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Abstract

Introduction: The influence of craniofacial morphology on the curve of Spee has been investigated, these studies ignore
the simultaneous contribution of multiple factors to the individual

variation of the curve. These individual variations play important role in the levelling of the curve which is an everyday
occurrence in orthodontic practices and are required for stable results.

Objective: The influence of craniofacial morphology on the variation of the curve of spee includes multiple factors.
This plays an important role in the levelling of the curve which is required for retention of achieved results. The study
evaluates relationship between the varying depths of curve of spee and dentoskeletal features in malocclusions.
Material and Method: Pre treatment lateral cephalographs and dental casts of 30 orthodontic patients collected and
divided into three groups according to different malocclusion. Cephalometric and study cast variables will be measured
and subjected to statistical analysis with curve of spee as dependent factor and others as independent variables. Four
linear and four angular cephalometric measurements will be done. Four study cast parameters will be measured.
Analysis will be performed to determine correlation coefficients between the depth of curve of spee and other variables.
Results: lateral cephalograms and study casts were obtained from 30 patients which includes 10 skeletal class I, 10
skeletal Class Il and 10 skeletal class Il patients. Multiple regression analysis was performed to see the linear
dependence of various studied parameters on curve ofSpee. Corresponding beta -coefficient and their 95% confidence
interval (CI) are described. Regression analysis shows that there was no significant correlation between curve of Spee
and various parameters. These parameters explained 73% of the total variation of the curve of Spee.

Conclusion: Following conclusions were drawn on the basis of the findings of this study: The depth of curve of Spee
was greatly influenced by sagittal maxillomandibular discrepancies. The variation in the depth of curve of Spee
significantly influences the overbite, overjet and the inclination of mandibular first molar. SNA, OM, MD5MP, MD6MP,
and OJ were negatively correlated and ANB, APDI, ODI, MD6MP, MD7MP, overbite and overjet were positively
correlated with depth of curve of Spee for CLASS | SKELETAL. APDI, MD7MP, MD6MP, and OJ were negatively
correlated and SNA, ANB, ODI, MD6MP, OM, overbite and overjet were positively correlated with depth of curve of
Spee for CLASS Il SKELETAL. SNA, ANB, APDI, ODI, OM, MD5MP, MD6MP, OJ and overjet were negatively
correlated and MD6MP, MD7MP, and overbite were positively correlated with depth of curve of Spee for CLASS IlI
SKELETAL. The multiple regression analysis showed that the curve of Spee was significantly influenced ODI, overjet
and overbite in CLASS I skeletal, overjet and overbite in CLASS 11 skeletal and only overbite in CLASS 111 skeletal.
Keywords: craniofacial morphology, Curve of Spee, lateral cephalograms.
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Introduction

Occlusal curvature is a naturally occurring
phenomenon in the human dentition. Ferdinand
Graf Von Spee found in the dentition of other
mammals and fossil humans, a line of occlusion,
which was termed as curve of Spee and was
described in humans in the late 19th century.
Clinically the distal marginal ridges of the
posterior teeth in the arch and the incisal edges of
the central incisors determine the curve of Spee.!
A possible explanation for the development of the
curve of Spee is the earlier eruption of mandibular
permanent teeth before maxillary counterparts. On
average, mandibular first molar erupts 1-2 months
earlier than maxillary first molars and eruption of
mandibular permanent incisors preceds the
maxillary counterparts by 12 months. Due to
differential timing of eruption, this could permit
the mandibular first molars and incisors to erupt
beyond the established occlusal plane.'®

This implies that the development of curve of
Spee is a dental phenomenon. However several
factors contribute to the development of curve of
Spee including dental eruption timing,
craniofacial ~ variation and  neuromuscular
system.*

Curve of Spee has a biomechanical function
during food processing by increasing the crush-
shear ratio between the posterior teeth and the
efficiency of Occlusal forces during mastication.?
Thieleman introduced the definition of
articulation equilibrium® of some morphological
factors (1 was the

curve of Spee) in a formula:

Avrticulation equilibrium = Acg x Aig

Apo x curve of Spee x cusp angle

(Acg, angulation of the condylar guidance; Aig,
angulation of the incisal guidance; Apo,
angulation of the plane of occlusion)

