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The Effect of Maxillary Posterior Space Discrepancy on the
Molars and Overbite in Class II Malocclusions with Different
Vertical Patterns
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A b s t r ac t
Aim: The purpose of this cross-sectional study was to investigate the influence of maxillary posterior space discrepancy (MPDD) on angulation
and vertical position of molars in patients with skeletal class II malocclusions, presenting long, short, and normal vertical growth patterns.
Materials and methods: In total, 120 lateral cephalograms of patients (mean age: 23 years) with skeletal class II malocclusion were evaluated.
Patients were divided into six groups based on their vertical growth pattern (normal, long, and short faces) and the presence or absence of
maxillary posterior discrepancy. Maxillary molars’ sagittal angulation and vertical position were measured on cephalograms via Dolphin™ threedimensional (3D) software (version 11.5). The comparison between groups with the same vertical dimension and different status of MPDD was
done with independent t test. The analysis of analysis (ANOVA) was used to make pairwise comparison between all six groups. Finally, a multiple
regression analysis was performed to evaluate the influence of molar position and MPDD on the anterior overbite.
Results: The results showed that the angulation of the maxillary first molar was not statistically different between groups with the same vertical
dimension but varied in terms of MPDD. The maxillary second molar was more distally inclined in patients with MPDD than those without MPDD
with short and normal facial types (p value = 0.016 and p value = 0.001, respectively). The second molar had significantly more distal angulation
in long face patients than short and normal face participants, without considering the status of MPDD. The upper first and second molars were
erupted more in patients with long than short or normal faces, without any influence of MPDD.
Conclusion: The presence of MPDD caused more distal inclination of the maxillary second molar, in skeletal class II patients with short and
normal vertical growth patterns.
Clinical significance: The status of MPDD and its effect on the maxillary second molar teeth should be considered in skeletal class II patients
with short and normal vertical growth patterns.
Keywords: Cephalometry, Molar angulation, Overbite, Posterior space discrepancy.
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I n t r o d u c t i o n
The importance of mesiodistal teeth angulation in orthodontic
patients has been emphasized by many clinicians.1–3 Molar teeth
angulation should be taken into consideration when choosing a
treatment plan and mechanotherapy.4 The angulation of molar teeth
undoubtedly is one of the main determinative factors for anchorage
value. Sometimes, by changing the mesiodistal angulation of molar
teeth, orthodontists can preserve the anchorage, particularly in
class II malocclusions.5–11 Diversity and compensatory changes in
axial inclination of molars in different malocclusions are the most
important factors in anchorage preservation.12–14
The angulation of posterior teeth depends on hereditary and
gender variables, sequence of teeth eruption, premature exfoliation
of primary teeth, extraction of permanent teeth, impacted teeth,
posterior space discrepancy (PDD), and different malocclusions.15–17
Posterior space discrepancy is considered as deficient available
space for third molar eruption in the maxillary and mandibular
arch.18–20 Since the third molars are the final teeth in eruption
sequence, if the space is deficient in posterior part of the arch, they
become impacted or semi-impacted. Many theories discuss the
effect of PDD on angulation of other teeth in the dental arch. One
hypothesis suggests that PDD might increase the mesial angulation
of both crown and roots of the first and second molars,21,22 while
another theory suggests that in such situations, the eruption stress
of the third molar tooth produces a mesial movement to the first
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and second molar roots with a simultaneous distal tipping of the
crowns.3,10,11,22,23 In addition, some studies have mentioned that
the presence of PDD might cause super-eruption of the first and
second molars, causing open bite malocclusion.24,25
Since the incidence of PDD is more common in the lower
arch, most of the related studies evaluated the impact of PDD and
eruption of the third molar on the angulation of mandibular molar
teeth.26–28
The aim of this cross-sectional study was to investigate the
influence of MPDD on angulation and vertical position of molars in
patients with skeletal class II malocclusions, presenting long, short,
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and normal vertical growth patterns. Given the lack of evidence
regarding MPDD and its effect on angulation and vertical position
of molar teeth in different vertical growth patterns of class II
malocclusion, we designed this study.29 If there is a strong relationship
between the status of MPDD and the angulation and vertical position
of molars, it would be wise for the clinician to consider the status of
MPDD for decision making in treatment planning.

