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ABSTRACT  

 

TITLE: EVALUATION AND COMPARISON OF CERVICAL SPINE 

POSTURE IN CLASS II DIVISION I PATIENTS TREATED WITH 

TWIN BLOCK APPLIANCES, FORSUS APPLIANCES AND 

BILATERAL SAGITTAL SPLIT OSTEOTOMY– A 

CEPHALOMETRIC STUDY 

BACKGROUND & OBJECTIVES: It has been speculated that a change in cervical 

spine posture occurs as a result of forward repositioning of the mandible. Therefore, 

the objective of this study is to evaluate and compare the cervical spine posture in 

class II division 1 patients treated with different appliance therapy i.e., twin block 

appliances, Forsus appliances and bilateral sagittal split osteotomy. 

METHODOLOGY: A retrospective cohort study was conducted with the use of pre-

treatment and post treatment lateral cephalograms of Class II Division 1 patients who 

have undergone orthodontic therapy using twin block appliance, Forsus appliance and 

Bilateral Sagittal Split Osteotomy. This study included a total of 57 subjects 

comprising of 19 subjects in each group. Seven cervical, three sagittal and one vertical 

parameters were compared within as well as in between each group. Dependent T test 

was used for comparison between pre-treatment and post treatment mean angular 

measurements within each group. One-way ANOVA test was used to determine 

whether there are any statistically significant differences between the means of three 

groups. To determine which specific groups differed from each other, Tukey’s post 

hoc test was used. 

RESULTS: A significant difference existed between the pre-treatment and post 

treatment angular measurements within the three groups showing a change in the 

cervical spine posture with forward positioning of the mandible. Comparison of mean 

changes in angular measurements in between the three groups showed a significant 

difference in SNA, SNB, ANB, OPT-CVT indicating a change in the cervical posture.  



 

Abstract 

xiii 
 

 

CONCLUSION: OPT-CVT angle predicts a change in cervical spine posture after 

treatment and it is shown that Twin Block group shows statistically significant 

difference in OP-CVT angle (p=0.029) when compared to other two groups i.e., 

Forsus and Bilateral sagittal split osteotomy group.  

KEYWORDS: Cervical spine posture; Angle Class II Division 1; Cephalometry; 

Twin Block; Forsus; BSS0
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INTRODUCTION 

 

Cervical spine posture is influenced by various factors of the body (ethnic origin, 

gender, age and stature), craniofacial morphology (mostly mandibular divergence, 

mandibular size, and facial shape), functional factors (nasorespiratory function, 

temporomandibular dysfunction) and orthodontic therapy (use of removable 

orthodontic appliances or splints to increase vertical dimension) or the use of anterior 

repositioning devices for skeletal class II children1. 

 

A normal cervical spine is characterized by a natural lordotic curve which gently 

curves forward from the base of the skull and then goes backward into the top of the 

chest or upper back. In case of poor posture the head drifts forwards resulting in 

hyperflexion of the lower cervical spine with the flattening of lordosis curve and also 

hyperextension of the upper cervical spine with more pronounced lordosis curve. 

 

The correlation between the maxillomandibular relationships, cervical column and 

head posture has been investigated in the past also. In 1926, Schwarz observed a 

relationship between the head posture and the jaw position.2 It is claimed that the head 

posture is affected by the mode of breathing and thus consequently to have effects on 

craniofacial growth2. 

 

According to the observations made by Gresham and Smithells and Morris et al 

revealed radiographic evidence that the children who habitually lack an upright head  
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posture also have an Angle Class II malocclusion, long face syndrome and kyphosis 

of the cervical spine. In addition it was also found that the dental overjet and overbite 

were significantly greater in patients with kyphotic posture2. 

 

An association between postural inclination of cervical spine and position of mandible 

has been reported by Duzings3.Angle class II division 1 has been shown to be related 

with an atlas inferior position, a habitual lack of upright head posture and a lordosis of 

the cervical spine which is in contrast to Angle’s Class III3.In case of Angle’s Class 

III it has been demonstrated to involve atlas superior position and a kyphosis of 

cervical spine3.  

 

Animal experiments were conducted which showed that changes of the occlusal 

height and jaw position led to changes of the upper cervical spine and evoked 

reactions of the autonomic nervous system. A study done by Fink et al has 

demonstrated that mandibular advancement led to changes within the craniocervical 

system and within the region of lumbar, pelvic and hip structures3.  

 

Various studies have shown the relation between cervical posture and mandibular 

length, as the mandible is longer the cervical column is more inclined to the true 

horizontal and longer the mandible straighter the cervical column i.e., lower the 

cervical lordosis angle, even in case of adult patients with temporomandibular 

disorders.10 There is a co-relation between the cervical lordosis angle in children and  
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adolescents to the mandibular divergence i.e., higher the divergence lower the cervical 

lordosis angle.10 

 

Class II skeletal pattern is the second most commonly occurring malocclusion 

according to Angle’s classification. Class II skeletal pattern is associated with 

prognathic maxilla, retrognathic mandible or combination of both in various 

severities, mostly contributed by mandibular retrognathism. 

 

The treatment for class II division I patient depends on growth pattern, growth stage, 

etc. There are different methods of treating class II patients like camouflage treatment, 

Functional appliance (twin block), fixed functional and orthognathic surgery. All 

these treatment modules approach the treatment with skeletal and dentoalveolar 

changes. The treatment is decided based on results of Visual Treatment Objectives 

(VTO) 

 

A valuable strategy to overcome deficient growth of mandible is by treating using 

functional appliances. The mode of action of these appliances is by altering the 

activity of various muscle groups that in turn will influence the function and position 

of mandible.2 Thereby generating pressure from the stretched muscles and also from 

the surrounding soft tissues which is described as Viscoelastic stretch. These forces 

are then redirected by the appliance and is transmitted to the underlying skeletal 

tissues and thereby bring out orthodontic as well as orthopaedic changes.2 
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The Twin Block appliance designed by William J Clark in 1977 was used to treat 

growing class II patients with mandibular deficiency during the pubertal growth 

spurts. This removable appliance gained its popularity because of its uncomplicated 

design and also for its ease of use and hence the most preferred functional appliance.2 

The appliance consists of separate upper and lower units made with acrylic which 

helps in positioning the mandible forward through interlocking the occlusal bite 

blocks. They allow mandibular postural changes by holding the mandible forward and 

downward. It induces growth of condylar cartilage thus lengthening the mandible.2 

 

The fixed functional appliance is given when there is only small amount of growth 

left and it is needed for mandibular advancement. Usually Fatigue Resistant Device 

(FORSUS) is used as a fixed functional appliance these days. It causes skeletal as 

well as dentoalveolar changes. In FORSUS there is advancement of mandible with 

small amount of maxillary distalization. 

 

The orthodontic treatment along with orthognathic surgery was done in patients who 

required severe skeletal and dentoalveolar corrections. There is either maxillary 

setback with Le Fort I osteotomy or mandibular advancement by Bilateral Sagittal 

Split Osteotomy or combination of both. The patient’s growth should have been 

completed if they are treated with orthognathic surgical procedures. 
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Previously a study has been done to evaluate the cervical spine posture in class II 

division 1 patients after functional therapy with twin block appliance.2 But so far no 

studies have been done to assess and evaluate the cervical spine posture changes with 

other treatment modalities such as Forsus and BSSO. 

Therefore, the aim of this study is to evaluate and compare the cervical spine posture 

in class II division 1 patients treated with twin block appliances, Forsus appliances 

and bilateral sagittal split osteotomy.  
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OBJECTIVES 

 

The aims and objectives of the study were to evaluate and compare the following 

parameters in class II division I patients who underwent orthodontic treatment under 

different treatment modalities. 

 

1. To evaluate the Cervical spine posture in patients with Class II Division 1. 

2. To evaluate the cephalometric changes in cervical spine posture in class II 

division 1 patients treated with twin block appliances, Forsus appliances and 

orthognathic (BSSO) surgery. 

3. To compare the cervical spine posture changes between each modality of 

therapy.
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REVIEW OF LITERATURE 

 

Posture:  

Posture is a position of the body, an attitude that has evolved over the course of 

phylogenetic evolution. 

