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Background: Appropriate buccolingual inclination of posterior teeth and most favorable transverse
width of maxillary arch are necessary to improve smile esthetics. The variability of buccolingual
molar inclination in orthodontic literature, mainly in relation to vertical growth pattern of the face
(Hyperdivergent, Normodivergent and Hypodivergent), is challenging for the orthodontist in
choosing the treatment approach for addressing the problem in specific patients. Hence, the focus
of this research was to assess buccolingual molar inclination in various vertical facial growth
patterns. Methods: After obtaining ethical approval and informed consent, pre-treatment lateral
cephalograms were taken to analyze vertical and sagittal craniofacial characteristics of orthodontic
patients presenting at Sharif Medical and Dental College, Lahore. The inclination of permanent first
molars was measured on dental casts of orthodontic patients, by marking a perpendicular line to the
occlusal table of the first molar and a perpendicular line from the base of the cast. The angle formed
between these lines was measured by protractor for all quadrants. Results: Seventy-five orthodontic
patients were included in this cross-sectional study, where 44% were male and 56% were female.
The frequency of normodivergent patients was 34.6%, hypodivergent was 34.6% and
hyperdivergent was 30.6%. There was an insignificant gender difference in terms of buccolingual
inclination of molars by applying independent t-test. The comparison of the inter-study group (three
groups) means of continuous variables was carried out with analysis of variance (ANOVA). There
was a significant difference in intergroup comparison based on Levene statistics (p<0.05). The
statistical difference for buccolingual inclination of maxillary and mandibular first molar between
groups based on Levene statistics and F value was significant (p=0.000 for all). Conclusion: In
vertical growth pattern, the first molar teeth have a higher buccal inclination relative to horizontal
or normal growth pattern. There was insignificant statistical difference between both genders in
terms of buccolingual molar inclination.
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INTRODUCTION

Improving smile esthetics is a major motive for
patients seeking orthodontic care and it is given top
priority during orthodontic treatment planning, in
addition to function and stability.! A major goal of
smile esthetics is to ensure filling of buccal corridors.?
The term buccal corridors was defined for the first
time in 1958 as the spaces between posterior buccal
surfaces of teeth and the corners of the mouth during
smiling.> Optimal buccolingual inclination of
posterior teeth and an appropriate transverse
dimension of maxillary arch is essential to reach this
goal 3

Buccolingual inclination of molar is also known as
crown inclination of the molar in the buccolingual or

transverse plane. On a dental cast it is represented by
an angle formed between the axis of clinical crown of
tooth and a perpendicular line to the dental cast base,
which is trimmed parallel to the posterior occlusal
plane.® Buccolingual inclination of teeth is an
appealing area of interest for orthodontists since long.
According to Andrew’s six keys of normal occlusion,
the teeth’s buccolingual inclination is an integral part
of normal occlusion and constitutes an important
finishing criterion of an orthodontic case by American
Board of Orthodontists (ABO).”® The torque
prescription of posterior brackets and third order bends
in arch wire are important in achieving these goals.
Therefore, for selection of proper prescription of




Straight Wire Appliance, the buccolingual inclination
is a fundamental parameter to be considered.

Literature has shown varying findings about
the buccolingual inclination of molars and premolars
relative to vertical facial proportions. It is suggested
that patients having increased anterior face height
develop higher buccal inclination and longer
functional (lingual) cusps. In contrast, patients with
decreased anterior face height have more lingual
inclination and longer buccal cusps in posterior teeth.’
Ross et al reported insignificant difference in
buccolingual inclination of molars teeth among
various facial types, while most others found
significant differences between them. '
Various studies have also found that hyperdivergent
maxillomandibular patterns have narrower maxillary
arch width with high palate and tendency for palatal
crossbite, while patients with hypodivergent
maxillomandibular patterns have broader maxillary
arches and wide palate with affinity for buccal
crossbite.! 12

The variability of buccolingual molar
inclination reported in orthodontic literature, mainly in
relation to wvertical facial parameters, makes it
challenging for the orthodontist in finalizing the
treatment approach for addressing the malocclusion in
specific patients. Therefore, the objective of the
current research was to compare the buccolingual
inclination of permanent first molars in different
vertical facial patterns in a sample of orthodontic
patients from the Pakistani population. The study will
help to quantify these inclinations using dental casts
for inclination of molar teeth and cephalometric
analysis for vertical facial types. Furthermore, it will
suggest guidelines for molar inclination in various
vertical facial patterns, which are vital for diagnosis
and treatment planning in orthodontics, as well as
selecting the best mechanotherapy.

