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Effect of Forsus-assisted mandibular
advancement on the adaptation

of craniocervical posture — A
retrospective study

Preethi Rajamanickam’, Remmiya Mary Varghese' and Shreya Kishore?

Abstract

BACKGROUND and OBJECTIVE: Skeletal Class Il malocclusion patients frequently exhibit an
extended craniocervical position. The study’s objective was to evaluate how the craniocervical posture
has changed following skeletal class Il correction using the Forsus fatigue-resistant device (FFRD).

METHODOLOGY: A retrospective analysis was undertaken using the pre- and post-treatment
records of 35 skeletal class Il patients who used the FFRD to achieve class Il correction. The metrics
suggested by Solow and Rocabado were used to evaluate the cranial and cervical positions. Eleven
angular parameters were evaluated to determine the relationship between the mandibular ramus
and the skull as well as the upper and middle craniocervical positions. To compare the parameters
before and after fixed functional therapy, a Wilcoxon signed rank test was used.

RESULTS: Significant differences were obtained in the parameters SNA, SNB, and ANB post-FFRD.
Significant differences were also noted in NL/OPT, NSL/OPT, FH/CVT, FH/OPT, NSL/CVT, NL/CVT,
ML/CVT, FH/RL, and oropharynx position.

CONCLUSIONS: The upper and middle craniocervical posture altered significantly with the FFRD.
Skeletal class Il correction obtained with FFRD delivered the patients a more erect craniocervical

posture.
Keywords:

Craniocervical angulation, fixed functional appliance, head posture, retrognathic mandible FFRD,
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Introduction

keletal class II malocclusion with a

prevalence between 15% and 30%
in the majority of populations is one
of the more prevalent developmental
anomalies.'*! Significantly detrimental
esthetic, psychological, and social
repercussions from this malocclusion are
likely to occur.**! Functional appliance
therapy is regarded as an effective method
for treating mandibular deficit in patients
who are growing. 41% of patients seeking
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orthodontic treatment have a Class 1I
division I malocclusion; the majority of
these patients are growing, and there are a
variety of functional appliances available
to rectify skeletal connections.® Functional
appliances function by modifying the
activity of different muscle groups that
affect the mandible’s position and function.
However, multiple recent articles show that
patient noncompliance with treatment in
orthodontics has been a problem for more
than 40 years.>” Therefore, greater interest
is currently focused on fixed appliances such
as the Forsus fatigue-resistant device (FFRD)
requiring minimal patient compliance.
Apart from the other orofacial hard and

How to cite this article: Rajamanickam P,
Varghese RM, Kishore S. Effect of Forsus-assisted
mandibular advancement on the adaptation of
craniocervical posture — A retrospective study.
J Orthodont Sci 2024;13:51.




Rajamanickam, et al.: Craniocervical angulation after class Il correction

soft tissue structures, there is also another parameter
that is highly influenced by the position of the mandible,
which is craniocervical angulation. It was Schwarz in
the year 1926 who observed a correlation between the
maxillomandibular position and the head posture.l”
The craniofacial structures and the cervical spine are
morphologically and functionally connected structures
that are influenced by each other’s growth patterns.!"'*3l

It was postulated that the pattern of breathing
influences head posture or vice versa and as a
result craniofacial growth."*! Some authors have
also discovered radiographic evidence that children
with long face syndrome associated with Angle’s
Class II malocclusion, and cervical spine kyphosis
also lacked an upright head posture with excessive
overjet and overbite noted in patients with kyphotic
head posture.l'"'51¢ In one of the most recent studies,
it was inferred that the craniocervical posture
of persons with Class II malocclusion caused by
mandibular retrognathism with a reduced vertical
dimension is more inclined forward.["” Since FFRD is
one of the most common fixed functional appliances
used, it is vital to study its treatment effects also.
Although several studies have been conducted in
the past assessing its skeletal, dentoalveolar, and
soft tissue outcomes, none have been conducted to
evaluate its effect on craniocervical angulation. Thus,
the current research aims to investigate the effect of
FFRD on the craniocervical posture post-mandibular
advancement.

