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ABSTRACT
Statement of problem: Although screw-retained implant crowns are commonly preferred by 

clinicians, there remain a limited number of studies on how color affected by screw color and access 
hole fill. 

Purpose: The purpose of this study was to  determine the influence of  screw color, opaque 
shade and composite thickness on the color of screw-retained implant crowns with use of digital 
spectrophotometer. 

Materials and Methods: eighty specimens were divided into two groups ,gray group (pure 
titanium) and golden-colored group (anodized titanium) which used as two backgrounds. Composite 
discs with 1mm, 2mm,0.5mm opaque+0.5mm composite and 0.5mm opaque+1.5mm composite 
were fabricated. Titanium specimens and composite discs were placed into a collective mold in 
various tested groups for color measurements.

RESULTS: Quantitative in concern to clinical color matching tolerance, It was found that, 
group 4A and 4B recorded the lowest ∆E as they could not detected by human eyes. Quantative 
color matching evaluation showed, no significant differences between gray and golden colored 
titanium(background), (P >0.05) while golden colored titanium gave higher ∆E than grey titanium 
group. For grey titanium; it was found that Group (4A) was the lowest ∆E value (1.20±0.4), 
followed by Group(2A) (4.00±1.3∆E), then Group (3A) (5.55±1.8 ∆E)while Group (1A) was the 
highest (7.6±2.53∆E) The difference in color change was significantly where (P= 0.001<0.05).   

For golden colored titanium; it was found that Group(4B) recorded the lowest ∆E value 
(1.15±0.38) followed by Group (2B)(3.65±1.26∆E) then Group (3B) (4.15±1.3∆E) while Group 
(1B) was the highest (5.55±01.8∆E). The difference in color change was significantly where  
(P= 0.0001<0.05).

Conclusion: composite thickness and opaque shade composite affected ∆E values (p<0.05). 
while, the color of the background did not affect ∆E values (p>0.05) of the color of final restoration.

Clinical implications: Screw color and access hole fill  play an important role on the color of 
screw-retained implant crowns. In present study, regardless the implant color, the use of 0.5mm 
opaque composite covered by 1.5 mm composite resin affected the color of final restoration 
significantly. 



(1252) Sahar Abdel WahabE.D.J. Vol. 62, No. 1

INTRODUCTION 

Prosthetic reconstruction involving end osseous 
implants can involve screw-retained or cement-
retained restorations or both.1 The choice of cement 
versus screw retention seems to be based on 
mainly the clinician’s preference.2 Some authors 
advocate that the screw-retained prosthesis, offers 
reversibility and more stability and security at the 
implant-abutment prosthetic interface.3 During 
the life of an implant prosthesis, the clinician 
may need to remove the restoration for hygiene, 
repairs, and abutment screw tightening, and screw-
retained designs make all of these procedures easily 
achievable. Screw-retained restorations, however, 
require precise implant placement for optimal 
location of the screw access hole; deviations from 
the optimal position and angulation can lead to an 
unaesthetic restoration.4

It has been reported that when comparing screw-
retained with cemented implant restorations, a 
measurable difference in health (modified plaque 
index, bleeding index) was noted, with the cement-
retained crowns worsening over time. Sinus tracts, 
inflammation, and continued bone loss have been 
documented as being related to cement residue 
remaining in the peri-implant soft tissues.5 A recent 
study reported on the positive relationship between 
excess cement and peri-implant disease (peri-
mucositis and peri-implantitis). These conditions 
are classified as inflammatory lesions that may affect 
the peri-implant tissues, with the potential loss of 
supporting bone. Although it is possible to treat peri-
implant disease, prevention is the goal of supportive 
therapy6. Techniques have been developed7,8 to 
minimize the extrusion of luting cement into the 
peri-implant soft tissues, but it is likely that these 
issues cannot be predictably eliminated. The 
inability to completely remove cement from the 
implant abutment surfaces as well as the difficulties 
in radiographic detection of some commonly used 
luting cements have been reported.9,10 It would seem 

better to avoid these problems entirely by using a 
screw-retained restoration, however, this requires 
closure of the screw access channel.

