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ABSTRACT 

Nearly 50% of American adults suffer from gingival disease. Diagnosis of periodontitis depends 

on attachment loss, which can be measured with a periodontal probe. A non-contacting 

method to quantitatively measure tissue inflammation must be useful in some circumstances, 

particularly if data can be correlated with attachment loss. In the current study, a non

contacting spectral reflectance device (Spotmeter®) was used to quickly record reflectance 

from 2mm diameter spots at gingival papillae of patients' mouths at a distance of 

approximately 50-cm to monitor inflammation-related coloration. For the Institution Review 

Board-approved in-vivo studies, baseline measurements were obtained at the initial patient 

visit and at each subsequent visit to assess tissue color during a series of treatment 

appointments. The primary measure was the ratio of red reflectance to the sum of red, blue, 

and green reflectance at each occasion, as compared with the coloration of gingival tissues not 

in an inflamed state. Prior to clinical measurements, in vitro studies were conducted to confirm 

color data from standard samples of primary colors of paints and of denture materials. Pre

clinical measurements also were taken to select Spotmeter®-object distance and light-object 

distance and angles. The in-vitro experiments demonstrated that controlling the source of 

illumination, angle of illumination, and distance between the object of interest and the 

Spotmeter®were critical for producing reliable results and a configuration that could be 

translated to the clinic. The results from this pilot clinical study support the conclusion that in

vivo spectral reflectance can be used to monitor the reduction in inflammation during 

periodontal treatment. 



1. INTRODUCTION 

1.1 Healthy periodontal tissues 

Health, as defined by the World Health Organization (WHO), is "a state of 

complete physical, mental and social well-being and not merely the absence of disease 

or infirmity." (1) Periodontal health requires the well-being of all of the tissues 

associated with the periodontium: gingiva, cementum, alveolar bone, and periodontal 

ligament (2). The healthy periodontium, clinically and histologically, is essential for 

mechanical support of the teeth and protects the roots of the teeth from decay. 

Research has shown that each extracellular matrix component of the periodontium can 

influence the cellular activities of the adjacent structures; thus, pathological changes 

occurring in one periodontal component may affect other components of the 

periodontium (2). 

The gingiva is the soft tissue that covers the alveolar bone, and covers the tooth 

root up to the cementoenamel junction in healthy pristine periodontium. The gingiva is 

divided anatomically into marginal and attached (Figure 1). Each type of gingiva 

exhibits considerable variation in differentiation, histology, and thickness according to 

its functional demands (3). 

/~ -~,_...--- G ingival sulcusJ---. F ree or margina l gingiva 
M a rginal groove 

Figure 1 The anatomic landmarks 
Attached g ingiva

of the gingiva (4) 

Mucogingival junction 

Alveolar mucosa 



The marginal gingiva is the unattached gingival border that surrounds the tooth in a 

collar-like fashion, it is usually about 1 mm wide corona-apically, and it forms the soft 

tissue wall of the gingival sulcus (5). Attached gingiva is continuous with the marginal 

gingiva. In healthy tissue, it is firm, resilient, and tightly bound to the underlying 

periosteum of alveolar bone. The facial aspect of the attached gingiva extends to the 

relatively loose and movable alveolar mucosa; it is demarcated by the mucogingival 

junction (5). The last component is interdental gingiva occupying the gingival 

embrasure, which is the interproximal space beneath the area of tooth contact. The 

coronal aspect of the gingival papilla is located immediately beneath the contact points 

between the adjacent teeth unless teeth are not in contact. The shape of the gingiva in 

a given interdental space depends on the presence or absence of a contact point 

between the adjacent teeth, the distance between the contact point and the osseous 

crest, and the presence or absence of some degree of gingival recession (6). 

The gingival sulcus (Figure 1) is the space around the tooth bounded by the 

surface of the tooth on one side and the epithelial lining of the marginal gingiva on the 

other side. The depth of the gingival sulcus, also known as "pocket depth," is an 

important clinical diagnostic parameter. The clinical evaluation used to determine the 

depth of the sulcus involves the introduction of an instrument and the estimation of the 

distance it penetrates. The histologic depth of the sulcus is bound by two entities: 

apically by the gingival fibers of the connective tissue attachment and coronally by the 

free gingival margin. It is often not equal to the depth of penetration of the probe. The 

penetration of the probe depends on several factors, such as probe diameter, probing 

force, and level of inflammation (6). 
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The other two components of the periodontium are hard tissue: cementum and 

alveolar bone. The cementum consists of calcified collagen fibrils and interfibrillar 

matrix that forms the outer covering of the anatomic root (7). The alveolar bone, which 

supports the tooth sockets, is a portion of the maxillary and mandibular bones. 

Alveolar bone is considered a tooth-dependent bony structure because it develops and 

undergoes remodeling with tooth formation and eruption (8). 

The healthy periodontal ligament is continuous with the connective tissue of the 

gingiva, and communicates with the bone marrow spaces through vascular channels in 

the bone. It is composed of a complex vascular and highly cellular connective tissue 

that surrounds the tooth root and connects it to the inner wall of the alveolar bone (9). 

The blood supply of the gingiva is from multiple sources such as supra-periosteal 

arterioles, vessels of the periodontal ligament, and arterioles (Figure 2). The blood 

supply extends along the sulcular epithelium and between the rete pegs of the external 

gingival surface, and arterioles pass through the alveolar bone to the periodontal 

ligament or take place over the crest of the alveolar bone (10). 
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1.2 Diseased periodontal tissues 

Prior to the World Workshop on Classification of Periodontal and Peri-Implant 

Diseases and Conditions that was published in 2018, periodontitis was defined as a 

state when there is evidence of clinical or/and radiographic change in periodontal 

tissues; for example, bone loss or change in the clinical attachment loss. However, 

after the new definition and classification system that was published in 2018 World 

Workshop on the Classification of Periodontal and Peri-Implant Diseases and 

Conditions states that healthy periodontium can be either a) pristine periodontium that 

is structurally sound and uninflamed, or b) periodontium that is characterized by (i) an 

absence or having a minimal level of clinical inflammation with normal periodontium 

support, (ii) stable periodontal disease in reduced periodontium, or, (iii) controlled 

periodontal disease in a reduced periodontium (11 ). 

Research has revealed that the extracellular matrix components of one 

periodontal structure (e.g. gingiva, periodontal ligaments) can influence the cellular 

activities of adjacent structures (12). Therefore, the pathologic changes that occur in 

one periodontal component may influence the maintenance, repair, or regeneration of 

other components of the periodontium (12). Three factors determine the periodontal 

disease: a susceptible host, the presence of pathogenic species, and the small 

proportion of beneficial bacteria. Plaque deposits account for only 20% of the risk for 

periodontitis. Factors that contribute to the remaining 80% include environmental 

factors, including smoking and diabetes, which are associated with periodontal 
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disease severity, and individual genetic variations that modify inflammation and its 

resolution. (13) 

Microbiologic studies have shown that the numbers and proportions of different 

subgingival bacteria differ between healthy and diseased sites (14). Moreover, plaque 

in periodontally diseased sites contain at least twice the bacterial count per gram of 

plaque as compared to healthy sites (14). Small amounts of bacterial plaque typically 

can be controlled by the body's defense mechanisms without any structural 

deterioration (14). The oral microbiome in health is symbiotic. We recognize that 

periodontitis is a continuum of inflammation, tissue destruction and microbial dysbiosis 

(microbial imbalance) modified by factors such as smoking, systemic diseases and 

genetics (15). 

The dysbiosis hypothesis has widespread acceptance in contemporary 

periodontology (16). This hypothesis is consistent with observed reciprocal interactions 

between complexes of bacteria, whereby gingival inflammation, in response to early 

colonizing bacteria, changes the subgingival environment allowing increases in certain 

endogenous commensal bacteria (15). The periodontal tissue will demonstrate signs of 

inflammation, such as transmigration of neutrophils in gingival tissues moving toward 

the sulcus for eliminating bacteria. Inflammation generally increases due to the 

increase of bacterial challenge. As a result, vasodilatation and increased vascular 

permeability lead to edema of tissue as well as erythema (increased red color) (17). 

Periodontal disease diagnosis as a clinical approach requires an accurate 

examination of the periodontal tissue, such as gingival position, edema, erythema, and 

presence and severity of bleeding and pain (Figure 3). The periodontal pocket, as well, 
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usually exhibits clinical attachment loss, gingival bleeding and suppuration, and tooth 

mobility (17). 

Normal tooth Periodontitis 

Healthy 
bone Plaque 

level and 
calculus 

gums Inflammation 

Figure 3 Healthy and diseased tissue (18). 

Consequently, loss of attachment is diagnostic for periodontal disease. The 

symptoms include tooth mobility and tooth migration (17). 

Microcirculatory tracts, blood vessels, and lymphatic vessels play an important 

role in the drainage of tissue fluid and in the spread of inflammation. In individuals with 

periodontitis, the microcirculation and vascular formation change greatly in the vas

cular network directly under the gingival sulcular epithelium and the junctional 

epithelium (19). 

1.3 Methods currently used to evaluate periodontal disease 

Studies reveal that gingivitis precedes periodontitis; however, not all gingivitis 

cases progress to periodontitis. In cases of gingivitis, inflammation is present in the 

gingiva. Clinical signs can be observed for gingivitis. These include an increase of the 

gingival crevicular fluid production rate and bleeding from the gingival sulcus. Gingival 

bleeding varies depending on the severity and duration of the disease (20). 

6 



On the other hand, in periodontitis, the inflammatory process will extend to 

affect the periodontal ligament and the alveolar bone. As a result of inflammation, 

collagen fiber breakdown occurs, resulting in loss of attachment and alveolar bone 

resorption (21 ). During periodontitis, there is a transition from a normal gingival sulcus 

to a pathologic periodontal pocket. As noted earlier, periodontitis is associated with 

different proportions of bacterial species in dental plaque. Moreover, the disease 

exhibits characteristic clinical features. Those features might include bluish-red 

thickened marginal gingiva, a bluish-red vertical zone from the gingival margin to the 

alveolar mucosa, gingival bleeding and suppuration, tooth mobility, diastema 

formation, and symptoms such as localized pain (22). As a result of periodontal disease 

and tissue destruction, pathological deepening of the gingival sulcus will occur. This 

pathological deepening defines the periodontal pocket (22). To locate the periodontal 

pocket and determine the extent of the pocket, one generally uses a periodontal probe 

within the periodontal sulcus of each tooth surface (22). 

Periodontal probes are standardized devices. Many generations and designs 

have been developed over time. The traditional periodontal probe is made of either 

stainless steel or plastic with millimeter calibration. It has different designs including a 

working end point and often, color coding (Figure 4). Advantages include that it is easy 

to use and provides tactile sensation (23). Bleeding on probing is another measure of 

periodontal inflammation. The specific approach to obtain a bleeding measure can vary 

from one study to the next, as well as from one clinician to another. The main 

disadvantage is that the probing force of clinicians cannot be measured using 
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traditional periodontal probes. This lack of repeatability will give variable 

measurements (22). 

Figure 4 Periodontal (24) Figure 5 Florida Probe. (25) 

The Florida Probe® was devised in 1988, and consists of a probe, hand piece, 

and sleeve. In 1991, the Toronto automated probe was developed (Figure 5). These 

two probes have a more constant pressure application and a computerized storage of 

data. On the other hand, their weaknesses include their penetration into inflamed 

connective tissue and also less tactile sensitivity (26). The latest generation of 

periodontal probes was developed in 1999 by Hinders et al. using ultra-sonographic 

technology. It is characterized by non-invasive, accurate measurement of pocket 

depth, using ultrasound waves to detect various periodontal structures. However, it is a 

technique-sensitive and expensive instrument that requires proper training in order to 

accurately interpret the data (26). 

A study by Garnick et al. aimed to decipher the importance of diameter and 

force on periodontal probing tips for diagnosing and evaluating periodontal disease. 

The study concluded that probe tips need to have a diameter of 0.6 mm and a 0.20-
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gram force (50 N/cm2
) to consistently obtain a pressure which demonstrates 

approximate probing depth among the alternative studies in that paper. This pressure 

is needed to measure the reduction of clinical probing depth, as a result of resolution 

of inflammation, following therapy. In addition, different forces or diameter tips are 

needed to measure healthy or inflamed histological periodontal probing depths (27). 

1.4. Light and color 

Visible light, to the human eye, is any radiation capable of causing a visual 

sensation directly. The visible light portion of the electromagnetic spectrum is between 

the infrared (more than 700 nm in wavelength) and the ultraviolet (less than 400nm) 

(28). Reflection is the change of a light wave that travels from point A to point B at the 

interface between two different media (e.g. air and a solid) and when that light wave 

returns into the original medium (e.g. air). The reflection of light is either specular 

reflection from a very smooth material, when the ray reflects at the same angle from 

the surface normal of the incident ray, or diffuse reflection from a more textured 

material, when the ray or the light wave is apparently scattered at many angles from 

the surface. Upon close inspection, however, diffuse reflection occurs at the same 

angle of reflection, but from small surface areas that are not in the same plane (29). 

The color of an object is a result of light that leaves the surface of the object. It 

will depend on the spectrum of incident illumination and the reflectance properties of 

the surface, as well as the angle of the illumination. Various factors play a role in light 

reflection. For instance, absorption of specific wavelengths by the surface that receives 

the light plays a major role in the color seen (i.e. wavelengths reflected) (30). Also 
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important is the environment and the light source itself. For instance, light that is 

directed to an opaque surface is either reflected like a mirror, scattered, reflected with 

diffuse scattering, or absorbed. If the object scatters all the wavelengths with equal 

strength, it will appear white. If the object absorbs all the wavelengths, it will appear 

black. Objects that transmit light are either transparent (not scattering or absorbing the 

transmitted light) or translucent (selectively transparent in terms of different 

wavelengths). Objects also may emit light that they generate from having excited 

electrons (e.g. fluorescence), rather than merely reflecting or transmitting light. (31) The 

electrons may be excited due to elevated temperature as a result of chemical reactions 

or by illumination by high-energy wavelengths sufficient to overcome electron binding 

energies in the illuminated material (32). Body tissues are highly scattering with a mean 

distance between scatters of less than a millimeter at 700-850nm. Significant 

absorptions of visible-energy wavelengths are mainly due to 5-10% of the tissue 

volume occupied by blood. Mammalian cell size plays an important role for light 

scattering. It has been shown that there are multiple applications of light scattering and 

tissue color from mammals, including for diagnostic purposes such as cancer or oral 

cancer (32). 