 

The alignment of the cervical vertebral column has been observed to have an inward 

curvature referred as the lordosis of the column with the convexity of the curve facing 

anteriorly.7 Most of the cervical lordosis cases involves the superior cervical vertebrae 

i.e., C1 and C2, whereas only 15% of the lordosis occurs at the lowest cervical levels.7 

 

The upper and lower parts of the cervical column have different origin of 

development. The anatomy and position of the upper cervical vertebrae was closely 

linked with craniofacial development whereas the remaining cervical vertebrae 

developed in conjunction with the rest of the vertebral column as suggested by 

Graber.7 It was later demonstrated by Hellsing et al that there is no correlation that 

existed between cervical lordosis and thoracic kyphosis emphasizing on the close 

association of the cervical portion of the column with craniofacial development and 

not with the rest of the vertebral column.7 

 

The facial profile of a patient is largely determined by the Maxillo-mandibular 

relationship.7 Therefore, studying skeletal vertical morphology as well as sagittal 

relations between the two jaws with reference to the cranial base forms an integral 
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part of diagnosis and treatment planning in orthodontics. Previously, cervical posture 

has also been related to the vertical craniofacial morphology.7  

 

It has been reported that Dolicofacial subjects have straight and forwardly inclined 

cervical columns when compared to brachyfacial subjects who have been found to 

have increased curvature of the spine.7 Similar to that correction of sagittal jaw 

relations by means of functional appliance therapy has shown to cause changes with 

the inclination of the upper cervical column.7 This has been attributed to a change 

within the stomatognathic input provided by the craniofacial region. However it still 

remains unclear regarding the definitive link and association between sagittal jaw 

relations and cervical posture.7 

 

Since the skeletal bases lie in close proximity with the cervical column and has 

similar origins of development, determining correlation between the cervical posture 

and sagittal skeletal relations can enhance diagnosis as well as treatment prognosis.7 

 

Cervical spine and the adjacent craniofacial structures are both related 

morphologically and functionally, being influenced mutually by their growth patterns. 

The relationship between head position and dentofacial morphology has been 

suggested by evidence.8 Hence, when the head is extended with respect to the cervical 

spine, a greater anterior facial height, and a shorter sagittal dimension as well as a 

posterior rotation of the jaw occurs.8 
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In addition to that longitudinal studies have also shown that changes in the posture of 

the head are related to changes in the pattern of facial skeletal growth.8 Explanation 

regarding this relationship has been put forth by the hypothesis of soft tissue 

stretching, which states that the extension of head leads to a passive stretching of soft 

tissues which will generate a force in the dorsal direction , which does not allow the 

normal component of head growth to take place in a forward direction.8 

 

With respect to this context, the body postural abnormities could be associated with 

the potential changes in craniofacial orthopaedic and orthodontic conditions.8 Thus, 

correlations have been found among the craniofacial parameters and the inclination of 

cervical, thoracic, lumbar, and pelvic, which includes a high prevalence of 

malocclusions, craniocervical adaptations, as well as changes in the shape of dental 

arches in patients suffering from scoliosis.8 

 

For example, it has been observed that left-right asymmetries, such as facial 

asymmetries, unilateral crossbites and lower midline deviation, are more common in 

those patients. Moreover, a potential correlation between scoliosis and unilateral 

Angle Class II malocclusion has been confirmed by several case-control studies and 

clinical case reports.8  

 

Kamal et al conducted a retrospective cohort study with the use of pre- and post-

functional therapy cephalograms of orthodontic patients of 60 subjects which was 

divided into 2 groups each comprising of 30 subjects.2 The first group underwent 
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treatment with a twin- Block functional appliance and control group was selected 

from Bolton Brush Growth study. 3 Sagittal and 7 cervical vertebral parameters were 

compared between the groups.  The SN-OPT angle predicted that the probability of 

developing an altered cervical posture with the TB appliance was 2.08 times greater 

than without TB appliance. The TB causes the craniocervical posture to be more 

upright.2 

 

 

In a retrospective cephalometric study carried out by Ohnmeiß et al in 64 patients 

with skeletal class II were analysed before and after mandibular advancement. Linear 

and angular cephalometric parameters were identified to define the position of the 

atlanto-occipital and atlantoaxial joints.3 They were divided into two sub groups 

comprising of 32 each according to the employed appliance: activator versus bite-

jump appliance (BJA). It was observed during the skeletal class II treatment that the 

position of the upper cervical spine changed. A significant straightening of the 

cervical spine was observed during treatment. In the activator subgroup the observed 

effect were more pronounced than those in the BJA subgroup .3 

 

 

In a longitudinal study carried out by Tecco et al on 40 children (all females average 

age 8.4yrs) for comparing the postural changes produced in 20 Caucasian female 

children treated with the Frankel Functional Regulator (FR-2) using cephalometric 

tracings and comparing the tracings to 20 untreated class II controls from the 



 

 

Review of Literature 

 

11 
 

University of Chieti. Each patient in study group was treated for exactly two years by 

the same operator using the FR-2 appliance and a standardized design and clinical 

technique, including prefunctional orthodontics were indicated.4 It showed that the 

cervical lordosis angle (CVT/EVT) was significantly higher in the study group as 

compared to the control group at the end of treatment, probably due to significant 

backward inclination of the upper segment of the cervical column in the treated group 

from pre- to post treatment.4 

 

 

D’Attilio et al1 carried out  a study on 120 children (60 males and 60 females, average 

age 9.5 yrs) the subjects were divided into three groups based on their skeletal class to 

investigate the significant differences in cervical posture in subjects with a different 

sagittal morphology  of the face i.e., different skeletal class .Lateral skull radiographs 

were taken in mirror position.1 First of all it showed that the children in skeletal class 

III group showed a significant lower cervical lordosis angle than the children in 

skeletal class I and skeletal class II groups. Secondly, children in skeletal class II 

group showed a significant higher extension of the head upon the spinal column 

compared to children in skeletal class I and class III groups. Lastly, in skeletal class 

III subjects the lower part of the spinal column was straighter than those of skeletal 

class I and skeletal class II subjects. The study found significant differences in the 

inclination of maxillary and mandibular bases to spinal column among the three 

skeletal groups and the posture of neck has strong association with the sagittal and 

vertical structure of the face.1 
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In a prospective clinical study carried out by Smailienė et al on 23 children (mean age 

12.45 years) who were orthopedically and orthodontically examined before the 

treatment with Twin Block appliance and 10 -14 months after the beginning of 

treatment. It showed that there was statistically significant decrease in kyphotic, 

lordotic, craniocervical angles, upper thoracic, pelvic and trunk inclinations. The 

control group also showed reduction of all measured angles. Although the decrease of 

kyphotic angle, upper thoracic inclination, trunk inclination, and craniocervical angle 

were more pronounced in the study group, the differences were not significant. Based 

on the results they suggested that the observed body posture changes atleast during 

the 1 year period studied, are not related to orthodontic treatment and improvement in 

occlusion, but is an expression of physiological growth.5 

 

 

In another study by Pim Valk et al9 the effects of a sagittal split ramus osteotomy in 

correcting mandibular retrognathism and prognathism were studied in a group of 25 

patients. The patients were divided into two groups, 18 patents with retrognathic 

mandibles and 7 patients with prognathic mandibles to be corrected by means of a 

sagittal split ramus osteotomy. The displacement of the dental, skeletal and 

neuromuscular components within the craniomandibular complex requires a large 

adaptive capacity and suggests that the patient will develop a forward head posture 

after both types of surgical interventions.9 In mandibular advancement, however the 
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initiating mechanism to develop a forward head posture starts in the cervicothoracic 

transition (C6-C7-T1-T2). In mandibular set back, the discussed mechanism will start 

in the upper cervical area (C0-C1-C2-C3).The pattern of movement of C2 and C3 

vertebrae seen in mandibular advancement and  mandibular set back cases are 

different and confirms the conclusion that the initiating mechanisms, may be found in 

the cervicothoracic transition and the upper cervical region respectively.9 

 

 

A study was carried out by Tecco et al10 on 98 orthodontic adult subjects (56 males 

and 42 females; mean age= 31.5 years) to investigate the relationship between 

cervical curvature and skeletal facial morphology.10 Pre-treatment lateral 

cephalograms in natural head position were obtained. The amount of concavity of the 

cervical curvature was calculated by a second order quadratic interpolation of the 

most infero-posterior points of the bodies of the seven cervical vertebrae on the 

radiographs. Linear regression with stepwise elimination was carried out to evaluate 

the sagittal and vertical craniofacial dimensions.10 The results revealed that the 

amount of curvature was related to horizontal position of upper incisors with respect 

to the maxillary and mandibular skeletal bases and the sagittal millimetric dimensions 

of the maxillary base. The cephalometric variables explained 51 % of the total 

variance of cervical curvature. there was no significant correlation between cervical 

curvature and any other cephalometric variable and had only a weak influence on the 

investigated craniofacial morphological variables included in this study .10  
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Another study was carried out by Phillips et al in 201 patients to assess the changes in 

the resting head and neck posture following five different orthognathic surgical 

procedure. 1. Lefort 1 osteotomy for intrusion of maxilla (n=45), 2. BSSO for 

mandibular advancement (n=78), 3. Mandibular setback (n=19), 4.combined 

maxillary intrusion and mandibular advancement (n=46), 5.combined maxillary 

intrusion and mandibular setback (n=13).11 Head and neck posture were measured on 

standardized serial cephalograms taken in natural head position prior to surgery, 

immediately after surgery and 1 year after surgery for each subject. Immediately after 

surgery, there was flexion of the head as measured by the craniovertical and 

craniocervical angles in all the groups except mandibular set back group, which 

showed little change.11 By 1 year post surgery the mean craniovertical and 

craniocervical angles were approximately same as before surgery in the groups with 

one jaw surgery. Statistically significant head flexion at 1 year was observed in the 

combined maxillary intrusion and mandibular advancement group, and with maxillary 

intrusion plus mandibular setback, there was a trend toward persistent flexion.11 

