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ABSTRACT

STATEMENT OF PROBLEM

In implant prosthodontics, metal frameworks areduerigidly spilt the implants together
to provide rigidity and stiffness to the prosthesigl reduce possible complications such as
prosthetic fracture. However, due to the limitatiassociated with the metal framework
fabrication; the recent advances and improvementiber reinforced materials, has now

made it possible to fabricate metal free ISPs uBbeg reinforced composite frameworks.

PURPOSE

The purpose of this study was to evaluate and coenplaotoelastic stresses between All-
on-four implant-supported cobalt-chromium (Co-CGgnfiework and carbon fiber reinforced

composite (CFRC) framework at varying cantilevergths.

MATERIALSAND METHODS

Two photoelastic models of an edentulous mandil@eevabricated according to the All-
on-four concept. Following which, two identical itapt-supported frameworks with
bilateral cantilever extension of 20mm, one withRCFand other one with Co-Cr were
fabricated. The models were subjected to progredsads of 120 N-180 N, applied five
times at 6 designated loading points. The result®wbtained using the mean of maximum
fringe order obtained from 5 repetition stresses] &y using formula for calculating

maximum principal stresw}.

RESULTS

The results demonstrated that for both the framksyothe principal stresses increased

significantly with the increase in the posteriomtlever length. The CFRC framework

XVi



showed a more homogeneous stress distribution, widan principal stress values
significantly lower than the Co-Cr framework undalf loading conditions, however

deformation of the framework was observed at theilexer lengths of 15 mm and 20 mm.
Whereas, the Co-Cr framework showed mean princir@lss values and crestal stress

higher than the CFRC framework.

CONCLUSION

The study and its findings have indicated that @&RC framework appears suitable for
fabrication of framework for “All-on-four” prosthéswith a recommended short cantilever
length of 10 mm. Whereas, Co-Cr framework can lm®menended in clinical scenarios,
necessitating full arch ISPs requiring distal dawér greater than 10 mm due to high

stiffness and yield strength of the material

KEY WORDS

All-on-four, cantilever length, carbon fiber reinéed composite (CFRC), cobalt-chromium

framework, Photoelastic stress analysis
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I ntroduction

INTRODUCTION

Edentulism, may it be partial or complete continteebe a major oral health
problem and has always proved to be a challengeprosthodontists all over the
world. There are various treatment options like plate dentures, removable partial

dentures, fixed partial dentures and implant basstbrations.

Dental implants have proven to be a durable andigable option to restore
function and esthetics in patients with partiatatal edentulisnt. The use of dental
implants offers several advantages in comparisain egnventional fixed restorations
and partial and complete removable dentures. Intatis patients, the use of dental
implants have shown to improve the masticatorycifficy, esthetics, comfort, have
decreased bone resorption and prosthesis mobiidyimproved oral health—related

quality of life in comparison with conventional deres?*

Due to the recent advances in implantology, patiemith edentulous or
partially dentate jaws can today be restored wiiter@nt types of implant-supported

fixed dental prostheses (FDP).

In fully edentulous patients with biomechanicallyngpromised environment
due to alveolar atrophy in the posterior regiomgplant supported prosthesis (ISPs) is
nearly impossible without invasive surgical procedulike nerve transposition and
bone grafting in the atrophic posterior sites ia thaxilla and mandible. The All-on-
four concept is one such treatment procedure to avasetlunfavourable posterior
areas by the use of tilted implants to improveahterior posterior spread (AP spread)

of dental implants which in turn favours a bettead distributior?.
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I ntroduction

“All-on-four” treatment approach was designed ir02Gy Paulo Malo and
Malo Clinic team, to rehabilitate edentulous pasewith immediately loaded full

arch restorations supported by only four implantsach edentulous aréh.

This treatment approach was designed to allow inmbedunction, while
maximizing the use of available bone in the atropjaiws; as an alternative to
regenerative procedures, which increase the tredttimae, cost, patient morbidity,

and the complications inherent to these procedures.

The All-on-four treatment approach involves placamef 4 implants in the
inter foramina region of the jaw or in the antermart of the maxilla, with two
anterior axial implants and two posterior titled plants to support a full arch
immediately loaded fixed prosthesis (FFP)he posterior tilting of implant, avoids
the vital anatomic structures, reduces the posteamtilever and produces a well
distributed four point stability leading to both piant and prosthesis succésghis
allows rehabilitation of atrophic edentulous jawsjth fewer bone grafting

procedures, less surgical time, and reduced nuofbemplants?

The All-on-four treatment procedure has given sasfié outcomes in short
term, long term and retrospective studies that Hmaen done in the past. There are
various factors which affect the longevity of fixé8Ps such as implant position,
anteroposterior spread, implant length and anguiatiprosthetic connection,
cantilever length and type of framework materiabdisSo, the analysis of the
mechanical stress that occurs in the bone surrognttie implant is an important

factor to assess the long-term clinical succegsasdtheses.
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I ntroduction

The choice of implant framework material is impottéor success. Various
types of implant framework materials have been usedhe past like cobalt-
chromium, titanium alloys, gold alloys, nickel-chmium, ceramic, but studies with

carbon fiber reinforced framework are scare inspit#'s good strength and low cost.

There are various methods to study the amount reEss induced in the
dental implants and the adjacent bone. It is noag$ possible to check or analyse
these stresses intraorally so in-vitro methods pketoelastic stress analysis, strain

gauge analysis, and finite element analysis (FER)me used.

These methods can be used to assess the effeanwfork on the bone and
implant components before conducting in-vivo trialsthe new upcoming dental
implant system&’ Each of these methods have their own advantages and

disadvantages.

Strain gauges are efficient in quantifying strama @ive a direct indication of
the stress exerted within the structure3he sensitivity of strain measurements
depend on the relative alteration in dimensioniarttie basic resistance of a material
when it is bent or extended under loadiStrain gauge can also be used in clinical
conditions due to comparatively smaller size argirtiminimal to no interference
during function. The disadvantage of this methoith&, the strain is only measured at
the area where the gauge is embedded or bondedegmrovide information about
these specific points only and do not provide lecaand area of the concentration of
stresse$?

Photoelastic stress analysis is based on the metatn of isochromatic
colour fringes produced in the photoelastic makeriwhen they are stressed and

analysed under the polariscope setting. It allowectl observation of stress
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I ntroduction

distribution throughout the model, thus providirte tlocation and pattern of the
concentration of stress&s.The limitation of this method is its inability teplicate
the physical properties of the peri-implant tissugich exhibit a variable modulus
of elasticity depending on the area. However, @rnisadequate method of comparison
as it isolates multiple variables in terms of paise with total rehabilitation on

implants and can be used for complex systéms.

Another method is Finite Element Analysis (FEA), iefhis a numerical
method of evaluating stresses and contortionsnodel of any given shape to obtain
an answer to a complex mechanical problem by bngakiown the problem into
much simpler and smaller elemenf&A has proven to be a useful tool to simplify
complicated dental situations and to evaluate #mous dimensional parameters of
implant systems and associated structural mechangs bone implant interface,
implant diameter, shape, load direction, minor mmplcomponents like prosthetic
screws, implant failure mechanism etc. However,disadvantage of FEA analysis is
that the bone is assumed to be linearly elastitrdpic and homogenous, whereas the
natural bone is anisotrophic and heterogenous rahtélso, a state of optimum
osseointegration is assumed between bone and imiplahe FEA analysis model,

which may not occur in all clinical scenarids.

There are very limited studies of stress analySisomparison of carbon fiber
reinforced composite (CFRC) implant framework miatewith conventional Co-Cr
implant framework material at varying cantilevendéhs. As this CFRC material is
recently introduced, an in-vitro study was plannedevaluate the stress in CFRC

framework at varying cantilever lengths.
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NEED FOR THE STUDY

In implant prosthodontics, metal frameworks areduse rigidly spilt the
implants together to provide rigidity and stiffnegs the prosthesis and reduce
possible complications such as prosthetic fractur&tiff prosthesis material

distributes the stresses more evenly to the abugaen implants’

Splinting of the implant may improve the distrilmstiof masticatory load, can
reduce the stress in the peri-implant tissue amyegmt overloading of individual
implants, can also reduce mechanical complicatenmd the total financial cost of

implant therapy by the use of fewer implafits.

Implant-supported FDP frameworks can be made &éraifit alloys like gold
alloys, titanium, cobalt-chromium and nickel-chromi. Gold alloys have lower
modulus of elasticity as compared to base metaysllthis reduces their ability to
distribute forces more uniformly over the integcateplants, also for gold alloys the

deformation of framework during high ceramic firiregmore®®

Titanium has excellent biocompatibility, high caien resistance, good
mechanical properties, has low thermal conductigity is inexpensive. As a result,
commercially pure titanium (cp-Ti) has gained paepity as a framework material for
implant retained prostheses. However, titanium diaadvantages like high melting
point, low density, extreme high reactivity with reaunding elements at high
temperatures and it also undergagructural changes at high temperature which

affects its ability to bond with dental porcelath.

Cobalt-chromium (Co-Cr) alloys have high stiffne$sgh yield strength,

dimensional stability and corrosion resistance, gade&e bond strength between
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porcelain and alloy, also they exhibit higher disienal stability when used with
high fusing ceramic&® Because of the above-mentioned properties cobadtrtinm
should be considered the first choice of metalyafito fabricating the framework for

implant-supported fixed prosthesgs.

