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A randomized controlled trial of home bleaching of tetracycline-stained teeth 

ABSTRACT 

Objectives: To investigate the effectiveness of two home bleaching modalities on whitening 

of tetracycline-stained teeth (TST). 

Methods: A randomized controlled trial on the bleaching effect of 15% carbamide peroxide 

gel loaded in tray and 6.5% hydrogen peroxide strip in subjects with TST was performed. 

Eligible subjects were judged independently by two assessors, and randomly assigned into 

the tray or the strip group. Lightness (L*), redness (a*) and yellowness (b*) were measured 

with colorimeter at baseline, one, two and three months. Any adverse reaction associated with 

bleaching were also recorded. Overall colour changes (∆E) were analysed by one-sample and 

independent t-test/Wilcoxon test at significance level α=0.05. 

Result: Twelve and fourteen participants were allocated to the tray and the strip group 

respectively. Both groups experienced noticeable and significant L*a*b* improvement at the 

end of the trial in comparison to the baseline (p<0.05). Significant improvement was 

observed in the first month for the tray group (p<0.05) and in the first two months for the 

strip group (p<0.05). While greater lightness improvement was observed in the tray group 

over the strip group in the first month (p=0.02), the reverse was noticed in the second month 

(p=0.01). There was no difference between two groups at the end of this trial (p<0.05) and no 

significant adverse reactions were observed. 

Conclusion: Over a three-month period, 6.0% hydrogen peroxide strip performed equally 

well as the 15% carbamide peroxide tray delivery system in TST. 

Clinical Significance: Home bleaching systems produce noticeable tooth whitening effect in 

subjects with tetracycline-stained teeth. 

 

 

 

 

 

 



1. Introduction 

Tetracyclines are broad-spectrum antibiotics used for treatment of a range of common 

infections [1]. However, they may incorporated into developing tooth tissue and are 

discoloured by light induced oxidization and may deteriorate dental aesthetics significantly 

[2]. The prevalence of tetracycline stained teeth (TST) has been estimated to be 3-6% [3] and 

up to 23% in one national survey [4]. This can be generalized or localized and range in colour 

from mild yellow to grey and dark brown. The clinical presentation is dependent on the type 

of tetracycline, its dose, length of medication, and period of development of the tooth tissue 

[3, 5-7]. 

Clinical management of TST includes the use of bleaching [8], composite resin/porcelain 

laminate veneers [9] or full coverage metal-ceramic/all ceramic crowns to improve the 

aesthetic appearance. Bleaching is the most conservative treatment option without sacrifice of 

sound tooth substances and subjects’ satisfaction and oral health related quality of life has 

been improved after bleaching [10, 11]. Moreover, bleaching systems based on carbamide 

peroxide and hydrogen peroxide have been shown to be clinically safe with no irreversible 

side effects and have minimum biological cost [12-14]. Bleaching agents may be 

administered professionally [15] or by patients at home [16]. 

The quinone rings in tetracyclines that are responsible for red discoloration can be altered to 

less coloured molecules [17, 18]. Tray based peroxide home bleaching systems have been 

shown to lighten the appearance of TST when used for prolonged periods. Using 10% 

carbamide peroxide gel for a 6-month period in a tray delivery system, Haywood et al found 

that the tooth whitening effects were long lasting up to 90 months and that patients gave 

positive feedback [19, 20]. They also observed that severe discoloration in the gingival third 

of the tooth gave a poor prognosis for total tooth whitening. In a similar design study, Matis 

et al compared the effects of different concentrations of carbamide peroxide (10%, 15% and 

20%) on tetracycline stained teeth also for a 6-month period [21]. They showed that most 

rapid whitening occurred in the first month. There was some relapse of the tooth whitening 

effects after bleaching, mostly 3 months after bleaching. However, improvements in the 

redness and lightness are still observed at 5 years [22]. Supporting the observation of 

Haywood et al [19], they found that the darker the teeth at baseline, the more difficult it was 

to lighten them. 



Polyethylene strips have been used for delivery of bleaching peroxide and their direct contact 

with teeth may reduce overall peroxide dose and treatment time [23]. These strips may be 

easier to use by the patients compared to other delivery systems and eliminate the need of 

fabricating a custom tray [24]. Hydrogen peroxide bleaching strips used for six months has 

been shown to significantly whiten teeth with tetracycline staining [25]. Bleaching strips have 

been compared to 10% carbamide peroxide tray delivery system (equivalent to 3.6% 

hydrogen peroxide) in non-TST and the strips produced a comparable (strips with 5.3% 

hydrogen peroxide) [26] or even greater (strips with 6.5% hydrogen peroxide) [27] whitening 

effect when compared to the tray system. For TST, Kugel et al found that the 6.5% hydrogen 

peroxide strip system demonstrated significantly greater tooth whitening at 1- and 2-month 

and experienced a more rapid whitening effect in comparison to 10% carbamide peroxide 

tray delivery system [28]. Effects of increased tooth whitening with higher concentrations of 

bleaching agents have been reported on both non-TST [26, 29, 30] and TST [21]. 