M at e r ia l s

and

Table 1: The definitions of the cephalometric points, distances, and
angles
Variables
SNA

Definition
The angle between points sella (S), nasion
(N), and subnasal (A) in degrees
SNB
The angle between points sella (S), nasion
(N), and supra mental (B) in degrees
ANB
The angle between subnasal (A), nasion (N),
and supra mental (B) in degrees
Overbite
The distance between incisal edge of
maxillary and mandibular central incisor,
perpendicular to occlusal plane, in
millimeters
FMA
The angle between the porion-orbital line
and mandibular plane in degrees
Basal angle
The angle between mandibular and palatal
plane in degrees
PFH
The linear distance from sella to the inferior
border of the mandible, generally the gonion,
in millimeters
AFH
The linear distance from the nasion to the
bottom of the chin, the menton point, in
millimeters
PFH/AFH
The posterior facial height divided by anterior
facial height
Upper first molar-PP The angle formed by the maxillary first molar
axis (intercuspid groove-bifurcation) and the
palatal plane (ANS-PNS) in degrees (Fig. 2)
Upper second
The angle formed by the maxillary second
molar-PP
molar axis (intercuspid groove-bifurcation)
and the palatal plane (ANS-PNS) in degrees
(Fig. 2)
A′P′ (maxillary base The distance between the perpendicular
length)
extensions of points A and P on the palatal
plane (A′P′) in millimeters: point A′ is
the perpendicular projection of point A
to the palatal plane and point P′ is the
perpendicular projection of the posterior—
most point of the maxillary tuberosity to the
palatal plane (Fig. 1)
A′6′ (anterior
The distance between A′ and 6′ in
maxillary base
millimeters. Point 6′ is the perpendicular
length)
projection of the anterior-most point on the
proximal surface of the maxillary first molar
to the palatal plane (Fig. 1)
Ratio (A′6′/A′P′)
The ratio of the anterior maxillary base
length A′6′ to the maxillary base length A′P′
(A′6′/A′P′)
Upper first molar’s
The perpendicular distance between palatal
vertical position
plane and maxillary first molar, measured
from cusp tip, in millimeters (Fig. 3)
Upper second moThe perpendicular distance between palatal
lar’s vertical position plane and maxillary second molar, measured
from cusp tip, in millimeters (Fig. 3)

Methods

The Shiraz Dental School Local Ethics Committee (protocol no.
97-01-37-16796) approved this cross-sectional study.

Sample Characteristics
The samples included pretreatment lateral cephalograms of 120
patients with skeletal class II malocclusion, with minimum age of
23 years. Maximum intercuspation and rest position for the lips
were considered while taking all of the cephalograms. Imaging was
carried out using an digital panoramic cephalometric equipment
(ProMax®; Planmeca, Finland) set at 16 mA, 72 kV, and 9.9 seconds.
Two calibrated examiners carried out cephalometric analyses
digitally via Dolphin™ 3D software (version 11.5). Excluded from the
sample were patients with prior orthodontic treatment, cancers,
infection, or prosthetic molar reconstruction in the maxillary molar
area and without maxillary third molars (extracted or missing) or
any other missing/extracted/supernumerary teeth.
For the calculation of sample size, a mean difference of 10° in
the maxillary second molar sagittal inclination was regarded as a
clinically relevant discrepancy between groups with and without
MPDD. Standard deviation (SD), α, and power were set at 4°, 0.01, and
90%, respectively (according to the study of Arriola-Guillén et al.).25
Although a minimum of five participants were needed per group,
data were used from 120 patients who met the criteria for inclusion.

Sample Grouping
The cephalograms were classified into six groups based on their
present or absent MPDD condition and their vertical patterns
of facial growth (normal, long, and short patterns of facial
development).
The definitions of the cephalometric measurements used in
this study have been shown in Table 1.
All patients presented a skeletal class II malocclusion [A pointNasion-B point (ANB) angle greater than 5°, over jet greater than
4 mm, and molar relationship class II]. The groups were set as follow:
•