Metal frameworks have long been considered the gtdddard in full arch
FFPs to rigidly splint the implants together, aogtotect implants from micromotion
and overloads. However, metal framework fabricat®oexpensive, time consuming,
technique sensitive with high melting point and hhigasting shrinkag&. So, to
overcome these drawbacks, recent improvementsmpasite materials have made it

possible to fabricate metal free prosthesis bygibre reinforced framework: 2

The prosthodontic frameworks made of carbon fienforced composites
(CFRC) appear to be a suitable substitute forticagil metal frameworks in full arch
implant-supported prostheses (ISPSJhey offer high stiffness, biocompatibility, are
easy to fabricatehave high fracture strength and creep resistana®/ide good
adhesion with the veneering acrylic resin, exHilbi density and abrasion, chemical
inertness, and no expensive machineries are refde their fabrication by the
manual process, and are light weight in natiféThe above properties make CFRC

to be an excellent material for fabrication of feworks for full arch ISPs.

When compressive stresses are applied perpendioutae denture's surface
in a CFRC framework; stresses are expected to omecuhe opposite side of the
denture, because of the continuity of fib&3his aspect has not been investigated in
the previous studies. Additionally, minimal commies stresses and strains are

desirable in an immediate loading concept followimglant insertion.
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So, in the present study, the stresses in the ifisar implant supported
CFRC framework will be analysed and compared wita Co-Cr framework at

varying cantilever lengths.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESI S

There is no difference in stress distribution between All-on-four implant-

supported Co-Cr framework and CFRC framework at different cantilever lengths.

RESEARCH HYPOTHES S

There is a significant difference in stress distribution between All-on-four
implant-supported Co-Cr framework and CFRC framework at different cantilever

lengths.
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AIM AND OBJECTIVES

AIM OF THE STUDY:

“To evaluate and compare photoelastic stresseseeetwll-on-four implant-

supported Co-Cr framework and CFRC framework ayingrcantilever lengths.”

OBJECTIVES:

To assess the photoelastic stresses produced {onAdur implant-supported

CFRC framework at different cantilever lengths ungi®gressive load.

To assess the photoelastic stresses produced {onAtur implant-supported

Co-Cr framework at different cantilever lengths engrogressive load.

To compare the photoelastic stresses between Aibwnimplant-supported
Co-Cr framework and CFRC framework at differenttdawer lengths under

progressive load.
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Review of Literature

REVIEW OF LITERATURE

White et al (1994),evaluated the effect of increase in cantilevegtileron load
distribution to an edentulous mandible. A photogasnodel following the
morphology of edentulous mandible with five brandmanplants, placed at an
anteroposterior spread of 15 mm was fabricated. JACR-Ga-In-Au alloy fixed
splinted prosthesis with a long posterior cantitegé 30 mm was fabricated. The
model was subjected to vertical loads of 89 N aBdNl, applied in a increment of
5mm from the terminal implant to the maximum pastecantilever length of 30mm.
The results revealed that the maximum stressesseeieentrated near the crest of the
ridge of the distal implant. Also, maximum stressesthe distal and second most
distal implants increased in a non-linear fashiath whe increase in the cantilever

length?®

Shackleton et al (1994), evaluated the survival rate of the implant sufgabfixed
prosthesis and also tried to establish a correlaietween the survival rate and
posterior cantilever length. The study included Participants undergoing
rehabilitation of 28 edentulous arches (24 in ttendible and 4 in the maxilla). The
participants were divided into 2 subgroups basedhencantilever lengths; group 1
included prosthesis with cantilever lengths upto rhén and group 2 included
prostheses with posterior cantilever greater themin. Survival analysis revealed
that fixed ISPs with cantilever lengths less tharegual to 15 mm, showed a better
survival rate as compared to prostheses with gosteaintilever lengths exceeding 15
mm. The findings of this study provided clinicaidance that fixed ISPs with shorter
cantilevers have a higher survival rate or lifeadion as compared to the prosthesis

with longer cantilever’
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Sertg6z A and Gilvener S (1996)tudied the stress distribution occurring at the
bone/implant interface in an fixed ISPs at thresyivg cantilever lengths and implant
lengths using finite element analysis. Nine didtsimulation models were used, each
with a different combination of cantilever lengtbs. 7mm, 14mm and 28 mm; and
implant lengths of 7mm, 15mm and 20 mm supported bgnplants placed in the
mandibular bone at an AP spread of 14mm. The texineind of posterior cantilever
was subjected to a vertical load of 75 N and horiabload of 25 N. For all the
simulation models, maximum stresses were localidisthl to the bone/implant
interface on the most terminal implant correspogdio the site of loading. Also,
increase in the cantilever length resulted in @neiase in the stress value at the bone
to implant interface. However, there was no disideninfluence of the implant

length on stress distributiGfi.

Paulo Malé (2003), evaluated the clinical outcomes for All-on-four iradiately
loaded fixed prosthesis in the completely edentlmandible. The study included
176 immediately loaded implants in 44 participaptaced in the interforaminal
region of the jaw, supporting a fixed complete arplostheses. The study
demonstrated cumulative implant survival rate of796 after 3 years of follow up;
the prosthesis survival rate was 100% and the geemaarginal bone resorption was
low. The study concluded that the “all-on-Four” imdmte-function concept using
branemark system implants is a viable treatment ridrabilitation of atrophic

mandible?®

Paulo Mal6é (2006),analysed the clinical efficacy of a novel implamsijn when
paired with immediate function concept in rehaailitg completely edentulous jaws.

The results demonstrated a 98.9 percent cumulatinéval rate at one year follow-
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up, alongside favourable esthetic results and ktesoft tissue contour. Whereas,
after one year of implant loading, the marginal dtwss observed was 1.2 £ 0.7 mm
beneath the implant-abutment interface. The resaftsthis pilot investigation
demonstrated that completely edentulous jaws wéhng bone densities can be
rehabilitated successfully and with good aesthatitdssing the immediate function
concept with the proposed design, while maintainfagourable marginal bone

levels

Capelli M et al (2007), assessed and compared the treatment outcomes of
immediately loaded FFP supported by upright anddilmplants in the rehabilitation
of edentulous jaws. The study included 65 participavith a total of 342 implants
placed in the maxillary and mandibular arches suppp full arch FFP fabricated
using titanium framework. The distal implants wptaced at an angulation of 25° to
35°. The results demonstrated an cumulative im@antival rate of 97.59% for the
maxilla, and 100% for the mandible; also the suscate for the prosthesis was 100%
at a follow-up period of 40 months. Results showexd significant differences
between the mean marginal bone loss values bettheestraight and tilted implants.
The findings from the preliminary report of thizudy indicate that the immediate
rehabilitation of the edentulous maxillary and manthr arches with a hybrid FFP
supported by four or six implants, appears to bsuable alternative to more

invasive surgical procedurés.

Bevilacqua et al (2008)studied the load distribution in an edentulous nitaledat
varying implant inclinations, and also evaluateel éffect of posterior cantilever. The
distal implants were positioned vertically in thest design, with the posterior

cantilever of 15 mm; whereas the posterior implamé&se positioned at an distal
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inclination of 15 degrees, 30 degrees and 45 degrethe second, third and fourth
design respectively, with the corresponding cawgitdengths of 11.6, 8.3 and 5 mm.
The assessed designs showed that, tilting distplaims decreased the associated
posterior cantilever, which in turn decreased tee-pnplant stress and resultant
framework stresses. The shorter cantilever lengtbo@ated with the full fixed

prosthesis (FFP) design contributed significantly the decrease of peri-implant

stresse&?

Francetti L et al (2008),assessed the treatment outcomes of immediatedgtbBFP
supported by 2 axial and 2 titled implants placedoading to the “All-on-four”
concept in the completely edentulous mandible. Stuely included 62 participants
with a total of 248 implants supporting a full arEFP fabricated using titanium
framework. The provisional FFP were placed withhtirs of implant placement,
whereas the definitive FFP were inserted after @ naonths of healing. The results of
the study showed no implant failures, providing @% cumulative implant and
prosthesis survival rate. Also, no significant elifnces between the mean marginal
bone loss values between the straight and tiltqaaints was observed. The present
clinical study demonstrated favourable clinical cauhes for the mandibular FFP
using 2 axial and 2 tilted implants placed accaydim the “All-on-four” concept and
recommended that immediate loading in conjunctidtin Wited implants appears to
be a suitable treatment modality for rehabilitatioh completely edentulous

mandible®

Geremia et al (2009)assessed the effect of cantilever length andnatibn of distal
implant on the intensity and pattern of distribatiof axial forces and bending

moment using strain gauge analysis. Ten metallis banulating the framework of
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ISPs were fabricated on two master models with fimplants each; one with all 5
implants parallel (n=5) and one with two distal lamis angled 27 degrees (n=5).
Following which, 50N load was applied to the predetined cantilever lengths of 10,
15 and 20mm; and the deformation values were natetl analyzed. The results
demonstrated that with the increase in posteriotilexer from 10 to 20 mm, the
axial force increased by approximately 50% and sagittal bending moment
increased by 70%. However, tilting distal implalowered the amplitude of the axial
force without impairing the sagittal bending momerviten compared to straight

implants for all cantilever lengths examiréd.

Bellini et al (2009),evaluated and compared the stresses at the bgt@ninnterface

of two implant configurations i.e. tilted and nahed configuration for the
rehabilitation of edentulous maxilla using FEA ais&d. Two models for the tilted
configuration and one model for the non-tilted d¢gufation were simulated in the
FEA. The results showed that maximum stresses a@reentrated near the cervical
area of the terminal implant in all the tested niedAlso, the tilted configuration
demonstrated lower compressive stress values aspazeth to the non-tilted
configuration, suggesting a potential biomechangcblantage in lowering stresses at

the bone-implant contact interfate.

Kim et al (2011), examined the influence of change in inclinationtwb distal

implants in an mandibular all-on-four model usirfpfoelasticity. Two photoelastic
models following the morphology of edentulous méieli with four implants placed
in the interforaminal region of the model; with twicstal implants placed axially in
one model and with 30 degree distal inclinatioraimother model were fabricated.

