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Background 

Fitting accuracy of dental prostheses is essen-

tial for clinical success. An ideal marginal and 

internal fit will minimize plaque accumulation, 

gingival irritation, cement dissolution and micro 

leakage as well as enhancing the mechanical 

behaviour of a fixed partial denture (FPD) (1). 

Unfortunately, there is disagreement about ac-

ceptable marginal and internal fit discrepancies 

of FPD’s (2) from 75-200μm. The range of dis-

crepancies stated (75-200µm) does not jeop-

ardize the clinical performance of the restora-

tion.  However, McLean and  von Fraunhofer 

(3) reported that marginal gaps of less than

120μm are clinically acceptable while gaps  of

less than 80μm are difficult to detect  clinically.

The conventional method of fabrication of 

FPD’s is the lost wax method. The method in-

volves making a suitable cast of the patient’s 

mouth, creating a wax template of the FPD 

framework on the cast, creating a mould of the 

wax template and casting metal alloy into the 

mould after the wax has been eliminated. This 

technique has been a popular approach for 

FPD framework fabrication for decades (1). The 

fact however that it involves several technique 

sensitive steps and a variety of materials makes 

the control of the restoration fitting accuracy 

problematic.  

Recent advances in manufacturing technology 

have introduced Computer Aided Design/

Computer Assisted Manufacturing (CAD/CAM) 

methods for the fabrication of FPD’s. Several 

conventional steps of fabrication are eliminated 

using these methods. The CAD/CAM approach 

has three main processes in fabricating an 

FPD; the digitising process, the designing pro-

cess and the manufacturing process. Although 

each process is important, emphasis has been 

placed on the manufacturing stage as fit of 

product is dependent on the ability of the sys-

tem to create the desired prosthesis. 

There are two main manufacturing routes of 

CAD/CAM FPD’s: the subtractive and the addi-

tive route. The subtractive route is a top-down 

approach which involves milling the desired 

article out of a block of the material of choice 

using a series of burs. This route is currently 

the most common CAD/CAM technique for the 

fabrication of metal alloy FPD’s. The additive 

route is a bottom-up approach where the de-

sired article is fabricated layer by layer out of 

the material of choice. Examples include selec-

tive laser sintering and selective laser melting 

for metal alloy FPD’s. 

The potential of CAD/CAM fabricated prosthe-

ses in respect to fit accuracy is gaining interest. 

Much has been documented about the im-

portance of the accuracy of fit for a successful 

CAD/CAM fabricated FPD (5-9). While the liter-

ature on the fit of CAD/CAM generated FPD’s is 

quite extensive, the technology is seen to be 

advancing quickly thus creating a need for reg-

ular updating of information (10). 

To our knowledge few CAD/CAM studies have 

been done in relation to dental alloys (2, 11-17). 

Alloys in dentistry are considered an important 
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material to date and is increasingly gaining pop-

ularity (18). High strength ceramics are mostly 

recommended for normal interocclusal clear-

ance cases. While metal or resins are alterna-

tive restoration options, metal ceramic is con-

sidered  the best option where a combination of 

strength and aesthetics is necessary (19-21). 

While a systematic review of the fit of zirconia 

FPDs has been published before (8), no review 

has been published to date on the fit of CAD/

CAM fabricated metal alloys in fixed partial den-

tures (FPDs).  

Problem statements 

1. Based on the apparent lack of relevant

studies to date, it appears that a system-

atic review on the fit of CAD/CAM fabri-

cated metal alloy FPD’s would be useful.

2. Comparisons between both subtractive

and additive methods of CAD/CAM have

not been properly investigated.

3. A direct comparison with CAD/CAM

methods and the lost wax technique

would be benficial for readers.

Objectives 

The aim of this study is to systematically review 

the fit of CAD/CAM fabricated metal alloy 

crowns and bridges. 

Methodology 

Search strategy 

A summary of the search strategy is presented 

in Figure 1. The search for literature was pri-

marily based on an electronic search through 

MEDLINE via the PubMed database. Using 

Boolean operators, the following keywords 

were combined: ‘fit’, ‘marginal’, ‘internal’, 

‘computer aided design’, ‘computer assisted 

manufacturing’, ‘CAD/CAM’, ‘CAD CAM’, 

‘coping’,’ crown’, ‘fixed partial denture’, ‘fixed 

dental prosthesis’, ‘framework’, ‘alloy’, ‘metal’, 

‘titanium’ and ‘cobalt chrome’. Similarly, key-

words were used for an electronic search in the 

Scopus database, Academic Search Complete 

database, Science Direct database and Web of 

Knowledge database. No restrictions were per-

formed regarding the publication date up to Au-

gust 2016. All abstracts were read and inclu-

sion criteria (Table1) were used to eliminate 

papers irrelevant to this systematic review. Se-

lected papers were analysed and the main find-

ings are presented here. Manual search of ref-

erences in each paper was performed to find 

potential papers which fulfil the selected crite-

ria.  

