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Abstract: Background: We investigated the relationship between the mandibular Curve of Spee

(COS) and a persisting primary second mandibular molar (ppM2) due to an agenesis of the second

mandibular premolar, using a digital software technique. Methods: Digital dental casts were obtained

from 200 patients at the Department of Orthodontics in Innsbruck and Vienna, Austria. Patients (age-,

gender-, and malocclusion-matched) were equally divided into two groups (n = 100) according to the

existence of a ppM2. COS depth, overjet, overbite, and angle-classification were measured digitally

using the OnyxCeph3TM (version 3.2.147) software. ANOVA and Kruskal–Wallis tests were used

to analyze relationships. For statistical analyses, p < 0.05 was considered as statistically significant,

p < 0.01 as highly significant. Results were visualized with box plots and bar charts. Results: The

deepest COS was present in patients with a ppM2. Furthermore, a positive correlation was shown

between COS depth and angle-class II, between COS depth and age, as well as between COS depth

and overbite. No gender differences could be observed. Conclusions: In our study population the

COS depth was dependent on whether there is a ppM2 due to an agenesis of a second mandibular

premolar or not, as well as on the malocclusion in sagittal direction.

Keywords: curve of spee; tooth agenesis; persisting primary tooth; orthodontics; overbite; overjet;

age; gender

1. Introduction

The Curve of Spee (COS) is a naturally occurring concave mandibular and convex
maxillary line (i.e., compensating curve), and should in continuation be directly related to
the anterior border of the jaw condyle. It was first described by F. Graf von Spee in 1890 [1].

Today, the COS is an important reference plane for occlusion in the field of Orthodon-
tics; it is defined clinically as a sagittal occlusal line between the incisal edges of permanent
mandibular incisors and the buccal cusp tips of the molar teeth [2].

With permanent incisor and mandibular first molar eruption, the COS develops and
deepens when the second mandibular molar erupts [3]. Despite the relation to tooth erup-
tion, underlying mechanisms of the curve’s formation and maintenance remain unknown.

With the six keys of occlusion, Andrews [4] stated in 1972 that the presence of a
deep COS is associated with post orthodontic treatment relapse, concluding a flat plane as
treatment goal in the field of Orthodontics.

The functional significance of the COS consecutively considers importance for mainte-
nance of maximum tooth contacts during mastication [5], and further initiates a protrusive
contact of the incisors without tooth interferences in the posterior section [6]. Taken together,
a physiological COS is required for an efficient masticatory system [7]. Its proper man-
agement is critical for the construction of stable complete dentures, both in Dentistry and

Appl. Sci. 2022, 12, 11747. https://doi.org/10.3390/app122211747 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app122211747
https://doi.org/10.3390/app122211747
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-5896-0261
https://doi.org/10.3390/app122211747
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app122211747?type=check_update&version=2


Appl. Sci. 2022, 12, 11747 2 of 11

Orthodontics [3,4,8]. In complete denture prosthodontics, establishing a COS in harmony
with the condylar guidance, incisal guidance, plane of occlusion, and prosthetic tooth cusp
height is essential for developing a bilaterally balanced articulation, believed to maintain
optimal denture stability [3]. It might also play a role in the success of implant-supported
restorations [3,9].

Especially in the field of Orthodontics, the COS is an important diagnostic tool for
treatment planning. Since Andrews proposed the flattening of the occlusal plane as a
treatment goal, COS levelling is an everyday practice in orthodontic offices. Few studies
suggested that levelling the COS leads to a prolonged dental arch, indicating a relationship
between arch length and amount of levelling [10,11]. Otherwise, Braun et al. [11] disagreed,
considering the lower incisors as an independent segment, which can be intruded for COS
levelling without prolonging the dental arch. More recently, Afzal et al. [12] showed that
levelling one millimetre of the COS increases mandibular arch length by 0.8 mm. In any
case, depth measurement of the COS is a key part of space analysis, needed for every single
planning of orthodontic patients [13].

