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Abstract: Restorative oral treatments today truly encompass all the disciplines that dentistry has to offer in an incorporated inter-disciplinary method 

to accomplish optimal dental health, function and aesthetics for our patients. That's where our expertise and experience in all aspects of restorative 

dentistry along with the other disciplines assists us to achieve the best possible long-term outcomes for our patients. Naturally, dental implants, 

implant dentistry, periodontal treatment, aesthetic dentistry, orthodontics, endodontics, cosmetic dental treatments all play a crucial function in 

getting the very best outcomes for our patients. Restorative oral treatment may consist of a variety of treatments from tooth bleaching, braces, root 

treatments, fillings, crowns, bridges, veneers, plastic gum surgery, bone and gum restoring & grafting, and more! Dentistry has quickly developed 

throughout the last number of years, where innovative techniques have in fact altered the conventional treatment strategies as applications of brand-

new oral products supply better outcomes, so the primary objective of this evaluation is to list and separate the New Techniques and Treatment 

Methods in Restorative Dentistry. 

Keywords: Dental treatments, Plastic gum surgery, patients, Treatment Methods, Restorative Dentistry.  

1. INTRODUCTION 

Den tistry h as rap id ly d e v e lo p e d  th ro u gh o u t th e  last co u p le  o f ye ars , w h e re  in n o v ativ e  strate gie s  h av e  actu ally ch ange d  th e  

trad itio n al tre atm e n t te ch n iqu e s  as app licatio n s o f b rand -n ew  o ral m ate rials  p ro v id e  m u ch  b e tte r re su lts .  Th e  cu rre n t ce n tu ry 

h as su d d e n ly re qu ire d  o n  d e n tistry a b ran d -n ew  parad igm  co n ce rn ing e xp e cte d  re qu irem e n ts fo r m o d e rn  patie n t care .  

Trad itio n al m e th o d s an d  p ro ce d u re s  th at h av e  actu ally se rv e d  th e  o ccu patio n  w e ll are  b e ing qu e stio n e d  w ith in  th e  co n te xt o f 

e v id e n ce -b ase d  ratio n ale s  an d  em e rging in fo rm atio n / te ch n o lo gie s .  W ith in  th e  fie ld  o f co rre ctiv e  d e n tistry, th e  in cre d ib le  

ad v an ce s  in  d e n tal m ate rials  re se arch  stu dy h av e  le d  to  th e  cu rre n t s ch e d u le  o f e sth e tic ad h e siv e  re pairs , co n d u cting th e  

o ccu patio n  in to  th e  "p o st-am algam  e ra "  
[1 ]

.  C lin ician s h av e  b e e n  u sing particu lar re qu irem e n ts to  se le ct d e n tal m ate rials  i. e .  (i) 

an alysis  o f th e  p ro b lem , (ii) facto r to  co n sid e r o f re qu irem e n t, and  (iii) av ailab le  p ro d u cts  and  th e ir re s id e n tial o r com m e rcial 

p ro p e rtie s 
[2]

.  Re sin  com po site s  as d ire ct/ in d ire ct re sto rativ e  m ate rials h av e  actu ally b e e n  u tiliz e d  to  re - lo catio n  m is sing to o th  

stru ctu re , (e . g.  h ypo p lasia) o r as a d ire ct filling p ro d u ct 
[3 ,4]

 . Th e  cu rre n t patte rn  tow ard s "m in im ally in tru siv e  d e n tistry"  and  in  

actio n  to  th e  grow ing patie n t d em and  fo r e sth e tic , re s in  com po site s  are  th e  p ro d u ct o f o p tio n  fo r th e  re pair o f an te rio r te e th  
[5]

 

. Th ro u gh o u t th e  last h alf ce n tu ry th at app licatio n s o f com po site s  h av e  e n d e d  u p  b e ing so  d em and ing th at th e  cu stom iz ing o f 

w e ll-b o nd e d , lo ng lastin g u se r in te rface s  (o r 'in te r- stage s ') b e tw e e n  th e  m atrix and  re in fo rcem e n t h as e n d e d  u p  b e ing a cru cial 

co n ce rn .  Th e  u se  o f co u p ling re p re se n tativ e s , ch em ically re activ e  w ith  m atrix and  re in fo rcem e n t, and / o r ch em ical ad ju stm e n t 

o f th e  su rface  are as o f o n e  o r bo th  co n stitu e n ts h as b e e n  th e  m o st su cce s sfu l w ays o f ch em ically bo n d ing th e  m atrix to  th e  

e n cap su late d  re in fo rcem e n t.  G e n e rally, th e  d e n tal com p o s ite s  u tiliz e d  fo r d ire ct e sth e tic rem e d iatio n  co n sists o f ge n e rally 

p o lym e r m atrix and  d isp e rs e d  stre ngth e n ing in o rgan ic fille r particle s 
[6]

 . Th e  ad v an cem e n t o f m e th acrylate  m o n om e r, 

b isph e n o l-A -glycid yl- m e th acrylate  (Bis -GMA ) m o n om e r and  d e n tal com po s ite s  by Bow e n  
[7,8]

 and  th e ir in tro d u ctio n  to  

re sto rativ e  d e n tistry w as so  su cce s sfu l th at th e y w e re  so o n  acce p te d  as  an  e sth e tic filling m ate rial 
[9,1 0]

 , n e v e rth e le ss ; th e ir 

re s id e n tial o r com m e rcial p ro p e rtie s  are  affe cte d  by th e  s iz e  and  v o lu m e  o f fille r partic le , th e  re s in  com po sitio n , th e  m atrix -

fille r b o n d ing, and  th e  po lym e rizatio n  co n d itio n s 
[1 1 ]

 . C om po site  re sto ratio n s and  v e n e e rs  are  iso tro p ic, h av ing n o  particu lar 

fille r o rie n tatio n .  How e v e r, th e se  com po site s  h av e  e n h an ce d  particu larly in  te rm s o f w e ar, th ro u gh  d e cre ase  in  siz e  o f th e  fi lle r 

particle s and  u sing fib e r fille rs  
[1 2]

.   

1.1 Concept of fiber reinforced composites: 

Fib e r e n h an ce d  com p o site s  (FRCs) are  com m o n  com p o site  p ro d u cts m ad e  o f a po lym e r m atrix th at is stre ngth e n e d  by gre at 

th in  fib e rs .  Th e  po lym e ric m atrix, co n sisting o f po lym e riz e d  m o n om e rs , h as th e  fu n ctio n  o f h o ld ing th e  fib e rs to ge th e r in  th e  

com po site  stru ctu re .  Th e  m atrix m igh t affe ct th e  com pre ss iv e  stre ngth ; in te rlam in ar sh e ar and  inp late  sh e ar re s id e n tial o r 

953

IJSER

http://www.ijser.org/


INTERNATIONAL JOURNAL OF SCIENTIFIC & ENGINEERING RESEARCH, VOLUME 10, ISSUE 6, JUNE-2019                                                                                         
ISSN 2229-5518 

IJSER © 2019 

http://www.ijser.org 

com m e rcial p ro p e rtie s , in te ractio n  b e tw e e n  th e  m atrix and  th e  fib e r and  flaw s in  th e  com po s ite  [1 3 ,1 4] 

.Nu m e ro u s p ro d u ctio n  te ch n iqu e s h av e  b e e n  u se d  fo r particle s / fib e rs e n h an ce d  p o lym e rs , in clu d ing in je ctio n  m o ld ing [1 5] , 

com pre ss iv e  m o ld ing [1 6] , h yd ro static e xtru sio n  and  s e lf-re in fo rce d  (d ie -d raw ing) [1 7,1 8] . Th e  re ce n tly u se d  fib e rs w ith   

th e ir re s id e n tial o r com m e rcial p ro p e rtie s are  giv e n  u p  Tab le  1 .  

 

Table 1: Types of fibers and their properties 
 

Sr. no. Fibers Properties References 

1  Carbo n / e p o xy G o o d  fatigu e  and  te n sile  stre ngth  and  h av e  

in cre ase d  m o du lu s o f e lastic ity, bu t th e y are  

n o t e sth e tically acce p tab le  

[1 9,20] 

2 Po lyaram id e  Cann o t b e  e asily cu t o r po lish e d  and  th e re  is  

d ifficu lty in  h and ling th em  

[21 ,22] 

3  Ultra High  Mo le cu lar We igh t 

Po lye th yle n e  (UHMWPE) 

Po o r ad h e sio n  w ith  th e  po lym e r m atrix and  

th u s d o  n o t giv e  su fficie n t stre ngth  

[23 ,24] 

4 G lass  Im pro v e d  ad h e sio n  to  th e  po lym e r m atrix 

w ith  b e tte r m e ch an ical p ro p e rtie s and  also  

h av e  

go o d  e sth e tic app e aran ce  

[1 2,25–29] 

1.1 Glass fiber enhanced composites: 

Th e y are  am o rph o u s (n o n -crystallin e ), h om o ge n o u s and  stru ctu rally a th re e  d im e n sio n al n e tw o rk o f silica , o xyge n  and  o th e r 

atom s arrange d  arb itrarily [30] . Fo r o ral app licatio n s , p o lycarbo n ate , p o lyu re th an e  and  acryl base  po lym e rs , su ch  as po ly -

m e th yl-m e th acrylate  (PMMA ) and  b isph e n o l-A  glycid yl m e th acrylate  (Bis -GMA ) w e re  ge n e rally e n h an ce d  w ith  glass fib e rs 

and  are  n o rm ally d e alt w ith  by silan e  co u p ling age n t to  im pro v e  ch em ical b o nd s in  b e tw e e n  fib e r and  po lym e r m atrix [31 -

37] . Th e  capab ility o f th e  fib e r re in fo rcem e n t to  in te grate  w ith  th e  re s in  com po site  is im po rtan t in  th e ir e ffe ctiv e n e ss .  Th e  

ph ysical qu alitie s o f th e  re in -fo rce d  glass fib e r base d  co m po site  and  to o th  are  com parab le , fo r th at re aso n , failu re  o f th e se  

com po site s is le ss  like ly com pare d  w ith  re s in -b ase d  com po site s .  Re sin -b ase d  com po site s h av e  in ad e qu ate  ph ysical 

re s id e n tial o r com m e rcial p ro p e rtie s to  allow  it to  b e  u s e d  fo r re paire d  p ro sth o d o n tic app licatio n .  Re sin  im pre gn ate d  w ith  

fib e rs can  b e  u tiliz e d  fo r th is  pu rpo se , w h ich  can  b e  m ad e  e ith e r in  lab  w ith  trad itio n al style  o f to o th  p re paratio n  o r straigh t 

at th e  ch air-s id e .  Th e  com po sitio n  o f com m e rcially av ailab le  e n h an ce d  glass fib e r o ral com po s ite s is giv e n  u p  Tab le  2.  Th e se  

in d u strial glass  fib e r stre ngth e n e d  p ro d u cts cre ate d  fo r co re -bu ild  u p  sh ow e d  1 0%  im pro v em e n t in  th e ir p h ysical h om e s 

com pare d  to  co n v e n tio n al p ro d u cts .  