 

A study was conducted by Sandoval et al8 to investigate the relationships between 

craniocervical posture and skeletal Class in cephalometric radiographs of adult 

subjects. Here, Sixty-five cephalometric radiographs were classified after Delaire, as 

skeletal Class II and III. The craniocervical posture was evaluated using the variables 

proposed by Solow (1976) and Rocabado (1983). In order to test the null hypothesis 

(absence of an association between craniocervical posture and skeletal Class), uni- 



 

 

Review of Literature 

 

15 
 

and multivariate statistical protocols were carried out.8 It was observed in the study 

that Skeletal Class II presented a more posterior rotation of the ramus in relation to the 

Cranium and a more extended head than skeletal Class III. Additionally, significant 

correlations were observed in Class II individuals between the rotation of mandibular 

ramus and cervical lordosis, as well as between rotation of mandibular ramus and 

craniocervical posture. These correlations were found in Class II, but not in Class III 

individuals.8 

 

Another study was conducted by Tauheed et al, in order to determine cervical posture 

in different skeletal sagittal malocclusions as well as to assess whether a correlation 

existed between cervical posture and skeletal relationships.7 The cervical curvature 

and inclination of 63 subjects was assessed using their lateral cephalometric 

radiographs. Cervical inclination was assessed using the Cervico horizontal postural 

variables namely OPT/HOR and CVT/HOR whereas cervical curvature was 

determined by measuring the angle OPT/CVT. Sagittally, the subjects were also 

categorized into skeletal Class I, II and III based on the angle ANB.7 The present 

study concludes that skeletal sagittal jaw relations differ in their cervical postures, 

especially cervical curvature. Skeletal Class III subjects have significantly straighter 

cervical columns than skeletal Class I subjects. Also, concluded that the curvature of 

the cervical column has a correlation with sagittal jaw relations.7 

A study conducted by Deda et al12, investigates whether there is a difference in head 

posture between groups with different dentofacial deformities (class II and class III) 

and a group with no deformity. They choose 25 volunteers aged from 16 to 40 year 

old to take part in the study.12 Ten patients had a diagnosis of class II dentofacial 
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deformity, 15 had a diagnosis of class III skeletal deformity, and 15 healthy 

volunteers matched for sex and age to the group with deformity were used as a control 

group. Head posture was first checked, followed by evaluation through postural 

photography (photogrammetry). Clinical evaluation of head posture revealed a 

predominance of anteriorized head posture in class II individuals compared to class III 

individuals. Regarding the difference between individuals with and without 

dentofacial deformity, a difference was observed only between class II individuals 

and controls since a predominance of head anteriorization was observed in class II 

individuals. Regarding photogrammetry, there was no difference between the groups 

with and without dentofacial deformity.12 

 

 

In a study conducted by Liu et al13 to investigate the relationships of sagittal skeletal 

discrepancy, natural head position (NHP), and craniocervical posture in young 

Chinese children with average vertical facial pattern. Ninety patients with average 

Frankfort mandibular plane angle (FH/ML) were classified into skeletal class I, II, and 

III relationships according to their ANB angle.13 Cephalometric radiographs in NHP 

(natural head position) were taken. Variables representing sagittal and vertical 

craniofacial morphology, head posture, and craniocervical posture were measured and 

compared. It was observed that Subjects in the skeletal class II group showed the 

largest craniovertical angles and craniocervical angles, while subjects in the skeletal 

class III group exhibited the smallest craniovertical angles and craniocervical angles, 

though not all the measurements showed significant differences. It was concluded that  
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Significant differences exist in NHP and craniocervical posture among skeletal class I, 

II, and III relationships in young Chinese children. Generally speaking, the angles 

presenting head posture and craniocervical posture were largest in skeletal class II 

relationship, followed by skeletal class I relationship, and were smallest in skeletal 

class III relationship. Subjects with skeletal class II relationship tended to display 

more extended heads, and children with skeletal class III relationship often exhibited 

flexed heads.13 

 

Another study was conducted by Liu et al,14 to investigate the relationships of vertical 

facial patterns, natural head position (NHP), and craniocervical posture in young 

Chinese children with skeletal Class I relationship. Ninety-four patients with skeletal 

Class I relationship were classified into low, average, and high angle groups 

according to their mandibular plane angle (NSL/ML). Cephalometric radiographs in 

NHP were taken. Variables representing vertical and sagittal craniofacial morphology, 

head posture, and craniocervical posture were measured and compared.14 It was 

observed that Inclinations of the mandible to the true vertical and cervical column 

were smallest in the high angle group and largest in the low angle group. Other 

variables representing head posture and craniocervical posture were largest in the high 

angle group, smallest in the low angle group. Inclinations of ramus to cervical column 

was largest in the high angle group and smallest in the low angle group. It was 

concluded in this study that significant differences exist in NHP and craniocervical 

posture among different vertical facial patterns in young Chinese children with 

skeletal Class I relationship. Generally speaking, most variables representing head 

position and craniocervical posture were largest in the high angle group and smallest 
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in the low angle group. Subjects with large NSL/ML angles showed extended head 

and craniocervical posture, while subjects with small NSL/ML angles exhibited 

flexed head and craniocervical posture.14 

 

 

 

A study was conducted by Solow et al15 to find the associations between craniofacial 

morphology and the posture of the head and the cervical column were examined in a 

sample of 120 Danish male students aged 22-30 years. Two head positions were 

recorded on lateral cephalometric radiographs, one determined by the subject's own 

feeling of a natural head balance (self balance position), and the other by the subject 

looking straight into a mirror (mirror position). Craniofacial morphology was 

described by 42 linear and angular variables, and postural relationships by 18 angular 

variables. A comprehensive set of correlations was found between craniofacial 

morphology and head posture. The correlations were similar for both head positions 

investigated. Of the postural variables, the position of the head in relation to the 

cervical column showed the largest set of correlations with craniofacial morphology. 

Extension of the head in relation to the cervical column was found in connection with 

large anterior and small posterior facial heights, small antero-posterior craniofacial 

dimensions, and large inclination of the mandible to the anterior cranial base and to 

the nasal plane, facial retrognathism, a large cranial base angle, and a small 

nasopharyngeal space.15 
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Khoja et al16 conducted a study to evaluate the cephalometric changes in skeletal, 

dentoalveolar and soft tissue variables induced by Clark’s Twin Block (CTB) in Class 

II, Division 1 malocclusion patients and to compare these changes in different cervical 

vertebral maturation stages. Pre- and post-treatment/observation lateral cephalograms 

of 53 Class II, Division 1 malocclusion patients and 60 controls were compared to 

evaluate skeletal, dentoalveolar and soft tissue changes. Skeletal maturity was 

assessed according to cervical vertebral maturation stages. It was concluded that the 

Twin Block appliance reduces overjet in Class II Division 1 malocclusion by means 

of favourable skeletal changes in bony bases and dentoalveolar compensations. 

