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ABSTRACT

Background:

One of the most common prosthodontic treatments rendered to patients 1s placement
of crown. As the lower first molar is the first posterior teeth to erupt 1n the oral cavity
{(1.e.. 6 vears), 1t 1s more prone to caries and a root canal treatment might be necessary
followed by placement of a crown. The success of a crown 13 determined by many

factors. out of which one such factor being occlusion.
Aim:

To compare and adjust the number of occlusal contacts in a provisional restoration in
centric occlusion using a virtual articulator and functionally generated path

techmique.

Materials and Methodology:

The present study was carried out in BBD college of Dental Sciences, Lucknow with
a sample size of 10. A climic evaluation of the provisional prosthesis fabricated on
lower 1% molar using FGP technique and VA was done. The number of occlusal
contacts and number of occlusal adjustments according to the reference tooth and

patient compliance made were noted down.

Results:

After 1°* & 2™ adjustment, mean number of markings were significantly more among
VA group as compared to FGP group but after 3 & 4% adjustment for centric, mean
number of markings did not differ significantly. After 1% & gl adjustment. mean
number of markings did not differ sigmificantly among FGP & VA group. Mean
number of adjustments done were sigmificantly high among Centric type among both
FGP & VA groups. Mean number of adjustments, both centric & eccentric, done

were significantly high among FGP group as compared to VA group.

Conclusion:
With the era of modemn dentistry new methods such as articulation through a virtual
articulator has developed better results 1 terms of occlusal adjustments both n

centric and eccentric contacts. By the present study virtual articulator has been
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ABSTRACT

deemed better in terms of both patient compliance as well as operator’'s ease than

FGP in delivermng of the prosthesis.
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Introduction

One of the most common prosthodontic treatments rendered to patients 13 placement
of crown. As the lower first molar 1s the first postenior teeth to erupt 1n the oral cavity
(te. & wyears) it is more prone to caries and a root camal treatment might be
necessarily followed by placement of a crown. The success of a crown 15 determined

by manv factors. out of which one such factor being occlusion.

Occlusion 1= defined as the static relationship between the incising or masticating

surfaces of the maxillary or mandibular teeth or tooth analo gues_m

Occlusion can be of two types which are static occlusion and dynamic occlusion
Static occlusion i1s the contacts between the teeth when the mandible s not moving,
whereas dvnamic occlusion 1= the occlusion when the mandible performs protrustve
and lateral movements Recording dynamic occlusion 1s important to reduce the chair

stde fime of the operator and the patient.

Functionally Generated Path technique 1s one such method to record the dynamic
occlusion which was first proposed by Mevers and was termed as chew in technique.
In 1933, Mever described techniques that allowed the dentists to use the patient’s
mandibular movements to carve an occlusal surface. Functional Generated path is
determination of the harmonious relationship between the occlusal path (the
functional occlusal path) and the condvlar paths at a given vertical dimension M 5
can also be defined as static representation of the opposing cusps’ dynamic eccentric
movements from a centric position to achieve optimal articulation and occlusal
harmony. The FGP technique records such eccentric movements at the precise
occlusal vertical dimension (OVD), as the eccentric movements are influenced by

both the anterior and condylar guidance.

Mever suggested that 'no occlusal adjustment in the mouth should be necessary if the
techmique 15 performed properly”. Pankey and Mann modified the prninciples
discussed by Mever to describe a “functionally generated path™ record. FGP is also
being used in fabrication of implant-retamned fixed partial dentures. FGP 15 a practical
method to achieve harmonious occlusal anatomy of restorations with the anterior
determinant anterior guidance, the posterior determinant/condvlar guidance, existing

T3
occlusal and cuspal anatomy, and the neuromuscular 5'_&'51&!11."_]
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Introduction

Dawson and Shillingburg et al note the following prerequisites for use of the FGP:

* Existence of ideal occlusion.
s  Absence/elimination of posterior interferences.
* Adequate opposing occlusal surfaces capable of generating a functional path:

no significant rotations. no carious lesions, no deficient restorations.

Articulators are mechanical instrument that represents the temporomandibular joints
and jaws, to which maxillary and mandibular casts may be attached to simulate some

or all mandibular movements -

. There are many types of articulators used in
dentistryv such as mean value articulator, semi adjustable articulator and fully
adjustable articulators. One of the recent advances in articulators are virtual

articuelators.

