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Abstract: The position of the upper first molar (UFM) is currently considered the “key of occlusion”.
The purpose of this study was to evaluate the prevalence of the mesiorotated UFM, and its relationship
with anterior dental crowding in mixed and permanent dentition. Intra-oral scans of upper dental
arches of 180 subjects with mixed dentition and 169 subjects with permanent dentition were
retrospectively analyzed to investigate the presence of UFM mesiopalatal rotation and presence of
anterior crowding. The occlusal relationship and the presence of caries were also recorded. In subjects
with permanent dentition, there was a statistically significant correlation between anterior crowding
and UFM mesiopalatal rotation (Pearson’s chi-square = 9.03; p = 0.06). Among cases with permanent
dentition, subjects with UFM mesiopalatal rotation showed an OR = 3.28 (95% CI = 0.99–10.93;
p = 0.042) of moderate/severe anterior dental crowding, respect to subjects without UFM rotation.
In subjects with mixed dentition, there was a statistically significant correlation between molar occlusal
relationship and UFM mesiopalatal rotation (Pearson’s chi-square = 14.98; p = 0.002), and subjects
with molar class II showed a OR = 10.2 (95% CI = 2.16–48.22; p = 0.0005) to present UFM mesiopalatal
rotation, with respect to subjects with molar class I. UFM mesiopalatal rotation is associated to anterior
dental crowding in permanent dentition, and to class II malocclusion in mixed dentition.

Keywords: dentistry; molar; dental occlusion; dental crowding; molar class; dental models;
dental arch; interceptive orthodontics; orthodontics

1. Introduction

In 1899, Angle firstly described the importance of the position of the upper first permanent molar
(UFM) in the diagnosis and planning of the orthodontic treatment. Thus, the UFM is considered
the “key of occlusion” because of its stable anatomical position in relationship with the skull base, and its
normal position [1–4] with the mesiobuccal cusp occluding in the buccal groove of the mandibular
first molar.

Among the possible alterations of the UFM position, the occurrence of a mesiopalatal rotation in
the previous literature seems to reach a prevalence of 83% in a population of subjects with presence
of malocclusion [5–7], or even higher in subjects with class II malocclusion where it ranges from
83% to 95% [5,8–10]. Some authors hypothesized that the rotation itself could influence the correct
occlusion with the lower first molar, generating a class II malocclusion [8,9]. UFM rotation has a
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considerable clinical relevance because it is able to influence three major aspects of the orthodontic
treatment, as the molar relation in the sagittal plane [6,11], the available space in arch perimeter [12–17],
and the long-term stability of orthodontic treatment outcomes related with better interdental contact
points [18–20].

As there are few studies in literature evaluating the prevalence of UFM mesiopalatal
rotation [1,5,6,8,9,11,12,21], its relationship with dental occlusion was not as fully analyzed as,
for example, the relationship with dental crowding and molar class relationship. Furthermore, most of
the studies analyzed the prevalence of the UFM mesiopalatal rotation only in permanent dentition.

The aim of the present study is to analyze the association of mesiopalatal UFM rotation with
anterior dental crowding in a sample of subjects with mixed or permanent dentition.

2. Materials and Methods

A retrospective study was carried out on a total sample of 349 subjects aged between 6 and 35 years
(mean age 15.51 +/− 9.18) whose digital intra-oral scans were obtained from two private dental clinics in
Rome, Italy. One-hundred-and-eighty cases (90 males and 90 females, age range: 6–13 years, mean age:
8.42 +/− 1.83 years) showed a mixed dentition, while 169 cases (64 males and 105 females, age range:
10–35 years, mean age: 22.67 +/− 8.02 years) showed a permanent dentition. Inclusion criteria were
presence of a fully erupted UFM; absence of significant dental anomalies in shape, size, and number;
absence of fillings on UFM; no previous orthodontic treatment; availability of an orthopantomography;
and availability of a signed informed consent form for treating patients data for research purposes.
Furthermore, for subjects with mixed dentition, it the presence of the upper second primary molar
was required.

The study was in accordance with the declaration of Helsinki and was approved by the ethical
Committee of the University of L’Aquila (project code:2019/08, Document DR206/2013 of 08/02/2013).

In both groups, the UFM mesiopalatal rotation was calculated following the original Ricketts
method [22] (Figure 1a,b): the line traced from the distobuccal cusp to the palatal cusp of the UFM
(UFM line); it is considered ideal when it passes through the tip of the cusp of the contralateral canine
(point C). The smaller the distance between the line and the tip of the cusp of the contralateral canine
(C), the better the rotational position of UFM; the molar is considered well positioned at distances
lower than 4 mm.
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and (b) mixed dentition.