Tetracycline staining has been a significant issue in Hong Kong and China [4]. Our 

hypothesis was both the tray and strip systems are effective in bleaching teeth with 

tetracycline staining and the objectives of this study are to prove this hypothesis and as a pilot 

study to compare the tooth whitening effect of a strip system (6.0% hydrogen peroxide) and a 

tray system (15% carbamide peroxide equivalent to 5.4% hydrogen peroxide) of similar 

hydrogen peroxide concentration in subjects with TST in a randomized clinical trial. 

 

2. Materials and Methods 

A randomized controlled trial was performed on the tooth whitening effects of two bleaching 

modalities, a tray based system using 15% carbamide peroxide and a strip based system 

using 6.0% hydrogen peroxide, on tetracycline stained teeth (TST). This trial was approved 

by the Ethics committee of the Faculty of Dentistry, the University of Hong Kong. Snowball 

sampling was used to recruit subjects, which was performed by word of mouth and written 

notices via staff and students of the University teaching hospital, Prince Philip Dental 

Hospital (PPDH) over a 6-month period. Participants’ selection and data collection were all 

performed in PPDH. 

 

 



2.1 Selection criteria and participants 

Potential participants were invited for a clinical examination and were screened for eligibility 

according to the inclusion and exclusion criteria (Table 1). The presence of tetracycline 

staining teeth in the maxillary anterior region were judged independently by two assessors 

(MB and AC) and where inconsistent opinion was found, third assessor (PN) opinion was 

sought [4]. Those who did not meet the selection criteria or refused to participate this trial 

were offered other treatment as appropriate. Written consents were obtained from all selected 

participants after verbal and written explanation of the trial. 

 

2.2 Intervention and trial design 

Enrolled participants received a dental prophylaxis and an alginate impression (Aroma Fine 

Plus, GC Corporation, Tokyo, Japan) of the maxillary arch were made and poured in dental 

stone (Dentstone KD, Saint-Gobain formula, France). From this a clear maxillary positioning 

jig (Biocryl®, 3mm thickness, Great Lakes Orthodontics, Tonowanda, NY, USA) was 

fabricated so that the disposable tube of colorimeter (ShadeVision System, X-Rite Inc. 

Grandville, MI, USA) could be accurately re-positioned into the location cone of the jig to 

measure the labial middle third tooth colour of a selected tooth [17, 31, 32]. Baseline colour 

of the maxillary right central incisor and if this was restored the maxillary left central or 

lateral incisor was measured by a colorimeter which adopted the Commission Internationale 

de l’E´ clairage (International Commission on Illumination, CIE) L*a*b* three dimensional 

colour space. Axis L* is a measure of the lightness of an object and range from zero (perfect 

dark) to 100 (perfect reflecting diffuser). Axis a* is a measure of redness (positive) or 

greenness (negative) while axis b* is a measure of yellowness (positive) or blueness 

(negative). In CIELAB (1976) ’s definition, the overall colour changes delta E (ΔE) can be 

calculated by the square root of the changes in L*a*b* (ΔE = [(ΔL*)
2
 + (Δa*)

2
 + (Δb*)

2
 ]

1/2
) 

[33].  

Participants were then randomly assigned to either the tray group or the strip group by a 

research assistant tossing a coin (allocation ratio 1:1). At this time the clinicians instructed 

the participants on the bleaching product, how it should be used and what adverse symptoms 

they may expect. For the participants assigned to the tray group, a full maxillary arch 

bleaching tray (Drufosoft 1.5mm thickness, Dreve-Dentamid GMBH, Unna, Germany) was 

fabricated on the stone model. Gel reservoir was painted on the labial surface of the anterior 



teeth 1 mm terminated from the attached gingiva on the stone cast using two layers of spacer 

(Pink Rubber Sep, Kerr Corporation, Orange, CA, USA). The tray has gingival scalloping 

extended 2 to 3 mm past the attached gingiva but they did not engage undercuts or terminate 

on the top of the rugae. Participants were instructed to inject 15% carbamide peroxide 

bleaching gel in a syringe (Nupro White Gold™, Dentsply Professional, York, USA) into the 

labial surface of maxillary incisors and canines and wear the tray up to 2 hours or overnight 

during the 3-month trial period. For the strip group, participants were instructed to place the 

gel side of the maxillary strips containing 6.0% hydrogen peroxide (Crest Whitestrips™, 

Procter & Gamble, Cincinnati, USA) against the labial surface of maxillary incisors and 

canines twice daily for 30 minutes during the 3-month trial period. All participants were 

requested to report any adverse reaction associated with bleaching that they experienced and 

were addressed accordingly. Participants were advised avoid tobacco use and consume 

staining foods and drinks such as curry and coffee etc. during the trial period. 