Followed by the fabrication of two acrylic resinntisevered prosthesis. A vertical
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load of 129 N was applied to the prostheses aktlesignated loading sites, and
circular polariscope was used to monitor stressissipdited to the supporting
structures. The results indicated that distalngjtof implants in a splinted full-arch
prosthesis did not result in a rise in bone stesserounding the distal implants.
Additionally, when tilted implants were used, th@ximum stress was lowered by

nearly 17% as compared to the axial impldhts.

Butura et al (2011),described a clinical study of placement of 857lanfs in 216
subjects to support “All-on-four” immediately loatié&DP in the mandibular arch.
The results showed that in spite of the simultaset®ntal extractions and levelling of

the bone, relatively few implants failed or demoaistd bone loss.

The authors also stated that the original surgmalsthetic protocol given by
Branemark recommended placement of fixtures in eéetwthe mental nerves; with 4
fixtures recommended for the atrophic mandible, @riicktures for the mandible with
mild to moderate resorption. However, this constifua limiting factor in terms of
posterior extension of the prosthesis; as it redulh an increase in the posterior
cantilever length, which can have a direct impacttioe marginal bone loss. The
authors of the present study stated that, the 6AH-our” surgery can be performed
with great confidence in the mandible, putting teed for further implants into
question. This is because of the result of optingithe AP spread, which reduces the
posterior cantilever and produces a well distriduteur point stability, leading to

both implant and prosthesis succ#ss.

Babbush CA et al (2011)gevaluated the survival rate and prosthesis suafeSEPs
placed using the “All-on-four” concept and using Héb active implant. The

retrospective study included 165 participants wittotal of 780 implants. The results
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showed cumulative implant survival rate of 99.6% gmothesis survival rate of
100%. The study concluded that rehabilitation obghic jaws using “All-on-four”
concept and Nobel active implants showed favourab$eilts in terms of both the

implant and prosthesis survival rdfe.

Malo P et al (2011),documented the long term follow-up data of theiguas

rehabilitated using “All-on-four” concept. The stuohcluded 245 participants with a
total of 980 implants supporting a mandibular FFFRe results revealed cumulative
patient and implant survival rate of 94.8% and 984t five years, and 93.8% and
94.8 % up to ten years. The 10 year prostheses/alrate was 99.2%. The authors
concluded that “All-on-four” immediate function cmept appears to be a suitable
treatment modality for rehabilitation of completedgentulous mandible in the long

term>°

Malo et al (2012),documented the medium term and long-term followesgults of

completely edentulous maxilla rehabilitated usiAdi-bn-4" implant supported FFP.
The study included 242 participants, with a totdl 968 implants supporting a
immediately loaded all acrylic FFP. The implantsrevpositioned using “All-on-4”

surgical guide. The follow-up visits were schedud¢® monthly intervals till 5 years;
and after three and five years of function, radapisic examination of the marginal
bone level was done. A total of 19 immediately keddnplants failed in 17 patients;
providing a 5-year cumulative survival rate of 93%d 98%, at the patient and
implant level respectively. Whereas, the prosthesisvival rate was 100%. The
marginal bone levels observed were 1.52 + 0.3 moh B85 + 0.4 mm from the
implant abutment interface at 3 and 5 year follqw+espectively. The results

obtained indicate that rehabilitation of completefjentulous maxilla using “All-on-

Page 16



Review of Literature

4” implant supported FFP, demonstrates high pateml and implant level survival
rate at 5 year followup interval and is a viablatment for rehabilitation of atrophic

maxilla*°

Malhotra et al (2012), analysed the effect of cantilever length and distgllant
angulation on the stress distribution in an mandibtall-on-four’ scenario using
FEA analysis. The distal implant angulations stddivere 30° and 40°, whereas two
cantilever lengths of 4mm and 12mm were analyseduls showed that for both 30°
and 40° distally tilted implants, the differencesebved between the posterior
cantilever lengths of 4mm and 12 mm was not sigaift. Also, the study
demonstrates that increasing the distal implantinaton, does not considerably

increase the streés.

Patzelt et al (2013)conducted a systematic review to evaluate survatal and bone
loss in the FDPs, rehabilitated using the “All-an#f’ concept. The systematic review
included 13 full text articles, with a total of 88 implants being placed. Results
showed failure of 74 implants from a total of 4,8Pdplants, with 74% failures
reported in the first year of placement. The curingasurvival rate (SR) reported for
the implants was 99.0 £ 1.0%, and 99.9 + 0.3%liergrosthesis. The mean marginal
bone loss seen was 1.3 + 0.4 mm. The resultantstima no significant differences
between the maxillary and mandibular arches, aridl @nd tilted implants. The
resultant data showed favourable short term treatroatcomes for “All-on-four”

FFP?

Taruna et al (2014), discussed the “All-on-4” concept and its prosthaan
implications. They noted that the mechanical cooddt in which implants serve as

load bearing abutments plays a significant role determining their clinical
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effectiveness. Also, strain transmitted to the tadlebone can be decreased in the
atrophic edentulous jaws and ridges with poor qudibne, by increasing the AP
spread of implants, insertion of longer implantsd ancreasing the number of

implants placed.

Menini et al (2015), investigated the stresses in an maxillary “All-ormbdel”
supporting an full-arch implant-supported fixed gihesis (FFP) using FEA analysis.
Three frameworks were compared i.e. FFP withoutl igamework, reinforced with
cast metal framework, and reinforced with CFRC famork. Results demonstrated
that FFP with acrylic resin prosthesis without feamork reinforcement showed
stresses up to +55.16% on the implants, +56.93%hén peri-implant bone and
+70.71% in the resin prosthesis, higher in comparis the cast metal reinforced and
CFRC framework. Whereas, the prosthesis reinfovadd CFRC exhibited behaviour
that was intermediate between the other two typesrefore, reinforcement of a
rigid framework in an FFP improves load distrilbatiand thus reduces the maximum
stress values at the implant, prostheses and mgiant bone levels. Also, CFRC
appear suitable for fabrication of frameworks forplant-supported FFP, as they

demonstrate rigidity and stiffness similar to thetah frameworks®

Francetti et al (2015), evaluated the pattern of stress on the abutments/o

different implant supported FFP using strain gaagelysis. One supported by 4
implants with anterior 2 implants straight and post 30° angulated (4IMP),
whereas another one rehabilitated using 5 implafdsed in an upright position
(5IMP). A titanium framework one with a distal céexer length of 5 mm was
fabricated for 4IMP and one with distal cantilee¢rl5 mm was fabricated for 5IMP.

Following which, the framework was subjected todiog between 20 N and 200 N,
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and strain values obtained were evaluated. Reshlisved no difference in strain
between the two FFP designs, indicating that the afstilted implants along with
angulated abutments to shorten the posterior eartilmight be regarded a clinically

viable approach®

Li et al (2016),investigated the clinical impact of reinforcemehtarbon fiber in the
All-on-4 provisional prostheses. The provisionabgiheses were divided into 2
groups; control group and the carbon fiber reirddrgroup. The study included 60
participants in the control group rehabilitatedhwitl provisional prostheses (28 in the
maxilla and 43 in the mandible) and 23 participantthe carbon fiber group with 28
provisional prostheses (9 in the maxilla and 1%hie mandible). The carbon fibre
reinforced group fractured at a considerably lowate than the control group.
Clinical evaluation revealed no evidence of carlftore exposure or mucosal
discomfort. As a result, the reinforcement of carbitbers in the All-on-four
provisional prosthesis, may be clinically benefid@ preventing prosthesis fracture

and offers various clinical advantadés.

Suedam et al (2016)studied the mechanical stresses dissipated todhenmplant
bone at varying cantilever lengths, while also canmy two different framework
materials. A "U shaped polyurethane model” with twoplants following the
morphology of an edentulous mandible was fabricaledo identical frameworks
with a posterior cantilever length of 27 mm werérfeated, one with Co- Cr and
another one with Pd-Ag alloy. Following which, 3B0load was applied in the pre-
determined cantilever lengths of 5, 10 and 15mne Stady concluded that increase
in the posterior cantilever length influenced tbad distribution to the peri-implant

bone, and recommended that cantilever lengths tleess 15 mm led to a more
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favourable stress distribution for mandibular ISRIso, the alloy used to fabricate the
framework had an effect on the biomechanical behavand load transmission; this
report indicated that the Co-Cr alloy exhibitedajez compression values than the

Pd-Ag alloy at the same cantilever lengths.

Li et al (2016), evaluated the effect of partial reinforcement @fsgl or carbon fibre

in the All-on-Four provisional prosthesis and iffeet on the flexural properties of
the material. The 3% glass or carbon fibres wergenaogether and tightened in a
figure-of-eight pattern between the two abutmehRts. the three-point loading test,
four different types of specimens were createdpfahg which the interface was

evaluated using scanning electron microscope. Resldmonstrated that partial
reinforcement of glass or carbon fibre in the psmnal resin, increased the flexural
strength and modulus substantially. Also, SEM asialgdemonstrated that the fibres
and acrylic resin were in reasonably constant abinféherefore, glass or carbon
fibres reinforced in the All-on-Four provisionalgsthesis may be clinically helpful in

preventing prosthesis fracture and may offer varidinical advantage$.

Menini et al (2017),investigated the mechanical characteristics anddonpatibility

of dental implant frameworks fabricated from carbfiimer reinforced composite
(CFRC), and compared it with the gold alloy framekvoThe CFRC framework
exhibited optimal biological and mechanical progsricomparable to the gold alloy
framework. The gold alloy framework exhibited magukastic behaviour than the
CFRC framework, also the gold alloy framework didt rcompletely regain its
previous shape after the load was removed. Thétsesithe present study concluded
that, CFRC showed excellent biological and meclerpooperties and appears to be

a suitable alternative for fabrication of full arEFP?*
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Pera et al (2017),compared the carbon fiber reinforced (CFRC) andamet
framework in immediately loaded full arch ISPs. Tegidy was divided into 2
subgroups; group 1 constituted of 42 participanith va total of 170 implants
supporting a immediately loaded screw retained CHREnework as per the
columbus bridge protocol, whereas the Group 2 (obrgroup) constituted of 34
participants with a total of 163 implants rehabiid with immediately loaded full-
arch prostheses reinforced with metal frameworksuRe demonstrated that 10
implants (6.1% of the total) failed in the contrgloup; whereas no failure was
denoted in the test group. Also, the mean peri#@mipbone loss seen in the control
group was 1mm , which was significantly greatemtiathe test group i.e. 0.8 mm.
The CFRC framework resulted in less marginal basonmption and demonstrated a
higher implant survival rate as compared to theam@&tameworks. Within the
confines of this study, CFRC framework can be aergd a suitable substitute for

traditional metal frameworks in full arch 1SPs.