According to his formula, changing the curve of
Spee (leveling) influences other factors.*?
Leveling of the curve of Spee represents a routine
procedure in orthodontic practice®, and the more
pronounced the curve is, the greater the additional
space required to flatten the dentition®. The

assessment of the depth of the curve of Spee is
therefore a critical point for the orthodontic
diagnostic and treatment protocol >

The influence of craniofacial morphology on the
curve of Spee has been systematically investigated
in very few studies and with conflicting findings
6,7,8

Andrew stated that there is a natural tendency for
the curve of Spee to deepen with time because the
lower jaw’s growth downward and forward
sometimes is faster and continues longer than that
of the upper jaw. This causes the lower anterior
teeth, which are confined by the upper anterior
teeth and lips, to be forced back and up, resulting
in crowded lower anterior teeth and/or a deeper
overbite and deeper curve of Spee.’

These findings suggested that the curve of Spee
might be related to the position and inclination of
the upper and lower incisors, lower arch
crowding, overjet and overbite.

The proposed research hypothesis is that curve of
spee is effected by different craniofacial
morphological  characteristics in  different
malocclusions

Therefore the aim of the study is to determine
whether curve of spee is effected by different
craniofacial morphological characteristics in
different malocclusions

Materials and Method
Lateral cephalograms and plaster models were
obtained from 30 patients which includes 10
skeletal class I, 10 skeletal Class Il and 10 skeletal
class Ill patients were selected according to
following criteria.
1. Patients in the age group of 18-25 years.
2. No skeletal asymmetry.
3. Full complement teeth up to 2" molars.
4. Absence of any history of previous
orthodontic treatment or surgical treatment.
5. Mild crowding cases were accepted but
gross crowding cases were excluded
6. No anterior or lateral cross bite was present.
No cast restoration or cuspal coverage was
present.
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Exclusion Criteria
1. Previous orthodontic treatment

Unilateral or bilateral posterior cross bite

Periodontal disease

Posterior dental crowding

Morphological tooth anomaly

Dental restoration or crown

Mandibular asymmetry

. TMJ dysfunctions

The radiographs were made in standardized

conditions with clinical Frankfort horizontal plane

kept parallel to the floor, jaws in centric occlusion

and lips relaxed using Digital Cephalostat

machine Care stream CS 8000c.

N GaRWD

Fig. 1 Digital Cephalostat machine Carestream
CS 8000c

This study was conducted in the Department of
Orthodontics and Dentofacial Orthopedics, P.D.U.
Dental College, Solapur, Maharashtra, India.
Tracing was done on acetate matte tracing paper
(0.003” thick; 8X10’) using 0.3mm tip pencil. A
single operator performed all the tracings in
standardized manner to avoid errors due to inter
operator variations. Angular measurements were
made to 0.5°.

Measurement of Curve of Spee on Study Cast
The depth of curve of Spee was measured as the
perpendicular distance between the deepest buccal
cusp tips and a scale that was laid on the top of the
mandibular dental cast, touching the incisal edges
of the central incisors and the distal cusp tips of
the most posterior teeth in the lower arch (Fig. OF
CURVE OF SPEE).

The depth of curve of Spee was measured with
divider placed between the deepest cusp tip and
the scale. The measurements was made on the
right and left side of the mandibular cast and the
mean value of these two measurements was used
as the depth of curve of Spee.*

The cephalometric and study cast measurements
used in the study are described in table. The four
skeletal parameters, six dentoalveolar parameters
and three study cast parameters were measured
The following landmarks were marked on the
lateral cephalogram (Table no 1)

S.NO | PARAMETER
Skeletal horizontal
1. SNB (degree
2. ANB (degree)
3. APDI (degree)
Skeletal vertical
4. | ODI (degree)
Dentoalveolar horizontal
5. . Md6 to MP (degree)
6. Md7 to MP (degree)
7. OM (mm)
Dentoalveolar vertical
8. Md5 to MP (mm)
9. Md6 to MP (mm)
10. 0J (mm)
Study cast
11. Overbite (mm)
12. Overjet (mm)
13. Curve of spee

Skeletal Horizontal Parameters

1) SNA

2) ANB

3) APDI-Facial plane angle + AB plane angle +
Palatal plane angle
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Dentoalveolar Horizontal Parameter
4)Md 6 Mp
5)Md 7 Mp
6)OM (mm)
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Skeletal Vertical Parameters
7) ODI-AB Plane angle to mandibular plane angle +
+ palatal plane angle
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8. Md 5-MP (mm) J
9. Md 8-MP (mm) _—"
10. O-J (mm) 4

