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ABSTRACT

Introduction: The cervical spine posture is dependent on interactions within the
musculoskeletal system and physiologic growth processes and there is a close
anatomic relationship between the cervical spine and the craniofacial morphology.
Graber suggested that the anatomy and position of the upper cervical vertebrae was
closely linked with craniofacial development. A concise and comprehensive
understanding of the coordinating mechanisms which render to normal craniofacial

development is of importance for the diagnosis and treatment planning.

Therefore, this study was undertaken:
» To assess the cervical spine posture in Class I skeletal malocclusion
» To assess the cervical spine posture in Class II skeletal malocclusion
* To assess the cervical spine posture in Class III skeletal malocclusion
* To compare the cervical spine posture between Class I, Class II, and Class I1I
skeletal malocclusions
* To develop cephalometric norms for cervical spine posture in the North

Karnataka population

Materials and methods: The study was a descriptive cross-sectional cephalometric

study conducted on 186 patients with Class I, II, and III skeletal malocclusions who
were reported to the Department of Orthodontics and Dentofacial Orthopaedics, KLE
Academy of Higher Education and Research, (KAHER) KLE V K Institute of Dental
Sciences, Belagavi, and three other colleges in the North Karnataka region (Dharwad,
Bagalkot, Gulbarga). Pre-treatment lateral cephalogram of patients was traced
manually, sagittal skeletal parameters, cervical spine posture, craniocervical posture,

maxillary and mandinular plane inclination, cervicohorizontal angles were entered
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and scrutinized using SPSS (Statistical Package For Social Sciences Cooperation,
Chicago USA) version 25. Further, descriptive and inferential analysis was done to

reach a final conclusion.

Results: The mean value of OPT-CVT for the samples were 3.98 + 2.20 in Class I,
429 + 2.78 in Class II and 3.15 + 1.91 in Class III. The values for NSL-OPT were
99.37 +7.49 in Class I, 100.81 + 6.03 in Class II and 97.47 + 6.41 in Class III and for
NSL-CVT were 103.68 + 7.39 in Class I, 103.95 + 5.43 in Class II and 101.44 + 6.05
in Class III. The mean value for PP-OPT among the three groups is statistically
different (0.024*). The maxilla is distally inclined to the upper cervical vertebrae in
the Class III group. The mean value for PP-CVT among the three groups is not
statistically significant (0.117). The maxilla is distally inclined to the upper cervical
vertebrae in the Class III group. The mandibular plane inclination to the upper and
middle cervical segment was statistically different in all three groups (0.000" and

0.002" respectively).

Conclusion: Cervical spine posture differs in various sagittal skeletal malocclusion. It
was straighter in the Class III group compared to the Class I and Class II group. The
head posture was extended in the Class II group and it was flexed in the Class III
group suggesting forward inclination of the head on the cervical column. The
maxillary and mandibular base inclination on the cervical column was found to be
different in various skeletal malocclusions. The concept of ‘Functional and postural
competency’ cannot be overlooked in orthodontics. An important consideration
should be given to cervical spine posture in Orthodontics diagnosis and treatment

planning as it may affect craniofacial development.
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Introduction

INTRODUCTION

The spine has three curvatures i.e., cervical, thoracic, and lumbar curves.

Proper curvature and positioning of these three curves are important to
maintain a healthy normal spine. Many researchers have stated that the cervical spine

is closely related to craniofacial morphology as they both have the same origin.

Cervical spine posture is related to various factors:

e The body i.e., ethnic group!, gender?, age® and height*

e Craniofacial morphology’ especially mandibular divergence’, size of the
mandible®, and facial shape’

e Functional elements like nasorespiratory function®, temporomandibular
disorder’

e Orthodontic treatment like the use of appliances for correction of sagittal

jaw relationship!'®.

Hence, it is not irrational to expect that cervical spine posture might be

associated with different skeletal malocclusion.

An enhanced understanding of the musculoskeletal system and cervical spine
is of paramount importance as it contributes to the normal growth of craniofacial
structures. Several researchers have found an association between the two which is
critical for a better diagnosis and treatment planning of morphological and functional

disorders in the musculoskeletal system.’

According to a study conducted by Graber!!, the upper and lower cervical

columns have different origins. The upper cervical column is closely associated with
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Introduction

craniofacial development. However, the lower cervical vertebrae are linked to the rest
of the cervical column. This was in accordance with the study conducted by Hellsing
et al’> where he established that there is no correlation between cervical lordosis and
thoracic kyphosis emphasizing the correlation between the cervical spine and

craniofacial development.

Schwartz'? in 1926 proposed a correlation between head posture and
malocclusion. His hypothesis was based on the sleep position with extended head
posture in children with upper respiratory obstruction. This change in the posture in
patients with obstruction of the airway can lead to the development of malocclusion,
especially Class II malocclusion. A similar observation was reported by Gresham and
Smithels'® who concluded that subjects with poor neck posture are more prevalent to
develop Class II malocclusions and an increase in the vertical development of the face

compared to subjects with good neck posture.