Criteria 

Inclusion criteria are presented in Table 1. One 

paper was eliminated as it was not presented in 

English (22). Papers included concerned metal 

alloy FPD’s constructed by the CAD/CAM 

method. Both in vitro and in vivo studies were 

investigated. Only papers that evaluated and 

measured fit were used. The definition of fit is 

illustrated in Figure 2. A vertical marginal fit is 

defined as the distance between the restoration 

and the preparation when measured parallel to 

the long axis of the tooth (23). A horizontal mar-

ginal fit is defined as the distance between the 

restoration and the preparation when measured 

perpendicular to the long axis of the tooth (23). 

For this study the axial wall internal fit is defined 

as the perpendicular distance from the axial 

wall of the tooth to the restoration and occlusal 

fit is the perpendicular distance from occlusal 

wall of the tooth to the restoration. For papers 

not specifying on the site of internal fit, mean 

internal fit is displayed. 

Study description 

A total of 415 papers were initially found using 

the electronic search. Twenty five papers were 

then selected after reading the abstracts and 

applying the inclusion criteria. Seven papers 

were finally selected after studying the 25 pa-

pers and applying the inclusion criteria. Manual 

search of the references within the selected 

Figure 1: Search strategy of papers selected 
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papers identified one more paper in agreement 

with the inclusion criteria. A total of eight papers 

were therefore used for the systematic review 

(Figure 1). 

Results 

A summary of the selected studies is presented 

in Table 3. Six selected papers (11-16) were in 

vitro studies and two had both in vitro and in 

vivo results (2, 17); five assessed only marginal 

fit of alloys (2, 11, 13, 16, 17), two assessed 

internal fit (12, 14) and Han et al. 2011 as-

sessed both internal and marginal fit of metallic 

frameworks to their abutment (15). Witkowski et 

al. 2006 assessed the horizontal marginal fit of 

alloy coping (16) while six others assessed the 

vertical fit (2, 11, 13, 15-17). Two studies 

showed the total internal fit (12, 14) and Han et 

al. 2011 showed the occlusal and axial internal 

fit (15).  

The majority of alloy frameworks were fabricat-

ed using milling machines (subtractive route). 

Three studies had results for fabrication by la-

ser sintering (12, 14, 17) (additive route). The 

results include fit assessment carried out on 

parts fabricated by the following CAM systems 

(Table 2): 

MF Nasruddin et al. 

Selected Criteria 

Publication type Published/Peer reviewed 

Language English 

Necessary content FPD must be fabricated by CAD/CAM 

Fit assessment 

Type of study In vivo/In vitro studies 

Type of FPD Single coping/Bridge framework 

Material Metal alloys 

Table 1: Inclusion criteria for the Review 

A: Tooth abutment; C: Coping; a: Vertical marginal fit; b: Horizontal marginal fit; 

c: Occlusal internal fit; d: Axial internal fit 

Figure 2: Illustration of marginal and internal fit 
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Discussion 

Methods for measuring fit varied in these stud-

ies. At present, there are no fit assessment 

standards (ISO or others). In summary, the 

methodologies utilised were: 

1. Cementation of the dental prosthesis on

a master cast with silicone/dental ce-

ments followed by sectioning and subse-

quent measurement with stereomicro-

scope.

2. Stabilization (pin/loading jig) of dental

prosthesis on master cast followed by

digital photography of marginal adapta-

tion and analysis with measurement soft-

ware.

The results of fit of CAD/CAM fabricated alloy 

FPD’s and the conventional method of lost-wax 

method of all selected studies are displayed in 

Table 3. Two studies favoured the CAD/CAM 

over the lost-wax method of fabrication (11, 16) 

while 3 showed the opposite (12, 13, 15). 

