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1- we prepared the teeth 

2- Tissue management and isolation 

3- Final impression 

4- Provisional restoration 

5- Before the patient leave your clinic you have to do shade matching or shade selection 

We can’t call it color selection bcz it’s not a color and it’s not a selection, we do a shade matching which means more than one criteria needed to be included not just the color >> hue, value and matching to the adjacent tooth. Should be done, too. 

First we will talk about physics of color science:

Understanding the nature of light and how the eye perceive light as color is important in any successful restoration.

Color: is defined phenomena of visual perception that enables one to differentiate objects or we can say that is a result of physical modification of light by colorant as observed by human eye and brain.

When we are talking about color we are talking about 

1- Object 

2- Light 

3- Human eye (observable)

4- Brain 

All these factors play a role why I see the color different than wt can you see. (and we will talk more about them later on in this lecture)

Now, why I see this red and this white? 

· Because of Reflection: it’s the wavelength that is reflected that’s why you see it as a color (red: reflects he red wavelength, and white: reflects the full spectrum)

· Without light color does not exist!!
· Color Scientifically it is described as a visible electromagnetic energy (it’s a section of electromagnetic energy and it’s called visible bcz the eye is sensitive to these wavelengths) 
· The visible wavelength = (380-780) 
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· Pure white light: it’s a relatively equal amount of electromagnetic energy over the visible range.
· when white light pass through the prism, it will divide into its component of 7 colors

When light strikes an object some wavelengths are absorbed, some are transmitted and some are reflected (the reflected wavelengths that we perceive as color) 

Color has three variables: (The dimensions of color)

1- Hue (family of color: red, blue, green)

2- Saturation or the Chroma (قديه غامق هاد اللون)

3- Reflectance or value >> if we turn the light off in a room we can’t see colors but we see some objects reflecting the light and other not reflecting the light >> the objects that reflect a lot of energy has a high value >> very bright >> doesn’t reflect energy,,,  low value >> very dark

For more understanding: if we add ink into water, the water become blue (which is hue ) and if we add more ink ,the water become more blue (saturation or Chroma ) .

The Hue: -

Name of the family of the color or variety of the color.

· The color of the teeth or the Hue of the teeth is yellow/yellow-red not whit 

· Hue is dependent on: wavelength that is reflected (keep in your mind there is no object that reflects one wavelength it reflects a combination of wavelengths)

The Chroma: - 

· It’s the saturation of the color

· When I say a blue color I am talking about the Hue, but if I asked you about the same color but different saturation now I am talking about the Chroma. 

The Value:- (the most important one): 

Relative darkness or brightness of color or a relative grayness of the color 

· Very easy presented >> we have a ruler that scaled from zero to ten (zero is black and ten is white) between them is the value(the gray color)
· Brightness depend on amount of energy that is reflected (photons that are reflected) regardless its color, so we can get two different colors with the same value.

· The same picture if we turn it into black and white two dimensions will disappear and one dimension will exist which is the value 

· The value of natural teeth in the scale from zero to ten is >> 5.5-8.5

· The human eyes are more sensitive to value more than hue, why? Bcz of rods and cons, cons are for hue, but rods are for the value (and the distribution of rods are more in eye) 

· The most important dimension that you should use in your restoration is >> value

· There is 2 different systems define the color : 
1. Munsell color system :

· Wheel represents the different hue by number. 
e.g.:  4.3R = red color with Chroma of 4.3 . 
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*the value measured vertically from 0 ( black ) to 10 ( white ) .
* Chroma measured radialy outward from the natural ( gray ) .
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2. Cielab color system : 
· Wheel divide into Axes ( -A,A ) , ( -B,B ) and L.

·  L is the central vertical axis represents value >> whose run from 0 (black) to 100 (white).  

· e.g: ( -2,2 ) represent the green color . 
       ( 2,2 ) represent the yellow color .                                           
· three numbers >> first tow numbers represent the Hue and chrome and the last number which we write after a capital L represents the value 
            [image: image4.png]0

L*

+b

+a
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/**extra explanation from the net (this information found in the last year sheet)

: The color axes are based on the fact that a color can't be both red and green, or both blue and yellow, because these colors oppose each other. On each axis the values run from positive to negative. On the a-a' axis, positive values indicate amounts of red while negative values indicate amounts of green. On the b-b' axis, yellow is positive and blue is negative. For both axes, zero is neutral gray                            
Color perception: (how can you see the color) 

Depend on 4 factors: 

1- environment 

2- light (the most important factor and the most variable one)

3- object itself

4- observable

notes: 

·  the light in our clinics is yellow we can’t do a shade selection under it so we turn it off while doing a shade selection, that’s why we do a shade selection near the window >> pour white light, so to do a correct matching we turn the light off and we prefer to have a corrected fluorescent light (90% of white light) >> this will be mentioned in details later on in this sheet
· The color which is rich in yellow is not good >> bcz the object is not subjected to the full spectrum, just gave it the yellow wavelength >> then it will give you a wrong color from the beginning
Absorber: 

differences between human eyes cause variability in shade selection “everyone sees the color differently from the other " this can cause some problems. 

  to overcome such problems in the clinic, more than one person should select the shade.

