
                                                                                                                      

© 2020 Discovery Scientific Society. All Rights Reserved. www.discoveryjournals.org l OPEN ACCESS 

 
 

ARTICLE 

P
ag

e4
7

3
1
 

ANALYSIS 

 

 

 

In situ study: Effect of a 10% Carbamide Peroxide 

whitening gel on enamel mineral density using 

NanoCT 
 

Najlaa Y Qusti1, Steven J Brooks2, Paul A Brunton1 
 

1The Department of Restorative Dentistry, School of Dentistry, University of Leeds, Worsley Building, Clarendon Way, LS2 9LU, Leeds, 

UK 

2The Department of Oral Biology, School of Dentistry, University of Leeds, Worsley Building, Clarendon Way, LS2 9LU, Leeds, UK 

 

Corresponding author 

Dr. Najlaa Qusti,     

The Department of Restorative Dentistry, Dental Specialist Centre, King Fahad Hospital,  

Ministry of Health, P.0.Box 50505,  

Jeddah 21533, Saudi Arabia. 

Email: najlaaqusti@gmail.com 

 

Citation 

Najlaa Y Qusti, Steven J Brooks, Paul A Brunton. In situ study: Effect of a 10% Carbamide Peroxide whitening gel on enamel mineral 

density using NanoCT. Medical Science, 2020, 24(106), 4731-4745

 

 

ABSTRACT 

Objective: Investigating effects of ten percentage from carbamide peroxide bleaching agent on possible demineralisation of enamel 

surface to include assessment of the mineral density of human enamel which measure through using X-ray NanoCT scanning 

technique. Methods: Sixty enamel slabs obtain from human molars. Four slabs from a single tooth were used for each intra-oral 

device (two slabs acting as controls and two slabs being subjected to bleaching). A total of 15 volunteers included in our 

investigation. The volunteers were advised to wear the intra-oral devices containing the slabs for a period 16 hours a day and the 

study duration of 14 days. Volunteers advise to wear intra-oral devices containing the slabs 16 hr a day for 14 days. Bleaching was 

carried out ex-vivo for 8 hr / day throughout used ten percentage from carbamide peroxide bleaching agent. Control slabs on 

appliance were treated with the control gel. The baseline mineral density of the enamel slabs was measured prior to the experiment 

using NanoCT scan and at end of the experiment post-bleaching procedure. This allowed changes in mineral density to be assessed 

in the bleached and unbleached slabs. Results: Daily bleaching production have no significantly effects on inner enamel while 

increasing mean mineral density at enamel surface by (6.8%), which might be refer to the peroxide incorporates in hydroxyapatite 

lattice and modifies mineral ratio. Significance: To simulated at-home, bleaching as possible, an in situ model selected. Bleaching 

with ten percentage of carbamide peroxide did not have detrimental effects on mineral density and increased mineral density. 
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1. INTRODUCTION 

Dental appearance is very important aspect in assessment attractiveness of face (Tin-Oo et al., 2011). The definitive objective of 

aesthetics in dentistry is for given beautiful smile, by created pleasing tooth arrangement, lips and face (Joiner, 2004). An aesthetic 

revolution driven by patients requires that dental restorations not only function well, but also present a natural teeth appearance 

(Samorodnitzky-Naveh et al., 2007). The color of the teeth is determined by intrinsic and extrinsic staining factors or a combination 

of both (Joiner et al., 2008). It differs in aetiology, appearance, location and adherence to teeth surface. Intrinsic stains are related to 

changes to structure of enamel and dentine, whereas extrinsic stains are related to deposition of stains on the tooth surface (Fearon, 

2007; Azer et al., 2011). 

Tooth discoloration, especially in the anterior region, can be treated with a number of methods and several substances were 

available for improving teeth colour. Recently, Whitening  of tooth had gained popularity because it was affordable conservative 

techniques and succeeded in providing natural teeth overviews (Al Shethri et al., 2003; Berger et al., 2012). At-home bleaching 

bacome commonly used whitening technique related to it is simple method, lower cost, more safety, minimal in-office chair time (as 

patients are able to bleach at-home), and less discomfort when compared with in-office procedures. In addition, patients can see the 

result quite quickly, with results seen post two to three weeks with final results seen post five to six  weeks depending on the time 

the trays are worn (Haywood and Heymann, 1991; Haywood, 1992; Sulieman, 2004; Unlu et al., 2004; Thickett and Cobourne, 2009).  

