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Enamel Decalcification in Orthodontic Patients

INTRODUCTION

Enamel decalcification is the one of the most
common complications of post-orthodontic treatment1.
Lack of oral hygiene or dental neglect is the major
culprit 2, causing both esthetic and psychological prob-
lems for the patient. Mild post-orthodontic decalcifica-
tion demonstrates a clinical color change from white to
yellowish-white stains. This loss of enamel can range
from minor ‘white spot lesions’ to actual cavitation 2-3.
Moreover, moderate post-orthodontic decalcification is
characterized by yellowish-brown staining and surface
roughness. In some cases, severe post-orthodontic
enamel decalcification causes darker, yellowish-brown
stains with ultimate loss of enamel. Furthermore,
excessive consumption of chemically erosive foods
such as citrus fruits and fizzy carbonated drinks may
aggravate any existing decalcification during treat-
ment4. In spite of various treatment options available
today such as topical fluoride gels, toothpastes, mouth-
washes, varnishes, acid-pumice microabrasion and es-
thetic restorations, enamel decalcification remains a
major unpredictable complication5.

The prevalence of white spot lesions is not unique
to orthodontic patients, and can develop anywhere when
oral hygiene level is neglected and plaque is allowed to

accumulate. Its incidence appears to increase with age
and treatment duration. Evidence of decalcification
can remain even 5 years post-treatment. If left un-
checked, cavitation may occur leading to caries 6.

Few investigators6-7 in the past have linked dental
neglect during orthodontic treatment regarding age,
sex and distribution in oral cavity. The present study is
a 3-year cross sectional study to investigate the preva-
lence of decalcification lesions amongst orthodontic
patients following appliance removal who showed com-
pliance with oral hygiene procedures compared to the
non-compliant patients.

METHODOLOGY

A total of 96 immediate post-orthodontic treatment
patients were investigated at the Jinnah Medical &
Dental College, Orthodontic Department, for clinical
presence of enamel decalcification. The patients were
divided into 2 groups. Group A (experimental) com-
prised a total of 47 (Male: Female Ratio 23:24) post-
orthodontic treatment patients, compared to Group B
(control) with a total of 49 (Male: Female Ratio 29:20)
post-orthodontic patients. As mentioned, both groups
were investigated for enamel lesions following fixed
appliance removal. Bracket de-bonding pliers and mo-
lar band remover pliers were utilized for all patients.
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The patients in this study were divided into 4 major age
groups: 14-16 years, 17-19 years, 20-24 years and 25-30
years age. The mean fixed appliance treatment dura-
tion was 18.4 months. Ortho Organizer Advantage TM

No-Mix Direct Adhesive Composite system was used
for bracket bonding while GC (Gold Label) corporation
TM Japan Glass Ionomer luting cement for molar band-
ing. A wide variety of malocclusions were treated
during the course. Furthermore, no removable appli-
ances were used, and all patients selected showed no
pre-treatment clinical signs of enamel decay or decal-
cification.

All Group-A patients were specifically advised fluo-
ride mouthwash and fluoride toothpaste (> 1450 ppm)
thrice daily during the entire duration of the treat-
ment. Furthermore, patients were strictly instructed
with a special tooth brushing technique (modified Bass
Method) during the entire treatment course. Parents
and guardians were instructed to routinely check and
remind oral care procedures at home and to report any
difficulties encountered.

On the other hand, Group-B subjects comprised
routine orthodontic patients who demonstrated lack of
self-motivation towards treatment, loss of interest
towards oral hygiene procedures, irregular appoint-
ment schedules and appliance breakages during treat-
ment. None of the Group-B patients had special oral
hygiene methods stressed or demonstrated at begin-
ning or during the entire orthodontic treatment dura-
tion.

The intra-oral clinical examination and diagnosis
was conducted at the department utilizing dental mir-
ror, probe and tweezers. No radiographs were used in
the study.

The dentition was examined in 4 Segments;

ULS-Upper Labial Segment (maxillary canine
to canine across midline)
LLS-Lower Labial Segment (Mandibular canine
to canine across midline)
UBS-Upper Buccal Segments (right & Left
erupted premolars/molars)
LBS- Lower Buccal Segments (right & Left
erupted premolars/molars)

In our study, clinical examination was performed
prior to dispatching the patient for scaling and compos-
ite removal. The extent and severity of enamel decal-
cification was not noted, only the presence or absence
in each quadrant was checked immediately after appli-
ance removal.