Color is a characteristic of human visual perception, which is derived from the 

stimulation of cone cells in the retina of the human eye by electromagnetic radiation in 

the visible spectrum. Lightness and darkness are detected by the retina's rod cells. 

Color is a property possessed by an object by producing different sensations on the 

eye as a result of how the object reflects light (33). It is dependent on the physical 

properties of the object and the surrounding environment, both of which affect the 
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ability of a human or technology to "match" the colors of two or more objects; i.e. to 

detect differences in color. Perceived "color" is a combination of hue (e.g. red, blue), 

chroma (intensity) and value (lightness and darkness) (33). 

The first color matching studies carried out by J. Guild, W. D. Wright, and others 

were completed in the 1920s (34). Studies showed that the colors could match by 

combination of monochromic primary color (R: red, G: green, B: blue). The combination 

of the three primary colors match only the range of hues in the triangle shown in (Figure 

6), which also can be written as: C=BB + GG + RR. Where 8, G, R can be considered 

to be "unit values" for blue, green, and red and B,G,R are the magnitudes or relative 

intensities of those primaries and are called, "tristimulus values" (35). The sum of the 

three tristimulus values is one. 

red + blue + green = 1 
red + green + blue red + green + blue red + green + blue 

Measurements and analysis of tristimulus values was the basis of the research 

reported in this thesis. rgbspectrallocus-

~ I 
08 R (700nm primar~ "I 

~ i~~~~ ~~:~:~~ : 
06 

04Figure 6 The hue triangle of the 
primary colors. (36) 

O.:? 

0 .2 0.4 0.6 0.8 

Based on the fact that the human eye has three different types of color-sensitive 

cones, the response of the eye is best described in terms of the three "tristimulus 

values". However, once this is accomplished, it is found that any color can be 

expressed in terms of the two color coordinates, x and y. The colors that can be 
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matched by combining a given set of three primary colors (such as the blue, green, and 

red of a color television screen) are represented on the chromaticity diagram by a 

triangle joining the coordinates for the three colors.(36) 

Any color on the chromaticity diagram can be considered to be a mixture of the 

three vision primary colors. According to the International Commission on Illumination 

(CIE, following the original French name "Commission Internationale de L'Eclairage") in 

1987, light is electromagnetic radiation within a certain portion of the electromagnetic 

spectrum (37). The "CIELAB" color space (also known as CIE L*a*b* or sometimes 

abbreviated as simply "Lab" color space) is a color space defined by CIE in 1976 (36). 

It expresses color as three numerical values, L* for the lightness and a* and b* for the 

green-red and blue-yellow color components. CIELAB was designed to be 

perceptually uniform with respect to human color vision, meaning that the same 

amount of numerical change in these values corresponds to about the same amount of 

visually perceived change (38). 

The CIE system characterizes colors by a luminance parameter Y and two color 

coordinates x and y that specify a point on the chromaticity diagram. This system 

offers more precision in color measurement than do similar prior systems because the 

CIE parameters are based on the spectral power distribution (SPD) of the light emitted 

from a colored object and are factored by sensitivity curves that have been measured 

for the human eye (38). Newer technologies incorporating software and calibration data 

utilize CIELAB color space analysis. An earlier color detection system based on 

tristimulus values was used for the research reported in this thesis. 
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1.5 Studies that used light reflection or similar methods to measure the 

tissue color 

Non-invasive optical instrumental characterization of color substrata and of 

natural tissues at a series of spectrophotometric and replication techniques has 

previously been evaluated (39). Published studies have followed human subjects 

exposed to erythema-producing injuries with visible reflectance spectrometry and 

other technique analyses. Those studies have shown considerable promise. Remotely 

sensed radiometric tristimulus data have been shown to provide on-site 

characterization of tissue vascularity. Such data can be of immediate use to diagnosing 

clinicians (39). That study of erythema formed the basis for the thesis research reported 

here. 

There is a comprehensive database on color range and color distribution of 

healthy human gingiva by age, gender and ethnicity (40). Spectral reflection of 

keratinized gingiva at maxillary central incisors was measured by a spectroradiometer 

and converted into CIELAB values. Ethnicity and age had statistically significant 

influences on color of human gingiva. Lightness (L*) increased, while a* and b* 

coordinate values decreased with age. Gingiva of African-American subjects was 

darker, less red and less yellow compared to other ethnicities. Significant color 

differences have been recorded between African-American subjects and subjects of 

other ethnicities, followed by the difference between subjects of Asian and Caucasian 

ethnicity. Significant gender-dependent color differences have not been observed (40). 

Another study used the spectrometer to analyze healthy gingiva to develop a shade 
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guide for pink aesthetics; no significant differences were found among age groups. Ten 

categories for gingival color were established (41 ). Previous studies have evaluated the 

effect of race, age, and gender on CIELAB values of gingival colors. One study showed 

that L*a*b* was significantly affected by race and gender. Clustering analysis was able 

to identify clusters in 120 participants for three gingival tones (42). Another study 

evaluated the repeatability and reproducibility of gingival color measurements with a 

digital spectrophotometer. Measurement error was estimated by determining inter

rater agreement and by repeating measurements in different illumination environments 

with and without contact of the measuring device with the gingiva. The measurements 

were not affected by ambient light (43). 

1.6 Aim of the current study 

The aim of this study was to evaluate tristimulus values (Spotmeter™ 

technology) of gingival tissue of patients receiving periodontal treatment. Specifically, 

the tristimulus values were compared with clinically apparent tissue inflammation. In 

order to achieve this aim, in-vitro pilot studies to standardize the use of the 

Spotmeter™ and clinical set-up (lighting and angles of illumination and measurement) 

were performed using a pre-clinical manikin. 
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2. MATERIALS & METHODS 

2.1 Flow chart of in-vitro and in-vivo studies 

The flow chart below, shows the order of in-vitro and in-vivo studies in 

chronological order. 

In-vitro 

Control Paint 

Light source 
selection 

Set-up for 
Spacing 

Gingival 
guide 

Surface 
texture 

Manikin 
measurements 

IRB Approval 

In-vivo 

Initial 

I I 
Reevaluation 

2 weeks after 
surgery 

I I 
3 months 

(Maintenance) 
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2.2 Spotmeter 

The Spectra ® Spotmeter™ is an instrument previously certified by the U.S. 

National Bureau of Standards (NBS) for measurement of reflected red, blue, and green 

wavelengths. NBS currently is known as NIST (National Institute of Standards and 

Technology). The instrument was manufactured by Photo Research, a division of 

Kollmorgen Corporation (Burbank, CA). The instrument is a sensitive and versatile 

photomultiplier-tube-based photometer. According to the manufacturer's user manual, 

it can measure luminance (brightness) at any distance from 2 ½ inches to "infinity", 

without the need for accessory lenses or changes in calibration. It is also capable of 

measuring illuminance, luminous intensity (candlepower), color temperature, light 

polarization, relative color coordinates, radiance, and irradiance (44). 

The Spotmeter™ consists of an optical system (Figure 7), including an objective 

lens, an electronics package and a readout indicator. The objective lens (60mm, 2.8 

macro lens with high resolution, low flare) forms a real image at the aperture of a 

metallic mirror. The photons being measured pass the aperture to the photomultiplier 

tube. The mirror surface reflects the balance of the incoming light to the viewing 

system. The operator can see a bright, erect, magnified image with a small circular 

black spot in the center. The black spot accurately defines the measuring field or area 

of interest. 
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Figure 7 The optical system of 

OPTICAL SYSTEM 

A filter turret is located between the aperture mirror and the phototube. It has six 

filters with different functions. These include an opaque shutter, which shuts off light to 

the photomultiplier tube to allow the instrument to be zeroed. The photopic filter 

matches spectral response of CIE photopic luminous efficiency function for luminance 

and illuminance. The red filter relates measurements of spectral distribution and 

relative tri-stimulus measurements. A blue filter also relates measurements of spectral 

distribution and relative tri-stimulus measurements. The internal reference light source 

is used for sensitivity calibration. 

The instrument's attenuator reduces the instrument's sensitivity by a factor of 

1 00x. It is used in bright light situations. The viewing shutter is located in the viewing 

light path, and it is used to block extraneous light. The electronics system consists of a 

photomultiplier tube, which is contained in a special housing that provides shielding 

from the electromagnetic field, and a solid-state electronic package, which has 

circuitry that is designed for maximum long-term stability under a wide variation of 

temperature and humidity. 

The Spotmeter TM digital read-out indicators read from 0.00 to 19.99 (44). 
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2.3 In-vitro Pilot Experiments 

2.3.1 Controls 

- Gray background: Neutral light gray is considered as neutral and most 

recommended by the literature as the most appropriate background and/or 

surrounding area (45). Gray is an intermediate shade between black and white. It is a 

neutral, achromatic color (45). Gray background is used for shade matching color in 

different fields. In dental studies for shade matching, different colors for shade 

matching include white, black, blue, red and gray. In one study, the gray background 

was associated with 84.4% accuracy for matching color (46). 

- Control colors: Commercial Valspar® paint was used for a control group (red, 

blue, green) in this study. The paints were purchased from a local Lowe's Home 

Improvement store, where they were manually adjusted by a paint expert and reported 

to have pure color without any ratio of the other two colors. 

Each paint was simply spread to approximately 1 cm diameter onto pieces of 

gray cloth, which served as the background. The Spotmeter™ measurements were 

taken when the paint was freshly spread and wet on the cloth , and again when the 

paint dried on the cloth (Figure 8). 

Figure 8 The control colored paint samples 
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- Lights: To address clinical applicability, we selected a dental loupe light for 

illumination, typically used by many dentists for clinical magnification. For the current 

study. XV1 Orascoptic wireless dental loupes, with light intensities of 42 lumens and 68 

lumens; the latter was used during the study (Figure 9). The loupes use a lithium ion 

battery with a six-hour battery lifetime, but no low-battery light indicator (47). Also, 

measurements were designed to be taken in a way that is similar to a dental setting. A 

dental unit light with a clinical chair also was used to compare Spotmeter™ 

measurements under different sources of light for the control group. We found different 

color ratios for the control colors depending on the light source used. Based on the 

data obtained, this led us to conclude that there is too much variation between loupe 

lights and clinical lights, making conditions hard to control and standardize. It is 

important to consider the power source intensity spectrum, the glass that covers the 

clinical light, and the effect of the loupes' batteries on loupes function. 

Figure 9 Orascoptic XV1 dental loupes. (47) Figure 10 The Rite Light shade 
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As a result of the preliminary in-vitro experiments, the Rite Lite shade matching 

light (Ad Dent, Inc.) was selected for the main parts of the study (Figure 10). The shade 

matching light is a portable and wireless light. The external diameter for the top is 5.3 

cm, and it has 6 LEDs. The internal diameter is 3cm, which is the inner window for 

viewing the object (patient's teeth or gingiva). The handle contains two AA batteries. 

The light notifies the user when the batteries lose power and need to be replaced. (48) 

For the consistency of measurements and standardization of the procedure, we used 

AA rechargeable batteries, which were recharged and used in full capacity for every 

day's measurements. The recommended standard for dental shade matching is a color 

temperature of 5500K (the temperature at which a black body would emit radiation of 

the same color as a given object) and color rendering index greater than 93. The color 

rendering index is a scale from Oto 100 percent indicating how accurate a given light 

source is at rendering color when compared to a reference light source (49). The Rite 

Light can provide the recommended color rendering index. (50) In consideration of the 

evidence that supports using the shade matching light during tooth shade matching, 

and the lack of data in the literature contraindicating its use (50). We decided to use the 

Rite Lite shade matching light during our study. 

2.3.2 Samples 

- Gingival shades: Human gingiva has different color shades, which are related 

to ethnicity of the patient and the ratio of melanin to the gingival tissue. This difference 

in color and pigmentation that we see in patients is referred to as physiological 

pigmentation. During the in-vitro part of the Spotmeter™ study, measurements were 
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obtained of the tristimulus values of gingival acrylic shades that are used in the 

school's PG Prosthodontics clinic for patients with dental prostheses (Figure 11). Each 

sample was illuminated with the shade matching light at a 45 degree angle, against a 

gray background. 

Figure 11 Gingival acrylic shades 

- Denture: A disinfected denture was used to examine whether any adjacent 

anatomical landmarks (e.g. teeth or clasps) might affect the accuracy of the 

Spotmeter™ reading. In addition, the denture was used to investigate and examine the 

capability of the Spotmeter™ to measure a very narrow area such as the interdental 

papilla. Another experiment involved using diluted India Ink: four drops of ink were 

placed in distilled water and applied with cotton tips to add staining on the lower 

denture. All experiments were then repeated at a dental unit using a dental light unit. 

Also, considered were the light of the lab room and clinic while working. 
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- Texture: Gingival surface texture is normally stippled (51). In inflammatory 

conditions, the edema (swelling) and cellular infiltration, cause loss of the surface 

stippling, and the gingivae become smooth, shiny, and edematous. In an attempt to 

mimic gingival tissue under healthy and inflamed conditions, including the presence or 

loss of stippling, red glossy cardboard was characterized. The cardboard was divided 

into two halves. One half retained the glossy surface (gingiva without stippling), and the 

second half was treated with sandpaper to add some roughness to the surface by 

removing the glossy layer (Figure 12). This procedure aided in determining whether 

color measurements are affected by samples with different textures. 

Figure 12 Two halves of cardboard: smooth surface on the left, rough surface on right 

- Angle: The Spotmeter™ manual claims that the instrument has great 

sensitivity to work under different lighting conditions. After selecting the shade 

matching light, the angulation of the light toward the object was examined. 