Peroxides, generally in hydrogen peroxide form of or carbamide peroxide, were active ingredients in tooth whitening agents 

majorities (Price et al., 2000; Tam and Noroozi, 2007). Most of the at-home bleaching kits contain 10% carbamide peroxide (CP) 

(CH6N2O3  or CH4N2O.H2O2) (Attin et al., 2003). Those agentsare very unstable and breaks down into its component parts, to give 

a 3% of hydrogen peroxide (HP) and 7% of urea (CH4N2O), upon contact with water or with tissue and saliva (Wiegand et al., 2005). 

The hydrogen peroxide (HP) additionally degrades into oxygen and water, while the urea degrades into ammonia and carbon 

dioxide (Moraes et al., 2006).  

Controversy remains regarding bleaching agents effects on dental hard tissues (Gjorgievska and Nicholson, 2011). Several 

studies have verified that bleaching seems to have minimal or no effects on enamel microhardness and mineral content (McCracken 

and Haywood, 1996; Jiang et al., 2008; Delfino et al., 2009). However, different results from other in vitrostudies showed a significant 

alteration of enamel surfaces, including increased porosity, erosion, and surface depressions after bleaching (Shannon et al., 1993; 

Spalding et al., 2003; Pinto et al., 2004; Miranda et al., 2005; Ren et al., 2009). The reasons for these contrasting data are unclear. In 

addition, it is difficult to compare between studies and draw conclusions because of the different protocols and/or different 

whitening systems reported on. Many concerns about the effects of bleaching agents on tooth structure and tooth mineral density 

were reported.  There are few in situ investigations were found in the literaturesexamining the clinical effects of bleaching treatment 

on enamel mineral density. As in situ studies the remineralisation possibility of human saliva can reduce the adverse effects of 

bleaching agents on enamel surface (Van Nieuw Amerongen et al., 2004). Therefore, our target is investigated 10% carbamide 

peroxide bleaching agent effects by using in situ methodology to examine how bleaching affected the enamel mineral density.  

 

2. MATERIALS AND METHODS 

Ethical aspects 

Our study protocol is reviewed and approved by Dental Research Ethics Committee (DREC) (ethics no. 080310/NQ/37), Research 

Ethics Committee REC (IRAS) (the REC reference: 11/YH/0399), and Research and Development department at the Leeds Teaching 

Hospital NHS Trust – LTHT (R&D number: DT12/10188) (United Kingdom). 

 

Selection of subjects 

Fifteen subjects were selected (14 females and 1 male, aged 20-50 years) (normal salivary flow, non-smokers, absence of dental 

caries and/or periodontal disease, willing to follow the research schedule and comply with the study procedures) without the 

exclusion criteria (with orthodontic appliances, presence of fixed or removable dentures, periodontitis, rampant caries, dentine 

sensitivity and pregnant women). Prior participating in the study, subjects were informed of the aims, objectives, methods, and 

potential hazards of this study, and accepted to participated only post signing written consent form. 

 

Study design 

A total of 15 volunteers (n=15) were including in this in situ study. The study duration was 14 consecutive days for a period of time 

16 hr / day. Volunteers advised to wear intra-oral devices contained enamel slabs 16 hr / day / 14 consecutive days during which, 

saliva might act on slabs through investigation to simulated natural status in oral environments. Oral devices removed at mealtimes 
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and through oral hygiene procedures and immediately replaced in mouth post meals or oral hygiene procedures. While out of oral 

cavities, and stored in container and kept moist. 60 enamel slabs assigned among volunteers were used, with every intra-oral device 

containing four enamel slabs (two enamel slabs acting as unbleached controls and two slabs being subjected to bleaching). The at-

home bleaching was carried out ex-vivo at Leeds Dental Institute, UK. Oral appliances were collected from volunteers and the 

enamel slabs exposed ex-vivo to bleaching treatment under laboratory conditions designed to mimic at-home bleaching for eight 

hours per day for 14 days. A commercially available bleaching agent IIIumineTM home 10% gel was used. This gel is 10% carbamide 

peroxide agent (CP10%) with carboxypolymethylene polymer (carbopol), having a pH=6.0. Control slabs on the appliance were 

treated with the control gel. Basic composition of control gel is neutralised carbopol (Lubrizol Corporation, Advanced Materials, Inc.), 

glycerol (B.P.) and distilled water. Gels were prepared by mixing glycerol (10% v/w) and water (89% v/w); then dispersing the 1% 

(w/v) of carbopol powder into the mixture slowly. The dispersion was homogenised using a Bibby HB502 Stirrer for 15-20 minutes 

with continuous stirring until viscosity builds up.  