For each dental cast, the following variables were recorded and considered as potentially associated
with UFM mesiopalatal rotation; gender, age, type of dentition (mixed or permanent), presence of
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anterior crowding, molar class relationship, and occurrence of diagnosed agenesis. Each patient was
then included in one of the following anterior crowding categories assessed by using Little’s index
for maxillary arch (LIIMx) [23–25]; space excess in the upper arch (LIIMx < 0 mm), no crowding
(LIIMx = 0 mm), light crowding (LIIMx = 1–3 mm), moderate crowding (LIIMx = 3–6 mm), or severe
crowding (LIIMx < 7 mm). The sample size was estimated starting from preliminary data of the present
study, planning a minimum sample of 298 subjects in order to achieve an 80% power with an effect size
of 0.2. All the measures were performed by the same operator, and the method error was assessed by
repeating the crowding category assessment 7 days after the first measurement on a randomly selected
20% of the whole sample. The concordance between the first and the second category assessment
was 100%.

Data were first reported as frequencies in the group of mixed/definitive dentition (number
and percentage). Then, in order to assess any association between the presence of mesiorotated UFM
and the occlusal variables, the Chi-square test was applied. An additional analysis of associations was
also performed with calculation of the odds ratios (and confidence intervals). The analysis of data was
performed with the software PSPP for Macintosh, version 1.2.0 and the significance level was set at 5%
(p < 0.05) for all statistical analyses.

3. Results

Descriptive statistics for the two groups are reported in Tables 1 and 2. There was no difference in
the prevalence of UFM rotation between subjects with mixed or permanent dentition. In the whole
sample (n = 349), there was a statistically significant association between mesiorotated UFM and anterior
dental crowding (chi-square:10.59; p = 0.032).

Table 1. Descriptive statistic (subject with mixed dentition) (n = 180).

Number of Subjects (% in the Group) with Mixed Dentition
(n = 180)

Molar mesiorotation:
Correct position 16 (8.89%)

Mesiorotated molar 164 (91.11%)
Occlusal relationship:

Molar class I relationship 52(28.89%)
End-to-end molar class 78 (43.33%)

Molar class II relationship 15 (8.33%)
Molar class III relationship 35 (19.44%)

Crowding/Diastema:
Space excess in the dental arch 7 (3.89%)

No crowding 19 (10.56%)
Light crowding 42 (23.33%)

Moderate Crowding 77 (42.78%)
Severe crowding 35 (19.55%)

Table 2. Descriptive statistic (subject with permanent dentition) (n = 169).

Number of Subjects (% in the Group) with Permanent Dentition
(n = 169)

Molar mesiorotation:
Correct position 14 (8.28%)

Mesiorotated molar 155 (91.72%)
Occlusal relationship:

Molar class I relationship 83 (49.11%)
End-to-end molar class 50 (29.59%)

Molar class II relationship 26 (15.38%)
Molar class III relationship 10 (5.92%)

Crowding/Diastema:
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Table 2. Cont.

Number of Subjects (% in the Group) with Permanent Dentition
(n = 169)

Space excess in the dental arch 10 (5.92%)
No crowding 19 (11.24%)

Light crowding 48 (28.40%)
Moderate Crowding 63 (37.28%)

Severe crowding 29 (17.16%)

3.1. Subjects with Mixed Dentition

The occlusal variables of subjects with mixed dentition are described in Table 1. Out of 180 subjects
with mixed dentition, 164 showed UFM mesiopalatal rotation (91.11%), where 85.36% (140 subjects)
had anterior crowding. All patients with agenesis (6 subjects) showed UFM mesiopalatal rotation (100%
of cases). Stratifying the sample for Angle classes, UFM mesiopalatal rotation was present in 78.85% of
Angle class I subjects, 97.44% of patients with class II occlusion, 91.43% of patients with class III, and in
100% of subjects with end-to-end relationship. The association between molar class and UFM rotation
resulted statistically significant (Pearson’s chi-square = 14.98; p = 0.002) (Table 3). Subjects with molar
class II showed an OR = 10.2 (95% CI = 2.16–48.22; p = 0.0005) to present a mesiopalatal rotated UFM,
compared with subjects with molar class I.

Table 3. Distribution of data for occlusal Angle class and presence of rotated UFM, with analyses
of associations.

Mixed Dentition (n = 180)
Number of Subjects (% on Group)

Permanent Dentition (n = 169)
Number of Subjects (% on Group)

Occlusal Class Correct Position Mesiopalatal Rotation Correct Position Mesiopalatal Rotation

Molar class I 11 (21.15%) 41 (78.85%) 6 (7.23%) 77 (92.77%)
Molar class II 2 (2.56%) 76 (97.44%) 4 (8.0%) 46 (92%)
End-to-end
relationship 0 (0%) 15 (100%) 3 (11.54%) 23 (88.46%)

Molar class III 3 (8.57%) 32 (91.43%) 1 (10%) 9 (91.72%)
Pearson chi-square 14.98 (p = 0.002) n.s. 1

Likelihood Ratio 15.24 (p = 0.002) n.s. 1

Linear-by-Linear
Association 3.85 (p = 0.05) n.s. 1

1 nonsignificant.