Measurements at two angles from the sample surface, 45 degrees and 90 degrees, 

were taken in order to determine which angle should be used during the clinical study. 
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- Distance: Measurements were taken at different distances to scale and 

measure the point of interest with the Spotmeter™, and to investigate the suitable 

distance for clinical measurements. Measurements began at 150 cm from the 

Spotmeter™ to the sample and then moved closer to the object being measured. The 

closer the Spotmeter™ was to the object, the area characterized by the Spotmeter™ 

became smaller. It was concluded that at a 50 cm distance, the sampled area was 

2mm in diameter, which would match the size of the apical side of the interdental 

papilla (Figure 13). 
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Figure 13 The relationship of the distance and the size of point of 

2.3.3 Pre-clinic Phase 

After the laboratory study and standardization of the instruments that would be 

used, it was necessary to investigate and study the proper settings for the device and 

instruments clinically so that they were convenient to the investigator and tolerated by 

the patients during the clinical phase. A dental simulator manikin phantom head was 
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used for this process (Figure 14). It was placed on a dental chair in the school's 

periodontal clinic to estimate the time needed to make the planned measurements, and 

to confirm if the distance between the object and Spotmeter™ device was suitable in 

the clinical setting. Five points were measured on each the maxillary and the 

mandibular gingiva (midline, right and left canine- premolar, right and left premolar

molar). Several types of cheek retractors and mouth openers were used to evaluate 

which would be both convenient and comfortable for the patient. This pre-clinical 

exercise determined that the Spotmeter™ should be used at a 50 cm distance and the 

Rite Lite at a 10 cm distance from the participant. Also, the pre-clinic exercise 

indicated that in order to take all planned measurements, it would require up to 45-60 

minutes for measurement of up to 10 points. 

Figure 14 The setup of 
the Spotmeter TM and 

2.4 In Vivo Pilot Study 

The thesis committee reviewed and approved of the scientific merit of the 

protocol. IRB submission was approved under ID# STUDY00002482. Since the 

number of participants in the study was small (n=5), we considered this to be a pilot 

study that could be used to design a more extensive protocol in the future. 
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2.4.1 Protocol 

The in-vivo pilot study was designed to employ a non-contacting optical device 

(Spotmeter™) at chairside to evaluate inflammatory changes during the course of 

periodontal treatment. Our hypothesis was that non-contacting optical measurements 

of red coloration (inflammation) will vary systematically with standard interventional 

methods (e.g. gingival index, pocket depth) of detecting periodontal health. Five 

consenting patients were involved in the study. The patients enrolled in the study were 

from the periodontal dental clinic at the University at Buffalo. We anticipated that it 

would not be difficult to recruit 5 patients in this setting. All adult patients (18 years of 

age and older) were referred to the Postgraduate Periodontics Clinic for treatment. 

Patients agreed to finish treatment at the dental clinic at University at Buffalo. Non

English-speaking individuals were excluded from this study. This study did not provide 

any direct benefit to subjects, and therefore did not inequitably withhold any possible 

benefit from non-English speaking subjects. 

No radiation or other potentially harmful energy was delivered from the 

Spotmeter™ to the study participants. Therefore, pregnant women could be included, 

if they had not already been excluded as part of standard of care for periodontal 

treatment. Due to the limited exclusion criteria, it was anticipated that most adult 

patients would be eligible for this study. At the time the patient was being seen for 

clinical care by the investigator/clinician, the medical and dental histories were 

reviewed and that the patient verbally confirmed to complete the treatment. Potential 

subjects then were identified by the investigator/clinician at the initial dental visit and 
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offered the option to participate in this study. The investigator/clinician, himself, met 

with the patient in a private clinical area about participating in this research. The 

investigator/clinician described all the information that the individuals might need to 

understand. Any questions were answered without hesitation. In addition, the 

investigator/clinician made sure to explain all small details. Enrollment in subsequent 

visits was an option given to other patients at each standard of care follow-up visit as 

well. 

The individual consented, if interested, or was given the option to decline 

participation. After verbal consent, the written consent was reviewed carefully and 

signed by the patient. 

Using the Spotmeter™ baseline measurements (color data) of five areas of each 

dental arch were taken at the initial visit of consenting study participants of the 

Postgraduate Periodontics Clinic. At each standard of care visit afterwards, the 

investigator/clinician measured the color data in relevant treatment and control areas. 

Figure 15 One sample area 
during the intra-oral 

Spotmeter™ measurements 

The Spotmeter™ data from 2mm diameter spots at gingival papillae (Figure 15) 

of the selected tissue areas were used to monitor inflammation-related coloration. The 
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gingiva was dried using gauze and gentle air pressure. The Rite Lite shade matching 

light was used as the light source. 

Depending on the clinical case, some or all of the following areas were 

characterized for color (red, blue, green) measurements on each arch- 1.) midline 2.) 

mesial of right canine 3.) mesial of left canine 4.) right premolar/molar area 5.) on left 

premolar/molar area). The same measurements were taken at each follow-up visit to 

evaluate any shifts in the color components. 

For the research presented in this thesis, study participants were seen for up to 

12 months during the periodontal treatment, including the 3 months during their 

periodontal maintenance visits. Data were entered on coded Excel files and saved on a 

secure server at the UB School of Dental Medicine. The study results were shared with 

the study participants at clinic visits. It was explained how the data might show 

different red reflectance as inflammatory processes diminished. The duration at each 

participant's standard of periodontal visit was no more than an hour. This included the 

preparation of the participant in the dental chair and taking the measurements. The 

participant met with the investigator only in a dental unit setting where no one could 

overhear. The participant had the right to refuse to share any information that he/she 

did not feel comfortable to share. All the data were collected at the same dental unit 

and under the same conditions. 

The data were coded and the measurements were collected on a password

protected Excel spreadsheet. Each participant was referred to by number. To track the 

participant longitudinally, we created a password-protected code key Excel file that 

had the patient name and his/her number that was saved in a secure computer 
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connected to secured server at UB School of Dental Medicine. No paper data files 

were stored. No participants were removed from the study due to failing to follow up 

for regular scheduled appointments. If any participant chose to withdraw from the 

study, any information that was taken from him/her- including the measurements- was 

analyzed as a partial data set. However, we did not have any participant removed or 

withdraw from the study, five consented participants finished the study. Breach of 

confidentiality is always a risk for identifiable participant data. 

2.4.2 Cases 

Five consented participants were involved in the study. 

Case1 was a 34-year-old Caucasian female. She was referred to PG Periodontics for 

consultation. Her medical history included hyperthyroidism due to Graves' disease. She 

was diagnosed as having clinical gingival health on a reduced periodontium with no 

periodontitis. A standard periodontal exam was done, including these periodontal 

measurements; gingival recession, pocket depth, bleeding index (52) and plaque index 

(53). Periodontal charting is provided in the Appendix. It was determined that the 

participant needed root coverage soft tissue surgery. After discussion of all the 

treatment options with the participant, she decided to postpone the surgery. The 

participant then was placed on a 6-month maintenance interval. Measurements were 

obtained for the first participant during the initial visit and at the 6-month maintenance 

visit for five points in the maxilla and five points in mandible. 

Case 2 was a 60-year-old Caucasian female. She was referred to PG 

Periodontics for treatment. Her medical history included high blood pressure. The 
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participant was diagnosed as having generalized periodontitis stage three grade B. It 

was noted that the participant was consuming 40 oz per day of iced tea, which was 

causing a large amount of staining on the teeth surfaces. The periodontal examination 

included the measurements of gingival recession, pocket depth, bleeding index (52) 

and plaque index (53). Periodontal charting is provided in the Appendix. This 

participant had clinical attachment loss in the areas of molars in quadrant numbers one 

and four. Moreover, she had a single deep pocket on the distal surface of the upper 

right lateral incisor. Her treatment was provided under standard of care. This 

participant had scaling and root planing completed in the predoctoral clinic, and a 

periodontal examination in the post-graduate periodontal clinic, after which the initial 

color measurements were obtained. This participant had gingival flap debridement 

surgery for quadrants one and four. A full thickness flap was reflected and debridement 

was completed for the teeth that were involved in the periodontal disease (upper and 

lower right first and second molar, second premolar, and upper right lateral incisor). 

Sutures were removed two weeks after the surgical procedure and, at that time, the 

second set of color measurements for the study was taken. After three months from 

suture removal, participant presented for a maintenance visit and color measurements 

were obtained again. 

Case 3 was a 77-year-old Caucasian male. His medical history included high 

blood pressure and high cholesterol. He was diagnosed with localized periodontitis 

stage three grade B. The periodontal examination included these measurements: 

gingival recession, pocket depth, bleeding index (52) and plaque index (53). 

Periodontal charting is included in the Appendix. There was a deep pocket with 
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bleeding on probing on the palatal side of the right upper canine, which was used to 

support the upper partial denture. Initial color measurements were obtained during the 

periodontal examination visit, and again six weeks after scaling and root planing during 

the reevaluation visit. The participant then had gingival flap debridement surgery for 

quadrant one (including the canine and the second premolar). Sutures were removed 

two weeks after the surgical procedure, and color measurements were taken again at 

that time. After another three months, the participant presented for maintenance and 

color measurements were taken. 

Case 4 was a 68-year-old Caucasian male. His medical history included high 

cholesterol and smoking one pack a day. He was diagnosed with localized 

periodontitis stage three grade B. The initial periodontal examination included these 

measurements: gingival recession, pocket depth, bleeding index (52) and plaque index 

(53). Periodontal charting is included in the Appendix. Color measurements were 

obtained for the participant initially during the periodontal examination visit and during 

the reevaluation visit four weeks after scaling and root planing. He had a combined 

surgery that included osseous surgery (osteoplasty) for distal of the right second 

premolar, and crown lengthening (osteoectomy) for the mesial side of the same tooth. 

Sutures were removed two weeks after the surgical procedure; color measurements 

were obtained. The final set of color measurements were taken during the 

maintenance visit, which was three months after surgery. 

Case 5 was a 22-year-old Caucasian female. She was diagnosed with healthy 

periodontium, but with a mucogingival defect for the lower right central incisor after 

orthodontic treatment. The initial periodontal exam included gingival recession, pocket 
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depth, bleeding index (52) and plaque index (53). Periodontal charting is included in 

the Appendix. Initial color measurements were obtained for the participant initially 

during the periodontal examination visit , and after surgery (subepithelial connective 

tissue graft). She had lateral sliding flap surgery with a subepithelial connective tissue 

graft that was harvested from the palate for the lower left central incisor. 

Measurements were then taken after the suture removal (three weeks after surgery) 

and three months after surgery during the maintenance visit for the recipient and donor 

sites. 

31 



Table 1 - Measurements schedule for each Case 

Maxilla 
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right canine 

Left canine 

R Premolar/ 

molar 
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molar 

Mandible 
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right canine 

Left canine 

R Premolar/ 

molar 

L Premolar/ 

molar 

1 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

1 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

Initial 

Maintenance 

2 

Initial 

Initial 

After surgery 

Maintenance 

Initial 

Initial 

After surgery 

Maintenance 

Initial 

2 

Initial 

Initial 

Initial 

Initial 

Initial 

After surgery 

Maintenance 

Case 
3 

Initial 

Reevaluation 

After surgery 

Maintenance 

Initial 

Initial 

3 

Initial 

Initial 

Initial 

4 

Initial 

Initial 

Initial 

Initial 

Reevaluation 

After surgery 

Maintenance 

Initial 

4 

Initial 

Initial 

Initial 

Initial 

Initial 

5 

5 

Initial 

After surgery 

Maintenance 
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2.4.3 Planar Plot 

After the Spotmeter™ data were collected and registered as raw measurements, 

the data were converted and plotted on a ternary planar diagram (Figure 16) including 

the tristimulus R, G, B calculated from the following equations: 

Red%= Red/(R+G+B) 
Blue%= Blue/(R+G+B) 
Green%= Green/(R+G+B) 

For example, the raw data for the blue paint (control) were 2.05(R), 14.6(8), and 3.23(G) 

with the Rite-Lite illumination, resulting in tristimulus values of 0.1 0(R), 0.7 4(8), and 

0.16(G) Blue 
R+G+B 

Green 
R+G+B

Red 
R+G+B 

Figure 16 Planar plot of tristimulus values for blue paint (control) 
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3.RESULTS 

3.1 In Vitro 

Laboratory and pre-clinic (manikin) experiments determined that the most 

consistent data were obtained with the arrangement shown in Figure 17, where the 

Spotmeter™ was directly opposite the object (e.g. control paint, denture) at a distance 

of 50 cm and the Rite-Lite illumination of the object was 45 degrees from the 

Spotmeter™ and the surface of the object, at a distance of 20 cm from the object. The 

Spotmeter™, object, and Rite-Lite all were in the same plane, horizontal to the floor. 

~----~---? 
I I 
I I 
I I 
I I

:RL :[______m 
Figure 17 Relative positions of Spotmeter™ [S], object [O], and Rite-Lite [RL], as seen from above 

After determining the angle and taking the data for the control group of wet 

paint samples, tristimulus data were calculated (Table 2) and plotted as shown in 

Figures 18, 19, and 20. 

The data in Table 2 demonstrate differences between tristimulus values 

obtained under different lighting conditions. The results for the blue paint were 

especially different. 
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Table 2 - Tristimulus values for Wet Paint Controls: 
Shade Matching Light v. Dental Unit Light 

50 cm - shade matching light 
tristimulus values 

R B G sum 

red paint 0.524 0.085 0.391 1 

blue paint 0.103 0.734 0.162 1 

green paint 0.101 0.576 0.323 1 

50 cm - dental clinic light 

tristimulus values 

R B G 

red paint 0.589 0.022 0.389 1 

blue paint 0.214 0.448 0.337 1 

green paint 0.131 0.499 0.369 1 

~ U ~~~UM~ MU • 

R+G+B -------· 

Figure 18 Wet blue paint control (L) and tristimulus plot (R) 
showing the very large blue component. 
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Figure 19 Wet red paint control (L) and tristimulus plot (R) 
showing the large red component. 

- U U UM~~~~" 'R+G+B ______...,. 

Figure 20 Wet green paint control (L) and tristimulus plot (R). Plot shows the 
large value of the blue component, even though the paint appears to be green. 

The data in Table 3 demonstrate differences between tristimulus values 

obtained under two different lighting sources (loupes light and unit clinic light) for 9 

different pieces of the clinical gingiva shade guide. For a single lighting source, the 

tristimulus values (R, B, and G) were very similar, as indicated by the average and 
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standard deviation values. Differences among the tristimulus values when comparing 

lighting conditions, however, demonstrated that the loupes-illuminated samples were 

less red, less blue, and more green than the dental unit light-illuminated samples. 