•
•
•
•

Group I. Skeletal class II, normal vertical growth pattern with
MPDD (n = 20): Frankfort-Mandibular-angle (FMA) between 25° ±
2, basal plane angle 25° ± 2, posterior face height to anterior
face height (PFH/AFH) 62 to 65%, overbite 1 to 2 mm, Aʹ 6/Aʹ P >
46% (25) (Fig. 1).
Group II. Skeletal class II, normal vertical growth pattern without
MPDD (n = 20): FMA angle between 25° ± 2, basal plane angle
25° ± 2, PFH/AFH 62 to 65%, overbite 1 to 2 mm, Aʹ 6/Aʹ P < 46%.
Group III. Skeletal class II, long face growth pattern with MPDD
(n = 20): FMA angle ≥ 27, basal plane angle ≥ 27, PFH/AFH ≤ 62%,
overbite ≤ 1 mm, Aʹ 6/Aʹ P > 46%.
Group IV. Skeletal class II, long face growth pattern without
MPDD (n = 20): FMA angle ≥ 27, basal plane angle ≥ 27, PFH/
AFH ≤ 62%, overbite ≤ 1 mm, Aʹ 6/Aʹ P < 46%.
Group V. Skeletal class II, short face growth pattern with MPDD
(n = 20): FMA angle ≤ 23, basal plane angle ≤ 23, PFH/AFH ≥
67%, overbite ≥ 3 mm, Aʹ 6/Aʹ P > 46%.

•

Group VI. Skeletal class II, short face growth pattern without
MPDD (n = 20): FMA angle ≤ 23, basal plane angle ≤ 23, PFH/
AFH ≥ 67%, overbite ≥ 3 mm, Aʹ 6/Aʹ P < 46%.

Maxillary Posterior Space Discrepancy
The possible eruption blockage of the maxillary third molar is
known as a maxillary posterior discrepancy due to the presence of
erupted second molar during clinical examination.
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Fig. 1: Maxillary posterior discrepancy determination

Fig. 2: Maxillary molar sagittal angulation
Table 2: The descriptive statistics of all sample groups
n (sex)
Groups
1
2
3
4
5
6

Fig. 3: Maxillary molar vertical position

For statistical analysis, an additional analysis of maxillary
posterior difference was considered in our research based on
cephalometric measurements. If the ratio of anterior maxillary base
length (A′6′) to maxillary base length (A′P′) exceeds 0.46, a maxillary
posterior discrepancy has been determined25 (Fig. 1).

Maxillary Molar Sagittal Angulation
The sagittal angulations of the first and second maxillary molars
are determined by the angle created by the molar axis and the
palatal plane (Fig. 2).

Maxillary Molar Vertical Position
The vertical position of the maxillary molars was measured by
calculating the perpendicular distances between the palatal plane
to the maxillary first and second molar mesial cusp tips (Fig. 3).

Statistical Analysis
The data were analyzed using SPSS version 22 (IBM SPSS, Chicago,
IL, USA). Using Shapiro–Wilk measures, normality was tested.
To determine the differences between two groups identified
by MPDD, an independent t test was performed. All groups
were compared using ANOVA, and if a significant difference
was observed, post hoc Tuckey was used. To assess the effect of
maxillary molar sagittal and vertical location on the overbite as
a dependent variable, a multiple linear regression analysis was
performed.

R e s u lts
All of the cephalometric measurements were evaluated within a
1-month interval, by two independent examiners. An intra-class
correlation coefficient (ICC) has been used to test the accuracy of

440

Normal MPDD+
Normal MPDD−
Vertical MPDD+
Vertical MPDD−
Horizontal MPDD+
Horizontal MPDD−

n female
11
8
10
12
7
10

n male
9
12
10
8
13
10

Age
Mean ± SD
22.22 ± 1.59
22.48 ± 1.61
24.20 ± 0.69
24.22 ± 1.13
24.87 ± 1.66
24.90 ± 1.75

inter- and intra-examiner. All values reached 0.90 [95% confidence
interval (CI) 0.87–0.98].
The descriptive statistics of all sample groups are presented in
Table 2. Table 3 shows the results of independent t test between
groups according to the presence or absence of MPDD. The results
showed that the angulation of the first maxillary molar did not differ
statistically between groups with the same vertical dimension but
differed in terms of MPDD. The maxillary second molars were more
distally inclined in patients with MPDD than those without MPDD
in short and normal facial types. The vertical position of upper first
molar and upper second molar was not influenced by the presence
or absence of MPDD.
The results of ANOVA test are presented in Table 4. All the
principal variables (maxillary molar sagittal angulation and vertical
position) were compared in six groups and pairwise. The upper
first molar’s sagittal angulation was not statistically different
between groups. The upper second molar had significantly more
distal angulation in long face patients than short and normal face
participants (Fig. 4). The eruption of the upper first and second
molars was more in patients with long face, in comparison with
the short or normal face patients (Fig. 5).
The multiple linear regression analysis is presented in Table 5.
The results showed that as a dependent factor, none of the variables
had a significant effect on predicting overbite.

