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Abstract 
Objective: The aim of study was to evaluate the nature of mesiodistal an-
gulation of the posterior teeth in patients with maxillary high canine, and to 
identify possible associations of crowding with mesial axial angulation of 
the maxillary posterior teeth. Methods: The present study included seven 
Japanese male and 23 Japanese female patients. Study models were analyzed 
to evaluate the effectiveness of orthodontic treatment. A protractor was 
used to measure crown angulations, which were measured with reference to 
the posterior angle between the functional occlusal plane (FOP) and the 
long axis of the clinical crown of the lateral teeth and first molars. A sliding 
digital caliper was used to measure dental arch widths. Changes in the rota-
tion of the maxillary molars were analyzed using “occlusograms”, which 
were printed from photographs of the occlusal aspect of the study model. 
Results: The maxillary teeth interacted with one another in the alveolar bone, 
resulting in progressive mesial tipping of the posterior teeth before orthodon-
tic treatment. After orthodontic treatment, the angle relative to the FOP ex-
hibited a significant increase, indicating that the maxillary teeth underwent 
distally directed uprighting (P < 0.05). The upper and lower dentitions exhi-
bited a considerable increase in dental arch width after treatment (P < 0.01). 
Meanwhile, the rotation of the posterior teeth did not exhibit any significant 
changes. Conclusions: Based on the results, both uprighting of mesially 
tipped lateral teeth and expansion of narrow dental arches could prove to be 
keys to success in space regaining or correction of high canines and mild 
crowding. 
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1. Introduction 

Crowding is a malocclusion with irregularly positioned teeth caused by arch 
length discrepancy (ALD); clinically, its incidence is comparatively high among 
various types of malocclusions [1] [2] [3] [4]. In general, the maxillary and man-
dibular dentitions exhibit different patterns of crowding [5], even if tooth-jaw 
discrepancy is an essential cause of crowding in both dentitions. Maxillary high 
canine and malposition of the mandibular incisors is a typical example. Maxil-
lary high canine and slight malposition of the mandibular incisors may involve 
completely different mechanisms; the cause of this malocclusion, however, has 
not been fully elucidated. In a previous study exploring this mechanism [6], it 
was demonstrated that the crowns of the maxillary posterior teeth erupt mesially 
in relation to the functional occlusal plane (FOP) in cases involving Angle’s 
Class I with high canines, and were uprighted by non-extraction orthodontic 
treatment. The prominent mesial axial angulation of the maxillary posterior 
teeth relative to the FOP was regarded to be an essential factor in the onset of the 
above-mentioned crowding. However, the results were based only on two cases 
evaluated using plaster models. 

The aim of present study, therefore, was to evaluate the nature of mesiodistal 
angulation of the posterior teeth in patients with maxillary high canine, and to 
identify possible associations of crowding with mesial axial angulation of the 
maxillary posterior teeth—widely regarded to be the principal cause of crowd-
ing—using 30 case models for non-extraction orthodontic treatment. 

2. Methods 
2.1. Subjects 

The present study included seven Japanese male (mean [±SD] age 12.4 ± 1.4 
years) and 23 Japanese female (mean age 11.7 ± 1.6 years) patients at Masunaga 
Orthodontic Office between 2006 and 2012. The inclusion criteria were as fol-
lows: (patients with) normal horizontal and vertical skeletal relationships; An-
gle’s Class I malocclusion; maxillary high canine and mandibular ALD < 1 mm; 
treatment using multibracket appliances without premolar extraction; and nor-
mal mesiodistal crown size. The exclusion criteria were as follows: (patients 
with) missing the permanent teeth; severe skeletal discrepancies; abnormal me-
siodistal crown size; and complications from serious systemic disease. Each sub-
ject provided informed written consent to participate in the study. The institu-
tional ethics committee approved the study design, which adhered to the tenets 
of the amended Declaration of Helsinki. 

