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ABSTRACT

Introduction: Aim of the current study was to reveal the effect of centric relation(CR)/
maximum intercuspation (MI) discrepancy on changing the posterior crossbite diagnosis in adult
orthodontic patients.

Material and method: One hundred and one patients were recruited in the current study. For
each patient both MI and CR were recorded using digital workflow. The presence or absence of
unilateral and bilateral posterior crossbite was identified in each occlusion.

Results: Mandibular displacement from CR to MI affected the clinical presentation of posterior
crossbite. There was a statistically significant difference between incidence of bilateral posterior
crossbite in centric relation records versus maximum intercuspation with less significant difference

in the incidence of unilateral posterior cross bite while evaluating the 2 occlusion patterns.

Conclusion: Based on the reached results, there is increased incidence of posterior crossbite
development in centric occlusion in comparison to the maximum intercuspation. Recording the
centric occlusion in orthodontic patients might be of diagnostic value regarding the development

of posterior crossbite.
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INTRODUCTION

Upon diagnosing the orthodontic patients,
there are 2 patterns of static occlusion maximum
intercuspation and the occlusion pattern existing
when condyles are in centric relation. Centric
relation (CR) is an anatomically determined
position, therefore it is repeatable and reproducible.
(Ash & Ramfjord, 1995) It is defined as the
relationship of the mandible to the maxilla when
the condyles are seated against the intermediate
thin avascular portion of the articular disc in their
most superoanterior position in the glenoid fossa
and centered transversely, regardless of the tooth
contact pattern.(Dawson, 1996; Okeson, 1993)

The maximum intercuspation (MI) is defined as
the full intercuspation of opposing teeth, regardless
of condylar position, therefore usually considered a
tooth-determined position. (Capp & Clayton, 1985;
Kovaleski & De Boever, 1975) It was generally
agreed that a difference exists between the pattern
of occlusion that is present in the maximum inter-
cuspation compared to that in centric relation (Capp
& Clayton, 1985; Kovaleski & De Boever, 1975;
Proffit et al., 2013). This is defined as dental arch
displacement which is also known as a mandibular
functional shift, centric slide or dual bite.

Moreover, repetitive closure in the intercuspal
position develops muscle engram (muscle splinting),
causing the proprioceptive neuromuscular system
to become patterned to the deviated closure. The
resultant muscle function becomes so dominant and
the apparent pattern of occlusion is often mistaken
by most clinicians as the seated condylar position.
(Gaikwad & Tamore, 2019)

Mandibular displacement (functional shift) can
affect the transverse interarch relationship according
to the magnitude and direction of the shift. It can
be the cause and the effect of inter-arch transverse
discrepancy (posterior crossbite). This functional
shift, if left untreated for a prolonged period, can
lead to a true posterior crossbite. Unilateral posterior
crossbites are commonly a result of bilateral
maxillary constriction with a lateral mandibular
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functional shift into intercuspation, resulting in
normal buccal-lingual intercuspation unilaterally
and a cross bite on the opposing side.

Posterior crossbite is defined as an inadequate
transversal relationship of maxillary and mandibular
posterior teeth. (Gabriel de Silva Fo et al., 1991)
Faulty transverse arch relationship is especially
critical because of the limited growth, as it is the
first dimension to stop growing.(O’Grady et al.,
2006) This malocclusion does not show spontaneous
correction, and should be treated as early as possible.
(Gabriel de Silva Fo et al., 1991) Therefore, an
accurate diagnosis and treatment planning must be
accomplished with the condyle in a centric relation.
(O’Grady et al., 2006)

In order to guide the mandible to its fully seated
position in centric relation, lots of methods and
techniques can be used. The leaf gauge, introduced
by Dr.Long many years ago, is one of the most
popular aids for determining centric relation. (Long,
1973, Dawson, 2007)

Since 1977 Williamson, used leaf gauge depro-
gramming and condylar position instrumentation,
he outlined the rationale for articulating diagnostic
study models in the CR. He also analyzed the vari-
ability between different CR records.(Williamson,
1977; Williamson et al., 1980)

Till now leaf guage is a commonly used method
for relocating condyle in centric relation.lIts is also
considered as the most cost effective and the easiest
of all methods.