D i s c u s s i o n
Different theories regarding MPDD and its effect on the sagittal
and vertical positions of molar teeth in different malocclusions
exist. In one theory, it was assumed that in patients with PDD, the
pressure from the eruption of the maxillary third molars with PDD
made the first and second molar teeth more mesially angulated
and over erupted.21,22,24,25 The advocate of this theory linked this
condition to increased bite opening and vertical growth pattern.
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Table 3: The descriptive statics and result of independent t test between groups according to the presence or absence of PDD
Measurement
ANB
FMA
Basal angle
Facial height index
Overbite
A′6′
A′P′
A′6′/A′P′
Upper first molar/PP
Upper second molar/PP
Upper first molar V
Upper second molar V
ANB
FMA
Basal angle
Facial height index
Overbite
A′6′
A′P′
A′6′/A′P′
Upper first molar/PP
Upper second molar/PP
Upper first molar V
Upper second molar V
ANB
FMA
Basal angle
Facial height index
Overbite
A′6′
A′P′
A′6′/A′P′
Upper first molar/PP
Upper second molar/PP
Upper first molar V
Upper second molar V

Group
Normal+

Long+

Short+

Mean ± SD
8.5 ± 1.2
24.3 ± 2.2
25.4 ± 2.3
64.5 ± 1.3
2.3 ± 1.1
28.1 ± 3.4
54.6 ± 4.3
51.2 ± 1.9
85.6 ± 7.3
79.7 ± 6.3
23.3 ± 4.5
20.9 ± 4.4
7.5 ± 1.2
35.3 ± 3.5
29.5 ± 4.4
54.3 ± 3.2
−3.4 ± (−1.3)
26.4 ± 2.4
51.9 ± 4.6
55.9 ± 5.2
79.2 ± 6.8
74.5 ± 5.7
26.5 ± 2.2
25.3 ± 3.6
7.4 ± 5.4
18.4 ± 2.3
20.2 ± 2.1
78.4 ± 4.8
6.4 ± 2.2
17.6 ± 4.5
53.5 ± 3.5
51.6 ± 4.7
87.6 ± 7.5
86.5 ± 4.7
22.3 ± 2.7
19.3 ± 2.9

Group
Normal−

Long−

Short−

Mean ± SD
7.4 ± 2.2
25.3 ± 1.1
26.5 ± 2.5
64.8 ± 1.2
2.7 ± 1.9
22.2 ± 4.5
54.3 ± 4.6
39.2 ± 4.2
84.7 ± 3.4
85.3 ± 5.9
23.9 ± 5.7
21.3 ± 2.2
8.1 ± 4.4
36.4 ± 2.2
30.2 ± 1.4
53.6 ± 3.6
−3.5 ± (−2.1)
21.4 ± 3.2
52.3 ± 4.7
40.6 ± 6.8
81.5 ± 4.7
75.4 ± 6.4
25.9 ± 2.6
25.2 ± 2.9
8.2 ± 3.2
19.4 ± 3.9
19.5 ± 4.4
80.2 ± 6.4
5.8 ± 2.1
23.2 ± 1.1
54.7 ± 2.3
35.9 ± 2.4
85.3 ± 6.9
89.6 ± 5.6
21.3 ± 2.8
19.7 ± 3.7

p value
0.60
0.53
1
0.98
0.90
<0.001*
0.79
<0.001*
0.13
<0.001*
0.26
0.11
0.68
0.51
0.91
0.77
<0.001*
0.40
<0.001*
0.41
0.75
0.76
0.94
0.78
0.08
0.31
0.93
0.52
<0.001*
0.44
<0.001*
0.50
0.016
0.75
0.65

*p values < 0.05 were considered as significant

Table 4: The results of ANOVA test
U6/PP
Group
Normal+
Normal−
Long+
Long−
Short+
Short−