Woodside et al'* also proposed a similar association between the development
of malocclusion and airway obstruction. They concluded that subjects with swelling
of the nasal mucosa leading to impaired breathing had more chances of developing

lower anterior crowding compared to normal breathers.

Solow and Talgren® have suggested that when the head is extended in relation
to the cervical column the anterior facial height is increased, the sagittal jaw
dimensions are reduced and the mandible has a steep inclination, whereas, when the
craniocervical posture is flexed, the anterior facial height is shorter, sagittal jaw

dimensions are larger and mandible has a less steep inclination.
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Introduction

1516 it was demonstrated

In a study conducted by Solow and Siersbaek-Nielsen
that changes in the growth of the cervical spine are associated with changes in the

growth pattern of facial morphology and therefore craniocervical angles to some

extent can help in the prediction of facial development.

A concise and comprehensive understanding of the coordinating mechanisms
which render to normal craniofacial development is of importance for the diagnosis
and treatment of morphological and functional disturbances in the masticatory system
and adjoining regions. A factor that may be of relevance in this connection is the

relationship between craniofacial morphology and cervical posture.

Changes in Cervical posture can affect the mandibular path of closure,
mandibular rest position, and discomfort in masticatory muscle activity. The
masticatory muscles are said to be affected by increased gravitational forces on the
head. Unfortunately, the influence of the cervical spine on the maxillomandibular
structure is frequently ignored. The orthodontist should consider correlating the
relationship of the cervical spine when rest position and mandibular movement are
assessed before treatment. When all the elements that affect the mandible function are
in adequate association with each other, the masticatory system ascertains maximum

efficiency with a minimal expenditure of energy.!”

Various researchers over the last century have pursued to affirm a relationship
between poor spinal posture, pain, diminished function, and/ or disability. Regardless,
the longevity of interest by health researchers in the measurement and analysis of
human posture, and its impact on the supporting structures, there is still much to be

discovered.
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Introduction

The different cephalometric analyses carried out resulted in a set of norms
against which patients and their need for orthodontic treatment were assessed.
However, most of these analyses were carried out on a particular population such as
Ricketts studied the Caucasian population, whereas Sushner did a study on the black
population. Owing to the diverse population of India, it is necessary to consider the
ethnic differences present and introduce cephalometric norms about the various ethnic
groups and formulate an orthodontic treatment plan after consideration of the cervical
spine posture and craniofacial morphology. Therefore, this study was planned to set

the norms for the North-Karnataka population.
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Aim & Objectives

AIM AND OBJECTIVES

AIM:

e To evaluate and compare the cervical spine posture of adults in skeletal class I,

II, and III patients in the North Karnataka population.

OBJECTIVES:

» To assess the cervical spine posture in Class I skeletal malocclusion

* To assess the cervical spine posture in Class II skeletal malocclusion

* To assess the cervical spine posture in Class III skeletal malocclusion

* To compare the cervical spine posture between Class I, Class II, and Class I1I

skeletal malocclusions

* To develop cephalometric norms for cervical spine posture in the North

Karnataka population
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Review of literature

REVIEW OF LITERATURE

Tauhedd et al, (2019)'® conducted a study to determine ‘cervical spine posture’
in various sagittal skeletal malocclusions on 63 subjects using their lateral
cephalometric radiographs and found a statistical difference between various
sagittal ‘skeletal malocclusions’ for the ‘cervical spine posture’. They observed
that the cervical column was significantly straighter in skeletal Class III subjects
than in skeletal class I subjects

D’Attilio et al, (2005)" in their study on 120 children who were divided into 3
groups based on their skeletal class, checked the postural variables. A statistically
significant lower ‘cervical lordosis angle’ was observed in skeletal class III group
compared to children in skeletal class I and II. They established that head
extension upon the spinal column was significantly higher in skeletal class II
when compared to the other groups i.e skeletal class I and II.

Solow and Tallgren, (1976)3 examined 120 Danish male students of age 22-30
years and described the ‘Craniofacial morphology by 42 linear and angular
parameters, and postural association by 18 angular parameters’. A statistically
significant association was observed between craniofacial morphology and head
posture.

Kamal et al, (2019)? evaluated pre and post-functional treatment cephalograms
of sixty subjects. Three skeletal and seven cervical vertebral parameters were
compared between the study group, where a twin-block functional appliance was
given, and a control group. A significant difference was observed among pre and
post-functional SNB, ANB, and SN-OPT angles. They concluded that TB causes

the cervical posture to be more upright.
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Review of literature

e Tecco et al, (2005)'° compared the cervical spine posture of 20 Caucasian female
children who were given Frankel appliance with 20 untreated class II controls.
They reported that the cervical lordosis angle was significantly higher in patients
where Functional appliance was given as compared to the control group at the end
of the treatment

e Solow and Tallgren, (1977)*! conducted a study on 120 Danish males of age 22-
30 years and evaluated the association between the cervical column, head
position, and dentoalveolar morphology. A positive correlation was discovered
between the head posture and the cervical column with anterior maxillary and
mandibular dentoalveolar heights and with the inclination of maxillary and
mandibular occlusal planes. No associations were discovered between
craniocervical angulation and dentoalveolar prognathism or incisor inclination.