Menini et al (2018),analysed the failure pattern and shear bond stief88S) of
CFRC and veneering materials in a total of 20 fated samples. Group A
constituted of 10 CFRC samples veneered using pElyimethacrylate, and Group
B constituted of 10 CFRC samples veneered usingposite resin. The SBS of
samples in Group A i.e. veneered using polymethihanaylate was 7.39 = 0.24
MPa, and that of Group B i.e. veneered using coitgpossin was 5.68 + 0.29 MPa.
In both the assessed groups, microscopic exammegiealed an adhesive fracture at
the interface between CFRC and veneering matéalever the difference between
the groups was not significant. Therefore, adhesfo@FRC with veneering material
is consistent and reliable, though a precise pobttmr improving adhesion must be

implemented?®
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Tasin et al (2019),investigated the misfit and strain distributionfiked complete
dentures (FCDs), as well as their correlation Wit fabrication procedure for the
Co-Cr metal framework. An edentulous epoxy resindetovas fabricated with 4
implants placed in the interforaminal region of tm@del. The Co-Cr frameworks
were fabricated using computer aided design andpaoten aided manufacturing
(CAD-CAM) milling using soft blocks, hard blocksné using direct metal laser
sintering (DMLS). The misfit at the abutment-impianterface was observed using
digital microscope, and the torque values wereuatatl using strain-gauge analysis.
The results showed that the manufacturing technfiguehe Co-Cr frameworks had a
significant effect on the passive fit. Among thériaation techniques evaluated, the
CAD CAM milling from hard blocks proved to have hgy precision with lower

misfit values for the FCD Co-Cr framewotk.
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MATERIALSAND METHODS

SOURCE OF DATA

This in-vitro study was carried out in the Depantinef Prosthodontics and
Crown and Bridge, KAHER KLE Vishwanath Katti Instie of Dental Sciences,
Belagavi, and Department of Mechanical Engineeriigl. S. Gogte Institute of

Technology, Belagavi.

SAMPLE SIZE:

Two photoelastic models of an edentulous manditdesviabricated with two
implants placed vertically in the anterior regiamdawo placed at an angulation of
30° in the posterior region. Following which, twdentical implant-supported
frameworks with bilateral cantilever extension @nin, one with CFRC and other
one with Co-Cr were fabricated. The framework beatluated markings at different
cantilever lengths i.e. no cantilever extension fOm5mm, 10mm, 15mm, and
20mm. The stresses were assessed by 5 differegtiti@ps at the marked cantilever
lengths, and the principal stresses were calculasgng the mean maximum fringe

order of 5 repetition stresses.

INCLUSION CRITERIA:

Models free of porosity and without residual stregsen observed under

circular polariscope. And Co-Cr and CFRC framewavih passive fit.

EXCLUSION CRITERIA:

Models with greater than 0.5 fringe order of residstress and model with

surface defects and deformities were excluded.
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TABLE 1: MATERIALSUTILIZED IN THE STUDY:

MATERIAL

DESCRIPTION

MANUFACTURER

Modelling Wax

Type |l baseplate wax

(Pyrax, Uttdrand)

Silicone material

Duplicating silicone

Doublide¥¢P Dental (Germany

Epoxy resin

Adhesive CY 230 and
Hardener HY 951

Araldite, Araldite casting system

(Hunstman Corporation)

Dental Implant

4.2 * 13 mm internal hexagon

cylindrical implant (CFI)

GDT Implants, Israel

Abutment

Straight abutment (SA7), 30
degree Multi unit abutment
(MU-30-2)

GDT Implants, Israel

TABLE 22 ARMAMENTARIUM USED IN THE STUDY:

MATERIAL

DESCRIPTION

MANUFACTURER

Digital weighing balance

Model No. UW6200H

Uni BIo® series

Vacuum mixer

Model No: 26090

EasyMix BEGO

All-on-4 surgical guide

Custom made

Hex driver

Hand driver 1.25mm

Noris Dental Impl&ystems

Torque driver and Torque

wrench

Noris Dental Implant Systems

Circular polariscope

Model No. HP 12-02

Eternal iBegring
Equipment Pvt Ltd.

Digital camera

6000 alpha

Sony
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METHOD:

FABRICATION OF PHOTOELASTIC MODEL (Figure5to 12) :

For fabrication of photoelastic model, a wax mdddbwing the morphology
of edentulous mandible was fabricai@dure 5). The model was devoid of the land
area, limiting structures and tongue space; whaliccinterfere with the photoelastic
stress analysis. A custom made All-on-4 surgicalguvas fabricated, to aid in
correct positioning and angulation of implants e¢determined locatioffigure 6).
The custom made guide had 2 anterior markings, @apart from the midline for
positioning of anterior implants, whereas 2 markiag the distal end for positioning
of posterior implants (the anteroposterior distabe&veen the anterior marking and
distal marking was 15mm); also the guide had artiguanarkings of 17, 30 and 45

degrees.

This custom made guide was inserted in the falmitatax model maintaining
the midline(figure 7). For fabrication of photoelastic test models, GRZ * 13 mm
internal hexagon cylindrical implants were ugédure 8). Two anterior implants
were inserted parallel to each other and two posténplants were placed at 30°
distal inclination in accordance with the markstlo® custom-made guide with the AP
spread of 15 mnffigure 9A & 9B). The wax model was duplicated using duplicating
silicone (Doublident, WP Dental), maintaining aneevthickness of the material.
After complete setting of the material, de-waxingsacarried out to eliminate any
remaining wax residue. Thus, the desired silicormulch was obtained, with the

implants positioned in the predetermined locatiod angulatior{figur e 10).
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Materials and Methods

Two Photoelastic models were fabricated using epoesin CY230 and
hardener HY951 [Araldite, Araldite casting systeHustman Corporation)] using
the same silicone mould. The resin and hardenee weighed in 10:1 ratio of parts
by weight using digital weighing balance, followeg vacuum mixing of the material
until a homogeneous and non-porous mix was obtaffigdre 11). The resin was
gently poured into the silicone mould, and allowedset for 24 hours at room
temperature (following the manufacturer’'s instrant). During the pouring and
curing stages, the silicone mould was maintainedam ice bath to reduce
incorporation of residual stresses and minimizeekethermic heat produced at the
time of setting. The obtained models were finished polished using fine grits of
sandpaper and pumice, to obtain a clear modelldserwation of fringeg¢figure 12).
The models were analysed in the circular polariscfyp absence of more than 0.5

fringe order of residual stresses.

FABRICATION OF FRAMEWORK (Figure13to 18):

The finished photoelastic models were scanned uskbtgaoral scanner, and
obtained stereolithographic (STL) files were impdrtinto the exocad designing
software.Two identical ISPs bar framework, one with CFRC attter one with Co-
Cr were designed in the exocad CAD designing soé\fagure 13 & 16). Both the
frameworks were identical, with bilateral cantilever extension of 20 mm. After
verification of html file of the designed framewsrkhe frameworks were milledne
with CFRC and second with Co-(figure 14 & 17). The frameworks were verified
for passive fit using the single screw test andrétaining screws were torqued to 20
Ncm. Graduated markings were made on both the fremies at predetermined

cantilever lengths of 0 mm, 5 mm, 10 mm, 15 mm 2&enm(figure 15 & 18).
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PHOTOELASTIC STRESSANALYSI S (figure 19-29):

The settings of the circular polariscope were adpido obtain bright field
arrangemenffigure 4). The polarizer and analyzer were placed parallebich other,
and f' quarter wave plate and2quarter wave plate were placed crossed for
obtaining bright field isochromatics. After whidhe model was placed in the loading
frame, to analyze presence of residual stresselfowkiog that, the model was
gradually loaded using a hydraulic load cell eqagbmvith a digital load indicator for
visualising the applied load. The load was incrdagedually from 120 N until the
load of 180 N with an interval of 20 N and the g@norders were recorded against the
load applied. The progressive load of 120 N-180 &kvapplied five times at 6

designated loading points:
A. Abutment of last tilted implant (i.e. at 0 mm cédexer extension),
B. On all four abutments at the same time using & @sitform,
C. At different cantilever lengths of 5 mm, 10 mm,rh& and 20 mm.

After the impact of the load, the presence of isoofatic fringes were
observed and recorded using a digital camera. Theses are quantified by counting
the number of fringes. The higher the fringe oraeoye is the stress magnitude; and
closer the fringes, more is the stress concentrafibe zero order fringes are black
and indicate no stresses, whereas pink and greder dringes indicate highest
stresses’ The maximum fringe order for the calculation ofngipal stress was
obtained by counting the number of fringes at daating point(figure 19-29). After

which, the model was gently unloaded and removed.
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The principal stresses produced were calculatasjusiaximum fringe order

and using formula :

Maximum principal stress= 61— 6 2= NuaxFo
h

Where,o = principal stress
Nmax =Maximum fringe order
Fs = Material fringe value (constant)

and h = Thickness of the material

For calculating Material fringe value {Fa graph of load versus fringe order

was plotted. From which Slope (S) was determinedding formula, Slope(S) &P/

AN; whereAP is the load in Newton amN is the fringe order.