3.2. Subjects with Permanent Dentition

The occlusal variables of subjects with permanent dentition are described in Table 2. Out of
169 subjects with permanent dentition, 155 subjects showed UFM mesiopalatal rotation (91.72%),
of which 90.32% (140 subjects) showed anterior crowding, while it was present only in 10 out of
14 patients with non-mesiorotated UFM (71.42%). All patients with agenesis showed mesiorotated UFM
(100%). There was a statistically significant correlation between anterior dental crowding and UFM
mesiorotation (Pearson’s chi-square = 9.03; p = 0.05) (Table 4). Subjects with UFM mesiorotation
showed an OR = 3.28 (95% CI = 0.99–10.93; p = 0.042) of having moderate/severe anterior dental
crowding, compared to subjects without UFM mesiorotation.
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Table 4. Distribution of data for crowding and presence of rotated upper first molar (UFM), with
corresponding analyses.

Mixed Dentition (n = 180)
Number of Subjects (% on Group)

Permanent Dentition (n = 169)
Number of Subjects (% on Group)

Crowding/Diastema Correct Position Mesiopalatal Rotation Correct Position Mesiopalatal Rotation

No crowding 3 (15.79%) 16 (84.21%) 4 (21.05%) 15 (78.95%)
Light crowding 5 (11.9%) 37 (88.1%) 6 (12.5%) 42 (87.5%)

Moderate crowding 6 (7.79%) 71 (92.21%) 4 (6.35% 59 (93.65%)
Severe crowding 2 (5.71%) 33 (94.29%) 0 (0%) 29 (100%)

Space excess in the dental arch 0 (0%) 7 (100%) 0 (0%) 10 (100%)
Pearson chi-square n.s. 9.03 (p = 0.05)
Likelihood Ratio n.s. 11.03 (p = 0.026)

Linear-by-Linear Association n.s. 8.46 (p = 0.004)

n.s. = non-significant.

4. Discussion

Different studies identified the importance of UFM rotation in establishing a stable occlusion
and its association with the molar class relationship especially in permanent dentition [6,11,18,19].
Furthermore, it was observed that UFM is able to influence the available space in the dental arch
during orthodontic treatment [12–15,26]. Consequently, the present study investigated the prevalence
of UFM mesiopalatal rotation and its association with anterior dental crowding and occlusal class in
two groups of subjects with mixed and permanent dentition.

From the present data, the prevalence of UFM mesiopalatal rotation was high in both groups,
in agreement with what is reported in previous studies [6,8,9] that are based on subjects with
permanent dentition. A low difference in prevalence between the two groups seems to suggest that
the prevalence of UFM mesiopalatal rotation does not change significantly with the transition from
mixed to permanent dentition. In subjects with permanent dentition, there was a statistically significant
association between UFM mesiorotation and anterior dental crowding, and mesiorotated molar was
present in 100% of subjects with severe crowding. Subjects with UFM mesiorotation showed an
OR = 3.28 to show moderate/severe anterior dental crowding, compared to subjects without UFM
mesiorotation. Thus, it could be hypothesized that a mesiorotated molar occlusal surface, occupying a
larger space on the dental arch owing to its trapezoidal shape [11,12], reduces the available space in
the dental arch, promoting the development of anterior crowding besides hindering proper dental
intercuspation [5,12] and worsening the molar anteroposterior relationship [12].

Even if it is clinically renowned that the correction of UFM mesiorotation is able to increase
the amount of available space during the orthodontic treatment [12–15,27], to the best of the authors’
knowledge this is the first study that reports a direct association of UFM mesiorotation with the presence
of anterior dental crowding. The orthodontic correction of UFM mesiopalatal rotation may provide
between 1 and 2 mm of gain in arch perimeter [8].

In subjects with mixed dentition, a statistically significant association was observed with
the occlusal class, differently to what was observed in permanent dentition. Subjects with molar class
II showed an OR = 10.2 to present a mesiopalatal rotated UFM, compared to subjects with molar class
I. Besides the present study, Lima et al. did not find any association between the severity of Class II
and the magnitude of UFM rotation assessed by using the Ricketts‘ line method, in a group of 104
class II subjects with permanent dentition [1]. Nevertheless, the present investigation simply identified
the presence/absence of mesiopalatal rotation without reporting the amount of molar rotation, thus is
not directly comparable with what reported by Lima et al. [1].

As an association between UFM mesiorotation and anterior dental crowding was identified,
it seems that subjects with mixed dentition and UFM mesiorotation should be considered at higher
risk of having dental crowding.

The present study has some limitations, among them the absence of measure of the angle of UFM
rotation that could allow in future studies an analysis of correlation of the amount UFM mesiorotation
with anterior dental crowding.
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5. Conclusions

Based on the present methodology and the results obtained there seems to exist an association
between UFM mesiopalatal rotation and anterior dental crowding in permanent dentition. Subjects with
mixed dentition and UFM mesiorotation should be considered at higher risk of having dental crowding.
Furthermore, in subjects with mixed dentition, an association between UFM rotation and class II
malocclusion seems confirmed. Future studies should analyze the existence of a direct correlation
between the amount of UFM rotation and the development of anterior upper dental crowding.
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