Virtual reality refers to “tmmersive, interactive, multi-sensorv, viewer centered,
three-dimensional (3D) computer generated environments and the combination of
technologies required to build these environments™. In essence, virtual reality 1s a
clone of phvsical reality creating a virtual environment to replace the real-world

. . ) ; ; ) ; i
environment. Virtual articulators use virtual reality to simulate jaw movements.* ]

The programming and adjustment methods of the virtual articulator were described
by Kordass and Gartner in 1999 First a digital tmage 15 obtained of the surfaces of
each tooth, of the both dental arches, and of the bite registries. To this effect a three-
dimensional laser scanner 12 used, such as for example the Laser Scan 3D (Willytec,
Munich, Germany). This scanner projects a vertical laser beam onto the surface of
the object. A digital camera equipped with a charge coupled device (CCD) registers
the beam reflected from the object and transmuits the digital signals to an electronic
processing system. The processed umage data are stored as digital matrix brightness
values, ready for use by the scanner software and for on-screen visualization and

computenized manipulation. Bl

The basic system of the virtual articulator generates an animation of the movements
of the mandible based on the input data, and calculates the points of occlusion, which

in turn are shown on-screen by means of some tyvpe of code. (€]
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Introduction

Ideally, the virtual articulator i1s equipped wrth a device for registering the specific
mandibular movements of a given patient (such as the JMA), and can integrate the

movements recorded in the amimarion.

There are two types of wvirtual articulators namely -Completely adjustable  and
mathematically simulated.”] The wirtsal articulator requires  digital 3D
representations of the jaws and patient specific data on jaw movements and then
simulates jaw movements and provides a dvnamic visualization of the occlusal

contacts.

Virtual articulator can also show the effects of resilience of the soft tissue on the
time dependent basis duning muscular movements of chewing or eating. That 1s why
1t can tllustrate the real time dvnamics of the occlusion Other advantages of using
virtual articulators over mechanical ones are the reduction m inaccuracies while
making interocclusal registration with materials prone to deformation (eg: Bite
registration wax) and accurate repositioning of the master cast mto bite tmpression

without leaving any space.m

The most precise occlusal surface reproduction can be accomplished by using virtual
articulators with CAD/CAM systems.

The wirtual articulator has been compared with the mechamical articulator in
orthognathic surgery, to create wdeal mamillary posttion and for miaking surgical

splints and concluding that the virtual method 15 more precise than the conventional

appma(‘_h.[g]

Advantages of Virmal Amiculator

s+ Offers best quality of communication between the dentist and dental

technician
+ Simulating real patient specific data
+ Examines both static and dynamic occlusions

s Analyses ganathic and joint conditions

Fagce 4



Introduction

s Actsasa 3D navigator
Limitations of Virtual Articulator

+ Not cost effective as 1t requires the digital sensors, digital scanners,
software’s, and different types of virtual articulator models mimicking the

mechanical ones according to the patient need.

+ Knowledge about the CAD/CAM technology. mechanical articulators,
designing and modeling of wvirtual articulators etc and technical skills
regarding the understanding of data recorded from scanners. sensors, minor

adjustments, incorporating motion parameters eic. [l

The purpose of this study is to make a detailed comparative evaluation of occlusal
points and occlusal adjustments in functionally generated path technique and virtual

articuelators.

Fage 5



Aim & Objectives

AIM AND OBJECTIVES

ATM

To compare and adjust the number of occlusal contacts 1 a provisional restoration m

centric occluston using a virtual articulator and functionally generated path technique.

OBJECTIVES

* To assess the number occlusal contacts of a provisional restoration fabricated
— using a virtual articulator
— using FGP technique
* To compare the number of occlusal contacts of provisional crown fabricated by
using both.
* To compare the number of adjustments required to equalise the contacts m

provisional restoration made by both 1n centric occlusion

Fages



Review Of Literature

Mever S (1936) “l described functional generated path i a complete denture patient
for the first time and called it a "chew in technique’. According to him, the occlusal

anatomy of upper dentitton can be established by the movements of the mandible.

Victor NJ (1954) M ysed FGP techmque 1n complete denture patients. According to
him the same principle, with necessary variations, has been applied i the
construction of occlusal correction splints, partial dentures, fixed partial prosthesis,
precision partial dentures, full lower dentures made to the patients™ natural upper
dentitions, and agamst partial dentures, full upper dentures to patients’ own natural
or existing partial dentitions. and to immediate single dentures and this technique has

produced most gratifying results.

Pankey and Mann (1960) 2 modified the FGP technique described by Mevers
utilizing guide castings on the upper cuspids to control the development of a
functional occlusion. He also emphasised on use of interocclusal wax functionally
generated path records made on functionally generated path tables which made ot
possible to eliminate all occlusal interferences and establish the functional form of

the occlusal surfaces of the restorations.

Zimmermann M (1966) M4 stated that when functionally generated path procedures
are carefully followed. a mimimum of occlusal adjustments are required when cast
restorations for the maxllary postenior teeth are placed in the mouth, but he also
pomted out a few problems encountered by both the laboratory and clinician and

brought about some modifications for the same.