Statistical Evaluation: We used SPSS 10.0 (Statisti-
cal Package for Social Sciences) version computer
program and the mean values were obtained for each

parameter. One-way ANOVA was utilized to obtain
data. In our study, P < 0.05 was considered statistically
significant, while P < 0.01 was highly significant,
followed by P< 0.001 as very highly significant.

RESULTS

General Distribution Parameters: As noted in
Fig 1, males (total mean prevalence value 67.3) demon-
strated more enamel decalcification lesions (p<0.01) as
compared to their female counterparts (total mean
prevalence value 32.7) in both Group A & B, respec-
tively.  Furthermore, females showed slightly more
mandibular lesions (mean prevalence value 52.3) as
compared to maxillary lesions (mean prevalence value
47.7), while the male subjects showed greater man-
dibular decalcification lesions with a mean prevalence
value of 64.3 (p<0.05) as compared to maxillary lesions
with a mean prevalence value of 35.7, respectively.

Age Distribution Parameters: As evident from
Fig 2, Group B subjects demonstrated greater preva-
lence of enamel decalcification lesions as compared to
Group A (p<0.01). Furthermore, the 14-16 years age
group demonstrated the least prevalence (Group A
with 18.6 mean prevalence value and Group B with 28.7
mean prevalence value), while the 25-30 years age
group showed the highest decalcification lesions with
Group A demonstrating a mean prevalence value of
27.3 compared to Group B (p<0.05) with a mean preva-
lence value of 57.8, respectively.

Oral Distribution Parameters: As shown in Fig  3,
all intra-oral quadrants demonstrated decalcification
lesions especially in the upper anterior and lower
buccal segments. Group B showed more lesions in the
lower buccal quadrant with mean prevalence value
56.7 ((p<0.01), followed by the upper anterior segment
with mean prevalence value of 45.7 (p<0.05), while the
lower anterior segment showed the least distribution
mean prevalence value of 37.4. As compared to these
values, Group A demonstrated the least decalcification
lesions in the lower anterior quadrant (mean preva-
lence value 12.6), while the upper buccal quadrants
demonstrated slightly higher lesions (mean prevalence
value 17.3).

Age & Sex Distribution Parameters: As noted in
Fig 4, all age groups in our study demonstrated
more prevalence in males and as compared to the
females. The highest enamel decalcification lesions
distribution was noted in the 25-30 years age group
with males having a mean prevalence value of 37.3
(p<0.05) as compared to the female subjects with 33.2.
As evident, 14-16 years age group demonstrated the
least decalcification lesions with males showing a
mean prevalence value of 12.5 compared to females
with 8.66, respectively.
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DISCUSSION

The present cross-sectional study agrees with nu-
merous authors 8-10 who have directly linked oral
hygiene with enamel decalcification. Similarly, the
objective of our study was also to investigate the
clinical presence of decalcified enamel lesions develop-
ing during fixed orthodontic treatment, and further-
more, to also investigate the impact of oral hygiene in
compliant and non-compliant patients regarding age
and distribution in the oral cavity.

The etiology of enamel decalcification, gingivitis
and ultimately periodontitis is inter-linked, as all are
aggravated due to lack of oral hygiene. As mentioned by
previous researchers11-12, fixed orthodontic appliances
cause marginal gingivitis which ultimately if neglected
leads to periodontitis, especially during tipping and
intrusion movements during treatment. This is due to
deepening of gingival pockets during tipping or intru-
sion, causing pseudo-pocket formation by tissue bunch-
ing or higher position of tissues. If oral hygiene is
neglected during this period, sub-gingival bacteria
colonization initiates periodontal breakdown, plaque
accumulation and eventually enamel decalcification.
To confirm the relationship of oral hygiene neglect
and enamel decalcification, Zachrisson BU &
Zachrisson S 1971 13 have shown that compliant
patients with effective preventive dental procedures
during fixed orthodontic treatment, developed no clini-
cally significant damage to enamel and periodontal
structures.