e Hellsing et al, (1987)7 evaluated the association amidst craniofacial morphology,
head position, and cervical curvature in ‘125 children, 63 boys, and 62 girls
equally divided into 3 age groups of 8, 11, and 15 years of age’. The systematic
effects of gender and age were set aside in the statistical analysis and it was
established that a straighter cervical curvature, evaluated from the 2" to the 6
vertebrae was related to the head extension to the 2™ cervical vertebra, an
increased mandible inclination, and increased anterior facial height. It was also
observed that there was an association between increased cervical lordosis and
extension of head characterizing a compensatory cervical spine curvature with an
altered centre of gravity of the craniofacial complex.

e Huggare, (1991)?2 used lateral cephalograms of 78 young adults to evaluate the
corelation among the anatomy of the 1% cervical vertebra, dentofacial build, and

the atlas, with either a very high or a low atlas dorsal arch, were assessed about
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Review of literature

the head position, dentofacial anatomy and cervicovertebral. Each group consisted
of 22 women and 17 men of the high and low dorsal arch.

Wenzel et al, (1989)*3 conducted a study to assess the role of the mandible to
head posture and airway space by evaluating patients before and after surgical
correction of mandibular prognathism. The sample consisted of lateral
cephalograms of 52 individuals with the prognathic mandible. Orthodontic
adjustments were carried out in all the participants of the study prior to
mandibular osteotomy Changes in head posture and airway space were assessed
by paired t-test. A mean increase in the posture of the head of 2.7 degrees (p <
0.001) and a mean reduction in airway space of 2.3 mm (p < 0.001) was observed.
Miralles et al, (2016)?* conducted a study to determine the effect of the increase
in the occlusal vertical dimension using an orthodontic appliance on
craniocervical relationships and the position of the cervical spine. The total
sample size was 30 children, 15 in each group (a study group and a control group)
presenting with malocclusion. An Orthodontic appliance was given to the children
in the study group to correct the crossbite. No treatment was given to the children
in the control group. A significantly forward position of the cervical spine was
observed in the study group using cephalometric analysis. Though, no difference
was seen in the control group.

Aglarci, (2019)5 conducted a study to evaluate the response of twin-block
functional appliances on the cervical spine posture. He evaluated 21 patients with
skeletal Class II malocclusion (11 females, 10 males; 13.31 + 0.92) with
retrognathic mandible. Cephalometric analysis was done to observe the CSP

changes after treatment. He discovered that advancement of the mandible by twin
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Review of literature

block therapy resulted in the upper segment of the cervical spine to be inclined
backward and the lower segment to be inclined forward.

McAviney, (2005)%¢ assessed the presence of a functionally normal cervical
lordosis and also investigated the correlation of functionally normal cervical
lordosis and the amount of forward posture with neck complaints. Cervicogenic
symptoms were more likely to be seen in patients with lordosis of 20° or less. A
statistically significant correlation was observed between cervical pain and
lordosis of 0° or less. Lordosis of 0° or less was 18 times more in a patient with
complaint of cervical pain when compared to a patient with non-cervical
complaint. He found a statistically significant correlation between lordosis <20°
and cervical pain. A clinically normal range for cervical lordosis is 31° to 40°.
Solow and Nielsen, (1992)'¢ conducted a study on 34 children (16 girls and 18
boys) to evaluate if head posture and cervical spine posture can predict the growth
changes of the craniofacial structures using lateral cephalogram of samples taken
on two occasions before orthodontic treatment. The mean age was 9.9 years at
time 1 and 12.7 years at time 2. Correlation coefficients were analysed among 11
postural variables and growth rate in 36 structural variables at time 1. A
statistically significant correlation was observed indicating that a small cranio-
cervical angle and backward inclination of upper cervical vertebra was related to
horizontal growth pattern due to reduction in backward displacement of TMJ,
large maxillary growth in length, increased facial prognathism, and larger than
average true forward rotation of the mandible. A large cranio-cervical angle is
associated with vertical growth pattern due to large backward displacement of the
TMJ, reduced growth in length of the maxilla, reduced facial prognathism, and

less than average true forward rotation of the mandible.
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Ohnmei et al, (2014)?7 evaluated cephalograms of 64 patients with a class II
malocclusion who were given functional appliance for mandibular advancement.
Linear and angular parameters were used to assess the changes in the cervical
spine posture before and after mandibular advancement. They concluded that
upper cervical spine position straightened significantly post-treatment, cervical

spine position changes with treatment in skeletal Class II malocclusion.
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MATERIALS AND METHODS

STUDY DESIGN

A descriptive cross-sectional cephalometric study was conducted on patients

with Class I, II, and III skeletal malocclusions.

SOURCE OF DATA

The study was done on cephalograms of patients who were treated in the
Department of Orthodontics and Dentofacial Orthopaedics, KLE Academy of Higher
Education and Research, (KAHER) KLE V.K Institute of Dental Sciences, Belagavi,
and at three other colleges in the North Karnataka region (Dharwad, Bagalkot,

Gulbarga).