GFRC h as gain e d  its  app licatio n  in  d e n tistry and  p re se n tly it h as actu ally e xte n siv e ly b e e n  u tiliz e d  in  fixe d -partia l d e n tu re , 

e nd o d o n tic p o st system s, and  o rth o d o n tic se t re tain e rs .  How e v e r, th e  au th o rs m igh t n o t d isco v e r an  u n iqu e  u pd ate d  

e v alu atio n  pap e r w h ich  co v e rs th e  m ain  asp e cts o f re in fo rce d  glass fib e r d e n tal com po site s .  Fo r th at re aso n , th e  fu n ctio n  o f 

th is re v iew  is to  arrange  th is su bje ct in to  its part and  o ffe r e v id e n ce -b ase d  co n ce p ts th at are  so u nd  from  an  o ral p o in t o f 

v iew .  Th e  po st co n ce n trate s  o n  p e e r-re v iew  ju st and  v ital an alysis o f th is m ate rial ru n s o u t sco p e .  Th e  in itial e v alu atio n  

b e gan  w ith  a MEDLINE, Bo o k Ch apte rs , Co nfe re n ce / Sym po siu m 's p ro ce d u re s , and  PhD Th e sis w ith  in -v itro  an d  clin ical 

trial find ings se arch  fo r citatio n s in d e xe d  from  1 964 to  201 4.  Th e  se arch  w as re stricte d  to  d e n tal, b iom ate rials and  m ate rial s 

jo u rn als and  all citatio n s w e re  co lle cte d  and  d u p licate s w e re  d iscard e d .  Wh e re v e r p o s sib le  th e  com p le te  te xts o f pap e rs w e re  

acqu ire d  from  th e  jo u rn als .  Wh e re  it w as n o t p o s sib le  to  ge t a particu lar jo u rn al, th e  ab stracts , w h e re  av ailab le  d igitally w e re  

take n  a lo o k at.  Th e re fo re  th e  add itio n  crite ria fo r po sts w e re : (i) glass fib e r stre ngth e n e d  re s in  com po site s and  th e ir 

app licatio n s w ith  re sp e ct to  d e n tistry .  We  in clu d e d  lab  base d  an alysis , in -v itro  and  in -v iv o  te sting w ith  clin ical trials o n  

e n h an ce d  glass fib e r d e n tal re sto rativ e  com po site s .  (ii) A ll pap e rs in  a fo re ign  langu ag e  w h e re  an  ab stract in  English  w as 

o ffe re d .  L ite ratu re  n o t pu b lish e d  in  com m o n ly re ad ily av ailab le , re fe re e d  jo u rn als o r in  a fo re ign  langu age  w as n o t e xam in e d  

th o u gh  any p lace  p o ss ib le  an  ab stract w as so u gh t fo r th e se .  Th e  gray lite ratu re , th at is d e tails  n o t re p o rte d  in  th e  re gu lar 

scie n tific lite ratu re , w as re je cte d .  Re fe rrals in  d o cu m e n ts w e re  in sp e cte d  and  cro s s -m atch e d  w ith  th o se  from  th e  o rigin al 

MEDLINE se arch .  Wh e re  e xtra re fe rrals w e re  d is co v e re d  w h ich  satisfie d  th e  add itio n  re qu irem e n ts , th e se  w e re  in clu d e d  in  

th e  re v iew .  Fo r add itio n  in  th is e v alu atio n , an  article  h ad  to  fu lfill th e  fo llow ing re qu irem e n ts : A rticle s falling o u t o f th e  
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sco p e  o f d e n tal app licatio n s in clu d ing fib e r re in fo rcem e n t in  o th e r o ral p ro d u cts  su ch  as glass  io n om e r cem e n ts , im pre s s io n  

p ro d u cts , o ral im p lan t abu tm e n ts , crow n s , o rth o p e d ic app licatio n s and  p ro d u ct scie n ce s w e re  om itte d .  A fte r app licatio n  o f 

th e  se arch  te ch n iqu e , tw o  in sp e cto rs e v alu ate d  th e  title s and  ab stracts o f th e  article s  and  carrie d  o u t th e  ch o ice  by co n se n su s 

w ith  th e  go al o f m atch ing th e  d atabase  se arch e s .  

Th e  in itial se arch  strate gy re su lte d  in  m o re  th an  300 sh o rt article s .  Th e  o v e rall n u m be r o f pap e rs w h ich  m e t th e  in clu sio n  

crite ria fo r th e  re v iew  w as 1 53 .  Th e  m ajo rity o f th e  m e th o d ical e v alu atio n  to o k th e  typ e  o f typ e s and  p ro p e rtie s o f re in fo rce d  

glass fib e r com po site s [29,30,38 -43], in - flu e n ce  o f facto rs [44-47] su ch  as o rie n tatio n  o f fib e rs [1 2,48 -54], am o u n t o f fib e rs  

[51 ,55], im pre gm e n tatio n  o f fib e rs w ith  po lym e rs [56 -66], ad h e sio n  o f fib e rs w ith  p o lym e rs [45,65,68-74], re su lt o f co n te n ts 

[38, 75,76], circu latio n  o f fib e rs [1 4,20,30,77-80] , and  w ate r ab so rp tio n  [81 -90] . Th e se  s tu d ie s e xam in e d  a v arie ty o f lo catio n s 

su ch  as th e  m e ch an ical, ph ysical [92 -1 08] , th e rm al [1 2] and  b io lo gical p ro p e rtie s  [1 09-1 1 1 ] o f th e  e n h an ce d  glass fib e r 

com po site s .  Th e  clin ical app licatio n s co n sisting o f p ro sth o d o n tics [1 1 5 -1 30] , e nd o d o n tics [1 05,1 30-- 1 32] , to o th  rem e d iatio n  

[89,1 33 -1 38], o rth o d o n tic re tain e r and  space  m ain tain e r [63 ,1 39 -1 50] , and  p e rio d o n tal sp lin ts [1 51 -1 53] w e re  care fu lly 

co n siste d  o f.  No n -au tom ate d  m anu al se arch e s w e re  likew ise  co nd u cte d  o n  th e  re fe re n ce s w ith in  th e  p icke d  article s .  

Table 2: Composition of commercially available reinforced glass fiber composites 

 

FRC Core material Manufacturer Composition Fabrication procedure 

Pre im pre gnate

d  

E- Ve ctris Po n tic, Iv o clar Bis -GMA  (24. 5% ), In itial p o lym e rizatio n  fo r 1  

glass FRC   Viv ad e n t, Sch aan , Trie th yle n e glyco l d im e th acrylate  m in  w ith  a ligh t-cu ring u n it 

  L ie ch te n ste in  (6. 2% ), De cand io l d im e th acrylate  (Targis Qu ickTM, Iv o clar- 

   (0. 3% ) Viv ad e n t).  Fin al 

   Ure th an e  d im e th acrylate  (0. 1% ) po lym e rizatio n  in  a ligh t and  

   High ly d isp e rse d  silica (3 . 5% ) h e at cu ring u n it (Targis  

   Catalysts and  stab iliz e rs (b0. 3% ) Pow e rTM, Iv o clar-Viv ad e n t) 

   Pigm e n ts (b0. 1 % ), Pre im pre gnate d  fo r 25 m in  

   E-glass fib e rs (65. 0% )  

Pre im pre gnate

d  

S- Fib e rKo r, Pe n tro n  Pre im pre gnate

d  

S-glas s  fib e rs  In itial p o lym e rizatio n  fo r 1  

glass FRC   Co rpo ratio n , (≃60% ) in  a 1 00%  Bis -GMA  m in  w ith  a ligh t-cu ring u n it 

  Wallingfo rd , CT, USA  m atrix  (Targis Qu ickTM, Iv o clar- 

     Viv ad e n t).  Fin al 

     p o lym e rizatio n  in  a ligh t and  

     h e at cu ring u n it (Targis  

     Pow e rTM, Iv o clar-Viv ad e n t) 

     fo r 25 m in  

Im pre gnate d  

glass FRC  

E- Stick  StickTe ch , 

Tu rku , Fin land  

E-glass fib e rs im pre gnate d  w ith  

po ly(m e th yl m e th acrylate ) 

 

2. KINDS OF GLASS FIBERS 

In  th e  d e v e lo pm e n t o f fib e rs it is re qu ire d  to  take  in to  co n sid e ratio n  th e  re qu irem e n ts and  crite ria o f fib e rs , w h ich  are  

d e te rm in e d  by th e  pu rpo se  and  th e  p ro d u ctio n  in n o v atio n  re s id e n tial o r com m e rcia l p ro p e rtie s .  Fo r th at re aso n , glass is 

m anu factu re d  in  d iffe re n t system s, w h ich  atte nd  to  qu alitativ e ly d iffe re n t re s id e n tial o r com m e rcial p ro p e rtie s  in  v ario u s 

fib e rs .  Tab le  3 sh ow s th e  v ario u s k ind s  o f glass  fib e rs  d e p e n d ing u po n  th e  d istin ctio n s in  th e ir com p o sitio n  and  th e ir 

re s id e n tial o r com m e rcial p ro p e rtie s [38] .  Th e  parts o f glass fib e rs th at h av e  b e e n  u tiliz e d  in  co n stru ctio n  o f n u m e ro u s o ra l 

h om e  app lian ce s can  b e  catego riz e d  in to  6 class ificatio n s d e p e nd ing u po n  th e ir com p o sitio n  and  app licatio n  [39,40] .  
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1 G lass A  (n e u tral)-it is a h igh -alkali glass in clu d ing 25%  so d a and  lim e .  Th e  ad v an tage  o f th is glass fib e r is th at it is m o re  

affo rd ab le  th an  o th e r typ e s o f fib e rglas s and  can  b e  u tiliz e d  as fille r fo r p lastics w h e n  n o  rigid  re qu irem e n ts are  re qu ire d .  

Th e  sh o rtcom ings are  th at th e  com po sitio n  h as low  ch em ical re s istan ce  to  w ate r and  alkalin e  m e d ia and  low  stre ngth .  

2 G lass C (ch em ically re s istan t)-- th is w as e stab lish e d  fo r e ngin e e ring are a, in  w h ich  p ro d u ct is in  co n tact w ith  aggre ss iv e  

m e d ia, m o stly acid s .  Th e se  fib e rs h av e  gre at ru st re s istan ce .  How e v e r, th e  d isad v an tage s are  th at it h as in fe rio r te ch n o lo gic al 

h om e s in  m o ld ing glas s b e ad s and  fib e r and  h as low  stre n gth  and  can  n o t b e  u se d  a s in su lating p ro d u cts .  

3 G lass D (low  d ie le ctric p e rm ittiv ity)-- th is k ind  o f glas s h as a low  d ie le ctric co n stan t w ith  e xce p tio n al e le ctrical re s id e n tial 

o r com m e rcial p ro p e rtie s and  u tiliz e d  as an  e n h an cing m ate rial in  e le ctro n ic b o ard s and  rad ar re al e state .  Ne v e rth e le ss , th e y 

are  d e fin e d  by a low  le v e l o f stre ngth  and  ch em ical re s istan ce .  

4 G lass S-- th is is a h igh -stre ngth  and  e lasticity m o du lu s glass w ith  low  d ie le ctric p e rm ittiv ity and  h as b e tte r co rro sio n  

re s istan ce  to  acid s .  Th is glas s is lab o r co n su m in g and  co stly d u e  to  its p ro d u ctio n  p ro ce d u re s and  th e  life  span  o f th e se  glass 

fib e rs is low , fo r th at re aso n , th e ir u sage  is lim ite d .  

5 G lass AR-- Th e se  glas sfib e rs  h e lp e d  to  im p ro v e  th e  stru ctu ral and  te ch n o lo gical re s id e n tial o r com m e rcial p ro p e rtie s , and  

e n h an ce  th e  fractu re  re s istan ce  and  im pact stre ngth .  Th e  h igh  m e lting and  h igh  z irco n iu m  co n te n ts are  lim iting th e ir lo catio n  

o f app licatio n .  