Dentoalveolar Vertical Parameter
8)Md 5-Mp(mm)

9)Md 6-Mp(mm)

10)0OJ (mm)

a)overbite
b)overjet

Measurement of curve of spee

Statistical analysis

The data were tabulated and analyzed by
statistical software SPSS v 16.0. The descriptive
statistics such as mean, mean differences, standard
deviations and standard errors were calculated for
all variables. The paired t test was used to
compare the variables within the groups. One-way
analysis of variance (ANOVA; F statistics) was
used for comparing the measurements for Class-I,
Class-11 and Class-I11 in both groups. Correlations
between variables were done by using Pearson’s
correlation  coefficient.  Significance  was
determined at the 0.05 and 0.01 levels of
significance. Regression equation were set for the
significant correlations.

Results

Lateral cephalograms and study casts were
obtained from 30 patients which includes 10
skeletal class I, 10 skeletal Class Il and 10 skeletal
class 11l patients.
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Table 2: Comparison of various parameters between classes

CLASS | CLASS I CLASS 111
SKELETAL SKELETAL SKELETAL

SNA 81.33+4.2 82.9+3.9 79.1+73
ANB 19+0.3 45+25 -3.0+23
APDI 92.7+53 92875 90.1+6.9
ODI 78.2+6.8 80.0+4.6 69.3+6.4
MD6MP 83.8+6.4 804+7.1 81.4+8.3
MD7MP 89.7+6.5 849+5.1 84.4+5.6
oM 38.0+5.3 37.4+39 39.1+6.0
MD5MP 21.4+26 28.1+27 28.7+3.1
MD6MP 26.1+24 268+24 26.7+28
0J 26.9+23 26.7+6.6 294+6.1
Overjet 41+3.2 49+3.1 0.6+2.82
Overbite 18+24 42+23 3.2+26

There was significant difference between classes for ANB, ODI and overijet.

Table 3: Correlation between curve of spee with different parameters

CLASS | SKELETAL | CLASS Il SKELETAL | CLASS Ill SKELETAL
Parameters r-value p-value r-value p-value r-value p-value
SNA -0.23 0.54 0.16 0.68 -0.17 0.68
ANB 0.45 0.22 0.28 0.46 -0.20 0.63
APDI 0.14 0.72 -0.02 0.96 -0.17 0.68
oDl 0.82 0.007 0.31 0.42 -0.10 0.81
MD6MP 0.38 0.32 0.07 0.85 0.21 0.62
MD7MP 0.25 0.51 -0.45 0.23 0.43 0.28
OM -0.27 0.48 0.31 0.42 -0.30 0.47
MD5MP -0.51 0.16 -0.05 0.89 -0.37 0.36
MD6MP -0.61 0.08 -0.16 0.67 -0.39 0.34
0J -0.33 0.38 -0.44 0.24 -0.005 0.99
Overjet 0.76 0.02 0.73 0.02 -0.49 0.21
Overbite 0.68 0.04 0.74 0.02 0.78 0.02
p-value: <0.05- #, <0.01- *, <0.001 - **
The correlation table shows SNA, OM, MD5MP, were negatively correlated and MD6MP,

MD6MP, and OJ were negatively correlated and
ANB, APDI, ODI, MD6MP, MD7MP, overbite
and overjet were positively correlated with depth
of curve of Spee. But statistically significant
correlation found between ODI (p=0.007), Overjet
(p=0.02) and Overbite (p=0.04) with curve of
Spee for CLASS | SKELETAL.

The correlation table shows APDI, MD7MP,
MD6MP, and OJ were negatively correlated and
SNA, ANB, ODI, MD6MP, OM, overbite and
overjet were positively correlated with depth of
curve of Spee.

But statistically significant correlation found
between Overjet (p=0.02) and Overbite (p=0.02)
with curve of Spee for CLASS Il SKELETAL.
The correlation table shows SNA, ANB, APDI,
oDI, OM, MD5MP, MD6MP, OJ and overjet

MD7MP, and overbite were positively correlated
with depth of curve of Spee. But statistically
significant correlation found only between
Overbite (p=0.02) with curve of Spee for CLASS
Il SKELETAL.