Overlying soft tissues change along with underlying hard tissues, which improves 

overall facial esthetics. Mandibular growth changes were significant amongst all 

cervical stages. However, they are more pronounced when appliance is placed during 

the CS-3 stage, as compared to CS-2 and CS-4 stages. Any attempt to change the 

growth is best achieved at the peak of pubertal growth; therefore, it is better to wait 

for CS-3 to achieve maximum skeletal effects as well as to reduce overall treatment 

duration. Dentoalveolar changes were also minimal during treatment in CS-3 stage, as 

compared to CS-2 and CS-4 stages.16 

 

 

Qadir et al17 conducted a study to assess the association of spatial orientation of 

cervical column to anteroposterior position of jaws. The aim of this study was to 

examine whether any relation does exist between the two. The sample for this study 

consisted of 90 subjects which included 43 males and 47 females. Those subjects 
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between the age group of 15-35 years. Lateral cephalograms of 90 subjects were 

traced and various parameters associated with cervical column curvature were 

measured and related to sagittal jaw positions using statistical analysis consisting of 

descriptive statistics and intergroup comparison to find the level of significance for 

each parameter. The samples were divided into three group based upon the ANB 

angle. 32 subjects were found to be in Class I group, 31 in Class II group, and 27 in 

Class III group. Based on the study it was observed that Modified cervical angle 

(MCA) was found to be significantly increased in Class II group, Inclination of 

superior and middle part of cervical column was found to be lowest in Class III group 

but the difference was not statistically significant and head was backwardly positioned 

in Class I subjects as compared to Class III subjects. Therefore it was concluded that 

Modified craniocervical angle and craniovertical angle can be used to assess relation 

between cervical column curvature and sagittal jaw position.17 

 

 

Another study done by Solow et al18 on Cervical and craniocervical posture as 

predictors of craniofacial growth aimed to determine whether growth changes in 

craniofacial structure could be predicted by variables expressing the postural relations 

of the head and the cervical column. The sample comprised 34 children, 16 girls and 

18 boys. Cephalometric radiographs obtained in natural head position (mirror 

position) were taken on two occasions before orthodontic treatment. Cephalometric 

and hand-wrist radiographs were obtained at the start (time 1) and at the end (time 2) 

of the observation period. Mean age was 9.9 years at time 1 and 12.7 years at time 2. 
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Selection of the sample was based on skeletal maturity at time 2 indicating peak 

activity in pubertal growth. Forty-one reference points and four fiducial points were 

digitized on each film. Individual growth changes in craniofacial structure were 

determined by computerized structural superimposition of the digitized sets of points. 

Correlation coefficients were calculated between 11 postural variables at the first 

observation and the subsequent growth rate in 36 structural variables. Uniform fields 

of low to moderate correlation coefficients significant at the 5%, 1%, and 0.1% levels 

(0.3 to 0.6) were found for eight structural variables, indicating that a small 

craniocervical angle and a backward-inclined upper cervical column at time 1 was 

associated with horizontal facial development characterized by reduced backward 

displacement of the TMJ, large maxillary growth in length, increased facial 

prognathism, and larger than average true forward rotation Of the mandible; whereas, 

a large craniocervical angle and an upright position of the upper cervical column at 

time 1 was associated with vertical facial development characterized by 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. The 

findings are in agreement with a theoretical model for the developmental interaction 

between head posture and facial structure.18 

 

Lippold et al19 conducted a study to determine correlations between the parameters of 

body posture in the sagittal profile and sagittal jaw position by obtaining objective 

and valid three dimensional measurements of the dorsal profile by means of 

rasterstereography. Fifty-three adults (32 females, 21 males; average age 24.6 years, 

SD 9.0 years) with Class II or III malocclusions were examined, and six angular 
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parameters were determined. For the sagittal analysis of body posture, the Fleche 

Cervicale and Lombaire as well as trunk inclination were evaluated. It was observed 

that  in the case of patients with skeletal malformations of Angle Class II and III as 

well with a high degree of vertical craniofacial morphology, this study provides 

evidence for a relationship between the jaw position and the body posture in the upper 

part of the spine and excludes any connection for the lower part of the spine—at least 

within the framework of this study.19 Thus concluded that the mandible seems to have 

a greater effect on body posture than other craniofacial parameters. As a clinical result 

of this study, patients with severe malocclusions should be examined interdisciplinary 

before orthognathic surgery is performed to minimize postural influence on the altered 

jaw relationship after surgery.19 

 

Gomes et al20 conducted a study to investigate regarding the association between head 

and cervical posture and craniofacial morphology. An electronic search was 

conducted in PubMed, Medline, Embase, Scopus, and Cochrane databases up to 23 

March 2012. Abstracts that seemed to correspond with the goals of this review were 

selected by a consensus between two independent reviewers. The original articles 

were retrieved and evaluated to ensure they match the inclusion criteria. Only articles 

that directly compared head and/or cervical posture with craniofacial morphology 

were included. A total of 84 articles were found of which 12 matched all inclusion 

criteria. Detailed analysis of the methodology in selected articles revealed quality 

scores ranging from ‘weak’ to ‘moderate’. Nine articles were cross-sectional studies, 

whereas only three were longitudinal studies.20 The findings of selected articles were 

linked together in order to clarify the evidence on sagittal and vertical craniofacial 
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features as well as growth prediction regarding different postures of the head and 

neck. On the basis of the data obtained from the literature, significant associations 

were found between variables concerning head and cervical posture and craniofacial 

morphology. However, the results of this systematic review suggest that such 

associations should be carefully interpreted, considering that correlation coefficients 

found ranged from low to moderate. Moreover, conflicting results were observed 

regarding some postural variables. Further longitudinal studies are required to 

elucidate the relationship between the development of craniofacial morphology and 

functional aspects of head and cervical posture.20 

 

 

Savjani et al21 conducted a study to assess the change in cranio-cervical angulation 

following orthognathic surgery. Changes in natural head posture (NHP) were 

investigated in 33 patients (10 males, 23 females) with an age range of 16–40 years 

(median 21 years) following orthognathic surgery to change vertical face height. The 

reproducibility of the radiographer’s technique of taking radiographs in NHP was 

investigated using a photographic method and found to be acceptable. The patients 

were divided into two groups: group 1-patients who had more than 3 mm of vertical 

change in anterior total face height (ATFH) and group 2- those who had less than 3 

mm vertical change.21 Based on the study it was found that following orthognathic 

surgery there was evidence of a relationship between a reduction in vertical face 

height and cranio-cervical angle in those patients who underwent a minimum of 3 mm 

of change in vertical face height and there was no significant change in cranio vertical 
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angle with a reduction in face height, indicating that it is neck posture, rather than 

head posture, that had changed.21 

 

 

Rocabado et al22 conducted a radiographic study of the craniocervical relation in 

patients under orthodontic treatment and the incidence of related symptoms. Seventy-

three patients, males and females from 8 to 12 years old, comprised the study. Each 

patient answered a questionnaire regarding symptoms related to dentomaxillary 

anomalies. A lateral craniocervical analysis was also performed according to the 

parameters chosen for analysis.22 For this study, the authors used a sample of patients 

under dentomaxillary Orthopedic treatment. These patients' radiographs were 

analysed and their symptoms (as reported on a questionnaire) used to obtain a typical 

model of additional symptoms in the craniofacial region and the percentages of their 

incidence. In the lateral radiographic analyses, the authors found that the values of the 

upper cervical column were constant for both symptomatic and asymptomatic 

patients. However, each group had different values for the lower cervical column. The 

authors found a typical cervical model in those patients with added symptoms. The 

authors also studied the growth of the odontoid process with respect to the anterior 

arch of the atlas. Five different age groups (8, 9, 10, 11, and 12 years old) were 

studied to determine the relation between increasing age and upper vertical growth of 

the odontoid process. The authors concluded that there is a direct proportional relation 

between age and odontoid growth until growth levels off after age 12.22 
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Aglarci C23 conducted a study to investigate the effect of the twin-block appliances to 

the cervical spine posture. Twenty-one skeletal Class II patients (11 female, 10 male; 

13.31 ± 0.92) with mandibular retrusion were included in the study. Twin-block 

appliances with no expansion protocol were applied to all individuals. Cervical spine 

posture changes after treatment were evaluated by cephalograms. Lateral 

cephalograms were obtained at the beginning (T1) and at the end (T2) of treatment. 

Cephalograms were taken with the teeth in occlusion and in the standardized head 

posture, the mirror position. Eleven measurements representing the vertical and the 

sagittal craniofacial dimensions and the head posture were calculated. The differences 

between pre- and post-treatment measurements were evaluated by paired sample t-

test. It was found that No significant differences were observed after treatment, in the 

angle between the horizontal lines of the head (sella-nasion, anterior nasal spine-

posterior nasal spine, and gonion and gnathion) and the upper and middle section of 

the spinal column (odontoid process tangent [OPT] and cerebral venous thrombosis 

[CVT]), while the increase of cervical curvature angle (OPT/CVT°) was found 

significant after the treatment.23 Thus the author concluded that the backward 

inclination of the middle segment of cervical column seems to be associated with the 

advancement of the mandible by twin-block treatment.23 
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METHODOLOGY 

 

SOURCE OF THE DATA: 

This is a retrospective cephalometric study in which Pre-treatment and Post treatment 

lateral Cephalograms of 57 patients who had undergone orthodontic treatment which 

involves Twin Block appliance therapy, Forsus Fixed functional appliance therapy, 

Bilateral Sagittal Split Osteotomy (BSSO) was studied 

Samples were obtained from the Patients reporting to the Department of Orthodontics 

and Dentofacial Orthopedics, SDM College of Dental Sciences and Hospital, 

Dharwad, Karnataka, India for treatment; after approval from the institutional review 

board.  