These data support the selection of the Rite-Lite shade matching light for the in-vivo 

study. 

Table 3 - Tristimulus values for clinical shade guide coupons: 
Loupes Light v. Dental Unit Light 

50 cm - loupes light 
R B G sum 

1:01 0.306 0.229 0.465 1.000 

1:02 0.314 0.237 0.449 1.000 

1:03 0.323 0.245 0.432 1.000 

1:04 0.322 0.234 0.443 1.000 

1:05 0.325 0.232 0.443 1.000 

D1 0.314 0.229 0.457 1.000 

D2 0.329 0.246 0.425 1.000 

D3 0.311 0.218 0.471 1.000 

D4 0.328 0.215 0.457 1.000 

avg 0.319 0.232 0.449 1.000 

sd 0.008 0.011 0.015 

50 cm - dental unit light 
R B G sum 

1:01 0.368 0.305 0.327 1.000 

1:02 0.376 0.328 0.296 1.000 

1:03 0.365 0.322 0.314 1.000 

1:04 0.372 0.320 0.308 1.000 

1:05 0.372 0.323 0.305 1.000 

D1 0.375 0.349 0.276 1.000 

D2 0.378 0.342 0.279 1.000 

D3 0.392 0.361 0.247 1.000 

D4 0.375 0.297 0.329 1.000 

avg 0.375 0.328 0.298 1.000 

sd 0.008 0.021 0.026 

Table 4 provides the tristimulus values for the experiment with the glossy and matte 

surfaces of the red cardboard samples. The Rite-Lite shade matching light was used to 
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illuminate the samples for this experiment. The R, G, and B values for the matte 

(roughened) surfaces are very similar to those for the glossy surface. 

Table 4 - Tristimulus values for glossy v. matte surfaces of red cardboard 
using shade matching light for illumination 

50 cm - shade matching light 
tristimulus values 

R B G sum 

glossy surf ace 0.483 0.141 0.376 1.000 

matte surface 0.472 0.144 0.384 1.000 

The Spotmeter TM is capable of taking measurements for an area as small as 1 mm in 

diameter (Figure 21). 

Figure 21 The diameter of 
point of interest can be 

as small as 1mm. 

Data from the denture measurement showed that the adjacent anatomical area around 

the point of interest does not affect the accuracy of the Spotmeter™. A distance of 50 

cm between the point of interest on the participant's gingival tissue and the 

Spotmeter™ was suitable for a 2mm diameter spot (Figure 22), which was a reliable 

diameter to measure the interproximal area for the clinical pilot study. Using the 

measurements and analysis of the data from the in vitro study, we concluded that the 

Spotmeter TM has accurate measurements that can be used for the clinical pilot study. 

Figure 22 The diameter of point of 
interest (2mm in this photo) can 
measure the smallest interdental • 

papilla between lower incisors 
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3.2 In Vivo: 

Case 1 presented for two visits and data were collected using the Spotmeter™. 

From the periodontal exam during the two visits, we noticed that there was no 

difference in pocket depth, plaque index, or the bleeding on probing. This indicates 

that the participant kept good oral hygiene with no active periodontal disease or 

gingival inflammation. The raw data and calculated tristimulus values are included in 

the Appendix. Tristimulus values were plotted on the planar plot, which shows the data 

as a ratio among red, blue, and green. There was little or difference in the color ratios 

between the initial visit and the maintenance visit for the upper jaw sites as the 

participant did not have any treatment and does not have any periodontal disease. 

Blue values for the lower jaw sites shifted more, relative to red and green between the 

two visits (see Appendix). Figure 23 shows the data for 3 selected points. The hexagon 

at the right in the figure is a magnified view of the area of the planar plot that includes 

the data points. 

EJ 0.1 _ _ . _.l _ . _.3 -+0.C 0.5 0.6 0.7 0.8 0.9 · 

Figure 23 Case1 data for 3 non-diseased gingival areas. 
initial visit: I1/upper midline, C1/area between upper right 2nd premolar and 1st molar, 

and M1/area between lower 1st and 2nd left molar 
maintenance visit: I2/upper midline, C2/area between upper right 2nd premolar and 1st 

molar, and M1/area between lower 1st and 2nd left molar 
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Case 2 presented for three visits and data were collected using the Spotmeter™ 

(initial, 2 weeks after surgery, and maintenance at 3 months). The periodontal 

measurements showed a change between the first visit and the maintenance visit at 3 

months. We noticed reduction in pocket depth, plaque index, and an increase in the 

clinical attachment level. The raw data and calculated tristimulus values are included in 

the Appendix. Notice that there is a difference in the color's ratio between the 

uninvolved tissue ["C"] in the area of the mandibular midline and the inflamed tissue in 

the areas of the maxillary right [C1, Pm1] and mandibular right [M1] during the initial 

visit (Figure 24). Two weeks after the participant had periodontal surgery, we noticed a 

large reduction of the red tristimulus value in the area of the upper lateral-canine area 

[C2]. Three months after the surgery, values approached the original condition of the 

control site: blue values decreased for all 3 sites; green values increased (Figure 24). 
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Figure 24 Case 2 data for control and 3 treated gingival areas. 
initial visit: C/control area (lower midline), C1/upper lateral-canine area, Pm1/area between 

upper right 1st and 2nd premolars, and M1/area between lower 1st and 2nd right molar 
2 weeks after surgery: C2/upper lateral-canine area, Pm2/area between upper right 1st and 

2nd premolars, and M2/area between lower 1st and 2nd right molar 
3 months maintenance after surgery: C3, Pm3, and M3 (areas as described above) 
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Case 3 presented for four visits: initial, during the evaluation, 2 weeks after 

surgery, and maintenance at 3 months. Clinically, there was reduction in pocket depth, 

plaque index, bleeding on probing, and increase of clinical attachment level from the 

initial visit and maintenance visit after 3 months. There was reduction in plaque index 

only between the initial and reevaluation visit. The raw data and calculated tristimulus 

values are included in the Appendix. Figure 25 demonstrates that red component was 

reduced after the scaling and root planing during the reevaluation visit [Pm2] . Two 

weeks after the participant had the periodontal surgery, the red component increased, 

which might indicate inflammation as a part of the healing process. Three months after 

the surgery we notice the red component was approaching that of the control site . 
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Figure 25 Case 3 data for control and 1 treated gingival area 
initial visit: C/control area (upper left canine), Pm1/area between upper right canine and 1st 

premolar 
4 weeks after non-surgical treatment: Pm2 (area as described above) 

2 weeks after surgery: Pm3 (area as described above 
3 months maintenance after surgery: Pm3 (area as described above) 
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Case 4 presented for four visits: initial, during the evaluation, 2 weeks after 

surgery, and maintenance at 3 months. Three months after the surgical procedure, we 

noticed reduction in pocket depth, plaque index, bleeding on probing, and increase of 

clinical attachment level. There was reduction only in plaque index only between the 

initial and reevaluation visit. No bleeding on probing was noticed during the 

maintenance visit. The raw data and calculated tristimulus values are included in the 

Appendix. As for Case 3, Case 4's red component in the affected area decreased after 

the scaling and root planing visit (re-evaluation) (Figure 26). Again, similar to Case 3, 

Case 4's red component was elevated at the third visit (2 weeks after periodontal 

surgery), indicating inflammation as a part of the healing process. Three months after 

the surgery, the red component approached that for the control site. 

I~reen I 
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Figure 26 Case 4 data for control and 1 treated gingival area 
initial visit: C/control area (lower left canine), Pm1/area between lower right 1st and 2nd 

premolars 
4 weeks after non-surgical treatment: Pm2 (area as described above) 

2 weeks after surgery: Pm3 (area as described above) 
3 months maintenance after surgery: Pm3 (area as described above) 
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Case 5 presented for four visits: initial, 1 week after surgery, 3 weeks after 

surgery, and 3 months after surgery). Clinically, there was an increase in the clinical 

attachment level, and decrease in bleeding on probing, with no changes in the pocket 

depth, or plaque index. The raw data and calculated tristimulus values are included in 

the Appendix. The clinical procedure was lateral sliding flap surgery with subepithelial 

connective tissue graft that was harvested from the palate for the lower left central 

incisor. The data in Figure 27 demonstrate that the red component of the donor 

(palatal) site increased dramatically following surgery, then started to decrease toward 

the initial control value during the healing process. The red component of the recipient 

site decreased during healing. 

0.1 0 .2 0 .3 0 .4 0 .5 0.6 0 .7 08 0.9 

Figure 27 Case 5 data for upper palate (donor site) and recipient site 
initial visit (before surgery): DO/palate, RO/recipient site (lower left central incisor) 

1 week after surgery: D1, R1 (areas as described above) 
2 weeks after surgery: D2, R2 (areas as described above) 
3 weeks after surgery: Pm3 (areas as described above) 

Based on the in vivo data presented here, one can see the progress of the reduction in 

periodontal inflammation after periodontal treatment. 
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4. DISCUSSION 

4.1 In-vitro aspects of the research 

The in vitro experiments with control samples and the pre-clinical manikin were very 

important for confirming the reliability of the Spotmeter™ and selection of key 

conditions such as illumination (source, angle, distance) and distance between the 

Spotmeter™ and the sample object. Control paint samples (red, blue, green) obtained 

from a local commercial vendor were used as consistent "pure" color ratios to confirm 

the response of the Spotmeter™. Although the paint vendor claimed that the colors 

were pure, the data showed that the blue paint was dominated by the blue tristimulus 

value (73%), but the relevant values for the red and green paints were only 52% red 

(red paint) and 32% green (green paint). The researcher's visual perception could not 

discern the other color components in the red and green paints; they appeared to be 

"red" and "green". Similarly, the glossy "red" cardboard sample had tristimulus values 

of 48% red, 14% blue, and 38% green when illuminated by the Rite-Lite shade 

matching source. Data for the matte finish of the roughened red cardboard sample 

were very similar to those for the glossy surface, indicating that surface texture would 

not complicate results under the selected experimental conditions. 

The angle of the light with regard to the Spotmeter™ and the object was a 

challenge. For instance, when the direction of illumination was in the same plane as the 

object surface (0 degrees), a "false" spectrum was measured, which was only the 

diffuse reflection of the light at 90 degrees from the object surface. In addition, 

illuminating the sample surface at a 90-degree angle ensured specular reflection, but 
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provided data that did not differ from sample to sample due to "wash-out" by the 

intense illumination. Based on those observations and follow-up measurements, 

illumination at a 45-degree angle to the sample surface was selected. 

Distance between the Spotmeter™ and the sample object was determined by 

positioning the pre-clinical manikin in an operatory space of the periodontal clinic and 

then adjusting the Spotmeter™ and Rite-Lite at distances that gave consistent results, 

but that also allowed the clinician to work comfortably with the "patient". This in-vitro 

modeling with the manikin increased operator efficiency during the in-vivo portion of 

the research. 

4.2 In-vivo aspects of the research 

The Spotmeter TM has been used previously in interdisciplinary research to 

establish a series of complementary noninvasive and non-contacting tools for 

assessing skin trauma using the model of sunburned human skin as a typical example 

of erythema that might characterize other cases of skin inflammation (39). 

Measurements by remote sensing methods were obtained. Remote radiometric 

techniques utilizing the Spotmeter TM for initial assessment and subsequent monitoring 

of erythematous responses of human skin showed that it can be used to monitor the 

healing and the behavior of the tissue healing. 

There is a difference in tissue color between healthy and inflamed periodontal 

tissues, which can be assessed via a the gingival index as determined visually. As 

noted in numerous published studies of clinical perception of color matching, 

particularly in prosthodontics, there can be a wide variation in perception of color (54). 
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Gingival index can be used to estimate the severity of periodontal inflammation; 

however, it can be limited by an individual's perception of color. From the study 

reported here, it was observed that the Spotmeter™ can be used to monitor the 

progress of the reduction of inflammation during periodontal treatment. While the 

control participant (Case 1) showed no change in the collected data from the initial visit 

to the 6-month maintenance visit, we noticed changes during the healing of other 

cases. Each case (#2 - 5) had a different kind of periodontal treatment, and it was 

noticed that each showed different behavior of the color changes over time. According 

to the measured tristimulus values, the inflammation of each case's tissue in the 

surgical site decreased over time, eventually approaching the values for the non

involved control tissue site. 

The wound healing process, including reduced inflammation, is generalized but 

contains small differences dependent on the use of any autografts, allografts, or 

synthetic grafts of soft and hard tissue. The wound healing process is a very complex 

process-particularly in periodontal wound healing, as it is not soft tissue opposing soft 

tissue. On one side, the structure is comprised of rigid non-vascular mineralized tooth 

surface, and the other side is the connective tissue and epithelium of the gingival flap. 

The healing process starts from the moment of suture placement and ends with a 

condition depending on what kind of procedure is done (55). 

For instance, consider the healing of gingival flap surgery when a full thickness 

flap is elevated (case #2 and #3). Immediately after suturing and within the first 24 

hours, a connection between the flap and the tooth or bone surface is established by a 

blood clot, which consists of a fibrin reticulum with many polymorphonuclear 

46 



leukocytes, erythrocytes, debris of injured cells, and capillaries at the edge of the 

wound (55). Bacteria and an exudate or transudate also result from tissue injury. 

Between the first and third day after flap surgery, the space between the flap and the 

tooth or bone thins. Epithelial cells migrate over the border of the flap, and usually 

contact the tooth at that time. When the flap is closely adapted to the alveolar process, 

there is a minimal inflammatory response due to the surgery (50). One week after 

surgery, an epithelial attachment to the root has been established by means of 

hemidesmosomes and a basal lamina. The blood clot is replaced by granulation tissue 

derived from the gingival connective tissue, the bone marrow, and the periodontal 

ligament. Two weeks after surgery, collagen fibers begin to appear parallel to the tooth 

surface that are found close to basal laminas of vascular channels and epithelial tissue. 

(56). Union of the flap to the tooth is still weak because of the presence of immature 

collagen fibers, although the clinical aspect may be almost normal. One month after 

surgery, a fully epithelialized gingival crevice with a well-defined epithelial attachment is 

present. There is a beginning functional arrangement of the supracrestal fibers, which 

was observed from the data for the second and third cases in this thesis research. At 

the first visit after surgery we noticed the increase of the red ratio and the decrease of 

the red ratio after the maturation of the gingival tissues. 