The baseline mineral density of the enamel slabs was measured prior to the experiment using NanoCT scan and again at the end 

of the experiment post-bleaching procedure. This allowed changes in mineral density to be assessed in the bleached and 

unbleached control slabs.  

 

Enamel slab preparation 

The slabs that were used in this in situ study were from 15 caries free human molars extracted for surgical reasons and stored in 70% 

ethanol at room temperature until required. Before sectioning, the teeth were cleaned using a spoon excavator and a toothbrush 

with pumice powder and stone to remove any soft tissue. The crowns were sectioned longitudinally using the Accutom 5 diamond 

disc cutter machine (Figure 1A). A Well Diamond Wire Saw (Well® Walter EBNER, CH-2400 Le Loche); water-cooled cutting machine 

was used for sectioning to obtain 60 enamel slabs in total. Four slabs from a single tooth were used for each intra-oral device. Equal 

sized slabs were cut from the buccal and lingual surfaces of molars with dimensions of 3mm height x 3mm width x 2 mm depth 

(must be from enamel surface). The slabs were numbered 1, 2, 3, and 4 starting from the distal part of the buccal surface moving 

clockwise and then mounted in circular resin blocks of 2 mm thickness and 8 mm width (Figure 1B). Slabs were embedded in 8mm 

diameter circular resin. No polishing was performed on the enamel surface of the slabs to maintain its natural feature. In an effort to 

eliminate variability among the natural enamel surface of the slabs was in sequence polished manually by 400 grade fine grit (Wet 

paper, 3M) to remove any pellicle and make them all uniform (Figure 1C). Subsequently, they were polished with 5 μm and 1 μm 

alumina paste and then the slabs were cleaned with methanol and DW to remove any remnants of abrasive paper or polishing 

material. 

 

 

Figure 1 Illustration showing the procedure for preparing slabs used in thein situ study models; (A) the buccal & lingual surfaces of 

the molar was separated; (B) Enamel after sectioning for four slabs to be used for in situ study models; (C) The slabs within resin 

blocks and held in a special holder created to hold each test group used in this part. 

 

Storage and sterilisation of slabs 

Once the slabs had been prepared, they were kept in micro-centrifuge tubes in 0.1% thymol solution (Sigma Aldrich) and left at 4°C 

until ready for sterilisation. This process was repeated after finishing the experiment. Slabs were immersed in 4.2% sodium 

hypochlorite for 1 hour to deactivate prions. Then slabs were immersed in PBS (phosphate buffered saline) overnight (WHO, 1999). 

After that, the slabs were stored in sealed containers and exposed to gamma radiation (4080 Gy). This level of exposure has been 
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shown to give sterilisation of enamel slabs to be used for intra-oral appliance without altering the structural integrity of the enamel 

(Amaechi et al., 1999).  

 

Oral appliance construction and whitening tray preparation 

Four enamel slabs were attached on the palatal side of each appliance sothat the natural enamel surface would expose to the oral 

cavity when the appliance was used. Enamel slabs were arranged in two rows of two slabs each: one row on the left side of the 

appliance and one on the right side (Figure 2). The whitening tray was fabricated separately over the device-model together; one 

tray was made for each volunteer (Figure 3). After NanoCT scanning baseline measurement for the 60 enamel slabs, thenthe enamel 

slabs were attached in small depressions or reservoirs built into the trays which contained the bleaching and the control gels during 

the 8 hour exposure periods. 

 

 

Figure 2 Shows an upper transparent acrylic removable oral appliance used in the in situ study; oral appliance with 4 enamel slabs. 

Two enamel slabs were used for bleaching located on the right and the other two slabs for control on left side. 

 

 

Figure 3 Shows the whitening tray has 4 reservoirs corresponding to the 4 enamel slabs. 

 

In situ protocol 

First clinical intervention 

Measurements made for in-situ oral appliances were seated in comfortable position throughout impression procedure. Colour 

coded transparent impression tray (Ash Polytrays) chosen to be more fit for each one. Chosen tray and then filled with alginate 

impression material to given impression of upper and lower jaw/arch. Natural bite recorded in wax. Alginate impressions and wax 

bite disinfected pre transporting. 