As noted in our study, the most prevalent sites for
enamel decalcification was the upper labial segment
and the lower buccal segment. It agrees with previous
studies 14-15 which demonstrated that the commonest
site for earliest white spot lesions is the maxillary
lateral incisors, followed by the mandibular premolars
and molars. To confirm this, Vivaldi-Rodrigues G &
Demito CF 2006 16 also showed more buccal segment
involvement as compared to other intra-oral sites
regarding decalcification. This could probably be attrib-
uted to extraction space closing loops in the lateral and
canine region and elastomeric chains in the buccal
segments during active space closure. Moreover, man-
dibular premolar and molar banding has been impli-
cated to cause decalcification 17 as evident in our study
the lower buccal segment teeth showed significant
(p<0.01) white spot lesions after appliance removal.
However, Geiger AM 1992 18 found the upper canines
and laterals and lower canines and premolars as the
most commonly affected teeth.

Regarding the age and sex distribution in our
study, group B subjects demonstrated greater preva-
lence of enamel decalcification lesions as compared to
Group A (p<0.01). These findings have been confirmedFig 4: Decalcification AgePrevalence Related to Sex

Fig 3: Mean Prevalence Distribution of Decalcifica-
tion Lesions in the dentition in Groups A & B

Fig 2: Mean Decalcification Prevalence Values of
GroupsA & B related to Age Groups

Fig 1: Mean Prevalence Distribution of Decalcifica-
tion Lesion in Maxilla and Mandible related to
Sex in  Groups A & B
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by previous researchers 18-19 investigating non-compli-
ant orthodontic patients with more dental plaque depo-
sition and consequently enamel decalcification.  As
noted, the 14-16 years age group demonstrated the
least prevalence, while the 25-30 years age group
showed the highest decalcification lesions in Group B
(p<0.05) with a mean prevalence value of 57.8, respec-
tively. Furthermore, all male age groups demonstrated
greater decalcification lesions as compared to the
female subjects. These results agree with Farrow ML
& Newman SM  2007 20 who also demonstrated more
dominant lesions in males as compared to females,
while other studies 21 have shown that enamel decalci-
fication is more common with increasing age in adults
as compared to teenage orthodontic patients in both
sexes. Artun J & Brobakken BO 1986 22 found no sex
correlation in enamel decalcification but implicated
salivary factors such as pH, salivary flow and buffer
capacity as etiological factors.

In the present study only fixed orthodontic appli-
ance patients were included. However, as compared to
fixed appliances, removable orthodontic appliances
have not been shown to cause enamel decalcification or
periodontal problems 18,20,21.  No palatal surface white
spot lesions were detected in our study. However,
Geiger et.al 18 claims more palatal white spot lesions
with removable appliances. As a rule, always minimize
periodontal damage before rendering any orthodontic
treatment. Moreover, to avoid any litigation in the
future, initial diagnosis and informed consent is essen-
tial for potential risk patients and decalcified lesions
prior to commencement of treatment 23-34.

In our study, newly inducted Group-A patients
were instructed with the modified bass method and
domestic oral hygiene procedures were stressed and
explained on study models with practical intra-oral
demonstration with a newly purchased soft-bristle
toothbrush. No special orthodontic toothbrush was
recommended as the study focused on the efficacy of
the brushing technique, rather than the toothbrush
itself. It is essential to teach patients during appoint-
ments by demonstrating practically the correct brush-
ing technique in presence of parent or guardian 23-24.
Patients were emphasized to clean behind the archwire
ie. Inter-proximal areas. The “look in mirror and tell’
technique 25 was stressed until appliance appears clean
and shiny. In our study, all patients were advised to
strictly follow this brushing technique thrice daily.
Zachrisson 13 stated the influence of the dominant
hand during brushing ie. In right-handed patients,
enamel decalcification occurs on right side through
less effective cleaning. No electric –toothbrush was
used during this study. However, it is worth mention-
ing that if oral hygiene fails to show improvement, then
electric or battery powered toothbrushes can also be

recommended for adult orthodontic patients as the last
resort. These claim to cause less abrasion and effec-
tively remove inter-proximal plaque 26.