2.2. Measurement of ALD 

The distance between the anatomical contact points of the adjacent two teeth 
was measured on pre- and post-treatment study models using a 1/20 mm caliper 
(Mitsutoyo Co. Ltd., Kawasaki, Japan). Crowding was measured as the discre-
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pancy between the sum of the anatomical mesiodistal space between the teeth 
before and after treatment. Crowding was localized to the anterior teeth, and the 
absence of crowding was confirmed in the molars. All measurements were per-
formed and recorded by one of the authors (MM). The mean (± SD) ALD was 
−3.6 ± 2.4 mm in the maxilla and less than 1 mm in the mandible, respectively. 

2.3. Measurements of Crown Angulation 

Study models were analyzed to evaluate the effectiveness of orthodontic treat-
ment. The upper and lower bases of the study models were trimmed with sliding 
parallel plates to make them parallel to the functional occlusal plane. A protrac-
tor with an adjustable readout arm (Shinwa Co. Ltd., Sanjyo, Japan) was used to 
measure crown angulations (Figure 1), which were measured [6] with reference 
to the posterior angle between the FOP and the long axis of the clinical crown of 
the lateral teeth and first molars (Figure 2). The measurements read on the pro-
tractor’s scale were evaluated to quantify crown angulations in the upper and 
lower dentitions.  

2.4. Measurement of Dental Arch Widths 

A sliding digital caliper (Mitsutoyo Co. Ltd., Kawasaki, Japan), with a precision 
of ±0.02 mm, was used to measure dental arch widths. All measurements were 
performed and recorded by one of the authors (MM). The reference points and 
landmarks are shown in Figure 3. The inter-molar, inter-premolar, and inter-canine 
widths were measured to quantify changes in the upper and lower dental arches. 

2.5. Measurement of the Rotation of the Posterior Teeth 

Changes in the rotation of the maxillary molars were analyzed using “occluso-
grams” [7], which were printed from photographs of the occlusal aspect of the  
 

 
Figure 1. A protractor with an adjustable readout arm. 
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Figure 2. Crown angulation measurements. 
 

 
Figure 3. A schematic illustration for the measurement of dental arch widths: inter-molar 
width; the distance between the buccal groove at the buccal and occlusal surface interface 
of the bilateral first molars (maxilla: U6, mandible: L6), inter-premolar width (maxillary 
first and second premolars: U4 and U5, mandibular first and second premolars: L4 and 
L5); the distance between the buccal cusps of the bilateral premolars, inter-canine width; 
the distance between the buccal cusps of the bilateral canines (maxilla: U3, mandible: L3). 

 
study model, taken at the same magnification using a digital camera mounted in 
affixed position [8] [9]. Each occlusogram was traced on acetate paper to de-
scribe the maxillary molars with the buccal cusp ridges, central grooves and cusp 
tips, and the palatal rugae and the midpalatal raphe. The palatal midline was 
constructed by connecting the midpoints of the incisive papilla, the midpalatal 
raphe, and fovea palatinus. The posterior angles formed by the palatal midline, 
and the line through the buccal and lingual cusps on each premolar, and through 
the distobuccal and mesiolingual cusps on each first molar were measured 
(Figure 4). Changes in the angle of rotation relative to the palatal midline before 
and after treatment were compared in each patient. 

2.6. Statistical Analysis 

Measurement error was determined using duplicate measurements of all variables 
during a one-month interval. A paired t test was used to compare intraobserver 
differences; a two-tailed P-value < 0.05 was considered to be statistically signifi-
cant. The paired t test was also used to compare measurements before and after 
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Figure 4. A schematic illustration for the measurement of the rotation of maxillary post-
erior teeth. The angle of rotation relative to the palatal midline; (a) right first premolar, 
(b) left first premolar, (c) right second premolar, (d) left second premolar, (e) right first 
molar, (f) left first molar. 
 
treatment. The mean changes in axial angulations were compared using re-
peated-measures analysis of variance (ANOVA) followed by Scheffe’s test.  