6 G lass E (e le ctrical grad e )-- th is is calciu m --alu m inu m -- b o ro silicate  glass w ith  low  alkali co n te n t.  It m an ife sts  m u ch  b e tte r 

e le ctrical in su latio n  and  stro ngly w ith stand s attack by w ate r.  Th e  co n ce rn  re late d  to  th is fib e r is b e cau se  o f th e  p re se n ce  o f 

u np re d ictab le  parts (b o ro n  o xid e  and  flu o rin e ) w h ich  re su lts in  th e  d istu rban ce  o f th e  ch em ical h om o ge n e ity o f th e  g lass and  

co n tam in ate s th e  e n v iro nm e n t.  Ne v e rth e le ss , m o re  th an  50%  o f th e  glass fib e rs u tiliz e d  fo r su ppo rt is E - glass [41 ,42] . Th e  E- 

glass fib e rs h av e  actu ally b e e n  u se d  p rim arily fo r o ral app licatio n s [43] . Th e y are  a m ix o f am o rph o u s stage s and  silico n  

o xid e , calciu m  o xid e , b arium  o xid e , alu m inu m  o xid e  and  som e  o xid e s o f alkali m e tals .  Th e y h av e  trace  qu an titie s o f Na2O , 

MgO , TiO2, Fe 2O3 , and  Fl [29] Th e  E-fib e r u tiliz e d  in  o ral app licatio n  h as a d e n sity o f 2. 54 g/ cm  −  3 and  th e  re p o rte d  te n sile  

stre ngth  and  E-m o du lu s o f th e se  fib e rs is 3 . 4 GPa and  73 GPa, re sp e ctiv e ly [39] . Th e  S -glas se s are  likew ise  am o rp h o u s , bu t 

v ary in  stru ctu re  and  h as h igh e r h ard n e ss and  m o du lu s to  E -glas s and  gre ate r re s istan ce  to  p lastic co n to rtio n  th an  E - glasse s 

[30] . Th e  re p o rte d  te n sile  stre ngth  and  m o du lu s o f e lasticity is 800 MPa and  66 GPa, re sp e ctiv e ly .  Silica o xid e , alu m inu m  

o xid e  and  m agn e siu m  o xid e  are  gre ate r in  m ate rial th an  E -glass , bu t th e y h av e  sm all am o u n t o f alkali and  e arth  alkali io n s 

[29].  

Table 3: Composition in wt % of various glass fibers 
 

Components A-glass E-glass C-glass AR-glass R-glass S-glass 

SiO2 71  53 -55 56–58 62 75. 5 62-65 

A l2O3 3 1 4-1 6 1 2 0. 8 0. 5 20-25 

CaO 8. 5 20-24 1 7-22 5. 6 0. 5 - 

MgO 2. 5 20-24 2-5 - 0. 5 - 

B2O - 6-9 - - 20 0-1  

K2O - <1  0. 4 - 3 . 0 0-1  

Na2O 1 5 <1  0. 1 -2 1 4. 8 - 0. 2 

 

3. INFLUENCE OF FACTORS 

Ce rtain  facto rs w h ich  can  in flu e n ce  th e  p ro p e rtie s o f GFRC [44 -47] are  giv e n  in  Tab le  4.  

Orie n tatio n  o f fib e r th e  glas s fib e rs can  b e  se t u p  in  v ario u s d ire ctio n s ; (i) u n id ire ctio n al fib e r lam in ate s , (ii) alte rn ate  b rie f 

and  lo ng fib e r (b id ire ctio n al) in je ctio n  m o ld ing and  (iii) te xtile  m ate rials (w o v e n , kn itte d  and  b raid e d  fab rics ) lam in ate s .  Th e  

u n id ire ctio n al co n stan t fib e rs are  an iso tro p ic (h av e  v ario u s h om e s in  v a rio u s in stru ctio n s) th at can  h av e  ad v an tage s in  

n u m e ro u s app licatio n s .  Bid ire ctio n al are  availab le  in  nu m e ro u s fab ric stru ctu re s , su ch  as lin e n , and  tw ill w e av e .  Th e y 

p ro v id e  o rth o tro p ic (sam e  p ro p e rtie s in  tw o  in stru ctio n s w ith  v ario u s re s id e n tial o r com m e rcial p ro p e rtie s in  th e  th ird , 
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o rth o go n al in stru ctio n s ) p ro p e rtie s , fib e r w e av e  is an  e xam p le  o f th e  b id ire ctio n al su ppo rt o f po lym e rs and  rand om  (s lice d ) 

o rie n te d  fib e rs p ro v id e  iso tro p ic re s id e n tial o r com m e rcial p ro p e rtie s .  Un id ire ctio n a l lo ngitu d in al GFRC m ate rials to  th e  

m axim um  w h e n  stre s s is e xe rte d  alo ng th e  in stru ctio n s o f th e  fib e r, th e ir stre ngth  low e rs w h e n  th e  stre s s is ap p lie d  at an  

angle  to  th e  in stru ctio n s o f th e  fib e r, fo r th at re aso n  u n id ire ctio n  al glass  fib e r h as s ign ifican tly gre ate r s tre n gth  th an  a 

b id ire ctio n al fib e r.  Slice d  fib e rs and  h airs  w e re  d isco n tin u o u sly d istribu te d  in  th e  m atrix, w h ich  e ach  fib e r o r w h iske r w as 

m u ch  sh o rte r th an  th e  m e asu rem e n ts o f th e  com po site  sp e cim e n .  Hybrid  fib e r com p o site s are  a m ix o f 2 o r m o re  typ e s o f 

fib e rs [1 2] . Pre v io u s re se arch e s o n  GFRC o rie n tatio n  h as fo cu se d  u p o n  th e  im pacts o f th e  qu e stio n  o f fib e r re in fo rcem e n t 

d ire ctio n ality (i. e .  rand om  o r lo ngitu d in al o rie n tatio n ) [48] . It is e xte n siv e ly acce p te d  th at o rie n tatio n  o f th e  glass fib e r  lo ng 

axis p e rp e nd icu lar to  an  app lie d  fo rce  w ill le ad  to  stre ngth  re in fo rcem e n t.  Fo rce s th at are  paralle l to  th e  lo ng axis o f th e  

fib e rs , n e v e rth e le s s , p ro - d u ce  m atrix-d om in ate d  failu re s and  co n se qu e n tly yie ld  little  actu al su ppo rt.  De sign  strate gie s are  

p e rio d ically u se d  to  p ro v id e  m u lti-d ire ctio n al re in fo rcem e n t to  le sse n  th e  h igh ly an iso tro p ic h ab its o f u n id ire ctio n al fib e r 

re in fo rcem e n t [49] . Th e  m u ltid ire ctio n al su ppo rt, h ow e v e r, is accom pan ie d  by a d e c lin e  in  stre ngth  in  any d ire ctio n  w h e n  

com pare d  to  u n id ire ctio n al fib e r [50] . In  m any circu m stan ce s glass fib e r re in fo rcem e n t (GFR) h as actu ally b e e n  po sitio n e d  in  

th e  ce n te r o f a com po site  sp e cim e n .  Me ch an ical re s id e n tial o r com m e rcial p ro p e rtie s o f GFRC also  d e p e nd  o n  th e  d ire ctio n  o f 

fib e rs in  th e  po lym e r m atrix.  Co n tin u o u s u n id ire ctio n al fib e rs re v e ale d  th e  h igh e st stre ngth  and  tigh tn e ss fo r th e  com po s ite , 

h ow e v e r ju st in  o n e  in stru ctio n s , i. e .  in  th e  d ire ctio n  o f th e  fib e rs .  Th e re fo re , th e  e n h an cing re su lt o f u n id ire ctio n al fib e rs is 

an iso tro p ic in  co n trast to  w o v e n  fib e rs w h ich  e n h an ce  th e  p o lym e r in  2 d ire ctio n s and  th e  com po site  also  h as o rth o tro p ic 

m e ch an ical h om e s .  If th e  fib e rs are  o rie n tate d  arb itrarily, th e  m e ch an ical re s id e n tial o r com m e rcial p ro p e rtie s are  th e  sam e  in  

all in stru ctio n s and  th e  m e ch an ical h om e s are  iso tro p ic .  A  com po site  w ith  th e  lo nge r fib e rs e xh ib ite d  low e r w e ar v o lu m e s 

and  u se  rate s .  Th is co u ld  b e  w arran te d  th in king abo u t th at th e  com p le te  stre ngth  o f th e  GFRC m igh t n o t h av e  b e e n  u tiliz e d  

w ith  fib e rs  o f le ngth  le s s th an  th e  cru cial le ngth .  Th e  cru cial le ngth  o f a glass  fib e r d e p e n d s o n  th e  fib e r stre ngth  and  

in te rfacial sh e ar stre ngth .  In  add itio n , b rie f fib e rs m igh t b e  e asily clu ste re d  and  le ad  to  a w e ak are a in  th e  com po s ite  [51 ] . In  

th e o ry, e n h an cing im pact o f th e  fib e r fille rs is base d  n o t ju st o n  te n sio n  tran sfe r from  po lym e r m atrix to  fib e rs bu t also  o n  th e  

b e h av io r o f ind iv id u al fib e rs as fractu re  sto p p e rs .  It is p o s s ib le  th at th e  3 m m  fib e rs o rie n te d  paralle l to  e ach  o th e r h ad  

stre ngth  o f co n stan t u n id ire ctio n al GFRC [50] G aro u sh i e t al.  [46] and  Manh art e t al.  [51 ,52] stu d ie d  th e  w e ar re s istan ce  o f 

n u m e ro u s in d u strial d e n tal com po s ite s , and  it w as fo u nd  th at sh o rt glass fib e rs co u ld  b e  qu ick ly e lim in ate d  from  th e  m atrix 

le ad ing to  in cre ase d  w e ar.  Xu  e t al.  [53] sh ow e d  th at in cre asing th e  glass fib e r le ngth  typ ically in cre ase d  th e  GFRC su p rem e  

stre ngth  and  fractu re  re s istan ce .  Th e se  re s id e n tial o r co m m e rcial p ro p e rtie s  h av e  clin ical s ign ifican ce  and  w o u ld  im pact th e  

lo nge v ity o f re pair.  