INCLUSION CRITERIA

Patients satisfying the following criteria were included:

* North-Karnataka population

» Age between 18-25 years at the time when cephalogram was taken

* Permanent dentition with all the teeth present (excluding third molars)

* No history of orthodontic treatment

* No missing teeth in both the arches

* Both males and females
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EXCLUSION CRITERIA

Patients with the following criteria were excluded:

* Any trauma or injury to the cervical spine

* Any syndromes or congenital abnormalities

* Any systematic disease

* History of orthognathic surgical treatment

* History of extracted or missing permanent teeth

SAMPLE SIZE ESTIMATION

The sample size for the study was calculated as 62 subjects in each group

(Class I, 11, and IIT) with a total of 186 subjects, based on the formula:

N=2(0Sy(Z1-02+71-B)?
d2

Where standard deviation,

S1 in the 1% group= 1.67

S2 in the second group=2.06

d is the detectable mean difference= 1.21

Z 1.0=1.96 at 5% a error

Z 15=1.682 at 5% P error
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Power = 95%

So, the estimated sample size was 62 per group, which made the sample size 186 in

total

PERMISSIONS OBTAINED

+ Institutional ethical clearance.

% Waiver of Informed consent form.

TOTAL BUDGET

+* Material cost: Rs. 600

« Equipment cost: Rs. 1400

% The cost incurred during the investigation: Rs. 8000

% The cost incurred for statistical analysis: Rs. 2000

7
L X4

Total cost: Rs. 12000

FUNDING DETAILS:

++ No funding from any external source was required to conduct the study.

¢ I, Dr.Deepa Virani took up the financial responsibility of my research and bore

all the expenses incurred during the study.
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METHODOLOGY

The cervical spine posture in three different classes of malocclusion was
assessed on patients reporting to the Department of Orthodontics and Dentofacial
Orthopaedics KLE Academy of Higher Education and Research, (KAHER) KLE V.
K. Institute of Dental Sciences, Belagavi, and three other colleges in North Karnataka.

A total of 186 patients were evaluated using the pre-treatment lateral cephalogram.

Standardized lateral cephalograms taken in natural head position, with teeth in centric
occlusion and lips in relaxed position were collected.

l

Acetate sheet was placed on top of the radiograph and the soft tissue, hard tissue and
cervical spine landmarks were traced on the sheet.

J

Skeletal malocclusion were classified based upon the ANB angle and Wits value which
indicates the positional relationship of the maxilla and mandible.

l

The patients were categorized into three classes:
Class I, Class II and Class III skeletal malocclusion.

l

To evaluate the cervical spine posture two tangents were drawn to the 2" and 4™ cervical
vertebrae called odontoid process tangent and cervical vertebrae tangent, respectively.
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Anatomic landmarks used in the study are:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Nasion (N)- The most anterior point of the frontal nasal suture in the mid-

sagittal plane.

Sella (S)- The geometric center of the pituitary fossa.

Point A (Subspinale)- The most posterior midline point in the concavity
between the ANS and the prosthion (the most inferior point on the alveolar

bone overlying the maxillary incisor).

Point B (Supramentale)- The most posterior midline point in the concavity of
the mandible between the infradentale (the most superior point on the alveolar
bone overlying the mandibular incisors) and Pogonion (Pog).

CV2tg- The tangent point of OPT on the odontoid process of the second
cervical vertebra.

CV2ip- The most posteroinferior point on the corpus of the second cervical
vertebra.

CVdip- The most posteroinferior point on the corpus of the fourth cervical
vertebra.

Anterior nasal spine (ANS)- The anterior tip of the sharp bony process of the

maxilla at the lower margin of the anterior nasal opening.

Posterior nasal spine (PNS)- The posterior spine of the palatine bone

constituting the hard palate.
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Reference lines used are:

1) Odontoid process tangent- The posterior tangent to the odontoid process
through CV2ip

2) Cervical vertebral tangent- The posterior tangent to the odontoid process
through CV4ip.

3) Nasion-sella line- The line through N and S.

4) Palatal plane- The line through the anterior nasal spine and posterior nasal
spine.

5) Mandibular plane- The tangent to the lower border of the mandible.

6) True Horizontal line (HOR)- The line perpendicular to Vertical.

Parameters used in the study:

1) ANB angle
2) Wits appraisal
3) OPT-CVT
4) NSL-OPT

5) NSL-CVT

6) PP-OPT

7) PP-CVT

8) MP-OPT

9) MP-CVT

10) OPT-HOR

11) OPT-CVT
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Figure 1. Landmarks and planes used for analysis.
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INSTRUMENTS AND MATERIALS

*  Pre-treatment lateral cephalograms

e Acetate matte sheets

* Lead pencil (0.35 mm)

* Scale

» Set squares

*  Protractor

*  View box

STATISTICAL ANALYSIS

The statistical analysis was done using SPSS VERSION 25.0. Continuous
variables were represented by mean+ sd/median (range) The Kruskal Wallis test was
used to compare the mean between the three study groups. The statistical significance

was kept at a p-value less than 0.05.
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RESULTS

e This study was done to evaluate and compare the cervical spine posture of
adults in skeletal class I, 11, and III patients in the North Karnataka population

between the age group of 18-25 years.

e A total of 186 subjects were divided into 3 groups based on the ANB angle

and Wits appraisal.