May be you have a color blindness then defiantly you will see the color different (color blindness is more in men than women, 8% of the population) so ask any one to help you in a selecton.
So we said that light goes to the retina which has a receptors and by optic nerve the color will be transmitted to the brain and then you will see the color.
So Shade selection is very subjected 

 Types of vision :

1. Scotopic vision: (black and white ) 

-under low lighting conditions, only rods are stimulated so I can just know the value. Like when you dim your eye

2. photopic vision: (colored)

-under high lighting conditions, you will see three dimensions of the color (Hue, value and Chroma)
* The human retina composed of 2 receptors:

1. Cons: we have 3 cons type sensitive to Red, Green and Blue (RGB) 

2.rods: measure the intensity of light, scattered in the eye more than cons and that is why the eye is sensitive to the value. (in the center of the retina) so when you squint your eyes you will be able just to see the value of the light.
Color adaptation:

· Adaptation of proprioceptors, first the proprioception is high then with the same stimulus you will have less response. 

· Color vision decreases rapidly as object is stared.

· After staring at the object for long time, the object color become less and less saturated.
>> the clinical significant of this << after 30 secs the eye will be adapted to the color so you have to do shade selection as fast as possible within 30 sec.

· the Chroma appears greater when observed after staring at this specific color.

· Each color has a complimentary color for it >> if I put the complementary beside my color I will see it more saturated 

· Usually the complementary color for the teeth which is yellow/yellow-red >> blue, that’s why you would paint your clinic’s wall with light blue color 

· When looking to the complementary colors you do a desensitizing to your eyes. 
· So>> When you are looking to the teeth and your eyes become fatigue >> you direct your eyes to the walls which have the complementary color so you do reinitiating of the process itself and then you can look back to the teeth.
· Color blindness we said that 8% of males will have color blindness so dentists have to do vision’s test 

· the color could be different if the patient wears bright clothing or puts lip stick. >>the near complementary colors give you false image, if you put the complimentary colors beside each other the color will be more saturated and this is called Deceptive color perception (The brain can be tricked in how it perceives color)

We have 3 sources of lights in the clinic: 

1. incandescent light: rich in yellow light.

2.  Fluorescent light: rich in blue and violet light, there is a corrected fluorescent light which is close to pure light with decreased amount of blue light. 

3. Natural day light: pure white color closes to full spectrum that we could find it:
a. in the middle of the day (between 12-3 o’clock) 

b. at the northern hemisphere. 

c. clear weather with no clouds.

*At night the light is rich in red wave length.

*at morning richer in blue 

*so >>its hard to get a natural day light 
 there are certain criteria for the appropriate light source 
CRI > 90%  ,  color temperature = ( 5500-6500)
 
what does that mean ?  -

1.CRI : ( color rendering index ) .
a method of describing the effects of light source on the color appearance of objects . A scale from 1 to 100 measures how a particular light source renders a color as compared to pure white light .
-pure Day light in a clear day closes to full spectrum white light source with CRI= 100  so when want to buy light for you clinic its better to buy one with CRI 90 and more .


2.color temperature : 
determine by comparing the light hue with theoretically heated black body .

black object                                     Red                       orange                   yellow                                              
                                                                                      Blue                       white                                 

*this graph was taken from last year sheet* 

White color is between 5500 K to 6500K.       
* Metamerism
phenomena of two different objects with different wave lengths 
but appear the same under the same light , if the light change
the color will change y3ne under specific light they look different and under another light they look the same or the same object appears different under different lights .
e.g : object # 1 is green , object #2 is yellow & blue .
under the pure white light the 2 objects  will reflect green color ! 
if the light change , the shades will be different   . 

how to overcome mesmerism in the clinic ? 
-do  the shade selection under different lighting .
-do the shade selection more than one time in different 
days .

**The objects : 

* certain properties must be available in the dental restorations or crowns in order to mimic the natural teeth .
1.florecence :
- it absorbs energy then re emitting energy at a lower frequency ( lower level )  .its an important property when making crown and bridges because u need it to be as much as possible close to the enamel florescence .  
e.g : teetht that absorbed UV light which is higher that the visible light and re emitted it as a visible light ( pure light ) .
2. opalescence : etzkro el 3’yoom 
- the light scattered inside the enamel brism , this will make the incisal edges of natural teeth appear whitish to bluish in color  and that is in young aged ptn so be aware of that when you make crown for young age .
3. Translucency :
- the natural teeth are translucent with white patches called ( opacities ) . 