In 2020 Radu used leaf gauge to record centric
relation digitally at the desired vertical dimension
of occlusion.Using leaf guage he was able to seat
the condyle in centric relation and then the relation
was recorded using intraoral scanner at the desired
vertical dimension that have sufficient occlusal
clearance for the design of the fixed prostheses
(Radu et al., 2020)

Based on the previously mentioned facts, the
aim of the current study was to identify the change
in transverse dental relation between maximum
intercuspation and centric relation using a digital
workflow in orthodontic patients.
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MATERIALS AND METHODS

Setting:

A total of 101 patients were recruited for this
study from the outpatient clinic of the department of
orthodontics, Cairo university, Egypt. Patients were
informed about the study procedure and written
consents were obtained. Patients’ recruitment
started in July 2023 and lasted for 6 months. For
each patient, digital scans were taken and MI and
CR were recorded digitally.

Participates:
Eligibility criteria:

Inclusion criteria:

Orthodontic patients having full permanent
dentition including Class I malocclusion, Class II
division 1 or division 2 and class II subdivision
cases in addition to Class III malocclusion , Class
IIT subdivision, deep bite cases, open bite cases,
crowding and spacing cases.

Exclusion criteria:

Patients who had undergone previous orthodontic
treatment, syndromic patients and patients with
craniofacial anomalies as patients with cleft lip and
palate were excluded from the study.

Additionally patients with severe skeletal dis-
crepancy, patients with symptomatic temporoman-
dibular disorders and patients who cannot accept
firm loading (positive load test) and patients having
teeth mobility were also excluded.

Centric relation registration:

I - TMJ examination:

Dental examination was
together with patient examination according
to the DC-TMD protocol to identify eventual
temporomandibular joint (TMJ) and muscle-related

complaints.

status performed
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II- Muscle fatigue (muscle deactivation):

With the help of the leaf gauge, muscle fatigue
was achieved by continuous back and forth
movement in a sliding pattern on the leaf.

I11-Positioning the condyles in centric relation

Positioning the condyles in CR with the leaf
gauge method and verified using tongue retrusion
method and bimanual manipulation technique
methods with help of the leaf gauge.

Leaf gauge method:

After muscle fatigue, the patient with the
instructed to move in a forward slide on the leaf
gauge followed by a backward movement and tap
on the leaf gauge.

Centric relation position verification using
tongue retrusion technique:

The patient was then instructed to retrude his
tongue along the palate as a physiologic method of
obtaining CR. (De Moraes Melo Neto et al., 2022).

Centric relation position verification using bi-
lateral manipulation (Dawson’s technique) was
done as follow:

Step one: The patient was reclined all the way
back. After the head was stabilized, the patient’s
chin was lifted to slightly stretch the neck.

Step two: The four fingers of each hand were
gently positioned on the lower border of the
mandible and the thumbs were fit in the notch above
the symphysis.

Step three: With a very gentle touch, the jaw
was manipulated so it slowly hinged (opened and
closed).

After the mandible was felt like it is hinging
freely and the condyles seemed to be fully seated up
in their fossae, it was assumed that the condyle was
in centric relation. The position and alignment of
each condyle was tested by applying firm pressure
up with the fingers on the back half of the mandible
and down with thumb pressure in the notch above
the symphysis (load testing).
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VI-MI and CR registration using digital technique Step 3: Then seating the condyle in CR was done,

Digital scanning for both arches was done using 25 mentioned before, and registered. The leaf gauge

TRIOS 4 intraoral scanner. was used to hold the bite in centric relation hanging

) on first point of contact, some bite registration
Step 1: Scanning upper and lower models was

. . . material was added to prevent any slide during
done according to manufacturer’s instructions.

(figure 1a,b) digital acquisition of the bite relation. (Figure 2)
Step 2: Recording MI relation was done first. For each patient, 2 digital models were collected

(figure 2) with one articulated in MI and the other in CR.

( A

[

Fig. (3) A and B show leaf gauge in place with bite registration
material added to prevent any slide during digital

\ ) . el . .
Fig (1) a) Scan for upper arch. b) Scan for the lower arch acquisition of the bite relation <
e N
J
\ ~/  Fig. (4) Showing bite after registration with digital method at

Fig. (2) Digitally recorded MI the first point of contact.
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Fig. (5):A) Showing first point of contact when determining
position of teeth contact with scanning software B)
First point of contact marked by an articulating paper.

VII-Measuring Outcomes:

Posterior crossbite whether unilateral or bilateral

was identified in maximum intercuspal position

TABLE (1) MI x CR Cross Tabulation
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and recorded CR. If lower buccal cusps were not
aligned with upper central fossae it was considered
as crossbite on this side. Outcome was reported as
binary data according to the presence or absence of

posterior crossbite (Yes / No).

VIII-Statistical methods :

All tests were run at the 95% confidence level
(CI). McNemar test was used which determined if
there were differences on a dichotomous dependent
variable between two related groups. The level of

significance was set to be at p value <0.05.