Methodology

The Saveetha Dental College and Hospital, SIMATS,
Department of Orthodontics, India, was the site of the
retrospective study that constituted lateral cephalograms
of FFRD-treated Class Il malocclusion patients. The ethical
approval was granted by the Human Ethical Committee
at the Saveetha Institute of Medical Sciences (IHEC/

SDC/ORTHO-2003/21/105). All cephalograms were
performed with the patient’s lips at rest and their
heads in their natural head positions (NHPs). Utilizing
a Carestream CS 9600 with rigid head fixation and a
165 cm film-to-tube distance, all cephalograms were
taken. After applying the eligibility requirements, a
total of 48 patient records were chosen, and information
was gathered. The study was carried out using the
patient’s cephalograms as a guide; therefore, the patient’s
consent was not necessary. Cephalometric analyses
by Solow (1976) and Rocabado (1983) were used to
establish the craniocervical posture. A total of 11 angle
measurements were employed to represent the rotation
of the mandibular ramus and the upper and middle
cervical postures [Tables 1 and 2]. Figure 1 shows a patient
who has been fitted with a Forsus™ appliance. FACAD
software was used to perform all the cephalometric
analyses [Figure 1]. Each patient’s chronological age
and cervical stage were recorded. The typical course of
FFRD treatment was 5.5+ /-4.1 months. The same skilled
orthodontist performed all the cephalometric tracings.

Table 1: Table representing the landmarks and
reference lines used and their description

Landmarks and Description

reference lines

NSL Through the points of Nasion and Sella
FH Through Porion and Orbitale

NL (Nasal Line)
ML (Mandibular line.)

Maxillary plane
Lower mandibular border through menton

OPT (Odontoid Tangent through the most posteroinferior
process tangent) point on the odontoid process

CVT (Cervical Tangent through the most posteroinferior
tangent) point of the 4" and 6th cervical vertebrae

RL (Ramus line) Tangent through the mandibular

ramus (posterior border)

OPT/CVT (Cervical Angle formed by the intersection of
curvature) cervical and odontoid process tangents
ML/RL (Mandibular Angle between the ramal line and the
angle) mandibular line

Figure 1: FFRD on a patient

Figure 2: Constructed lines representing the different planes
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Figure 3: Angles representing the middle and lower craniocervical posture and
relationship of the ramus to the cranium

Table 2: Angular measurements representing the
upper and middle craniocervical posture and the
relation of the ramus in relation to the cranium

Angles that depict the position of the upper craniocervical

region
NSL/OPT Between OPT and NSL
FH/OPT Between OPT and FH
NL/OPT Between OPT and NL
ML/OPT Between OPT and ML
Angles that depict the position of the middle craniocervical
region
NSL/CVT Between CVT and NSL
FH/CVT Between CVT and FH
NL/CVT Between CVT and NL
ML/CVT Between CVT and ML

Angles that show how the mandibular ramus rotates in
reference to the cranium

NSL/RL Between RL and NSL
FH/RL Between RL and FH
NL/RL Between RL and NL

Two weeks apart, the tracings were redone, and the
average was used to get the final value [Figures 2 and 3].
Pre and post treatment tracing of a patient treated with
FFRD has been presented. [Figure 4].

Inclusion criteria

1. Cephalograms of patients with retrognathic mandible
aged between 9 and 16 years

2. ANB>4 as a result of the retrognathic mandible

Half cusp or a full cusp class II molar relationship

4. Records of patients with positive VTO on forward
mandible posture.

@

Exclusion criteria

1. Cephalograms of adult patients

2. Patients with class I malocclusions due to prognathic
maxilla

3. Patients with TMD disorders.
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Figure 4: Pre- and post-cephalometric radiographs of a patient treated with FFRD

Statistical analysis

The statistical analysis was performed using SPSS
version 23.0. The G* Power version 5.0 was used
to calculate the sample size. The sample size was
determined by Kamal et al.’s study,"” which examined
the cervical spine position following twin block therapy.
To check for the normality of the data, the Shapiro-Wilk
test was used, and the Wilcoxon test was used to compare
the parameters at TO and T1. The significance threshold
was set at 0.05.