The access holes of screw-retained dental im-
plant crowns present an esthetic obstacle for re-
storative dentists. But little research has focused on 
comparing the esthetics of the different filling mate-
rials. If screw retention is used, the access hole must 
be filled to help insure the success of the implant 
restoration; however, many times the esthetics of 
the restoration are compromised in order to main-
tain its functionality.11 Many commonly used dental 
restorative materials are relatively translucent and 
are unable to completely mask the dark, underlying 
metal oxide layer lining the access hole. These ma-
terials include a variety of composites, such as den-
tin, enamel, and resilient composites. Maintaining 
the function and retrievability of the implant crowns 
is important, but attention also needs to be given to 
providing a crown that is esthetically acceptable to 
the patient. Therefore, it seems valuable to know if 
patients and dentists are able to detect a significant 
difference between these composite filling materi-
als, and if so, it would be worthwhile to determine 
which materials are viewed as esthetically accept-
able by each group.12

Instrumental color measurement of translucent 
materials is influenced by the properties of 
background. When light is illuminated on a 
translucent specimen backed by a glossy \white 
background, many fraction of light reached to the 
background may be reflected, however, when backed 
by a matt\black background or a light trap, the 
degree of reflection may be reduced significantly.13

The color of titanium screw of screw retained 
implant restoration  is commonly gray. Coloring of 
titanium can be achieved through several techniques 
with electrolytic oxidation, most commonly used in 
industry. Anodic oxidation is an electrochemical 
treatment method that can control the thickness of 
an oxide layer formed on a titanium surface, and 
has the advantage in that it can be readily applied 
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to materials with complex surface patterns such as 
implant fixtures. In particular, it can facilitate the 
adsorption of ions present in the electrolyte to the 
anodic oxide layer treated with a voltage higher 
than the breakdown voltage. The electrolyte is an 
important variable that determines the characteristics 
of the layer treated by anodic oxidation. In addition, 
the processing conditions during anodic oxidation 
play an important role.14

A black background color can impact the 
lightness of the materials and may also cause 
chromatic changes. In such situations, composite 
resin restorations can result in grayish shade or poor 
color match because the translucent materials are 
affected by the discolored tooth structure or darkness 
of the oral cavity. To minimize the effect of the 
background color, opaque shade composite resins 
have been utilized as a backing by using a layering 
technique, With this method ,the translucency of 
the composite resin is as critical as the color of the 
material itself.15 Translucency also affected by the 
thickness of the composite resins. Accordingly, 
the translucency and necessary thickness of the 
underlying opaque shade composite resin must fully 
understood in order to produce a successful color 
match for esthetic restoration.16 

Color measurements using instruments such 
as colorimeter or spectrophotometer had been 
established as means of measuring color stability 
of tooth colored restorative materials. These 
instruments can detect color differences both 
objectively and metrically using the CIE LAB 
system that was established by Commission 
I´nternationale de LEclairage.17 

The aim of this study was to  determine the 
influence of  screw color and access hole fill on the 
color of screw-retained implant crowns with use of 
digital spectrophotometer. Our research hypothesis 
is that color of the background (gray and golden 
colored titanium) ,opaque shade composite and 
thickness of composite would affect ∆E values of 
final color of restoration.

MATERIALS AND METHODS

Pure titanium cylinder bars were sectioned 
with a lath into 80 specimens, 2mm in length and 
10 mm in diameter. These specimens divided into 
two groups, gray group (pure titanium) and golden-
colored group (anodized titanium).

Preparation of anodized titanium specimens: 
these specimens were ground with silica carbon 
paper from 220 to 600 grit, degreased with acetone, 
cleaned ultrasonically in absolute ethanol for ten 
minutes, and dried in a 40˚C electric oven for 24 
hours. The titanium specimens were connected to 
the anode and gold plate was connected to cathode. 
The distance between the titanium specimens and 
gold plate during the anodic oxidation process 
was 3cm. An acetic acid used as electrolyte and by 
a voltage in the 0-100 v range up to reaching the 
saturation of the process.