As part of the masticatory system, the COS is likely to change individually with age
or due to pathophysiological situations [7,13].

The most prevalent craniofacial malformation in humans is tooth agenesis [14]. Except
the third molars, mandibular second premolars and maxillary lateral incisors are most
likely to be missing [15]. The prevalence of a missing lower second premolar is about
3% [16,17]. For the second mandibular premolar, a unilateral agenesis was reported to
occur more often [17]. Without a normal root resorption, the deciduous teeth may stay up
to 40 or 50 years [18]. Hypodontia patients present dentofacial changes, such as a smaller
lower anterior face hight [19] and angle-class III tendency [20].

Taking this into consideration, it can be hypothesised that the presence of a persisting
primary second mandibular molar (ppM2), due to the agenesis of the second mandibular
premolar, has an influence on the COS depth as well.

The understanding of the COS and its consequences for patients’ orthodontic therapy
is very important and may lead to individualized treatment planning.

The aim of the study was to compare the depth of the COS between patients with a
ppM2 due to an agenesis of the second mandibular premolar and patients with no agenesis.
Further, a potential association between COS depth and age, gender, and angle-classification
should be disclosed.

The null hypothesis is that the depth of COS does not change, regardless of ppM2, age,
gender, or malocclusion.

2. Materials and Methods

This study was designed as a bicentric retrospective archive research in which pre-
treatment samples were evaluated. The study was approved by the Ethics Committee of
the Medical University Innsbruck, Austria (Studies no. 1136/2021), the Ethics Committee
of the Medical University Vienna, Austria (2136/2018), and was conducted in accordance
with the Declaration of Helsinki of 1975 as revised in 2013.

Patients’ records were collected at the Departments of Orthodontics in Innsbruck and
Vienna, Austria.

Inclusion criteria for the experimental group (n = 100) were agenesis of the second
mandibular premolar (unilateral agenesia or bilateral), a ppM2, and a fully erupted denti-
tion. Experimental group included 58 females and 42 males, with a mean age of 18.9 years.

The control group (n = 100) consisted of age-, sex- and malocclusion-matched patients
and inclusion criterion was a fully erupted dentition.

Exclusion criteria for both groups were previous orthodontic treatment, craniofacial
disorders, syndromes, and agenesis of other teeth except the second mandibular premolar.

The demographic information for the experimental and control group is shown in
Table 1.
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Table 1. Descriptive Statistics.

Demographics Experimental Group (n = 100) Control Group (n = 100)

sex, %
female 58 58
male 42 42

age, mean (SD) 18.9 (6.4) 19.7 (7.2)
angle-class, %

class I 25 25
class II 61 61
class III 14 14

SD, standard deviation.

All dental casts were available digitally after intraoral scanning during general diag-
nostics and were analyzed by one experienced investigator using OnyxCeph3TM (version
3.2.147; Image Instruments, Chemnitz, Germany) software.

To measure the COS depth, a horizontal reference plane was drawn from the mandibu-
lar incisor cusp tip to the distobuccal cusp tip of the second molar, and a perpendicular
distance was measured from the buccal cusp tip of the second premolar or the buccal cusp
tip of the ppM2, respectively (Figure 1). In case of bilateral agenesia, values were averaged.
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Figure 1. Digital measurement of the Curve of Spee in a dental arch with a persisting primary

second molar.

In addition, dental parameters like overjet (OJ), overbite (OB), and angle-classification
were recorded.

Measurements were transferred in an Excel spreadsheet and SPSS (v. 26; IBM SPSS
Inc., Armonk, NY, USA) was used for statistical analyses. A Shapiro–Wilk test was used to
check for normal distribution and Levene’s test for homogeneity of variance, displaying the
variables with means and standard deviation. If variables failed to confirm homogeneity,
median and interquartile range were showed. Additionally, method error was evaluated
by calculating standard error (SE).

ANOVA and—in case of non-normality—a Kruskal–Wallis Test were used to analyse
differences in the COS depths between the dental casts with and without ppM2, regarding
sex, age, and angle-class.