 

METHOD OF COLLECTION OF DATA: 

Sample size:  

The Total sample size of 57 subjects comprising of 19 subjects each under three 

groups: 

(1) 19 patients who are planned for single phase myofunctional appliance. 

(2) 19 patients who are planned for single phase with fixed functional appliance. 

(3) 19 patients who are planned for orthognathic surgery. 

The Inclusion Criteria will be:  

1. Patients of age group 12- 25 years 
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2. Patients treated with Twin block appliances, Forsus appliances  and BSSO 

3. Patients with full cusp Class II molar, canine and incisor relationship.  

The Exclusion Criteria will be:   

1. Patients with missing teeth 

2. Patients with spinal deformities 

3. Patients with three quarter cusp, half cusp and quarter cusp molar relationship. 

METHOD: 

This is a retrospective study with a sample size of 57 subjects, (57 patients: 114 

cephalograms records) that is 19 subjects each in three groups based on the treatment 

modality used. It is a cephalometric study to assess the cervical spine posture changes 

in class II division 1 patients undergoing orthodontic treatment with three different 

treatment modalities i.e., Twin Block, Forsus and BSSO. Lateral cephalograms will 

be taken with the help of a cephalostat. The cephalograms will be traced on matte 

acetate paper and the cervical spine posture will be evaluated by obtaining 3 sagittal, 1 

vertical and 7 cervical parameters.2 The sagittal parameters: SNA, SNB and ANB are 

measured to determine any change in the skeletal relationships in the anteroposterior 

dimension. The SN-GoGn is measured to determine the changes in the vertical 

dimensions. Then the Odontoid process tangent (OPT) is drawn through the most 

posterioinferior point on the C2 and the anterior and inferior angles created with sella-

nasion (SN), palatal plane (PP) and mandibular plane (Sn-GoGn) are measured to 

determine any change in the upper cervical posture.2 To determine any change in the 

middle cervical posture the Cervical vertebral tangent (CVT) is drawn through the 

most posterioinferior point on the C4 vertebra and the anterior and inferior angles 
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created with the aforementioned planes and the angle between OPT and CVT are 

measured .2 These measurements will be obtained from all the three different groups 

and the readings will be evaluated and compared.  

 

 

METHOD OF TAKING LATERAL CEPHALOGRAM: 

Both Pre-treatment and post-treatment lateral cephalograms of all the patients were 

taken. The patients head position was such that Frankfurt horizontal plane was parallel 

to the floor. The cephalostat machine used was of Panasonic modality. 

 

MATERIALS USED IN THIS STUDY INVOLVES: 

 114 lateral cephalograms 

 Matte acetate tracing sheet paper of thickness 0.003 inch 

 X-ray view box 

 Tracing pencil 0.3mm 

 Scotch tapes 

 Protractor and set squares  

 

CEPHALOMETRIC LANDMARKS USED IN STUDY: 

Three Sagittal parameters: SNA, SNB and ANB are measured to determine any 

change in the skeletal relationships in the anteroposterior dimension. 
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One Vertical parameter: SN-GoGn is measured to determine the changes in the 

vertical dimensions. 

Seven Cervical parameters: The anterior and inferior angles of SN-OPT, PP-OPT and 

MP-OPT to measure the upper cervical posture. OPT-CVT to measure the middle 

cervical posture. SN-CVT, PP-CVT and MP-CVT to measure the lower cervical 

posture.  

OPT - Most posterior inferior point on the C2 vertebrae 

CVT – Most posterior inferior point on the C4 vertebrae  

 

STATISTICAL ANALYSIS: 

The data that was obtained were analysed statistically with the software, Statistical 

Package for Social Sciences (SPSS) version 21.0.  

Calculation of sample size: n = 2(S2) [z1-α/2+ z1-β]
2 

                                                   d2 

The data was presented as Mean and Standard Deviation (SD) 

Study analysis:  

It was done using Dependent T test, one way ANOVA and Tukey’s Post hoc test. 

Paired sample t test used to compare the mean difference between two related 

variables.   

The one-way analysis of variance (ANOVA) is used to determine whether there are 

any statistically significant differences between the means of three or more 
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independent (unrelated) groups. The one-way ANOVA compares the means of 

different cephalometric readings between the Twin Block, Forsus and BSSO 

treatment groups and determine whether any of those means are statistically 

significantly different from each other.  

To determine which specific groups differed from each other, Tukey’s post hoc test 

was used.
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RESULTS 

 

Table 1: Comparison of different cephalometric readings before and after the 

treatment of Twin-block 

Paired Samples Statistics 

 N Mean SD t P Value 

Sagittal 

SNA 
Pre Treatment 19 83.37 3.09 

2.882 0.01* 
Post treatment 19 83.05 2.93 

SNB 
Pre Treatment 19 75.68 2.94 

-15.782 0.001* 
Post treatment 19 80.79 2.82 

ANB 
Pre Treatment 19 7.68 1.83 

16.922 0.001* 
Post treatment 19 2.32 0.58 

Vertical SN-Go-Gn 
Pre Treatment 19 28.74 3.77 

-4.083 0.001* 
Post treatment 19 30.11 3.74 

Cervical  

Upper 
Cervical 
Posture 

SN-OPT 
Pre Treatment 19 104.26 7.75 

12.283 0.001* 
Post treatment 19 96.53 6.68 

PP-OPT 
Pre Treatment 19 99.05 6.28 

8.527 0.001* 
Post treatment 19 91.58 4.98 

MP-OPT 
Pre Treatment 19 83.11 9.50 

10.129 0.001* 
Post treatment 19 77.11 9.39 

Middle 
Cervical 
Posture 

OPT-CVT 
Pre Treatment 19 3.84 1.12 

-15.24 0.001* 
Post treatment 19 8.68 1.86 

SN-CVT 
Pre Treatment 19 98.74 5.93 

-13.011 0.001* 
Post treatment 19 105.47 6.39 

PP-CVT 
Pre Treatment 19 93.53 3.96 

-15.334 0.001* 
Post treatment 19 100.68 4.07 

MP-CVT 
Pre Treatment 19 78.26 6.38 

-14.325 0.001* 
Post treatment 19 84.26 5.58 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 
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Table 2: Comparison of different cephalometric readings before and after the 

treatment of Forsus 

Paired Samples Statistics 

 N Mean SD t P Value 

Sagittal 

SNA 

Pre 
Treatment 

19 80.89 3.00 
4.975 0.001* 

Post 
treatment 

19 80.32 2.85 

SNB 

Pre 
Treatment 

19 74.74 2.56 
-
21.534 

0.001* 
Post 
treatment 

19 78.16 2.79 

ANB 

Pre 
Treatment 

19 6.16 0.69 
25.055 0.001* 

Post 
treatment 

19 2.11 0.32 

Vertical SN-Go-Gn 

Pre 
Treatment 

19 28.47 2.20 
-9.816 0.001* 

Post 
treatment 

19 30.63 2.45 

Cervical  

Upper 
Cervical 
Posture 

SN-OPT 

Pre 
Treatment 

19 100.21 8.38 
12.684 0.001* 

Post 
treatment 

19 96.47 8.44 

PP-OPT 

Pre 
Treatment 

19 93.42 9.23 
5.418 0.001* 

Post 
treatment 

19 90.11 10.38 

MP-OPT 

Pre 
Treatment 

19 80.16 12.08 
8.473 0.001* 

Post 
treatment 

19 77.42 12.36 

Middle 
Cervical 
Posture 

OPT-CVT 

Pre 
Treatment 

19 5.89 1.52 
-
10.819 

0.001* 
Post 
treatment 

19 10.58 2.29 

SN-CVT 

Pre 
Treatment 

19 99.68 4.56 
-8.612 0.001* 

Post 
treatment 

19 105.74 3.49 

PP-CVT 

Pre 
Treatment 

19 93.05 6.73 
-9.534 0.001* 

Post 
treatment 

19 98.53 6.69 

MP-CVT 

Pre 
Treatment 

19 77.63 7.59 
-8.563 0.001* 

Post 
treatment 

19 83.00 7.33 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 
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Table 3: Comparison of different cephalometric readings before and after the 