MATERIAL AND METHODS

This cross-sectional study was done at the Department of
Orthodontics, Sharif Medical and Dental College Lahore,
after taking ethical approval from Sharif Medical Research
Center and Ethics Committee. The inclusion criteria was
untreated orthodontic patients aged 13 years and above,
irrespective of gender, with complete permanent dentition
and Class I skeletal pattern. The patients with impacted,
malformed, missing or ectopically erupted permanent first
molar, and history of previous orthodontic treatment were
excluded from the study. Written informed consent was
taken from every patient prior to making the study casts
and taking lateral cephalometric radiographs.

Using non-probability consecutive sampling technique, 75
orthodontic patients were selected with the help of WHO
sample size determination software by comparison of
mean of upper right molar inclination (group 1: 8.0+3.7
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and group 2: 6.4+3.6) with level of significance 5% and
power of study 90%. 3 Pre-treatment lateral cephalograms
were obtained and cephalometric analysis was performed
to determine vertical and sagittal skeletal characteristics of
all patients.

Sagittal skeletal pattern, defined as follows, was a
confounding variable, therefore, only normal (Class I)
sagittal maxillomandibular relation was included:

1. Class I: ANB angle 0-4°

2. Class II: ANB angle >4°

1. Class III: ANB angle <0°

SN-MP angle was measured on lateral cephalogram to
reveal the vertical facial pattern (normal value being 32° +
4°).' Three different groups were formed on the basis of
vertical facial pattern as follows:

2. Hypodivergent: SN/MP angle <27°

3. Normodivergent: SN/MP angle 27° to 37°

4. Hyperdivergent: SN/MP angle >37°

The patients’ dental casts were made after taking Alginate
(Cavex CA37) impression and poured with Die Stone
plaster (KOPO-Hard CKH-52). The posterior occlusal
plane (POP) was delineated by a rectangular histological
glass slide (1x3") contacting at least 3 points while seating:
1 at each mandibular molar’s most prominent cusp
bilaterally, 1 or 2 at any second premolar’s most prominent
cusp (Figure-1).1°

The trimming of the base of the casts was done
parallel to the POP. The study cast was then split into right
and left sections via mid-palatal raphe (maxillary) and
lingual frenum (mandible) as shown in Figure-2. Each half
was trimmed from the distal portion perpendicularly to the
base up to the line A and B passing through mesiolingual
and mesiobuccal cusp of first molar.

Two perpendicular lines were drawn from
occlusal plane (OP) of first molars and base of the cast.
The angle made by these two lines (0) at their point of
intersection was measured by a protractor. Inclination
was positive if the molar was buccally inclined and
termed negative if it was lingually inclined (Figure-3).

Figure-1: Determination of posterior
occlusal plane in dental cast




Figure-2: Sectioning of dental cast
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Figure-3: Measurement of buccolingual
inclination of molar

Data analysis was done using IBM SPSS version 25.
Quantitative variables like age and buccolingual
inclination of first molar in all four quadrants of the
oral cavity, were presented as mean and standard
deviation (SD). Variables like vertical facial pattern
and gender were presented as frequency and
percentage. One way ANOVA was applied to
determine the significance of difference in
buccolingual inclination of first molars in three
vertical facial patterns. A p-value less than 0.05 was
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considered to be significant. Levene statistic and
Games-Howell Post-Hoc test was used for
intergroup comparison. Gender dimorphism was
studied for buccolingual inclination of molar and t-
test was applied to reveal the significance.

RESULTS

Out of 75 patients, 33 (44%) were male and 42
(56%) were female. The mean age was 17+3.3
years. The frequency of normodivergent patients
was 26 (34.6%), hypodivergent was 26 (34.6%) and
hyperdivergent group was 23 (30.6%).

The difference in buccolingual molar inclinations
between both genders was statistically insignificant,
assuming equal variance by applying independent t-
test (Table-1).

The inter-study group (three groups)
statistical comparison of means of continuous
variable was done using ANOVA. Table-2 shows
the mean and SD of buccolingual inclination of
maxillary and mandibular first molar for all three
groups. Mandibular molars in hypodivergent group
showed lingual inclination of crowns. Furthermore,
mandibular molars were lingually inclined in
contrast to the buccal inclination of maxillary
molars. There was significant statistical difference
in intergroup comparison based on Levene statistics
(p<0.05). There was significant statistical
difference for buccolingual inclination of maxillary
and mandibular first molar between groups based on
Levene statistics and F value (p=0.000 for all).

Multiple comparison by Games-Howell
Post-Hoc test (table 3) was done for intergroup
comparison after verifying significant difference by
Levene statistic (p<0.05).