Ortorp et al. 2011 favoured the fit of laser sin-

tered over milled prostheses (12) and Quante 

et al. 2008 favoured fabrication of dental pros-

theses in gold over cobalt chrome (17). Results 

were classified to factors that influenced fit of 

alloys by CAD/CAM: 

1. Fabrication system

2. Alloy type

3. Examination methods

Two studies (2, 17) did not show results of fit of 

prosthesis via the traditional lost wax method 

but only displayed results of CAD/CAM fabrica-

tion. All studies demonstrated the use of CAD/

CAM or at least Computer Assisted Manufac-

turing (CAM) in metal alloy prostheses fabrica-

tion. Papers selected used controls that utilize 

the same material to what was used for the in-

tervention. Materials include cobalt chrome and 

titanium. Sample sizes of papers selected 

ranged from 5-20. Ucar et al. (2009) was the 

only paper that did not specify the prostheses 

type utilised in their study. 

There seems to be consensus among authors 

that CAD/CAM technology is a promising field. 

However variations between values obtained 

from different studies, make it impossible to 

rank CAD/CAM and the conventional lost-wax 

method. More research could be done to ad-

dress this matter. The search of papers re-

vealed many studies showing fabrication of 

dental prosthesis with CAD/CAM, however only 

few used metal alloys for fabrication. This re-

view only looked at FPD excluding implants; 

this led to elimination for other type of frame-

works related to dentistry. Implant supported 

FPD related papers were also excluded.  

Sample size used in selected studies ranged 

from 5-20 specimens. Two studies (2, 15) made 

repeated measurements at specific points on 

specimens. This however may influence re-

sults. The Ortorp et al. (2011) paper had high 

standard deviations, results suggesting an in-

crease in sample sizes would have been bene-

ficial. 

Compend. Oral Sci:vol3(1);2016;1-8 

System Manufacturer Origin 

PM100 Dental System PHENIX Systems France 

DC-Titan DCS Dental Switzerland 

Everest Kavo Dental GMbH Germany 

Modified I-Mes Premium 4820 I-Mes Wieland Germany 

Procera Nobel Biocare AB Sweden 

3.3.2.3 KaVo USA 

Pro 50 CAM Cynovad Canada 

Precimill DCS Dental AG Switzerland 

BEGO Medifacturing-system BEGO Medical Germany 

Table 2: CAM systems in selected studies 
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Fabrication system 

Ucar et al. (2009) stated that the laser sintering 

process provides promising fit results, compara-

ble to the lost wax method. The study laser sin-

tered a CoCr and had two controls of conven-

tional fabrication of CoCr and NiCr. No signifi-

cant difference was found between methods. 

The use of finger pressure for coping cementa-

tion prior to fit evaluation is however of concern 

as it may have introduced a systematic error in 

the internal fit measurement.  

Ortorp et al. 2011 found laser sintering  pro-

duced significantly (p<0.05) better vertical and 

marginal  fit when compared to milling (12). In 

their study different techniques were compared 

in vitro: conventional casting, milled wax and 

casting, milled CoCr and laser sintered CoCr. 

There was no significant difference found when 

laser sintering was compared to the lost-wax 

technique. However when milling was com-

pared to the lost-wax technique, results fa-

voured the conventional (p< 0.05). The paper 

compared bridge framework designs on premo-

lars and molars as abutments. Considering the 

design had two coping abutments that have the 

same points to be analysed. The conclusion; 

mean of internal and marginal fit between the 

two different abutments would not have been 

possible. 

The conventional method for fabrication of den-

tal prostheses is the lost-wax method. Reports 

(Table 3) suggest that this method is able to 

fabricate alloy FPD’s well within accepted clini-

cal fit (17). For this review, the lost-wax method 

is considered the benchmark for methods of 

fabrication.  However,  van Noort (2012) states 

that the future of dentistry lies with CAD/CAM 

technology (10). With advantages of quick fabri-

cation, reliable results and ability to create com-

plex designs (10) makes us wonder if the lost 

wax technique could be replaced. Neverthe-

less, until concrete evidence is displayed; the 

lost-wax method still remains integral part of 

dental prostheses fabrication. 

Contradictory results have been identified as 

some studies favour conventional versus CAD/

CAM techniques (12, 13, 15) and vice versa 

(11, 16) in respect to fit. However, all papers 

agree that milling with CAD/CAM is promising 

as marginal discrepancies were all within an 

acceptable range. Tan et al. 2007 may have 

incorporated a biased methodology that can 

influence results. Author had manually applied 

4 layers of die spacer for the conventional 

method but did not state the thickness of the 

die spacer. 80μm of die spacer was applied for 

the CAD/CAM group. Differences in die spacer 

thickness may have had an influence in results. 