Participants were clinically reviewed by one reviewer who was blinded to their treatment 

group at one-, two- and three-months. The primary outcome measures were the changes in 

L*a*b* (i.e. adjusted colorimeter values) and the calculated overall colour changes ΔE 

compared to baseline. Three colorimeter readings were taken and averaged. The colorimeter 

was calibrated for each subject’s measurement. The secondary outcome was any significant 

adverse reaction associated with bleaching reported by the participants and assessed clinically 

by the reviewer. 

 

2.3 Sample size calculation 

Recruiting adult subjects with untreated tetracycline stained teeth (TST) was recommended 

[22] however was anticipated to be difficult, therefore the objective of this clinical trial was 

to determine the effectiveness of strip and tray based bleaching modalities on TST. ΔE value 

(just noticeable difference) more than 2 will normally be noticeable to an experienced 

observer [33]. The standard deviation of TST at baseline were around 2 [21]. The effect size 

is therefore equivalent to 1.0. For one sample t-test with α=0.05 and 80% power, 10 subjects 

will be needed. Twenty percent more subjects were recruited for potential drop-out.  

2.4 Statistical analysis  

Continuous variables were tested for normality by Kolmogorov–Smirnov test. For normal 

distributed variables, means were analysed using two-sided parametric one sample t-test and 



independent t-test for intra- and inter-group comparison respectively. For non-normally 

distributed variables, means were either log converted to normal distribution or medians were 

analysed using two-sided non-parametric one-sample Wilcoxon test and Mann-Whitney U 

test for intra- and inter-group comparison respectively. Categorical variables were analysed 

by Fisher’s exact test. Significance level was set at α=0.05. All data were analysed using 

Statistical Package for Social Science (SPSS) 23.0 (IBM, New York, USA). 

 

3. Results 

Thirty-six subjects were screened for possible inclusion in this study, from these 26 were 

enrolled. Ten subjects were excluded because either the discoloration was not tetracycline in 

origin or time conflict (Figure 1). Among the enrolled participants, fourteen recalled a history 

of tetracycline ingestion. Twelve and fourteen participants were randomly distributed into the 

tray and strip groups respectively. The socio-demographic and baseline tooth colour of two 

groups were compared and no significant difference was found (p>0.05) (Table 2). Each 

group has one participant that cannot attend the two-month review, otherwise there was no 

missing data. For the tray group, eight (66.7%) and four (33.3%) of participants the tested 

teeth were maxillary right and left central incisors respectively. For the strip group, five 

(35.7%) maxillary right central incisors, eight (57.2%) maxillary left central incisors and one 

(7.1%) maxillary left lateral incisor were tested. There were no significant adverse reactions 

other than mild transient sensitivity reported by both groups of participants. 

 

3.1 Intra-group comparison 

For both the tray and the strip groups, tooth colour have been found to be lighter, decreased 

redness and yellowness (increased L*, decreased a* and decreased b*) when compared to the 

baseline, and these changes were significant at the end of this 3-month trial (p<0.05) (Table 

3). The overall colour changes ΔE were significant (p<0.05) and noticeable (i.e. greater than 

value of 2) in each monthly reviews. Changes in L*, a* and b* were significant from baseline 

to 2 months and from baseline to 3 months (Table 3 and 4). For the tray group, most L*, a* 

and b* changes were found in the first month (p<0.05). For the strip group, significant L* 

and a* changes were found in the first month and second month and significant b* changes 

was found in the second month (p<0.05) (Table 4). 



 

3.2 Inter-group comparison 

Inter-group comparison of tooth colour changes found that while greater lightness (ΔL*) 

improvement was observed in the tray group over the strip group in the first month (p=0.02), 

reverse was noticed in the second month (p=0.01) (Table 3). Both comparison have effect 

sizes greater than one. Despite the tray group has greater overall colour changes ΔE than the 

strip group at the end of this trial (10.11 vs. 8.23), no significant difference was found 

between two groups (p>0.05) and the effect size were 0.40 only. Clinically, the overall colour 

difference (1.88) between two groups was smaller than the just noticeable difference.  

A post-hoc power analysis was performed for the two-tailed inter-group comparison of the 

overall colour changes ΔE at significance level α=0.05 (Table 4). The null hypothesis was the 

tray and strip systems are equally effective in bleaching tetracycline stained teeth (TST). The 

power of this pilot study was inadequate to correctly reject this null hypothesis when the 

alternative hypothesis (i.e. superiority of one bleaching modality) was true. Based on the 3-

month result, with the value of 2 or more as just noticeable difference (JND) for experienced 

observer, sample size required at 80% power should be 68 subjects per group. In view of the 

difficulty to recruit adult subjects with untreated TST, for lay person the JND was 4 or more 

[33], the sample size required at 80% power will reduces 18 subjects per group.  

 

4. Discussion 

There are several limitations with this study. The difficulty in collecting a large enough 

sample of eligible subjects with tetracycline staining teeth (TST) to make comparison 

between two bleaching modalities meaningful. While there was adequate power for intra-

group comparison, the power for inter-group comparison was inadequate and may lead to 

accept the null hypothesis (i.e. no difference) while there was a real difference between two 

bleaching modalities. A snowballing technique was used to gather eligible subjects and a 6-

month period was used to gather the subject pool. Ideally a longer period for recruitment 

could have been used however, it was felt the speed of recruitment had dried up at 6 months. 