During osseous surgery, as we had in case 4, osteoplasty thinning of the buccal 

bone, with the use of diamond burs and included as part of the surgical technique, 

results in areas of bone necrosis with a reduction in bone height, which is later 

remodeled by new bone formation. The final shape of the crest is determined more by 

osseous remodeling than by surgical reshaping (57). Therefore, osseous surgery 
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around the crestal areas must be carefully managed. In Case 4, the red component 

decreased after the root scaling and planing visit, but it increased as indication of the 

inflammation of the tissue as a part of the healing process. This may not be the case 

when osseous remodeling does not include excessive thinning of the radicular bone 

(58). Bone repair reaches its peak after 3 to 4 weeks to one and a half years. A loss of 

bone occurs during the initial healing stages both in the radicular bone and in the 

interdental bone areas. However, in the interdental areas, which have cancellous bone, 

the subsequent repair stage results in total restitution without any loss of bone. 

However, bone repair results in the loss of marginal bone (58). 

Another type of periodontal surgery was performed for the Case 5, who had a 

soft tissue graft; lateral sliding flap surgery with subepithelial connective tissue graft 

(CTG}, that included two surgical site (donor, recipient). According to the literature, 

histologically, at day 7, the oral_epithelium of the flap is characterized by the lack of rete 

pegs. The clot contains immature fibers that form a network in which the blood cells and 

inflammatory cells are trapped. Vascularization is very heavy in the periodontal ligament 

and bone and engorgement of the capillaries is observed. Remnants of the blood clot 

are present at the interface between the graft and the bed and between the graft and 

the flap. The blood vessels from the periosteum begin to invade the graft (59). 

At 14 days, the junctional epithelium is not yet formed. The interface between the 

graft and the flap is characterized by the presence of granulation tissue that is more 

organized and more compact. It also contains more blood vessels. Vascularization 

decreases in general and the capillaries of the periodontal ligament and the bone are 

less engorged. The graft will be completely vascularized. And the interface between the 

48 



graft and the periosteum and between the graft and the flap is distinguished (59), which 

was observed from the data in the current study. 

In addition, the literature reports, at day 28 (59), an increase in the thickness of 

the sulcular epithelium and the junctional epithelium is already established. The 

microvasculature of the flap and the graft is almost normal. The different vascular 

plexuses have been restored: subepithelial, crevicular, periodontal, and supraperiosteal 

(59). 

The same study showed, at 60 days, the epithelium in all areas had regained its 

normal shape, thickness, and appearance. The connective tissue is very well organized. 

Dense mature collagen fibers were present throughout. Maturation of the vasculature 

had been achieved (59). 

The connective tissue graft (CTG) surgical wound heals with secondary intention 

within 2-4 weeks, due to the removal of the epithelial layer of the palatal mucosa. The 

percentages of complete palatal wound epithelialization, as a donor site, using the 

gingival graft technique cited in the relevant literature takes about 2-4 weeks (59). The 

Spotmeter™ data demonstrate that the red component increased following surgery, 

then started to decrease during the healing process. 

The relationship between pocket depth, gingival index and the tristimulus value 

was noticed but not statistically analyzed. In cases 2-5, there was a relation between 

reduction in pocket depth, reduction in gingival index from 2 to 0, and change in the 

tristimulus value (red, blue, green). Each of the cases, other than the control, started 

with a gingival index of 2, deep pockets more than 5mm, and bleeding on probing. After 
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three months from surgical procedure and during the maintenance visit, it was noticed 

that all the cases had healthy tissue with no signs of inflammation, swelling, or bleeding 

on probing. Moreover, there was a lower score of the gingival index (score 0). There 

was an increase of the red and green values, but there was a reduction in the blue 

value during the healing process. 

The clinical attachment loss and bleeding on probing are indications of 

periodontal disease, supported with x-ray images. However, during the healing process 

it is difficult to use the periodontal probe to measure the pocket depth unless the healing 

is completed, especially following the guided tissue regeneration procedure so no 

destruction will happen to the junctional epithelium or the periodontal ligaments. With 

the new technology including photometric devices, cone beam computed tomography, 

and intra-oral devices (cameras, scanners), it should be possible to monitor changes in 

inflammation following periodontal treatment. These tools (photometric, Spotmeters, 

scanners) may help to distinguish if there is a complication or not, especially during the 

bone graft when covered by a membrane. That is, in some cases, the infection starts 

with the bone graft and takes approximately two weeks to be visible in the oral cavity. 

It is better if we have diagnostic tools to detect the inflammation possibly associated 

with infection early in time, so the surgeon can interfere early and prevent the infection 

from spreading. 

Several studies used the spectral technique to study the color ratio for different 

ethnicities, different anatomical areas, and point to the color of the periodontal tissue. 

One of the earliest studies of gingival color was done in 1975 and the purpose was to 

replicate the natural gum color for protheses. The researchers found that no difference 
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in gingival color was recognized between the male and female, or between the left and 

right sides of the jaw (41 ). Gingival color varies with the position of papillary, marginal, 

and attached gingivae, and the parts corresponding to different teeth have different 

colors. The gingival color of young persons, differs markedly from that of older people 

(43). Another study compiled a comprehensive database on color range and color 

distribution of healthy human gingiva by age, gender and ethnicity. Spectral reflection 

of keratinized gingiva at upper central incisors was measured by a spectroradiometer. 

Significant differences were recorded by age, gender, and ethnicity (51). Gingival color 

surrounding the upper incisors in three sites in the keratinized gingiva was described 

using data from a spectrophotometer. The researchers found that there are statistically 

significant differences between males and females. Age, smoking, and the chronic 

intake of medication had no significant effect on healthy gingival color. There were 

perceptible color differences within the keratinized gingiva band. (51). In the current in

vivo study we had three female and two male participants of different ages (23-75 

years). We did not compare the data based on the gender or the age of the 

participants. 

In this study the tristimulus values were compared with apparent gingival tissue 

inflammation of clinical patients receiving periodontal treatment using the Spotmeter™ 

technology. 
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5. CONCLUSION 

The aim of this study was to evaluate tristimulus values (Spotmeter™ 

technology) of gingival tissue of clinical patients receiving periodontal treatment. 

Specifically, the tristimulus values were compared with clinical evidence of tissue 

inflammation. Prior to the in-vivo study, in-vitro pilot studies to standardize the use of 

the Spotmeter™ and clinical set-up (lighting and angles of illumination and 

measurement) were performed using a pre-clinical manikin. 

Based on the results from this in vitro and in vivo pilot study, and from a 

previous study that used the Spotmeter™ to track decreases in skin erythema (39), and 

from other spectroscopic studies of human gingiva (41, 43) , we can conclude that the 

Spotmeter™ can be used as a non-invasive, non-contacting method to monitor the 

reduction in inflammation as a marker for healing following periodontal treatment. 

The in-vitro experiments demonstrated that controlling the source of 

illumination, angle of illumination, and distance between the object of interest and the 

Spotmeter were critical for producing reliable results and a set-up that could be 

translated to the clinic. It was noted that tristimulus values for glossy v. matte samples 

from the same color source, under controlled conditions, were very similar; i.e. surface 

texture did not affect the tristimulus values. Although this study was not focused on the 

color quality of commercially available paints, it was shown that tristimulus values of 

reportedly "pure color" paints included contributions from all three of the primary 

colors (red, blue, and green). 
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5.1 Limitations of the Study 

Some limitations were observed. The requested and IRS-approved timeline of 

the clinical study was 12 months only and the approved number of cases for the pilot 

study was intended to be small. Considering the variety of procedures that were 

performed for patients who consented to participate in the study, it was not possible to 

acquire several replicate procedures of each type. 

Some difficulties were noted during the study; for example, controlling the light 

position and angle during the clinical measurements. It would be easier if we could use 

a Spotmeter TM with a light built in or with a fixed light. Moreover, to monitor gingival 

color in two or more areas for each participant using the Spotmeter™ was a time

consuming process. The size of the Spotmeter™ and the need for adjustments at 

different points intra-orally by using an extra-oral device takes more time than originally 

estimated. It was challenging to reach posterior areas. It took an extra 45 to 60 minutes 

for each appointment, which tested the participant's patience. For this reason, the 

number of areas evaluated for each case was greatly decreased during the course of 

the study. 
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6. RECOMMENDATIONS FOR FUTURE WORK 

Future research is needed regarding using the Spotmeter TM or any spectro

radiometer device to monitor clinical progress of periodontal diseases. 

It can be done using a dental unit LED light instead of the regular light. Also, it would 

be easier if the Spotmeter TM is fixed on the dental chair or if there is an intra-oral 

device. 

Experiments can be done to monitor the soft tissue graft in different stages. For 

example, it can be done before the surgery and during the surgery to see the blood 

supply in the graft. Furthermore, one can evaluate the recipient site, and then monitor 

the changes in the graft during the healing on a short timeline. It is important for 

studies to be completed not only for the free gingival graft, but also for the connective 

tissue graft and allograft when it is covered by the tissue. 

For bone graft procedures, it is also important to have studies that monitor the 

healing during the guided tissue regeneration and the guided bone regeneration. It can 

be used with different types (auto, allo, xeno), kind (particulate or block) and particulate 

sizes of bone graft, especially during the procedure when we are missing the buccal 

bone or during the lateral window sinus grafting. 

It is needed to have studies that monitor each kind of periodontal treatment, 

including the gingival flap, osseous surgery, crown lengthening as well as implant 

surgeries. 

All of the above should be done with a larger number of cases and longer 

healing times to see if there are additional changes with time. 
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7. APPENDICES 

• IRB Submission and Approval 

• Detailed Data from In Vitro and In Vivo Studies 

University at Buffalo 

% ISchool of Dental Medicine 

DATE: 2018 April 04 

TO: UB Clinical Research Office 

FROM: Anne E. Meyer, Ph.D. 
Associate Dean for Research 
School of Dental Medicine 
aemeyer@buffalo.edu 
ph: 716-829-6244 

SUBJ: Protocol submitted by Dr. Khaled Katmeh - Scientific Review 

Dr. Katmeh is a clinical post-graduate student in the Periodontics Program and aM.S. graduate student 
in UB's Biomaterials Graduate Program. Please note that Dr. Katmeh's protocol "Non-Contacting lndel( 
of Periodontal Inflammation" has been reviewed and approved by his M.S. research committee: 

• Robert E. Baier, Ph.D., P.E. (Distinguished Professor and Director, Biomaterials Graduate Program) 
• Robert E. Cohen, D.D.S., Ph .D. (Professor, Department of Periodontics & Endodontics) 
• Sebastiano Andreana, D.D.S., M.S. (Assoc. Professor, Department of Restorative Dentistry) 
• Anne E. Meyer, Ph.D. (Research Assoc. Professor, Biomaterials Graduate Program) 

The committee also has approved, signed, and submitted Dr. Katmeh's Application to Candidacy for the 
M.S. program. 

With the committee's review and approval of the scientific merit of the protocol, I recommend that Dr. 
Katmeh's submission move directly to the IRB. 

Please contact me if you have any questions. 
Thank ou. 

55 

mailto:aemeyer@buffalo.edu


T-d.. University at Buffalo 
~ 11ieState University ofNew York 

University at Buffalo Institutional Review Board (UBIRB) 
Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 
UB Federalwide Assurance ID#: FWA0000882 

APPROVAL OF SUBMISSION 

June 4, 2018 

Dear KHALED KATMEH: 

On 6/4/2018, the IRB reviewed the following submission: 

Type of Review: Initial Study 
Title of Study: Non-Contacting Index of Periodontal Inflammation 
Investigator: KHALED KATMEH 
IRB ID: STUDY00002482 
Funding: None 
Grant ID: None 
IND, IDE, or HDE: None 
Documents Reviewed: • IRB Khaled Katmeh Spectra Spotmeter TM Instruction 

Booklet. pdf, Category: Other; 
• Katmeh_Scientific Review in SDM_2018apr04.pdf, 
Category: Other; 
• IRB Khaled Katmeh HRP-502-Template Consent 
Document. pdf, Category: Consent Form; 
• citiCompletionReport4865834.pdf, Category: Other; 
• IRB Khaled Katmeh Spotmeter.docx, Category: Other; 
• IRB Khaled Katmeh Code Key.xlsx, Category: Other; 
• IRB Khaled Katmeh Protocol .docx, Category: IRB 
Protocol; 
• IRB Khaled Katmeh Spreadsheet.xlsx, Category: Other; 

The IRB approved the study from 6/4/2018 to 6/3/2019 inclusive. Before 6/3/2019 or within 30 
days of study closure, whichever is earlier, you are to submit a continuing review with required 
explanations. You can submit a continuing review by navigating to the active study and clicking 
Create Modification / CR. 

If continuing review approval is not granted before the expiration date of 6/3/2019, approval of 
this study expires on that date. The Initial Study materials for the project referenced above were 
reviewed and approved by the SUNY University at Buffalo IRB (UBIRB) by Initial Study 
Review. Before to 6/3/2019 inclusive. Before 6/3/2019 or within 30 days of study closure, 
whichever is earlier, you are to submit a continuing review with required explanations. You can 
submit a continuing review by navigating to the active study and clicking Create Modification / 
CR. 
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In conducting this study, you are required to follow the requirements listed in the Investigator 
Manual (HRP-103), which can be found by navigating to the IRB Library within the IRB system. 

UB IRB approval is given with the understanding that the most recently approved procedures 
will be followed and the most recently approved consenting documents will be used. If 
modifications are needed, those changes may not be initiated until such modifications have been 
submitted to the UBIRB for review and have been granted approval. 

Prior to the expiration of this approval, you will receive notification that it is time for the UBIRB 
to conduct its periodic review of your study. Studies cannot be conducted beyond expiration date 
without re-approval by the UBIRB. 

As principal investigator for this study involving human participants, you have responsibilities to 
the SUNY University at Buffalo IRB (UBIRB) as follows: 

1. Ensuring that no subjects are enrolled prior to the IRB approval date. 

2. Ensuring that the study is not conducted beyond the expiration date without re-approval by 
the UBIRB. 

3. Ensuring that the UBIRB is notified of: 

• All Reportable Information in accordance with the Reportable New Information Form 
Smart Form. 