Teflon molds fabrication: four custom-designed 
Teflon molds were fabricated, 14 mm in diameter 
and four thickness as follow; 0.5mm, 1mm, 1.5 mm, 
and 2mm.

Collective molds fabrication : Two custom-
designed nickel chromium molds were fabricated 
14 mm in diameter and two thickness as follow;  
3mm, and 4mm.

Preparation of composite resin specimens: light 
cured composites resin  (Renamel LC, Cosmedent, 
Chicago) with shade color A2 and opaque A2 (OA2) 
were used in this study. Composite specimens were 
made by condensing composite into a custom-
designed Teflon molds with different thickness. 
In order to achieve a flat and smooth surface the 
composite resin was pressed between two glass 
slabs and both surfaces were light polymerized 
with light source (Astralis, Ivoclar-vivadent, 
Schaan, Liechtenstein) according to manufacturer’s 
instructions. The specimens stored in distilled water 
at 37º C for 24 hours. In the gray group, the titanium 
specimen placed inside the collective custom-made 
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nickel chromium and the composite specimen 
placed over it ,in different thickness with different 
molds. The same procedures in golden-colored 
titanium (the number of specimens for each group 
was 10)Table 1.

Preparation of composite resin control groups:

One and two mm composite resins(shade A2) 
were prepared and color measurements were made 
against a white background.

Color Measurements : were made with a digital 
spectrophotometer Vita easy shade (Vita zahnfabrik, 
Bad sackingen, Germany). Optical contact was 
achieved by using an optical fluid (refractive 
index=1.5) between composite specimens 
and background. To standardize the external 
illumination, the head of spectrophotometer was 
placed on the center of each specimen in a custom 
fabricated polytertra fluroethylene positioning 
template to ensure immobilization of the device 
for accurate measurements. To evaluate the color 
matching for different specimens and to determine 
which of them has the most matches to control 
groups. A  screen will be displayed showing how 
far that the disc specimens were matching the 
prescribed color of control group in terms of Good, 
Fair and Adjust (qualitative).

(Good) means that the expert at shade matching 
may see little or no difference between the specimen 
and the target shade to which it has been verified. 
(Fair) means that an expert at shade matching 
may see noticeable difference the specimen and 
target shade to which has been verified. (Adjust) 
means that an expert at shade matching may see a 
noticeable difference between the specimen and the 
target shade . 

Touching the color matching quality assessment 
box causes a screen to be displayed. These 
measurements were done with each specimen 
on different background (gray titanium and 
golden-colored titanium) to determine CIELAB 
coordinates of each disc specimen with these 
backgrounds. This screen shows the positioning of 
color of disc specimens with respect to color space 
coordinates value ,chroma and hue (L,C,H). The 
color determinates of specimens were made 6 times 
consecutively, and the average L, C and H were 
recorded.

The collected data of different disc specimens 
were tabulated and illustrated graphically according 
to verification results of color matching quality 
and according to the mean values of total color 
difference (∆E) between shade of manufactured disc 
specimens and control groups.

Table (1) Specimens classification and abbreviations.

   

Gray 

titanium

(Group A)

           Composite thickness      Opaque shade and composite thickness

Subgroup (1A):

Graytitanium+ 

1mmcomposite thick.

Subgroup (2A):

Graytitanium+ 

2mmcomposite thick .

Subgroup (3A):

Graytitanium + 0.5mm 

opaque porcelain+0.5 

composite resin.

Subgroup (4A):

Gray titanium+0.5mm opaque 

composite+1.5mm composite 

resin.
Golden-

colored 

titanium

(Group B)

Subgroup (1B):

Golden-colored 

titanium+ 

1mmcomposite thick.

Subgroup (2B):

Golden-colored 

titanium+ 

2mmcomposite thick .

Subgroup (3B):

Golden-colored titanium+ 

0.5mm opaque porcelain+ 

0.5 composite resin

Subgroup (4B):

Golden-colored titanium+ 

0.5mm opaque composite+ 

1.5mm composite resin.
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Statistical analysis

Data analysis in color matching 
evaluation(qualitative) was performed in several 
steps. Initially, descriptive statistics for each group 
results. Chi square tests were performed to detect 
significance effect of each variable (background, 
opaque composite and composite thickness). Statis-
tical analysis was performed using Assistat software 
for Windows. P values ≤ 0.05 are considered to be 
statistically significant in all tests. 