Table-4: Multiple regression analysis - CLASS |
SKELETAL

Parameters Beta-coefficient p- R®
(95% CI) value | change

oDl 0.068 (-0.04-0.17) | 0.16

Overjet 0.09 (-0.26 — 0.45) 0.54 0.73

Overbite 0.003(-0.43-0.43) | 0.98 '

Constant -3.69 (-11.3 - 3.93) 0.27

Multiple regression analysis was performed to see
the linear dependence of various studied
parameters on curve of Spee. Corresponding beta
-coefficient and their 95% confidence interval

Dr Chandrashekhargouda Patil et al IMSCR Volume 07 Issue 06 June 2019

Page 900




(C1) are described in Table 4.Regression analysis
shows that there was no significant correlation
between curve of Spee and various parameters.
These parameters explained 73% of the total
variation of the curve of Spee.

Table-5: Multiple regression analysis - CLASS 11
SKELETAL

Beta-coefficient

Parameters (95% Cl) p-value | R?change
Overjet 0.088 (-0.29 — 0.47) 0.59

Overbite 0.13 (-0.39 — 0.65) 0.57 0.57
Constant 1.36 (0.36 — 2.37) 0.02

Multiple regression analysis was performed to see
the linear dependence of various studied
parameters on curve of Spee. Corresponding beta
-coefficient and their 95% confidence interval
(CI) are described in Table 5.Regression analysis
shows that there was no significant correlation
between curve of Spee and various parameters,
These parameters explained 57% of the total
variation of the curve of Spee.

Table-6: Multiple regression analysis - CLASS
Il SKELETAL

Parameters Beta-coefficient o-value R’
(95% CI) change

Overbite 0.27 (0.06 —0.49) 0.02 0.61

Constant 1.18 (0.30 — 2.06) 0.017 '

Multiple regression analysis was performed to see
the linear dependence of various studied
parameters on curve of Spee. Corresponding beta
-coefficient and their 95% confidence interval
(CI) are described in Table 6 .Regression analysis
shows that there was significant correlation
between curve of Spee and overbite (p=0.02).
These parameters explained 61% of the total
variation of the curve of Spee.

Discussion

The assessment of relationship of curve of Spee
with the dentoskeletal morphology is essential to
understand the influence of multiple factors that
leads to variation in the depth of the curve. It has
been suggested that the mandibular sagittal and
vertical position relative to the cranium is related
to the curve of Spee, which is present in various
forms in mammals (Farella et al)**

In humans, an increased curve of Spee is often
seen in brachycephalic facial patterns (Wylie'>and
Bjork™) and associated with short mandibular
bodies (Salem OH et al)*’

The measurement of curve of Spee was done and
the average of the distance on right and left side
was taken as the depth of curve of Spee (Nanda
SK,'® Dale J*) This method of assessment of
curve of Spee was easy to perform and lacked any
magnificational and projectional errors.

The age group was in the range of 18 to 25 years
to omit any effect of growth on the curve of Spee
since, the depth remained relatively constant
during adulthood as compared to the flat curve in
decidous dentition and maximum deepening
during adolescent dentition (Marshall et al)®

It was found that the subjects with higher
maxillomandibular discrepancies tend to have
deeper curve of Spee. The value of ANB showed
positive correlation with the depth of curve of
Spee, i.e. was less in subjects with small value of
ANB angle (suggesting Class | skeletal pattern)
and as the value of ANB angle increased the depth
of curve of Spee also increased (the Class-II
skeletal pattern) also supported by Cheon et al**
and Orthlieb JD? who suggested that the depth of
curve of Spee was lesser in those with Class Il
malocclusions than in Class Il malocclusions.

The curve of Spee was influenced by the skeletal
pattern of the subjects as suggested by the values
of APDI, that is smaller the APDI value in
relation to the normal mean greater was the
probability of distocclusion thus suggesting Class
Il skeletal pattern and deep curve of Spee. This
finding was similar to a study conducted by
Cheon et al**

Overbite depth indicator was given by Kim?®
suggesting that lower the ODI value greater the
chance of there being open bite or tendency
toward an open bite. The overbite and tendency
toward deep bite were found to increase as the
ODI value increased.

In the present study the findings suggested that as
the depth of curve of Spee increases from Groups
|
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to 11 the tendency for deep bite in the subjects also
increases and decreases in group Il

The positive correlation value in group | and
group Il suggested that the value of ODI increases
with increase in the depth of curve of Spee.