Table 1: Descriptive mean and standard deviation for Class I

Parameters N Minimum | Maximum | Mean |Std. Deviation
ANB 62 0 3 1.79 .847
Wits appraisal 62 -1 3 1.63 1.090
OPT-CVT 62 0 12 3.98 2.206
NSL-OPT 62 86 115 99.37 7.493
NSL-CVT 62 88 118 103.68 7.390
PP-OPT 62 75 110 91.94 7.147
PP-CVT 62 81 109 94.37 5.962
MP-OPT 62 99 127 114.45 7.500
MP-CVT 62 95 125 110.34 7.542
OPT-HOR 62 76 110 93.58 6.378
CVT-HOR 62 74 100 89.42 5.653

Table 1 shows descriptive mean and standard deviation for all the parameters in

Skeletal Class I group
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Table 2: Descriptive mean and standard deviation for Class 11

Parameters N Minimum | Maximum | Mean |Std. Deviation
ANB 62 4 11 6.03 1.717
Wits appraisal 62 2 9 4.35 1.577
OPT-CVT 62 0 13 4.29 2.784
NSL-OPT 62 86 112 100.81 6.035
NSL-CVT 62 91 112 103.95 5.430
PP-OPT 62 75 104 93.39 7.846
PP-CVT 62 80 113 96.40 7.303
MP-OPT 62 94 130 114.56 7.923
MP-CVT 62 91 126 109.95 8.525
OPT-HOR 62 80 106 95.66 7.140
CVT-HOR 62 75 105 91.39 7.201

Table 2 shows descriptive mean and standard deviation for all the parameters in the

Skeletal Class II group
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Table 3: Descriptive mean and standard deviation for Class I11

Parameters N Minimum | Maximum | Mean |Std. Deviation
ANB 62 -10 -1 -4.56 2.386
Wits appraisal 62 -17 -1 -6.77 3.861
OPT-CVT 62 0 8 3.15 1.915
NSL-OPT 62 83 113 97.47 6.419
NSL-CVT 62 88 116 101.44 6.053
PP-OPT 62 76 107 90.03 6.111
PP-CVT 62 80 106 96.53 7.688
MP-OPT 62 98 130 108.50 9.091
MP-CVT 62 92 125 105.35 9.117
OPT-HOR 62 76 106 91.56 9.109
CVT-HOR 62 75 106 88.37 9.733

Table 3 shows descriptive mean and standard deviation for all the parameters in the

Skeletal Class III group
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Table 4: Comparison of malocclusion classes (I, I1, III) with different parameters

by Kruskal Wallis test
Groups N Mean + SD P-VALUE
Class 62 1.79 +0.84
ANB Class 11 62 6.03 + 1.71 0.000*
Class III 62 -4.56 +2.38
Class 62 1.63 +1.09
Wits Class II 62 435+ 1.57 0.000*
appraisal
Class 11 62 -6.77 + 3.86
Class 62 3.98 +2.20
OPT-CVT Class 1T 62 429 +2.78 0.074
Class III 62 3.15+1.91
Class I 62 99.37 +7.49
NSL-OPT Class 1T 62 100.81 + 6.03 0.007*
Class III 62 97.47 + 6.41
Class I 62 103.68 +7.39
NSL-CVT Class 1T 62 103.95 + 5.43 0.024*
Class III 62 101.44 + 6.05
Class I 62 91.94 +7.14
PP-OPT Class II 62 93.39 + 7.84 0.024*
Class III 0 90.03 +6.11
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Class 62 96.53 + 7.68

PP-CVT Class 1T 62 96.40 + 7.30 0.117
Class III 62 94.37 +5.96
Class I 62 114.45+7.50

MP-OPT Class 1T 62 114.56 +7.92 0.000*
Class III 62 108.50 +9.09
Class 62 110.34 + 7.54

MP-CVT Class II 62 109.95 + 8.52 0.002*
Class I1I 62 105.35+9.11
Class 62 93.58 + 6.37

OPT-HOR Class II 62 91.56 +9.10 0.011*
Class I1I 62 95.66 + 7.14
Class I 62 89.42 +5.65

CVT-HOR Class II 62 88.37 +9.73 0.079
Class I1I 62 91.39 +7.20

The statistical significance was kept at a p-value less than 0.05.

Table 4 shows the mean values of the different parameters for the three groups, Class
I, Class II, and Class IIl. The difference between the values for all the parameters
between the three groups was found to be statistically significant except OPT-CVT,

PP-CVT and CVT-HOR.
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Graph number 1: Comparison of mean ANB between the three groups.
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Graph number 2: Comparison of mean Wits appraisal between the three groups.
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Graph number 3: Comparison of mean OPT-CVT between the three groups.
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Graph number 4: Comparison of mean NSL-OPT between the three groups.
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Graph number 5: Comparison of mean NSL-CVT between the three groups.
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Graph number 6: Comparison of mean PP-OPT between the three groups.
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Graph number 7: Comparison of mean PP-CVT between the three groups.
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Graph number 8: Comparison of mean MP-OPT between the three groups.