 

Second clinical intervention 

Appliances fitted and worn continuously by volunteers for 16 hr per day for 14 days including weekends to ensure exposure of the 

enamel slabs to the oral environment; except at mealtimes, whilst drinking, or during tooth brushing Table 1 and (Figure 4). While 

out of the oral cavity, appliances stored in container and kept moist. 

 

Non-clinical interventions (laboratory phases) 

The bleaching procedure was performed ex-vivo (under laboratory conditions). A routine at-home bleaching procedure was started 

at 1st and then bleaching agents applied on slabs accorded to standard bleaching procedure extra-orally as: (1) Enamel slabs in each 

individual appliance were covered with corresponding gel 10% CP gel to form a 2 mm thick layer; at the same time, control agent 
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was applied to the control slabs; (Figure 5) (2) Started the timer for 8hr; (3) The oral appliance was covered with a PVC film and 

incubated at 37°C; (4) After 8hr both gels were removed carefully with soft cotton pellets under running tap water; (5) The oral 

appliance was stored in individual containers with water; (6) after bleaching treatments the oral appliances were replaced in the oral 

cavities of 15 volunteers for 16 hr to expose the slabs to the oral environment as previously described. The first ‘‘at-home bleaching’’ 

ended the second ‘‘at-home bleaching’’ started on the 2nd day. We repeated all the procedures above and stored bleaching tray on 

the study model until the next bleaching visit. Then, for the in situ study, bleaching treatment was performed for periods of 10 days, 

depositing of appliance every morning and collection of it every evening from Monday to Friday for 10 days. The non-clinical 

interventions are summarised in Table 2 and (Figures 5, 6 & 7). 

 

 

Figure 4 Flow Chart summarizing treatment phase. 

 

Table 1 Summary of clinical interventions that were received by participants as part of the research protocol 

A
ll
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n
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l 
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e
n
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o

n
s 

Intervention 
Total No. of 

interventions 

Average time/ 

intervention 

Screening visit: 

Consent. 

Review of Medical History. 

Examination of Oral Soft and Hard Tissue. 

1 30 min 

First Clinical visit: 

Alginate impression was taken. 
1 30 min 

Second Clinical visit: 

The oral appliance fitted. 

Tooth brush & fluoride toothpaste distributed. 

1 30 min 

Third Clinical visit: 

The appliance collected. 

Re-examination of the oral tissues. 

1 30 min 
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Third clinical intervention 

Subjects attended for a third clinical visit at the end of the two weeks. The visit included a brief medical interview, oral examinations 

and checking for adverse effects. Volunteers left in situ intra-oral appliance. 

 

 

Figure 5 Shows the removable appliance intra-orally. 

 

 

Figure 6 Shows the whitening tray has two reservoirs with control gel and other two with bleaching gel. 

 

Table 2 Summary of all non-clinical interventions that were received by participants as part of the research protocol 

A
ll
 n

o
n

- 
cl

in
ic

a
l 
in

te
rv

e
n

ti
o

n
s Intervention 

Total No. of 

interventions 

Average time 

/ intervention 

Participant deposited appliance every 

morning from Monday to Friday. 
10 5 min 

To simulate at-home bleaching a 10% CP 

bleaching gel (& control gel) was placed 

on the enamel slabs for 8 h / day for 10 

days. 

10 8 hrs 

Participant collected appliance every 

evening from Monday to Friday. 
10 5 min 

 

Evaluation 

Description of basic operational principles of NanoCT 

The X-Ray NanoCT device is based on the same general principles as clinical CT scanners. Briefly, the object mechanically rotates in 

the path of the X-ray beam and an X-ray camera obtains thousands of angular projections that can be processed to give a three-

dimensional 3D reconstruction. The resolution depends on voxel size where a voxel is analogous to pixels in a 2D image. Since the 

sample will attenuate X-rays according to density, the greyscale value of the resultant X-ray image is proportional to the density of 

the sample. 