In color matching evaluation (∆E values)
(quantitative), three  way ANOVA tests were 
performed to detect significance effect of each 
variable (background, opaque composite and 
composite thickness). One way ANOVA followed 
by pair-wise Tukey’s post-hoc tests were performed 
to detect significance between subgroups. Student 
t-test was performed done to detect significance 
between stage subgroups. 

RESULTS

A) Color matching evaluation(good, fair and ad-
just) qualitative

Frequent distribution of color score results for all 
groups as function of background and opaque shade 
composite and composite thickness are summarized 
in table 2 .

Effect of background (gray and golden colored 
titanium); regardless to opaque shade composite and 
composite thickness, it was noticed that titanium 
type groups affected the color non-significantly 
(P=0.8089 >0.05) where (Gold colored titanium 
group (good; 6 score, fair; 3 score and adjust; 1 
score) while grey titanium group (good; 5 score, 
fair; 3 score and adjust; 2 score). 

Effect of opaque shade composite ; irrespective 
of background it was found that presence of 
opaque affected the color non-significantly (P= 
0.5354>0.05) where (composite group (good;  
4score, fair; 3 score and adjust; 2 score) while 
Opaque + composite group (good;7 score, fair; 2 
score and adjust; 1 score) 

Effect of composite thickness; regardless to oth-
er variables it was shown that composite thickness 
affected the color significantly (P= 0.0451<0.05) 
where (composite 1mm was (good;2 score, fair; 4 
score and adjust; 4 score)( P= 0.801 >0.05), com-
posite 2mm was (good;7 score, fair; 3 score and 
adjust; 0 score)( P=1.0>0.05),Opaque + composite 
0.5mm was (good; 6score, fair; 2 score and adjust; 1 
score) (P=0.766>0.05), while Opaque + composite 
1.5mm was (good; 8score, fair; 2 score and adjust; 0 
score) (P=1.0>0.05). The interaction between vari-
ables exhibited non-significant p value (p>0.05)

Table (2) Frequent distribution of color score results for all groups as function of different variables.

Variables

Composite thickness Opaque shade         +  composite

1mm 2mm
0.5mm opaque+0.5 mm 

composite
0.5mm opaque+              

1.5mm composite

Color score Good Fair Adj Good Fair Adj Good Fair Adj Good Fair Adj

Grey titanium 1 4 5 7 3 0 6 2 2 8 2 0

Gold colored 
titanium

2 4 4 7 3 0 6 3 1 8 2 0

Adj.  Adjust      (Tukey’s  p<0.05)      *; significant (p<0.05)      ns; non-significant (p>0.05) 
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B) Color matching evaluation (∆E values) quantitative

Color change (∆E) results (Mean± SD) for 
all groups as function of different variables are 
summarized in table (3) and figure (1).

Effect of background (gray and golden colored 
titanium); regardless to other variables it was 
noticed that titanium type groups affected the color 
non-significantly (P >0.05) where grey titanium 
gave higher ∆E than golden colored titanium group.

Effect of opaque; irrespective of background, 
it was found that presence of opaque affected the 
color significantly (P<0.05) where composite group  
gave higher ∆E than Opaque + composite group.  

Effect of composite thickness; regardless to 
other variables, in golden colored titanium, it was 
shown that composite thickness affected the color 
significantly (P= <0.0001<0.05) where in 1mm 
composite  was the highest ∆E followed by 0.5mm 
opaque + 0.5mm composite  then 2mm composite  
while 0.5mm Opaque +1.5mm composite was the 
lowest ∆E. Pair-wise Tukey’s post-hoc test showed 
non-significant (p>0.05) difference between 2mm 
composite  and 0.5mm opaque + 2mmcomposite .