The value of Slope (S) was substituted in formBfa; 8SkD ; where S is the

Slope, D is the diameter/height of the model andskhe Material fringe value.
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Materials and Methods

Fig 1. Duplicating silicone
(Doublident, WP Dental)

Fig 2. Adhesive CY 230 and Hardene
HY 951 (Araldite casting system)

I

Fig 3. Vacuum mixing of the material.
EasyMix Bego.
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Fig 4. Model placed in the Circular polariscope
(Model No. HP 12-02)
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Materials and Methods

Fabrication of the Photoelastic models

Fig 5. A wax model following the morphology of
edentulous mandible

Fig 6. Custom made All-on-four surgical guide with
designated implant position and angulation marking

U7
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Materials and Methods

Fig7.

Placement of implants according
to the custom guide

Fig8.GDT 4.2 * 13 mm
internal hexagon implant

Fig 9A & 9B . Two anterior implants parallel, and two posteriaplants placed at 30°

distal inclination
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Materials and Methods

Fig 10. The desired silicone mould Fig 11. Vacuum mixing of the epoxy resi
obtained material CY230 and HY 951

=

Fig 12. Two Photoelastic models fabricated following tiAdl-on-four”
concept.
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Materials and Methods

Fabrication of the frameworks

1. Co-Cr framework

Fig 13. HTML file of the Co-Cr framework designed in the
exocad software

Fig 14. Fabricated Co-Cr All-on-four Fig 15. Markings at cantilever length of
framework 5mm, 10mm, 15mm in the Co-Cr framework
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Materials and Methods

2. CFRC framework

Fig 16. HTML file of the CFRC framework designed in theoead
software

Fig 17. Fabricated CFRC All-on-four | | Fig 18. Markings at cantilever length of 5mn|
framework 10mm, 15mm in the CFRC framework
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Materials and Methods

PHOTOELASTIC STRESS

Fig 19 (A toD): INTERPRETATION OF THE FRINGE ORDERS

Fig 19A. 1% order fringe Fig 19B. 2" order fringe

Fig 19C. 3° order fringe Fig 19D. 4" order fringe
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Materials and Methods

1. Co-Cr Framework

Fig 20. 2" order fringe seen at application of 120 N loacabatment of
last tilted implant (No cantilever extension)

Fig 21. 39 order fringe at application of 120 N load on Smantilever
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Materials and Methods

Fig 22. 4" order fringe along with the crestal fringe, at liggiion of 180 N
load at 10 mm cantilever length.

Fig 23. 4" order fringealong with high crestal stresses, at application of
180 N load on 15 mm cantilever length (Fringes redrdue to higher stress
concentration).
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Materials and Methods

Fig 24. 4" order fringealong with high crestal and apical stresses seen, at
application of 180 N load on 20 mm distal cantileve

Fig 25. 2" order fringe at 120 N when all the abutments ieaeed
simultaneously
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Materials and Methods

2. CFRC Framework

Fig 26. 2" order fringe at application of 140 N load on abesinof last tilted implant

Fig 27. 39 order fringe at application of 180 N load on 5 roamtilever length.
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Materials and Methods

Fig 28. 4" order fringe at application of 160 N load on 15 memntilever lengti{Note the
homogeneous load distribution and absence of crestal stresses)

Fig 29. 1*' order fringe at application of 140 N load on & abutments simultaneousl
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Results

RESULTS

The results derived from this in-vitro study wenealysed to evaluate and
compare the stresses between two implant-suppgitezh-4 frameworks i.e. Co-Cr
framework and CFRC framework, tested at differeanttilever lengths of 0 mm, 5
mm, 10 mm, 15 mm, 20 mm and all 4 abutments resedgtunder progressive

loading.

The models were subjected to progressive loadingpplying loads of 120N,
140N, 160N and 180N; to simulate the natural masiiy force. The loads of 120 N-
180 N were applied five times at 6 designated logddoints. The results were
obtained using the mean of maximum fringe ordeainletd from 5 repetition stresses,
and by using formula for calculating maximum prpali stress ). The values
obtained, representing the magnitude of stressessferred were in Megapascal

(MPa) or N/mn.

Descriptive statistical measures such as mean,amexid standard deviation
were computed and measured for all loading poiatsbbth the frameworks. To
compare the mean of the loading points in the stiameework, Kruskal Wallis test
was used; whereas Mann-Whitney U test was useddorparing loading points

between two different frameworks.
Calculations for determining maximum principal stressego):

1. The material fringe value gF was determined by plotting a graph of load versus
fringe order; where y-axis corresponds to the lapgdlied in Newton (N), and x-axis

corresponds to the fringe order ((Graph 1).
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Graph 1 : Graph of load application versus fringe oder for 5 mm cantilever

length in Co-Cr framework
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Graphical representation 1: A load-fringe order graph was plotted for a 5 mm
cantilever length tested for the Co-Cr frameworlop8 (S) was calculated using the
formula, Slope(S) =AP/AN = 37.278/1 = 37.278 N/fringe. Following which, The

material fringe value (Fs,) was calculated using equation, E 8SkD =

8*37.278/3.141*30 3.165 N/mm fringe (constant).
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2. The Maximum principal stresg) were calculated by using formula= Nyax Fo
h

Example,

The principal stresso{) at abutment of last tilted implant in Co-Cr franwek, when
subjected to a load to 180 N; leading to an obsemaof 3% order fringe.

0 = NimaFo/h = 3*3.165/10 = 0.9495 MPa or N/mim

The principal stresso{) at cantilever length of 5 mm in CFRC frameworkhen
subjected to a load to 120 N; leading to an obsemvaof 2 order fringe.

0 = NimaFo/h = 2*3.165/10= 0.663 MPa or N/nfm

The principal stressef at cantilever length of 20 mm in Co-Cr framewowhen
subjected to a load to 120 N; leading to an obsemvaof 4" order fringe.

0 = NmadFo/h = 4*3.165/10 = 1.266 MPa or N/nfm

The principal stressa] at 15 mm cantilever in CFRC framework at 160 Mdp

exhibiting 4" fringe ordero = Nmafo/h = 4*3.165/10 = 1.266 MPa or N/nfm

Page 44



Results

CO-CR FRAMEWORK

Graph 2: Stresses developed in Co-Cr framework wheload is applied at below

mentioned loading points under progressive load (Maes are in MPa).

120N 140 N 160 N 180N

B No cantilever extension 05 mm cantilever length

010 mm cantilever length 015 mm cantilever length

E20 mm cantilever length O On all four abutments at the same t[me

Graphical representation 2:

The results obtained pertaining to the principaésses «€) observed at different

cantilever lengths in Co-Cr framework demonstrathdt; the principal stresses
increased with the increase in the posterior cargi, also the increase in the
progressive loading from 120N to 180 N, lead toirerease in the stress values
(MPa). The obtained mean values show that, higmestn value (1.5808 MPa) was
observed at the cantilever length of 20 mm whenestibd to a load of 180 N;

whereas the lowest mean value (0.6330 MPa) wasnadibet the abutment of last

tilted implant (with 0 mm cantilever extension), avhsubjected to a load of 120 N.
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Results

Table 3: Comparison of loading points at 120N loath Co—Cr framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mearn SD| Median
No cantilever extension 0.569Y 0.6963.6330| 0.0500| 0.6330
5 mm cantilever length 0.8862 1.01P8.9495| 0.0448| 0.9495
10 mm cantilever length 1.0444 1.1868.1045| 0.0529| 1.1077
15 mm cantilever length 1.1550 1.2340.2000| 0.0284| 1.2027
20 mm cantilever length 1.2348 1.2970.2659| 0.0222| 1.2660
On all four abutments at the same tim®.6013 | 0.664(0 0.6391| 0.0262| 0.6330
Total 0.5697 | 1.29700.9653| 0.2591| 1.0286
H-value 27.3880
P-value 0.0001*

*p<0.05

The table summarizes the mean, median, standardtidey minimum and maximum
values of the principal stress (MPa) at differexatding points in Co—Cr framework at
120N load. When subjected to Kruskal Wallis tesgéré was a significant difference
between the six loading points (p - 0.0001*). Thghhst mean value (1.2659 MPa)
was observed at the cantilever length of 20 mm, redse the lowest mean value
(0.6330 MPa) was observed at the abutment of ileeti implant (with no cantilever

extension)Table 3).
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Table 4: Comparison of loading points at 140N loath Co—Cr framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD| Median
No cantilever extension 0.7596 0.8546.8070| 0.0388| 0.7912
5 mm cantilever length 0.9495 1.1077.0191| 0.0598| 1.0286
10 mm cantilever length 1.2660 1.297€.2723| 0.0141| 1.2660
15 mm cantilever length 1.2660 1.3451.2945| 0.0324| 1.2976
20 mm cantilever length 1.3293 1.360%.3419| 0.0132| 1.3451
On all four abutments at the same tim@®.6804 | 0.7596 0.7184| 0.0328| 0.7121
Total 0.6804| 1.3609 1.0755| 0.2514| 1.1869
H-value 27.3490
P-value 0.0001*

*p<0.05

While comparing the loading points at 140 N loadCio—Cr framework, Kruskal
Walllis test demonstrated significant differencesmMeen the mean principal stresses
(o) at 6 loading points (p - 0.0001*). The highestamevalue (1.3419 MPa) was
observed at the cantilever length of 20 mm, whetkadowest mean value (0.7184
MPa) was observed when load was applied on allathements at the same time

using a platforn{Table 4).
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Table 5: Comparison of loading points at 160N loath Co—Cr framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mear SD| Median
No cantilever extension 0.8545 0.9170.8795| 0.0238| 0.8700
5 mm cantilever length 1.0761 1.1710.1204| 0.0361| 1.1077
10 mm cantilever length 1.2976 1.376%.3451| 0.0296| 1.3451
15 mm cantilever length 1.3926 1.48/75.4432| 0.0361| 1.4559
20 mm cantilever length 1.4870 1.5350.5165| 0.0177| 1.5192
On all four abutments at the same tim®.7342 | 0.8545 0.7954| 0.0510| 0.7900
Total 0.7342 | 1.53501.1834| 0.2807| 1.2343
H-value 28.0760
P-value 0.0001*

