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ABSTRACT

Headgears for class II correction in growing children require determination of centre of resistance of maxilla
and maxillary dentition accurately. No standard accurate method is available in literature. The objective of this
study was to formulate an indigenous simple method to locate the centre of resistance (Cres) of maxillary dentition
extraorally (eocres) on the cheek and to determine whether the point marked extraorally coincides with the centre of
resistance of the maxillary dentition (iocres) established previously between roots of premolars radiographically. 14
patients without gingival problems seeking Orthodontic treatment were included in this study. A divider tool was
indigenously designed to mark a point extraorally on the cheek which coincided with the intraoral point between
the roots of the two maxillary premolars, that is believed to be the Cres of the maxillary dentition. Radiopaque gutta
percha was stabilized using adhesive transparent tape on the point marked extraorally and an Orthopantomogram
was taken to evaluate the position of this point radiographically. The point was located between the roots of the
maxillary first molar and second premolar at a mean height of 6.8+/- 0.52 and 6.8 +/- 0.48 respectively in the
OPG. It can be concluded that by using a simple divider tool the extraoral Cres of the maxillary dentition can be
marked conveniently and accurately. Thus, this novel simple method is a clinical innovation and can be used to
determine the centre of resistance of the maxillary dentition extraorally for Class II patients requiring headgears,
or bodily distilization intrusion of maxillary arch.
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INTRODUCTION
Overtime, numerous experimental methods have
brought into light the concept that tooth movement is
affected by various factors like magnitude, direction
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and the duration of the forces applied, direction of force
playing the most pivotal part, (Tanne and Sakuda 1991,
Burstone 2015; Eliades et al. 2017). Hence, this urged
the interest in biomechanics to study the overall effect
of extra oral traction devices to the applied forces. The
understanding of the relationship of the force vector to
the centre of resistance (Cres) of the dentition became vital
to appreciate the mechanical properties of the extraoral
traction appliances. Centre of resistance is analogous to
the centre of mass for restrained bodies i.e. tooth within
the restrained boundaries of the periodontal ligament. In
previous studies, Cres of a tooth or group of teeth or an
entire dentition revealed that an important factor in tooth
displacement is the point of application of force and the
location of Cres of the maxillary complex and dentition
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offers integral information with respect to the usage of
headgears, (Kragt and Duterloo 1983; Duterloo et al.
1985, Bulcke et al. 1987 Stocker et al 2020).
Extraoral traction forces applied via headgears have been
used in many years to completely restrain or redirect the
growth of maxilla in Class II malocclusions. (Stocker,
Patcas, and Schätzle 2020) (Papageorgiou et al. 2017).
Headgears has numerous applications like anchorage
control, distalization of molars (Sadeghi, Hedayati, and
Mousavi-Fard 2019, Alosman, Bayome, and Vahdettin
2020), restrict maxillary growth, simultaneous distillation
of premolars and molars, ( Biswas 2008) , complete distal
displacement of the maxillary complex and maxillary
dentition (Deguchi et al. 2008). Commonly encountered
adverse effects due to ignorant biomechanics are
extrusion and tipping of molar teeth (Rosa et al. 2020)
which may cause the mandible to rotate posteriorly
causing facial elongation and affecting the function
and esthetics.
Force is delivered to the teeth by means of a face-bow
attached to an intraoral bow which is placed into buccal
tubes on the molar bands or by direct attachment of
the arms of headgear on the maxillary arch wire itself
by means of hook. The outer bow may be short of the
Cres (flattens the occlusal plane) or long (steepens the
occlusal plane) or passing through the (Cres) (no change
in the cant of occlusal plane) of the maxillary complex
and dentition and coincide with the position of the inner
bow to produce a translatory distillation force devoid
of any untoward movements (Greenspan 1970). Thus,
it is essential to accurately determine the (Cres) of the
maxillary complex and maxillary dentition.

distance from the root apex (Bulcke et al., 1987). Putty
was placed on occlusal surfaces of the premolars and
pushed apically upto the mark and the patient was asked
to bite gently.
The indigenous divider was then taken and the arm which
was bent at right angles was passed through and through
the putty prior to its set to make sure it coincided with
the point marked between the two premolars. This arm
was stabilized and the putty was allowed to set. Once the
putty set (3.5 minutes; Zhermack Elite HD+ company),
the soft tissues were relaxed and the other arm of the
divider was closed and approximated extraorally on the
cheek. This point was marked with blue marker and a
small piece of the 6% gutta percha was cut and placed
on the point and stabilized with transparent adhesive
tape .Orthopantomograms (OPG’s) were taken for each
patient with the gutta percha point in place as routine
diagnostic X-rays prior to treatment without exposing
them to any additional radiation. Gutta percha was used
specifically in an attempt to use a radiopaque material
which would be distinguishable on the radiograph. Once
the OPG’s were obtained, the point could be identified
as a radiopaque point. The linear distances from the
radiopaque point to the edges of roots of the premolars
and molars, and the distance between the CEJ to the
point was made and mean values were obtained by using
FACAD software. (Figure 3).
Figure 1: Armamentarium: From left to right: An
indigenous divider tool, marker, 6% gutta percha point,
putty material.