Intergroup comparison of  mean
buccolingual inclination of upper molars: The mean
difference of buccolingual inclination for upper first
molars between normodivergent-hyperdivergent
group and between hypodivergent—hyperdivergent
group was statistically significant (p<0.05) while
mean  difference  between  normodivergent-
hypodivergent group was statistically insignificant
(p>0.05)

Intergroup comparison of  mean
buccolingual inclination of lower molars: The mean
difference of buccolingual inclination for lower first
molars between normodivergent-hypodivergent
group and between hypodivergent—hyperdivergent
group was statistically significant (p<0.05) while
mean  difference  between normodivergent-
hyperdivergent group was statistically insignificant
(p>0.05)
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Table 1: Buccolingual inclination of first molars with respect to gender

Group Statistics

Buccolingual inclination Gender N Mean Std. Deviation Sig (2 tailed)

UR6 Male 33 7.18 4.667 415
Female 42 8.02 4.205 )

UL6 Male 33 7.18 4.838 212
Female 42 8.76 5.792 )

LR6 Male 33 4.12 8.177 457
Female 42 2.64 8.731 )

LL6 Male 33 3.85 7.357 381
Female 42 2.21 8.418 )

*p<0.05 is significant

Table 2: Buccolingual inclination of first molars among different vertical facial patterns

Buccolingual Vertical Pattern N Mean SD Levene statistics based Sig F value between Sig
inclination on mean groups
UR6 Normodivergent 26 26.08 2.883
Hypodivergent 26 5.46 2.302 4.559 .014* 26.381 .000*
Hyperdivergent 23 11.91 4.709
Total 75 7.65 4.404
UL6 Normodivergent 26 5.54 2437
Hypodivergent 26 6.12 2.833 20.015 .000* 23.392 .000*
Hyperdivergent 23 13.13 6.628
Total 75 8.07 5.416
LR6 Normodivergent 26 4.77 6.153
Hypodivergent 26 -3.15 8.269 4.958 .010* 19.494 .000*
Hyperdivergent 23 8.91 5977
Total 75 3.29 8.467
LL6 Normodivergent 26 4.00 5418
Hypodivergent 26 -3.12 7.871 6.057 .004* 20.688 .000*
Hyperdivergent 23 8.57 5.615
Total 75 2.93 7.958

*p<0.05 is significant

Table-3: Multiple comparison of buccolingual inclination of all first molars in three vertical facial patterns by
Games-Howell Post-Hoc test

Dependent Variable Vertical facial Vertical facial pattern Mean difference Std Sig
(Buccolingual inclination) pattern (I) Q) I-9 Error
UR6 normodivergent Hypodivergent .615 724 .674
Hyperdivergent -5.836 1.133 .000*
hypodivergent Normodivergent -.615 724 .674
Hyperdivergent -6.452 1.081 .000*
hyperdivergent Normodivergent 5.836 1.133 .000*
Hypodivergent 6.452 1.081 .000*
UL6 normodivergent Hypodivergent -.577 733 713
Hyperdivergent -7.592 1.462 .000*
hypodivergent Normodivergent 577 733 713
Hyperdivergent -7.015 1.490 .000*
hyperdivergent Normodivergent 7.592 1.462 .000*
Hypodivergent 7.015 1.490 .000*
LR6 normodivergent Hypodivergent 7.923 2.021 .001*
Hyperdivergent -4.144 1.735 .054
hypodivergent Normodivergent -7.923 2.021 .001*
Hyperdivergent -12.067 2.045 .000*
hyperdivergent Normodivergent 4.144 1.735 .054
Hypodivergent 12.067 2.045 .000*
LL6 normodivergent Hypodivergent 7.115 1.874 .001*
Hyperdivergent -4.565 1.581 .016*
hypodivergent Normodivergent -7.115 1.874 .001*
Hyperdivergent -11.681 1.937 .000*
hyperdivergent Normodivergent 4.565 1.581 .016*
Hypodivergent 11.681 1.937 .000*

*p<0.05 is significant
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DISCUSSION

Wilson first described the buccolingual inclination of
posterior teeth, with lower teeth being lingually inclined
and upper teeth buccally inclined, forming the Curve of
Wilson. '3 This inclination is crucial for both esthetics and
function in orthodontic smile design.!® Long-term
orthodontic stability depends on the correct root
positioning of teeth, and appliances like the Edgewise
bracket and Straight Wire Appliance help control this
inclination. Proper understanding of buccolingual
inclination allows orthodontists to select appropriate
bracket prescriptions based on facial patterns. Various
genetic and environmental factors influence dentofacial
characteristics, and while many studies have examined
buccolingual inclinations in different facial growth
patterns, the findings remain inconsistent. This research
aims to clarify the relationship between molar inclination
and vertical facial growth patterns.

