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_While nightguard vital bleaching is the 
most used treatment modality for whitening of
 discoloured teeth, in-office tooth whitening pro -
cedures that use a concentration of higher than 
10 % carbamide peroxide have been advocated as
acceptable alternatives. Patients often choose in-
office bleaching when they desire more rapid
whitening of their teeth and/or when they do not
desire to wear bleaching trays for at-home tech-
niques.1 Although manufacturers indicate that
most in-office bleaching agents can be used with-
out light irradiation, studies have reported that light
activation can enhance the results of the bleaching
procedures.2 The light energy increases the rate of

hydrogen peroxide degradation to form oxygen free
radicals, leading to an enhancement of the bleach-
ing process.2–5

Introduced in 1948, tetracyclines (TCN) are broad-
spectrum antibiotics that may be used in the treat-
ment of many common infections in children and
adults. One of the negative side-effects of TCN is in-
corporation into tissues that are calcifying at the
time of drug administration, such as teeth, cartilage
and bone. A resulting permanent discolouration of
both the primary and permanent dentitions can
vary, such as yellow or grey or brown, depending on
the dosage and the type of the drug received, as well
as the duration of exposure to the drug.6,7

In recent literature, it has been noted that Mino -
cycline, a semi-synthetic member of the TCN family
widely used in the treatment of acne, also causes
 abnormal pigmentation of collagenous tissues such
as the skin, thyroid gland, nails, bone, sclera and
 conjunctiva in adults. The pigment is the product of
an  oxidation reaction, and laboratory studies have
shown that the pigment formation can be induced by
exposure to ultraviolet light in the presence of air.8

Similarly, Minocycline has been shown to cause a
blue-grey to grey discolouration of the teeth of adults.
This appears to be linked to the cycle of demineralisa-
tion and remineralisation of the enamel surface, and
can produce staining that is clinically indistinguish-
able from staining during tooth development.9

As a continuation of what was reported by
Harada10, we recently described an effective in vitro
method to produce standardised discolouration 
of extracted human molar teeth using Chlortetra -
cycline and its analogs.11 Utilising this technique, 
a readily available source of discoloured teeth can 
be produced to evaluate the efficacy of various
bleaching protocols.

The purpose of the present study was to evaluate
the effects of one in-office tooth whitening proce-
dure (Zoom 2, Discus Dental) on such standardised
discoloured teeth to assess their usefulness as mod-
els for bleaching research. Our hypothesis was that
the teeth discoloured by the in vitro technique
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Figs. 1a & b_Stained teeth before

and after application of the 

20 % whitening gel.

Fig. 2_Stained teeth demonstrating

application of the mercury metal

halide light. Note the way that all 

the stained teeth fit inside 

the scope of the light.
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would whiten in the same manner and to the same
degree as non-experimental teeth.

_Materials and methods

Twenty extracted human molar teeth were sec-
tioned approximately 2 mm above their furcations
to provide the clinical crowns for this experiment.
Images of the buccal and lingual surfaces were
recorded with a digital camera (Canon EOS-D30,
Canon) using standardised settings throughout 
the experiment. Each tooth was then analysed with
a dental spectrophotometer (VITA Easyshade, VITA)
against a neutral grey background.

After baseline recordings, the pulp chambers
were etched for 60 seconds with 37 % phosphoric
acid gel and then thoroughly rinsed with distilled
water. Saturated solutions of Chlortetracycline,
Doxycycline and Minocycline were produced by
mixing 100 to 250 mg of the five respective medica-
ments in 5 ml of distilled water. Only the resulting
supernatant was recovered for use. Five pulp cham-
bers were filled with 0.5 ml of each of the solutions.
Distilled water was used as a control in the five
 remaining pulp chambers. Composite resin disks
were used to seal the chambers of all teeth.

The teeth were then placed crown first into a
 centrifuge tube and subjected to centrifugation at
2,800 rpm for 20 minutes. After centrifugation, the
teeth were stored in distilled water for one week be-
fore exposure to continuous light irradiation with
two 60 W Xenon lamps for seven weeks. Digital im-
ages of the colour change of both the buccal (B) and
lingual (L) surfaces were recorded against a neutral
grey background. The chroma (C*), brightness (L*) and
hue (H*) values were recorded with the spectropho-
tometer, and the colour differences (�E) between
baseline and seven weeks were calculated from the
spectral data. Colour differences were calculated
using CIE �E*, using the following formula:

�E* = [(�L*) 2 + (�C*) 2 + (�H*) 2]1/2

_In-office whitening procedure

At the completion of the discolouration phase,
three randomly selected samples from each group
were subjected to Zoom 2 in-office tooth whitening
procedures. The Zoom 2 system uses a hydrogen-
peroxide-based tooth whitener, which comes pre-
packaged as two individual components: a 25 %
 hydrogen peroxide gel and a proprietary activator.
These two components are mixed at room tem -
perature to form a working gel that has a 20 % con-
centration of hydrogen peroxide and a pH between
7.5 and 8.5 (Figs. 1a & b). Prior to the application of

the gel to the sample teeth, the samples were coated
with a solution supplied by the manufacturer in the
form of pre-treatment starter swabs.