Kafandaris NM (1981) M modified technique presented by Meyers and proposed
modifications such as (1) the use of the cast partial denture framework of the
ceramometal restoration as the recording base and (2) the use of an mterim acrylic
resin restoration to compensate for any possible errors before completing the
restoration. The technique he proposed could be used for both unilateral and bilateral
restorations, including the final part of complete occlusal treatment propesed by

Pankey and Mann.

Weingirtner (1928) 51 stated that there is a strong need for a computer model of

the jaw - the virtual jaw - to support physicians and surgeons in diagnoses and

[Type 1ext] Fage 7



Review Of Literature

preoperative planning. They spoke about 3D simulation of the human mastication
apparatus which can be used for the preoperative planming of cramofacial surgeries
as well as the education of dentists and surgeons and stated that 1t consists of three
interacting components: A kinematic model which defines the constraints of the

articulation, a model for the mastication muscles and a 31 graphical interface.

KordaB B (2002) ™ stated that the VR articulator is a basic tool that deals primarily
with the functional aspects of occlusion which 1s alse regarded as a core tool 1n many
diagnostic and therapeutic procedures and in the CAD/CAM manufacture of dental
restorations. The add-on modules will be changing conventional wayvs of production

and communication i dentistry and will begin to replace the mechamical tools.

Bisler A. Bockholt U, Kordass B, Suchan M. Voss G (2002) 07 stated that the
virtual articulator (VA) 15 mtended for use as a tool for the analysis for the complex
static and dynamic occlusal relations. Its chief application 1s in individual diagnosis
and the simulation of the mechamical articulator. VR combined with CAD/CAM
technology has great potential in mmplant planning and design m terms of greater

precision and shorter treatment duration.

Delong R et al (2002) 8 concluded in his studies that occlusal contacts calculated

from aligned virtual casts accurately reproduce articulator contacts:

Solaberrieta et al (2009) 1 in their study research project aiming at designing a
Virtual Articulator in order to simulate and analvze mandibular movements of the
human jaw. Its main goal iz to mmprove the design of dental prostheses, adding
kinematic analysis to the design process. First, they scanned the plaster models and
then the tvpe of articulator 15 selected. Third, the prosthesis 13 statically modelled,
Fourth, excursive movements are sunulated vsing a CAD system, analyzing occlusal
collisions to adequate'modify the design and then Finally, the current shortcomings
of virtual articulator simulation were discussed in detail and a research prospect 15

advanced.

Ghanai S, Marmulla R, Wiechnik J, Muehling J, Kotrikova B(2010)"" presentad
a computer-assisted planning system for dysgnathia treatment and described the

process of mformation gathering using a virtwal articulator and how the splints are

[Type 1ext] Fage 3
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constructed for orthognathic_surgery. Prehiminary results showed that conventional

reposttioning could be replicated using the virtual articulator.

Solaberrieta E. Minguez R, Barrenetxea L, Etxaniz O(20 13}1:1] deseribed a digital
technique to transfer the location of digitized casts obtained directly from the patient
to a wvirtal articulator (digital virtual facebow transfer). The primary advantage of
this technique 1s that 1t allowed the dentist and the dental laboratory technician to
work 1n a fully digital environment without having to mount stone casts on-a physical
articulator. This resulted 1 a significant ttme reduction and a higher degree of

accuracy in the cast location.

Solaberrieta E, Minguez R, Barrenetxea L, Sierra E, Etxaniz O (2013) * noted
that working m a virtual environment offers the possibility to calculate the
volumetric interference between teeth, which 15 obviously not possible in the
physical articulator. This facilitates the elimination of interferences whereas in the
traditional method, when mterferences are detected, the only possible solution 1s to
mark them with articulating foil, but virtual articulators show these mterferences in

three diumensions.

Koralakunte PR, Aljanakh M (2014) *¥ stated that the virtual articulator is an
application in prosthetic and restorative dentisiry based on wirtual reality which
significantly reduces the limitations of the mechanical articulator, and by simulation
of real patient data. allows analyses with regard to static and dyvnamic occlusion as
well as to jaw relation. They presented the concepts and strategies for a future
replacement of the mechanical articulator by a virtual one. Also, a bnief note on
virtual reality haptic system had been highlighted along with newly developed touch

enabled virtual articulator.

Memon S (2014) 4 ov-aluated the benefits of the double casting technique with FGP
over the conventional casting technique. They selected ten patients with root canal
treated maxillary molar to fabricate metal crowns: Two techmiques. one involving the
conventional fabrication and other using functionally generated path with double
casting were used to fabricate the prosthesis. A comparison was done between the
two. The change in the height of castings for the double casting group was less

compared to the conventional group and was highly statistically significant
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(P=0.001). The time taken for occlusal correction was sigmficantly lesser in double
casting group than the conventional group (P=0.001) The patient satisfaction
(before occlusal correction) was more for double casting group compared to
conventional (P=001). The functionally generated path with double casting
techmque resulted in castings which had better dimensional aceuracy, less occlusal

correction and better patient satisfaction compared to the conventional castings.