• Project closure/completion by the Continuing Review/Modification/ Study Closure smart 
form. 

4. Ensuring that the protocol is followed as approved by UBIRB unless a protocol 
amendment is prospectively approved. 

5. Ensuring that changes in research procedures, recruitment or consent processes are not 
initiated without prior UBIRB review and approval, except where necessary to eliminate 
apparent immediate hazards to subjects. 

6. Ensuring that the study is conducted in compliance with all UBIRB decisions, conditions, 
and requirements. 

7. Bearing responsibility for all actions of the staff and sub-investigators with regard to the 
protocol. 

8. Bearing responsibility for securing any other required approvals before research begins. 

Ifyou have any questions, please contact the UBIRB at 716-888-4888 or ub-irb@buffalo.edu. 
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T...:J... University at Buffalo
-:t:::::I TTreStnte University ofNew York 

University at Buffalo Institutional Review Board (UBIRB) 
Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 
UB Federalwide Assurance ID#: FWA0000882 

Adult Consent to Participate in a Research Study 

Title of research study: Non-Contacting Index of Periodontal 
Inflammation 
Version Date: 5-9-2018_ 1 
Investigator: Khaled Katmeh B.D.S. 

Why am I being invited to take part in a research study? 
You are being invited to take part in a research study because you have periodontal disease. 

What should I know about a research study? 
• Someone will explain this research study to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you. 
• You can ask all the questions you want before you decide. 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, talk to the 
research team at 716-222-1019 or khaledka@buffalo.edu. You may also contact the research 
participant advocate at 716-888-4845 or researchadvocate@buffalo.edu. 

This research has been reviewed and approved by an Institutional Review Board ("IRB"). You 
may talk to them at (716) 888-4888 or email ub-irb@buffalo.edu 

if: 
• You have questions about your rights as a participant in this research. 
• Your questions, concerns, or complaints are not being answered by the research team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You want to get information or provide input about this research. 
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Why is this research being done? 
This research is being done to evaluate these of a non-contacting optical device 
at chairside to follow the progress of periodontal treatment. We are studying if 
the use of non-contact optical reflectance techniques can document clinical 
treatment outcomes and healing processes in patients. 

How long will the research last? 
We expect that you will be in this research study until your periodontal treatment is finished, 
which may be up to 12 months. 

How many people will be studied? 
We expect about 5 people in this research study. 

What happens if I say yes, I want to be in this research? 

Ifyou decide to participate in this study, you will follow-up in the dental clinic at your regularly 
scheduled visits as per standard of care. No additional visits are required for this research. After 
your standard of care examination, the following will be completed: 

• Your gum will be dried using gauze and air. 

• The color reflection (Spotmeter ™) device will be used to collect measurements of gum 
color reflection at every visit after regular periodontal treatment. 

• The measurements will be performed during the dental visit after the treatment is done by 
the study doctor. 

• You will be interacting with Dr. Khaled Katmeh. 
• The study will be done in post-graduate Periodontics clinic. 

• You will be provided with the results of the study measurements. 

What are my responsibilities if I take part in this research? 
Ifyou take part in this research, you will be responsible to come to your regularly scheduled 
follow-up visits at the UB dental clinic. 

What happens if I do not want to be in this research? 
Your participation in this research study is voluntary. You may choose not to enroll in this study. 

What happens if I say yes, but I change my mind later? 
You can leave the research at any time and it will not be held against you. 

Even if you agree to participate now, you can withdraw at any time or refuse to answer 
any question without any consequences of any kind. 

If you stop being in the research, already collected data may not be removed from the 
study database. However, we will not collect any additional information on you if you 
choose to withdraw from this study. 

Is there any way being in this study could be bad for me? 
The data collection device is non-contacting and non-intrusive. However, there is a risk 
of your personal information being disclosed to individuals not directly related to this 
research or your care. We take every measure to protect this from occurring. 

59 



Will being in this study help me in any way? 
There are no benefits to you from your taking part in this research. We cannot promise 
any benefits to others from your taking part in this research. However, possible 
benefits to others include that this device may be used to document treatment 
outcomes and replace invasive mechanical probing. 

What happens to the information collected for the research? 
Efforts will be made to limit the use and disclosure of your personal information, including 
research study and medical or education records, to people who have a need to review this 
information. We cannot promise complete secrecy. Organizations that may inspect and copy 
your information include the IRB and other representatives of this organization. 

Federal law provides additional protections of your medical records and related health 
information. These are described in the HIPAA section of this document. 

What else do I need to know? 
You will not be paid for participating in this study. 

HIPAA: Authorization for the Use and Disclosure of Identifiable 
Health Information for Research Purposes 

This section describes information about you and about your health that will be obtained by 
the researchers when you participate in the research study. Health information is considered 
"protected health information" when it may directly identify you as an individual. By 
signing this form you are agreeing to permit the researchers and/or other parties ( described 
in detail below) to have access to this information. If there are any parts of this form that 
you do not understand, please be sure to ask us for further clarification. 

A. What protected health information will be collected about you as part of this 
research study? 

_j__ Information from your full medical records. Including your periodontal records 
_✓_ New Health Information created from study related tests, procedures, visits, and/or 

questionnaires as described in this consent form. 

B. Who is authorized to provide or collect this information? 

KALEIDA Health, Buffalo NY 
✓ Principal Investigator or designee 

ECMC Healthcare Network, Buffalo NY 
_j__ University at Buffalo School of Dental Medicine 

Other (identify): _______________ 

C. With whom may your protected health information be shared? 
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Your health information may be shared with others outside of the research group for 
purposes directly related to the conduct of this research study or as required by law, 
including but not limited to: 

_X_ Clinical staff not involved in this research study who may become 
involved in your care if it is potentially relevant to your treatment 
_X_ The organization(s) responsible for administering this research, Research 
Foundation of SUNY, University at Buffalo School of Dental Medicine. 

Your information may also be shared with individuals or entities responsible for general 
administration, oversight and compliance of research activities. Examples of this include 
the institution's Privacy and Security Officers or other internal oversight staff, Safety 
Monitoring Boards, an Institutional Review Board, The Research Foundation of the State 
University of New York, University at Buffalo Foundation Services, and accrediting 
bodies, or with certain government oversight agencies that have authority over the 
research including the Department of Health and Human Services (HHS), the Food and 
Drug Administration (FDA), the National Institutes of Health (NIH), and the Office of 
Human Research Protections (OHRP). Your information may also be shared with other 
entities as permitted or required by law. All reasonable efforts will be used to protect the 
confidentiality of your individually identifiable health information that may be shared 
with others as described above. 

All reasonable efforts will be used to protect the confidentiality of your protected health 
information. There is the potential for individually identifiable information and the 
associated health information obtained with this authorization to be re-disclosed by the 
recipient(s). After such a disclosure, the information may no longer be protected by the 
terms of this authorization against further re-disclosure. 

D. How long will this information be kept by the Principal Investigator? 

This authorization will expire at the end of the research study. After that time, 
this authorization may not be used to acquire additional information about you. 

E. What are your rights after signing this authorization? 

You have the right to revoke this authorization at any time. Ifyou withdraw your 
authorization, no additional efforts to collect individually identifiable health information 
about you will be made. You should know, however, that protected health information 
acquired using this authorization prior to its withdrawal may continue to be used to the 
extent that the investigator(s) have already relied on your permission to conduct the 
research. Ifyou chose to withdraw this authorization, you must do so in writing to the 
following individual(s): 
Khaled Katmeh B.D.S. 
716-222-1019 
khaledka@buffalo.edu. 
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Ifyou send us a request to withdraw your authorization, we will forward that request to 
the institutions we have shared it with in order to collect your individually identifiable 
health information. 

F. What will happen if you decide not to sign this authorization? 

Refusing to sign this authorization will not affect the present or future care you receive at 
this institution and will not cause any penalty or loss of benefits to which you are 
otherwise entitled. Ifyou decide not to sign this authorization, you will not be able to 
participate in the research study. 

Signature Block for Capable Adult 
Your signature documents your permission to take part in this research. By signing this form 
you are not waiving any of your legal rights, including the right to seek compensation for 
injury related to negligence or misconduct of those involved in the research. 

Signature of subject Date 

Printed name of subject 

Signature of person obtaining consent Date 

Printed name of person obtaining consent 
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Raw data measurements of the control color paints under 
standardized setting using two different sources of 

illumination 

SO cm - shade matching light 
raw data 

red blue green 

red paint 18.45 2.99 13.79 

blue paint 2.05 14.6 3.23 

green paint 0.8 4.55 2.55 

SO cm - dental clinic light 
raw data 

red blue green 

red paint 42.5 1.58 28.1 

blue paint 0.87 1.82 1.37 

green paint 0.79 3 2.22 

The measurements of red cardboard with different surface textures 

Distance /Light 
Area of 
interest 

Red Blue Green 

50 cm/ Shade 

Glossy 
surface 

6.8 1.98 5.3 

matching light 
Mat surface 8.35 2.55 6.8 
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Raw data measurements of clinical gingival shade guide 

Distance /Light Shade Sample 

1:01 

1 :02 

1 :03 

1 :04 

50 cm I Loupes 
1 :05 light 

D1 

D2 

D3 

D4 

1:01 

1 :02 

1 :03 

1 :04 

50 cm I Dental 
1 :05 

unit light 

D1 

D2 

D3 

D4 

Red 

2.01 

1.79 

1.69 

2.13 

2.41 

3.33 

2.83 

3.86 

1.86 

7.37 

6.84 

7.99 

8.10 

8.12 

8.37 

9.31 

7.78 

4.99 

Blue Green 

1.50 3.05 

1.35 2.56 

1.28 2.26 

1.55 2.93 

1.72 3.28 

2.43 4.84 

2.12 3.66 

2.71 5.85 

1.22 2.59 

6.11 6.54 

5.98 5.39 

7.05 6.88 

6.98 6.7 

7.05 6.65 

7.78 6.16 

8.43 6.88 

7.17 4.90 

3.95 4.38 
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Raw data measurements of the lower denture in certain site 

Area of 
Distance /Light Red Blue Green

interest 

Midine 3.90 2.73 4.89 

#19-20 3.59 2.44 3.53 

50 cm I Loupes 
#21-22 3.89 2.95 4.52

light 

#27-28 3.77 2.85 4.26 

#29-30 3.24 2.52 3.62 

Midine 2.66 1.88 3.46 

#19-20 1.85 1.51 2.30 

50 cm I Dental 
#21-22 2.53 1.74 3.58

unit light 

#27-28 2.28 1.67 3.07 

#29-30 2.26 1.75 3.06 

Raw data measurements of the lower denture with and without teeth 

Area of 
Distance /Light Red Blue Green

interest 

50 cm I 
No tooth 16 14.29 18.22 

Shade Dental 
matching denture 

light With tooth 19.75 15.2 22.5 
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Raw data measurements for lower denture midline papilla in different settings 

Spotmeter 
Distance 

Light 

Distance 
Light angle Red Blue Green 

50cm 
Room light 

only 
5.9 5 6.76 

50cm 5cm OD 2.77 2.84 3.3 

50cm 10cm 45 D 3.25 4.05 4.15 

100cm 
Room light 

only 
no 7.55 5.45 9.1 

100cm 5cm OD 2.55 2.52 2.9 

100cm 10cm 45D 1.99 3.28 3.79 
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Sample of Data Entry Template 

Pa rti c i pa n t # .... Visit#... 

Upper Jaw Red Green Blue 

Midline 

Right canine 

Left canine 

Right premolar/molar 
area 

Left premolar/molar 
area 

Red Green BlueLower Jaw 

Midline 

Right canine 

Left canine 

Right premolar/molar 
area 

Left premolar/molar 
area 
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In vivo raw data, tristimulus values, and perio 
charting 

PARTICIPANT 1 
upper jaw INITIAL VISIT tristimulus values 

R G B R G B 

midline 3.12 3.42 1.06 0.411 0.450 0.139 1.00 

R canine 

/premolar 1.21 1.37 0.54 0.388 0.439 0.173 1.00 

R 

premolar/molar 6.59 6.76 3.13 0.400 0.410 0.190 1.00 

lower jaw INITIAL VISIT 

R G B 

midline 2.92 2.8 0.98 0.436 0.418 0.146 1.00 

R canine 

/premolar 1.95 1.74 0.94 0.421 0.376 0.203 1.00 

R 

premolar/molar 5.37 5.32 2.84 0.397 0.393 0.210 1.00 

upper jaw MAINTENANCE tristimulus values 

R G B R G B 

midline 2.84 3.05 1.06 0.409 0.439 0.153 1.00 

R canine 

/premolar 0.94 1.05 0.39 0.395 0.441 0.164 1.00 

R 

premolar/molar 4.72 4.63 2.18 0.409 0.402 0.189 1.00 

lower jaw MAINTENANCE 

R G B 

midline 2.68 2.66 1.39 0.398 0.395 0.207 1.00 

R canine 

/premolar 1.45 1.39 0.54 0.429 0.411 0.160 1.00 

R 

premolar/molar 0.85 0.85 0.33 0.419 0.419 0.163 1.00 
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Initial periodontal charting for the first participant 

Mobility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Implant 

Furcation 
Bleeding on Probing 

Plaque 

Gingival Margin -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -3-3-3 -3 -3 -3 -3-3-3 -3-3-3 -3-3-3 -3 -3 -3 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 
Probing Depth 3 2 3 3 2 3 3 2 3 3 2 3 3 3 2 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 2 3 2 3 

Buccal ~"'~V-.Jw~u u~w\.-U~J 
Lingual 

Gingival Margin 

Probing Depth 

Plaque 
Bleeding on Probing 

Furcation 

Note 
I 

-1 
3 

-1 
1 

I 

-1 
3 

-1 
3 

-1 
1 

I 

-1 
3 

-1 -1 -1 -1 -1 -1 -1 -2 -1 -1 -1 -1 -1 -2 -1 
3 1 3 3 2 3 3 1 3 1 3 2 3 1 3 

I 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
1 3 3 3 2 3 3 2 3 2 3 2 3 1 3 