3. Results 

Intraobserver variation in the measurements was considered to be negligible be-
cause this value did not differ significantly from the measurement error. Among 
the maxillary teeth, the angle formed between the long axis of the clinical crown 
and the FOP was smallest in the canine (P < 0.01), followed by the first premo-
lars, on both the right and left sides (Table 1). Among the mandibular teeth, the 
angulation was significantly larger in the canine (P < 0.01) than in the first and 
second premolars, and first molar (Table 1). The mean crown angulation rela-
tive to the FOP was larger in the mandibular teeth than in the maxillary teeth. 
From these findings, the posterior teeth exhibited more prominent mesial tip-
ping in the upper dentition and, consequently, required more space for align-
ment than in the lower dentition. 

After orthodontic treatment, the crown angulation of the maxillary teeth-
tended to approach approximately 80˚ to 90˚, although the canines still exhibited 
the smallest angles (P < 0.01), followed by the first premolars, on both the right 
and left sides (Table 2). Among the mandibular teeth, the canines, premolars, 
and first molars presented an angulation of approximately 90˚ to the occlusal 
plane (Table 2). 

Comparing crown angulation before and after treatment, the angle relative to 
the FOP exhibited a significant increase (P < 0.01), indicating that the maxillary 
teeth underwent distally directed uprighting, excluding the first molar (Table 3). 
The mean crown angulation of maxillary first premolar teeth exhibited upright-
ing after treatment, with an increase in axial angulation from 78.6˚ to 87.3˚, and  
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Table 1. The crown angulations of the teeth before treatment. 

  
Mean angulation ± SD, degrees 

Arch Side Canine First premolar Second premolar First molar 

  

 

  

  

 
Right 75.3 ± 9.6 78.6 ± 5.6 84.7 ± 5.4 89.7 ± 6.3 

Maxilla 
     

 
Left 79.4 ± 9.9 80.8 ± 6.8 85.2 ± 5.3 88.1 ± 4.3 

  

 

  

  

  

  

  

 
Right 95.5 ± 6.9 91.0 ± 6.7 87.8 ± 5.0 86.8 ± 5.0 

Mandible 
     

 
Left 94.3 ± 6.2 87.9 ± 5.9 83.2 ± 4.9 86.1 ± 6.4 

  

 

  

  
**P < 0.01. 

 
Table 2. The crown angulations of the teeth after treatment. 

  
Mean angulation ± SD, degrees 

Arch Side Canine First premolar Second premolar First molar 

  

 

  

  

 
Right 81.8 ± 5.8 87.3 ± 4.4 88.5 ± 4.7 89.1 ± 4.0 

Maxilla 
     

 
Left 82.7 ± 3.9 86.8 ± 4.8 89.2 ± 3.8 87.0 ± 3.8 

  

 

  

  

 
Right 89.6 ± 4.9 90.7 ± 4.1 88.7 ± 4.1 88.9 ± 4.8 

Mandible 
     

 
Left 87.3 ± 3.2 87.1 ± 4.0 86.1 ± 3.2 85.5 ± 4.7 

**P < 0.01. 

https://doi.org/10.4236/ojst.2019.93007


M. Masunaga et al. 
 

 

DOI: 10.4236/ojst.2019.93007 70 Open Journal of Stomatology 
 

Table 3. Comparison of crown angulations of the teeth before and after treatment. 

Arch Side Treatment Canine  First premolar  Second premolar  First molar 

  
pre- 75.3 ± 9.6  78.6 ± 5.6  84.7 ± 5.4  89.7 ± 6.3 

 
Right 

  
** 

 
** 

 
** 

 

  
post- 81.8 ±5.8  87.3 ± 4.4  88.5 ± 4.7  89.1 ± 4.0 

Maxilla 
   

 
 

 
 

 
 

  
pre- 79.4 ± 9.9  80.8 ± 6.8  85.2 ± 5.3  88.1 ± 4.3 

 
Left 

  
* 

 
** 

 
** 

 

  
post- 82.7 ± 3.9  86.8 ± 4.8  89.2 ± 3.8  87.0 ± 3.8 

  
pre- 95.5 ± 6.9  91.0 ± 6.7  87.8 ± 5.0  86.8 ± 5.0 

 
Right 

  
** 

 
 

 
 

 

  
post- 89.6 ± 4.9  90.7 ± 4.1  88.7 ± 4.1  88.9 ± 4.8 

Mandible 
   

 
 