U7/PP

U6 vertical
position

U7 vertical
position

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
85.6 ± 7.3a 79.7 ± 6.3a 23.3 ± 4.5a 20.9 ± 4.4a
84.7 ± 3.4a 85.3 ± 5.9b 23.9 ± 5.7a 21.3 ± 2.2a
79.2 ± 6.8a 74.5 ± 5.7c 26.5 ± 2.2b 25.3 ± 3.6b
81.5 ± 4.7a 75.4 ± 6.4c 25.9 ± 2.6b 25.2 ± 2.9b
87.6 ± 7.5a 86.5 ± 4.7b 22.3 ± 2.7a 19.3 ± 2.9a
85.3 ± 6.9a 89.6 ± 5.6d 21.3 ± 2.8a 19.7 ± 3.7a

Each two numbers with one common letter in each column is not significantly different

Based on this theory, their recommendation was to extract the
third molars in cases with PDD to prevent crowding in anterior
segments of dental arch.
In another theory, it was mentioned that the eruption force from
the third molars in the presence of PDD forced the roots of molar
teeth mesially, and as a result, the crown became distally.23 None
of the mentioned theories are supported by sufficient scientific
evidence.
Considering the clinical importance of this issue, especially in
class II patients, in this study, we evaluated the effect of PDD on
angulation and vertical position of molar teeth in skeletal class II
patients with different vertical growth patterns.
We have discussed the outcome of this study in three parts for
more clarification.
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Fig. 4: Comparison of inclination of the maxillary first and second molars
in different groups

Part 1: The effect of PDD on sagittal angulation and vertical
position of the maxillary molars in class II patients with different
vertical growth patterns.
Part 2: Sagittal angulation and vertical position of the maxillary
molars in skeletal class II patients with different vertical growth
patterns, without considering the presence or absence of MPDD.
Part 3: The effect of mesiodistal and vertical positions of the
maxillary molars on the overbite as a dependent variable.

Part 1
The results of this study showed that the presence of MPDD had no
effect on the mesiodistal angulation of the first molar in all three
types of facial growth patterns. In patients with short and normal
facial growth patterns, MPDD caused more distal crown tipping
of the second molar teeth in comparison with patients without
MPDD, while in long face patients, MPDD had no effect on sagittal
angulation of the second molar teeth.
In our study, the first molar teeth did not have influence on
MPDD in all types of malocclusions. In most of the recent studies,25–27
these teeth had a similar behavior to the second molar teeth but
in smaller magnitude. Different age groups or different methods
of cephamometric measurements used may be responsible for
this difference.
Kim26 and Sato27 in their hypothesis mentioned that the
presence of MPDD or the pressure from erupting the maxillary
third molar teeth causes more mesial crown inclination of the first
and second molar teeth. They correlate this mesial inclination with
posterior teeth interference and concurrent bite opening. As we
mentioned, in our study, not only MPDD did not influence on molar
sagittal angulation in long face subjects but also caused distal
crown angulation in short and normal subjects. This result was in
support of the second hypothesis that the stress from the maxillary
third molars on the anterior molar teeth will produce mesial root
displacements and distal crown angulation.25,28–31 In addition, it
seems that in long face subjects as we discussed later, some other
factors than MPDD influenced molar sagittal angulation.
The results are clinically relevant as the clinician will take these
factors into account when meeting patients with possible MPDD.
In patients with skeletal class II and short face pattern, distalization
of posterior teeth is the main mechanotherapy. 32 As the second
molars were more distally inclined in patients with MPDD, the distal
force applied from orthodontic appliance may place these teeth in
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Fig. 5: Comparison of vertical position of the maxillary first and second
molars in different groups

unstable positions, and as a sequence, the stability of the treatment
becomes questionable.
In this study, the MPDD did not have influence on the vertical
dimension of molar teeth in all types of malocclusions. The
existence of MPDD was suggested to produce second and first
molars extrusion. This could lead to a reduction in overbite. 24,33,34
The expected results based on this theory are that in the groups
with positive MPDD, the vertical dimension of molar teeth becomes
increased. But we did not find such a relationship. It seemed that
the vertical positions of molars are more influenced by some other
factors such as types of growth patterns and mandibular plane
inclination than the presence or absence of MPDD.