Table 4: Factors influencing the properties of reinforced glass fiber composites 

 

 Influencing factors 

➢ Orie n tatio n  o f fib e r 

➢ Qu an tity o f fib e r (v o lu m e  fractio n ) 

➢ Su rface  tre atm e n t (s iz ing) 

➢ Im pre gnatio n  o f fib e r w ith  m atrix po lym e r 

➢ Adh e sio n  o f fib e r to  th e  m atrix po lym e r 

➢ Pro p e rtie s o f fib e r v s .  Pro p e rtie s o f m atrix po lym e rs  

Th e  glass fib e r o rie n tatio n  likew ise  affe cts th e rm al h ab its o f th e  com po site .  Th e  th e rm al co e fficie n t d iffe rs in n ing acco rd an ce  

w ith  th e  d ire ctio n  o f th e  fib e r.  Th is m igh t h av e  clin ical s ign ifican t im pac t, e . g.  o n  th e  ad h e sio n  o f v e n e e rin g com p o site  o n  th e  

GFRC fram ew o rk o f th e  fixe d  partial d e n tu re  and  th e  ad h e sio n  o f th e  GFRC h om e  app lian ce  to  th e  to o th  com po u nd  [1 2] . Th e  

o rie n tatio n  o f fib e rs  p ro d u ce s an  im pact o n  d ire ct sh rin kage  stre s s .  In  case  o f co n stan t u n id ire ctio n al GFRC pro d u cts , th e  

sh rin king stre ss  alo ng th e  fib e r w as low , w h e re as th e  m ain  sh rin kage  h app e n e d  in  th e  tran sv e rse  d ire ctio n  to  th e  fib e r 

d ire ctio n .  Mu ch  like  th e  co n stan t u n id ire ctio n al GFRCs, th e  b id ire ctio n al GFRC sh ow e d  little  sh r in king p re ssu re  in  e ith e r 

in stru ctio n s .  GFRC w ith  arb itrarily o rie n te d  fib e rs sh ow e d  low  po lym e rizatio n  sh rin king, bu t som ew h at h igh e r th an  th e  

b id ire ctio n al GFRC .  Th e  b rie f fib e rs w e re  likew ise  re liab le  in  re stricting th e  sh rin kage  [54] m atrix.  G e n e rally th e  v o lu m e  

po rtio n  o f fib e r in  GFRC s is  h igh , app ro xim ate ly 60 v o l.% , h ow e v e r, in  d e n tistry fib e r fractio n  is re aso n ab ly low .  Th e  facto r  is  
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b e cau se  o f th e  fact th at glas s fib e r n e e d  to  b e  co v e re d  w ith  a laye r o f u nfille d  po lym e r o r w ith  a laye r o f particu l ate  fille r 

com po site .  Lass ila and  Vallitu  [55], and  Callagh an  e t al.  [51 ] h av e  actu ally re p o rte d  th e  w e ar b e h av io r o f GFRC w ith  d iffe re n t 

co n ce n tratio n  o f fib e r v o lu m e .  It w as d isco v e re d  th at w ith  7. 6 w t.%  glass fib e r th e  sp e cim e n  is p o te n tially packe d  w ith  a lo t 

o f fib e rs re su lting in  a clu ste r o f fib e rs w ith  little  m atrix.  Th e r e  are  s ign ifican t in te ractio n s b e tw e e n  glass fib e rs le ad ing to  a 

po o r b o nd ing b e tw e e n  fib e rs and  m atrix.  If th e se  are  be ing pu lle d  o u t o f m atrix alo ng w ith  m atrix be ing rem o v e d  fro m  

aro u nd  th e  fib e rs  cau sing a h igh  w e ar rate .  Th e  h igh  co n ce n tratio n  o f glas s fib e rs m igh t re su lt in  th e  p rem atu re  fib e r fractu re , 

in  add itio n  to  a su b stan tial am o u n t o f fib e rs p lu cking.  Th e  id e al am o u n t o f fib e r fo r su p e rio r w e ar re s istan ce  is b e tw e e n  2. 0  

and  7. 6 w t.%  fo r th e  m atrix.  Th e re  are  su b stan tial in te ractio n s in  b e tw e e n  fib e rs re su lting in  a bad  bo nd ing in  b e tw e e n  fib e r s  

and  m atrix.  

3.1 Impregmentation of fiber with polymer matrix: 

GFR w o rk s ju st w h e n  th e  lo ad  can  b e  m o v e d  from  th e  m atrix to  th e  re in fo rcing stage  and  th is  can  b e  accom p lish e d  ju st w h e n  

th e  fib e r is fu lly attain e d  by bo nd ing to  th e  m atrix, and  in  d e n tal com po site s th is is  ge n e rally fe rtiliz e d  [56] .  A  d e gre e  o f 

im pre gnatio n  o f GFR u tiliz e d  in  o ral app licatio n s affe cts  p ro p e rtie s o f FRC .  Po o r im pre gnatio n  p ro d u ce s v o id s in  b e tw e e n  

th e  m atrix and  th e  fib e r and  th e  lo ad  b e aring capab ility o f GFRC is re d u ce d  [57] . In  add itio n , th e  m e ch an ical p ro p e rtie s su ch  

as fle xu ral stre ngth  and  m o du lu s o f GFRC rem ain s far from  th e  o re tically d e te rm in e d  w o rth s .  A n o th e r p ro b le m  w ith  bad  

im pre gnatio n  is w ate r so rp tio n .  Fractu re s and  space s  in  th e  lam in ate  allow  w ate r to  e n te r, w h ich  d e cre ase s  th e  b o nd  stre ngth  

and  can  cau se  h yd ro lytic d e te rio ratio n  o f p o lysilo xan e  n e tw o rk o f GFRC [58 -61 ] . It also  cau se s d isco lo ratio n  d u e  to  

p e n e tratio n  o f o ral m icro b e s  in to  d e e p  space s o f bad ly fe rtiliz e d  GFRC .  Th e se  space s also  fu n ctio n  as o xyge n  tanks , w h ich  

e n ab le d  o xyge n  to  in h ib it rad ical p o lym e rizatio n  o f th e  u tiliz e d  acrylic re s in  in sid e  th e  GFRC .  Th e  to tal d e gre e  o f 

im pre gnatio n  o f th e  GFRC can  b e  go tte n  if th e  fib e rs are  p re -im p re gnate d  w ith  po lym e rs , m o n om e rs  and / o r m ix o f bo th .  

Th e  p re -im p re gnatio n  o f th e  fib e r n o t ju st affe cts th e  d e gre e  o f im pre gnatio n  bu t it likew ise  affe cts  th e  ad h e siv e  p ro p e rtie s o f 

th e  fin ally po lym e riz e d  GFRC .  If th e  fib e rs are  p re -im pre gnate d  w ith  a ligh t po lym e rizab le  b ifu n ctio n al acrylate  o r 

m e th acrylate  m o n om e rs th e  p o lym e r m atrix is h igh ly cro s s -lin ke d  in  n atu re  and  th e  b o nd  is base d  o n  com p lim e n tary 

e xtrem e  po lym e rizatio n  and  o n  in te r-d iffu sio n  o f th e  m o n om e rs o f th e  n ew  re sin .  Th e  bo nd ing b e tw e e n  th e  GFRC su b strate  

and  re s in  can  b e  base d  u po n  u n re acte d  carbo n -carb o n  d o u b le  b o nd s o f th e  fu n ctio n al gro u p s o n  th e  su rface  o f po lym e r 

m atrix.  How e v e r, th e  p o ssib ility to  ge t to tally fre e  e xtrem e  po lym e rizatio n  bo nd ing is low  b e cau se  o f fairly sm all n u m be r o f 

u n re acte d  carbo n -carb o n  d o u b le  b o nd s o n  th e  po lym e r su rface  are a [62,63 ] .  

A n o th e r p o s sib ility fo r stick ing n ew  re sin  o n  th e  age d  com po site  su b strate  is base d  u po n  in te r -d iffu sio n  o f m o n om e rs to  th e  

su b strate .  Th e  bo nd ing base d  u po n  th e  in te r-d iffu s io n  o f th e  m o n om e rs can  b e  acqu ire d  if th e  su b strate  is a partly n o n - cro ss -

lin ke d  p o lym e r [64] and  th e  m o n om e rs o f th e  n ew  re sin  h av e  a d isso lv ing ab ility o f th e  lin e ar ph ase s o f th e  su b strate  su ch  as 

sem i-in te rp e n e trate d  po lym e r n e tw o rk (sem i-IPN).  In  s em i-IPN po lym e r th e  d ire ct ph ase s and  th e  cro ss -lin ke d  po lym e r 

n e tw o rk are  n o t b o nd e d  ch em ically to ge th e r.  Th is in d e p e nd e n cy o f th e  sem i-IPN po lym e r is a cru cial p ro p e rty w h e n  a 

su fficie n t b o n d ing base d  o n  th e  m o n om e r in te rd iffu sio n  is a d em and .  Th is  can  b e  th e  sce n ario  w h e n  GFRC stru ctu re  n e e d s 

re pair w o rk in  th e  m o u th  o r w h e n  fin ally po lym e riz e d  lab  p ro d u ce d  GFRC w o rk is ab id e d  by th e  to o th  su b stan ce  by 

com po site  lu ting cem e n ts o r by low -v isco sity ligh t tre ating ad h e siv e  re s in s .  Th e  p re im pre gnatio n  m atrix o f th e  no v e l GFR 

co n sists o f d ire ct p o lym e r p h ase s , w h ich  are  su gge ste d  to  im pro v e  th e  bo nd ing o f age d  FRC stru ctu re  su b strate  to  b rand -

n ew  com po site  re s in  by th e  IPN bo nd ing system .  In  d e n tis try sem i-IPN h as b e e n  u se d  in clu d ing lin e ar po lym e r and  th e  

cro s s -lin ke d  p o lym e r h ow e v e r th e y are  n o t b o nd e d  ch em ically to ge th e r as a single  n e tw o rk .  It h as b e e n  e ffe ctiv e ly u se d  in  

acrylic re s in  p o lym e r te e th  and  d e n tu re  base  p o lym e rs an d  in  rem o v ab le  d e n tistry [64,66] .  

3.2 Adhesion of fiber to polymer matrix: 

Depe nd ab le  ad h e sio n  in  b e tw e e n  glass fib e r and  po lym e r m atrix co u ld  b e  o b tain e d  w ith  silan e  co u p ling re p re s e n tativ e .  It 

h as actu ally b e e n  re p o rte d  th at a co nd e n satio n  re actio n  b e tw e e n  silan o l gro u p  and  an  in o rgan ic m o le cu le  su ch  as glass fib e r 

re su lting in  an  add itio n al b o o st in  b o nd ing stre ngth  and  le ss w ate r so rp tio n  w ill h app e n  [45,67] . Th e  d e v e lo pm e n t o f an  IPN 

laye r b e tw e e n  th e  m atrix and  th e  glass fib e r w as re com m e nd e d  to  b e  fu rth e r im pro v ing th e  a d h e sio n  b e tw e e n  th em .  IPN 

stru ctu re  w as fo rm e d  from  d ire ct p o lym e r o f th e  s iz ing, w h ich  is partially o r com p le te ly d isso lv e d  by b i - o r m u ltifu n ctio n al 

acrylate  m o n om e rs o f th e  m atrix [65] . Th e  ad h e sio n  b e tw e e n  th e  glass fib e r and  re s in  m atrix affe cts th e  s tre ngth , w ith o u t 

ad e qu ate  ad h e sio n  th e  glas s  fib e r se rv e s  as an  in clu sio n  in  th e  m atrix, w h ich  actu ally w e ake n s th e  com po site .  On e  o f th e  
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m ain  co n ce rn s in  clin ical d u rab ility is th e  qu ality o f ad h e sio n  b e tw e e n  th e  GFRC an d  o th e r  p o lym e r m atrix m ain ly b e ca u se  

o f s ign ifican t d istin ctio n s b e tw e e n  d e fo rm atio n  h ab its and  o th e r com po site s  le ad ing to  com p re h e n siv e  te n sio n  co n ce n tratio n  

n e ar th e  b i-m ate rial u se r in te rface  [68-71 ] . Th e  in te rfacial fo rce s h o ld ing th e  tw o  parts to ge th e r m ay em e rge  from  v an  d e r 

Waals fo rce s , ch em ical b o n d ing, e le ctro static attractio n  o r m e ch an ical in te rlo ck ing.  Th e  ad h e sio n  bo nd  stre ngth  is stro ngly 

re late d  to  th e  k ind  o f bo nd ing, v isco sity o f th e  ad h e siv e  and  its ch em ical stru ctu re  and  m e ch an ical h om e s o f bo nd e d  

su b strate s [72]. A dd itio n ally, co n sid e ring th at any d e cis io n  o f th e  ad h e sio n  stre ngth  in v o lv e s m e asu rem e n t o f a fractu re  

stre s s , state  o f te n sio n  th ro u gh o u t th e  w h o le  ad h e sio n  jo in t p lays an  im po rtan t ro le  [73] 

. It is p re su m e d  th at th e  in te rfacial b o nd ing in  b e tw e e n  GFRC and  particu late  fille d  com po site  (PFC ) is base d  u po n  th e  re s in  

w h ich  w ill n o t b e  im pacte d  by in clu d ing th e  fille r o ffe ring th e  in cre ase d  v isco sity o f th e  PFC w ill n o t affe ct w e tting o f th e  

GFRC su rface  are a .  Co n sid e ring th at its u se  in  d e n tistry is  e xtrem e ly o fte n  re in fo rce d  w ith  u n id ire ctio n ally align e d  fib e rs th e  

n atu re  o f th e ir re actio n  is in h e re n tly o rth o tro p ic .  Th e  in te rfacial/ in te r -lam in ar sh e ar stre ngth  is  typ ically th e  w e ake st lin k in  

th e ir m e ch an ical actio n .  Th e  actu al system  o f bo nd ing b e tw e e n  PFC and  GFRC in v e stigatio n  can  e ith e r b e  ch em ical b o nd ing, 

m e ch an ical in te rlo ck ing o r a m ix o f th e  tw o  [74] . Th e  cu re d  GFRC e xh ib its re aso n ab ly sm o o th  su rface  and  th e  ad h e sio n  

stre ngth  in cre ase s w ith  fille r lo ad ing, th e re fo re , m e ch an ical in te rlo ck ing p lays o n ly b it part in  e stab lish ing ad h e siv e  b o nd .   