Patient-centred outcome measures (PROMs) such as oral health related quality of life 

(OHRQoL) associated with the bleaching modalities were not assessed and compared in this 

trial. Standardized effect sizes (ES) of previous study on oral impact on daily performance 



(OIDP) range from 0.34 to 0.75 [10], a sample size of 175 (ES 0.3) was therefore required for 

a two-tailed comparison at significance level α=0.05 [34]. Moreover, blinding of two 

bleaching modalities were impossible to the participants. However, potential bias to the tooth 

colour measurement was minimized by the use of a colorimeter with high reliability and 

accuracy [35] as well as positioning jig [17, 31, 32]. 

In this study the labial middle third of the testing tooth was measured since bleaching of the 

cervical third of TST may take up to a year [22, 36]. While participants were instructed to 

follow the treatment regimen and avoid tobacco use and/or consume staining foods and 

drinks, their compliance may decrease over an extended period of time. Moreover, the labial 

middle third of a tooth exhibited the most consistent results when the precision of 

measurement of different tooth areas was evaluated [31, 37]. Despite whitening effect has 

been observed at the cervical third of TST in this trial, the result should be limited to the 

labial middle third of TST. 

The mean overall colour change ΔE reported was 5.5 or more at 1 month and greater than 8.0 

at 3 months for both the tray and strip bleaching systems in this study. Colour change ΔE of 4 

or more will normally be visible to the average person [33]. In dental literature, ΔE of 1.0 and 

3.7 was suggested as the perceptibility (PT) and acceptability threshold (AT) respectively. PT 

means 50% of observers noticed there is a difference in colour while AT means 50% of 

observers considered unacceptable to the colour difference. [38-42]. While many studies used 

CIELAB 1976 colour difference formula, concerns has been raised on the use of this formula 

since human visual perception are not uniform [33]. PT and AT based on more updated 

formula CIEDE 2000 was found to be 1.30 and 2.25 respectively [43]. Therefore the 

bleaching effect of both modalities on TST were noticeable and acceptable to participants. 

However, the tray group loaded with 15% carbamide peroxide in this study has smaller 

colour changes than Matis et al’s tray group with same concentration of carbamide peroxide 

(mean ΔL* +9.13; mean Δa* -1.70; mean Δb* +0.32). Furthermore, decrease in the 

yellowness was observed only in 6-month review in Matis et al’s study. This may be due to 

different measurement techniques since they first matched participants’ teeth to a shade guide 

and then measured the colour of shade guide by a colorimeter. In a meta-analysis of 

bleaching strip, similar trend of tooth colour changes (increased mean L* 2.04, decreased 

mean a* -0.79 and decreased mean b* -2.31) was observed in two-week’s time [44]. These 

lower values are most likely related to the increased bleaching time in the current study (one-



month result) and the darker colour of TST at baseline allowing a relatively larger amount of 

change. 

At the end of this trial, the tray group (mean ΔE=10.11) exhibited greater colour 

improvement than the strip group (mean ΔE=8.23); this trial did not have adequate power 

(10% only) to reject the null hypothesis (i.e. two modalities are equally effective) when the 

alternative hypothesis (i.e. superiority of one bleaching modality) was true. However the 

clinical significance of this mean differences (1.88) may be low, since it was smaller than the 

just notifiable difference (JND) (2 or more) and AT (2.25). Two modalities were also found 

equally effective in non-TST for 5.3% hydrogen peroxide strip and 10% carbamide peroxide 

tray delivery system (equivalent to 3.6% hydrogen peroxide)[26]. Experienced observer may 

observe differences (7.84 vs 5.53) in the bleaching effect between two treatment modalities in 

the first month only. This study chose strip (6.5% hydrogen peroxide) and tray (15% 

carbamide peroxide equivalent to 5.4% hydrogen peroxide) systems that had more equivalent 

bleaching concentrations to the one by Kugel et al [28] and hence the results showed that the 

whitening effect between the two groups was not statistical significant different over the 

study period. 

Tooth bleaching involves a series of colour parameters, of which lightness L* is generally 

considered as the primary parameter and also the most used to assess the effectiveness of a 

bleaching procedure [45]. Some studies [32-34] regarded yellowness b* the most important 

indicator of tooth whitening in bleaching [46-48]. Ishikawa-Nagai et al used 10% carbamide 

peroxide for tooth bleaching and found the total colour change had a strong, moderate and 

low correlation with b*, L* and a*, respectively [49]. In both groups of the current study, the 

whitening effect was manifested mainly by an increase in lightness (increased L*), to a less 

extent, by a reduction in yellowness (decreased b*) and redness (decreased a*). This may be 

related to the darker hue of TST varying from yellow or grey to brown. Kwon et al have 

reported the increase in lightness tends to be greater for teeth with lower initial L* value [50] 

which supports the observation of Haywood et al. and Matis et al. that darker TST did not 

lighten as well [19, 21]. 

