibular planes in different individuals, changes, 

so that with an increase in the facial height, the mag-

nitude of these angles increases, and conversely, these 

angulations decrease relative to the BOP with an in-

crease in the facial height. Moreover, the results of the 

assessment of the correlation of overbite and angula-

tions of teeth revealed that the angle of posterior teeth 

relative to the palatal and mandibular planes de-

creased with an increase in overbite, while their angu-

lation increased relative to the occlusal plane. On the 

other hand, the current study showed that the mean 

angle of all the maxillary teeth, relative to the palatal 

plane in open bite patients, was significantly greater 

than that in patients with normal bite and deep bite. 

Moreover, the values in patients with a normal bite 

were significantly greater than those in patients with 

deep bite. Some studies, similar to the current investi-

gation, reported variable tooth angulations for differ-

ent malocclusion classes. For instance, Tsunori et al11 

showed that in patients with a vertical facial growth 

pattern, the posterior teeth had a buccal inclination 

while the posterior teeth had a lingual inclination in 

subjects with a horizontal growth pattern of the face.11 

Janson et al27 compared the angulation of posterior 

teeth in patients with open bite and normal occlusion 

and showed that in open bite patients, the maxillary 

and mandibular premolars had a mesial angulation 

relative to the occlusal plane. In contrast, the first and 

second molars had a distal angulation relative to the 

mandibular and palatal planes. Maxillary and mandib-

ular premolars had a greater mesial angulation relative 

to the BOP. This finding was in agreement with our 

results to some extent. Another study assessed the 

buccolingual inclination of posterior teeth in subjects 

with horizontal and vertical growth patterns of the 

face and reported results similar to ours; however, 

some of their findings were not statistically signifi-

cant.28  

It means that uprighting the teeth in order to close 

the bite in open bite patients and their forward incli-

nation in deep bite patients can be performed to 

achieve this goal. The difference between their study 

and ours was that we evaluated different facial growth 

patterns. Also, we measured the angulations of teeth 

in patients with open bite, normal bite, and deep bite. 

In another cephalometric study, Janson et al29 evalu-

ated changes in the angulation of posterior teeth in 

permanent dentition patients with open bite under ex-

traction and non-extraction orthodontic treatment 

with vertical elastics in the anterior region. They 

demonstrated that mandibular posterior teeth had be-

come upright in both groups with both treatment pro-

tocols. Thus, the correction of open bite with extrac-

tion and non-extraction orthodontic treatment proto-

cols with archwires and vertical and anterior elastics 

resulted in the uprighting of mandibular posterior 

teeth. They compared post-treatment changes with the 

baseline state, while in our study, the angulation of 

posterior teeth in their natural state was evaluated to 

Table 5. Mean angulations of maxillary and mandibular posterior teeth in different groups in terms of overbite 

 
Mean ± SD 

P-value 
Normal bite Deep-bite Open-bite 

Mx 4. PP (°) 95.22±1.12 90.12±1.23 97.04±1.54 <0.001 
Mx 5. PP (°) 89.56±1.27 84.51±1.39 95.55±1.35 <0.001 

Mx 6. PP (°) 87.14±1.23 80.18±1.47 90.69±1.24 <0.001 

Mx 7. PP (°) 78.11±1.25 75.10±1.21 81.55±1.28 <0.001 
Md 4. MP (°) 86.01±1.58 81.04±1.65 91.00±1.29 <0.001 

Md 5. MP (°) 85.10±1.03 80.70±1.22 89.24±1.78 <0.001 

Md 6. MP (°) 85.14±1.85 78.74±1.86 87.54±1.89 <0.001 
Md 7. MP (°) 85.10±1.19 78.57±1.78 87.31±2.15 <0.001 

 

Table 6. Angulations of maxillary and mandibular posterior teeth relative to the BOP in open-bite, normal bite and 

deep-bite patients 

 
Mean ± SD 

P-value 
Normal bite Deep-bite Open-bite 

Mx 4. BOP (°) 80.96±1.51 86.21±1.22 75.10±1.52 <0.001 
Mx 5. BOP (°) 83.54±1.19 90.01±1.12 75.06±1.24 <0.001 

Mx 6. BOP (°) 89.22±1.85 90.22±1.58 80.25±1.60 <0.001 

Mx 7. BOP (°) 90.96±2.14 94.96±1.25 83.12±1.17 <0.001 
Md 4. BOP (°) 83.12±1.58 86.02±2.01 75.26±1.96 <0.001 

Md 5. BOP (°) 85.74±1.22 88.56±2.03 78.28±1.83 <0.001 

Md 6. BOP (°) 88.14±1.85 91.10±1.40 80.10±1.14 <0.001 
Md 7. BOP (°) 88.12±1.17 91.58±1.12 80.72±1.54 <0.001 
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assess the dental compensations that might have oc-

curred in this state.  

As mentioned earlier, the palatal and mandibular 

planes are different in different growth patterns. For 

instance, in an open bite patient, the palatal and man-

dibular planes are steep, and consequently, the teeth 

have a forward inclination. In other words, the teeth 

have a mesial inclination relative to the palatal plane 

in an open bite patient, and the palatal and mandibular 

planes are steeper. The current results also confirmed 

this statement since the teeth had an inclination in 

open bite patients and were upright in deep bite pa-

tients. However, some controversial results were also 

noted in some groups. For instance, one open bite pa-

tient did not show any dental changes. In other words, 

the dentoalveolar system had compensated the severe 

steepness of the planes. The reverse was also true in 

some cases. For instance, one patient with a horizontal 

facial growth pattern did not have dental deep bite be-

cause the teeth had a slight forward inclination. This 

was also noted in patients with a normal growth pat-

tern. For instance, one patient with a normal growth 

pattern had open bite. In this patient, the teeth had se-

vere inclination. Another patient with a normal 

growth pattern had deep bite. In this patient, the teeth 

had milder inclination and were more upright. The 

reason why dentoalveolar compensation did not occur 

in all the individuals was probably the selected age 

group of patients, which was 12‒20 years. Thus, we 

did not witness much dentoalveolar compensation. 

However, long-term follow-up of these patients until 

older ages might have revealed different results con-

cerning angulation and inclination of the teeth.  

Finally, it might be concluded that clinically, in pa-

tients with a vertical growth pattern and no anterior 

open bite, dental compensations occur to upright the 

teeth. Conversely, in patients with a horizontal growth 

pattern and no anterior deep bite, teeth have inclina-

tions. This is also true in patients with a normal 

growth pattern and open bite or deep bite. Thus, up-

righting of the teeth can be performed to close the bite 

in open bite patients, or the teeth might be inclined 

forward in deep bite patients. Similar studies on a 

larger sample size with older age are required to as-

sess the role of dental compensations in older age 

groups. Also, simultaneous assessment of mesiodistal 

and buccolingual angulations of the teeth is recom-

mended in patients with symmetrical and asymmet-

rical face and those with posterior crossbite.  

Conclusion 

The current results revealed that in patients with a ver-

tical growth pattern, all the posterior teeth had a 

forward inclination. Conversely, in patients with a 

horizontal growth pattern, the teeth had a backward 

inclination. Clinicians can use these parameters in 

treatment planning and mechanotherapy. 
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