Md6 to MP and Md7 to MP angles were
considered to asses the possible relation between
the axial inclination of the mandibular molars and
the depth of curve of Spee. The mean values were
found to be decreased with increase in curve of
Spee depth suggesting that the mesial inclination
of the molars were increasing as the depth of the
curve of Spee was increased .These findings were
also reported by Shannon and Nanda**and Lie F?
who suggested that deepening of curve of Spee
can occur as the axial inclination of the teeth
increases.

OM (mm) was the distance measured from the
most posterior point of the dentition on the
occlusal plane (point ‘M’) to the point of
intersection (point ‘O’) of a line perpendicular
from the superior most point on the condyle
(Farella et al)** It is the linear distance signifying
the horizontal positioning of the dentition with
respect to the condyle

The value of OM (mm) was found to be
decreasing from Groups 1 to Il suggesting that the
samples in which the dentition was more
posteriorly positioned with respect to the condyle,
and increased in group Il suggesting dention was
positioned anteriorly with respect to condyle.

The difference of the mean value for Md5 to MP
(mm) showed nonsignificant correlations. it was
increased in group | and group Il with respect to
group | due to greater infra position of the
mandibular second premolar with relation to
mandibular. In the present study the deepest point
of the curve of Spee was found to be the cusp tip
of second premolar region in maximum

number of samples. Koyama®® and Lie F** also
supported this finding and suggested that the
deepest point of the curve is the cusp tip of
mandibular second premolar. There is lack of
significant difference between the depth of curve
of Spee and perpendicular distance of mandibular

plane to the molar cusp tip same was found in this
study.

OJ signifies the vertical positioning of the lower
dentition with respect to the condyle. It was
measured as the perpendicular distance between
the superior most point on the condylar head
(point ‘J”) and the point of intersection of this
perpendicular to the occlusal plane (point ‘O’)*,
It is found to be increased in group Il compared
to group | and group Il .This finding suggested
that the dentition had moved downward with
respect to the condyle in group Il1.

The mean value for overbite and overjet was
found to be increased in group Il. This suggested
that when the anterior teeth have no vertical stop,
their continued eruption leads to deepening of
anterior aspect of the curve. This was supported
by findings of Shannon and Nanda.?* The positive
correlation coefficient value also proved as the
overbite increases depth of curve of Spee also
increases.

These findings were supported by studies done by
Lie F.%

The statistically significant beta-correlation
coefficients between the depth of curve of Spee
and overbite confirmed this result

The purpose of this cross-sectional study was to
find out the correlation between the dentoskeletal
morphology and the depth of curve of Spee. This
study has unmasked the  dentoskeletal
morphologic features associated with different
malocclusions

Subjects with deep curve of Spee had shown to
have sagittal discrepancies, posteriorly and
superiorly positioned dentition in the mandible
suggesting Class Il pattern. Dentally these
subjects showed deep overbites, elevated anterior
teeth, depressed premolars and mesially inclined
molars.

Conclusion
Following conclusions were drawn on the basis of
the findings of this study:
1) The depth of curve of Spee was greatly
influenced by sagittal maxillomandibular
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2)

3)

4)

5)

6)

discrepancies. The values for parameters
ANB and APDI suggested that the
mandible was located more posteriorly in
deep curve of Spee .

The variation in the depth of curve of Spee
significantly influences the overbite,
overjet and the inclination of mandibular
first molar.

SNA, OM, MD5MP, MD6MP, and OJ
were negatively correlated and ANB,
APDI, ODI, MD6MP, MD7MP, overbite
and overjet were positively correlated with
depth of curve of Spee for CLASS I
SKELETAL.

APDI, MD7MP, MD6MP, and OJ were
negatively correlated and SNA, ANB,
ODI, MD6MP, OM, overbite and overjet
were positively correlated with depth of
curve of Spee for CLASS 1l SKELETAL.

SNA, ANB, APDI, ODI, OM, MD5MP,
MD6MP, OJ and overjet were negatively
correlated and MD6MP, MD7MP, and
overbite were positively correlated with
depth of curve of Spee for CLASS Il
SKELETAL.

The multiple regression analysis showed
that the curve of Spee was significantly
influenced ODI, overjet and overbite in
CLASS | skeletal, overjet and overbite in
CLASS 11 skeletal and only overbite in
CLASS 11 skeletal.
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