Solaberrieta EE, Etxaniz O, Minguez R, Gorozika J. Barrenetxea L (2015) #¥
stated that Dental virtual articulators constitute a great improvement in the design of
dental prostheses. Thev used computer aided design (CAD) syvstems and Reverse
engineering tools that permits the introduction of kinematic analysis i virtual design
processes. Lhe aim of their study was designing a dental virtual articulator 1 order to
simulate and analyse the mandibular movements. After a virtual construction of the
articulator, plaster models of the jaw were scanned. Afterwards, with the help of the
CAD system_ the dental prosthesis was finally developed as mandibular movements
are simulated. The main value of their research paper was 1ts contribution to the
methodology for the implementation of wvirtual design in the production of dental

prostheses.

Solaberrieta E. Otegi JR, Goicoechea N, Brizuela A, Pradies G (2015) P8
concluded of that the accuracy provided by a virtual occlusion procedure iz greater

than that of the traditional phvsical interocclusal records.

Saafi J et al (2018) ®7 used a modified technique of FGP to fabricate a unit metal
Ceramic Crown using a temporary crown and simple plastic occlude rather than a twin

stage occluder.

Yamamoto T et al (2015) B3] introduced a simple techmique for simultaneously
taking a closed-mouth mmpression and functionally generated path (FGP) for a full
coverage crown restoration. An alginate impression of the abutment tooth was made
to fabricate a custom-made closed-mouth smpression tray covering the abutment
tooth and the adjacent teeth. The tray had an FGP table and an abutment tray m
cameo and intaglio surfaces, respectively. The impression was taken with silicone
impression material after adjusting the abutment tray and inscribing the FGP using

self-cuning acrvlic resins. Plaster casts were made from the impression. and a
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zircomia crown was fabricated. The crown was cemented to the abutment tooth with
minimal adjustments. This simple technique resulted 1n a well-fiting crown that
accounted for mandibular movements. Using the custom closed-mouth impression
tray incorporating an FGP table simultaneously aids in fabricating an accurately
fitting restoratton that incorporates harmontous mandibular movements using a

single impression capture

Seong-gi Park et al (2019) 231 developed a method which involved the digital
application of the functionally generated path (FGP) techmique to fabricate an
implant-supported fixed prosthesis. They used an intraoral optical scanner, dental
design software, and a specially designed removable FGP table and with this method,
clinicians were able to design custom implant-supported fixed prostheses without

occlusal interferences, reducing the chairside time required to deliver the prosthesis.

Lepidi L, Chen Z, Ravida A, Lan T, Wang HL, Li J (2019) P introduced a full
digital approach to articulating a scan of the maxillary arch on a virtual articulator,

using only a CBCT and intraoral scanner which reduced chairside time.

Hsu MR, Driscoll CF, Romberg E. Masri R (2019) P in their study proved that
Dvnamic movements on the virtual arficulator were as true and precise as to the
mechanical articulator. When there were deviations. these deviations were less than

100 pm and thus, these deviations may not be climcally relevant.

Lepidi L, Suriano C, Wang HL, Granata S, Joda T, Li J (2020) " described a
completely digital protocol starting from the virtwal articulator mounting to

developing static and dyvnamic occlusion in a complex prosthetic rehabilitation

Ye-Chan Lee et al (2020) =

The Patient specific motion which 15 a digital form of
FGP may be a simple and effective alternative tool that shows clinically acceptable

results in the occlusal adjustment of a single posterior crown.
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Materials and Methodology

The present study was conducted in the Department of Prosthodontics, Crown and
Bridges, Babu Banarasi Das College of Dental Sciences, BBD Usnrversity, Faizabad
Road, Lucknow, India. The aim of the study was Comparative evaluation of occlusal
contacts and occlusal adjustments made using a virtual articulator and functionally

generated pathwayvs technique 11 a provisional restoration

Patients requiring crowns for lower first molars were selected for the study sample as
per the inclusion and exclusion cniterias. The study was approved by the ethical
committee of Babu Banaras: Das College Of Dental Sciences, BBD University. The
number allotted to the study IEC CODE 28. Patients were provided with a consent
form with written explanation regarding the nature of treatment associated

procedures.

Ten patients requiring complete veneers on lower first molars were selected and were
given two provisional restorations one fabricated using functionally generated

pathway and the other using a virtual articulator.