Translucent means that our teeth is not transparent but they can pass the light through it .
opacity is the property of preventing the light to pass ,sometimes central incisor you can notice a white chalky appearance which is preventing light to pass that is what so called opacity

**The environment :
- the walls of clinics should be colored by neutral color and preferred to be pale blue .
- the sealing should be very high value color like white  to reflect most of the light . 
 

                                                                           *************************************

shade selection :

shade selection can be done by a Special Device or by the dentist him self  using-
commercial shade guides "porcelain shades different from composite shades "
these guides have logical order ( A,B,C or 1,2,3 .. )  and adequate distribution to cover all the teeth colors also transmit and reflect a scattered light as the natural teeth and has a florescence capacity  on the other hand there are some limitation :  
1. The shade guides are thick with 4-5 mm compared to the thin 1.5 mm porcelain , the thickness definitely will affect choosing  the final shade . 
2. The guides aren't made from florescent porcelain as the final crown . 
3 . lack metal substructures : in the lab the crown firstly made from metal which will be covered by opaque layer then dentine and enamel . 
4.they don’t cover the whole distribution .

5.diffeculty in predicting the final shade after layering.

6.They are not made from the same porcelain that you are going to use for ur crown . 
guidelines : *
 1. The dentist position must be between the light and the patient when taking the shade , close as possible with the same eye level to stimulate the cons ( the center of the retina ) with close distance 25cm and the light is behind you . 
2. Teeth should be clean stains is removed : polishing them at the beginning of the session .when u dehydrate the teeth the value increase (   more bright ) 
3. Take the shade in multiple session to overcome mesmerism and at different lighting 
4.  Cover the patient with bright color apron .
5. Lip stick should be removed .
6. Shade selection should done quickly (30 seconds )or you will have color adaptation problem  and  putting the shade guide under the lip simulating the natural teeth environment . 
7. To know the value of an object and measure the brightness : turn the vision from photopic to scotopic by close the eye slightly .

8.use the guide that matches the porcelain and to select a prober hue look to the canine  

commercial shade guides:*
1. VITA lumin vacuum classical : 
-firstly do the hue matching : there are 4 groups with 16 shades.
A : -most common used .
    - ( reddish – brownish) ,
    - 5 subtypes different in( saturation )  chroma( A1 ,A2 ,A3 ,A3.5 , A4) the most one to be used

B :  - ( reddish –yellowish )
      - 4 subtypes ( B1 ,B2 ,B3 ,B4 ) .
C:   -(grayish ) 
       - 4 subsypes ( C1 , C2 , C3 , C4 ) .                                      
D :  -( reddish- grayish ) .
       - 3 subtypes : ( D2 ,D3 , D4 ) . the least one to be used

We start by selecting the huelike A then we detect the saturation or chroma like A1  finally the value .
 * if the shade selection was confusing and you couldn't detect the color perfectly , look at the canine which has the most chroma and saturation . ( has more dentine )
* this system determine just Hue and chroma . to choose the value ,there is a specific shade tape for that from B1 ( highest value , white ) to C4 ( lowest value , gray ).
*one problem of the VITA lumin vacuum classical that some dentists forget to choose the value !  

2.Vitapan 3D master . ( more developed ).
*the good thing about this system that the value is the first thing to be determine , if the value is correct ,80% of the restoration will be correct .
  * 5 groups of different values , each group has the same value with different hue and saturation .

* First, determine the value (lightness) by selecting the closest match from one of five value groups( 1-5 ) ; group 1 is so bleach and group 5 is so discolored .most of ppl is ranging between group 2 and 3 .
Second, pick the hue within the value group from three choices( L , M, R ) determining if the tooth has a more yellow or red cast.  
Third, determine the chroma within the hue group : ( L 1.5 ,L 2.5 ) , (M1 ,M2 ,M3 ) , ( R 1.5 ,R2.5 ) . 


Ex: we select the group ( group 3 

Then we will find that the shade is written with ether L,M,R to determine the hue if the tooth is more reddish so we write it 3R if its more yellow we write it 3L if it is in the middle then we choose 3M( 3M

Now  1 , 2, 3 according to the saturation

Then the dr said that the hue is the last one to be chosen :/


e.g : in the 3D master shade guide system what does 4R2.5 means ?
color with value = 4 
the hue is R = ( Reddish ) with saturation of 2.5 ( 


eg: A3 in the classical system wt does A , 3 means ?

A is the hue and 3 is the saturation .

 *to confirm our selection , there is an instrumental color analysis 1( ( A spectrophotometer ) which is a device gives us the shade when we put it at the surface of the tooth . 
such devices have a lot of  problems for example they may not be able to determine the shade of curved surfaces . so more than 99% of dentists make the shade selection visually also its expensive 
2(( colorimeter )

3((the digital photos) one of the least accurate method to be used 
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