Results

The study’s power was determined to be 90%, and the
total sample size was determined to be 48. The Wilcoxon
signed rank test was conducted after the normality test
findings revealed that the data were not parametric.
Table 3 displays the means and standard deviations of
all cephalometric variables at the pre- and post-treatment
time points. SNB angle, SNB angle, and ANB angle
showed statistically significant differences when
pretreatment and post-treatment data were compared
(p 0.05). The post-FFRD parameters SNA, SNB, and
ANB showed significant variations. ML/CVT, FH/CVT,
NSL/CVT,NL/CVT, and NL/OPT, which represented
the upper and middle craniocervical positions, as well
as FH/RL, which reflected the ramus position about the
cranium, the oropharynx position, all showed significant
differences.

Discussion

The primary goal of the current study was to examine
how class II patients who underwent fixed functional
therapy with FFRD altered their craniocervical posture
in response to a change in mandibular position.
A more posterior rotation of the ramus with respect
to the cranium and higher values for the parameters
characterizing craniocervical angulation were both found
in the baseline data of the class II patients before therapy,
all of which were indicative of an extended head position.
The craniocervical position and ramus rotation in
relation to the cranium were examined using the criteria
proposed by Solow and Rocabado.!'®'"I The results of the
present investigation indicate that in class Il individuals,

3



Rajamanickam, et al.: Craniocervical angulation after class Il correction

Table 3: Mean, SD values of the parameters at TO and T1, the mean difference and its standard
deviation (MD+/-SD) and the P values (Wilcoxon signed rank test) representing the level of significance

Upper craniocervical position

Parameter TO T1 Mean Difference P value- Intragroup comparison (Wilcoxon signed rank test)
NSL/OPT 98.1+/-9.6 95.4+/-7.8 -2.7+/-5.2 0.02*
FH/OPT 90.2+/-8.6 87.9+/-6 -2.3+/-5.3 0.02*
NL/OPT 88.6+/-7 87.6+/-6.2 -0.9+/-4.1 0.05*
ML/OPT 65.3+/-7.7 64.1+/-5.3 -1.1+/-5.4 0.2
Middle craniocervical posture
NSL/CVT 111.4+/-9.4 101.6+/-14.9 -9.84/-18.4 0.004*
FH/CVT 103.6+/-7.6 97.5+/11.1 -6+/-12.5 0.004*
NL/CVT 101.9+/-7.3 97.24/-11.1 -4.64/-11.4 0.02*
ML/CVT 78.6+/-3.5 73.7+/-11.5 4.94/-13.5 0.02*
NSL/RL 88+/-4.1 89+/-6.6 1+/-4.1 0.7
Ramus to cranium
FH/RL 80.2+/-2.4 78.9+/-2.3 -1.24/-1.5 <0.001*
NL/RL 78.5+/-1.7 78.7+/-2.6 0.1+/-2.1 0.8
Oropharynx 10.9+/-2.3 9.7+/-1.6 -1.14/-2.1 0.002*
Maxillomandibular relationship to the cranium
ANB 3.8+/-2.1 3+/-1.5 -0.8+/-2.5 0.02*
SNB 75.1+/-4.1 77.1+/-4.4 2+4/-1 <0.001*
SNA 79.3+/-4.1 80.1+/-4.1 0.84/-2.3 0.02*

*Statistically significant p-value

craniocervical angulation increased after fixed functional
therapy with FFRD. These results are in line with those
of past studies. Kamal et al.l'”! examined the impact of
the twin block on cervical posture and sagittal skeletal
measurements. There was a substantial difference
between the PF1 and PF2 SNB, ANB, and OPT/CVT
angles, indicating an improvement in the sagittal
relationships and an increase in cervical curvature.
The twin block encourages a craniocervical posture
that is more upright. Due to an increase in mandibular
length, Khoja et al.™! found improved sagittal skeletal
connections with the twin block. There was a significant
difference between the groups when the angular
measures were compared. However, a combination of
uncompensated skeletal and dentoalveolar effects has
been linked to the success. This emphasizes the need
for a new method to determine how much the bone
connections have improved.*#