Mineral density of the enamel slabs was measured using NanoCT scanning. NanoCT scanning was performed using Phoenix 

Nanotom 160 NF device (GE, Germany), combined with very high precision sample manipulator and highly sensitive X-ray camera 

with a 180 keV high power nanofocus tube. The sample is scanned under room conditions, without any coating, vacuum treatment 

or additional preparation. A well-controlled cone beam X-ray was directed into the sample that stands between the x-ray source and 

a detector. The sample position was determined by projecting the samples’ full image (2305 x 2305 pixels) on the detector. Through 

the scan, the sample was rotated through 360o at an angle rate of 0.25o / step, results in 1440–1700 images being captured for each 
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sample. The voltage, current and irradiation time used were optimised for the most effective contrast among the sample parts, with 

values of 160 kV, 80 μA, and 1000ms, respectively. The enamel slabs and an internal standard ‘phantom’ were scanned in small 

cylindrical plastic containers filled with distilled water, to preserve a moist environment and to avoid any cracks formation. The single 

section phantom comprising enamel and dentine of known density was used as an internal control for the NanoCT analysis of 

mineral density and was scanned along with each tube (Figure 8).  

 

 

Figure 7 Flow Figure of the at-home bleaching procedure (ex-vivo). (A) shows the removable intra-oral appliance used by the 

volunteers during the in situ study; oral appliance with 4 enamel slabs; (B) shows the whitening tray has 2 reservoirs with control gel; 

(C) shows the whitening tray has 2 reservoirs with 10% CP gel; (D) shows the whitening tray has 2 reservoirs with control gel and 

other two with bleaching gel; (E&F) shows the bleaching tray corresponding to the enamel slabs fixed at the right side of the 

appliance (treated with 10% CP gel 8hr/day). The bleaching tray corresponding to the enamel slabs fixed at the left side of the 

appliance (treated with the control gel 8hr/day); (G) shows the oral appliance was covered with a PVC film and started the timer for 

8hr; (H&I) shows the oral appliance after completion of each treatment period were kept in a moist environment then were replaced 

in the oral cavities of fifteen volunteers until the start of the next treatment period of the study. 

 

 

Figure 8 (A) Representative CT scans of an enamel phantomused as an internal standard for NanoCT scanning. (B) Transverse 

enamel phantom was calibrated by mineral density used (TMR) of both enamel (e) dentine (d) and water (w). 
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Image post-processing 

The projection images obtained were reconstructed using Pheonex 160 NF software under the conditions mentioned above. Then 

the reconstructed data for each slab were subsequently digitally exported as 3D visualisations and the grey scale values for the slabs 

converted to actual mineral density by calibration against the phantom using imageJ (Rasband, W.S., ImageJ; U. S. National Institutes 

of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/, 1997-2012) (Figure 9). 

 

 

 

Figure 9 a) Enamel slabs cut to desired thickness of 2 mm and embedded in circular resinblock. b) Enamel slabs were placed within 

a small tube filled with distilled water. c) During the scan, the plastic container containing the samples was mounted on a rack; 

rotated for 360o at an angle rate of 0.25o/step and 1440 images were taken for each sample’s scan. d)Enamel slab images for 

analysis of enamel density using ImageJ software; determination of enamel mineral density along enamel slab; calculation of enamel 

mineral density. 

 

Mineral density analysis using NanoCT 

Baseline NanoCT scan 

After preparation all 60 slabs were scanned with NanoCT to determine the baseline enamel mineral density before the slabs are 

mounted in the intra-oral appliances.  

 

Post-bleaching procedure NanoCT scan 

Slabs that had undergone two weeks in situ bleaching treatment were collected and washed free of any plaque or food debris. They 

were re-scanned using NanoCT scanning. 

 

Statistics and data analysis 

GraphPad InStat software statistical package for Windows, version 3.0 was used for data analysis. Descriptive statistical measures 

(mean, standard deviation, etc) were used to describe the data gathered from the study.A pvalue≤0.05 was considered significant. 

Data were analysed statistically by paired Student‘s t-test, to assess whether the means of the two test groups were statistically 

different from each other. 

 

3. RESULTS 

Mineral density evaluations using NanoCT 

Enamel slabs were mounted in intra-oral appliances so they could be treated extra-orally on a daily basis with active bleaching gel 

(10% carbamide peroxide) or a control gel containing no bleaching agent. Between bleaching episodes the appliances were worn by 

volunteers. The enamel mineral density was determined using NanoCT before the start of this in situ experiment to obtain baseline 

values, Mineral density was again determined by NanoCT at the end of the 14 day in situ experiment to examine the effects of 

exposure to the active bleaching gel compared to the control gel. Changes in mineral density at the enamel surface (~72µm into the 

enamel) and in a subsurface layer (a region extending from ~400 to ~500µm into the enamel) were compared statistically.   
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Determination of enamel mineral density  