Bar charts and boxplots were used to display results. The relationship between age
and COS depth was visualized by a scatter blot.

Differences emerging from any of these statistical tests were regarded as significant at
p < 0.05, or as highly significant at p < 0.01.
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3. Results

3.1. Descriptive Statistics

A total of 200 study models from 116 women and 84 men were included in this study
and were equally divided into two groups (n = 100). Groups were sex-, age-, and angle-class-
matched. The average age of the patients in the experimental group was 18.9 years and in
the control group 19.7 years. In both groups, 25 patients were recorded with angle-class I,
61 with angle-class II, and 14 with angle-class III (Table 1).

3.2. COS Depth in the Experimental and Control Group

Patients with a ppM2 showed a statistically significant deeper COS (p < 0.01; 3.57 mm)
in contrast to the control group (Figure 2 and Table 2).
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Table 2. COS depth experimental versus control group.

Groups (n = 100) COS Depth (Mean; SD) SE ANOVA (p-Value)

Experimental group (ppM2) 3.57 mm; 2.44 mm 0.36 mm
<0.01 **

Control group 1.66 mm; 0.95 mm 0.17 mm

SD, standard deviation; ppM2, persisting primary second molar; SE, standard error; ** difference highly significant
at p < 0.01.

Furthermore, the SD showed higher values in casts with a ppM2 (2.44 mm). In the
control group, mean depth of the COS was 1.66 mm with a SD of 0.95 mm. SE values were
lower in the control group (Table 2).

3.3. Gender

Comparing the COS between males and females, differences could be observed as not
statistically significant with p = 0.68 (Figure 3 and Table 3).

Table 3. COS depth and gender.

COS Depth (Mean, SD)

Male SE Female SE ANOVA (p-Value)

Experimental
group (ppM2)

3.73 mm; 2.5 mm 0.58 mm 3.44 mm; 2.46 mm 0.45 mm
0.68

Control group 1.67 mm; 0.97 mm 0.26 mm 1.65 mm; 0.96 mm 0.27 mm

SD, standard deviation; ppM2, persisting primary second molar; SE, standard error.
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Regardless of male or female, COS mean depth was deeper in the experimental group
with 3.73 mm in men and 3.44 mm in women, respectively. COS mean depth in the control
group counted 1.67 mm for males and 1.65 mm for females. Method error showed minor
values in the control group (Table 3).
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Figure 4. COS depth depending on age.

No statistical significance (p = 0.8) was determined regarding the relationship between
a ppM2 and age (Table 4).

Table 4. COS depth and age.

Age (Mean; SD) ANOVA (p-Value)

Experimental group (ppM2) 18.9 years; 6.4
0.80

Control group 19.7 years; 7.2

SD, standard deviation; ppM2, persisting primary second molar.
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3.5. Angle-Classification

Figure 5 shows the COS depth separately for each angle-class (class I, class II, class
III). As it can clearly be seen, COS is deeper in the experimental group regardless of
the malocclusion. However, analysis of variance showed that there was no statistical
significance (p = 0.29) between COS, a ppM2, and angle-class (Table 5).
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Table 5. COS depth and angle-classification in experimental and control group.

COS Depth (Mean, SD)

Class I Class II Class III ANOVA (p-Value)

Experimental group (ppM2)
mean: 2.77 mm

SD: 1.64 mm
mean: 4.24 mm

SD: 2.67 mm
mean: 2.03 mm

SD: 1.35 mm 0.29

Control group
mean: 1.35 mm

SD: 0.71 mm
mean: 2.0 mm
SD: 0.95 mm

mean: 0.13 mm
SD: 0.49 mm

Kruskal–Wallis (p-value) <0.01 ** <0.01 ** <0.05 *

SD, standard deviation; ppM2, persisting primary second molar. * difference statistically significant at p < 0.05; **
difference highly significant at p < 0.01.