 
 

 
 

  
pre- 94.3 ± 6.2  87.9 ± 5.9  83.2 ± 4.9  86.1 ± 6.4 

 
Left 

  
** 

 
 

 
 

 

  
post- 87.3 ± 3.2  87.1 ± 4.0  83.8 ± 4.9  85.5 ± 4.7 

**P < 0.01; *P < 0.05 

 
from 80.8˚ to 86.8˚ on the right and left sides, respectively. The first premolar 
exhibited the most prominent change. In contrast, the angulation of the lower 
premolars and first molars were virtually unchanged after treatment, excluding 
the canines. Noteworthy, the first molars maintained an angle of approximately 
90˚ or an upright position relative to the FOP (Table 3). 

The upper and lower dentitions exhibited a considerable increase in dental 
arch width after treatment. Furthermore, the arch widths at the first and second 
premolars were significantly increased. Net changes in arch width at the first 
premolars were largest in the upper and lower dental arches (Table 4). Mean-
while, the rotation of the posterior teeth did not exhibit significant changes after 
orthodontic treatment (Table 5). 

4. Discussion 

From previous reports [6] [10] [11], it would be reasonable to assume that the 
excessive mesially directed axial angulation of the maxillary posterior teeth has a 
possible association with space deficiency for the alignment of these teeth in the 
permanent dentition, and results in upper high canine. The present study was, 
therefore, conducted to identify specific factors relevant to the alignment of 
posterior teeth contributing to the onset of maxillary high canine in Angle’s class 
I malocclusion using 30 orthodontic treatment case models. The subjects were 
intentionally standardized by the following condition; with high canine in the 
maxilla and less than 1 mm ALD in the mandible so that the non-extraction or-
thodontic treatment was planned and the difference between upper and lower  
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Table 4. Comparison of the dental arch width before and after treatment. 

  
Mean ± SD, mm 

  
Interdistance 

Arch Treatment Canine First premolar  Second premolar  First molar 

 
pre- 35.8 ± 2.2 41.6 ± 1.7  47.8 ± 2.4  53.9 ± 2.2 

Maxilla 
   

** 
 

** 
 

 
post- 36.6 ± 1.7 45.0 ± 2.2  50.4 ± 2.4  55.0 ± 2.5 

 
pre- 27.8 ± 2.2 34.5 ± 1.8  40.2 ± 2.0  46.6 ± 2.2 

Mandible 
   

** 
 

** 
 

 
post- 27.0 ± 1.4 36.3 ± 1.8  42.0 ± 1.6  47.0 ± 2.0 

**P < 0.01. 

 
Table 5. Comparison of the rotation of posterior teeth before and after treatment. 

  
Treatment 

 
Tooth 

 
pre- post- 

 

 
Right 111.0 ± 7.3 112.2 ± 4.7 

 
First premolar 

   
NS 

 
Left 105.4 ± 7.3 107.0 ± 5.5 

 

 
Right 113.3 ± 7.6 112.9 ± 5.6 

 
Second premolar 

   
NS 

 
Left 105.4 ± 7.4 107.7 ± 5.6 

 

 
Right 75.4 ± 6.5 73.6 ± 6.7 

 
First molar 

   
NS 

 
Left 71.7 ± 5.9 70.5 ± 5.3 

 
NS: Not significant. 

 
dentitions could be compared and well understood. The results demonstrated 
that crown angulation was significantly lower, indicating that mesially inclined 
maxillary lateral and posterior teeth were uprighted distally by non-extraction 
orthodontic treatment in cases involving prominent crowding and high canines 
in the upper dentition. Such a tendency was most commonly observed in the 
premolars among the posterior teeth. With respect to dental arch width, the 
largest change was evident in the first and second premolar regions, whereas no 
statistically significant differences were found in the rotation of the posterior 
teeth. 