This study showed for both systems the majority of the bleaching of TST occurred during the 

first month, which agrees with the results of Matis et al [21, 22]. The onset of bleaching 

effect was more rapid in the tray group, and L* in tray group at 1-month which was 

significantly greater than the strip group. Furthermore Matis et al also reported over the 



subsequent two months further whitening did occur supporting the clinical impression that 

prolonged bleaching can be effective in improving the appearance of TST suggesting that 

bleaching times at least up to 3 months are appropriate for TST [21]. The patients in the 

current study reported no unexpected signs or symptoms with only mild transient tooth 

sensitivity the most common symptom reported and is consistent with other studies which 

demonstrated its safe longer term use [28, 48, 51]. 

 

5. Conclusion  

The results of this randomized controlled trial suggested that a 3-month regime of both the 

6% hydrogen peroxide strips and 15% carbamide peroxide tray system
 
were effective in 

whitening of tetracycline stained teeth. 

 

Conflict of interest: The authors declare that they have no conflict of interest. 

 

 

 

 

 

 

 

 

 

 

 

 

 



References: 

[1] I. Chopra, M. Roberts, Tetracycline antibiotics: mode of action, applications, molecular biology, 
and epidemiology of bacterial resistance, Microbiology and molecular biology reviews 65(2) (2001) 
232-260. 
[2] H.S. Mello, The mechanism of tetracycline staining in primary and permanent teeth, Journal of 
dentistry for children 34(6) (1967) 478. 

[3] A.R. Sánchez, R.S. Rogers, P.J. Sheridan, Tetracycline and other tetracycline‐derivative staining 
of the teeth and oral cavity, International journal of dermatology 43(10) (2004) 709-715. 
[4] M. Wong, E. Lo, E. Schwarz, H. Zhang, Oral health status and oral health behaviors in Chinese 
children, Journal of Dental Research 80(5) (2001) 1459-1465. 
[5] C.C. Cheek, H.O. Heymann, Dental and oral discolorations associated with minocycline and other 
tetracycline analogs, Journal of Esthetic and Restorative Dentistry 11(1) (1999) 43-48. 
[6] E.R. Grossman, A. Walchek, H. Freedman, C. Flanagan, Tetracyclines and permanent teeth: the 
relation between dose and tooth color, Pediatrics 47(3) (1971) 567-570. 
[7] J. Conchie, J. Munroe, D. Anderson, The incidence of staining of permanent teeth by the 
tetracyclines, Canadian Medical Association Journal 103(4) (1970) 351. 
[8] I. Gimeno, P. Riutord, P. Tauler, J.A. Tur, A. Pons, The whitening effect of enzymatic bleaching on 
tetracycline, journal of dentistry 36(10) (2008) 795-800. 
[9] J.-h. Chen, C.-x. Shi, M. Wang, S.-j. Zhao, H. Wang, Clinical evaluation of 546 tetracycline-stained 
teeth treated with porcelain laminate veneers, Journal of dentistry 33(1) (2005) 3-8. 
[10] S.S. Meireles, M.L. Goettems, R.V.F. Dantas, Á. Della Bona, I.S. Santos, F.F. Demarco, Changes in 
oral health related quality of life after dental bleaching in a double-blind randomized clinical trial, 
Journal of dentistry 42(2) (2014) 114-121. 
[11] J. Martín, P. Vildósola, C. Bersezio, A. Herrera, J. Bortolatto, J. Saad, O. Oliveira, E. Fernández, 
Effectiveness of 6% hydrogen peroxide concentration for tooth bleaching—A double-blind, 
randomized clinical trial, Journal of dentistry 43(8) (2015) 965-972. 
[12] T. Auschill, E. Hellwig, S. Schmidale, A. Sculean, N. Arweiler, Efficacy, side-effects and patients’ 
acceptance of different bleaching techniques (OTC, in-office, at-home), Oper Dent 30(2) (2005) 156-
63. 
[13] R. Leonard Jr, Efficacy, longevity, side effects, and patient perceptions of nightguard vital 
bleaching, Compendium of continuing education in dentistry (Jamesburg, NJ: 1995) 19(8) (1998) 766-
70, 772, 774, passim. 
[14] V.B. Haywood, R.H. Leonard, C.F. Nelson, W.D. Brunson, Effectiveness, side effects and long-
term status of nightguard vital bleaching, The Journal of the American Dental Association 125(9) 
(1994) 1219-1226. 
[15] G.J. Christensen, Bleaching vital tetracycline stained teeth, Quintessence international, dental 
digest 9(6) (1978) 13. 
[16] L.C.d.A. de Almeida, H. Riehl, P.H. dos Santos, M.L.M.M. Sundfeld, A.L.F. Briso, Clinical 
evaluation of the effectiveness of different bleaching therapies in vital teeth, International Journal of 
Periodontics & Restorative Dentistry 32(3) (2012). 
[17] A. Joiner, The bleaching of teeth: a review of the literature, Journal of dentistry 34(7) (2006) 
412-419. 
[18] A.K. Davies, J.F. McKellar, G.O. Phillips, A.G. Reid, Photochemical oxidation of tetracycline in 
aqueous solution, Journal of the Chemical Society, Perkin Transactions 2 (3) (1979) 369-375. 
[19] V.B. Haywood, R.H. Leonard, G.L. DICKINSON, Efficacy of Six Months of Nightguard Vital 