1. Mouth mirror (GDC)

(]

. Tweezers (GDC)

Lad

. Explorer (GDC)

4 Asrotor (NSK)

5. Round end tapered bur (Man1)

6. Torpedo diamond bur (Manit)

7. Tapered fissure bur (171L) (Mani1)

8. Milling machine (IMS I core)

8 Trreversible hydrocolloid impression matenal (Algitex)
10 Dental stone plaster Type III (Kalabhai)

11. Medit- 3D scanner

12. EXOCAD software

13 Semi adjustable articulator (Bio-Art)
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Materials and Methodology

14. Self-curing acrvlic resin (PYRAX)
15. Pattern resin (GC)
16. Tooth coloured self-cure acrylic resm (DPI)

17. GDC Articulating Paper Holder Apfle Miller
12 Articulating Paper (Bausch)

20. Laboratory micromotor
21. Straight hand piece

22. Round bur (BR-31)

METHOD

The sample size of this study was 110.

Selection of patient depended on a thorough evaluation of the following points
Inclusion criteria-

¢ Patients requiring a crown on 1% mandibular molar with unrestored
antagonistic dentition.

s Patients with Clasz 1 molar relation.

*  Age group- 18-30 vears.

* Patients with good periodontal health.

s Patients with good oral hygiene

Exclusion Criteria-

& Premature contacts

® Supra eruption of antagonistic teeth
o  Allergic to material being used.

* Partially edentulous

* DPeri-apical pathology




Materials and Methodology

The selected patient as per the above-mentioned criteria’s were grven a full veneer

CroWwT.

The patients were selected according to the inclusion criteria and prior consent was

taken before the yutial treatment

An elastomeric unpression was made using a single stage double mix technique prior
to the treatment which would be used as an index for fabrication of a temporary

crown using indirect method.

The molar was prepared using round end tapered bur, torpedo diamond bur and
tapered fissure bur (171L).

Two impressions were made and poured using dental stone type IIL

One set of casts was scanned using 3D scanner (MEDIT) and virtual casts were

obtained.

These casts were mounted on the virtual articulator with condylar guidance as

30degrees and incisal guidance as 15 degrees.

CAD designing of the provisional restoration was done usmng the EXOCAD

software.

The provisional restoration was milled on a milling machine (Imes Icore) on a Poly
methvl metharcrviate block.

The final finishing and polishing of the provisional restoration were done.

The CAD malled provisional restoration was seated in the patient’s mouth without

adjusting the occlusal surface.

Articulating paper of 10 pm thickness was used to check the occlusal contacts in the

patient s mouth
Using FGP techmigue: -

The second set of casts was taken and a customized closed-mouth impression tray

was made on the cast using a self-curing acrylic resin

Fage 14



Materials and Methodology

The tray was destgned to include and adapt on the adjacent teeth for stabilization and

to have a flat top as an FGP table

After adjusting the custom tray using a self-cuning acrylic resin, the tray was verified
to be stable, to be smoothly inserted and removed, and not to interfere in centric and

eccentric mandibular movements and then the next step was performed.

A self-cuning acrylic resin (Pattern Resin (GC) was put on the FGP table, and the
custom tray was placed on the prepared teeth. FGP was engraved mnto the resin as 1t
was i the plastic stage by letting the patient move their mandible in protrusive,

retrustve and lateral directions.

The custom tray with engraved pattern resin of the FGP 15 removed from the

patient’s mouth

Indexing of the pattern resin i1z done and both the casts are mounted on a sem

adjustable articulator.

Provistonal restoration 15 fabricated using tooth coloured acrylic resin using the index

as a guide.

The resultant provisional restoration 1s trimmed, fimished and polished. and then was

seated on the prepared tooth.
The articulating paper 1s then used to check the occlusal contacts on the restoration.

First the patient was asked to occlude in centric occlusion and the number of contacts
on the provisional restoration was noted and the number of adjustments were done

t1ll there were uniform and no premature contacts exist.

According to Jeffrey P Okeszon 1n his book of management of temporomandibular
disorders and occlusion The mandibular first molar 1s normally situated shghtly
mesial to the maxillary first molar in class 1 molar relation. In Class 1 molar relation
each mandibular tooth occludes with its counterpart and the adjacent mesial tooth.
The contacts between molars occur on both cusp tips and fossae and cusp tips and
marginal nndges. fizure depicts the buccal view and typical occlusal contact pattern of

a Class I molar relationship.
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Materials and Methodology

To evaluate the occlusal contacts of each of the crowns two factors were taken into
consideration 1.e a reference tooth and patient compliance. The reference tooth that
was designated was mandibular second meolar that would have to show the same
contact intensity with it opposing tooth both without the crown in place on the first
molar and with the crown i place. Only once verified as fully seated, was the time

taken to achieve a correct occlusal contact relationship.

The number of occlusal adjustments were noted for both the provisional prosthesis

fabricated by virtual articulator and functionally generated pathway technique.

After noting the number of contacts in centric relation the patient 15 asked to make
eccentric movements and the eccentric contacts were marked using the articulating

paper and the number of contacts were noted.