In this in situ study, all 60 enamel slabs were scanned by NanoCT and the mineral density of the enamel slabs was quantified before 

and after application of 10% carbamide peroxide gel (or control gel) so that any effects on mineral density relative to baseline values 

could be obtained. Representative CT images of a slab prior to the in situ experiment (baseline) and post experiment are shown in 

Figure 10 (a) and (b) respectively. The enamel slabs were sectioned digitally to reveal profile sections, using ImageJ software. Great 

care was taken to ensure that the baseline and post-experimental scans of the slabs were sectioned reproducibly by using clear 

landmarks (e.g. sharp corners) to position the line of section. This is of vital importance to ensure the exact same volume of enamel 

was analysed for mineral density in the baseline and post-experimental images. Once the vertical section through the slab had been 

generated a line scan was taken across the enamel and dentine and the greyscale values along the line recorded which were 

converted to mineral density values by reference to a calibration standard (Figure 11).  

The mineral density along this line recorded in ImageJ (Figures 10 (c) and (d)). Four further lines scan were performed in a 

~50µm region adjacent the original line respectively to obtain a mean mineral density profile. The mineral densities along all five 

lines were then used to obtain a mean mineral density along the scan line (Figure 12).   

 

 

Figure 1  Representative CT scans of a dental enamel slab.(A) Baseline images, i.e. before the experiment. (B) Post-experimental 

images. Initially (A and B), the slab was sectioned from the enamel surface through the dentine using easily identifiable markers (in 

this case corners). The yellow lines drawn from landmark features (corners) show the line of section taken through the stack of CT 

images used to generate a cross section through the slab. The resulting slices (C and D) show cross-section through the enamel and 

dentine. A scan line of interest (typically 2000µm long) was drawn across the enamel and dentine and the grey scale values along 

that line recorded (see Figure 37). Four further lines scans were taken in a 50µm region around the initial scan line 

 

Figure 13 shows the overall results of the study for the surface (A) and subsurface data (B). The baseline mean surface mineral 

density in the control group (i.e. treated with non-active bleaching gel) was 2.090±0.16 g/cm3and this increased to 2.160±0.24 g/cm3 

by the end of the in situ study. However, this 3.4% increase was not significant. The baseline mean surface mineral density in the 

experimental group (i.e. treated with active bleaching gel) was 2.027±0.26 g/cm3and this increased to 2.165±0.25 g/cm3by the end 

of the in situ study. This 6.8% increase was significant (p≤0.03). The baseline mean sub-surface mineral density in the control group 

(i.e. treated with non-bleaching gel) was 1.910±0.10 g/cm3and this increased to 1.97±0.14 g/cm3 following the in situ study. 

However, this 3.2% increase was not significant. The baseline mean sub-surface mineral density in the experimental group (i.e. 

treated with active bleaching gel) was 1.960±0.26 g/cm3and this increased to 1.990±0.20 g/cm3 following the in situ study. This 

0.86% increase was not significant. The baseline means mineral densities for the control and experimental slabs were not 
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significantly different and like-wise in the case of the sub-surface samples (i.e. the baseline mineral densities in sample populations 

used for the control and experimental groups were statistically comparable at the beginning of the in situ study).  

In summary, the in situ study results indicated that daily bleaching with this commercial bleaching product for two weeks 

following the regime recommended by the manufacturer appeared to increase surface mineral density and had no effect on sub-

surface mineral density. 

 

 

 

Figure 11 Typical results of a single line scan across the enamel and into the dentine. Greyscale values measured along each scale 

were converted to mineral density (MD) values and plotted against distance from the enamel surface along the scan line. The mean 

of five such line scans were constructed.  

 

 

 

 

Figure 122 Scatter-plots showing the mean of 5 scan lines from the baseline data superimposed with the final post-experimental 

data (i.e. data obtained following 14 days of treatment). Line scans showing mineral density for an enamel slab. The blue line shows 

the baselines data and the red line shows the post-experiemental data. Mineral density (MD) at the point exhibiting the highest 

mineral density at baseline was selected as the point used to obtain surface denisty measurements. Whereas, subsurfcae mineral 

density (MD) was the mean density measured along the scan lines for ~100µm starting at a depth of ~400µm. 
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Figure 13 Summary of the mineral density (MD in g/cm3) results. 