The treatment sessions were broken down into
three 15-minute applications of the 20 % con -
centration hydrogen peroxide gel. Between each

Tables Ia–c_Regression plots 

of L*, C* and H*.

Table Ia

Table Ic

Table Ib

— Chlortetracycline — Control — Doxycycline — Minocycline

— Chlortetracycline — Control — Doxycycline — Minocycline

— Chlortetracycline — Control —   Doxycycline — Minocycline
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application, the gel was removed with high volume
suction and the samples were wiped clean with cot-
ton gauze saturated in distilled water. Therefore, the
total exposure of the teeth to the bleaching agent
was limited to 45 minutes per session. Sessions were
performed once a week for seven weeks.

The gel applications were activated by the use of
the Zoom 2 mercury metal halide light unit that, ac-
cording to the manufacturer, emits violet coloured
light with a wavelength in the range of 350 to 400 nm.
When placed into position, the light unit is capable
of illuminating all of the teeth simultaneously (Fig. 2).
The use of this light unit implies that a  specific wave-
length of light activates some aspect of the whitener
and enhances the whitening effect. An infrared fil-
ter helps to minimise the amount of heat generated
at the surface of the teeth during the treatment
 session.

Immediately following the completion of each
45-minute session, digital images of both the  
buccal and lingual surfaces were recorded against 
a neutral grey background. The L*, C*, and H* values
were also recorded with the spectrophotometer. 
The samples were stored in distilled water until the
next session to prevent desiccation.

_Results

The means of the L*, C* and H* values for each 
of the TCN derivatives and the control as recorded 
by the spectrophotometer at the specified weekly  
in  ter vals are listed in Table II. Tables Ia to c show 
the  regression plots of the L*, C* and H* values for 
the TCN and control groups. Statistical analysis of the
chang es in L*, C* and H* between baseline and the final
evaluation was performed. There was a significant
association amongst treatment group, evaluation
and interaction term, treatment group x evaluation,
and L* (two-way ANOVA; p < 0.001, p = 0.002 and 
p < 0.001, respectively). All groups except Doxycycline
demonstrated statistically significant differences 
in brightness between the baseline and the final
evaluation (Holm-Sidak Multiple Comparisons 
Test; all comparisons to baseline; p < 0.05). For the
Chlortetracycline-, Doxycycline- and Minocycline-
stained groups a decrease in brightness rather 
than an increase was observed. The control group
demonstrated a significant increase in brightness
(Table Ia).

The mean L* for the control group was signi -
ficantly higher than the Chlortetracycline, Doxy -
cycline and Minocycline groups at baseline. Since
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Figs. 3a–d_The stained teeth and

control groups demonstrating

progress from baseline through

weeks 1, 3, 5 and 7.

Chlortetracycline
Baseline 1st week 3rd week 5th week 7th week

Fig. 3a

Control
Baseline 1st week 3rd week 5th week 7th week

Fig. 3b
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the mean L* for the control group increased sig -
nificantly between baseline and final measure-
ments and the Chlortetracycline, Doxycycline 
and Minocycline groups’ mean L* decreased, these
differences were even greater at the final evalua-
tion period (Table Ia). While these changes explain
the significant differences between the four
groups, they do not indicate a positive whitening
effect.

There was a significant association between C*
and treatment group, evaluation and the interac-
tion term, treatment group x evaluation (two-way
ANOVA; p < 0.003, p < 0.001 and p = 0.002, re -
spectively). From the baseline to final evaluation, 
all four groups demonstrated a significant reduc-
tion in C* (Holm-Sidak Multiple Comparisons Test; 
all comparisons to baseline; p < 0.05; Table Ib). 
With the C* data, we once again see that there 
was a significant difference between the control
group and the Chlortetracycline group at baseline,
with the Chlortetracycline group significantly
more chromatic.

At the final evaluation, the reduction in C* for
the Chlortetracycline, Minocycline and Doxycy-
cline groups was so dramatic that the control group

was significantly more chromatic than these three
groups (Holm-Sidak Multiple Comparisons Test; 
p < 0.05). There was no significant association be-
tween H* data and the evaluation period (Table Ic).
There was a significant association between treat-
ment group and H*. Comparing the means for the
three experimental groups to the control, the hue
value for Chlortetracycline was significantly lower
(that is, more blue). The mean values for the four
groups include data from both the baseline and
 final evaluations. It does not indicate there was 
a significant change in H*, only that the Chlortetra-
cycline teeth were more blue than the other three
groups.