RESULTS

The total number of subjects was 101 recruited in
this study. The descriptive analysis of the collected
data is presented in the following tables:

CR
Total
no cross bite crossbite exist
MI No cross bite Count 30 39 69
% of Total 29.7% 38.6% 68.3%
Crossbite exist Count 1 31 32
% of Total 1.0% 30.7% 31.7%
Total Count 31 70 101
% of Total 30.7% 69.3% 100.0%
s A
L A) ’ ’ Maxlmumln:ercuspaﬂon b b B)-V Gentricelafion )

Fig. (6) A)Bar chart showing proportion of posterior crosbite in MI B )Bar chart showing proportion of posterior crosbite in CR
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Descriptive statistics:

A total of 30 (29.7%) patients did not have a
crossbite in MI , and also in centric relation. Thirty
nine (38.6 %) did not have crossbite either unilateral
or bilateral in MI, yet appeared to have crossbite in
centric relation and 1 (1%) patient had a posterior
crossbite in MI and no crossbite in centric relation.
Thirty one patients (30.7%) had a posterior crossbite
in both MI and CR.

Sixty four subjects had no unilateral posterior
crossbite either in CR or MI. Eighteen subjects who
appeared to have no unilateral posterior crossbite
in maximum intercuspation, showed unilateral
posterior crossbite in centric relation. Eight subjects
who appeared to have a unilateral posterior crossbite
in maximum intercuspation, showed no unilateral
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posterior crossbite in centric relation. Eleven
subjects had unilateral posterior crossbite in both
CR and MI.

Where blue color represents no unilateral
posterior crossbite and red color represents that
unilateral posterior crossbites do exist.

Fifty nine patients had no bilateral posterior
crossbite in both MI and CR. Twenty eight subjects
who appeared to have no bilateral posterior
crossbite in maximum intercuspation, showed
bilateral posterior crossbite in centric relation. One
subject who appeared to have a posterior crossbite
in maximum intercuspation, showed no bilateral
posterior crossbite in centric relation.Thirteen
subjects had bilateral posterior crossbite in both MI
and CR.

TABLE (2) Unilateral posterior crossbite in MI (uniMI) * unilateral crossbite in CR Crosstabulation (uniCRD)

uniCRD
Total
No cross bite Crossbite exist

uniMI no cross bite Count 64 18 82
% of Total 63.4% 17.8% 81.2%

crossbite exist Count 8 11 19
% of Total 7.9% 10.9% 18.8%

Total Count 72 29 101
% of Total 71.3% 28.7% 100.0%

s N

A

S

J

Fig. (7) A) Pie chart presentation for the proportion unilateral crossbite in MI B)Pie chart presentation for the prorotion unilateral

crossbite in CR
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TABLE (3) Bilateral posterior crossbite in MI (BiMI) * Bilateral posterior crossbite in centric relation(BiCRD)

Cross Tabulation

BiCRD
Total
no cross bite crossbite exist
BiMI No cross bite Count 59 28 87
% of Total 58.4% 27.7% 86.1%
Crossbite exist Count 1 13 14
% of Total 1.0% 12.9% 13.9%
Total Count 60 41 101
% of Total 59.4% 40.6% 100.0%
s N
. A B J

A) Pie chart presentation for the proportion bilateral crossbite in MI. B) Pie chart presentation for the proportion bilateral crossbite

in CR

Where blue represents no bilateral posterior
crossbite and red color represents that bilateral
posterior crossbite does exist.

Inferential statistics:

TABLE (4) McNemar Test comparing the incidence
of posterior crossbite in MI vs CR

Value Exact Sig. (2-sided)

McNemar Test .000*

N of Valid Cases 101

a. Binomial distribution used.

McNemar Tests showed that there was a highly
statistically significant difference between the

incidence of posterior crossbite (unilateral and

bilateral) with change in mandibular position from
maximum intercuspation to centric relation with a
p value of 0.00.

TABLE (5) McNemar Tests comparing the incidence of
unilateral posterior crossbite in MI vs CR

Value Exact Sig. (2-sided)

McNemar Test .076°

N of Valid Cases 101

a. Binomial distribution used.

McNemar Test shows that there was no
statistically significant difference between presence
of unilateral posterior crossbite with the change in
mandibular position from maximum intercuspation
to centric relation with a p value of 0.076.
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TABLE (6) McNemar Tests Comparing the incidence
of bilateral posterior crossbite in MI vs CR

Value Exact Sig. (2-sided)

McNemar Test .000?

N of Valid Cases 101

a. Binomial distribution used.

McNemar test shows that there was a highly
statistically significant difference between presence
of bilateral posterior crossbite with change in
mandibular position from maximum intercuspation
to centric relation with a p value of 0.00.