116
115 114.45 114.56

114
108.5

113
112
MPOPT

111
110
109
108
107
106
105

EClass] ®mClass II wClass III

Page 27



Results

Graph number 9: Comparison of mean MP-CVT between the three groups.

11(1) 110.34 109,95

109

108

107

106 105.35

105

104

103

102 I IR e
MPCVT

@Class] ®mClass [I wClass III

Graph number 10: Comparison of mean OPT-HOR between the three groups.
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Graph number 11: Comparison of mean CVT-HOR between the three groups.
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ANB angle (Graph 1): The mean values for the samples were 1.79 + 0.84 in

Class I, 6.03 + 1.71 in Class II and -4.56 + 2.38 in Class III. It suggests the
anteroposterior relation of the maxilla to the mandible. The mean value among
the three groups is statistically significant (0.000%*)

Wits appraisal: The mean values for the samples were 1.63 + 1.09 in Class I,

435 + 1.57 in Class II and -6.77 + 3.86 in Class III. It suggests the
anteroposterior relation of the maxilla to the mandible by taking the linear
measurement. The mean value among the three groups is statistically significant
(0.000%)

OPT-CVT: The mean values for the samples were 3.98 + 2.20 in Class I, 4.29 +
2.78 in Class II and 3.15 + 1.91 in Class III. The cervical spine posture in Class

Il subjects was smaller compared to the other two groups suggesting that

Page 29



Results

subjects in the Class III group had a straighter cervical spine column. However, it
was not statistically significant (0.074).

NSL-OPT: The mean values for the samples were 99.37 + 7.49 in Class I,
100.81 + 6.03 in Class II and 97.47 + 6.41 in Class III. The mean value in Class
I11 subjects was smaller suggesting forward inclination of the cranium on the 2™
cervical vertebrae. The value was increased in the Class II group suggesting
extension of the head on the 2" cervical vertebrae. The mean value among the
three groups is statistically significant (0.007%*)

NSL-CVT: The mean values for the samples were 103.68 + 7.39 in Class I,
103.95 + 5.43 in Class II and 101.44 + 6.05 in Class III. The mean value in Class
I11 subjects was smaller suggesting forward inclination of the cranium on the 4"
cervical vertebrae. The value was increased in the Class II group suggesting
extension of the head on the 4™ cervical vertebrae. The mean value among the
three groups is statistically significant (0.024%*)

PP-OPT: The mean values for the samples were 91.94 + 7.14 in Class I, 93.39 +
7.84 in Class II and 90.03 + 6.11 in Class III. The mean value among the three
groups is statistically significant (0.024*). The maxilla is distally inclined to the
upper cervical vertebrae in the Class III group.

PP-CVT: The mean values for the samples were 96.53 + 7.68 in Class I, 96.40 +
7.30 in Class II and 94.37 + 5.96 in Class III. The maxilla is distally inclined to
the upper cervical vertebrae in the Class III group. The mean value among the
three groups is not statistically significant (0.117).

MP-OPT: The mean values for the samples were 114.45 + 7.50 in Class I,
114.56 + 7.92 in Class II and 108.50 + 9.09 in Class III. It was observed that the

mandibular inclination to the upper cervical segment was statistically significant
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10.

11.

in all three groups (0.000"). The mean value was decreased in the Class III group
compared to the groups Class I and Class II.

MP-CVT: The mean values for the samples were 110.34 + 7.54 in Class I,
109.95 + 8.52 in Class II and 105.35 + 9.11 in Class III. It was observed that the
mandibular inclination to the middle cervical segment was statistically significant
in all three groups (0.002"). The mean value was decreased in the Class III group
compared to the groups Class I and Class II.

OPT-HOR: The mean values for the samples were 93.58 + 6.37 in Class I, 91.56
+ 9.10 in Class II and 95.66 + 7.14 in Class III. The cervico-horizontal angle
suggests the cervical inclination to the true horizontal plane. The mean value
among the three groups is statistically significant (0.0117). The angle was
increased in the Class III group suggesting a straighter inclination of the cervical
column on the true horizontal plane.

CVT-HOR: The mean values for the samples were 89.42 + 5.65 in Class I, 88.37
+9.73 in Class II and 91.39 + 7.20 in Class IIl. The difference among the mean

value of the three groups is not statistically significant (0.079)
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DISCUSSION

Cervical spine posture is reported to be related to craniofacial morphology.
The understanding of the cervical spine posture in different sagittal skeletal
malocclusion is not clear, therefore this study was conducted for the orthodontist to
know the importance of the coordinating mechanism for better diagnosis and

treatment planning.

The maxillary and mandibular rotation during growth and development was
described by Bjork and Skieller’® as either forward or backward. The quadrant
theorem of Guzay?’ explains the effect of cervical vertebral muscles on the
development of vertical growth patterns. It explains that when the mandible is moved
down it generates a pulling force which loosens the muscle around the second cervical
vertebrae, similarly, when it is moved upward it tightens the muscles around C2. The
muscle tension around C2 is aggravated when an individual with a vertical growth

pattern closes the mandible.