No accurate and standard method has been established
in literature to locate the Cres. Thus, the objective of this
study was to formulate an indigenous simple method
to locate the centre of resistance of maxillary dentition
extraorally on the cheek and to determine whether
the point marked extraorally on the cheek coincides
with the centre of resistance of the maxillary dentition
established previously between roots of premolars
radiographically.

MATERIAL AND METHODS
This was a pilot study conducted on 14 patients in the
age group of 14-40 years reporting to the Department of
Orthodontics in a private hospital seeking treatment. The
routine clinical examination and diagnosis was done for
the patients. The methodology which was employed for
this study was as follows: (Figure 1 and 2).The patients
were seated on the dental chair and were asked to look
straight at their eye levels.. The area near the roots of the
1st and 2nd maxillary premolars was isolated and a blue
point was marked between them at distance of 10 mm
from the Cementoenamel l junction i.e intraoral centre
of resistance (iocres). This point was determined based
on the known facts that the approximate root length of
both premolars is 14 mm (Nelson and Ash, 2010) and
the centre of resistance is generally 1/3rd to 1/4th the
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Table 1. Methodology to mark the centre of resistance

A) Point marked at 10mm distance from CEJ. B) Patient
biting the putty placed on the occlusal surface, the
marked point on gingiva is visible. C) The inner arm of
the divider was placed on the exposed point. D) Once
putty was set, the other arm of the divider closed on the
cheek and a point was marked. E) Gutta percha stabilized
with a transparent adhesive tape on the cheek on the
point marked.
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RESULTS AND DISCUSSION
The radiopaque point was located between the roots of
the maxillary first molar and second premolar in the
OPG of all the samples that were studied. (Figure 4).
The means values of the distance of the radio opaque
point (IOCres) to the maxillary 2nd premolar and 1st
molar were calculated. The radio opaque point (IOCres)
was located at a mean height of 6.8 mm from the CEJ
of the 1st maxillary molar, 6.8 mm from the CEJ of the
2nd maxillary premolar (Table 1). This difference could
be attributed to the angle of the radiation source to the
radiopaque point on the cheek and the perpendicular
distance between this point and the bone (thickness of
the cheek).
Figure 3: Measurements taken on the OPG

A) Distance from CEJ of the maxillary 1st molar.
B) Distance from the CEJ of the maxillary 2nd
premolar.

When force is applied to a tooth, tipping or bodily
movement is expected to take place. It is mainly
determined by the location of the Cres of the tooth and the
distance from the force vector to this Cres. The knowledge
of the accurate location of the Cres which is the point
of the greatest resistance to tooth movement, helps in
controlling the tooth movement by different moment
to force ratios. Over the years, countless methods have
been employed to determine the precise location of
Cres of teeth, (Shroff et al., 1995). A force vector needs
to pass the Cres of the maxillary dentition and through
Cres of the maxilla to cause pure translation (Barton,
1972) and avoid any rotational effects (Roberts-Harry,
1996)(Teuscher, 1978). For a single tooth or a group of
teeth, various experimental and analytical approaches
have been researched by various authors. These studies
reported the Cres of the single tooth to be half the root
length as measured from the alveolar Crest, and an apical
shift of Cres as more teeth were incorporated into the
anterior segment, (Burstone and Pryputniewicz, 1980;
Kusy and Tulloch, 1986; Tanne, Hiraga and Sakuda,
1989). However, it has been known that determining
the position of Cres of the maxilla is tedious. Some
cephalometric studies have attempted to determine Cres of
maxilla by changes in craniofacial morphology (Bench,
Gugino and Hilgers, 1978).
A Clinical method to determine the Cres of maxilla are
given by Angle and Stanley Braun in 1999 was holding
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

an amalgam plugger in maxillary vestibule when teeth
were in occlusion and soft tissues relaxed. The amalgam
plugger was palpated externally to determine the Cres of
maxilla and marked on the cheek extraorally for the outer
bow to pass through. Another clinical method known is
to draw a line vertically 10 mm from the outer canthus
of the eye and make a horizontal from that point to meet
the pupil line in front of the face which denotes the Cres
of the maxilla. But no clinical method has been known
to mark the Cres of the maxillary dentition.
Tanne et al concluded that Cres of the nasomaxillary
complex to be at the posterosuperior ridge of the
pterygomaxillary fissure registered on a median plane
by using a finite element analysis, (Tanne, Matsubara
and Sakuda, 1995). Billet et al by using a holographic
method on a human macerated skull showed that Cres
of maxilla was underneath the zygomatic process
but it couldn't distinguish two different Cres i.e of the
maxilla and maxillary dentition which are essential for
application of accurate forces as suggested by Teuscher
in 1986 and Stockli and Teuscher in 1994 (Billiet, 2001).
Lee et al also conducted a similar study in a dry skull
as Billet et al and concluded the Cres to be closer to the
one as determined by Billet et al and couldn't investigate
the Cres of the Upper dentition (Lee et al., 1997). All the
above literature has no study to determine the Cres of
the maxillary dentition and all the above studies are
sophisticated studies.
Figure 4: represents the position of the Radiopaque point
between roots of the 2nd maxillary premolar and 1st
maxillary molar

