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ABSTRACT

Objective: To compare the rotation of the maxillary permanent first molar among patients with Class I, Class II, and Class III
malocclusions.

Study Design: Cross-sectional Comparative Study.

Place and Duration of Study: Armed Forces Institute of Dentistry, Rawalpindi, Pakistan, from Jan to Dec 2025.

Methodology: This study used a non-probability consecutive sampling technique on 90 cases. Inclusion criteria were the
availability of dental casts, cephalograms, and profile photographs, while participants with missing or restored upper first
molars, posterior crossbite, excessive wear, or incomplete records were excluded. Age and gender were recorded, and
permanent maxillary first molar rotation was measured on dental casts. One-way ANOVA and chi-square tests were used to
compare the rotation of permanent maxillary first molars among classes.

Results: The mean age was 21.1£5.9 years. There were 54 females (60%) and 36 males (40%). Participants were equally
distributed across skeletal classes, with 30 individuals (33.3%) in each of Classes|, II, and IIl. The mean permanent maxillary
molar rotation differed significantly among classes, with Class II showing the highest rotation (78.7+5.7) compared with
Class III (73.4+9.2) and Class I (71.63.8) (p<0.001). When categorized as rotation >73°, the proportion of rotated molars was
highest in Class II (73%), followed by Class III (47%) and Class I (27 %) (p=0.0013).

Conclusion: Permanent Maxillary first molar rotation is significantly associated with sagittal skeletal pattern in untreated
young adults. The most pronounced rotation occurs in individuals with skeletal ClassII relationships, with a higher
prevalence of rotated molars than in Class I or Class III.
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INTRODUCTION

The maxillary first molar plays a significant role
in the development, diagnosis, and classification of
malocclusion.! Angle considered its position a
significant landmark to determine the sagittal jaw
relationship and classified it as a key position.? In
addition to its anteroposterior position, the maxillary

are often mesially rotated in Class II malocclusion,
which affects the occlusion and interdigitation.” In
Class III cases, mesiopalatal or distal-out rotation of
molars may occur as a compensatory movement, but
is not necessarily associated with a skeletal imbalance
seen in Class I cases.® Distal-out or mesiopalatal
rotation of the molars, although small, can affect arch

first molar is also clinically significant for its
relationship to the arch, occlusion, and cusp/fossa
relationships.3* Maxillary 1st molar Mesiopalatal
rotation will decrease the arch perimeter and possibly
exacerbate sagittal discrepancies.> It can worsen class
II relationships, but may help with intercuspation and
provide 1-2 mm of additional arch length on each
side.®

There are several different patterns of molar
rotations in malocclusions. The maxillary first molars
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coordination and functional occlusion.%10

Understanding maxillary first molar rotation in
Class 1, II, and III malocclusions is important for
orthodontic diagnosis and treatment planning.
Correction of molar rotation can improve arch
development, occlusal stability, and molar and canine
relationships. Although clinically important, molar
rotation is often overlooked in routine analysis.
Evaluating rotational patterns among different
malocclusion classes may help in treatment planning
and orthodontic mechanics. The objective of this study
was to compare the rotation of the maxillary first
molar among patients with Class I, Class II, and Class
III malocclusions.
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METHODOLOGY

This comparative cross-sectional study was
conducted at the Armed Forces Institute of Dentistry,
Rawalpindi, Pakistan, from Jan to Dec 2025 using a
non-probability consecutive sampling technique.
Ethical approval was obtained from the hospital’s
ethical committee. Informed consent was obtained
from all participants after an in-depth explanation of
the study.

The sample size was calculated using OpenEpi
with the independent mean difference formula. Input
parameters included a 95% confidence interval, 80%
power, and equal group sizes (ratio 1:1). For
comparing two means (rotation in Class I: 71.23+3.83;
rotation in Class II: 78.95+6.197), the calculated sample
size was 7 per group, giving a total of 14 participants.
However, to satisfy the normality assumption, we
included a total of 90 participants, with 30 cases per
group (30 each for Class I, II, and III).

Inclusion Criteria: Pakistani population, aged
between 12 and 30 years, of both genders, with dental
casts, cephalograms, and profile photographs that
allowed classification into one of the following groups:
skeletal Class I, II, or III were included in the study.

Exclusion Criteria: Patients with missing upper first
permanent molars, posterior crossbite, upper first
molars with excessive wear or prosthetic
reconstruction, or incomplete records were excluded
from the study.