Variability in tools involved makes it difficult to 

rank the systems in terms of accuracy of fit. 

Most manufacturers use the subtractive routes 

but variation in different tools used for the mill-

ing procedure again disallows the use of a 

proper meta-analysis. The diameter of cutting 

burs used for milling varies from a 0.8-1.0mm

(16). To our knowledge, there is no such evi-

dence stating that size of burs has an effect on 

fit. However it may be a potential limitation. 

Limitations also occur as scanner systems and 

software for designing used in the selected pa-

pers differ. The variation it poses, although less 

important as this review only presents the out-

come of the FPD’s could have influence on re-

sults. Future research to minimize variability’s is 

there for suggestion.  

Alloy type 

Quante et al. (2008) found that the type of alloy 

used to fabricate CAD/CAM prostheses does 

not affectthe marginal fit. Within the investigat-

ed studies, three alloys were used with different 

systems namely titanium, cobalt chrome and 

gold platinum. Titanium appears to have better 

fit (Table 3), however due to inter-measurement 

variability, this outcome would need to be inves-

tigated further. 

Examination methods 

Marginal and internal fit evaluation required 

cementing of prosthesis on to master cast. Vari-

ous dental cements were used to stabilize the 

prosthesis and measurement of thickness of 

cement would provide fit. Sectioning however 

meant that copings would have to be de-

stroyed. The silicon replica technique could be 

an alternative to the methods. This technique 

involved applying low viscosity silicone on inter-

nal surfaces of coping and applying load on to 

cast. After setting of silicone, high viscosity sili-

cone is applied over the set putty for stabilisa-

tion and measurement of low viscosity putty 

gives the fit of restoration. Validation of non-
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destructive technique has been done and re-

sults were comparable to the use of zinc phos-

phate cement (24). 

Four papers (2, 11, 13, 16) used external micro-

scopic examination with the utilisation of camer-

as and measuring software. However, this 

method has its limitation in being able to meas-

ure fit of marginal opening only if sectioning 

was not performed. If it was done, a method to 

stabilize prostheses in cast would have to be 

applied. 

There are no standard methods of evaluation of 

fit yet to date. Consequently, a variability in 

measurement systems is noticed and could well 

affect results. Most ISO standards directed to-

wards dentistry is looking at health and safety 

issues (25). There is none to be found on 

measurement and accuracy of CAD/CAM sys-

tems. Currently, development in ISO standards 

of the system is still in progress. Until a stand-

ard methodology is created, variations of results 

will continue to be displayed in research. 

Conclusion 

Within the limitations of this review, the follow-

ing conclusions may be drawn with regard to 

the use of CAD/CAM techniques in the fabrica-

tion of FPDs: 

1. Results for marginal fit of metal alloy

FPD’s ranging from 7.8-93μm and inter-

nal fit ranging from 50.6-166μm suggest

that CAD/CAM methodology may be ap-

propriate to generating a clinically ac-

ceptable fit in metal alloy FPD’s.

2. Variations exist in the method of deter-

mining accuracy of fit indicating the need

for an ISO standard as this will allow a

proper meta-analysis to be carried out.

3. Variations in study don’t allow a conclu-

sion to favour CAD/CAM over the con-

ventional method. The conventional lost-

wax techniques remain an appropriate

method of fabricating dental prostheses.
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Abstract 

Objectives: The aim of the study is to evaluate the effect of the time and instant coffee solution on the 
color stability of three types of composite resin based veneer systems. 

Materials and Methods: 24 composite resin veneer samples were selected and divided into three 
groups: two groups of prefabricated veneers (Edelweiss, Ultradent Inc™ (EDL) and Componeer, Coltène/
Whaledent AGTM (CMP)) and one group of laboratory made (Nexco, Ivoclar Vivadent (NEX)) veneer system 
were tested (n=8). Specimens were prepared and stored in staining solution (instant coffee) and assessed color 
changes with Minolta spectrophotometer every three days for a period of 27 days, after which color differences 

(ΔE*) were calculated. Data collection and analysis was done using one-way ANOVA and Student’s t-test 
(α=0.05). 

Results: One-way ANOVA revealed a significant difference in color stability between the two veneer systems. 
NEX group veneer system exhibited the highest color stability (ΔE*= 0.73 ± 0.5) as compared to prefabricated 

veneer groups (EDL 10.07 ± 5.15, CMP 7.41 ± 4.64) with p value <0.05. 