Table 5 summarizes the mean values and standard deviations for measurements of
the COS for each angle-class. Patients with a class II malocclusion showed the deepest COS
(4.24 mm), and patients with a class III malocclusion the lowest (2.03 mm), respectively.
Kruskal–Wallis revealed a statistical significance regarding COS depth and each angle-class
specifically (class I p < 0.01; class II p < 0.01; class III p < 0.05).

3.6. Overjet

There was no statistically significant dependency (p = 0.17) between a ppM2, angle-
class, and OJ (Figure 6 and Table 6).

Table 6. Overjet in experimental and control group.

Overjet (Mean, SD; Median, IQR)

Class I Class II Class III ANOVA (p-Value)

Experimental group (ppM2)
mean: 2.16 mm

SD: 0.55 mm
median: 5.5 mm

IQR: 3 mm
median: 0 mm
IQR: 2.3 mm 0.17

Control group
median: 2.7 mm

IQR: 1.9 mm
mean: 5.33 mm

SD: 2.6 mm
median: 0.3 mm

IQR: 2.2 mm
Kruskal–Wallis (p-value) <0.05 * 0.24 0.27

SD, standard deviation; IQR, interquartile range; ppM2, persisting primary second molar. * difference statistically
significant at p < 0.05.
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Figure 6. Relationship between overjet and angle-classification in the experimental and control group.

Angle-class II showed the biggest OJ in both groups (5.5 mm and 5.33 mm) and angle-
class III the lowest (0 mm and 0.3 mm). A statistical significance was shown between OJ
and angle-class I (p < 0.05) (Table 6).

3.7. Overbite

Figure 7 shows the relationship between a ppM2, angle-class, and OB in the present
study population. ANOVA revealed a statistically significance (p < 0.05). (Table 7).
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Table 7. Overbite in experimental and control group.

Overbite (Mean, SD; Median, IQR)

Class I Class II Class III ANOVA (p-Value)

Experimental group (ppM2)
mean: 2.76 mm

SD: 1.29 mm
median: 4 mm

IQR: 3 mm
mean: 1.79 mm

SD: 0.72 mm <0.05 *

Control group
mean: 2.94 mm

SD: 1.63 mm
mean: 4.05 mm

SD: 2.61 mm
mean: −1.18 mm

SD: 3.82 mm
Kruskal–Wallis (p-value) 0.11 0.41 <0.01 **

SD, standard deviation; IQR, interquartile range; ppM2, persisting primary second molar. * difference statistically
significant at p < 0.05; ** difference highly significant at p < 0.01.

Table 7 displays means and SDs, median and IQR of OB measurements for each angle-
class. OB values showed a positive correlation with class II in the experimental and in
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the control group (4 mm and 4.05 mm). General low values for OB can be observed for
angle-class III (1.97 mm and −1.18 mm). the conjunction between OB and angle-class III
was calculated as highly significant (p < 0.01).

4. Discussion

A stable occlusion with the highest number of required interactions of the masticatory
system is the foundation for clinical success. This study was conducted to discover the
effects of a persisting primary second mandibular molar on the COS depth, considering
that a severe COS is accompanied by a wide range of orthodontic problems, such as a deep
bite [21].

As already found in few studies, there was no relevant difference in COS depth
between the oral left and right side [3,22,23]. Therefore, in the present study mean values
of measurements from both sides were examined for the control group.

Our findings showed that the COS is deepened in the presence of a deciduous tooth
(ppM2). Thus, clinicians should keep in mind that neighboring teeth may tip towards the
primary tooth in consequence of its lower marginal ridges, which deepens the COS. As the
first primary molar is determined as the most affected tooth affected by ankylosis [24], the
presence of a deep COS might be the first sign which must be followed in a timely manner
to prevent further complications.