During our study, Group A patients used fluoride
toothpastes and mouthwash during the entire treat-
ment duration as instructed without any untoward
difficulty. In our study, dual-fluoride prescription tooth-
paste ie. containing both sodium monofluorophosphate
and sodium fluoride  (greater than 1450 ppm strength)
was recommended aiming to promote remineralization
and increase enamel resistance during treatment.
Flossing was not advised, as it tends to break brackets
and damage the gingival tissues if improperly utilized
26-27. The recommended brushing time was 3-5 min-
utes, however, patients were advised to brush until
appliances were clean. In the past, some authors 28

have advised fluoride toothpastes without rinsing with
water to decrease decalcification. Our department
recommended fluoride mouthwash containing 0.05%
sodium fluoride as an additional boost for oral hygiene.
As we know, fluoride rinses is the treatment of choice
for prevention of enamel decalcification and carious
lesions during orthodontic treatment but does not aid
in prevention of gingival and periodontal conditions 28-

29. Some investigators in the past 30 have recommended
chlorhexidine rinses during treatment for 6-12 weeks
if periodontal infection does not subside. However, in
the present study, no chlorhexidine mouthwash was
prescribed as it causes discoloration of any existing
composite restorations and enamel over a period of
time. However, other studies 31 have shown dramatic
reduction in plaque and gingival bleeding with only 3
months of 0.012 percent chlorhexidine during orth-
odontic treatment. Most authors 32 also recommend
stannous fluoride gels (SnF2) for gingivitis and decalci-
fication prevention, but it also causes enamel discol-
oration in 15-20 percent cases in 3-6 months 33.

In our study, no fluoride-releasing elastomers and
adhesives were used except for glass-ionomer luting
cement for molar banding. Dincer B & Erdine AM
2002 34 have shown that GIC cements demonstrate a
slow sustained fluoride release over 2-3 year period,
thereby reducing enamel decalcification during fixed
braces treatment. However, in our study, buccal seg-
ments were found to have decalcified lesions, which
could be attributed to loose fitting and incorrect band
sizes leading to food impaction.  However, in the past
some authors 35 have even recommended resin seal-
ants over labial surfaces and reduced composite flash
around brackets to prevent enamel decalcification.

CONCLUSION

As evident, patients demonstrating oral hygiene
during fixed appliance therapy showed less prevalence
for enamel decalcification as compared to non-compli-
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ant patients with lack of oral health care. As noted,
simple daily oral hygiene procedures have shown direct
reduction of enamel decalcification. Appropriate pa-
tient selection ie. to exclude patients with poor oral
hygiene, dietary advice and constant clinical monitor-
ing during treatment may reduce enamel damage.
However in the future, further long-term investiga-
tions are required regarding the severity of enamel
decalcification inflicted during fixed orthodontic treat-
ment.

REFERENCES

1 McCarthy KA. Patient-specific decalcification risk, AJODO
2005; 127(1): 3-12

2 Tillery TJ, Hembree JH Jr, Weber FN. Preventing enamel
decalcification during orthodontic treatment, AJODO 1976;
70(4): 435-9

3 Cooke MS, Wreakes G. Orthodontic decalcification, the ultra-
sonic instrument, and premade positioner- A new orthodontic
triad, Br J Orthod. 1978;5(3):157-9

4 Banks PA, Chadwick SM, Asher-McDade C. Fluoride-releas-
ing elastomerics-a prospective controlled clinical trial, Eur J
Orthod. 2000; 22(4): 401-7

5 Lee HL, Orlowski JA, Kobashigawa AI. A protective coating
for combating decalcification in orthodontic practice, J Clin
Orthod. 1973; 7(4): 249-56

6 Zimmer BW, Rottwinkel Y. Assessing patient-specific decal-
cification risk in fixed orthodontic treatment and its impact on
prophylactic procedures, AJODO 2004; 126(3): 318-24

7 Zimmer BW. Systematic decalcification prophylaxis during
treatment with fixed appliances, J Orofac Orthop. 1999; 60(3):
205-14

8 Goh HH. Interspace/interdental brushes for oral hygiene in
orthodontic patients with fixed appliances, Cochrane Data-
base Syst Rev. 2007;18(3): 541-15

9 Kalha AS. Topical fluorides and decalcification around fixed
orthodontic appliances, Evid Based Dent. 2006; 7(2): 38-9

10 Corry A, Millett DT, Creanor SL. Effect of fluoride exposure
on cariostatic potential of orthodontic bonding agents: an in
vitro evaluation, J Orthod. 2003; 30(4): 323-9