4. EFFECT OF CONTENTS 

G lass fib e r stru ctu re  is v e ry im po rtan t, particu larly th e  co n te n t o f alkali, e arth -alkali io n s ; b o ro n  o xid e  re sp o nd s w ith  th e  

o xid e s o f io n s o f w ate r le ad ing to  le ach ing from  bo ro n  o xid e  from  glass  su rface .  Th e  le ach ing o f glas s fo rm ing re p re se n tativ e  

im pacts its stre ngth  by in te rru p ting th e  glass su ppo rting w e b - w o rk .  B2O3 e xists in  6-9 w t.%  in  E-glass fib e rs and  b  1  w t.%  in  

S-glas s fib e rs [38,75] . Th e  ru st o f glas s su rface  are a can  be  d e cre ase d  by th e  co rre ct tre atm e n t o f th e  glass fib e r.  To  o v e rcom e  

th is is su e  p re - fe rtiliz e d  (Pre -p re g) GFRC h av e  b e e n  u se d .  Th e y are  p re im p re gnate d  w ith  its  m atrix and  d o  n o t n e e d  

m o iste n ing p rio r to  u se .  A lte rn ativ e ly, th e  fe rtiliz e d  fib e rs as m ad e  are  glas s fib e rs  fe rtiliz e d  w ith  h igh ly po ro u s PMMA 

po lym e r m atrix th at n e e d s th e  e xtra p ro ce s s o f m o iste n ing w ith  a so lv e n t-fre e  re s in  o r a liqu id - p ow d e r re s in  m ix.  Tab le  2 

re v e als th e  com po sitio n  o f so m e  com m e rcially re ad ily av ailab le  GFRC [76] .  

4.1 Distribution of fibers: 

Th e  d istribu tio n  o f glas s fib e rs d isp lay d iffe re n t re s id e n tial o r com m e rcial p ro p e rtie s , d e p e nd  u po n  its ap p licatio n .  Eith e r 

th e se  fib e rs are  e qu ally d istribu te d  o r lie  in  a particu lar zo n e .  If th e se  fib e rs are  s im ilarly d isp e rse d , it e n h an ce s th e  fa tigu e  

re s istan ce  h ow e v e r if th e y lie  at o n e  p lace  th e n  th e y can  in cre ase  th e  stiffn e ss and  stre n gth  [77] .  

It h as b e e n  re p o rte d  th at re s in  m ate rials re in fo rce d  w ith  sh o rt glass fib e r, arb itrarily d isp e rse d , acqu ire d  h igh e r v alu e s o f 

fle xu ral stre ngth , fractu re  d u rab ility, and  com pre s s iv e  s tre ngth  [78] . Brie f fib e rs ran d om ly d istribu te d  p ro v id e  an  iso tro p ic 

re in fo rcem e n t in  n u m e ro u s d ire ctio n s in ste ad  o f o n e  d ire ctio n  [1 4,79] . Po sitio n ing o f u n id ire ctio n al E -glas s fib e r in  th e  sam e  

stu dy d id  sh ow  su b stan tial re su lt o n  stre ngth  and  m o du lu s o f fle xib ility o f FRC m ate rials [33 ] . In  th e  m ajo rity o f 

circu m stan ce s in  th e  o ral lite ratu re , fib e r re in fo rcem e n t h as actu ally be e n  po sitio n e d  in  th e  ce n te r o f a com po site  sp e cim e n  

[20]  . Ye t from  e ngin e e ring app licatio n s , it is kn ow n  th at th e  po sitio n  and  o rie n tatio n  o f th e  re in fo rcem e n t w ith in  a bu ild ing 

and  co n stru ctio n  affe cts m e ch an ical h om e s [23 ,80] .  

4.2 Water absorption of GFRC matrix: 

A  liqu id  and  m o istu re  e n v iro nm e n t, su ch  as saliv a in  th e  m o u th , can  cau se  "ru st" e ffe cts in  th e  su rface  are a o f GFRC aris ing 

from  w ate r th at d iffu se s th ro u gh  th e  po lym e r m atrix [81 ] . Th is can  cau se  a d e cre ase  o f th e  m e ch an ical p ro p e rtie s and  

ch ange s in  th e  com po site  stru ctu re , s in ce  th e  su rface  are a o f th e  glass  fib e rs is affe cte d  by th e  h yd ro lys is o f alkali and  e arth  

alkali o xid e s in  th e  glass and  le ach ing o f io n s .  Th e  stru ctu re  o f th e  glass is a v ital asp e ct fo r th e  h yd ro lytic stab ility o f th e  

glass fib e rs .  Th e  silan izatio n  w h ich  h e lp s to  b o nd  th e  fib e rs to  th e  p o lym e r m atrix likew ise  in flu e n ce s  th e   h yd ro lytic stab ility 

o f th e  com po site  [82] . It h as b e e n  re p o rte d  th at th e re  is a po s sib le  d e te rio rativ e  re su lt o f w ate r to  th e  in te rfacial ad h e sio n  in  

b e tw e e n  th e  po lym e r m atrix to  th e  glass fib e rs th ro u gh  re h yd ro lysis o f silan e  co u p ling re p re se n tativ e  [83 ,84] . Th e  w ate r 

so rp tio n  is  likew ise  im pacte d  by th e  im pre gnatio n  o f fib e rs w ith  a re s in , if th e re  are  re gio n s in  w h ich  th e  fib e rs are  n o t 

com p le te ly em be dd e d  w ith  re s in , th e re  w ill b e  v o id s in  th e  stru ctu re  o f cu re d  com p o site  th at in cre ase  w ate r so r p tio n  [85,86] 

. In  co n clu sio n , w ate r h as a p lasticiz ing e ffe ct re su lting from  th e  in te ractio n  w ith  th e  po lym e r stru ctu re  [87] . L o ts o f stu d i e s o n  

th e  w ate r so rp tio n  o f GFRC h av e  actu ally b e e n  p e rfo rm e d , and  it h as actu ally b e e n  co n clu d e d  th at w ate r so rp tio n  re d u ce s  
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th e  m e ch an ical h om e s in clu d ing fle xu ral stre ngth  and  th e  lo ad  b e aring capacity o f d e n tu re  base  p o lym e rs [88,89] .  

Flaw s in  th e  in te rph ase  re s in / m ate rial su ppo rt in te rfe re  in  tran sm iss io n  fo rce  in  b e tw e e n  fib e r and  m atrix.  A d d itio n ally, 

v o id s o f im pro p e rly im p re gnate d  fib e rs  e nd  u p  b e ing an  add itio n  b o dy in  th e  sp lin ting.  Th e  o xyge n  co u ld  h ind e r re s in  

m atrix po lym e rizatio n , re du ce  lo ad -b e aring capab ility o f th e  FRC and  in cre ase  w ate r ab so rp tio n  th at trigge rs n e gativ e  

im pact in  m e ch an ical h om e s [90] .  

4.3 Evidence based results: 

Du ring th e  last few  ye ars v ario u s h om e s o f GFRC h av e  actu ally b e e n  re p o rte d  and  it h as actu ally b e e n  sh ow n  th at a 

co n sid e rab le  qu an tity o f d ata h av e  actu ally b e e n  gath e re d , w h ich  as s ists to  fo rm  th e  base  fo r th e  so  calle d  "p ro o f b ase d  

th e rapy" [91 ] . Th e  e v id e n ce  base d  le ad  to  th is e v alu atio n  are  giv e n  in  Tab le  5.  

4.4 Mechanical properties: 

Mech an ical h om e s o f po lym e r base  p ro d u cts h av e  tw o  face ts ; (i) re late d  to  th e  m acro sco p ic b e h av io r and  (ii) re late d  to  th e  

m o le cu lar h ab its , w h ich  in clu d e s ch em ical stru ctu re  and  ph ys ical stru ctu re .  Fre qu e n tly u se d  m e ch an ical m e th o d s are  

com pre ss iv e  stre ngth , fle xu ral stre ngth , e lastic m o d u lu s , and  fatigu e  re s istan ce .  Th e  o u tcom e s and  d e tails go tte n  from  th e se  

te ch n iqu e s o ffe r som e  e xp lan atio n  w h y a p ro d u ct h as sto p p e d  w o rking an d  h ow  it can  b e  e n h an ce d  [92] .  

Table 5: Various properties of reinforced glass fiber composites 

  

Properties 

-Me ch an ical o  Stre ngth , stiffn e ss , to u gh n e s s and  fatigu e  re s istan ce  

-Visco -e lasticity 

-A dh e siv e  Failu re s  

-Th e rm al 

Th e  stro nge r th e  fib e r-re s in  in te rface s in  GFRC system , th e  gre ate r th e  static , im pact and  tire d n e s s p ro p e rtie s .  Th e  so lid ity 

and  d iam e tric te n sile  stre n gth  in cre ase d  w ith  th e  in co rpo ratio n  o f silan ate d  fille r particle s  o r fib e r [93] .Me ch an ical 

re s id e n tial o r com m e rcial p ro p e rtie s  su ch  as stre ngth , stiffn e ss , to u gh n e ss  and  tire d n e s s re s istan ce  d e p e nd  u po n  th e  

ge om e try o f th e  su ppo rt.  Th e  p e rfo rm an ce  o f th e  fib e r re in fo rcem e n t (Kre n ch e l's e lem e n t) v arie s in  FRC lam in ate s w ith  

d iffe re n t fib e r o rie n tatio n  [94] . Th e  m e ch an ical re s id e n tial o r com m e rcial p ro p e rtie s o f GFRC stru ctu re  w ith  co n tin u o u s 

u n id ire ctio n al fib e r can  e xp re ss b e tte r o u tcom e s com pare d  w ith  stre ngth e n - m e n t w ith  o th e r fib e r su ch  as b rie f and  rand om .  