 

4. DISCUSSION 

At-home bleaching or NGVB technique is conservative, effective, safety and predictable whitening method (Araujo Jr et al., 2003). 

Controversy reported in pervious literature regarded to bleaching agents effects on enamel integrity and enamel mineral contents 

(Efeoglu et al., 2005). In our investigation  to simulate at-home bleaching situation as closely as possible (Zero, 1995), an in situ 

model was selected to examine the enamel mineral density before and after 10% carbamide peroxide bleaching treatment. Enamel 

mineral density was measured by using NanoCT, which has not been used to assess the effects of applied bleaching agents on the 

enamel surface previously. 

The at-home bleaching procedure was performed extra orally in an effort to standardise the bleaching procedures as much as 

possible and to ensure that all volunteers followed the protocol properly. Moreover, another important advantage about extra-oral 

bleaching experiments using removable palatal appliances is that it is easier to ensure that control slabs are not inadvertently 
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exposed to active bleaching gel by mistake. In previous studies, control samples were removed from the appliance and stored in 

artificial saliva (Faraoni-Romano et al., 2009); whereas in this in situ study, the slabs are exposed to the oral environment between 

bleaching episodes which is a significant advantage of this study design. This in situ study was carried out over a two week period. 

The intra-oral appliances were worn by the volunteers for 16 hours continually (except when food and drinks were being consumed) 

in order to mimic oral conditions and more accurately model effects of bleaching. For example, the design allowed the saliva of the 

volunteers to form a salivary pellicle on enamel slabs which has been reported to have  a protective effect during bleaching 

procedures (Hall, 1993). From these facts, it seems that the in situ appliance is suitable to mimic clinical conditions in the oral cavity. 

The volunteers were advised and instructed to remove the appliance during meals and oral hygiene procedures. This was important 

to prevent the contact of the slabs with any chemicals that could affect enamel integrity. Also, they were trained to carefully brush 

the appliance extra-orally using a standard toothbrush with fluoride toothpaste. A previous in situ study by Duggal et al. 

demonstrated the protective effect of fluoride toothpaste on enamel slabs where it was shown that fluoride toothpaste reduced the 

risk of enamel demineralisation in in-situ models (Duggal, 2001).  

Ten percent carbamide peroxide was used in this study as this is the most commonly used gel in at-home bleaching treatments. 

A control gel used in the current study was specially prepared in house. The control gel was prepared to have the same appearance, 

colour, consistency and composition, with exception of active component. Bleaching treatments protocol performed according to 

manufacturer’s instructions. 10% of carbamide peroxide breaks down to given 3.6% hydrogen peroxide and urea,  and turn breaks 

down produced water, oxygen, carbon dioxide and ammonia, led to slight decreasing in pH of bleaching agent (Matis et al., 2009 

and Santini et al., 2008). The pH, viscosity, contact time between the bleaching agent and dental structure and the presence of 

carbopol (the thickening agents) are all factors implicated in surface changes to enamel following bleaching (Justino et al., 2004). 

The contact of acidic bleaching gels with dental enamel is able to increase the pH value of bleaching gels as the acid is neutralised 

as mineral dissolves; the initial pH, titrateable acidity and viscosity of bleaching agents might influence the degree of 

demineralisation on bleached enamel (Price et al., 2000).  

The most active ingredient of the bleaching agents is hydrogen peroxide. Hydrogen peroxide decomposes in the presence of 

water or aqueous solutions producing reactive hydroxyl radicals, which are unstable (Maia and De Freitas, 2005). These radicals are 

highly reactive and are very strong oxidising agents that attack the organic molecules of the teeth in order to be stable and to 

produce other radicals (Hegedus et al., 1999). However, these oxidising reactions are non-specific, which can lead to a change in the 

morphology and hardness of the enamel surface (Abouassi et al., 2011). In terms of enamel mineral density, fewstudies in the 

literature have assessed the effects of bleaching agents on dental hard tissues. Different methods can be used to determine the loss 

of mineral content but in this current study X-ray computer tomography (NanoCT) was selected because it is non-destructive, fully 

quantitative, andprovides continuous data. It is relatively simple method for the determination of enamel mineral density 

measurements on a 3D basis (Myers et al., 2009). However, NanoCT has its own problems; all measurements need to include an 

internal standard to reliably calibrate the instrument. The standard ideally needs to be calibrated dental tissue which was the case in 

this study. The standard (or “enamel phantom”) consisted of a section through mature rodent enamel that had been calibrated using 

standard transverse microradiography which is regarded as the gold standard method for measuring enamel mineral density 

(Nakata et al., 2012). This in situ mineral density investigation by tomography NanoCT adds to our understanding of the bleaching 

mechanism and its relation to demineralisation of the natural teeth.  