treatment of BSSO 

Paired Samples Statistics 
 N Mean SD t P Value 

Sagittal 

SNA 
Pre Treatment 19 82.00 2.11 

Nil Nil Post 
treatment 

19 82.00 2.11 

SNB 
Pre Treatment 19 72.21 2.82 

-27.89 0.001* Post 
treatment 

19 79.37 2.61 

ANB 
Pre Treatment 19 9.79 1.62 

27.89 0.001* Post 
treatment 

19 2.63 0.76 

Vertical 
SN-Go-
Gn 

Pre Treatment 19 30.47 3.86 
-3.284 0.004* Post 

treatment 
19 32.11 3.36 

Cervical  

Upper 
Cervical 
Posture 

SN-OPT 
Pre Treatment 19 103.00 6.25 

7.608 0.001* Post 
treatment 

19 98.16 5.96 

PP-OPT 
Pre Treatment 19 95.58 6.64 

16.988 0.001* Post 
treatment 

19 92.05 6.54 

MP-OPT 
Pre Treatment 19 76.63 10.02 

10.751 0.001* Post 
treatment 

19 73.21 9.32 

Middle 
Cervical 
Posture 

OPT-
CVT 

Pre Treatment 19 7.79 3.22 
-2.456 0.024* Post 

treatment 
19 9.84 2.46 

SN-CVT 
Pre Treatment 19 102.95 7.58 

-11.516 0.001* Post 
treatment 

19 107.74 8.01 

PP-CVT 
Pre Treatment 19 96.95 8.26 

-
17.186 

0.001* Post 
treatment 

19 101.37 8.36 

MP-CVT 
Pre Treatment 19 77.37 6.77 

-7.971 0.001* Post 
treatment 

19 82.05 7.74 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 
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Graph 1: Distribution of different cephalometric readings before and after the 

treatment of Twin-block 

 

 

Graph 2: Distribution of different cephalometric readings before and after the 

treatment of Forsus 
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Graph 3: Distribution of different cephalometric readings before and after the 

treatment of BSSO 
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Table 4: Comparison of different cephalometric readings between Twin Block, Forsus and BSSO treatment groups before treatment  

 

One-way-ANOVA Tukey's Posthoc 

N Mean SD F P Value 
Multiple 
comparison 

Mean 
Difference 

P value 

Sagittal 

SNA 

Twin Block 19 83.37 3.09 

3.804 0.028* 

Twin Block vs 
Forsus 

2.47 0.022* 

Forsus 19 80.89 3.00 Twin Block vs BSSO 1.37 0.29 

BSSO 19 82.00 2.11 Forsus vs BSSO -1.11 0.44 

SNB 

Twin Block 19 75.68 2.94 

7.934 0.001* 

Twin Block vs 
Forsus 

0.95 0.55 

Forsus 19 74.74 2.56 Twin Block vs BSSO 3.47 0.001* 

BSSO 19 72.21 2.82 Forsus vs BSSO 2.53 0.019* 

ANB 

Twin Block 19 7.68 1.83 

29.463 0.001* 

Twin Block vs 
Forsus 

1.53 0.006* 

Forsus 19 6.16 0.69 
 Twin Block vs 
BSSO 

-2.11 0.001* 

BSSO 19 9.79 1.62 Forsus vs BSSO -3.63 0.001* 

Vertical SN-Go-Gn 

Twin Block 19 28.74 3.77 

1.983 0.148 

Twin Block vs 
Forsus 

0.26 0.97 

Forsus 19 28.47 2.20 
 Twin Block vs 
BSSO 

-1.74 0.26 

BSSO 19 30.47 3.86 Forsus vs BSSO -2.00 0.17 

Cervical 
Upper 
Cervical 
Posture 

SN-OPT 

Twin Block 19 104.26 7.75 

1.447 0.244 

Twin Block vs 
Forsus 

4.05 0.23 

Forsus 19 100.21 8.38 
 Twin Block vs 
BSSO 

1.26 0.86 

BSSO 19 103.00 6.25 Forsus vs BSSO -2.79 0.49 

PP-OPT Twin Block 19 99.05 6.28 2.726 0.074 
Twin Block vs 
Forsus 

5.63 0.06 



 

Results 

37 
 

Forsus 19 93.42 9.23 
 Twin Block vs 
BSSO 

3.47 0.33 

BSSO 19 95.58 6.64 Forsus vs BSSO -2.16 0.65 

MP-OPT 

Twin Block 19 83.11 9.50 

1.78 0.178 

Twin Block vs 
Forsus 

2.95 0.67 

Forsus 19 80.16 12.08 
 Twin Block vs 
BSSO 

6.47 0.15 

BSSO 19 76.63 10.02 Forsus vs BSSO 3.53 0.56 

Middle 
Cervical 
Posture 

OPT-CVT 

Twin Block 19 3.84 1.12 

15.902 0.001* 

Twin Block vs 
Forsus 

-2.05 0.013* 

Forsus 19 5.89 1.52 
 Twin Block vs 
BSSO 

-3.95 0.001* 

BSSO 19 7.79 3.22 Forsus vs BSSO -1.89 0.024* 

SN-CVT 

Twin Block 19 98.74 5.93 

2.451 0.096 

Twin Block vs 
Forsus 

-0.95 0.88 

Forsus 19 99.68 4.56 
 Twin Block vs 
BSSO 

-4.21 0.10 

BSSO 19 102.95 7.58 Forsus vs BSSO -3.26 0.24 

PP-CVT 

Twin Block 19 93.53 3.96 

1.992 0.146 

Twin Block vs 
Forsus 

0.47 0.97 

Forsus 19 93.05 6.73 
 Twin Block vs 
BSSO 

-3.42 0.25 

BSSO 19 96.95 8.26 Forsus vs BSSO -3.89 0.17 

MP-CVT 

Twin Block 19 78.26 6.38 

0.084 0.92 

Twin Block vs 
Forsus 

0.63 0.96 

Forsus 19 77.63 7.59 
 Twin Block vs 
BSSO 

0.89 0.92 

BSSO 19 77.37 6.77 Forsus vs BSSO 0.26 0.99 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 
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Table 5: Comparison of different cephalometric readings between Twin Block, Forsus and BSSO treatment groups After treatment 

 

  
ANOVA Tukey's Posthoc 

N Mean SD F P Value Multiple comparison 
Mean 
Difference 

P value 

Sagittal 

SNA 

Twin Block 19 83.05 2.93 

5.131 0.009* 

Twin Block vs 
Forsus 

2.74 0.007* 

Forsus 19 80.32 2.85  Twin Block vs BSSO 1.05 0.45 

BSSO 19 82.00 2.11 Forsus vs BSSO -1.68 0.13 

SNB 

Twin Block 19 80.79 2.82 

4.383 0.017* 

Twin Block vs 
Forsus 

2.63 0.013* 

Forsus 19 78.16 2.79  Twin Block vs BSSO 1.42 0.26 

BSSO 19 79.37 2.61 Forsus vs BSSO -1.21 0.37 

ANB 

Twin Block 19 2.32 0.58 

3.931 0.025* 

Twin Block vs 
Forsus 

0.21 0.51 

Forsus 19 2.11 0.32  Twin Block vs BSSO -0.32 0.23 

BSSO 19 2.63 0.76 Forsus vs BSSO -0.53 0.02* 

Vertical SN-Go-Gn 

Twin Block 19 30.11 3.74 

1.955 0.151 

Twin Block vs 
Forsus 

-0.53 0.87 

Forsus 19 30.63 2.45  Twin Block vs BSSO -2.00 0.15 

BSSO 19 32.11 3.36 Forsus vs BSSO -1.47 0.35 

Cervical 

Upper Cervical 
Posture 
 
 

SN-OPT 

Twin Block 19 96.53 6.68 

0.345 0.71 

Twin Block vs 
Forsus 

0.05 1.00 

Forsus 19 96.47 8.44  Twin Block vs BSSO -1.63 0.76 

BSSO 19 98.16 5.96 Forsus vs BSSO -1.68 0.75 
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PP-OPT 