According to Jeffrey P Okeson in his book of management of temporomandibular
disorders and occlusion in the posterior teeth, the protrusive movement causes the
mandibular centric cusps (buccal) to pass anteniorly across the occlusal surfaces of
the mawillary teeth (Fig). Posterior protrusive contacts occur between the distal
inclines of the maxillary lingual cusps and the mesial mnclines of the opposing fossae
and marginal ridges Postenior protrusive contacts can alse occur between the mesial
inclines of the mandibular buccal cusps and the distal inclines of the opposing fossae

and marginal edges.

Dunng lateral movement of the mandible, on the working side there would be
contacts on the outer inclines of the buccal cusp of mandibular first molar and nner
inclines of the lingual cusp of the mandibular first molar. On the other hand in non-
working side contact would be present on the inner slope of buccal cusp of

mandibular first molar.

The necessary adjustments were done till there were untformi and no premature
contacts. The resultant occlusal points were analysed on both the provisional
restorations 1.e the former using virtual articulator and the latter uvsing the

functionally generated pathway technique.
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Materials and Methodology

Figure-1 Diagnostics and Figure-2 Articulating paper
airotor

Figure-3 Eecording of Figure-4 FGP after
FGP recording
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Materials and Methodology

Figure-3 Indexing of FGP

Figure-6 Twin bite

Figure-7 Virtual articulator

Figure-8 Lab scanner
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Materials and Methodology

Figure-9 CAD/CAM machine

[ Figure-10 checking occlusion

Figure-11 Normal occlusal
contacts in centric

Figure-12 Nommal occlusal
contacts it eccentric
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Materials and Methodology

Figure-13 Occlusal contacts in : 1 Figure-14 Adjusting occlusal
centric

contacts
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RESULTS

Table 1:
Comparison of number of contacts (Centric)
Mean N Std. P value
Deviati
on
Adjustment 1 | FGP 3.900 10 9944 | D.005.S
VA 7.300 10 2.0575
Adjustment 2 | FGP 5.400 10 1.5776 | 0.007.8
VA 9.700 10 3.0203
Adjustment 3 | FGP 5.000 4 1.4142 0.068,
NS
VA 9.250 4 1.7078
Adjustment 4 | FGP 6.667 3 1.1547 0.109,
VA 10.000 3 2.6458

Wilcoxon test

After 1* & 2™ adjustment, mean number of markings were significantly

more among VA group as compared to FGP group.
After 3™ & 4™ adjustment for centric. mean number of markings did not
differ significantly.

Graph 1
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(= =)

=4

E =

[E=)

Adjustment 1

Adjustrment 2

markings (Centric)

BFGE mYA

Adjustrvent 3

6667

Adjustment 4

10

Page 21



RESULTS

Table 2
Comparison of number of contacts (Eccentric)
Mean N Std. P value
Deviation
Adjustment 1 | FGP 4.600 10 1.7764 0.722,
NS
VA 4.400 10 24129
Adjustment 2 | FGP 4.700 10 1.5670 0.327,
NS
VA 5.300 10 1.4181

Wilcoxon test

After 1% & 2% adjustment, mean number of markings did not differ
significantly among FGP & VA group.

Graph-2
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RESULTS

Table 3:
Comparison of adjustments in centric & eccentric
Mean N Std. P

Deviation | value
FGP Centric 6.400 10 1.7764 | 0.004
Eccentric 2.800 10 1.1353 .8
VA Centric | 2.700 | 10 | 1.2517 | 0.038
Eccentric 1.900 10 5676 .S

Wilcoxon test
Mean number of adjustments done were significantly high among
Centric type among both FGP & VA groups.

Graph 3:

Comparison of adjustments in centric & eccentric
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RESULTS

Table 4:
Comparison of adjustments in FGP & VA
Mean N Std. P value
Deviation
Centric FGP 6.400 10 1.7764 | 0.005.8
VA | 2700 | 10 12517 |
Eccentric | FGP 2.800 | 10 1.1353 | 0.024.S
VA 1.900 10 5676
Wilcoxon test

Mean number of adjustments. both centric & eccentric. done were
significantly high among FGP group as compared to VA group.

Graph 4:

Comparison of adjustments in FGP & VA

=

o4

(%3]

[x)

[

=]

28
. )
W

M Centric W Eccentric

Fage 24



Discussion

Cne of the major factors governing the success or failure of a prosthesis 1s the
occlusal interferences 1n both centric and eccentric movements. It 1s very important
to check the occlusal contacts as both under occlusion and unwanted occlusion can

both lead to functional problems and in turm harm the abutment tooth.

Centric relation 15 a maxilla-mandibular relationship, independent of tooth contact,
which the condyvles articulate in the anterior-superior position against the posterior
slopes of the articular eminences; i this position, the mandible 15 restricted to a
purely rotary movement, from this unstrained, phystologic. maxilla-mandibular
relationship, the patient can make vertical. lateral or protrusive movements: it 1s a

clinically useful, repeatable reference position.