The cervical position physiologic varies between
individuals. According to Meuller, the occipital
structures at the intersection of the skull and trunk are a
more accurate way to evaluate craniofacial growth than
the mandible, which controls the position of the head in
space together with a series of muscles. The mandible
and cervical spine share a strong anatomic relationship,
and interactions between the musculoskeletal system and
physiological growth processes influence how the neck is
positioned. Furthermore, mandibular size, craniofacial
form, and mandibular divergence have all been connected
to the cervical spine.*?8! According to this, the muscles
surrounding C2 loosen when the jaw travels downward
because it produces a pulling force. Therefore, when the

4

mouth is closed, an occlusion with a reduced vertical
dimension will exacerbate muscular tension in the C2
region.” The considerable discrepancies between the
SN-OPT and MP-CVT angles seen in participants from
the Bolton-Brush Growth Study explain this intriguing
link between C2 and the mandible.'”*! The SN-OPT
angle in their study significantly increased between the
T1 and T2 values of the unexposed group, indicating a
change in the upper cervical posture that made it more
forward-inclined with a retrognathic mandible. The
improvement in mandibular length is accompanied by a
decrease in the SN-OPT angle compared to the exposed
group (to the functional appliance), which suggests
that the spine is being upright and developing a natural
curve. The patients in the unexposed group had skeletal
Class II malocclusion associated with mandibular
retrognathism and a reduced vertical dimension, as seen
by the mean mandibular plane angle values. The strong
correlation between the MP-CVT angles assessed at T0O
and T1 suggests that these individuals would have a
stronger physiologic change in their cervical position,
which is supported by the compelling results discussed
above. [

Dattilio et al.’s study, which found a substantial
difference in the middle cervical posture between Class I,
Class II, and Class III anteroposterior maxillomandibular
connections, is another study that confirms the
findings of the current one. In class II patients, Liu et al.
discovered a direct relationship between the cervical
position and ramus rotation. Numerous therapeutic
or surgical procedures have also been documented to
affect posture.® For instance, orthognathic surgery
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has been demonstrated to alter head and neck posture
in Class II patients, including enhanced cervical spine
extension and an upright head posture.®*! There was
no discernible difference in the cervical measures,
according to Ohnmeif et al.®*! According to Kamal et al.,
there was a considerable shift in the OPT-CVT angles,
which suggested that the middle cervical position had
changed. It was discovered that there was a substantial
difference in the mean shift of the SN-OPT angle, which
can be interpreted as an uprighting of the upper cervical
position.”?! The mean difference between groups
was also statistically different, and the middle cervical
position of individuals altered significantly (from TO to
T1). To calculate the probability of changing the cervical
position with the FFRD, the cervical parameters were
measured. The findings should be interpreted cautiously
since not all the patients had an extended head-neck
position prior to functional therapy, even if the data
show that many other criteria are suggestive of an altered
cervical posture.

Single-center research using two-dimensional imaging
technology and the lack of a control group are drawbacks
of this study. By enlisting a comparison group of people
from the neighborhood and using a three-dimensional
imaging technique, these flaws can be fixed.

Conclusions

1. Mandibular posture does affect craniocervical
angulation in turn the head posture.

2. Theupper and middle cranial cervical posture altered
significantly with the FFRD and skeletal class II
correction with FFRD delivered the patients a more
upright craniocervical posture post FFRD therapy.

Acknowledgments

The research idea was proposed by PR, developed, and
guided by RMV. The manuscript was written by PR
and RMV, the statistical analysis was done by PR and
SK the complete manuscript was finally improved and
proofread by RMV.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Varghese RM, Subramanian AK, Sreenivasagan S. Comparison
of Dentoskeletal Changes in Skeletal Class II Cases Using Two
Different Fixed Functional Appliances: Forsus Fatigue Resistant
Device and Powerscope Class II corrector—A Clinical Study.
Journal of International Oral Health. 2021;13(3):234.