Bleaching of Tetracycline‐Stained Teeth, Journal of Esthetic and Restorative Dentistry 9(1) (1997) 
13-19. 

[20] R.H. Leonard, V.B. Haywood, D.J. Caplan, N.D. Tart, Nightguard Vital Bleaching of Tetracycline‐
Stained Teeth: 90 Months Post Treatment, Journal of Esthetic and Restorative Dentistry 15(3) (2003) 
142-153. 



[21] B.A. Matis, Y. Wang, T. Jiang, G.J. Eckert, Extended at-home bleaching of tetracycline-stained 
teeth with different concentrations of carbamide peroxide, Quintessence International 33(9) (2002). 
[22] B. Matis, Y. Wang, G. Eckert, M. Cochran, T. Jiang, Extended bleaching of tetracycline-stained 
teeth: a 5-year study, Operative dentistry 31(6) (2006) 643-651. 
[23] J. Guerrero, M. Jiménez-Farfán, A. Lopez-Salgado, M.L. Barker, R.W. Gerlach, Professional 
whitening strips in a university population, American journal of dentistry 20 (2007) 15A-18A. 
[24] R.W. Gerlach, Shifting paradigms in whitening: introduction of a novel system for vital tooth 
bleaching, Compendium of continuing education in dentistry.(Jamesburg, NJ: 1995). Supplement 
(29) (1999) S4-9. 
[25] G. Kugel, R.W. Gerlach, A. Aboushala, S. Ferreira, B. Magnuson, Long-term use of 6.5% hydrogen 
peroxide bleaching strips on tetracycline stain: a clinical study, Compendium of continuing education 
in dentistry (Jamesburg, NJ: 1995) 32(8) (2011) 50-56. 
[26] R. Gerlach, R. Gibb, P. Sagel, A randomized clinical trial comparing a novel 5.3% hydrogen 
peroxide whitening strip to 10%, 15%, and 20% carbamide peroxide tray-based bleaching systems, 
Compendium of continuing education in dentistry.(Jamesburg, NJ: 1995). Supplement (29) (1999) 
S22-8; quiz S42-3. 
[27] K. Karpinia, I. Magnusson, P. Sagel, X. Zhou, R. Gerlach, Vital bleaching with two at-home 
professional systems, American journal of dentistry 15 (2002) 13A-18A. 
[28] G. Kugel, A. Aboushala, X. Zhou, R. Gerlach, Daily use of whitening strips on tetracycline-stained 
teeth: comparative results after 2 months, COMPENDIUM-NEWTOWN- 23(1A) (2002) 29-34. 
[29] D.G. Soares, F.G. Basso, J. Hebling, C.A. de Souza Costa, Concentrations of and application 
protocols for hydrogen peroxide bleaching gels: effects on pulp cell viability and whitening efficacy, 
Journal of dentistry 42(2) (2014) 185-198. 
[30] M. Sulieman, M. Addy, E. MacDonald, J. Rees, The effect of hydrogen peroxide concentration on 
the outcome of tooth whitening: an in vitro study, Journal of dentistry 32(4) (2004) 295-299. 
[31] S.J. Chu, R.D. Trushkowsky, R.D. Paravina, Dental color matching instruments and systems. 
Review of clinical and research aspects, Journal of dentistry 38 (2010) e2-e16. 
[32] G.R. Goldstein, G.W. Schmitt, Repeatability of a specially designed intraoral colorimeter, The 
Journal of prosthetic dentistry 69(6) (1993) 616-619. 
[33] P.J. Baldevbhai, R. Anand, Color image segmentation for medical images using L* a* b* color 
space, IOSR Journal of Electronics and Communication Engineering 1(2) (2012) 24-45. 
[34] J. Cohen, Statistical power analysis for the behavioral sciences Lawrence Earlbaum Associates, 
Hillsdale, NJ  (1988) 20-26. 
[35] S. Kim-Pusateri, J.D. Brewer, E.L. Davis, A.G. Wee, Reliability and accuracy of four dental shade-
matching devices, The Journal of prosthetic dentistry 101(3) (2009) 193-199. 
[36] V.B. Haywood, Extended bleaching of tetracycline-stained teeth: a case report, Contemporary 
esthetics and restorative practice 1(1) (1997) 14-21. 
[37] A. Karamouzos, M. Papadopoulos, G. Kolokithas, A. Athanasiou, Precision of in vivo 
spectrophotometric colour evaluation of natural teeth, Journal of oral rehabilitation 34(8) (2007) 
613-621. 
[38] W. Johnston, E. Kao, Assessment of appearance match by visual observation and clinical 
colorimetry, Journal of Dental Research 68(5) (1989) 819-822. 
[39] G. Khashayar, P.A. Bain, S. Salari, A. Dozic, C.J. Kleverlaan, A.J. Feilzer, Perceptibility and 
acceptability thresholds for colour differences in dentistry, Journal of dentistry 42(6) (2014) 637-644. 
[40] R.G. Kuehni, R.T. Marcus, An experiment in visual scaling of small color differences, Color 
Research & Application 4(2) (1979) 83-91. 
[41] R.R. Seghi, E. Hewlett, J. Kim, Visual and instrumental colorimetric assessments of small color 
differences on translucent dental porcelain, Journal of Dental Research 68(12) (1989) 1760-1764. 
[42] I. Ruyter, K. Nilner, B. Möller, Color stability of dental composite resin materials for crown and 
bridge veneers, Dental Materials 3(5) (1987) 246-251. 