Centric occlusion 15 the occlusion of opposing teeth when the mandible 15 1n centric

relation which may or may not comcide with maximum intercuspation.

Eccentric relation 13 any relationship of the mandible to the maxillae other than

centric relation
Eccentric occlusion is an occlusion other than maximal mtercuspal position.
Working side is the side toward which the mandible moves in a lateral excursion.

Working-side contacts 13 the contact of teeth made on the side of the articulation

toward which the mandible 15 moved dunng working movements

Non-working side is that side of the mandible that moves toward the medial linema

lateral excursion.

Non-working contacts are contact of the teeth on the side opposite to the direction of

laterotrusion of the mandible.

Mevers came up with an occlusal scheme called the Functionally Generated Path
which records dynamic occlusion mnstead of static occlusion. According to him no

occlusal adjustments 1s necessary if the technique 15 performed properly.

The present research is based on the comparative evaluation of occlusal contacts and
number of occlusal adjustments 1in FGP technique and virtual articulator on a single

provisional prosthesis on lower 1¥ molar with intact occlusion.




Discussion

In this method the FGP was recorded after the biomechanical preparation of tooth 1z
done on the lower 1¥ molar using an occlusal table and pattern resin. The patient is
asked to do the centnic and eccentric movements and the FGP 1s recorded. An index

1s formed according to which the provisional prosthesis 1s fabricated.

On the other hand, another set of casts of the prepared tooth were scanned and
virtually articulated with 307 condvlar inclination. A provisional prosthesis 1s

fabricated using a PMMA block in a CATY/CAM machine.

First the patient 1s asked to occlude in centric and an articulating paper of 10um is
kept and the number of occlusal contacts are noted. The necessary adjustments are
made using two parameters 1.e the point of contact on the reference tooth and the

patient compliance.

A high point 1z marked with a charactenstic bull’s eye appearance when an
articulating paper 1s used. This shows that there 13 more force during occlusion at the
given point. Such points should be reduced. else it will cause chipping of the
prosthesis and weaken the prosthesis and the abutment tooth or even cause temporo-

mandibular disorders.
The number of contacts and adjustments are noted in centric.

The same procedure 15 repeated when the patient 15 asked to occlude m eccentric and

the number of contacts and adjustments are noted.

The mean number of occlusal contacts in FGP at centric after the first four

adiustments were 3.9, 34 3. 6.6 respectively.

The mean number of occlusal contacts in the prosthesis fabricated using virtual

articulator at centric after the first four adjustments were 7, 9.7, 9.2, 10 respectively.

The mean number of occlusal contacts in the provisional prosthesis fabricated using

virtual articulator were significantly more.

The mean number of occluzal corrections made in FGP at centric was 6.4 and the

mean value of occlusal corrections in virtual articulator at centric was 2.7,

The number of occlusal comrections at centric s more in FGP than in wvirtual

articulator significantly.
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Discussion

The mean value of number of occlusal contacts in prosthesiz fabricated using FGP
technique at eccentric after the first two adjustments were 4.6 and 4.7 respectively
where as in the prosthesis fabricated using virtual articulator was 4.4 and 33

respectively.

The number of occlusal contacts were marginally more m the prosthesis fabricated

using virtual articulator than from the prosthesis fabricated using FGP.

The mean value of occlusal corrections in FGP at eccentric was 2.7 whereas the
mean value of number of occlusal corrections in a prosthesis using a virtual

articulator waz 1.9,

The number of occlusal adjustments i1 virtual articulator was less 1in both centric and

eccentric than that of FGP proposed by Mevers.
LIMITATIONS:

1. As the impression 15 made from irreversible hydrocolloid there 15 a chance of
distortion due to svneresis and imbibition

2. The volumetric expansion of the dental stone type-3 has not been taken into
consideration

3. Direct scanning was not done so there 1s-a scope of error particularly while
scanming the casts.

4. PMMA has an inherent nature of volumetric shrinkage which 1s not been

taken into consideration.

:.JI

The articulating paper used was of 10um which 1s not as precise as T scan.

FGP was a techmgue developed in the vear 1930 According to Meyers the
prosthesis fabricated using FGP needed no occlusal corrections = but in the present
study conducted this was not true as the occlusal corrections done in the prosthesis
fabricated using FGP were significant. The virtoal articulator 1s one such device

which reduces the mechanical work and develops a much accurate prosthesis than

the conventional FGP technique.