2. Baruah D, Karunakara BC, Reddy S, Nagesh S. Evaluation of
cervico-vertebral dimensions and cranio-cervical angulations in

Journal of Orthodontic Science - 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

adults with different vertical growth patterns: A cross-sectional
cephalometric study. ] Clin Diagn Res [Internet]. 2024; Available
from: https://www jcdr.net/article_fulltext.asp?issn=0973-
709x&year=2024&month=April&volume=18&issue=4&page=
ZC24-7C30&id=19310.

Manohar J, Saveetha Dental College and Hospitals, Saveetha
Institute of Medical and Technical sciences, Saveetha University.
Prevalence of class II division 2 malocclusion and its associated
factors-A retrospective study in A private dental hospital in
Chennai, Tamilnadu. Int ] Dent Oral Sci. 2019 Nov 25;22-6.
Rajamanickam P, Babu H, Jain RK, Balasubramaniam A.
Evaluation of Dentoalveolar and Soft Tissue Changes in Adult
Class II Malocclusions Treated with Different Modalities. Annals
of Dental Specialty. 2022;10 (4-2022):22-8.

Rajamanickam P, Shantha Sundari KK. Fixed Functional
Appliance Therapy With and Without Skeletal Anchorage in
Class II Malocclusion: A Systematic Review of Randomized
Controlled Trials. Journal of Advanced Oral Research [Internet].
2023 Aug 13 [cited 2024 Oct 7]; Available from: https:/ /journals.
sagepub.com/doi/10.1177/23202068231190199.

Story RI. Psychological issues in orthodontic practice. Am ] Orthod
1966;52:584-98.

El-Mangoury NH. Orthodontic cooperation. Am ] Orthod
1981;80:604-22.

Varghese RM, Subramanian AK, Sreenivasagan S. Comparison of
dentoskeletal changes in skeletal class II cases using two different
fixed functional appliances: Forsus fatigue resistant device and
powerscope class II corrector—A clinical study. ] Int Oral Health
2021;13:234-44.

Cureton SL, Regennitter F], Yancey JM. Clinical versus
quantitative assessment of headgear compliance. Am J Orthod
Dentofacial Orthop 1993;104:277-84.

Schwarz AM. Kopfhaltung und Kiefer. Z Stomatol 1926,24:669-744.
Yamaguchi H, Sueishi K. Malocclusion associated with abnormal
posture. Bull Tokyo Dent Coll 2003;44:43-54.

Alexa VT, Fratila AD, Szuhanek C, Jumanca D, Lalescu D,
Galuscan A. Cephalometric assessment regarding craniocervical
posture in orthodontic patients. Sci Rep 2022;12:21729.
Siersbaek-Nielsen S, Solow B. Intra- and interexaminer variability
in head posture recorded by dental auxiliaries. Am ] Orthod
1982;82:50-7.

Graber TM, Vanarsdall R Jr. Orthodontics: Current Principles and
Techniques. 1994. 992 p.

Morris DO, Illing HM, Lee RT. A prospective evaluation of Bass,
Bionator and Twin Block appliances. Part II--The soft tissues. Eur
J Orthod 1998;20:663-84.

Sidlauskiene M, Smailiene D, Lopatiené K, Cekanauskas E,
Pribuigiene R, Sidlauskas M. Relationships between malocclusion,
body posture, and nasopharyngeal pathology in pre-orthodontic
children. Med Sci Monit 2015;21:1765-73.

Kamal AT, Fida M. Evaluation of cervical spine posture after
functional therapy with twin-block appliances: A retrospective
cohort study. Am J Orthod Dentofacial Orthop 2019;155:656-61.
Solow B, Tallgren A. Head posture and craniofacial morphology.
Am ] Phys Anthropol 1976;44:417-35.

Rocabado M. Biomechanical relationship of the cranial, cervical,
and hyoid regions. ] Craniomandibular Pract 1983;1:61-6.