Kre n ch e l [95] su gge ste d  th at th e  e fficie n cy o f th e  fib e r re in fo rcem e n t (Kre n ch e l's facto r, w o rth  0 to  1 ) app ro xim ate s th e  

stre ngth  o f FRCs .  Th e  stre ngth e n ing e ffe ctiv e n e s s o f u n id ire ctio n al fib e rs  is th e o re tically 1  (1 00% ), w h ich  ind icate s th at re in - 

re qu iring h om e s can  b e  go tte n  in  o n e  in stru ctio n s [96] . Th e  re p o rte d  case s [97] sh ow e d  th at th e  fle xu ral p ro p e rtie s  o f GFRC 

e nd o d o n tic po sts are  h igh e r th an  th e  m e tal p o st and  ju st like  d e n tin .  Co n tin u o u s b id ire ctio n al (w o v e n , w e av e ) fib e rs h av e  

stre ngth e n ing fib e rs in  2 d ire ctio n s , fo r th at re aso n , re in fo rcing th e  p o lym e r sim ilarly in  2 d ire ctio n s [Kre n ch e l's  facto r 0. 5 

(50% ) o r 0. 25 (25% )] Ne v e rth e le ss , th e  w o v e n  fib e rs  ad d  d u rab ility to  th e  p o lym e r, act as crack sto p p e rs , and  are  e sp e cially 

app ro p riate  in  case s  w h e re  th e  d ire ctio n  o f th e  lo ad  is  u n id e n tifie d  o r w h e re  th e re  is  n o  are a fo r u n id ire ctio n al fib e rs .  If th e  

fib e rs are  o rie n te d  arb itrarily as in  a fib e r m at o r as in  ch o pp e d  sh o rt FRC s, th e  m e ch an ical p ro p e rtie s are  th e  sam e  in  all 

in stru ctio n s and  are  so -calle d  iso tro p ic th re e -d im e n sio n ally (Kre n ch e l's asp e ct 0. 38 (38% ) in  2 m e asu rem e n ts and  0. 2 (20% ) in  

th re e  d im e n sio n s ) [21 ,30] . Th e  re se arch  stu dy w as carrie d  o u t to  asse ss th e  fixe d  and  v ib ran t fractu re  lo ad  o f GFRC ke p t w ith  

to o th  stru ctu re  and  th e  go tte n  le ad  to  b o th  co n d itio n s w e re  1 95. 8 0 N and  1 90. 57 N, re sp e ctiv e ly .  Diffe re n t stu d ie s h av e  

d e scrib e d  v ario u s typ ical fo rce s d u ring m asticatio n  i. e .  1 4 N [98] 45 N  [99]  and  1 20 N [1 00] . Th e  GFRC h as ad e qu ate  and  

appro p riate  stre ngth  fo r clin ical app licatio n  u nd e r typ ical m asticatio n  lo ad s [1 01 ] . A t first p re im p re gnate d  GFRC fo rm u las 

base d  o n  po lycarbo n ate  m atrix and  E-glas s fib e rs d isp laye d  a fle xu ral stre ngth  and  com pre s s io n  m o du lu s 297-426 MPa and  

965 MPa, re sp e ctiv e ly .  Th e  fle xu ral stre ngth  and  m o d u lu s is gre ate r w ith  h igh  fib e r am o u n t com pare d  w ith  low  fib e r 

qu an tity i. e .  339 MPa v e rsu s 300 MPa, re sp e ctiv e ly, and  th e  m o du lu s , 6 GPa and  3 GPa, re sp e ctiv e ly [1 02] . Th e  ligh t tre ating 

po lym e rizatio n  h as an  in flu e n ce  o n  firm n e s s and  fle xu ral p ro p e rtie s .  Th e  gre ate r th e  d e gre e  o f m o n om e r co n v e rs io n , th e  

m u ch  b e tte r is th e  stre ngth .  Th e  re p o rte d  m e ch an ical te sting in  te n sio n  w as sign ifican tly e n h an ce d  by th e  add itio n  o f th e  

re s in .  Th e  stre ngth  o f th e  FRC sp e cim e n  h as actu ally rise n  from  1 8. 9 MPa to  43 . 4 MPa [1 03].  
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Viscoelasticity: 

Kh an  e t al.  [1 04] stu d ie d  th e  v isco e lastic h ab its o f GFRC and  re s in  base d  com po site  (RBC) and  it w as fo u nd  th at th e  

v isco e lastic h ab its o f GFRC w as clo se  to  d e n tin  (1 7 GPa) stru ctu re  as com pare d  to  RBC .  Th e  w o rth s fo r GFRC and  RBC w e re  

1 5. 32 GPa and  9. 34 GPa, re sp e ctiv e ly .  

Adhesive failure: 

La Be ll e t al.  [1 05] e xam in e d  th e  ad h e sio n  o f d iffe re n t p o st system s in clu d ing m e tal (titan iu m ), carb o n -FRC and  GFRC po sts .  

Co n trary to  th e  o th e r p o sts , th e re  w e re  n o  ad h e siv e  (p o st-cem e n t) failu re s w ith  th e  s e parate ly fo rm e d  GFRC p o sts , w h e re as 

fo r m e tal and  carbo n -FRC th e  failu re  rate  w as 70%  and  55% , re sp e ctiv e ly, w h ich  re co m m e nd s b e tte r in te rfacial ad h e sio n  o f 

cem e n t to  th e se  p o sts .  Kad am  e t al.  [1 06] also  re p o rte d  th at th e  ad h e siv e  failu re  w as o b se rv e d  in  b e tw e e n  th e  cem e n t-d e n tin e  

in te rface s , fo llow e d  by th e  p o st-cem e n t u se r in te rface , w h ich  re v e als tro u b le  in  b o n d ing in  b e tw e e n  po st- cem e n t-- d e n tin e  

u se r in te rface s .  Th e  kind  o f lu ting system  likew ise  co n sid e rab ly affe cte d  bo n d  stre ngth .  A dh e siv e ly lu te d  GFRC po sts 

attain e d  gre ate r b o nd  stre ngth s th an  trad itio n ally lu te d  po sts [1 07] . Th e  failu re  m e ch an ism  likew ise  d e p e n d s u po n  th e  

strate gy u tiliz e d  fo r th e  fib e r p o st p lacem e n t.  Th e  se aling h om e s o f a o n e -ste p  o b tu ratio n  po st-p lacem e n t m e th o d  h av e  

actu ally b e e n  com pare d  to  a tw o - ste p  te ch n iqu e  and  it w as o b se rv e d  th at th e  se al o f ro o t can als accom p lish e d  w ith  th e  o n e -

ste p  o b tu rato r is le s s e ffe ctiv e  th an  th e  tw o -ste p  tre atm e n t.  In  fact, w ith  th e  o n e -ste p  tre atm e n t, space s w e re  o b se rv e d  in  

b e tw e e n  th e  se ale r and  th e  in trarad icu lar d e n tin e .  On  th e  co n trary w ith  th e  tw o - actio n  tre atm e n t le ss in te rfacial flaw s can  b e  

fo u nd  [1 08] .  

Thermal residential or commercial properties: 

Th e  d ire ct co e fficie n t o f th e rm al grow th  (LCTE) d e p e nd s o n  th e  o rie n tatio n  o f glass fib e rs .  Co n tin u o u s u n id ire ctio n al 

stre ngth e n e d  fib e rs h av e  2 co e fficie n ts o f th e rm al grow th .  On e  in  th e  d ire ctio n  o f fib e rs giv e s low e r LCTE b e cau se  o f th e  

m e ch an ical re strain ts e n fo rce d  by th e  fib e rs .  Th e  se co n d  in  th e  d ire ctio n  p e rp e n d icu lar to  th e  fib e rs in stru ctio n s giv e s h igh e r 

w o rth s o f th e  po lym e r m atrix.  Th is is d u e  to  th e  rigid  fib e rs th at p rim arily p re v e n t e xpan sio n  o f th e  m atrix in  th e  

lo ngitu d in al in stru ctio n s , th u s th e  re s in  m atrix is re qu ire d  to  b ro ad e n  m o re  th an  re gu lar in  th e  tran sv e rse  in stru ctio n s .  Th e  

re p o rte d  w o rth  o f LCTE fo r u n id ire ctio n al glass fib e r w as 5. 0 × 1 0 − 6 ° C − 1  [1 2].  

4.5 Biocompatibility: 

Micro b ial ad h e sio n  w as o b s e rv e d  w ith  glass  fib e rs  co v e re d  w ith  saliv a .  It w as d is co v e re d  th at ad h e re n ce  o f Stre p to co ccu s 

m u tan s to  b rie f glass fib e r-re in fo rce d  filling m ate rial w as co n sid e rab ly low e r com pare d  w ith  d e n tin  and  e n am e l; h ow e v e r, 

saliv a fin ish  sign ifican tly d e cre ase d  th e  ad h e sio n  fo r FRC pro d u cts [96] A no th e r stu dy sh ow e d  sam e  o u tcom e s and  it w as 

o b se rv e d  th at th e  im pre gm e n tatio n  o f h yd ro ph o b ic re s in s w ith  glass fib e rs low e re d  th e  ad h e sio n  o f m icro b e s o n  su rface  

are a .  A  re se arch  stu dy co n d u cte d  w ith  Ye ast alb ican s sh ow e d  th at E -glass fib e r re in fo rcem e n t d o e s n o t app e ar to  in cre ase  th e  

ad h e sio n  o f o ral ye ast o n  th e  su rface  o f m ate rial [1 09] Ballo  [1 1 0] as se s se d  th e  b io com patib ility o f GFRC and  fo u n d  ce ll 

e xpan sio n  and  d iffe re n tiatio n  o n  BisGMA / TEGDMA re in - fo rce d  w ith  E-glass  fib e rs and  cu ltu re d  ce ll fo rm e d  a m u ltice llu lar 

laye r o n  th e  su rface  as d isp laye d  in  Fig.  8.  It h as b e e n  re p o rte d  fo rm e rly abo u t th e  b io com patib le  p ro b lem s o f BisGMA , fo r 

th at re aso n  to  u se  as o ral im p lan t, th e  d e gre e  o f co n v e rsio n  o f BisGMA is n e ce ssary to  th in k abo u t.  Th is can  b e  acqu ire d  by 

e xte nd ing th e  ph o to po lym e rizatio n  tim e  in  com b in atio n  w ith  h e at-in d u ce d  po st-cu ring [1 1 1 ] b e fo re  im p lan tatio n .  In  th is 

sam e  stu dy, th e y fo u nd  b io m e ch an ical b o nd ing o f bo n e  w ith  FRC and  m icro -CT scan s sh ow s bo n e  trab e cu lae  o n  th e  su rface  

o f FRC im p lan t.  Th e  n ew  bo n e  appo sitio n  w as d e te cte d  b e tw e e n  th e  im p lan t th re ad s w h ich  su gge sts  gre at b io co m patib ility 

o f th e  FRC im p lan ts .  