Conclusion: The color stability (ΔE*) of the laboratory made veneer system is significantly higher than the 
prefabricated veneer systems and more clinically accepted.  

Keywords: Laboratory made veneer, prefabricated veneer, Color stability 

Introduction 

The cosmetic dentistry could be referring to 

any dental work that improves the appearance 

of a person's teeth, gums and/or occlusion. It 

primarily focuses on improvement den-

tal aesthetics in color, position, shape, size, 

alignment and overall smile appearance 

(Schmidt and Tatum, 2006). The minimal inter-

vention of cosmetic dentistry provides a para-

digm shift in the quality of dental care. This 

shift combined with the increasing demand for 

aesthetic front teeth that has always motivated 

the dentist to try newly developed materials for 

more conservative treatment options (Toh et 

al., 1987). Among the restorations used to cre-

ate aesthetic results are veneers, crowns and 

bridges. In minimal intervention of cosmetic 

dentistry, veneers are commonly used to en-

sure conservation of tooth structure and pro-

duced aesthetic outcomes of the anterior den-

tition (Christensen, 2003, 2004). 

Dental veneer defined as a layer of tooth-

colored restorative material, usually porcelain 

or composite resin, attached to the surface by 

direct fusion, cementation or mechanical re-

tention (Mosby, 2011). Dental veneer was 

used for improving the color of discolored 
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teeth and straightening slightly malpositioned 

teeth (Christensen, 2004). Dental veneer sys-

tems can be classified according to its material 

and the mode of clinical usage. The common 

types of veneer materials were porcelain and 

composite resin materials (Christensen, 2004). 

The mode of the clinical usage can be either 

direct; which is most of the time using compo-

site resin materials, or indirect which the veneer 

had to be manufactured in the laboratory before 

its clinical usage (Affairs, 2003; Christensen, 

2003, 2004). Composite resin veneer also 

could be classified as laboratory-made system 

or prefabricated system (Toh et al., 1987). 

Most of the common prefabricated veneer sys-

tems were made from composite resin materi-

als with specific polymerizing and finishing 

techniques (Coltene/Whaledent, 2013; Ultra-

dent, 2012). The composite resin materials pro-

vide adequate aesthetic, high bond strength 

and superior mechanical properties (Rosenstiel 

et al., 1998). However, the shortcomings of 

these materials include wear, leakage and dis-

coloration lead to impairment in the aesthetic 

value of the composite resin over time (Le Roux 

and Lachman, 2007). The discoloration of the 

composite resin could be due to internal and/or 

external factors (Rosenstiel et al., 1998). The 

external factors could be related to absorption 

and accumulation to stains (Vichi et al., 2004).  

Color stability is the quality of being physically 

predictable, orderly, not readily moved (Mosby, 

2011). Many studies have shown that compo-

site resins are susceptible to color instability. 

Intrinsic and extrinsic factors were affect direct-

ly on the color stability of the composite resin 

veneer system. The intrinsic factors are: com-

position of the resin matrix, size and nature of 

the particles, filler loading, amount of photo-

initiator or inhibitor, and the level of polymeriza-

tion (Bayindir et al., 2012; Falkensammer et al., 

2013; Jain et al., 2013). Meanwhile, exposure 

to food colorants, UV radiation, temperature 

changes, and water are the main extrinsic fac-

tors (Jain et al., 2013). These factors are es-

sential in the hydrolysis and degradation of the 

composite resin that influenced the appearance 

of the materials (Asmussen, 1981; Jain et al., 

2013; Vichi et al., 2004).   

The instant coffee considered one of the high-

est consumption drinks globally. The interna-

tional coffee organization stated that more than 

1,896 million kg of coffee were used in Asia and 

Oceania in the last four years with 3.7% annual 

growth rate (Organization, 2016). Several stud-

ies related to color stability were confirmed the 

discoloration effect of the coffee on the compo-

site resin restoration (Ertas et al., 2006; Jain et 

al., 2013; Turkun and Turkun, 2004). Based on 

that, the present study was used the instant 

coffee to be the staining solution beside the 

distilled water media.  