*p<0.05

Table 5, demonstrates comparison of loading points in Coff@mework when

subjected to a load of 160N by Kruskal Wallis teSignificant differences were

observed in the mean stresses (p - 0.0001*); wathr cantilever length exhibiting

the highest mean stresses (1.5165 MPa), and simeoltis application of load on all

four showed the lowest mean value (0.7954 MPa).
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Table 6: Comparison of loading points at 180N loath Co—Cr framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD Median
No cantilever extension 0.87001L.0128| 0.9463| 0.0507 | 0.9495
5 mm cantilever length 1.26601.4559| 1.3926| 0.0775| 1.3926
10 mm cantilever length 1.36Q91.4559| 1.4179| 0.0347 | 1.4242
15 mm cantilever length 1.48751.5192| 1.5033| 0.0112| 1.5033
20 mm cantilever length 1.57611.5820| 1.5808| 0.0026 | 1.5820
On all four abutments at the same tim@9178| 0.9874| 0.9507| 0.0247 | 0.9495
Total 0.8700| 1.5820| 1.2986| 0.2620 | 1.4242
H-value 28.0760
P-value 0.0001*

*p<0.05

The results of 180 N load application in Co-Cr feamork, showed significant

difference between the 6 loading points (p - 0.0R0The mean value of principal

stressesd) at 20 mm cantilever length is higher as compaoethe mean values at

Omm, 5mm, 10mm, 15mm cantilever, and simultane@aslihg on all abutments

(Table 6).

Page 49



Results

The pair wise comparison was done between theriggubints under different
loads for Co-Cr framework using Mann-Whitney U t€Bhe pair wise comparison
showed significant differences between the cargildengths i.e. Omm, 5mm, 10mm,
15mm, 20mm and simultaneous loading on all abutsaddbwever, the pair wise
comparison between 0 mm cantilever (No cantileeex application of load on all
the 4 abutments was not significant for 120 N aB8 N load, also the pair wise
comparison of 15 mm and 20 mm cantilever was nghificant at 140 N load

(p<0.05).
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CERC FRAMEWORK

Graph 3: Stresses developed in CFRC framework wheload is applied at below

mentioned loading points under progressive load (Maes are in MPa).
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Graphical representation 3:

The graph demonstrates the principal stressgs opserved at different
cantilever lengths in the CFRC framework. The ppatstresses increased with the
increase in the posterior cantilever from 0 to I8,mand also with the increase in the
progressive loading from 120N to 180 ®he cantilever length of 20 mm showed
bending movementand deformation of the framework at applicatiorioafd of 40 N,
so principal stress values could not be obtained2bnm cantilever; als@5 mm
cantilever showed bending movement at 180,Nherefore could not be included in
the analysis. The obtained mean values show tigitest mean value (1.2607 MPa)
was observed at 15mm cantilever on 160 N load egidin; whereas the lowest mean
value (0.2604 MPa) was observed when all the abneere loaded simultaneously

at 120 N.
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Table 7: Comparison of loading points at 120N loath CFRC framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD Median
No cantilever extension 0.4431 0.5068.4716| 0.0235| 0.4747
5 mm cantilever length 0.5850 0.72/70.6604| 0.0506| 0.6630
10 mm cantilever length 0.6963 0.775@.7438| 0.0317| 0.7596
15 mm cantilever length 0.8387 1.0128.9463| 0.0656| 0.9495

20 mm cantilever length - - - - -

On all four abutments at the same tim8.1899 | 0.3481 0.2604| 0.0600| 0.2532

Total 0.1899| 1.01280.6165| 0.2434| 0.6630
H-value 22.8870
P-value 0.0001*

*p<0.05

Table 7 summarizes the mean, median, standard deviatiorimom and maximum
values of the principal stress (MPa) for the CFR@miework at 120 N load.
Comparison of 5 loading points using Kruskal Watkst demonstrated significant
difference between the mean values (p - 0.0001Hg mean principal stress value of
15 mm (0.9463 MPa) cantilever is higher in compariso other cantilever lengths

(i.,e. 0 mm, 5 mm and 10 mm) and loading of all fabutments.

Page 52



Results

Table 8 : Comparison of loading points at 140N loath CFRC framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD| Median
No cantilever extension 0.601 0.6968.6393| 0.0347| 0.6330
5 mm cantilever length 0.6804 0.800.7501| 0.0483| 0.7596
10 mm cantilever length 0.7912 0.82P0.8104| 0.0180| 0.8177
15 mm cantilever length 0.9811 1.1860.1043| 0.0760| 1.1077
20 mm cantilever length - - - - -
On all four abutments at the same tim@®.2840 | 0.3798 0.3448| 0.0364| 0.3481
Total 0.2840| 1.18600.7298| 0.2551| 0.7596
H-value 22.6060
P-value 0.0001*

*p<0.05

When the loading points in the CFRC framework & Mload were compared using

the Kruskal Walllis test, a significant differencethe mean values (MPa) of 5 loading

points was observed (p - 0.0001*). A cantilevergtbnof 15 mm (1.1043 MPa)

produced the highest mean stress value, whereadtanaous loading of all four

abutments ( 0.3448) produced the lowest mean stedss {Table 8).
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Table 9: Comparison of loading points at 160N loath CFRC framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD| Median
No cantilever extension 0.6645 0.72[76.6963| 0.0250| 0.6963
5 mm cantilever length 0.7912 0.87D8B.8323| 0.0307| 0.8229
10 mm cantilever length 0.8862 1.01pB.9495| 0.0448| 0.9495
15 mm cantilever length 1.1390 1.33b0.2607| 0.0737| 1.2660

20 mm cantilever length - - - - -

On all four abutments at the same tim@.3798 | 0.5064 0.4463| 0.0453| 0.4431

Total 0.3798| 1.335(00.8370| 0.2790| 0.8229
H-value 23.1390
P-value 0.0001*

*p<0.05

The results of 160 N load application for the CFR@mework demonstrate
significant difference between the 5 loading lomasi (p - 0.0001*). The mean
principal stress values at 15 mm cantilever (1.280Pa) are greater than the mean

values at Omm, 5mm, 10mm cantilever and loadinglldbur abutmentg§Table 9).
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Table 10: Comparison of loading points at 180N loath CFRC framework by

Kruskal Wallis test (Values are in MPa)

Loading points Min Max | Mean SD| Median
No cantilever extension 0.7279 0.791@.7577| 0.0268| 0.7596
5 mm cantilever length 0.8540 0.9240.8943| 0.0290| 0.8862
10 mm cantilever length 0.9811 1.17{10.1013|0.0721| 1.1077

15 mm cantilever length - - - - -

20 mm cantilever length - - - - -

On all four abutments at the same tim@.5380 | 0.7216 0.6317| 0.0649| 0.6330

Total 0.5380| 1.17100.8462| 0.1850| 0.8226
H-value 17.9380
P-value 0.0001*

*p<0.05

Table 10 summarizes and compares the mean stress vaty@s CFRC framework,

when subjected to a load of 180N. Due to bendingement and deformation of the
framework, the stress values could not be analgseddd mm and 20 mm cantilever.
However, comparison of the remaining 4 loading ®irshowed significant

difference.

The pairwise comparisons of loading points undeiousa loads were made for CFRC
framework using Mann-Whitney U test. The pairwisenparison revealed significant
differences between the cantilever lengths of O lsmmm, 10 mm, and 15 mm, and

loading of all the abutments simultaneously.
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Table 11: Comparison of Co-Cr and CFRC frameworks adifferent loading
points with 120, 140, 160 and 180N load by Mann-Wimiey U test

Loading | Loads Co -Cr CFRC Z-valug p-value
points
Mean SD Mean Mean SD Mean
rank rank
No 120 N| 0.6330| 0.050( 8.00 0.4716.0235| 3.00| 2.5143 0.010¢9
cantilever
extension | 140 N| 0.8070| 0.038¢ 8.00 0.6393.0347| 3.00| 2.5456 0.010¢9
160 N| 0.8795| 0.023¢ 8.00 0.6963.0250| 3.00| 2.5143 0.0119
180 N| 0.9463| 0.0507 8.00 0.75770.0268| 3.00| 2.5377 0.0112
5 mm 120 N| 0.9495| 0.0449 8.00 0.6604€.0506| 3.00| 2.5698 0.0102
cantilever
length 140 N| 1.0191| 0.059¢ 8.00 0.75010.0483| 3.00| 2.5143 0.0119
160 N| 1.1204| 0.0361 8.00 0.8323.0307| 3.00f 2.5221 0.0117
180 N| 1.3926| 0.0774 8.00 0.8943.0290| 3.00f 2.5298 0.0114
10mm | 120 N| 1.1045| 0.0529 8.00 0.7438.0317| 3.00| 2.5221 0.0117
cantilever
length 140 N| 1.2723| 0.0141 8.00 0.8104€.0180| 3.00| 2.5947 0.0095
160 N| 1.3451| 0.0296 8.00 0.949%.0448| 3.00| 2.5456 0.0109
180 N| 1.4179| 0.0347 8.00 1.1013.0721| 3.00| 2.5456 0.0109
15mm | 120 N| 1.2000f 0.0284 8.00 0.94p30.0656| 3.00| 2.5221 0.0117
cantilever
length 140 N| 1.2945| 0.0324 8.00 1.1043.0760| 3.00| 2.5298 0.0114
160 N| 1.4432| 0.0361 8.00 1.2607M0.0737| 3.00| 2.5221 0.0117
180 N| 1.5033| 0.0117 - - - - - -
20mm | 120 N| 1.2659| 0.0227 - - - - - -
cantilever
length 140 N| 1.3419| 0.0137 - - - - - -
160 N| 1.5165| 0.0177 - - - - - -
180 N| 1.5808| 0.0026 - - - - - -
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Results