According to Pankey and Mann all occlusal interferences were avorded when they
used the modified FGP technique but in our study the mean number of occlusal

corrections in FGP at centric and eccentric were 6.4 and 2.7 respectively.
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Discussion

Apccording to Saafi J et al there was absolutely no kind of patient discomfort with the
prosthesis obtamned using the FGP technique which was not true 1n our study as there
was more patient discomfort i prosthesis fabricated using FGP than that of the

prosthesis fabricated usmng VA

Programming of the virtual articulator was first desenibed by Kordass and Gartner in
the year 1999 On comparing the DemtCAME virtual articulator with a mechanical
articulator (Comp. KaVo, DLeutkirch), the same number of contacts were obtained
in the lateralization movements with both articulators in § patients (mechamcal
articulator: 90; virtual articulator: 92). In our study we saw that virtual articulator has
a greater number of contacts and needed less adjustments and had more patient

compliance.

According to Solabernieta E et al the most accurate occlusal surface reproduction can
be achieved etther bv using fully adjustable amticulator that simulates mandibular
movements with high degree of precision or by using virtual articulators with
CAD/CAM systems as shown in our study where the accuracy of the prosthesis using

virtual articulator 12 more.

Singh K et al stated that the virtual articulator 15 & precise software tool that deals
with the functional aspects of occlusion along with CAD/CAM systems substituting

conventional procedures.

Proschel et al. carried out a study of 37 asymptomatic patients in order to determine
the occlusal errors appearing in the mechamcal articulators. To this effect
comparisons were made with the virtual articulator, vielding an error in the second
molar of 200 um 1n 16% of the patients and of 300 um in 6% of the subjects — this
implying a low nisk of error, though the acceptable limits 1n clinical practice could be

exceadad P

Song and Baek carrnied out a study 1 23 patients previously subjected to orthodontic
treatment and who were programmed for Le Fort 1 fracture in the maxilla and a
sagittal osteotomy in the mandible The authors compared the precision of the
surgical model and of the splints, concluding that the virtual method is more precise

than the conventional approach. =
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Discussion

Ghanai et al 1 6 patients programied for repositioning of one or both maxillas,
compared the deviation between the two methods usmmg MicroSenibe G2X
{(Immersion Corporation. San Jose, CA_TUSA). The authors concluded that the virtual

articulator can precisely reproduce conventional planning and help mmexpenenced

4 1
surgeons to obtain good results -'%
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CONCLUSION

FGP which was proposed by Mevers in the vear 1936 which is also called as chew in
technique 15 a method to record the dynamic occlusion of the patient resulting in a
successful prosthesis. With the era of modern dentistry new methods such as
articulation through a virtual arficulator has developed better results m terms of
occlusal adjustments both in centric and eccentric contacts. By the present study
virtual articulator has been deemed better in terms of both patient compliance as well

as operator s ease 1n delivenng of the prosthesis.
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Annexure-7

STATISTICAL ANALYSIS

Statistical analysis: Data were tabulated and examined using the Statistical Package
for Social Sciences Version 22.0 (IBM SPSS Sratistics for Mac, Armonk, WY IBM
Corp. USA). Descriptive statistical analysis had been carried out 1n the present study.
Results on continuous measurements are presented as Mean 5D Categorical data has
been presented 1 as frequency distribution. The statistical power calculation was
based on the assumption that the data were normally distnibuted, P-value of =0.05
was considered sigmificant. Difference between two groups was determined using

student T test.

The statistical analysis for the present study was done by applyving the following
formulae:

1. Mean: The mean (or average) 15 the most popular and well-known measure
of central tendency. It can be used with both discrete and continuous data,
although 1ts use 1s most often with continuous data The mean 1s equal to the
sum of all the values in the data set divided by the number of values in the
data set. So_ if we have n values in a data set and they have values x;. x3.

%p. the sample mean, usually denoted by x (pronounced x bar), 1s:

(x, +x;4-~+x,)

i

This formula is usually written 1n a slightly different manner using the Greek

capitol 1.e.:
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Sample Mean Population Mean

B b s

X="n H= "o

where 2 X is sum of all data values
N is number of data itemns in population

Il i= number of data items in =ampl=s

2. Standard deviation: the standard dewiation (SD. also represemted by the
lower-case Greek letter sigma ¢ or the Latin letter 5} 15 a measure that 1s used
to guantify the amount of vanation or dispersion of a set of data values. A
low standard dewviation indicates that the data pomnts tend to be close to the
mean (also called the expected value) of the set, while a high standard
deviation indicates that the data points are spread out over a wider range of

values.

o [T -
n

T = lower case sigma
= = capital sigma
* = X bar

3. Student T test: A student r-test 18 any statistical hypothesis test 1n which the
test statistic follows a Student #-distribution under the null hyvpothesis. It can
be used to determine if two sets of data are significantly different from each

other. It is most commonly applied when the test statistic would follow a
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normal distribution if the value of a scaling term 1n the test statistic were

known When the scaling term 15 unknown and 1s replaced by an estimate
based on the data, the test statistics (under certain conditions) follow a

Student's ¢ distribution.
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