Age and gender were recorded from patients’
files. The rotation of maxillary first molars was
measured with photocopies of upper dental casts. A
graphite pencil was used to mark the mesio-palatal
and disto-buccal cusps of every molar, with a 0.5 mm
graphite pencil. The photocopies were rotated, and the
angle between the line joining the mesio-palatal and
disto-buccal cusps of the molar (Ricketts line) and a
reference line run along the palatine raphe was
determined. The measurements were done using a
protractor (Trident/ Desetec, Itapui, SP, Brazil), and
intermediate readings were taken to the closest 0.50.
Marking and measurement were done by an examiner
who was previously trained. Patients were classified
into skeletal Class I, II, and III based on ANB values,
where Class I had an ANB of 2-4, Class Il had an ANB
greater than 4, and Class III had an ANB less than 1.
Only the right side was considered when molar
rotation was present on both sides.

In order to determine the accuracy of the
photocopies, 20 randomly selected plaster models
were directly measured with a 2 mm glass plate to
replicate the same angle, and the values were
compared to the values on the photocopies; a paired t-
test did not reveal any statistically significant
difference (P<0.05). Intraclass correlation coefficient
and the Dahlberg formula were applied to assess the
evaluations of reproducibility and random error by
repeating the measurements 1 week later, respectively.

Data analysis was done in R software version
43.3. Data were described in terms of mean and
standard deviation for continuous variables and
frequency with percentages for categorical variables.
Normality was assessed using the Shapiro-Wilk test.
One-way ANOVA was run to compare rotation in
degrees among the three classes, and chi-square was
used to compare the presence of rotation. Analyses
were stratified by gender. P<0.05 was considered the
significant threshold.

RESULTS

Of the total 90 participants, the mean age was
21.145.9 years. There were 54 females (60%) and 36
males (40%). Participants were equally distributed
across skeletal classes, with 30 individuals (33.3%) in
each class 1, 11, and III. (Table-I).

Table-I: Demographics and skeletal classes pattern of the
Participants (n=90)

Variable Characteristic Mean+SD / n(%)
Age in years Mean + SD 21.14+5.91
Gender Female 54 (60.00%)
Male 36 (40.00%)
Class I 30 (33.33%)
I 30 (33.33%)
111 33.33%)

The mean molar rotation was significantly
different among classes, with class II having the
highest rotation (78.7+5.7) as compared with class III
(73.4£9.2) and class I (71.6£3.8) (p<0.001). When
categorized as rotation >73°, the proportion of rotated
molars was highest in class II (73%), followed by class
I1I (47%) and class I (27%) (p=0.0013). (Table-II).

Table-1I: Comparison of Rotation in the Upper first Molar Among
Three Skeletal Classes (n=90)

Skeletal class
Variable Characteristic | I 11 I r
value
(n=30) (n=30) (n=30)
Molar
Rotation in Mean +SD 71.5543.82 78.74%5.72 73.4449.22 <0.001
degrees
Rotation >73 No Rotation 22 (73%) 8 (27%) 16 (53%) 0.0013
deg(r;‘;s’ n Rotation 8 (27%) 22 (73%) 14 (47%)

*p-values calculated using: ANOVA, Chi-square test

Pak Armed Forces Med ] 2026; 76(SUPPL-8):51229



Comparison of Maxillary First Molar Rotation

Table-1II shows that the differences between class
I vs II and class IIl vs II were significant, but not
between class 1 vs IIl. Table-IV shows upper first
molar rotation across skeletal classes, stratified by
gender. In males (n=36), mean rotation was slightly
higher in class II (77.3£5.9) and class III (74.8+8.8)
compared with class I (71.6£2.9), but these differences
were not statistically significant (p=0.102). The
proportion of molars rotated >73° also did not differ
significantly among male participants (p=0.060). In
females (n=54), rotation was significantly greater in
class II (79.7£5.6) than in class I (71.5£4.4) or class III
(72.519.6) (p=0.0014). Correspondingly, a higher
proportion of class II females exhibited rotation >73°
(83%) compared with class I (33%) and class IIT (39%)
(p=0.004).

Table-III: Comparison of Maxillary First Molar Rotation
Among Skeletal Class I, II, and III Subjects (n=90)

Parameter Class I Class IT Class ITI ANOVA Class Class Class
(n=30) (n=30) (n=30) p-Value Ivs M vs Ivs
MeantSD MeantSD MeantSD Class Class Class
1T 111 111
Molar 71554382 | 78741572 | 73.4429.22 <0.001 | <0001 | 0.007 [ 0510
rotation (°)

Table-III: Comparison of Rotation in the Upper first Molar
Among three Skeletal Classes Stratified by Gender(n=90

1 class -
Gender Variable Characteristic I I . vaelu
Molar
Rotation in Mean+SD 71.63 £2.90 77.345.92 74.83+8.80 0.102
Male degrees
(@=36) Rotation >73 No rotation 10(83%) 5(42%) 5 (42%)
degrees, n (%) Rotation 2(17%) 7(58%) 7 (58%) 0.060
Molar
Female Rotation in Mean+SD 71.49 +4.41 79.67 £5.55 72.5249.63 0.001
(n=54) degrees
Rotation >73 No Rotation 12 (67%) 3 (17%) 11 (61%) 0008
degrees, n (%) Rotation 6 (33%) 15 (83%) 7 (39%) :