On all four| 120 N| 0.6391| 0.0267 8.00 0.2604.0600| 3.00( 2.5221 0.0117
abutments
at the same 140 N| 0.7184| 0.032§ 8.00 0.3448.0364| 3.00| 2.5143 0.0119
time
160 N| 0.7954| 0.051( 8.00 0.4463.0453| 3.00| 2.5143 0.0119
180 N| 0.9507| 0.0247% 8.00 0.63170.0649| 3.00| 2.5698 0.0102
*p<0.05

Graph 4: Comparison of Co-Cr and CFRC framework atdifferent loading

points with 120, 140, 160 and 180N applied load
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No cantilever
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@ Co -Cr O CFRC

The above graph and table compares the mean mlnsipess €) values
between the Co-Cr framework and CFRC framework siggiMann-Whitney U test.
The comparison of different loading points at 1280, 160 and 180N load showed
significant differences between both the framewdpes0.05*). The mean principal
stress values and mean rank for CFRC framework sigsificantly lower as

compared to the Co-Cr framework at all the loagiots.
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Table 12: Summary of mean values of fringe order aterved in both the

frameworks at below mentioned loading points undeprogressive load

Loading points Loads Co -Cr (Mean values) CFRC(Meslnes)
Fringe Order Fringe Order
No cantilever 120 N 2 15
extension
140 N 2.5 2
160 N 2.75 2.2
180 N 3 2.4
5 mm cantilever 120 N 3 2
length
140 N 3.25 2.4
160 N 3.5 2.6
180 N 4.4 2.8
10 mm cantilever| 120 N 3.5 2.4
length
140 N 4 2.6
160 N 4.25 3
180 N 4.5 3.5
15 mm cantilever| 120N 3.8 3
length
140 N 4.1 3.5
160 N 4.6 4
180 N 4.75 -
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20 mm cantilever 120 N 4 -
length
140 N 4.25 -
160 N 4.8 -
180 N 5 -
On all four 120 N 2 0.8
abutments at the
) 140 N 2.25 1.1
same time
160 N 2.5 1.4
180 N 3 2

The above table summarizes the mean fringe ordeesdor the Co-Cr and
CFRC framework. It demonstrates increase in thgé&iorder with the increase in the
posterior cantilever, and also with the increastheprogressive loading from 120N
to 180 N for both the frameworks. The CFRC framdwdemonstrated mean fringe

order values lower than the Co-Cr framework undldoading conditions.
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DISCUSSION

Paulo Malo and the Malo Clinic team developed tA#-6n-four" treatment
approach to rehabilitate edentulous patients wittmédiately loaded full arch
restorations supported by only four implants in heaarch® The “All-on-four”
approach was proposed to rehabilitate atrophic jawsmaximizing the use of

remnant bone, whilst avoiding the extensive sutg)'uacedure§.

Soto-Pefialoza et al, in an systematic review on“#lkeon-four” concept
indicated an implant survival rate of 99.8% for snthan 24 months, stating that the
“All-on-four” approach gave predictable results fehabilitation of atrophic jaws, in

patients who did not want regenerative therapies.

The consensus agreement and clinical guidelinetherfAll-on-4" standard
treatment issued at thd' Ticare Conference in Spain, stated that four imislare
sufficient for immediate loading in the treatmehttrophic jaws for full-arch implant
supported prosthesis (ISPs); even when adequate bxists between the mental
foramina or maxillary sinuses. Also, they recommezhdvaluation of newer materials

for “All-on-4” prosthesis>*

However, various factors affect the longevity opilant supported FDPs such
as bone density, implant number and location, impthameter and length, thread
design, implant abutment connection and angulatiateroposterior spread, posterior
cantilever length, and the biomaterial used fomiaork. The above factors affect
the prognosis and longevity of full arch FDPs amay@ key role in the treatment

planning.
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The selection and accuracy of frameworks for implsupported FDP are
essential prerequisites for the osseointegratiordesftal implants in immediately
loaded prosthesi<: °? Additionally, in immediate loading protocols, & trucial to
control the implant micromovements in order to easosseointegration, which can
be accomplished by rigidly splinting the implantgéther with a stiff substructure

framework?* >3

Traditionally, for the above mentioned reasons imetaneworks have been
used in full arch FFPs to rigidly splint the impiariogether. However, due to the
limitations associated with the metal frameworkriedition like technique sensitivity,
casting shrinkage and inaccuracies associatedtgtfabrication process. The recent
advances and improvements in fiber reinforced nasethas now made it possible to

fabricate metal free ISPs using fiber reinforcethposite frameworké&® °

Among the fiber reinforced composite materialsdis done by Menini et
al* Li et af* Pera et &l, and Menini et al® “®have demonstrated that CFRC
exhibits excellent mechanical and biological préipsr as well as good adhesion with
the veneering materials, and appears to be prognaterative for fabrication of full

arch ISPs.

Additionally, Rangert et al: stated that the impact of inter-implant distance,
anterior-posterior spread (AP spread), and camtildength are critical parameters
concerning the stress transfer to the underlyingeboBilaterally cantilevered
frameworks are required to replace the posteriotuson; when implants are placed
in between the mandibular mental foramina or mamilsinuses, to avoid the invasive

surgical procedure®. However, the posterior cantilever length has destrared to
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have an direct clinical impact on the marginal btoss, as it directly influences the

forces transmitted to the implants and therebyéobione?®

Different authors have given different recommerataifor cantilever lengths.
BranemarR® advised cantilever length equivalent to the lermjftl2 to 3 premolars.
Zarb and Schmitf recommended to work within the limit of 20-mm distantilever.
Whereas, Taylor and Bergnfdrindicated that the maximum cantilever extension
should be 20 mm when five to six abutments arelwach and 15 mm when four
abutments are involved. Rangert et“atecommended cantilever extension of 15 to
20 mm for the mandible, and upto 10mm for the niaxiThe &' Ticare consensus
agreement on the “All-on-four” standard treatmeatommends placement of 10 to
12 teeth in the “All-on-four” implant supported FD&epending on the emergence of
the implant in the second premolar or the firstanalrea' Also, Rangert and English
provided guidelines for calculating cantilever lén¢pased on the AP Spread (“The
AP spread is the distance between centre of thentast anterior implants and the
distal aspect of the two most posterior implant®Rangert stated that cantilever
length can be 2 times the A-P spread; whereas $ingliated that cantilever length

can be 1.5 times the AP spred.

From the literature the recommended cantilever tlendgor the full arch
mandibular I1SPs are; 20 mif° not greater than 20nf* less than 15mfA, 18-
20mm®® 15-20mni*, and equal to the width of two teeth positionestalito the

posterior most abutmeft.

A statement from the report of Dutch Consensus ba guidelines
recommended for FFP superstructures on endosseuopkanits placed in the

edentulous mandible quotes that “The forces on dhmtilever must be limited.
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Therefore, the length of the level arm must be kepshort as possible. Centring the

chewing and other forces directly on the implastsraich as possibl&®

Therefore, different authors have given differegicammendations for
cantilever length, but the optimal cantilever ldngis a function of framework
material has not been establish&b, the present study compared the stresses in the
recently introduced CFRC framework and the conesati Co-Cr framework at
varying cantilever lengths of 0 mm, 5 mm, 10 mmpnifs and 20 mm for the All-on-

4 framework. These tested cantilever lengths areaatordance with those
recommended by Zarb and SchifjtRangert et at' and Englisf®. Also, according
to the recommendations given by English, the marinposterior cantilever length of
the tested frameworks were kept at 20mm; consigdtie anteroposterior spread of
15 mm in the model, which would allow posterior tawer of 22.5mm ( 1.5x AP

spread).

The progressive load of 120 N to 180 N was chosetheé present study to
simulate the intraoral loading conditions. Thignisccordance with the study done by
Melo et al, which demonstrated the mean maximure fatce of 150.04 N in 124
individuals rehabilitated with fixed ISPs in the megbular arch at a follow-up period

of 3to 5 year§?

From the results obtained in the present studynthiehypothesis stating there
is no difference in stress distribution between-agxitour implant-supported Co-Cr

framework and CFRC framework at different cantilelesgths was rejected.

The results obtained from the present study dematest that for both the

frameworks (i.e. the Co-Cr framework and CFRC farork); the principal stresses
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increased significantly with the increase in thetpdor cantilever length, and also

with the increase in the progressive loading fr&@N to 180 N.

These results are in accordance with studies dgiWgtite et a® Geremia et
al* Sertgdz A and Giivenef®Sand Shackleton et?l White et &°, demonstrated
the increase in the maximum stresses on the @disthsecond most distal implants in
a non-linear fashion, with the increase in the it@ardr length. Also, Sertg6z A and
Guvener &, reported that increase in the cantilever leng8ulted in an increase in
the stress value at the bone to implant interf@mremia et &f, demonstrated that
with the increase in posterior cantilever from &@@®0 mm, the axial force increased
by approximately 50% and the sagittal bending mdrnremeased by 70%. A clinical
study done by Shackleton ef’allemonstrated that prostheses with cantilever fengt
of 15 mm or less survived significantly better thanstheses with cantilever lengths

greater than 15 mm.

However, the results of the present study are intrast with a study
conducted by Malhotra et*al Malhotra et &f', analysed the effect of 4mm and 12mm
cantilever length on the mandibular “All-on-four’rgsthesis, and reported no

significant differences between posterior cantitdeagths of 4 mm and 12 mm.