The resulting images were processed by ImageJ software and analysed to determine enamel mineral density. The presence of the 

phantom (internal standard) with the known mineral density allowed the obtained CT image stacks to be calibrated so that greyscale 

measurements could be converted directly to mineral density. In the present study, the mineral density measurements did not reveal 

significantly differ among untreated control slabs and those slabs treated with 10% carbamide in the sub-surface enamel layer of the 

slabs (i.e. enamel lying ~400µm to ~500µm below the enamel surface). Surface enamel layer of the slabs treated with 10% 

carbamide significantly increased in mineral density by 6.8% when compared with their untreated controls (Figure 13).  

Comparing the present results to data in the literature it is clear that differences in the methodologies used might affect the 

results outcome (Justino et al., 2004). A few studies assessed dental enamel after bleaching under clinical conditions similar to this in 

situ study (Maia and De Freitas, 2005). In vitro investigation, reported the bleaching might results in significant reduction in enamel 

hardness, calcium loss and deep surface alterations; this being related to mineral loss. In contrast, no significantly effects of 

bleaching (Shannon et al., 1993; Araujo Jr et al., 2003; Justino et al., 2004). Shannon et al. (1993) conducted a 4 week study involving 

8 hr/day in vitro bleaching and an in situ 16 hr/day exposure to the oral environment. No significantly differ in hardness values 

among bleached and control samples. The researchers recommended that the demineralisation may be controlled because of 

exposure of enamel to saliva (Shannon et al., 1993).  
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Our results agree with Justino and colleagues (2004) reported that enamel slabs were included in oral appliances and bleaching 

procedure performed outside the oral cavities. And slab bleached in insitu condition did not demonstrated detrimental effects 

comparing to in vitro conditions (Justino et al., 2004). According to Efeoglu et al., (2005) 10% carbamide peroxide is able to 

penetrate through enamel causing a reduction in subsurface /mineral density up to a depth of 50 µm below the surface of the 

enamel over a period of 15 days bleaching treatment (Efeoglu et al., 2005). Likely explanations for these destructive changes are the 

time of the bleaching application and the lack of a remineralising component in the study. In the present in situ study bleaching 

actually increased the mineral density at the mineral surface and had no significant effect on sub-surface mineral density. The action 

of saliva would certainly encourage remineralisation as observed in other studies (McCracken, 1995; Araujo Jr et al., 2003).  

In the present study, the presence of the active bleaching agent appeared to encourage remineralisation to the extent that post-

experimental mineral density was significantly higher than baseline levels. To explain this, it is hypothesised here that bleaching may 

have increased mineral ion access into the enamel surface which resulted in a significant increase in mineral density. Bleaching 

effectively cleaned the enamel surface, destroying organic material that was literally clogging the diffusion pathways into the enamel 

surface preventing mineral ions from the saliva diffusing into the enamel. In contrast, bleaching had no significant effects on mineral 

density in the sub-surface enamel layer. This may be due to limited diffusion of the bleaching agent into these deeper layers which 

meant that diffusion pathways remained closed in the deeper layers. Fourteen days may not have been long enough for peroxide 

and/or mineral ions to diffuse into the deeper enamel layers and a more prolonged in situ study would be required to determine if 

deeper enamel layers would eventually be effected by bleaching. 

 

5. CONCLUSIONS 

In summary, the in situ study evaluated the potential effects of a 10% carbamide peroxide whitening gels on human enamel over a 

14 days period. There was a significant 6.8% increase in surface mineral density when compared with a non-active control gel. This 

data is based on a single gel formulation and further work is warranted to investigate the effect of gel formulation, especially with 

regard to pH, on mineral density in an in situ model and how this influences the protective and /or reparative effects of salivary 

components (i.e. protective salivary proteins and remineralising calcium and phosphate ions). Given the clear inter-patient variation 

in the way salivary proteins respond to bleached hydroxyapatite surfaces, it is possible that bleaching formulations could be 

optimised to match specific human salivary proteomes in order to promote the most favorable outcome with respect to salivary 

pellicle adsorption and function.   
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