The maxillary teeth interacted with one another in the alveolar bone, resulting 
in progressive mesial tipping of the posterior teeth before orthodontic treatment. 
This tendency was more prominent in the first premolar than in the second 
premolar, because the first premolar, in general, erupts first among the upper 
lateral teeth and easily exhibits mesial tipping before the eruption of the canines. 
Such a phenomenon may be also explained, in part, by the fact that mesial angu-
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lation of the erupting maxillary premolar, relative to the reference plane estab-
lished on panoramic radiographs, was similarly observed in two cases with 
mixed dentitions in a previous report [11]. In the anterior teeth, the crowns of 
the canines were located near the apex of the lateral incisors, and the phenome-
non of the “ugly duckling stage” was also observed. 

The lower posterior teeth, meanwhile, exhibited an approximately upright po-
sition perpendicular to the FOP. This maybe explained, in part, by the fact that 
the maxillary teeth—from the canine to the second premolar—are located closer 
to one another, resulting in mesial tipping in the alveolar bone than the mandi-
bular teeth on the panoramic radiographs [11]. Dempster et al. [12] reported 
that the long axes of the roots of the upper teeth extend beyond the crowns and 
tend to converge in the maxilla, whereas those of the lower teeth tend to diverge 
in the mandible. In addition, their positions remain constant throughout ortho-
dontic treatment in most patients. On the other hand, only the crown angulation 
of the lower canines was significantly decreased. This may be due to the finding 
that labial tipping of the canines is indicated during the correction of deep curve 
of Spee. 

In this study, the FOP was used as a reference plane to evaluate tooth crown 
angulation on both sides. This approach is very useful for evaluating the mesi-
odistal angulation of teeth in the dentition because the mesiodistal angulation of 
the crown is particularly important for clinical evaluation of crowding in the 
dentition. In the development of straight-wire appliances, several studies have 
investigated angulation of the tooth crown using study models. Andrews [13] 
and Sebata [14] measured crown angulation in subjects with normal occlusion 
and found that the premolars and molars in the upper and lower dental arches 
occupy a position upright to the occlusal plane, which is very similar to results 
observed after orthodontic treatment in the present study. In addition, the first 
molar was aligned perpendicularly to the FOP during treatment. A possible rea-
son for this may be that the first molar undergoes the greatest occlusal force 
during mastication and must support the bite force [15] [16]. Raadsheer et al. 
[17] reported that the direction of bite force, which is perpendicular to the max-
illary occlusal plane, was the most prominent measurement. 

The largest changes in dental arch width were observed in the regions of the 
first and second premolars. By comparing the dental arch between normal oc-
clusion and crowding, Howe et al. [18] reported that cases involving crowding 
exhibited narrower and more asymmetric arches than the controls. Moreover, 
subjects with normal occlusion exhibited wide and U-shaped symmetric arches. 
Therefore, expansion of a narrow dental arch may lead to successful space re-
gaining, or correction of high canines and mild crowding. 

Most of the patients in the present study did not exhibit considerable changes 
in the rotation of the posterior teeth. Mesial rotation of the posterior teeth can 
often be a cause of space deficiency; however, the contribution to high canine 
appeared to be negligible in the samples used in the present study. 

Model analysis is a simple method for orthodontists. Its main advantage, 
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when compared with cephalometric analysis, is that crown angulation can be 
measured more easily and precisely. Furthermore, individual teeth on the right 
and left sides may be difficult to identify on cephalograms. However, one partic-
ular limitation of the present study was its inability to clarify how the mesiodistal 
angulation of the posterior teeth is generated during occlusal development from 
mixed to permanent dentition. It is anticipated that three-dimensional imaging 
techniques [19] [20], which provide additional and more detailed information 
about the positional relationship between the first molar root and the lateral 
teeth germs, would be useful in a future longitudinal study.  

5. Conclusion 

Based on the results of this study, both up righting of mesially tipped lateral 
teeth and expansion of narrow dental arches could prove to be keys to success in 
space regaining or correction of high canines and mild crowding. Therefore, it 
maybe concluded that mesial tipping of the maxillary posterior teeth and a nar-
row dental arch can limit the space required for the alignment of permanent 
posterior teeth, leading to the onset of maxillary high canine. It is also empha-
sized that upper high canine is not caused by a tooth-jaw discrepancy, which is a 
common and essential cause of typical crowding. 
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