In the present study, the CFRC framework showednnméncipal stress
values and mean rank significantly lower as compaoethe Co-Cr framework at all
the loading points tested under 120N to 180N pisjve load. Also, the CFRC
framework showed a more homogeneous stress distmpuwith the stresses
transmitted apically and distributed more evenlyotighout the model; with the

absence of stress concentration at the crestrofrtalimplant.
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These results are in accordance with the findingthe studies done by
Bahajan et &7 , Menini et al®, and Pera et l In a study Bahajan et’8] revealed
that CFRC distributed the applied forces uniformbross the prosthetic framework,
providing high strength and rigidity to the framewoThis is because in CFRC, the
polymeric matrix binding the fibres together, trems the applied load evenly among
them. Menini et at®, in a study done to investigate stresses in arillagxAll-on-4
model” supporting an FFP, stated that CFRC framkvaamonstrated rigidity and
stiffness similar to the metal frameworks. clinical study done by Pera et*al
showed that the CFRC framework resulted in lessgmal bone resorption and

demonstrated a higher implant survival rate as @etto the metal frameworks.

A significant finding in the study was that, theviest principal stresses were
observed when all the abutments were loaded simedissly in both the frameworks.
Also, the stresses observed in the CFRC framewagke vgignificantly lower as
compared to the Co-Cr framework (with an observat I order fringe at 140 N
load application in CFRC framework), due to the bgeneous load distribution by
the polymeric matrix binding the fibres togetheheTsimultaneous loading of the
abutments is of clinical importance, because ifiullmrarch ISPs with a splinted sub-
structure framework; the entire arch is workindhe load distribution and can reduce

the effects of the posterior cantilever.

However in the present study, the CFRC frameworkbwsd bending
movement and deformation of the framework at 20 wantilever length at the
applied load of 40 N, also at the 15 mm cantildeagth at 180 N load application.
These results could not be compared with the tileeaavailable, because of the lack

of studies evaluating the effect of cantilever kbngn the CFRC framework.
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In the current study, the Co-Cr framework showedamerincipal stress
values higher than the CFRC framework at all tefdading points and applied load.
Also, the Co-Cr framework did not show any signsleformation at higher cantilever
lengths i.e.15 mm and 20 mm, as seen in the CF&@efwork. However, high crestal
stresses (with the observation of pink and greeterofringes indicating highest
stresses) were observed at the distal/terminalanmph the Co-Cr framework at the

cantilever lengths of 10 mm and more (i.e. 15 mih 200 mm).

These findings correspond with the findings of shedy done by white et
which revealed that the maximum stresses were obtrated near the crest of the

ridge of the distal implant with the increase ia tantilever lengths evaluated.

The cortical bone has been reported to have uléirteatsile and compressive
strengths of 133 and 193 MPa, respectively. Thacjpal stresses observed in the
present study ranged from 0.2604 MPa (simultanémading of all the abutments in
CFRC framework at 120 N load) to 1.5808 MPa (180ohd applied at 20 mm
cantilever length in Co-Cr framework). Thereforbe tmaximal principal stresses
recorded in the present study for both the fram&werere lower than these values,
which indicated that no area was critically loadeih respect to mechanical

stresse&®

Within the confines of this study, we can recommémet CFRC framework
appears suitable for fabrication of framework fa@ll“on-four” prosthesis with a
recommended short cantilever length of 10mm, ag tleenonstrated mean principal
stress values and crestal stress significantly doime comparison to the Co-Cr
framework under all loading conditions. However, -Co framework can be

recommended in clinical scenarios, necessitatingl drch ISPs requiring distal
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cantilever greater than 10 mm due to high stiffreess yield strength of the material;

also keeping in mind the high risk of failure asated with longer cantilevers.

The study and its findings have indicated that éhgras a statistically
significant difference seen between the *“All-onifoumplant-supported Co-Cr
framework and CFRC framework, when evaluated fétrgint cantilever lengths of 0
mm, 5 mm, 10 mm, 15 mm and 20 mm under 120-180Nrpssive loading. The
study has its own limitations of not simulating th&raoral environmental conditions,
the effect of multidirectional load applied intratly, and the effect of the
superstructure material on the stress distributianyever further studies with a few

randomized control trails are required to drawméfie conclusions.
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Scoee of the studx
SCOPE OF THE STUDY

In this research the parameter under investigatias the CFRC and Co-Cr
framework material for the “All-on-four” prothesiand it's correlation with the

cantilever length.

1. Further research can be done by evaluating thaseefvorks for other implant
configurations like All-on-five, All-on-six and nesv concepts like Simpli5y.

2. Also, the effects of CFRC framework and Co-Cr framek can be evaluated
for ISPs with different distal implant angulatiorss small differences in
implant angulations can considerably affect theesstr transfer to the
underlying bone.

3. The effect of occluso-gingival thickness of thenfrework material should be
evaluated, as they could amplify the effect ofltveg cantilevers by acting as
an vertical lever arm.

4. The frameworks can be tested in 3 dimensional dyndmading conditions
using FEA analysis to simulate the oral environment

5. The CFRC framework should also be evaluated foridation of ISPs in the
maxillary arch; along with assessing the effectpokterior cantilever, as it
plays a pivotal role in the maxillary arch due tmpbone density.

6. Future well designed clinical studies can be cotetuito evaluate the effect of

the newer framework materials and it's clinicakrelnce.
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LIMITATIONSOF THE STUDY

. Photoelastic method is an in-vitro method based on the interpretation of
isochromatic color fringes, and may not exactly simulate the clinical situation
completely. It cannot reproduce the physical characteristics of the peri-implant
tissues, which present different modulus of elasticity according to the region.
Also, there isinability to differentiate between cortical and medullary bone.

. The loads applied were vertical static loads, whereas multidirectional dynamic
loading is seen intraorally, with more axial loads directed onto the implants
and the prosthesis.

. A state of optimum osseointegration was assumed between bone and implant
in the present model this may not occur in all clinical scenarios.

. Bone was assumed to be linearly elastic, isotropic and homogenous whereas
natural bone is viscoelastic, anisotrophic and heterogenous material.

. Only the effect of the posterior cantilever length on the framework was
evaluated, however the effect of the occluso-gingival thickness of the
framework was not eval uated.

. Only the implant bar framework was considered in the present study, the
effect of the hybrid superstructure material was not eval uated.

. Due to the limitations pertaining to this study, further research needs to be

combined with clinical evaluation.
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Clinical Implications

CLINICAL IMPLICATION

1. The results of this study give clinical support that fixed 1SPs with shorter
cantilevers show less stress concentration on the implant and thereby to the
bone, thereby leading to better survival rate than those with longer cantilevers.

2. Also, patients should be advised of the increased risk of failure associated with
longer cantilevers over aperiod of time.

3. From the results of the present study, the use of 10 mm as an arbitrary
cantilever length recommendation for the CFRC framework, and 15 mm for

the Co-Cr framework seems reasonable.
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CONCLUSION

The null hypothesis was rejected and the reseaypbthesis is accepted as
there is a significant difference in stress disttiin between the two framework
materials. The study and its findings have indidatieat there was a statistically
significant difference seen between the “All-onifoumplant-supported Co-Cr
framework and CFRC framework, when evaluated fétraint cantilever lengths of 0

mm, 5 mm, 10 mm, 15 mm and 20 mm under 120-180lrpssive loading.

In view of the results of this study, the following conclusions are drawn:

1. The CFRC framework appears suitable for fabricatbframework for “All-
on-four” prosthesis with a recommended short caveit length of 10 mm, as
they demonstrated mean principal stress valuesrastal stress significantly
lower in comparison to the Co-Cr framework undétading conditions.

2. However, Co-Cr framework can be recommended inicainscenarios,
necessitating full arch ISPs requiring distal dawér greater than 10 mm due
to high stiffness and yield strength of the mateaéso keeping in mind the
high risk of failure associated with longer cantées.

3. The CFRC framework showed a more homogeneous strgisdbution, with
the stresses transmitted apically and distributedenevenly throughout the
model; with the absence of stress concentrationhat crest of terminal
implant.

4. High crestal stresses were observed at the destalftal implant in the Co-Cr
framework at the cantilever lengths of 10 mm andem@ae. 15 mm and 20

mm).
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Summary

SUMMARY

The present study was conducted to evaluate andparemthe stresses
between two implant-supported All-on-4 frameworks. iCo-Cr framework and

CFRC framework, tested at different cantilever tesginder progressive loading.

The models were subjected to progressive loadingpplying loads of 120N,
140N, 160N and 180N; to simulate the natural masiiy force. The loads of 120 N-
180 N were applied five times at 6 designated logddoints. The results were
obtained using the mean maximum fringe order offetition stresses, and by using
formula for calculating maximum principal stress).( The values obtained,
representing the magnitude of stresses transfeme@ in Megapascal (MPa) or
N/mn?. To compare the mean of the loading points inséiae framework, Kruskal
Wallis test was used; whereas Mann-Whitney U text used for comparing loading

points between two different frameworks.

The results obtained in the present study rejetitednull hypothesis, that
there is no difference in stress distribution bemvall-on-four implant-supported Co-

Cr framework and CFRC framework at different cavir lengths.

On analysing obtained data, the study and itstigglhave indicated that there
was a statistically significant difference seenwmssn the “All-on-four” implant-
supported Co-Cr framework and CFRC framework, wkenluated at different
cantilever lengths of 0 mm, 5 mm, 10 mm, 15 mm a0dmm under 120-180N

progressive loading.
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The CFRC framework showed mean principal streasegasignificantly lower
than the Co-Cr framework under all loading condisiohowever deformation of the
framework was observed at the cantilever lengthssainm and 20 mm. Whereas, the

Co-Cr framework showed mean principal stress vatrekcrestal stress higher than

the CFRC framework.

So, within the limitations of this study, the CFR@mework appears suitable

for fabrication of framework for “All-on-four” prdabesis with a recommended short

cantilever length of 10 mm.
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