Khoja A, Fida M, Shaikh A. Cephalometric evaluation of the effects
of the Twin Block appliance in subjects with Class II, Division 1
malocclusion amongst different cervical vertebral maturation
stages. Dental Press ] Orthod 2016;21:73-84.

Perinetti G, Primozic¢ J, Franchi L, Contardo L. Treatment effects
of removable functional appliances in pre-pubertal and pubertal
class ii patients: A systematic review and meta-analysis of
controlled studies. PLoS One 2015;10:e0141198.

Bennett JC. Orthodontic management of uncrowded class II
division 1 Malocclusion in Children. Elsevier Health Sciences;

5


https://www.jcdr.net/article_fulltext.asp?issn=0973-709x&year=2024&month=April&volume=18&issue=4&page=ZC24-ZC30&id=19310
https://www.jcdr.net/article_fulltext.asp?issn=0973-709x&year=2024&month=April&volume=18&issue=4&page=ZC24-ZC30&id=19310
https://www.jcdr.net/article_fulltext.asp?issn=0973-709x&year=2024&month=April&volume=18&issue=4&page=ZC24-ZC30&id=19310
https://journals.sagepub.com/doi/10.1177/23202068231190199
https://journals.sagepub.com/doi/10.1177/23202068231190199

23.

24.

25.

26.

27.

28.

29.

Rajamanickam, et al.: Craniocervical angulation after class Il correction

2006. 163 p.

Greiner P, Miiller B, Dibbets J. The angle between the
Frankfort horizontal and the sella-nasion line. Changes in
porion and orbitale position during growth. ] Orofac Orthop
2004;65:217-22.

Hertling D, Kessler RM. Management of Common Musculoskeletal
Disorders: Physical Therapy Principles and Methods. Lippincott
Williams and Wilkins; 2006. 1136 p.

Springate SD. A re-investigation of the relationship between head
posture and craniofacial growth. Eur ] Orthod 2012;34:397-409.
Festa F, Tecco S, Dolci M, Ciufolo F, Di Meo S, Filippi MR, et al.
Relationship between cervical lordosis and facial morphology
in Caucasian women with a skeletal class II malocclusion:
A cross-sectional study. Cranio 2003;21:121-9.

LiuHH, Lin H, Sun Y, Tao L. [A correlate study on the first cervical
vertebra and mandibular growth: A comparison of Shanghai
females between 12 and 15 years old]. Shanghai Kou Qiang Yi
Xue 1998;7:163-6.

Huggare J. The first cervical vertebra as an indicator of mandibular
growth. Eur ] Orthod 1989;11:10-6.

Carlson JE. Physiologic Occlusion. 2004. 226 p.

30.

31.

32.

33.

34.

35.

36.

Bjork A. Prediction of mandibular growth rotation. Am ] Orthod
1969;55:585-99.

Bjork A. The role of genetic and local environmental factors in
normal and abnormal morphogenesis. Acta Morphol Neerl Scand
1972;10:49-58.

Bjork A, Skieller V. Facial development and tooth eruption. An
implant study at the age of puberty. Am J Orthod 1972;62:339-83.
Premkumar S. Textbook of Orthodontics-E-Book. Elsevier Health
Sciences; 2015. 780 p.

D’Attilio M, Caputi S, Epifania E, ef al. Evaluation of Cervical
Posture of Children in Skeletal Class I, II, and III. CRANIO®.
Epub ahead of print 1 July 2005. DOI: 10.1179/¢rn.2005.031.
Andriola F de O, Kulczynski FZ, Deon PH, Melo DA da S,
Zanettini LMS, Pagnoncelli RM. Changes in cervical lordosis after
orthognathic surgery in skeletal class III patients. ] Craniofac Surg
2018;29:e598-603.

Ohnmeifs M, Kinzinger G, Wesselbaum J, Korbmacher-Steiner HM.
Therapeutic effects of functional orthodontic appliances on
cervical spine posture: A retrospective cephalometric study. Head
Face Med 2014;10:7.

Journal of Orthodontic Science - 2024