5. CLINICAL APPLICATIONS 

GFRC are  a gro u p  o f n ew  m ate rials w ith  m in im al in d u strial clin ical in fo rm atio n .  Ne v e rth e le ss , w ith  b io com patib le  fib e rs 

and  m atrix system s, fib ro u s com po site s h av e  d isco v e re d  app licatio n  as b iom ate rial.  In  add itio n  to  b io com patib ility, th e  

facto rs affe cting th e  u se  o f fib ro u s com po s ite  in  d e n tistry are ; e sth e tics , n o n -co rro siv e , d u rab ility, m e tal alle rgic re actio n , and  

ch air s id e  h and ling [1 1 2-- 1 1 5] . GFRC h as b e e n  p re se n te d  as a n ew  pro d u ct fo r a tre atm e n t alte rn ativ e  in  e sth e tic and  m e tal 

to tally fre e  d e n tistry and  sh ow n  to  b e  h e lpfu l in  d e n tistry .  A  cru cial fu n ctio n  o f co m po site s is th e ir ab ility to  cu stom ize  th e  

m ate rial u n til it m e e ts th e  style  re qu irem e n ts , m akings GFRC h igh ly id e al fo r a v ast array o f o ral ap p licatio n s .  Th e se  o ral 

app licatio n s are  arrange d  in  Tab le  6 .  
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Prosthodontic application: 

G lass fib e rs w e re  ch e cke d  as s u ppo rt fo r d e n tu re  base  in  1 960s .  Sin ce  th e n , d iffe re n t re se arch  stu d ie s [1 1 5 -1 1 9] h av e  b e e n  

p e rfo rm e d  and  th e  stre n gth  o f glass fib e r com po site  h as b e e n  e xam in e d .  Fib e r re in fo rce - m e n t is  p re se n tly b e ing u se d  to  

b o o st th e  e ffe ctiv e  u se  o f o ral d e v ice s in  case  o f d e n tu re  base  p o lym e rs .  Diffe re n t typ e s o f fib e rs m ay b e  u se d  to  o b tain  

fo rtifying o f p ro v is io n ary partial d e n tu re s ; n e v e rth e le s s , n u m e ro u s re se arch  stu d ie s re v e al th at glass fib e rs  o ccu r to  b ring o u t 

far m o re  e fficie n t re su lts [1 20] . Th e  v e ry first p ro sth o d o n tic app licatio n  o f th e  sp e cu lativ e  th e rm o p lastic GFRC w as th e  

fab ricatio n  o f a single  to o th  re p lacem e n t bo nd e d  FPD .  Th e se  p ro sth e se s  w e re  fo rm e d  in  th e  lab o rato ry and  th e n  bo nd e d  to  

th e  to o th .  Th e  stru ctu re  w as tre ate d  w ith  PMMA m o nom e r p rio r to  d e liv e ry .  Th e  m o d e  o f failu re  fo r th is fram e -w o rk lo o ke d  

like  e ith e r an  ad h e siv e  d e bo nd ing in  b e tw e e n  th e  GFRC and  th e  b o nd ing com po site  o r co h e siv e  se paratio n  o f th e  GFRC n e ar 

th e  b o nd e d  su rface .  Th is se p aratio n  w as m o st like ly d u e  to  th e  sw e lling o f th e  po lycarbo n ate  m atrix by th e  PMMA m o nom e r 

th at w as u se d  to  tre at th e  in te rn al e lem e n t o f th e  GFRC prio r to  b o nd ing [1 21 ,1 22] . A  com parativ e  re se arch  stu dy w as 

p e rfo rm e d  to  e xam in e  th e  b o nd ing o f p o lym e r m atrix w ith  d e n tu re  base  po lym e rs co n sisting o f nu m e r o u s kin d s o f fib e rs 

co n sisting o f carbo n , aram id e , w o v e n  po lye th yle n e  and  glass  fib e rs and  it w as d isco v e re d  th at glas s fib e rs yie ld e d  b e tte r 

re su lts in  te rm s o f e sth e tics and  e ase  o f bo nd ing to  th e  po lym e r m atrix [1 23 ,1 24] . GFRC base d  o n  S -glas s fib e rs  w ith  h e at 

d e alt w ith  Bis -GMA / TEGDMA m atrix d isp laye d  gre at ph ysical h om e s , bu t th e y d id  n o t p ro p e rly bo nd  to  com po site s and  

w e re  h ard  to  h and le , w h e re as w ith  ligh t activ ate d  Bis -GMA  o ptim al com b in atio n  o f m anaging ch aracte ristics an d  ph ysical 

p ro p e rtie s  w as attain e d  [1 22,1 25] . Th e  GFRC in clu d ing d e tach ab le  d e n tu re s re v e ale d  in cre ase d  tire d n e s s  re s istan ce  

com pare d  w ith  m e tals .  How e v e r, in -v itro  re se arch  stu dy sh ow e d  th at w h ile  fatigu e  re s istan ce  o f th e  GFRC w as in cre ase d , 

th e  re lativ e ly low  fle xu ral m o d u lu s m igh t re strict th e ir clin ical u sage  w h e re  h igh  rigid ity o f th e  m ate rial is re qu ire d  [1 26] 

Me ch an ical fatigu e  th at take s p lace  m e d ically, m igh t likew ise  co n tribu te  to  th e  d e cre ase  in  m e ch an ical p ro p e rtie s  o f GFRCs 

afte r aging [1 27] .  

GFR FPDs (fixe d  partial d e n tu re s ) are  co n s id e re d  as a p rom ising alte rn ativ e  to  cast m e tal re s in -b o n d e d  FPDs .  Th e y o ffe r th e  

p o s sib ility o f p ro d u cing ad h e siv e , e sth e tic , and  m e tal-fre e  to o th  re p lacem e n ts at a re du ce d  b io lo gical e xp e n se .  Th e  p lacem e n t 

o f th e  fib e r at th e  te n sile  s id e  o f th e  b e am  is th e  m o st e fficie n t p lace  fo r su ppo rt.  Th e ir u se  fo r re s in -b o nd e d  FPDs is  

su pp o rte d  fo r th e ir b e n e ficial fle xib le  m o d u lu s com pare d  to  m e tal and  b e tte r ad h e sio n  o f th e  com po site  lu ting re p re se n tativ e  

to  th e  stru ctu re .  In -v itro  re se arch  stu dy sh ow e d  th at fib e r su ppo rt in cre ase s th e  fractu re  stre ngth  o f re s in  com p o site  to  a le v e l 

th at ju stifie s  th e  clin ical u se  o f th e  m ate rial in  u n su ppo rte d  app licatio n s [1 28] . C om pare d  to  m e tal - ce ram ic and  a ll ce ram ic 

FPDs, th e  n e e d e d  p re paratio n  o n  abu tm e n t te e th  is m in im ally in v asiv e  [1 29] .Mo re o v e r, u sing GFRC m in im ize s  th e  risk o f 

alle rgic o r p o iso n o u s n e gativ e  e ffe cts o f m e tal allo ys .  Th e  po st-cu ring p ro v id e s b e tte r m e ch an ical p ro p e rtie s in  le s s e r tim e .  A  

clin ical trial re p o rte d  th at th e  su cce ss rate  o f 71%  and  a su rv iv al rate  o f 78%  afte r 5 ye ars w e re  fo u nd  fo r GFRC FDPs in  th e  

po ste rio r are a [1 30] .  

Endodontic application: 

Th e  rigid n e s s o f th e  po st o u gh t to  b e  e qu iv ale n t o r n e ar to  th at o f ro o t d e n tin  to  d istribu te  th e  o cclu sal fo rce s  e q u ally alo ng 

th e  le ngth  o f th e  ro o t.  GFRC e nd o d o n tic p o sts h av e  b e e n  in tro d u ce d  to  b e  u se d  in ste ad  o f m e tal allo ys and  ce ram ics .  It w as 

fo u nd  th at p rem ad e  GFRC po sts sh ow e d  low e r fle xu ral h om e s th an  a se parate ly p o lym e riz e d  p ro d u ct.  Ne v e rth e le ss th e  

m e ch an ical re s id e n tial o r co m m e rcial p ro p e rtie s d e p e nd  u po n  th e  stru ctu re , stru ctu re  and  siz e  o f e nd o d o n tic p o sts .  Th e  

se parate ly po lym e riz e d  GFRC m ate rial sh ow e d  n e arly th e  e xact sam e  d e gre e  o f co n v e rsio n  afte r ligh t po lym e rizatio n  as 

m o n om e r re s in  w ith o u t fib e rs .  Th e  ind iv id u ally fo rm e d  FRC po st p ro d u ct w ith  a sem i-IPN po lym e r m atrix bo nd e d  b e tte r to  

com po site  re s in  lu ting cem e n t th an  th e  p re fab ricate d  po sts w ith  a cro ss -lin ke d  po lym e r m atrix [1 05] . Th e re  is le ss d ange r to  

lo ss o f re te n tio n  d u e  to  gre ate r b o nd  stre ngth  w o rth s o f IPN po sts th an  p rem ad e  FRC po sts [1 30] .  

Th e  m e ch an ical re s id e n tial o r com m e rcial p ro p e rtie s o f fib e r -re in fo rce d  po sts h av e  actu ally b e e n  w id e ly e v alu ate d  and  

re p o rte d , h ow e v e r, h igh  irre gu larity h as b e e n  o b se rv e d  in  o u tcom e s w h ich  are  e xp e cte d  d u e  to  th e  p ro d u cts co n stitu ting th e  

po st: n o rm ally, glas s fib e r-re in fo rce d  po sts are  d e fin e d  by a th e rm o se tting po lym e r m atrix stre ngth e n e d  w ith  h igh  

p e rfo rm an ce  fib e rs ; th e  fib e rs are  typ ically paralle l to  th e  p o st axis so  th e  h igh e r stre ngth  and  e lastic m o d u lu s o ccu r alo ng 

th is d ire ctio n .  How e v e r, th e  last m e ch an ical p ro p e rtie s are  likew ise  h igh ly im pacte d  by stru ctu ral in te grity, m e asu rem e n ts , 

d e n sity, fib e r d istribu tio n , v o lu m e  fractio n , v o id s , and  th e  in te rn al b o nd  b e tw e e n  fib e r and  m atrix [1 31 ,1 32] . Th e ir stre ngth  

and  fle xib le  m o d u lu s d e p e n d  o n  th e  typ e  o f te n sio n s th e y u nd e rgo .  Te n sile , sh e ar, fle xu ral o r com pre s s iv e  stre s se s le ad  to  

d iffe re n t v alu e s o f fle xib le  m o d u lu s o r o p tim al stre ngth  fo r th e  v e ry sam e  com po site  m ate rial.  Fu rth e rm o re  th e se  v alu e s 
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d e p e nd  likew ise  o n  th e  angle  b e tw e e n  th e  fib e r and  th e  lo ad  d ire ctio n .  

Tooth repair application: 

Ju st re ce n tly, b rie f GFRC (e v e rX Po ste rio r) h as actu ally b e e n  p re se n te d  as an  o ral co rre ctiv e  com p o site  re s in  [1 33 ] . Th e  

com po site  re s in  is p lann e d  to  b e  u se d  as base  filling m ate rial in  h igh  te n sio n  b e aring lo catio n s particu larly in  b ig cav itie s o f 

v ital and  n o n -v ital po ste rio r te e th .  It co n sists  o f a m ix o f a re s in  m atrix, arb itrarily o rie n tate d  E -glas s  fib e rs  and  in o rgan ic 

particu late  fille rs .  Th e  re s in  m atrix co n sis ts o f Bis - GMA , TEGDMA and  PMMA  fo rm ing a sem i-IPN (n e t- p o ly( m e th yl m e th - 

acrylate )- in te r-n e t-p o ly( b is -glycid yl-A -d im e th acrylate )) w h ich  o ffe rs go o d  bo n d ing h om e s and  im pro v e s to u gh n e ss  o f th e  

po lym e r m atrix.  Th e  in -v itro  stu d ie s sh ow e d  im pro v em e n ts in  th e  lo ad  b e aring capacity, th e  fle xu ral stre ngth  and  fractu re  

stre ngth  o f o ral com po site  re s in  re in fo rce d  w ith  b rie f E -glass fib e r fille rs in  co n trast w ith  trad itio n al particle  fille r co rre ctiv e  

com po site  re s in  [89,1 34-1 36] . Th e  sh o rt glas s fib e r com po site  re s in  h as also  e xh ib ite d  co n tro l o f th e  po lym e rizatio n  sh rin kage  

te n sio n  by fib e r o rie n tatio n  and , th e re fo re , lim ite d  m icro le akage  w as low e re d  co m pare d  w ith  stand ard  particle  fille r 

re sto rativ e  com po site  re s in s .  