Part 2
There are some contradictory results regarding the sagittal and
vertical positions of molars in different malocclusions. Some
studies35–37 expressed that the only factor that can predict the
angulation of molar teeth is the sagittal malocclusions. As in class II
malocclusions, the molar teeth are more distally inclined than
normal malocclusions. Compensatory angulation of upper molars
to occlude with more distally positioned lower molars is the main
reason to support their theory. Because our samples consisted
of only class II patients, we cannot compare our results between
different sagittal malocclusions.
Su et al. 30 compared the mesiodistal angulation of the first
molar in different malocclusions. They concluded that in the skeletal
class II patients with long face growth pattern, the angulation of the
upper first molar was more distally inclined and in skeletal class II
patients with short face growth pattern, the angulation was more
mesially inclined. In the study by Liao et al.38 and Chang and Moon,31
long face patients had more distally tipped maxillary first molar.
As previously mentioned, in our study, the angulation of the
upper first molar was not statistically different between groups. May
be the possible impact of MPDD is not so strong to have an effect
on the first molar teeth that locate more far from the third molar
teeth than the second molar. The upper second molar teeth were
more distally inclined in long face groups than normal and short
face groups. This is probably due to their distally angled eruption
path. It may also occur in the long face group due to more divergent
palatal and mandibular planes; the molars must have a greater distal
angulation to occlude.39
The clinical importance of these results is in the skeletal
class II patients with long face pattern. Sometimes, the treatment
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Table 5: The multiple linear regression analysis (R = 0.998, R2 = 0.995, adjusted R = 0.97, F = 55.16, p value = 0.101)
Unstandardized
coefficients
n = 120
Intercept
Upper first molar/PP
Upper second molar/PP
Upper first molar/V
Upper second molar/V

B
74.40
−0.457
0.221
−1.502
−0.731

SE
54.17
0.403
0.155
0.73
0.805

Standardized
coefficient beta
−0.28
0.275
−0.606
−0.388

p value
0.401
0.46
0.390
0.282
0.531

95% CI
−613.96
762.77
−5.58
4.66
−1.750
2.191
−10.55
7.55
10.94
9.50

SE, standard error

plan in these patients is to extract premolars and space closure.
Using straight archwire with conventional buccal tubes should
be considered more carefully in these cases. As these tubes have
mesially angulated slots, the mesial moments produced with NiTi
archwires caused the molar teeth to occupy the extraction space
and consequently resulting in loss of anchorage.
In comparison between groups with different growth
patterns, patients with long face pattern had more erupted upper
first and second molars compared with normal and short face
patients. The results confirm previous observation. 39–41 From a
clinical point of view, controlling the vertical position of these
teeth or in some cases intruding them should be considered in
long face patients.

Part 3
The regression analysis showed that none of our principal variables
(vertical and mesiodistal positions of the maxillary molar teeth) had
an effect on overbite as a dependent factor. It could be concluded
that upper molars’ angulation and vertical positions are not the
principal factors in controlling overbite. Similar results were found
in the previous studies.25,29,42 It seems that compensatory eruption
of the anterior teeth is one of the reasons that make overbite
independent from our principal variables.
The major limitation of this study was its retrospective design.
It was not possible to evaluate the influence of MPDD on the results
of the treatment and its stability. Further studies with larger sample
sizes and different sagittal and vertical malocclusions should be
performed prospectively to evaluate the influence of MPDD on the
result and stability of the orthodontic treatment, more precisely.

C o n c lu s i o n
The mesiodistal angulation of the maxillary first molar and
vertical position of the maxillary first and second molars were
not significantly different comparing group I (normal with MPDD)
with group II (normal without MPDD), group III (long face with
MPDD) with group IV (long face without MPDD), and, finally,
group C (short face with MPDD) with group VI (short face without
MPDD). The maxillary second molar had more distal inclination in
group I (normal with MPDD) and group V (short face with MPDD)
in comparison with group II (normal without MPDD) and group VI
(short face without MPDD), respectively. In addition, the maxillary
first and second molars were more erupted in groups III and IV (long
face with MPDD and without MPDD) than the other four groups. The
mesiodistal and vertical positions of the maxillary first and second
molars did not have any significant effect on anterior overbite in
all of the six groups.
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