For grey titanium; it was found that it was found 
that Group (4A) was the lowest ∆E value (1.20±0.4), 
followed by Group (2A) (4.00±1.3∆E), then Group 
(3A) (5.55±1.8 ∆E) while Group (1A) was the 
highest (7.6±2.53∆E). The difference in color 
change was significantly where (P= 0.001<0.05).   

For golden colored titanium; it was found 
that Group (4B) recorded the lowest ∆E value 
(1.15±0.38) followed by Group (2B)(3.65±1.26∆E) 
then Group (3B) (4.15±1.3∆E) while Group 
(1B) was the highest (5.55±01.8∆E). The differ-
ence in color change was significantly where (P= 
0.0001<0.05). 

Composite 1mm; it was found that Group(1A) 
was statistically non-significant higher color 
change mean value (7.6±2.53∆E) than Group(1B) 
(5.55±1.8∆E) where (P= 0.825>0.05).

Composite 2mm; it was found that (2A)was 
statistically non-significant higher color change 
mean value (4.00±1.3∆E)  than (2B) (3.65±1.26∆E)  
where (P= 0.183>0.05).

Opaque +  composite 0.5mm; it was found 
that Group(3A) was statistically non-significant 
higher color change mean value (5.55±1.8∆E) than 
Group((3B)(4.15±1.3∆E) where (P= 0.729>0.05).

Opaque +  composite 1.5mm; it was found 
that Group (4A) was statistically non-significant 
higher color change mean value (1.20±0.4∆E) than 
Group(4B)(1.15±0.38∆E) where (P= 0.563>0.05).

Table (3) Color change (∆E) results (Mean ±SD) 
for all groups as function of different 
variables.

Variables
Composite Opaque +  composite

1mm 2mm 0.5mm 1.5mm
Grey 

titanium
7.6± 

2.53(1A)
4.00± 

1.3(2A)
5.55± 

1.8(3A)
1.20± 

0.4(4A)
Golden 
colored 
titanium

5.55± 
1.8(1B)

3.65± 
1.26(2B)

4.15± 
1.3(3B)

1.15± 
0.38(4B)

(P value) 0.825ns  0.183 ns 0.729ns 0.563ns

*; significant (p<0.05)      ns; non-significant (p>0.05)  

Fig. (1) Bar chart representing  mean values of color change(∆E)
of different interactions 
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Discussion

In this research, our hypothesis was partially 
accepted. Composite thickness and opaque shade 
composite usage affected ∆E values (p<0.05). 
while, the color of the background did not affect ∆E 
values (p>0.05) of the color of final restoration.

The aim of this study was to  determine the 
influence of  screw color and access hole fill on the 
color of screw-retained implant crowns with use of 
digital spectrophotometer.

In previous studies, it was found that the actual 
thickness of the restorations and corresponding 
specimen for color measurements are usually 1-2 
mm, the color of the background on the color of 
esthetic restoration would be significant 18. Unless 
material thickness is adequate, about 1-1.5 mm , 
the opacity may be insufficient thereby marring the 
final color of the restoration19. One of the indications 
in screw-retained implant restorations is limited 
interocclusal distance that’s the reason for selecting 
2mm of filling material in this study.

In previous studies, it was mentioned that, the 
composition of alloy significantly affected the color. 
Gold and cobalt alloys were found to be brighter 
than nickel chrome and palladium. So, the alloy 
with high gold content used a reference point for 
color reproduction.18,19. For this purpose, in the 
present study stand red  gray titanium backgrounds 
were compared with golden-colored backgrounds.

The qualitative color matching evaluation, the 
mean and standard deviation of the resulting ∆E 
values for each group and compared to the clinical 
color matching tolerance.20-22 (Good means ∆E 
ranged from 0.2-2.7, Fair from 2.4-4.9 and Adjust 
from 5.5-10.8 according to clinical color matching 
tolerance). It was found that ,group 4A and 4B 
recorded the lowest ∆E as could not detected by 
human eyes.   