On  th e  basis o f th e  abo v em en tio n e d  stu d ie s  it is re com m e nd e d  th at sh o rt glass fib e r com po site  re s in  co u ld  b e  u se d  to  fu lfill 

th e  re qu irem e n ts fo r th e  id e al p o ste rio r re pairs .  It is m e an t to  b e  u tiliz e d  as bu lk su b - stru ctu re  p ro d u ct w h ich  w ill b e  

co v e re d  by a laye r o f particle  fille r com po site .  It is  h ard  to  an ticip ate  clin ical lo ng-lasting e fficie n cy from  o n ly lab o rato ry 

e xp e rim e n ts .  On e  ye ar clin ical re p o rt sh ow e d  gre at clin ical e fficie n cy o f an  u n iqu e  m ate rial m ix o f bu lk sh o rt glass fib e r 

com po site  base  and  su rface  laye r o f particle  fille r com p o site  in  h igh  te n sio n  b e aring are as afte r 1  ye ar [1 37] . Th e  b rie f glas s 

fib e r base d  com po site  re v e ale d  co n sid e rab ly gre ate r fractu re  d u rab ility (4. 6 MPa · m  −  1 ), fle xu ral stre ngth  (1 24 MPa) and  

fle xu ral m o d u lu s (9. 5 GPa) th an  all o th e r re lativ e  com po site  m ate rials .  Tre ating d e p th  w as d isco v e re d  4. 6 m m  w h ich  w as 

sim ilar to  o th e r bu lk fill co m po site s and  h igh e r th an  p articu late  base d  com po site s .  Th e y also  sh ow e d  low e r p e rce n tage  o f 

sh rin kage  p re ssu re  (0. 1 7% ) com pare d  w ith  o th e r te ste d  com po s ite s [1 38] .  

Orthodontic application: 

Fallis [1 39] in tro d u ce d  GFRC w ire  fo r sp e cific fu n ctio n s w ith  affo rd ab le  patie n t acce p tan ce  and  stru ctu ral stab ility .  Bu rsto n e  

and  Ku h lb e rg [1 40] p ro v id e d  a b rand -n ew  clin ical u se  o f GFRC to  m ake  an  e sth e tic lin king bar m ad e  u se  o f as an  ad ju n ct fo r 

activ e  to o th  m o tio n .  In  th is app licatio n , b o nd ing and  fractu re  ch aracte ristics o f GFRC u nd e r m asticato ry fo rce s w o u ld  b e  o f 

te rrific s ign ifican ce .  Me ie rs e t al.  [1 41 ] and  Fre u d e n th ale r e t al.  [1 42] re v e ale d  e xce lle n t b o nd  stre ngth  o f FRC to  e n am e l and  

an  e xce lle n t b o nd ing o f o rth o d o n tic attachm e n ts to  GFRC , re sp e ctiv e ly .  On  th e  o th e r h and , an  is su e  w ith  rigid  co nn e ctio n  o f 

te e th  is in d e p e nd e n t ph ys io lo gic to o th  m o v em e n t d u ring fu n ctio n  in  co n trast to  th e  fu nd am e n tal b rittle n e ss and  rigid ity o f 

com po site s .  Th e re fo re , th e  o u tcom e s o f clin ical re p o rts o n  d ire ct sp lin ting o f o ral se gm e n ts w ith  com po site  w e re  re gu larly 

d isco u raging, d em o n strating d am age  o r fractu re  o f th e  ad h e siv e  w ith in  a few  w e e ks o r m o n th s [1 43 ,1 44] . A  6 ye ar clin ical 

trial com pare d  th e  b o nd  failu re  and  d am age  rate s o f tw o  kind s o f bo n d e d  lingu al o rth o d o n tic re tain e rs i. e .  glass fib e r 

re tain e rs and  m u ltistrand e d  stain le ss -ste e l (MST) w ire .  Th e  o u tcom e s re v e ale d  th at m axillary d e tachm e n t rate s w e re  21 . 42%  

fo r th e  glass fib e r re tain e r gro u p  and  22. 22%  fo r th e  MST gro u p ; th e  m and ibu lar d e tachm e n t rate s w e re  1 1 . 76%  fo r th e  glass  

fib e r re tain e r gro u p  and  1 5. 62%  fo r th e  MST gro u p .  Th e  m axilla ry b re akage  rate s w e re  7. 1 4%  fo r th e  glass  fib e r re tain e r 

gro u p  and  1 6. 66%  fo r th e  MST gro u p ; th e  m and ibu lar d am age  rate s w e re  8. 82%  fo r th e  glass fib e r re tain e r gro u p  and  1 5. 62%  

fo r th e  MST gro u p .  Th e  glas s  fib e r re tain e r and  m u lti-strand e d  stain le s s -ste e l re tain e rs  re v e ale d  sim ilar le ad  to  te rm s o f bo nd  

failu re  and  b re akage  [1 45] .  

Bu rsto n e  and  Ku h lb e rg [1 40] h av e  actu ally p rom o te d  th e  u se  o f GFRCs fo r b o th  pas siv e  and  activ e  o rth o d o n tic app licatio n s .  

In itially lo ng, co n tin u o u s fib e rs w e re  satu rate d  w ith  re s in  and  bo nd e d  to  th e  te e th  as re tain e rs .  Th e se  first- ge n e ratio n  

re tain e rs w e re  to o  rigid  to  p e rm it to o th  m o v em e n t; th e re fo re , th e  fib e rs and  bo nd ing ad h e siv e s  w e re  te ch n ically 

u n satisfacto ry .  Re ce n tly glass fib e r package  (Ev e rStick Orth o  *) p re -im pre gn ate d  w ith  a PMMA po lym e r p ro v id ing bo th  

m icrom e ch an ical and  ch em ical ad h e sio n  [63] Bo th  th e  re tain e r m ate rial and  th e  com po site  app e ar to  b e  im po rtan t in  

su cce s sfu l b o nd ing o f lingu is tic re tain e rs [1 46, 1 47].  

Th e re  are  m in im al re p o rts o n  th e  clin ical e fficacy, style  and  bu ild ing and  co n stru ctio n , o f GFRC space  m ain tain e rs .  We tn e s s  

co n tam in atio n  h as actu ally b e e n  re p o rte d  to  b e  o n e  o f th e  p rim ary re aso n s fo r failu re  o f th e  GFRC space  m ain tain e r [1 48] 

. Earlie r th e  GFRC w as pu t o n ly o n  th e  lingu al su rface  are a to  le sse n  th e  o cclu sal fo rce s acting o n  it.  How e v e r, th e re  w as a 
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h igh  failu re  rate , w h ich  w as m o st like ly d u e  to  a ch ange  in  th e  o ffe re d  o cclu so gingiv al  m e asu rem e n t and  d e bo nd ing at th e  

e n am e l-com po site  u se r in te rface  w as likew ise  o b se rv e d  as e arly as 3  m o n th s .  Main ly th e  GFRC are a m ain tain e rs w e re  p lace d  

o n  baby te e th , th e  e xiste n ce  o f p rism le s s e n am e l co u ld  ad v e rse ly affe ct th e  re te n tio n  o f re s in .  Fracftu re  o f th e  GFRC fram e  i s 

th e  o th e r co n sid e rab le  typ e  o f failu re  d u e  to  p o s sib le  su p rae ru p tio n  o f th e  o p po sing to o th  and  its im p in gem e n t o n  th e  fib e r 

fram e  [1 49] Nid h i e t al.  [1 50] asse sse d  th e  clin ical e ffe ctiv e n e ss o f  GFRC and  Band  and  Lo o p  space  m ain tain e rs  w ith  tim e  

in te rv als o f 5 m o n th s and  it w as sh ow n  th at th e  GFRC space  m ain tain e rs re v e ale d  a h igh e r su cce ss  h ow e v e r th e  d istin ctio n  

w as statistically n o n sign ifican t.  Th is re se arch  stu dy sh ow e d  th at GFRC are a m ain tain e r can  b e  u se d  as an  alte rn ativ e  to  th e  

stand ard  are a m ain tain e r fo r sh o rt-te rm  space  u pke e p .  

Table 6: Clinical (dental) applications of reinforced glass fiber composites 
 

Applications  

Pro sth o d o n tic  Rem o v ab le  d e n tu re s , fixe d  partial d e n tu re s  

End o d o n tic  Ro o t can al p o sts  

Re sto rativ e  d e n tistry Pro v is io n al re sto ratio n s  

Pe rio d o n to lo gy Pe rio d o n tal sp lin ts  

 

Periodontal application: 

Du e  to  in trin sic rigid ity o f re s in s , th e  com p o site s as sp lin ts are  p ro n e  to  failu re .  To  o v e rcom e  th is co n strain t, re in fo rcem e n t h as 

actu ally b e e n  in tro d u ce d  w ith  re s in -b ase d  com po site s .  Th e  ad v an cem e n t o f stre ngth e n e d  glass fib e r com po s ite s h as actu ally 

e n ab le d  clin ician s to  re p lace  m e tal w ire s and  basic re s in  com po s ite s as gu m  sp lin ts th at are  e sth e tic and  e asy in  style  and  

e xe cu tio n  and  h av e  th e  capacity fo r e xce p tio n al re s ilie n ce  [1 51 ] . Vario u s typ e s o f ind u strial glass fib e r sp lin ts are  av ailab le  fo r 

th e  fu n ctio n  o f co n se rv ativ e  sp lin ting and  ind ire ct p ro sth e sis .  Th e se  fib e r stre ngth e n e d  sp lin ts h av e  ad e qu ate  m e ch an ical 

stre ngth , acce p tab le  e sth e tics , d o  n o t d istu rb  th e  o cclu sio n  and  p e rm it ke e p ing appro p riate  o ral h e alth  [1 52,1 53] .  

6. CONCLUSIONS 

Th is re v iew  pap e r attem pts to  system atically d iscu ss abo u t glass fib e r e n h an ce d  com po s ite  system s w ith  re sp e ct to  o ral 

app licatio n s .  Th is e v alu atio n  w as n o t in te nd e d  to  b e  e xh au stiv e  and  au th o rs th in k th at w ith in  th e  re strictio n s (d e n tistry), th is 

re v iew  p ro v id e s  a go o d  in sigh t in to  th e  p ro o f o ffe re d .  It is  co n clu d e d  th at GFRC p ro d u cts o ffe r a com b in atio n  o f stre ngth  

and  m o du lu s th at is e ith e r com parab le  to  o ral tissu e s .  Th e  sp e cific m e ch an ical and  ph ysical stre ngth  and  particu lar m o du lu s 

o f th e se  fib e r re in fo rce d  co m po site  p ro d u cts m ay b e  sign ifican tly su p e rio r to  th o se  o f e xisting re s in - base d  co m po site s and  

m e tal m ate rials .  Th e  m ajo rity o f th e  d ata e xp lain e d  in  th is re v iew  are  lab o rato ry - o rato ry in v e stigatio n s , w h e re as re lativ e ly 

co u p le  o f clin ical re se a rch  stu d ie s h av e  actu ally b e e n  carrie d  o u t.  Th e  few  clin ical trials th at h av e  actu ally b e e n  pu b lish e d  

su gge st, a m in im um  o f in  th e  sh o rt te rm , re aso n ab le  su cce ss fo r glas s fib e r -b ase d  re sto ratio n s in clu d ing e nd o d o n tic po sts , 

re paire d  partial d e n tu re , and  p o ste rio r re sto ratio n s .  Fo r th e se  re aso n s , glas s fib e r re in fo rce d  com po site s h av e  em e rge d  as a 

sign ifican t clas s o f stru ctu ra l m ate rial and  are  e ith e r u tiliz e d  o r b e ing co n sid e re d  as alte rn ativ e  to  trad itio n al m ate rials in  

d e n tal app licatio n s .  
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