Many studies evaluated color stability of adhe-

sion materials related to different factors such 

as aging process, exposure time to staining 

solution, types of staining solutions and 

polymerization mode (dual, light or auto) 

(Falkensammer et al., 2013; Jain et al., 2013; 

Um and Ruyter, 1991; Vichi et al., 2004). How-

ever, most of the color stability studies were 

focused on the composite resin material in form 

of adhesive system or conventional restoration 

(Falkensammer et al., 2013; Jain et al., 2013; 

Kilinc et al., 2011; Miyagawa and Powers, 

1983). There is lack of in vitro studies that eval-

uate the color stability for composite resin in 

form of veneer restoration whatever direct or 

indirect. The present study was aimed to evalu-

ate the effect of the time and instant coffee on 

color stability of the prefabricated composite 

resin veneers and compare it with laboratory-

made composite resin veneer. The null hypoth-

esis of the present study was that there would 

be no significant difference between the color 

changes of the prefabricated veneer and labor-

atory-made veneer systems over time.  

 

Methods and materials 

Two prefabricated and one laboratory-made 

veneers were used in the present study as 

shown in Table 1. Eight veneers from each 

group (n=8) were cleaned by ultrasonic water 

bath (Renfert SYMBRO, Germany) with plaster 

solvent chemical solution (Gypsolve, England) 

to remove any accretion or industrial smear 

layer. Then, all samples were dried with non-

oily dry air and stored in three different contain-

ers named (EDL, CMP and NEX). Then all 
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samples were immersed in distilled water for 24 

hours under room temperature (27°C). By using 

Minolta spectrophotometer CM–(C 3500), the 

value of L*, a* and b* were measured based on 

CIE (Commission International de l’Eclairage) 

for each sample to be considered as baseline 

value (day 0). Then, they were transferred to 

three different containers consist of staining 

solution, instant coffee. One veneer from each 

group was stored in distilled water container. 

The value of L*, a* and b* were measured eve-

ry three days interval for 27 days and this group 

was considered as a control group.  

Staining solution preparation 

The staining solution consisted of instant coffee 

which was prepared by adding approximately 

48 mg of coffee to 250 ml of boiling water (Jain 

et al., 2013). The solution was divided into 

three different containers for three different ve-

neer groups.  

Color measurement 

After calibration setup completed, three meas-

urements of (L*, a* and b*) were done with the 

active point of the center of each specimen. 

The mean readings of each sample were rec-

orded and were used for overall data analysis. 

The same procedures were repeated every 72 

hours interval (three days) for 27 days. At each 

time of measurement, veneer sample was re-

moved from the containers and washed with 10 

stroke of soft toothbrush under running tap wa-

ter. Then, it was dried with soft doubled paper 

wipes. The coordinate value of each sample 

was re-measured with the same sequence of 

calibration and measurement. All coordinates 

(L*, a* and b*) values were collected manually 

and recorded. The color difference (ΔE*) be-

tween the color coordinates was calculated by 

applying the specific mathematical equation: 

ΔE*=[(ΔL*) 
2 
+ (Δa*) 

2
 + (Δb*) 

2
] ½, in order to 

compare values before and after the storage 

treatment. ΔE* represent the color differences, 

ΔL* represent change in lightness, Δa* repre-

sent red-green coordinate and Δb* represent 

yellow-blue coordinate.  

Data Collection and Statistical Analysis 

All data were collected and recorded by manual 

and digital recording. The results were tabulate 

and subject to statistical analysis (IBM SPSS 

statistics v. 18 and W. Statistical Pro. by Evan 

Miller v. 1.8.8). Kolmogorov-Smirnov test was 

used to estimate the uniformity of the raw data 

distribution. For comparison between different 

variables, One-way ANOVA test and Student’s t

- test were used to compare between three dif-

ferent veneer groups.  

 

Results 

Table 2 shows the average mean values of 

(ΔE) for the three tested groups. The (ΔE) of 

EDL veneer group shows the highest mean 

values 10.07 ± 5.15 as compared to the other 

two veneer groups (CMP group mean values 

was from 7.41 ± 4.64 and NEX veneer group 

mean was 0.73 ± 0.5). While, (ΔE) of NEX ve-
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Veneer system Compositions Manufacturer 

Edelweiss (EDL) The veneer filler ratio is 82% by weight and 65% by 

volume. The variation of inorganic filler particle is 

between 0.02 – 0.03 µm. 

Edelweiss Dentistry, 

Austria 

Componeer 

(CMP) 

Methacrylate, silanized barium glass, hydro-

phobized amorphous silicic acid. Filler content by 

weight is 80% and by volume is 65%. 