_Discussion

Bleaching treatment is considered to be the
most conservative procedure for treating dis-
coloured and stained teeth when compared to lam-
inate and crown restorations. Moreover, bleaching
can be used to reduce the colour of dark teeth
 before preparation and placement of aesthetic
 indirect restorations. Therefore, depending on
colour reduction, the tooth preparation can be
more  conservative and preserve more sound dental
 tissues.7,12–14

Doxycycline
Baseline 1st week 3rd week 5th week 7th week

Fig. 3c

Fig. 3d

Minocycline 
Baseline 1st week 3rd week 5th week 7th week
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Since its introduction to dentistry in 1989, night-
guard vital bleaching has been proven to be a sim-
ple and safe procedure to lighten discoloured teeth.
With extended treatment time, TCN-stained teeth
can be expected to lighten in at least 86 % of cases.
Side effects are usually mild and transient, disap-
pearing within days of treatment completion with
no long-term sequelae.15

Recent in-office tooth whitening procedures
with 20 % hydrogen peroxide are gaining popular-
ity as alternatives to at-home nightguard vital
bleaching. The present study evaluated the efficacy
of one such in-office whitening protocol on stan-
dardised in vitro stained human teeth.

One of the most significant observations is that
visually the dark colour of the TCN-stained teeth ap-
peared more intense as the treatment protocol pro-
gressed (Figs. 3a–d). The enamel appeared to be more
translucent in all TCN groups, allowing the underly-
ing darker dentine shade to be expressed. This is con-
firmed by the spectrophotometer readings in which
the data shows a reduction in the L* values (Table II).

One explanation is that the superficial enamel
layer was affected much faster by the higher con-
centration bleaching agent than the deeper den-
tine. Haywood hypothesised that dentine can be
bleached in the case of Chlortetracycline-stained
teeth.16 Success was achieved generally after two to
six months of 10 % nightguard bleaching.17,18 In our
case, the short treatment duration may not have
 resulted in sufficient contact time to effect dentine
colour change. A slower process such as that sug-
gested by Haywood may be indicated for teeth more
intensely stained by tetracycline. Another explana-
tion is that the colour of TCN-stained teeth became
more intense in the artificial light owing to the
photo-oxidation of this complex.19 However, there
have been no studies on the efficacy or adverse
 effect of light in TCN-stained teeth.

The results support the conclusion that Zoom 2
provided a positive whitening effect, as one would

expect either a reduction in colour saturation and/or
an increase in brightness. All four treatment groups
demonstrated a reduction in C* from the baseline 
to final evaluations. Compared to the control 
group, the reduction in C* for the TCN groups was
much more prominent. It is interesting to note that
only the control group demonstrated an increase 
in brightness; all of the TCN groups decreased in
brightness.

_Conclusions

Subjecting the standardised TCN-stained teeth
to the Zoom 2 in-office bleaching system yielded
results consistent with a whitening effect when
considering changes in chroma. However, a re -
duction in brightness was noted for all of the
 experimental groups, which is not consistent with 
the  increase in brightness of the control group.
 Additionally, at the conclusion of the experimental
 period, the experimental groups attained a bluer
hue when compared to their hue at the beginning 
of the experiment. No significant change in the hue
of the control group was noted. Bleaching studies 
of teeth stained in the manner described in the
 present study may yield significantly different re-
sults to studies of teeth stained by TCN while they
are  developing._

Editorial note: A complete list of references is available
from the publisher.

Table II_Means of colour difference

at baseline and weeks 1, 3, 5 and 7.
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Baseline 1st week 3rd week 5th week 7th week

L* C* H* L* C* H* L* C* H* L* C* H* L* C* H*

Chlortetracycline 71.58 27.13 88.12 68.10 30.50 85.23 60.28 9.63 84.65 65.70 11.23 85.63 65.40 8.97 88.25

Control 81.73 20.17 100.03 82.07 23.02 94.48 73.20 11.97 97.77 87.25 16.98 101.33 85.52 15.33 99.60

Doxycycline 71.60 18.37 93.23 72.22 21.47 88.42 64.32 10.25 88.12 69.28 12.10 88.37 69.90 8.53 93.05

Minocycline 77.32 18.10 105.9 73.20 25.17 96.95 67.15 10.48 94.30 67.43 10.28 106.25 69.00 8.12 105.67
Table II
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