Furthermore, patients with tooth agenesis not only show tooth related changes which
can be orthodontically treated, but also morphometrical changes in the mandible. Bertl
et al. [25] concluded that in consequence of a missing lower second premolar, a reduced
mandible length and shape differences might be expected. The study compared the mor-
phology of the mandible between patients with agenesis of the second lower premolar and
patients without agenesis. In the treatment of patients with an agenesis, the orthodontist
has to deal with a reduced dimension of the mandible due to the absence of sagittal growth.
In consequence, the reduced sagittal dimension of the mandible may lead to an increased
OJ, though our study collective misses to prove.

As a deep COS may lead to masticatory problems or temporomandibular joint (TMJ)
disorders [26,27], professional management of a ppM2 is crucial for dentists, as well as for
orthodontists.

Xu et al. [9] reported that the depth of the COS (also obtained by digital methods) was
approximately 1.8 mm to 1.9 mm, which is similar to the COS measurements in the control
group of the present study (1.6 mm).

According to previous researchers [9,23,28], in our study population there are no
significant differences in the COS depth between males and females.

The current study population consisted of patients with fully erupted teeth, as existing
literature showed that there is no significant change in the COS depth between adolescence
and adults [29,30].

However, in our study population, the COS depth decreased with age in the control
group and deepened in patients with agenesis. One possible explanation is that the COS
may be pathologically altered in situations resulting from tipping of neighboring teeth
when there is no sufficient restauration on the deciduous one. In contrast, a recent study
from Karani et al. [31] stated that the depth of the COS is maintained throughout life.
However, orthodontists should be aware of individual occlusal adjustments with age,
ending in a customized COS. Thus, if this individual COS got changed, the masticatory
system and oral health of the patient may get damaged [32].

In our study population, COS is deepest in class II subjects (5.33 mm) and most levelled
in class III subjects (0.3 mm), which is in accordance with other studies [13,23,33,34]. This
also supports the hypothesis that arch length is associated with the COS depth [10,11], as a
class III malocclusion is related to an exceeded lower arch length resulting in an anterior
cross bite [35].

Furthermore, measurements of OJ did not show statistically significant dependencies
relating to a ppM2 or angle-classification. It might be assumed that COS depth is not an
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issue when it comes to OJ measuring. Even though there is no statistical significance, OJ
increased in class II subjects (5.5 mm) and is lowest in class III individuals (0 mm), leading
to an assumption that an increased OJ is related to a deeper COS at least to a minimum.
Studies evaluating this topic remain missing.

Further, results showed a highly positive correlation of OB depth, a ppM2, and
angle-classification. These results confirmed existing literature, which has stated that an
exaggerated OB could be associated with a deep COS [21], which runs hand-in-hand with a
ppM2. A deep COS is frequently observed in dental malocclusions with deep OB [3,36,37].

Rozzi et al. [38,39] showed that skeletal vertical parameters influence dental move-
ments during COS levelling. In these studies, it was observed that in brachyfacial patients
COS levelling occurred through buccal inclination and intrusion of mandibular incisors,
whereas in dolichofacial subjects COS was flattened through extrusion and up righting of
mandibular posterior teeth. It was also shown that hypodivergent individuals presented a
deeper COS than norm-divergent subjects. To what extend the COS depth is related to this
topic should be an issue in future studies.

When discussing the results of the present study, some limitations must be mentioned.
As the COS compensates individual craniofacial characteristics, data in relation to the
craniofacial structures of the patients are missing. For COS depth measurement lower
incisors were included, and as they can be over-erupted, COS depth might be overestimated.
Evaluation of longitudinal changes in the depth of COS could give more detailed knowledge
about this special topic. Furthermore, radiographic measurements could have been added
to model measurements, increasing the study efficiency.

5. Conclusions

In our study population the COS depth is increased in patients with a persisting
primary second mandibular molar, in patients with a class II malocclusion, and is pos-
itively correlated to a deep overbite. Examining the COS depth should be part of all
patient-oriented orthodontic diagnostics, and orthodontists should consider these fac-
tors in treatment planning as a moderate COS is key to a stable occlusion and a proper
biomechanical function in the past, today, and in the future.
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