Twin Block 19 91.58 4.98 

0.335 0.717 

Twin Block vs 
Forsus 

1.47 0.82 

Forsus 19 90.11 10.38  Twin Block vs BSSO -0.47 0.98 

BSSO 19 92.05 6.54 Forsus vs BSSO -1.95 0.71 

MP-OPT 

Twin Block 19 77.11 9.39 

0.956 0.391 

Twin Block vs 
Forsus 

-0.32 1.00 

Forsus 19 77.42 12.36  Twin Block vs BSSO 3.89 0.49 

BSSO 19 73.21 9.32 Forsus vs BSSO 4.21 0.43 

Middle 
Cervical 
Posture 

OPT-CVT 

Twin Block 19 8.68 1.86 

3.529 0.036* 

Twin Block vs 
Forsus 

1.89 0.029* 

Forsus 19 10.58 2.29  Twin Block vs BSSO -1.16 0.25 

BSSO 19 9.84 2.46 Forsus vs BSSO 0.74 0.57 

SN-CVT 

Twin Block 19 105.47 6.39 

0.745 0.48 

Twin Block vs 
Forsus 

-0.26 0.99 

Forsus 19 105.74 3.49  Twin Block vs BSSO -2.26 0.51 

BSSO 19 107.74 8.01 Forsus vs BSSO -2.00 0.59 

PP-CVT 

Twin Block 19 100.68 4.07 

0.956 0.391 

Twin Block vs 
Forsus 

2.16 0.58 

Forsus 19 98.53 6.69  Twin Block vs BSSO -0.68 0.95 

BSSO 19 101.37 8.36 Forsus vs BSSO -2.84 0.39 

MP-CVT 

Twin Block 19 84.26 5.58 

0.484 0.619 

Twin Block vs 
Forsus 

1.26 0.84 

Forsus 19 83.00 7.33  Twin Block vs BSSO 2.21 0.59 

BSSO 19 82.05 7.74 Forsus vs BSSO 0.95 0.91 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 
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Graph 4: Distribution of different cephalometric readings between Twin Block, 

Forsus and BSSO treatment groups before treatment  

 

 

Graph 5: Distribution of different cephalometric readings between Twin Block, 

Forsus and BSSO treatment groups after treatment  
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DISCUSSION 

A normal cervical spine is characterized by a natural lordotic curve which gently 

curves forward from the base of the skull and then goes backward into the top of the 

chest or upper back.25 In case of poor posture the head drifts forwards resulting in 

hyperflexion of the lower cervical spine with the flattening of lordosis curve and also 

hyperextension of the upper cervical spine with more pronounced lordosis curve.25 

 

Skeletal Class II pattern is associated with prognathic maxilla, retrognathic mandible 

or combination of both in varying severities, mostly contributed by mandibular 

retrognathism. The treatment of which depends on the growth pattern, growth stage 

etc. the various treatment options includes camouflage treatment, Functional 

appliance (twin block), fixed functional and orthognathic surgery  

 

The association between the cervical column and the maxillomandibular relation has 

been investigated in the past also.2  There is an increase in the cervical lordosis angle 

with the forward repositioning of the mandible and it is as a result of backward 

inclination of the upper segment of the cervical spine. 

 

As stated in the Guzay quadrant theorem 2, 24, when mandible moves downwards it 

tend to generate a pulling force and loosening of the muscles around the C2 vertebrae.  
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Similarly, when moving up, it generates pressure which will tighten the muscles 

around the C2 vertebrae.2, 24 

 

 

STUDY DESIGN: 

       This is a retrospective cephalometric study in which Pre-treatment and Post 

treatment lateral Cephalograms of patients who had undergone orthodontic treatment 

which involves Twin Block appliance therapy, Forsus Fixed functional appliance 

therapy, Bilateral Sagittal Split Osteotomy (BSSO) was studied.  

Patients who have reported and treated in the Department of Orthodontics and 

Dentofacial Orthopedics, SDM College of Dental Sciences and Hospital, Dharwad, 

Karnataka, India for treatment; was included in this study after approval from the 

institutional review board and ethical committee.  

The study sample comprised of total sample size of 57, comprises of 19 subjects each 

under three groups such as, 19 patients who underwent treatment with Twin Block 

appliance therapy, 19 patients who underwent treatment with Forsus fixed functional 

appliance and 19 patients who underwent treatment with Bilateral Sagittal Split 

Osteotomy (BSSO) surgery. 

The total of 114 lateral cephalograms which includes 57 pre-treatment and 57 post 

treatment lateral cephalograms were collected. The lateral cephalogram was traced on 

Matte acetate tracing paper of 0.003 inch thickness with the help of 0.3mm 

mechanical tracing pencil. 
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Pre-treatment and post treatment lateral Cephalograms will be taken with the help of a 

Cephalostat. The cephalograms will be traced on matte acetate paper and the cervical 

spine posture will be evaluated by obtaining 3 sagittal, 1 vertical and 7 cervical 

parameters.2 The sagittal parameters: SNA, SNB and ANB are measured to determine 

any change in the skeletal relationships in the anteroposterior dimension. The SN-

GoGn is measured to determine the changes in the vertical dimensions. Then the 

Odontoid process tangent (OPT) is drawn through the most posterioinferior point on 

the C2 and the anterior and inferior angles created with sella-nasion (SN), palatal 

plane (PP) and mandibular plane (Sn-GoGn) are measured to determine any change in 

the upper cervical posture.2 To determine any change in the middle cervical posture 

the Cervical vertebral tangent (CVT) is drawn through the most posterioinferior point 

on the C4 vertebra and the anterior and inferior angles created with the 

aforementioned planes and the angle between OPT and CVT are measured .2 
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INTERPRETATION OF RESULTS 

 

Table no: 1 and graph 1 shows the comparison of different cephalometric readings 

before and after the treatment of Twin-block. Paired sample t test used to compare the 

mean difference between two related variables.  According to a paired t test, SNA 

(t=2.88; P=0.01) and ANB readings (t=16.92; P=0.001) were statistically significantly 

lower after treatment with Twin block, whereas SNB readings (t=-15.78; P=0.001) 

increased after treatment with Twin block. SN-Go-Gn angulation increases after the 

treatment of Twin-block (t=-4.08; P=0.001). In Upper cervical posture, the SN-OPT 

(t=12.28; P=0.001), PP-OPT (t=8.52; P=0.001), and MP-OPT (t=10.12; P=0.001) 

readings were statistically significantly lower after Twin block treatment. Whereas in 

middle cervical posture, OPT-CVT (t=-15.24; P=0.001), SN-CVT (t=-13.01; P=0.001), 

PP-CVT (t=-15.33; P=0.001) and MP-CVT (t=-14.32; P=0.001) readings were 

statistically significantly higher after Twin block treatment. 

 

Table 2 and graph 2 shows the comparison of different cephalometric readings before 

and after the treatment of Forsus. Paired sample t test used to compare the mean 

difference between two related variables.  According to a paired t test, SNA (t=4.97; 

P=0.01) and ANB readings (t=25.05; P=0.001) were statistically significantly lower 

after treatment with Forsus, whereas SNB readings (t=-21.53; P=0.001) increased after 

treatment with Forsus. SN-Go-Gn angulation increases after the treatment of Forsus 

(t=-9.81; P=0.001). In Upper cervical posture, the SN-OPT (t=12.68; P=0.001), PP-

OPT (t=5.41; P=0.001), and MP-OPT (t=8.47; P=0.001) readings were statistically 

significantly lower after Forsus treatment. Whereas in middle cervical posture, OPT-

CVT (t=-10.81; P=0.001), SN-CVT (t=-8.61; P=0.001), PP-CVT (t=-9.53; P=0.001) and  
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MP-CVT (t=-8.56; P=0.001) readings were statistically significantly higher after 

Forsus treatment. 

Table 3 and graph 3 shows the Paired sample t test used to compare the mean 

difference between two related variables.  According to a paired t test, ANB readings 

(t=27.89; P=0.001) were statistically significantly lower after treatment with BSSO, 

whereas SNB readings (t=-27.89; P=0.001) increased after treatment with BSSO. SN-

Go-Gn angulation increases after the treatment of BSSO (t=-3.28; P=0.004). In Upper 

cervical posture, the SN-OPT (t=7.6; P=0.001), PP-OPT (t=16.98; P=0.001), and MP-

OPT (t=10.75; P=0.001) readings were statistically significantly lower after BSSO 

treatment. Whereas in middle cervical posture, OPT-CVT (t=-2.45; P=0.024), SN-CVT 

(t=-11.51; P=0.001), PP-CVT (t=-17.18; P=0.001) and MP-CVT (t=-7.97; P=0.001) 

readings were statistically significantly higher after BSSO treatment. 

 

Table 4 and graph 4 shows the comparison of different cephalometric readings between 

Twin Block, Forsus and BSSO treatment groups before treatment. The one-way 

analysis of variance (ANOVA) is used to determine whether there are any statistically 

significant differences between the means of three or more independent (unrelated) 

groups. The one-way ANOVA compares the means of different cephalometric readings 

between the Twin Block, Forsus and BSSO treatment groups and determine whether 

any of those means are statistically significantly different from each other. To 

determine which specific groups differed from each other among color change, Tukey’s 

post hoc test was used. 
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Before treatment, one-way ANOVA shows a statistically significant difference in SNA, 

SNB, ANB, and OPT-CVT cephalometric readings between the Twin Block, Forsus, and 

BSSO treatment groups. 