Bjork®® suggested that one of the important factors for head balance is the
location of the foramen magnum line, where the center of mass of the head is situated.
Brodie®' explains that a change of the center of gravity of the head requires a
compensatory curve in the cervical spine and a change in the neck muscle to maintain
the head balance. Forsberg®? concluded in an EMG study that cervical muscle activity

decreases with the extension of the head.

All these studies suggest that there is a relationship between skeletal
malocclusion and cervical spine posture. In different skeletal malocclusion, the

position of the mandible varies and affects the pharyngeal airway space. Any
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improvement in respiratory function may improve the cervical spine posture. Solow et
al*>* conducted a study to evaluate the head posture in subjects with obstructive sleep
apnoea and discovered that the craniocervical angle was 10 degrees larger in subjects
with OSA when compared to subjects without OSA. Extension or flexion of the
craniocervical angle can influence the development of the craniofacial morphology.
Although, the cause-and-effect relationship has not been confirmed yet. Certainly,
there is a mechanism that coordinates craniocervical posture and development of the
face. Various researchers have reported muscular-neural connection to be responsible

for this. Miralles et al**

confirmed that a correlation exists between face and neck
muscles by conducting a study on 15 healthy individuals where a significant increase
in basal tonic EMG activity of the muscles of the neck was seen when varying the
vertical dimension of occlusion to 45 mm of jaw opening. A ‘Soft tissue stretching
hypothesis’ was proposed by Solow and Kreiborg®® in 1977 which states that there is
passive stretching of the soft tissue consisting of skin, muscles, and fascia when there
is an extension of the head which has an impact on the development of the face. The
stretching of the soft tissue exerts a force on the facial skeleton which hinders normal
growth, especially the mandible. Hellsing and L’Estrange®® provided evidence in
regards to such forces. They placed a pressure transducer device on the labial surface
of the upper central incisor of dental students. The students were asked to tilt their
heads 5 degrees up from the natural head posture and then 5 degrees down. Several
grams of pressure change was recorded when the head was tilted through 10 degrees.
Such pressure variation through the head posture was enough to cause skeletal and

dentofacial changes. Cervicospinal anomalies can influence the normal development

of craniofacial structures.
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Sagittal skeletal parameters: ANB and wits appraisal were used to divide the pre-

treatment lateral cephalograms into three different groups i.e. Class I, Class II and
Class III with 62 samples in each group. The difference between the mean of all the
three groups for ANB and wits appraisal was statistically significant i.e (p=0.000"
suggesting that the anteroposterior relationship of maxilla to the mandible is different

in all the three groups.

Cervical curvature: The mean value for OPT-CVT was 3.15 + 1.91 in the Class III

group, suggesting a straighter cervical column in Class III samples, as the angle was
smaller compared to Class I and III groups. However, the difference was not
statistically significant. The finding of our study was in accordance with the study

conducted by Tauheed et al'®

where they concluded that sagittal skeletal
malocclusions differ in their cervical postures, especially cervical curvature. They
found that Skeletal Class III subjects have significantly straighter cervical columns
than skeletal Class 1 subjects and statistically significant differences were found
between the different skeletal malocclusions for the cervical curvature angle
OPT/CVT (p=0.025). D’attilio et al'® also reported similar results. Aglarci et al®
conducted a study where they evaluated the effects of twin block on skeletal
malocclusion and cervical spine posture, there was a statistically significant difference
between pre and post-treatment ANB and OPT-CVT suggesting an improvement in
the skeletal relationship and cervical spine posture. Ohnmeif et al*’ also found similar
results where sagittal skeletal relationship and cervical spine posture were improved
post-functional appliance. Both of these studies suggest that cervical spine posture

was improved as the mandibular position changed from Class II to Class I sagittal

skeletal relationship.
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Craniocervical posture: It is determined by the angles NSL-OPT and NSL-CVT.

The mean values for NSL-OPT and NSL-CVT were 100.81 + 6.03 and 103.95 + 5.43
respectively in the Class II group which was increased when compared to the other
two groups, suggesting a more extension of the cranium on the cervical column.
Whereas these angles were decreased in the Class III group suggesting a more
forward head posture. The mean value among the three groups is statistically
significant for both NSL-OPT (0.007*) and NSL-CVT (0.024%*). In a study conducted
by D’attilio et al'® similar results were obtained. The curvature of the spine was
increased with the greater extension of the head in the Class II group and the curve

was more straightened with forward head posture in the Class III group.

Maxillary plane inclination on the cervical column: It is determined by the angles

PP-OPT and PP-CVT. The maxillary plane is distally inclined on the upper and
middle cervical vertebrae in the Class III group with a mean value of 90.03 + 6.11 and
96.53 + 7.68 respectively. The difference among the three groups is statistically
significant for PP-OPT (0.024%*). However, maxillary plane inclination on the middle
cervical vertebrae is not statistically significant (0.117). The results that we obtained
were in accordance with the study conducted by Solow and Tallgren® where they
found a correlation between the small inclination of the maxillary plane to cervical

column and short anterior facial height and prognathic mandible

Mandibular_plane inclination on the cervical column: It is determined by the

angles MP-OPT and MP-CVT. Similar to the maxillary plane inclination, the
mandibular plane to the upper and middle cervical column is also distally inclined in
the Class III group with a mean value of 108.50 + 9.09 and 105.35 + 9.11

respectively. The mean value among the three groups is statistically significant for
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both MP-OPT (0.000") and MP-CVT (0.002"). This was similar to the results acquired

by D’Attilio et al'® and Solow et al’.