I 

-1 
3 

-1 
2 

I 

-1 
3 

-1 
3 

-1 
2 

I 

-1 
3 

I 

Mean Probing Depth = 2.6 mm Mean Attachment Level = -4.4 mm 8% Plaque 0% Bleeding on Probing 

Note 

Furcation 
Bleeding on Probing 

Plaque 
Gingival Margin 
Probing Depth 

0 
3 

0 
3 

0 
3 

0 
4 

0 
3 

0 
3 

IllIll Ill 1111 
0 0 0 0 0 0 -1-1-1 -1-2 -1 -1-2 -1 -1-2 -1 -2 -2 -1 -1-2-1 -2 0 0 0 0 0 
3 3 3 2 1 3 2 2 3 3 1 3 3 2 3 3 2 3 3 1 3 3 2 3 3 2 3 2 3 2 

0 
3 

0 
3 

0 
4 

0 
3 

0 
3 

0 
4 

Lingual 

l ~ _,_t_1._Y~_}) \ ~Y_i_~J 
I 

~\~ 1 \ ~~ 
Buccal 

Glngival Margin -1 -1 -1 -1 -1 -1 -1-1-1 -2 -2 -2 -3 -3 -3 -3 -3 -3 -3-3-3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 
Probing Depth 3 2 3 3 1 3 3 2 3 3 1 3 3 2 3 2 1 2 2 1 2 2 1 1 2 1 2 1 1 3 3 2 3 3 2 3 3 2 3 3 1 3 

Plaque 
Bleeding on Probing 

Furcation 
Implant 
Mobility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Periodontal charting during the maintenance visit 
(6 months) for the first participant 

Mobility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Implant 

FurtaU011 
Bleeding 011 Probing 

Plaque 

Gingival Margin -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -3 -3-3 -3 -3 -3 -3 -3 -3 -3-3-3 .3.3.3 -3 -3 -3 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 

Probing Depth 3 2 3 3 2 3 3 2 3 3 2 3 3 3 2 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 2 3 2 3 

Buccal ~'-'w'-Nw~u u~w~~j 
Lingual 

Gingival Margin -1 -1 -1 -1 -1 -1 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 

Probing Depth 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 2 3 2 3 2 3 2 3 3 3 2 3 3 2 3 2 3 2 3 2 3 3 2 3 3 2 3 

Plaque 
Bleeding 011 Probing 

FurtaU011 I I I I I I I I 
Note 

Mean Probing Depth = 2.6 mm Mean Attachment Level = •4.4 mm 8% Plaque 0% Bleeding on Probing 

Note 

FurtaU011 
Bleeding 011 Probing 

Plaque Ill Ill Ill 1111 
Gingival Margin 0 0 0 0 0 0 0 0 0 0 0 0 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2-2 -2 0 0 0 0 0 0 0 0 0 0 0 

Probing Depth 3 3 3 4 3 3 3 3 3 2 2 3 2 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 2 3 2 3 3 4 3 3 4 

Lingual 

l 
I 
~ i_YJ.J0 ~Y_i ~J 
_L~ ~ 1 \ ~~ 

Buccal 

Gingival Margin -1 -1 -1 -1 -1 -1 -1-1-1 -2 -2 -2 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -2 -2 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1 
Probing Depth 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 2 1 2 2 1 2 2 1 2 2 1 2 2 1 3 3 2 3 3 2 3 3 2 3 3 2 3 

Plaque 
Bleeding 011 Probing 

FuroaU011 
Implant 
Mobility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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PARTICIPANT 2 
upper jaw INITIAL VISIT tristimulus values 

R G B R G B 

midline 5.74 6.67 4.54 0.339 0.394 0.268 1.00 

R canine 2.83 2.95 2.02 0.363 0.378 0.259 1.00 

L canine 3.21 3.51 2.74 0.339 0.371 0.290 1.00 

R premolar/molar 1.05 1.09 0.78 0.360 0.373 0.267 1.00 

L premolar/molar 1.48 1.48 1.02 0.372 0.372 0.256 1.00 

lower jaw INITIAL VISIT 

R G B 

midline 4.02 4.04 2.25 0.390 0.392 0.218 1.00 

R canine 1.98 2.22 1.2 0.367 0.411 0.222 1.00 

L canine 3.51 3.78 2.22 0.369 0.397 0.233 1.00 

R premolar/molar 1.25 1.32 0.82 0.369 0.389 0.242 1.00 

L premolar/molar 1.18 1.28 0.89 0.352 0.382 0.266 1.00 

upper jaw 2 weeks after surgery tristimulus values 

R G B R G B 

R lateral /canine 1.76 2.04 1.91 0.308 0.357 0.335 1.00 

R 1st/2nd premolar 1.92 1.64 1.33 0.393 0.335 0.272 1.00 

lower jaw 2 weeks after surgery 

R G B 

R 1st/2nd molars 1.21 1.14 0.98 0.363 0.342 0.294 1.00 

upper jaw 3 months maintenance tristimulus values 

R G B R G B 

R lateral /canine 29.5 30 15.53 0.393 0.400 0.207 1.00 

R 1st/2nd premolar 6.7 7 3.6 0.387 0.405 0.208 1.00 

lower jaw 3 months maintenance 

R G B 

R 1st/2nd molars 2.81 2.38 1.41 0.426 0.361 0.214 1.00 
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•••• • • • • 
1 Mobilly 

Implant 
Fll'C!ltlon 

Bleeding on Probilg 
Plaque 

Gingi'lal Msgin 
Probilg Depth 

Nole 
Flll:atlon 

Bleeding on Probng 
Plaque 

Gingi'lalMsgin 
Probilg Depth 

Lingual 

Buccal 

Gingi'lal Msgin 
Probng Depth 

Plaque 
Bleeding on Probng 

Fll'C!ltlon 

Implant 
Mobilly 

Initial periodontal charting for the second participant 

1 0 0 0 0 0 0 0 0 0 0 1 

• ■■ 
I I 

• • • •• • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 3 7 7 3 6 5 2 5 3 3 3 3 2 3 7 3 3 3 2 3 3 2 3 2 2 3 3 2 3 3 2 3 5 3 5 5 3 5 

• • ••• HI 
II II 111111 HI II 

I •••0 0 0 0 0 0 0 0 0 0 0 0 0 ·2 0 .3-3.;i .3.3-a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 3 5 3 4 1 1 6 4 3 2 2 2 2 2 2 2 2 3 2 3 3 2 3 3 2 3 3 3 3 3 3 5 5 3 4 

C 
I ~ V~,'J.-,~ ..J

' r I 

t 'J \ ~ ~ ~ ' 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 -2 -2 -2-20 0 0 0 0 0 0 0 0 0 0 -3 0 0 0 0 
6 3 3 3 3 5 6 3 3 3 3 3 3 3 3 2 2 1 2 2 2 2 1 2 3 1 3 3 2 3 3 2 5 5 2 3 

I■ I• • • ■■ ■■ I • • l!I l!I ■ I l!I 

0 0 2 0 0 0 0 0 0 0 0 0 
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Mobility 

l~lant 
Fllallion 

Bleeding on Probing 
PlaqLe 

Gingival Margn 
Probing Dep1h 

Buccal 

Lingual 

Glnglval Margin 
Probing Dep1h 

PlaqLe 
Bleeding on Probing 

Furcallon 
Nole 

Nole 
Fllallion 

Bleeding on Probing 
Plaque 

Glnglval Margin 
Probing Dep1h 

Lingual 

Buccal 

Glnglval Margin 
Probing Dep1h 

Plaque 
Bleeding on Probing 

Furcation 
l~lant 
Mobility 

Periodontal charting during the maintenance visit 
(3 months) for the second participant 

1 0 0 0 0 0 0 0 0 0 0 1 1 

■ ■ ■ ■ 
I■ ■ ■ ■ •0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 3 4 4 3 4 3 2 3 3 3 3 3 2 3 5 3 3 3 2 3 3 2 3 2 2 3 3 2 3 3 2 3 5 3 5 5 3 5 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 3 4 4 3 4 4 3 3 3 3 3 3 3 3 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 3 5 6 3 6 

■ II I■ ■■ ■ ■ ■ ■ 
■ II■ ■■ ■■ 

I I I I I I I I 

Mean Probing llep1h • 11 mm Mean Attachment Level • ·3,4 mm :16 °/o Plaque 11 % Blae<lng on Probing 

• ■ I• • II 
I •••0 0 0 0 0 0 0 0 0 0 0 0 o~o ·3-3-3 -3 -3 ·3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 3 4 3 4 5 5 4 4 3 2 l 2 1 2 2 2 1 3 2 3 3 1 3 3 2 3 3 3 3 3 3 4 4 3 4 

_)~~ v~~ 
~1d~ \ ~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 -l -2 -2 -2 0 0 0 0 0 0 0 0 0 0 0-30 0 0 0 
6 3 3 3 3 5 5 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 3 2 3 3 2 3 3 2 5 5 2 3 

II II I I■ ■ ■ ■ I ■ ■ 
l!I II Ii 

0 0 1 0 0 0 0 0 0 0 0 0 
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PARTICIPANT 3 
upper jaw INITIAL VISIT tristimulus values 

R G B R G B 

R canine 5.01 6.1 4.21 0.327 0.398 0.275 1.00 

L canine 6.2 6.2 2.3 0.422 0.422 0.156 1.00 

R canine/premolar 5.49 5.29 2.90 0.401 0.387 0.212 1.00 

lower jaw INITIAL VISIT 

R G B 

midline 5.20 6.20 4.10 0.335 0.400 0.265 1.00 

R canine 4.74 5.49 3.78 0.338 0.392 0.270 1.00 

L canine 4.80 5.54 3.76 0.340 0.393 0.267 1.00 

upper jaw RE-EVALUATION tristimulus values 

R G B R G B 

R canine/premolar 4.45 4.83 3.45 0.350 0.379 0.271 1.00 

upper jaw 2 weeks after surgery tristimulus values 

R G B R G B 

R canine/premolar 3.40 2.70 1.63 0.440 0.349 0.211 1.00 

upper jaw 3 months maintenance tristimulus values 

R G B R G B 

R canine/premolar 0.91 0.79 0.37 0.440 0.382 0.179 1.00 
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• • 

• • • • 

Initial periodontal charting for the third participant 

Mobility 

l"""'ant 
Furcatlon 

Bleedlrg on Probing 
Plaque 

Gingival IAargin 

Probing Depth 

Buccal 

Lingual 

Gingival IAargin 

Probing Dep1h 

Plaque 
Bleedi,g on Probing 

Furcation 

Note 

Note 

Furcation 
Bleedi,g on Probing 

Plaque 
Gingival IAargin 

Probing Depth 

Lingual 

Buccal 

Gingival IAargin 
Probing Depth 

Plaque 
Bleedi,g on Probing 

Furcation 

l"""'ant 
Mobility 

1 1 0 1 0 1 

·3 -3 -3 -3 ·3 .3 -2 ·2 -2 -3-3-3 .3 -3 -3 ·2 -2 ·2 
3 3 3 3 3 3 3 2 3 3 2 3 3 2 3 5 2 3 

I 
0-0~.JlJJ)Q~J lJ f_JJJJ_A.)~J~ 

I I 

.3 .3 -3 -3 4 .3 

3 3 4 4 6 4 

I I Ill 
I I Ill 

I I 

Mean Probing Dep1h =z.a mm Mean Attachmenl Le\lt!I =·5.5 mm 

Ill 
I 
-2 -2 -2 

2 2 3 

IllHI Ill 

-2 -2 -2 -2 -2 -2 ·2 ·2 -3 
4 3 3 4 4 4 3 3 3 

Ill I 
I Ill 

I 

31% Plaque Z8 'Ya 

IHI 
I 

.5 -5 -5 -4-4-4 -4-4-4 -4-4-4 .3 -3 .3 

3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 

I 
y~YV \ /, y,_~bXLY~~~J ......... "I '-"' 7 

I 

\ ~~rx1XiXl- - \ ~ ~~fx1f-xir1 
I 

-2 -2 ·2 -1-1 -1 -3 -3-3 -3 -3 -3 -2 -2 -2 -2 -2 -2 
3 2 3 2 1 2 2 1 2 2 1 2 2 1 2 2 1 3 

I I I 
I I I I 

0 1 1 1 1 0 

0 -2 -2 
4 3 4 

I I I 

Bleedi,g on Probing 

l A-j~ 
I 
..J 
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Periodontal charting for the third participant during 
the reevaluation visit (4 weeks) 

Mobility 1 1 0 1 0 1 

l~ant 
Furcation 

Bleedrg on Probing 
Plaque 

Glnglval Margin ·3 -3 ·3 -3 ·3 ·3 ·2 ·2 ·2 ·3 -3 -3 ·3 ·3 -3 • • -2 -2 ·2 
Probing Depth 3 3 3 3 3 3 3 2 3 3 2 3 3 2 3 5 2 3 

Buccal 

~JJJ~✓lJJ)lXL(µ ~l)~~0~J 

Lingual 

Gingival Margin .3 -3 -3 -3 ◄ ·3 -2 -2 -2 -2 -2 ·2 ·2 -2 -3 0 -2 -2 

Probing Depth 

Plaque 
Bleedrg on Probing 

Furc:ation I I I 

3 3 4 

I I 
II I 

I 

4 6 4 

Ill 
Ill 

4 3 3 4 4 4 3 3 3 

Ill I 
I Ill 

I I 

4 3 4

• • • • I I 
Note 

Mean Probing Depth=2.8 mm Mean Attachment Lei/el =·5.5 mm 31% Plaque :ZS% Bleedrg on Probing 

Note 

Furc:ation 
Bleedrg on Probing II Ill 

Plaque I Ill Ill Ill I 
Gingival Margin -2 -2 -2 -5-5 -5 -4 -4 -4 -4 -4-4 -4 -4-4 -3 -3 -3 

Probing Depth 2 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 

Lingual 

l _)~°'1~J ............ 
y~NV ~~ bX~ ~ ~ I I 

I 

~ ~(xifX1 ~ 
I 

\ ~rrrx!xJn--\ 1 
Buccal 

Gingival Margin -2 -2 -2 -1-1-1 -3 .3 .3 -3 -3 -3 -2 -2 -2 -2 -2 -2 
Probing Depth 3 2 3 2 1 2 2 1 2 2 1 2 2 1 2 2 1 3 