[43] R. Ghinea, M.M. Pérez, L.J. Herrera, M.J. Rivas, A. Yebra, R.D. Paravina, Color difference 
thresholds in dental ceramics, Journal of Dentistry 38 (2010) e57-e64. 
[44] R.W. Gerlach, M.L. Barker, K. Karpinia, I. Magnusson, Single site meta-analysis of 6% hydrogen 
peroxide whitening strip effectiveness and safety over 2 weeks, journal of dentistry 37(5) (2009) 
360-365. 
[45] N.U. Wetter, E.P. Branco, A.M. Deana, J.E. Pelino, Color differences of canines and incisors in a 
comparative long-term clinical trial of three bleaching systems, Lasers in Medical Science 24(6) 
(2009) 941-947. 
[46] W. Luo, S. Westland, P. Brunton, R. Ellwood, I.A. Pretty, N. Mohan, Comparison of the ability of 
different colour indices to assess changes in tooth whiteness, journal of dentistry 35(2) (2007) 109-
116. 
[47] J. Goodson, M. Tavares, M. Sweeney, J. Stultz, M. Newman, V. Smith, E. Regan, R. Kent, Tooth 
whitening: tooth color changes following treatment by peroxide and light, The Journal of clinical 
dentistry 16(3) (2004) 78-82. 
[48] L. Giachetti, F. Bertini, C. Bambi, M. Nieri, D.S. Russo, A randomized clinical trial comparing at-
home and in-office tooth whitening techniques: a nine-month follow-up, The Journal of the 
American Dental Association 141(11) (2010) 1357-1364. 

[49] S. Ishikawa‐Nagai, T. Terui, K. Ishibashi, H.P. Weber, M. Ferguson, Prediction of optical efficacy 
of vital tooth bleaching using regression analysis, Color Research & Application 29(5) (2004) 390-394. 
[50] S.R. Kwon, P. Wertz, D. Dawson, D. Cobb, G. Denehy, The relationship of hydrogen peroxide 
exposure protocol to bleaching efficacy, Operative dentistry 38(2) (2013) 177-185. 
[51] G.R. Mokhlis, B.A. Matis, M.A. COCHRAN, G.J. ECKERT, A clinical evaluation of carbamide 
peroxide and hydrogen peroxide whitening agents during daytime use, The Journal of the American 
Dental Association 131(9) (2000) 1269-1277. 

 

  



Table 1. Inclusion and exclusion criteria of this randomized clinical trial on the tooth 

whitening outcomes. 

 

Inclusion criteria Exclusion criteria 

 Tetracycline stained maxillary anterior teeth 

(agreed by two independent assessors) 

 Maxillary anterior teeth were sound or 

minimally restored 

 Able to attend over a 4-month period 

 Subject who was under 18 or unable to give 

consent 

 Subject who was medically unfit for dental 

treatment and reviews 

 Subject who was pregnant and/or lactating 

 Uncontrollable oral diseases and/or with oral 

infections 

 History of tooth whitening treatment 

 Smoker 

 Allergy to hydrogen peroxide or carbamide 

peroxide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Socio-demographic and tooth colour (L*a*b*) profile of the tray and the strip 

group at baseline  



 Tray group Strip group  

 Mean (SD) Mean (SD) p-value 

Socio-demographic profile    

Age 28.7 (5.9) 30.4 (3.1) 0.388^ 

Gender (Female) 66.7%, n=8 85.7%, n=12 0.365+ 

Ethnic (Chinese) 100%, n=12 100%, n=14 N/A 

Tooth colour profile    

L* 59.9 (6.5) 62.9 (4.5) 0.167^ 

a* 8.0 (1.9) 9.1 (4.6) 0.542#^ 

b* 13.4 (4.4) 15.1 (3.6) 0.286^ 

+Fisher’s exact test; ^Independent t test; #log-normality 

 

 

 

Table 3. Tooth colour changes (i.e. adjusted values) of the tray and the strip group during 

the trial period. P-values of inter-group comparisons were presented. 