DISCUSSION

Accurate diagnosis of patients with malocclusion
and their abnormal occlusal relationships will lead
to correct treatment decisions and subsequently,
outcomes.  Functional

satisfying ~ treatment

examination (represented in the current article
as detection of functional shift) is always a
challenging diagnostic measure. At the same time,
it can significantly change the presented occlusal
relationships and the required treatment decisions.
For that reason, the aim of the current article was
to quantify that occlusal change (represented in the
change of posterior crossbite relations) to identify

its clinical significance.

Being in the digital era, digital methods were
chosen for both recording maximum intercuspation
and centric relation .

Centric relation recording strategy depended on
using leaf gauge as a method for posterior occlusal
separation. After using leaf gauge to perform
fatigue exercise and deprograming, seating of the
condyles in centric relation was further checked by
2 methods. In order to make sure that condyle was
in centric position tongue retrusion maneuver and
bimanual manipulation with load testing were both
used while keeping the leaf guage in place. Using
the leaf gauge, the number of leaflets was adjusted
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till the first point of touch. This allowed recording
the reaction without a lot of posterior separation
and hence there was no need to record the arc of
closure using a face bow. This static relation with
the first point of contact recorded represents the
pattern of occlusion that exists in centric relation
also known as centric occlusion according to the
grocery of prothodontic terms 8th edition. (The
Glossary of Prosthodontic Terms 2005 (GPT 8°))
This was also the relation upon which the diagnosis
was determined.

The above mentioned methodology permitted
recording the centric relation digitally with much
less sophisticated appliances and in minimal time
duration using an intraoral scanner. Bearing in
mind the great advantages of using digital records
over physical ones like virtual treatment planning,
enhanced communication and ease of data storage.
(Akdeniz et al., 2022)

Analyzing models in centric relation uncover
the relationship between the jaws while in seated
condylar position. In some patients this brings
clinically significant occlusal modifications.

The incidence of posterior crossbite significantly
increased with seating of the condyle in centric
relation. Although the increase in unilateral crossbite
is statistically insignificant, the change in diagnosis
of crossbite presence occurred in 25% of the current
sample. The diagnosis of bilateral posterior crossbite
has been significantly changed in 28 % of the cases.

Previous studies showed that, when a discrepancy
exists between the CR and MIC this can change
the orthodontic diagnostic relation with overjet
increases and overbite decreases. (Hoffman et al.,
1973; Shildkraut, 1994)

Many studies attempted to reveal the effect of
the change in mandibular position from MI to CR
on the diagnosis of orthodontic case but none had
identified the effect on posterior crossbite.In a study
by Cordray, 21.3% of the subjects (127), dental
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midlines were different in the CR when compared
with MI/CR. This reflects a lateral mandibular shift
from the CR to accommodate the MI bite. (Cordray,
2006b)

Neuromuscular deprogramming is the key for
reproducibility and evading dual bite. Splint therapy
can be effective in neuromuscular deprogramming.
(Dawson, 1989; Williamson, 1977) But it is not
practical in a busy orthodontic practice.(Beard &
Clayton, 1980; Karl & Foley, 1999; Lundeen, 1974)

It was shown in this study that 5 to 10 minutes
of chair-side neuromuscular deprogramming with
the help of muscular fatigue exercise and using a
relatively rigid leaf gauge can be effective for initial
deprogramming.

Muscle deprogramming eliminates muscle
engram that consistently keeps the mandible in
maximum intercuspation every time the patient
occludes. As a result, the acquired mandibular
position (the occlusion-dictated condylar position)
will often be mistaken by the clinician for the centric

relation. (Cordray, 2006b)

The results of this study demonstrate that
models, taken from a neuromuscular deprogrammed
asymptomatic patient population can reveal a
masked posterior crossbite that has to be taken into
consideration during treatment planning.

CONCLUSION

Initial deprogramming and centric relation
recording can reveal the masked posterior crossbite
that should be taken into consideration during
treatment planning.

Although the difference between the incidence
of unilateral posterior crossbite in CR and MI is
statistically insignificant , in 25% of the sample of
the sample the crossbite diagnosis changed from MI
to CR

The digitally registered CR with neuromuscular
deprogramming, represents a reproducible method
to show discrepancies between a subject’s occlusion
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when the condyles are seated and when the occlusion
is dictated by the intercuspation of the teeth.

Neuromuscular deprogramming using leaf gauge
is a helpful adjunct for registration of the CR. It is an
easy procedure that can be accomplished with little
chair-side time, little expenses, and no compliance
problems.
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