When comparing the Twin block treatment group to the Forsus group before 

treatment, Tukey's Posthoc analysis shows statistically significant higher SNA 

cephalometric readings in the Twin block treatment group (Mean difference = 2.47; 

P=0.022).  Similarly SNB cephalometric reading displayed statistically significant 

lower cephalometric readings in BSSO treatment group when compared to Twin block 

group (Mean difference = 3.47; P=0.001) and Forsus group  (Mean difference = 2.53; 

P=0.019)  before the treatment.  

Before treatment, BSSO treatment groups had statistically significantly higher ANB 

cephalometric readings than Twin block treatment groups (Mean difference = -2.11; 

P=0.001) and Forsus treatment groups (Mean difference = -3.63; P=0.001), whereas 

Forsus groups had statistically significantly lower ANB cephalometric readings than 

Twin block treatment groups (Mean difference = 1.53; P=0.006) 

Before any treatment, cephalometric readings in the BSSO treatment groups showed 

statistically significant higher OPT-CVT readings than the Twin block and Forsus 

treatment groups. Similarly, when compared to the Twin block treatment group, the 

Forsus treatment group had statistically significantly higher OPT-CVT readings. 

 

Table 5 and graph 5 shows comparison of different cephalometric readings between 

Twin Block, Forsus and BSSO treatment groups After treatment. The one-way analysis 

of variance (ANOVA) is used to determine whether there are any statistically 

significant differences between the means of three or more independent (unrelated) 

groups. The one-way ANOVA compares the means of different cephalometric readings  
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between the Twin Block, Forsus and BSSO treatment groups and determine whether 

any of those means are statistically significantly different from each other. To 

determine which specific groups differed from each other among color change, Tukey’s 

post hoc test was used. 

After the treatment, one-way ANOVA shows a statistically significant difference in SNA 

(F= 5.13; P=0.009), SNB(F= 4.38; P=0.017), ANB (F= 3.93; P=0.025), and OPT-CVT 

(F= 3.52; P=0.036) cephalometric readings between the Twin Block, Forsus, and BSSO 

treatment groups. 

Tukey's post-hoc analysis revealed that after treatment with Twin block and Forsus 

treatment groups, Twin block group had statistically significantly higher SNA 

cephalometric readings than Forsus treatment group (Mean difference = 2.74; 

P=0.007). ANB cephalometric readings revealed similar results. (Mean difference = 

2.63; P=0.013).  When compared to the Forsus group, the BSSO treatment group had 

a statistically significant higher ANB reading. The OPT-CVT readings were statistically 

significant higher in Twin block treatment group when associated to Forsus treatment 

group. 
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COMPARISON WITH OTHER STUDIES 

In studies related to twin block Kamal At et al2, showed that twin block causes the 

craniocervical posture to be more upright in addition to the improvement in the 

sagittal relationship between maxilla and mandible.  

 

Smailiene D et al6 in his study analysed body postural change in class II malocclusion 

subjects with TB appliance which showed that there was straightening of the back 

profile and all measurements during the treatment showed statistically significant 

reduction. 

 

In studies related to other functional appliances Ohnmei et al3, showed that the dens 

axis and atlas were verticalized  as the dens moved closer to the spheno-occipital 

complex during skeletal advancement of mandible and the tendency was more in 

activator than bite jumping appliance. 

 

Tecco et al1 showed that functional therapy with forward repositioning of the 

mandible in skeletal class II seems to increase the cervical lordosis angle due to 

inclination of the upper segment backward and extension of head on the cervical 

column.  
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In case of orthognathic surgery Valk et al9 in his study showed that sagittal split 

ramus osteotomy in retrognathic mandible subjects to develop a forward head posture 

in the cervicothoracic transition with the initiating mechanism starts in the 

cervicothoracic transition.   
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CLINICAL IMPLICATIONS:  

The clinical implications that can be considered for this study are: 

 To find out the biomechanical effects of various orthodontic treatment options 

and cervical spine posture  

 Based on the correlation of different treatment methods and their effects on the 

cervical spine posture it helps us to choose appropriate treatment modality for 

a particular patient.  

  To understand the importance of cervical spine postural changes in skeletal 

class II patients with various treatment modalities. 

 To understand the association between the change in the cervical spine posture  

with the change in jaw position with the help of various treatment options. 

 Helps in achieving more upright and natural curvature of the cervical spine 

with the improvement in mandibular position. 
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LIMITATIONS OF THE STUDY:  

The limiting parameter of the study are: 

 In cephalogram, only a 2-dimensional view of 3-dimensional object can be 

obtained. Hence, a 3-dimensional study like CBCT would have given more 

accurate result than the lateral cephalogram. 

 Samples were not randomized, which are generally accepted as the best 

possible trial design when addressing therapeutic effects. 

 Therapeutic evaluation was made without any follow up data which should be 

further investigated.  

 Examination was made only on the sagittal plane, rotational or sideways 

components of the cervical spine changes are still unknown.  
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SCOPE OF FURTHER STUDIES: 

Further studies in the same field can be done in relation with: 

 Conducting a study in which 3-dimensional imaging technique can be used. 

 Correlating cervical spine posture and head posture with various orthodontic 

treatment modalities  

 Studies can be conducted to assess the changes in the cervical spine posture in 

rotational and sideways components. 

 Long term follow up study can be conducted to assess the stability of the 

changes acquired with different treatment options. 

 Study can be conducted to assess the effect of these treatment options in 

patients with cervical spine deformities. 
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CONCLUSION 

 

The study was done to compare and evaluate the cervical spine postural changes in 

class II division I patients who underwent orthodontic treatment under different 

treatment modalities like Twin Block, Forsus and BSSO.  

The conclusion of the study can be put forth as: 

 There is a significant difference in the upper and middle cervical posture 

between the pre-treatment and posttreatment in all three groups. 

 The decrease in the SN-OPT angle in the post treatment when compared to 

pre-treatment shows there is an uprighting and development of a natural 

curvature of spine with an improvement in the mandibular length.  

 When comparing between the three groups using Tukey’s post Hoc test, it 

showed that Twin Block shows statistically significant difference when 

compared to the other two groups as it improves the middle cervical spine 

posture in addition to the improvement in sagittal relationship between the 

maxilla and mandible when compared to the Forsus and BSSO group. 

 Twin block causes the craniocervical posture to be more upright when 

compared to Forsus and BSSO group. 
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SUMMARY 

 

Various factors of the body influences the cervical spine posture which includes 

ethnic origin, gender, age and stature, craniofacial morphology (mostly mandibular 

divergence, mandibular size, and facial shape), functional factors (nasorespiratory 

function, temporomandibular dysfunction) and orthodontic therapy (use of removable 

orthodontic appliances or splints to increase vertical dimension) or the use of anterior 

repositioning devices for skeletal class II children.1  

 

Literature suggests that curvature of the cervical column has a correlation with sagittal 

jaw relations. It has also been claimed that the mandible acts closely in harmony with 

the chain of muscles to control the position of head in space.2 As the mandible moves 

forward and downwards it generates a pulling force and there is loosening of muscles 

around the cervical vertebrae, similarly when it moves up it generates pressure which 

tightens the muscles.2 But so far no studies have been done which compared and 

evaluated the cervical spine posture changes in class II division 1 malocclusion 

patients treated with three different treatment modalities like Twin block, Forsus and 

BSSO. 

 

This was a retrospective cephalometric study in which Pre-treatment and Post 

treatment lateral Cephalograms of patients who had undergone orthodontic treatment 

which involves Twin Block appliance therapy, Forsus Fixed functional appliance 

therapy, Bilateral Sagittal Split Osteotomy (BSSO) was studied and compared with a  
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19 subjects in each group. The cephalograms were traced on matte acetate paper and 

the cervical spine posture was evaluated by obtaining 3 sagittal, 1 vertical and 7 

cervical parameters. 

The results obtained from this study showed that there was significant difference in 

the upper and middle cervical posture between the pre-treatment and posttreatment in 

all three groups, decrease in the SN-OPT angle in the post-treatment when compared 

to pre-treatment shows that there is an uprighting and development of a natural 

curvature of spine with an improvement in the mandibular length. On comparing 

between the three groups, Twin block showed more uprighting of craniocervical 

posture than the other two groups.
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