Cervicohorizontal angles: OPT-HOR and CVT-HOR indicate the cervical

inclination to the true horizontal plane. The angles were smaller in the Class II group
suggesting a forward inclination of the cervical column on the horizontal plane with a
mean value 0of 91.56 + 9.10 for OPT-HOR and 88.37 + 9.73 for CVT-HOR. The angle
was larger in the Class III group suggesting a straight cervical spine. The difference
between the three groups for the OPT-HOR was statistically significant (0.011%),
however, it was not statistically significant for the angle CVT-HOR (0.079). Tauheed
et al'® also didn’t find any statistically significant difference in the cervico-horizontal
angle between the three groups, but Alkofide’’ in his study found a statistically
significant difference between the three groups. Both the researchers suggested a
forward inclination of the cervical column in the Class II group and backward

inclination in the Class III group which is in accordance with our study.

Solow and Sandham?®® in their study mention the correlation between
temporomandibular disorders and craniocervical angles. They reported that
craniocervical angles were 5-7 degrees larger in subjects with TMD problems with
signs and symptoms of clicking and difficulty in opening the mouth. Symptoms of
cervical spine disorders can overlap symptoms of Temporomandibular joint disorder,
therefore careful observation is required during diagnosis and treatment planning and

such patients should be referred to a physiotherapist for better analysis.
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LIMITATIONS OF THE STUDY

This study was conducted on a sample size of 186 subjects in the age group of
18-25 years. Even though we included both male and female subjects in our
study, gender was not considered as a differentiating criterion in the present
study.

All the landmarks were estimated from lateral cephalometric films which
provide information only in 2 dimensions and tracing was carried out

manually.

FUTURE SCOPE

A similar study can be done considering the gender of a larger sample to
derive conclusive results.

3-dimensional comparative analysis of craniofacial growth and cervical spine
posture of patients with different sagittal malocclusions can be evaluated using
the CBCT imaging technique.

Evaluation of cervical spine posture and craniofacial morphology in different
facial patterns and the transverse discrepancy can also be carried out.

A similar study on a large sample can be done longitudinally using sequential
radiographs to see the changes in the cervical spine posture post-orthodontic

treatment.
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APPLICATIONS OF THE STUDY

Orthodontic diagnosis and treatment planning are largely dependent on
cephalometric analysis. However, since most of the established norms of the
cephalometric analysis are based on the Caucasian population, it is necessary to
develop cephalometric norms specific to the North-Karnataka population. Based on
the results achieved from the present study, the cervical spine posture was different in
various sagittal skeletal malocclusions. There is an association between cervical spine
posture and craniofacial morphology. Therefore, it is important for an orthodontist to
carefully assess the cervical spine posture of the patients during diagnosis and

treatment planning as it might affect the development of the craniofacial structures.
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CONCLUSION

Cervical spine posture was evaluated for the different skeletal malocclusions,

i.e., Class I, Class II and Class III in the North Karnataka population.

The following conclusions can be drawn from the present study:

e (Cervical spine posture differs in various sagittal skeletal malocclusion. It was
straighter in the Class III group compared to the Class I and Class II group.

e The head posture was extended in the Class II group and it was flexed in the
Class III group suggesting forward inclination of the head on the cervical
column.

e The maxillary and mandibular base inclination on the cervical column was
found to be different in various skeletal malocclusions.

e The concept of ‘Functional and postural competency’ cannot be overlooked in
orthodontics. An important consideration should be given to cervical spine
posture in Orthodontics diagnosis and treatment planning as it may affect

craniofacial development.
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Summary

SUMMARY

The purpose of the study was to evaluate and compare the cervical spine
posture in different sagittal skeletal malocclusions, i.e., Class I, Class II, Class III, in
North-Karnataka population. The study was also aimed at developing cephalometric
norms for the cervical spine posture in the study population. 186 lateral cephalograms
were analyzed, with 62 in each of the three group which was categorized using ANB
and wits appraisal. Cervical spine posture, craniocervical posture, maxillary and
mandinular plane inclination, cervicohorizontal angles were assessed in all the three
groups. Statistical analyses were performed for the different parameters to obtain
mean values for each of the three groups, and their comparison was conducted by
Kruskal Wallis test. There was no statistically significant difference in the cervical
spine posture between Class I, Class II and Class III groups. The cervical spine
posture was straighter in Class III group. The head was extended in Class II group and
it was flexed in Class III group. The maxillary and mandibular base plane were
distally inclined on the upper and middle cervical column in Class III group. There
was forward inclination of the cervical column in Class II group and backward
inclination in Class III group. An important consideration should be given to cervical
spine posture in Orthodontics diagnosis and treatment planning as it may affect

craniofacial development.
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