Coltène/Whaledent 

AG ™, Switzerland 

Nexco (NEX) Aromatic aliphatic UDMA & Aliphatic dimethacry-

lates, Highly dispersed silicon dioxide, Copolymer, 

Catalysts and stabilizers and Pigments. 

Ivoclar Vivadent™, 

USA 

Table 1: Veneer system materials  
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neer group shows the lowest mean values. Fig-

ures 1 and 2 shows the liner correlation of the 

mean values of the color changes (ΔE) for all 

veneer groups through the experimental time 

intervals. In these two figures, the EDL veneer 

groups showed a significant change in the color 

ranged from 0 – 9.83 ± 2.9 in the first three 

days from storage in instant coffee solution. 

Then, in the next three days (day 6) showed 

slight color change (10.26 ± 2.9). After that, 

EDL veneer color change become more stable 

and ranged from 11.25 ± 3.3 to 11.91 ± 3.1 in 

the remaining 21 days of the experiments. 

On the other hand, the CMP veneer group 

showed a significant change in the color ranged 

from 0 – 7.68 ± 3.2 in the first three days of ex-

periments. After that, the CMP veneers become 

more color stable and ranged from 7.68 ± 3.2 to 

9.19 ± 4.4 in the last 24 days of the experi-

ments. Furthermore, the NEX veneers also 

showed significant color changes (p= 0.025) 

when compared with control group (distilled 

water) but showed lowest color changes when 

compared with EDL and CMP through experi-

ment duration as shown in Figure 2a, 2b and 

2c.  

Groups Average (ΔE) Minimum (ΔE) Maximum (ΔE) 

EDL 10.07 ± 5.15 9.83 ± 2.9 11.91 ± 3.1 

CMP 7.41 ± 4.64 6.98 ± 2.5 9.19 ± 4.4 

NEX 0.73 ± 0.5 0.68 ± 0.2 0.98 ± 0.3 

Table 2: The  (ΔE) mean and standard deviation values for the tested veneer groups. 
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Figure 1: Liner correlation of the (ΔE) mean values of the veneer groups through time intervals.  

Figure 2: Liner correlation of the (ΔE) mean values of the veneer groups between instant coffee and distilled 

water media through time intervals.  
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Kolmogorov-Smirnov test was showed non-

uniformly distributed values for surface rough-

ness with 95% confidence intervals (α =0.05) 

as in Table 3. One-way ANOVA test was 

showed significant differences between aver-

age mean values of (ΔE) for the three veneer 

groups (P< 0.001) as in Table 4. While, Stu-

dent’s t-test reveled significant differences be-

tween mean values of (ΔE) within veneer 

groups as in Table 5.  
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Test Statistic F Critical Value @5 % C St. Error Significant F>C P-value 

128.974 3.03 0.3 Yes .000 

Table 4: One-way ANOVA test for (ΔE) of the veneer groups. Average (ΔE) varies across values of Veneer (α 

=0.05). 

Test Statistic D Critical Value @5 % C St. Error Significant D>C P-value 

0.335 0.083 0.3 Yes .000 

Table 3: Kolmogorov-Smirnov test for the equality of distribution of the  (ΔE) values. Color Stability (ΔE) 

departs from a uniform distribution (α =0.05). 

    Test Statistic t Critical Value 

@5 % C 

St. Er-

ror 

Significant 

t>C 

P-value 

CMP EDL 3.634 1.973 0.4 Yes .000 

NEX 13.562 1.973 0.3 Yes .000 

EDL CMP 3.634 1.973 0.4 Yes .000 

NEX 17.085 1.973 0.4 Yes .000 

NEX 

  

CMP 13.562 1.973 0.3 Yes .000 

EDL 17.085 1.973 0.4 Yes .000 

Table 5: Student’s t- test for (ΔE) values within veneer groups. 

Discussion 

In principle, the composite resin veneers are 

widely used nowadays for different purpose 

regarding enhance the teeth shape, teeth align-

ment, cover discolored teeth and for smile de-

sign (Christensen, 2004; Dietschi and Devigus, 

2011). However, one of the disadvantages is 

the color stability that it affects aesthetic and 

longevity of the restoration (Ertas et al., 2006; 

Jain et al., 2013). The null hypothesis of the 

present study was rejected: the results of one-

way ANOVA test proved a significant difference 

between the amounts of color changes (ΔE) in 

the three veneer systems. Both of the prefabri-

cated veneer systems showed significantly 

higher (ΔE) than laboratory-made veneer.  