In this quantative study, there was no significant 
differences between 1B, 1A or 2B,2A or 3B,3A 

or 4B,4A.So, the color of background (gray and 
golden –colored titanium) did not affect the color of  
final restoration . The same finding were confirmed 
by other studies 23. However, other results showed 
that, the light trap can eliminate the influence of 
background variation on the color measurements26. 
On the contrary, it was found that, Instrumental 
color measurements of translucent materials 
influenced by the properties of background. When 
light is illuminated on translucent specimen backed 
by a glossy\white back ground many fraction of 
light reached to background may be reflected ; 
however, when backed by matt\black background or 
a light trap, the degree of reflection may be reduced 
significant. 27 

The translucency of opaque shade resin 
composites was less than the corresponding 
non-opaque resin composites. As for the color 
differences between the opaque –shade and the 
non-opaque shade resin composites were in the 
perceptible range. In a (through and through)  the 
optical results of the restoration could be affected by 
both the translucency and the inherent color of the 
materials. Hence, we must take the color differences 
of opaque –shade composites into consideration ,as 
well as translucency of materials, for a clinically 
acceptable color match of the restoration30-32

In our study, the use of 0.5 mm thick opaque 
shade and 1.5mm composite affected the final color 
(p<0.05). Lowest ∆E values were obtained in the 
4B and 4A groups. This can attributed to opaque 
shade composite usage. This result is consistent 
with previous finding which reported that, to 
minimize the effect of the background color, some 
opaque-shade resin composites have been utilized 
as a backing in a so-called layering technique. In 
the layering technique, more translucent materials 
over an opaque-shade resin composite are often 
used to create depth from within the restoration, and 
help to reduce color coming only from a surface of 
the restoration. Regarding the translucency of the 
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opaque resin composites, some researchers have 
reported less translucency of the materials 31. 

However, as for the characteristics of the 
color itself in the opaque resin composites, little 
information is available29,30. In the layering of 
different resin composite materials, it has been 
reported that the layered color is influenced not 
only by the optical properties of the covering layer 
but also by the color and other optical properties 
of the underlying layer. 34 Therefore, it is crucial 
to know the color and translucency of underlying 
opaque-shade resin composites in order to establish 
a successful color match of the layered restoration.

 Resilient composite coupled with opaquer (FO), 
compared to resilient composite(F) alone, yielded 
improved values. Visual analog scale esthetic values 
increased from 13.8 and 24.6 in resilient composite 
to 63.5 and 65.6 in resilient with opaquer between 
laypersons and dentists, respectively. Acceptability 
improved from 12% and 36% in resilient composite 
to 76% and 88% (FO) between laypersons and 
dentists, respectively. Both laypersons and dentists 
are able to detect significant esthetic differences in 
the materials used to fill the access holes of screw-
retained dental implants. The data showed that 
using a small amount of opaquer in combination 
with filling materials makes a significant esthetic 
improvement in the implant restoration35-38. On the 
contrary, it was reported that the usage of opaquer 
under the composites diminished the translucency 
of composites. 39

The 2A and 2B groups showed higher ∆E which 
is higher than the clinically accepted limit 3.3. 
Although, these test groups gave a lower values than 
1A and 1B. Increasing the thickness of composite 
thickness producing more esthetically restoration. 
Type, size of filler particles and the pigments 
affected the color of composite according to their 
refractive and reflective properties. Thin composite 
fewer filler particles therefore, more background 
light is reflected so increasing ∆E31,40 This explain 
the results of our study .

There was no significant differences between 3A, 
3B groups and 1A,1B groups but 3A and 3B gave 
lower ∆E due to the usage of opaque composite. The 
clinical implication of this study is that the usage of 
0.5 mm opaque composite under 1.5mm composite 
resin to fill the access hole in screw-retained implant 
crowns improve the color regardless the screw color. 
This is in vitro study presented the limitation such 
as the usage of cotton pellet over  the screw due to 
difficult in standardization. Also, usage of one type 
of composite resin.

Conclusions

Within the limitation of the present study ,the 
following conclusions were drawn:

1-	 The color of background (gray titanium and 
gold- colored titanium) did not affect the color 
of final restoration.

2-	 The usage of 0.5mm opaque composite under 
1.5mm composite resin to fill access hole in 
screw-retained restorations improved esthetics 
by masking the color of background. 
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