Thus the objective of this study was to establish a simple,
easy, quick cost effective method to locate the Cres of the
maxillary dentition extraorally which in turn helps swift
maxillary Orthopaedic appliance therapy. Thus, this study
was conducted in an attempt to determine whether the
centre of resistance of the maxillary dentition established
previously between roots of premolars coincides with
the point marked extraorally on the cheek. The results
revealed that the radiopaque point marked extraorally
was reproduced constantly between the roots of the 1st
maxillary molar and 2nd maxillary premolars. Miki in
(1979) and Hirato in (1984) reported the location of Cres
of the maxillary dentition is between the first and second
premolars in the anteroposterior direction and between
the lower orbital margin and the distal apex of the 1st
Evaluation of the Accuracy of a Novel Method
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molar vertically in the sagittal direction. (Zhang et al.
2016) This was distinguished by Teuscher in 1986, and
Stockli and Teuscher in 1994 into Cres of the maxillary
dentition to be situated between the roots of the two
premolars and the Cres of the maxilla to be situated at
the postero-superior area of the zygomaticomaxillary
suture, (Teuscher 1986; Roberts-Harry 1996, Suzuki et
al. 2019).
Table 1. Mean values from CEJ of maxillary 1st premolar
and molar to the IOCres, that is the radioopaque point on
the OPG.

TOTAL	
NO OF	
PATIENTS	

MEAN
VALUE
STANDARD
DEVIATION

DISTANCE FROM CEJ
OF THE 2nd
MAXILLARY
PREMOLAR TO IOCres

DISTANCE FROM
CEJ OF THE
1st MAXILLARY
MOLAR TO IOCres

7.50
7.40
6.80
6.40
7.30
6.00
6.10
6.80
7.10
7.50
6.40
6.10
6.80
6.90
6.81

6.80
7.40
7.30
6.50
7.40
6.90
7.10
6.20
7.50
7.00
6.10
6.50
6.40
6.30
6.79

0.483

0.528

Our results are in contradiction to the results obtained
by these authors. The reasons for this transposition can
be explained by the fact that OPG is a two dimensional
radiographic technique. While recording an OPG, the
patient remains stationary but the x-ray source rotates in
front of the patient from one side to the other side. The
film rotates in the opposite direction to the x-ray source
behind the patient, (Pandolfo and Mazziotti, 2013). Also
while recording an OPG, the different angles of radiation
causes magnification of posterior teeth and due to the
negative angle of the ray tube in an OPG machine this
magnification is known to be higher for maxillary teeth
as compared to mandibular teeth (Yassaei, EzoddiniArdakani and Ostovar, 2010).
This magnification might cause some distortion. The
x-ray source is directed at an angle to the Gutta percha
point on the cheek and not directed perpendicularly,
which caused the radiopaque point on the cheek
(EOCres) to appear shifted distally on the OPG and not
appear exactly on the IOCres in between the roots of
the maxillary premolars. The distortion can also be
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attributed to the distance between the soft tissue cheek
on which the point was marked and the bone. But this
distortion was uniformly seen in all the study samples.
The vertical measurements are more reliable in an OPG
as compared to horizontal measurements as in the
horizontal dimension, the functional focus is the rotation
centre, whereas in the vertical dimension the focus is
the X-ray source. Vertical measurements are reliable
which still poses the point to be in between the molar
and premolar (Thailavathy et al., 2017).
Thus, we can state that, if the mean values obtained
are in this range and if the point is located between the
maxillary 1st molar and 2nd premolar, the point has
been accurately marked and is the Cres of the maxillary
dentition. Thus, if the point is situated at any other
position other than the one determined by this study,
it could be due to some error while marking the point
clinically. Cephalograms were not used in this study for
confirming the position of the point keeping in mind the
superimposition of structures making it less reliable for
landmarks (Thailavathy et al., 2017), affecting clarity
and accuracy.

CONCLUSION
Thus, this novel simple method is a clinical innovation
and can be used to determine the centre of resistance of
the maxillary dentition extraorally for Class II patients
requiring headgears, or bodily distilization of maxillary
arch or maxillary arch intrusion. This method could be
used by orthodontists as a chair side method which is
effective and less time consuming and simple. This was
a pilot study and requires a study to be conducted with
a larger sample size to confirm its results and its use in
orthodontic practice.
Conflict of Interest: None.
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