The EDL and CMP veneer groups showed sig-

nificant increase in the ΔE in the first three days 

of immersing in the staining solution. As com-

pared with the total amount of ΔE during the 

experiment, the first three days interval was the 

highest ΔE. After the first three days interval, 

both of EDL and CMP veneer groups showed 

relatively stable color changes until end of the 

tenth intervals. While, the NEX veneer group 

was showed significant and stable increase in 

the ΔE that ranged between 0.68 - 0.98 through 

the experimental duration. Jain et al. (2013) 

and Ertas et al. (2006) found that the composite 

resin material showed significant color changes 

when immersed in coffee solution. This is in 
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agreement with the findings of the present 

study. 

The ΔE value has many clinical implementa-

tions, as any ΔE below 3.3 consider clinically 

accepted (Jain et al., 2013) while the ΔE value 

of more than 5.5 considered exceeded the criti-

cal threshold (Falkensammer et al., 2013). The 

present study findings of the ΔE showed notice-

able color changes in the prefabricated veneer 

systems and exceeding the critical threshold 

while the ΔE of the laboratory-made veneer 

system was clinically accepted. These findings 

could be attributed to many factors related to 

the color stability of the composite resin such as 

the composition of the resin matrix and the cur-

ing mechanism of the material (Kim and Lee, 

2008).  

Several studies showed that curing under nitro-

gen pressure at specific temperature and time 

will improve the color stability of the composite 

resin (Jain et al., 2013; Kim and Lee, 2008).  

Furthermore, another studies were showed that 

insufficient matrix monomer conversion within 

the composite will induces absorption for the 

staining substances (Jain et al., 2013; Stober et 

al., 2001). The details that related to curing 

methods and the manufacturing technologies 

for the two prefabricated veneer systems of the 

present study were never published or men-

tioned in the official website of the manufacturer 

companies.  

The findings of the present study showed high 

tendency for the prefabricated veneer shell to 

change its color when exposure to instant cof-

fee in the first three days. However, the prefab-

ricated veneer system consist bonding and lut-

ing agents beside the veneer shell. All veneer 

system components have different color stabil-

ity towards the staining solutions (Archegas et 

al., 2011; Kilinc et al., 2011). Based on that, the 

present study findings should be combined with 

other in vitro and in vivo studies related to color 

stability on prefabricated veneer systems to be 

more clinically significant.  

The ΔE was measured with a standard quanti-

fying device (Color Spectrophotometer, Minolta, 

USA) rather than visual examination for accura-

cy, reproducible and statistically utilizable re-

sults. The veneer samples were stored in dis-

tilled water before the experimental steps be-

cause of the difficulty to adapt the oral environ-

mental variations of the human subjects (Kilinc 

et al., 2011).  

The spectrophotometer device can operate with 

two different measuring geometrics: specular 

component included (SCI) and specular compo-

nent excluded (SCE). In the present study, the 

SCE was used in measurements record as it 

was proved that the color changes measured 

with SCE geometry were greater than those 

measured with SCI geometry (Jain et al., 2013; 

Lee and Powers, 2007). The veneer samples 

thicknesses in the present study were within 1.0 

mm to match the spectrophotometer require-

ments and the ISO standards for the sample 

thickness (< or = 2.24 mm) for reliable results 

(Kilinc et al., 2011; Miyagawa and Powers, 

1983). The immersion duration for the veneer 

samples in the staining solution was set at four 

weeks as study done by Jain et al. (2013) and 

Bayindir et al. (2012). 

Most of the color stability studies used different 

staining solutions for the ΔE evaluations such 

as instant coffee, nails varnish and wine 

(Falkensammer et al., 2013). In the present 

study, the instant coffee was used to evaluate 

the ΔE as considered one of the most common 

daily drink and have the highest effect on the 

color stability of the composite resin (Domingos 

et al., 2011; Jain et al., 2013; Organization, 

2016).  
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Conclusions 

Within the limitation of the present study, the 

laboratory-made veneer showed clinically ac-

cepted color stability when immersed in instant 

coffee solution. Both of the prefabricated com-

posite resin veneers were showed noticeable 

color changes when immersed in instant coffee 

solution which were exceeded the critical 

threshold and not accepted clinically. The high-

est level of color changes amount for the EDL 

and CMP were presented in the first three days 

of the total experimental duration. After that, 

both prefabricated veneer systems were 

showed the same color stability behavior.  
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