 

Tray group  

Mean (SD) 

Strip 

group 

Mean (SD) 

Inter-

group 

p-value 

Standardized 

effect size
#
 

Post-hoc 

power 

analysis
$
 

ΔE      

0 - 1 month 7.84 (3.88)
^

 5.53 (4.16)
^

 0.16
+
 +0.56 0.28 

1 – 2 month 2.68 (1.29)
^

 2.96 (1.74)
^

 0.66
+
 -0.16 0.07 

2 – 3 month 3.22 (2.54)
%

 2.56 (1.51)
^

 0.61
@

 +0.26 0.16 



0 - 2 month 8.28 (3.24)
^

 7.55 (5.01)
 %

 0.68
+
 +0.15 0.07 

0 - 3 month 10.11 (3.42)
^

 8.23 (4.69)
^

 0.26
+
 +0.40 0.10 

ΔL*      

0 - 1 month 6.64 (3.55)
^

 3.01 (3.48)
^

 0.02
+
 +1.02 - 

1 – 2 month -0.08 (1.64) 2.09 (1.86)
^

 0.01
+
 -1.17 - 

2 – 3 month 2.11 (2.82)
%

 0.70 (2.19) 0.23
@

 +0.50 - 

0 - 2 month 6.92 (3.22)
^

 5.16 (3.56)
^

 0.22
+
 +0.49 - 

0 - 3 month 8.76 (3.87)
^

 5.61 (4.38)
^

 0.07
+
 +0.72 - 

Δa*      

0 - 1 month -1.63 (1.49)
%

 -2.19 (4.09)
%

 0.67
@

 +0.14 - 

1 – 2 month -0.13 (1.19) -0.79 (1.09)
^

 0.17
+
 +0.55 - 

2 – 3 month -0.26 (1.18) -0.37 (1.19) 0.82
+
 +0.09 - 

0 - 2 month -1.84 (1.03)
%

 -3.17 (4.95)
%

 0.57
@

 +0.27 - 

0 - 3 month -2.25 (1.50)
%

 -3.39 (4.38)
%

 0.94
@

 +0.26 - 

Δb*      

0 - 1 month -2.50 (3.09)
^

 -0.91 (2.36) 0.15
+
 -0.51 - 

1 – 2 month 0.13 (2.33) -0.98 (1.21)
^

 0.17
+
 +0.48 - 

2 – 3 month -0.44 (1.83) -0.34 (1.53) 0.88
+
 -0.05 - 

0 - 2 month -2.56 (3.30)
^

 -1.87 (2.48)
^

 0.56
+
 -0.21 - 

0 - 3 month -2.78 (2.90)
^

 -2.12 (2.29)
^

 0.52
+
 -0.23 - 

+
p-values obtained from independent t-test; 

@
p-values obtained from Mann-Whitney U test 

^One sample t-test, p<0.05; 
%

One-sample Wilcoxon test, p<0.05 

#
Standardized effect size = mean difference in tooth colour change / standard deviation of 

tooth colour change 

$
Two-tailed post-hoc power analysis at significance level α=0.05 

Table 4. Significant intra-group tooth colour changes (ΔL*, Δa*, Δb*) of the tray 



and the strip groups during the trial period. Percentage changes were presented in 

bracket. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tray group  0 - 1 month   1 - 2 month   2 - 3 month  
 ΔL*, Δa*, Δb*  - ΔL* 

 (75.8%, 72.4%, 89.9%)  (24.1%) 

  
  0 - 3 month  

 ΔL*, Δa*, Δb* 

 (All 100%) 

   
  0 - 2 month   

 ΔL*, Δa*, Δb*  
 (79.0%, 81.8%, 92.1%)  

Strip group  0 - 1 month   1 - 2 month   2 - 3 month  
 ΔL*, Δa* 

(53.7%, 64.6%) 
ΔL*, Δa*, Δb* 

(37.3%, 23.3%, 46.2%) 
- 

  
  0 - 3 month  

 ΔL*, Δa*, Δb* 

 (All 100%) 

   
  0 - 2 month   

 ΔL*, Δa*, Δb* 
(92.0%, 93.5%, 88.2%) 

 



One sample t-test, p<0.05; One-sample Wilcoxon test, p<0.05 
 



Figure 1. Flowchart of subject recruitment of this randomized clinical trial on the tooth whitening outcomes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Assessed for eligibility 

n=36 

 
Enrolment 

n=26 

 
Randomization 

(1:1) 

 
Tray group 

n=12 
 

1-month, n=12 
2-month, n=11 
3-month, n=12 

 
Strip group 

n=14 
 

1-month, n=14 
2-month, n=13 
3-month, n=14 

 
 

 
Time conflict (4 subjects) 

Discoloration was not tetracycline in origin (6 subjects) e.g. fluorosis 