Plaque I I I 
Bleedrg on Probing I I II I 

Furcation 
l~ant 
Mobility 0 1 1 1 1 0 
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Periodontal charting during the maintenance visit 
(3 months) for the third participant 

Mobily 1 1 0 1 0 1 
Implant 

Furcation 
Bleeding a, Probing 

Plaque ■ ■ 
Gingival Margin -3 .3 -3 -3 -3 .3 ·2 -2 ·2 -3 -3 .3 -3 -3 -3 -2 ·2 ·2 

Probing Depth 3 3 3 3 3 3 3 2 3 3 2 3 3 2 3 5 2 3 

Buccal 

~~ ~~G.J l.JlJ LKJJJu0~J 

Llngual 

Glnglval Margin -3 -3 -3 -3 -4 -3 -2 -2 -2 -2 -2 -2 -2 -2 .3 0 -2 -2 

Probing Depth 3 3 4 4 3 4 4 3 3 4 4 4 3 3 3 4 3 4 

Plaque I 
Bleeding a, Probing I Ill I ■ 

Furcation I I I I I I I I 
Note 

~ Mean Prdling Depth = l,7 mm Mean Attactment Level = ·SA mm 24% Placµi lB % Bleed~ on Prob~ ~ 

Note 

Furcation 
Bleeding m Probing 11!1 ■ 1!11 

Plaque I Ill Ill Ill I 
Gingival Margin -2 -2 -2 -5-5-5 -H-4 -4-4-4 -4-4-4 -3 -3 -3 

Probing Depth 2 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 

Lingual 

/ 1~~~ubX~y - V0:bX r___y 'f..7'J~J 

\ J 
-

~rr~rx~ ~- ~~ 
--

,x-
7 

l 

Lx--~~ 
Buccal 

Gingival Margin -2 -2 -2 -1-1-1 -3 -3 -3 -3-3-3 -2 -2 -2 -2 -2 -2 
Probing Depth 3 2 3 2 1 2 2 1 2 2 1 2 2 1 2 2 1 3 

Plaque I I! I 
Bleeding a, Probing I I! l!I l!!I 

Furcation 

Implant 
Mobily 0 1 1 1 1 0 
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PARTICIPANT 4 
upper jaw INITIAL VISIT tristimulus values 

R G B R G B 

midline 3.10 3.40 2.47 0.346 0.379 0.275 1.00 

R canine 2.18 2.47 1.84 0.336 0.381 0.284 1.00 

L canine 0.95 1.05 0.80 0.339 0.375 0.286 1.00 

R 

premolar/molar 0.58 0.72 0.63 0.301 0.373 0.326 1.00 

L premolar/molar 0.35 0.53 0.30 0.297 0.449 0.254 1.00 

lower jaw INITIAL VISIT 

R G B R G B 

midline 2.73 2.96 1.60 0.374 0.406 0.219 1.00 

R canine 1.84 1.34 1.64 0.382 0.278 0.340 1.00 

L canine 1.47 1.54 1.06 0.361 0.378 0.260 1.00 

R 

premolar/molar 0.86 1.06 0.81 0.315 0.388 0.297 1.00 

L premolar/molar 0.43 0.27 0.23 0.462 0.290 0.247 1.00 

lower jaw RE-EVALUATION 

R G B R G B 

R 

premolar/molar 1.21 1.83 1.65 0.258 0.390 0.352 1.00 

lower jaw 2 weeks after surgery 

R G B R G B 

R 
premolar/molar 2.30 1.80 1.05 0.447 0.350 0.204 1.00 

lower jaw 3 months maintenance 

R G B R G B 

R 

premolar/molar 1.51 1.71 0.92 0.365 0.413 0.222 1.00 
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• • • ••• • 

Initial periodontal charting for the fourth participant 

Mobilly 0 0 0 0 0 0 0 0 0 0 0 0 
1"111,ml 

Furailion 
Bleeding oo Probing 

Plaque I I ■• ■ •
Gingival Margin 0 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3 0 0 -2 0 0 -2 -t 

Probing Depth 3 3 3 4 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 3 3 2 

Buccal 

Lingual 

Glngt,lalMargin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 0 

Probing Depth 5 3 5 4 3 4 3 2 3 3 2 3 2 2 2 2 2 2 2 2 3 3 2 3 2 2 3 3 3 3 3 1 4 5 3 1 

Plaque I ■ 
Bleedng m Probng 

Furaition I I I 
I I I I 

I I I 
Nole 

Mean Probi,g De~ = Z,6 mm MeanAtlachrnant LBY&I = •LB mm 24'% Plaque 7"• Bleedng oo Probilg 

Nole 

Furailion 

Bleedng oo Probilg • ■ II 
Plaque ■■■ I 

Gingival Margin 0 0 0 0 0 0 0 0 D D D 0 D-1 0 o-3 a o-2 a 0 -3 0 a -2 a a o o o o a o o a a a o 0 0 0 

ProbilJJ Depth 3 2 2 5 3 2 5 2 2 2 2 2 2 2 1 1 2 2 1 2 2 2 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 2 3 3 2 3 

Lingual 

l 
I
~1_\J~ V,JcX~}i_i~...J 

("~ \ - ~ n 
Buccal 

Gingival Margin 0 0 0 0 D 0 0 0 D 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Probing Depth 3 2 5 5 3 4 7 2 3 3 2 3 2 3 2 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 3 4 5 3 4 

Plaque II ■ ... ... II ■• • ■ I ••• ••• Bleedng oo Probing ■ I •Furtation 

l"11lanl 
Mobllly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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• • • 

Periodontal charting for the fourth participant 
during the reevaluation visit (4 weeks) 

Mobility 0 0 0 0 0 0 0 0 0 0 0 0 
Implant 

FiwcaliJn 

Bleecing on Probi,g 
Plaque I ■• ■ I •Gingival Margin 0 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3 0 0 -2 0 0 -2 -4 

Probing Deplh 3 3 3 4 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 3 3 2 

Buccal 

Lingual 

Glnglval Margin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·2 0 
Probing Deplh 4 3 4 4 3 4 3 2 3 3 2 3 2 2 2 2 2 2 2 2 3 3 2 3 2 2 3 3 3 3 3 2 4 4 3 2 

Plaque I ■ 
Bleeding on PIO!q 

FiwcaUon I I I • I I I I I 
NOii! 

---I Mean Probing Deplh =:Z.6 mm Mean Allachmenl Lll\'81 = •2.8 mm 13% Plaque 5% Blaecing on PIObilg ~ 

Nole 
Fl.ftatlon 

Bleeding on Prolq • • II Plaque ■■■ I 
Gingival Margin 0 0 0 0 0 0 0 0 0 0 0 0 0-20 0 -3 0 0 -2 0 0 -3 0 0-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Probing Deplh 3 2 2 5 3 2 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 2 3 3 2 3 

Lingual 

~~-1-~) \ 'V v~_l_~u 
I ~,-:~ 

I 

r-~ ~ 
Buccal 

Glnglval Margin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Probing Deplh 3 2 5 5 3 4 1 2 3 3 2 3 2 3 2 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 3 4 4 3 4 

Pleque ■ I •• ■ I • • •Bleeding on PIO!q 
FiwcaUon 

Implant 
Mobility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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• •• • • • 

Periodontal charting during the maintenance visit 
(3 months) for the fourth participant 

Mobily 0 0 0 0 0 0 0 0 0 0 0 0 
lff1Jlant 

Furtation 
Bleeding on Probing 

Plaque I I ■• ■ •Gingival Magin 0 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D O 0 0 0 0 0 -3 0 0 -2 0 0 -2 -4 

Probng Depth 3 3 3 4 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 3 3 2 

Buccal 

~vl/J~W~U Uf30~~j 

Lingual 

Gingival Magin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·2 0 
Probng Depth 

Plaque 
Bleeding on Probing 

4 3 I 4 3 4 3 2 3 3 2 3 2 2 2 2 2 2

• • 
2 2 3 3 2 3 2 2 3 3 3 3 3 1 4 4 

I ■ 
J 1

• 
Furtation I I I I I I I I 

Note 

Mean Probing Depth = Z.6 rm, Mean Attachment Level= ·Z,7 mm 13% Plaque 0% Blaedi1g on Probng 

Note 
Furtation 

Bleeding on Probing 
Plaque 

Gingiwal Magin 0 0 0 ••••0 0 0 0 0 0 0 0 0 0 -2 0 0 -3 0 D-20 0 -3 0 0 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Probi1g Depth 3 2 2 I 3 2 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 J 2 3 3 2 3 J 2 J 3 2 3 

Lingual 

~OvJ 1-~~v I V y~V_1~J 

~-T-:~ I r ~ \ 
Buccal ' 

Glngival Magin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Probng Depth 3 2 3 3 3 • 3 2 3 3 2 3 2 3 2 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 2 3 3 3 4 I 3 4 

Plaque 
Bleeding on Probing 

Furtation 

lfflllant 

Mobily 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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PARTICIPANT 5 

upper jaw INITIAL VISIT tristimulus values 

R G B R G B 

palate site 2.70 2.70 1.90 0.370 0.370 0.260 1.00 

lower jaw INITIAL VISIT 

R G B R G B 

recipient site 2.15 1.60 0.86 0.466 0.347 0.187 1.00 

upper jaw 1 week after surgery tristimulus values 

R G B R G B 

palate site 5.93 4.27 1.42 0.243 0.175 0.582 1.00 

lower jaw 1 week after surgery 

R G B R G B 

recipient site 1.07 0.95 0.59 0.410 0.364 0.226 1.00 

upper jaw 3 weeks after surgery tristimulus values 

R G B R G B 

palate site 5.65 4.65 1.96 0.461 0.379 0.160 1.00 

lower jaw 3 weeks after surgery 

R G B R G B 

recipient site 15.69 13.50 6.55 0.439 0.378 0.183 1.00 

upper jaw 3 months maintenance tristimulus values 

R G B R G B 

palate site 3.50 3.20 1.80 0.412 0.376 0.212 1.00 

lower jaw 3 months maintenance 

R G B R G B 

recipient site 3.02 2.60 1.60 0.418 0.360 0.222 1.00 
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•• • • • • 

• •• • • • 

• • • • • 

Mobility 

l"1Jlanl 
Flroltlon 

Bleeding on Probing 
Plaque 

Gingival Margin 
Probing Depth 

Buccal 

Lingual 

Gingival Margin 
Probing Depth 

Plaque 
Bleeding on Probing 

Flroltlon 
Note 

Note 

FLrtallon 
Bleeding on Probing 

Plaque 
Glngi'lal Margin 
Probing Depth 

Lingual 

Buccal 

Gingival Margin 
Probing Depth 

Plaque 
Bleeding on Probing 

FLrtallon 
l111]lanl 

Mobility 

Initial periodontal charting for the fifth participant 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 D O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 3 4 4 3 4 3 2 3 3 3 3 3 2 3 3 2 3 3 2 3 3 2 3 2 2 3 3 4 3 3 2 3 3 2 4 4 3 4 4 4 4 

~~CJ~~. 

D O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 3 5 4 3 4 3 3 2 3 2 3 3 2 3 3 2 2 3 2 3 3 2 3 3 2 3 3 2 3 3 3 3 3 2 3 3 4 3 4 3 4 

I ■ • •I I I I I I I I 

~ Mean Probing Depth =2.9 nvn Mean Attachment Level = -3,1 nvn 18% Plaque 5% Bleedi111 m Prnbing ~ 

■ II II 
I •••0 0 0 0 0 0 0 0 0 0 0 0 0 -2 0 0 0 0 -2 -2 -2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 J 3 4 3 3 3 3 3 2 2 3 3 2 3 2 3 3 2 2 2 2 2 2 3 2 3 3 2 3 3 2 3 2 3 2 3 3 4 3 3 4 

~~-1:!!ffl. \I VV0J=Y_~J 
Ir~-11--~~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3 -7 -6 -200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 3 3 4 3 3 3 2 3 3 2 3 3 2 3 3 2 3 2 2 2 3 2 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 4 3 3 4 

Ill II 
1!!1111 l!!I II• 

0 0 0 0 0 1 1 1 1 0 0 0 0 0 
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• •• • • • 

Periodontal charting during the maintenance visit (3 months) 
for the fifth participant 

Mobility 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

l~lanl 
Furcation 

Bleeding on Proting 
Plaqll! 

Gingi\181 Margi, 0 ••0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • ■ • •0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Probing Dep1h 4 3 4 4 3 4 3 2 3 3 3 3 3 2 3 3 2 3 3 2 3 3 2 3 2 2 3 3 4 3 3 2 3 3 2 4 4 3 4 4 4 4 

Buccal 

~~,u~J 
Llngual 

Gingillal Margi, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Probing Dep1h 4 3 5 4 3 4 3 3 2 3 2 3 3 2 3 3 2 2 3 2 3 3 2 3 3 2 3 3 2 3 3 3 3 3 2 3 3 4 3 4 3 4 

Plaque I ■ 
Bleeding on Proting II •Furwition I I I I I I I I 

Note 

Mean Proting Dep1h = z.g mm Mean Alladiment l.l!vel = ·l mm 18'% Plaque 4% Bleediig on Prnbi,g 

Note 
Furcation 

Bleeding on Proting I 
Plaqll! •• II •••Gingil/al Margi, 0 0 0 0 0 0 0 0 0 0 0 0 0 -2 0 0 0 0 -2 -2 -2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Probing Dep1h 3 3 3 A 3 3 3 3 3 2 2 3 3 2 3 2 3 3 2 2 2 2 2 2 3 2 3 3 2 3 3 2 3 2 3 2 3 3 4 3 3 4 

Lingual 

c-l!ff,_f!}ffl_ V~Y~u 
\ ~r--rf.Y'A \ 71 AXXY:r~,I 

Buccal 

Gingillal Margi, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 -3 -2 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Probing Dep1h 4 3 3 4 3 3 3 2 3 3 2 3 3 2 3 3 2 3 2 2 2 3 2 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 4 3 3 4 

Plaque l!!I l!!!l 1!!11!11!1 1!!11!1 l!!I l!!!I•Bleeding on Proting I I II •Furcation 
l~lanl 
Mobility 0 0 0 0 0 1 1 1 1 0 0 0 0 0 
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