*p-values calculated using: ANOVA, Chi-square test

DISCUSSION

Our study found that there is a significant
association between sagittal skeletal pattern and
rotation of the upper first molar in young adults who
have not received any treatment. The highest molar
rotations were observed in participants with a skeletal
Class II relationship, with a higher number of rotated
molars than in Class II, 1 and III. These results were
persistent as molar rotation was classified (e.g., rotated
vs. non-rotated) and gender stratified analysis proved
that such an association was found in females
especially. There were similar results in males, but the
differences between skeletal classes were statistically
insignificant.

From a biomechanical and developmental
perspective, rotation of the upper first molar is an
expression of the interaction of arch shape, eruption
pattern, and function in the upper arch. The

mesiopalatal inclination of the upper first molar -
which is the most common direction of rotation -
increases the effective crown width in the arch at the
expense of available arch length and commonly
worsens sagittal maladaptation.!? This rotated form
can be considered as a factor as well as a cause of
occlusal imbalance in Class II patterns: with the
maxillary arch developing with transverse deficiency
or crowding, the first molar can be able to adapt
through rotation to meet the mesial drift and eruption
forces, which can also result in deepening the Class 2
molar relationship and hinder optimal
intercuspation.’? This positional differentiation also
makes the space in the arch larger, affecting crowding
and making space management and molar
repositioning orthodontic mechanisms difficult.
Clinically, it is therefore important to identify this
rotation before treatment because molar derotation
tends to produce a better arch perimeter and better
sagittal relationships, which simplifies the treatment
as reported by Lione ef al.5

The differences in rotation of the upper first
molar by skeletal classes in males were significant.?
This sexual dimorphism can be attributed to
differences in arch size and maturation time between
the sexes. Females usually have narrower arch widths
and may have varying maturation and eruption
timelines, thus increasing the effects of skeletal pattern
on molar position. This has been explained by
Subramanian ef al.13

Our results are in line with orthodontic literature
that emphasizes the high prevalence of upper molar
rotation - particularly mesiolingual rotation - as a
manifestation of Class II malocclusions. Maharjan et
al., reported that the prevalence of mesial rotation is
high in Class II cases, and this rotational inclination
has been attributed to transverse deficiencies and
anteroposterior dental discrepancies.’* Mesio palatal
rotation in a huge proportion of dental Class II
patients, and Shaheen et al., highlighted this as
existing in 83-95% of such cases, showing that rotation
is not just an incidental observation but a regular trait
of Class II occlusal morphology.!® Parthiban et al.,
systematic review also found that Classll
malocclusion is associated with more upper first molar
rotation than Class1 or ClassIll, although the extent
and frequency vary depending on measurement
methods and sample characteristics.3

Quinzi et al., investigated the association between
molar rotation and the severity of Classll
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malocclusion and reported a positive correlation, with
greater mesiolingual rotation associated with more
pronounced anteroposterior discrepancies in Class II
dental relationships.® This concept is also suggested
by Alexander et al, that molar orientation is not
merely an accompanying feature but may also
contribute to the functional severity of the
malocclusion.?”

Investigations done by Ugolin et al, have
demonstrated that, on the whole, the patterns of
rotation of the molar are not very far apart among
various skeletal groups. Nevertheless, dental Class 1I
patients have the strongest and most common
rotations, whereas skeletal Class II and III cases exhibit
moderate and similar rotations.!® These findings
confirm our results, as it is evident that molar rotation
is most evident when dental and skeletal discrepancies
exist.

It is necessary to know how the presence of molar
rotation can be used in planning a treatment based on
the skeletal pattern.!” Molar rotation can be corrected
early to provide more space in the arch, a better fit of
the teeth, and make sagittal correction more effective.2
It may also affect the selection of treatment methods,
e.g., arch expansion or molar derotation appliances,
particularly in the Class 2 cases, where the space and
molar derotation plane management are decisive
factors.

LIMITATIONS OF STUDY

The single-center design, non-probability consecutive
sampling, and relatively small sample size, which may limit
generalizability. Additionally, the cross-sectional nature of
the study precludes causal inference regarding the
association between maxillary first molar rotation and
sagittal malocclusion. Populations” habits, diet, and gender
preferences regarding maxillary molar rotations are
recommended to be explored for an in-depth understanding
of these rotation patterns.

CONCLUSION

Upper first molar rotation has a significant association
with sagittal skeletal pattern in untreated young adults. The
most pronounced rotations are with skeletal ClassIl
relationships, with more rotated molars than in ClassI or
Class III. This pattern was significant in females, while in
males, the differences between skeletal classes were not
statistically significant.
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