This study's findings indicate that vertical
growth patterns significantly influence molar inclination,
with hyperdivergent individuals showing increased
buccal inclination of first molars as a compensatory
mechanism for skeletal imbalances, while hypodivergent
individuals exhibit more lingual inclination to
accommodate a reduced vertical dimension. Statistical
analysis using one-way ANOVA confirmed significant
variance in molar inclination among different vertical
growth patterns.!”!® This emphasizes the importance of
considering vertical dimensions in orthodontic diagnosis
and treatment planning, as it impacts tooth positioning
and long-term stability. Tailored treatment approaches,
particularly in controlling molar torque, may be
necessary to achieve optimal outcomes in cases involving
skeletal malocclusions.

According to Ross et al and Grosso et al, there
was insignificant difference in buccolingual molar
inclination in different facial patterns.'®!® Notably, Ross
et al compared the inclination of molar teeth in three
vertical patterns using pre-treatment casts for
measurement, regardless of sagittal skeletal relationship.
Grosso et al employed another technique, by measuring
the long axis and inclinations of facial surface of the
maxillary first molars, in relation to the occlusal plane,
using cone beam computed tomography (CBCT) in three
vertical types; thus, displaying comparable inclinations
across different facial patterns.

Janson et al revealed higher value of buccal
inclination of maxillary molar in hyperdivergent than the
hypodivergent group.?® Their hyperdivergent group
consisted of both Class I and Class II division 1 patients
and hypodivergent group consisted of Class II division 2
patients. Due to evidence regarding difference in the
maxillary molar teeth inclination between Class I and
Class II patients, the results of Janson’s study are
debatable.?!
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A study done on Asian Indian males using CT scans,
showed comparable results, whereby there was a lingual
inclination of 10.18+4.8" between the long axis of tooth
and bone.?? Berrera et al found buccal inclination of
4.05" in maxillary molars, while Al-Khatib and Chung
reported 4.85+4.22" buccal inclination of maxillary
molars and 12.60+5.29’ lingual inclination of mandibular
molars.>?* The current study also supports these
findings, with buccal inclination of 7.78" in maxillary
molars and 3.98" lingual inclination of mandibular
molars.

Tsunori et al associated the faciolingual
inclination of molars and different vertical facial patterns,
and deduced that brachyfacial subjects have higher
lingual inclination of mandibular molars.!! Ashfaq and
Fida measured first molar inclination using CBCT in
adult subjects from Karachi, Pakistan and found that
mandibular first molars were lingually inclined with
mean value of 14.07+4.49° while maxillary molars were
buccally inclined over the basal bone with a mean value
of 9.42+6.70°.% Both these studies displayed similar
trend to the current research.

Another study from Karachi, Pakistan was
conducted by Khan to determine the relation of facial
growth pattern with molars axial inclination and
concluded that there is strong relation between molar
mesiodistal inclination and facial growth pattern. The
researcher found that mesiodistal angle of molar
increased in hyperdivergent patients and was relatively
upright in  hypodivergent patients.®  Although,
mesiodistal molar inclination is beyond the scope of the
current study, nevertheless, it highlights the significance
of considering treatment choices according to three-
dimensional molar inclination in all quadrants.

All of the above studies confirmed the
association of buccolingual inclination of molars with
vertical growth of the face. The expected variation in
buccolingual molar inclination among different vertical
growth patterns of the face, necessitates its consideration
during treatment planning for better outcome in terms of
stability, function and esthetics. The results of this study
support the hypothesis suggested in literature that vertical
facial growth pattern coincides with higher buccal
inclination of posterior teeth, whereas, subjects having
horizontal growth pattern have higher lingual
inclination.?

The current study has inevitably yielded
meaningful results, however, further studies with larger
sample sizes are warranted to confirm whether the
observed differences approach true clinical significance
or not. Volumetric Imaging can be adopted for the said
purpose, however, radiation exposure for the sole
purpose of research may defy ethical principles. Future
research should also consider factors such as the potential
influence of compensatory mechanisms, typical and
atypical facial growth patterns, soft tissue dynamics, and




individual variations in occlusal function. Further studies
performed on adults, considering both sagittal and
vertical characteristics separately, may provide a
healthier and more conclusive outcome regarding the
corrective measures to be taken for normodivergent,
hypodivergent and hyperdivergent class I, class II and
class III subjects.

CONCLUSION

The first molar teeth in both maxilla and mandible, in
vertical facial growth pattern have a significantly higher
buccal inclination as compared to those having horizontal
or normal growth pattern. The horizontal facial growth
pattern has greater lingual inclination of the molars than
the other two groups. There was no significant difference
between both genders in terms of buccolingual molar
inclination.
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