11 Chadwick BL, Roy J, Knox J, Treasure ET. The effect of topical
fluorides on decalcification in patients with fixed orthodontic
appliances: a systematic review, AJODO 2005; 128(5): 601-6

12 Gaworski M, Weinstein M, Borislow AJ, Braitman LE. Decal-
cification and bond failure: A comparison of a glass ionomer
and a composite resin bonding system in vivo, AJODO 1999;
116(5): 518-21

13 Zachrisson BU, Zachrisson S. Caries incidence and oral
hygiene during orthodontic treatment, Scand J Dent Res
1971; 23(79): 394-401

14 Ogaard B, Orthodontic appliances and enamel demineraliza-
tion- Part One lesion development, AJODO 1988; (94): 68-73

15 Zachrisson BU, Cause and prevention of injuries to teeth and
supporting structures during orthodontic treatment, AJODO
1976; 69: 285-300

16 Vivaldi-Rodrigues G, Demito CF, Bowman SJ. The effective-
ness of a fluoride varnish in preventing the development of
white spot lesions, World J Orthod. 2006; 7(2): 138-44

17 Hirschfield RE, Johnston LE. Decalcification under orthodon-
tic bands, Angle Orthod. 1974; 44(3): 218-21

18 Geiger AM. Reducing white spot lesions in orthodontic
populations with fluoride rinses, AJODO, 1992; (101):
402-407

19 Le PT, Weinstein M, Borislow AJ, Braitman LE. Bond failure
and decalcification: A comparison of a cyanoacrylate and a
composite resin bonding system in vivo, AJODO 2003; 123(6):
624-7

20 Farrow ML, Newman SM, Oesterle LJ, Shellhart WC. Filled
and unfilled restorative materials to reduce enamel decalcifi-
cation during fixed-appliance orthodontic treatment, AJODO
2007; 132(5): 578-86

21 Rudzki-Janson I, Paschos E. Orthodontic tooth movement in
the mixed dentition. Histological study of a human specimen,
J Orofac Orthop. 2001; 62(3): 177-90

22  Artun J, Brobakken BO. Prevalence of carious white spots
after orthodontic treatment with multi-bonded appliances,
EJO 1986;(8): 229-234

23 Mandall NA, Millett DT, Mattick CR. Orthodontic adhesives:
a systematic review, J Orthod. 2002; 29(3): 205-10

24 Dimitriadis AG, Sassouni V, Draus FJ. The effects of topical
fluoride applications underneath loose orthodontic bands,
Angle Orthod. 1974; 44(1): 94-9

25 Foley T, Aggarwal M. A comparison of in vitro enamel dem-
ineralization potential of 3 orthodontic cements, AJODO
2002; 121(5): 526-30

26 Stratemann MW, Shannon IL. Control of decalcification in
orthodontic patients by daily self-administered application of
a water-free 0.4 per cent stannous fluoride gel, AJODO 1974;
66(3): 273-9

27 Wisth PJ, Bergenkreutz K. Use of ultrasonic instruments in
orthodontic practice, Angle Orthod. 1974; 44(3): 251-3

28 Wenderoth CJ, Weinstein M, Borislow AJ. Effectiveness of a
fluoride-releasing sealant in reducing decalcification during
orthodontic treatment, AJODO 1999; 116(6): 629-34

29 Mattick CR, Mitchell L, Chadwick SM. Fluoride-releasing
elastomeric modules reduce decalcification: a randomized
controlled trial, J Orthod. 2001; 28(3): 217-9

30 Anderson GB. Clinical effects of chlorhexidine mouthwashes
on patients undergoing orthodontic treatment, AJODO, 1997;
(111): 606-612

31 Miwa H, Miyazawa K, Goto S, Kondo T. A resin veneer for
enamel protection during orthodontic treatment, Eur J Orthod.
2001; 23(6): 759-67

32 McNeill CJ, Wiltshire WA, Dawes C, Lavelle CL. Fluoride
release from new light-cured orthodontic bonding agents,
AJODO 2001; 120(4): 392-97

33 Addy M. The effect of toothbrushing frequency, toothbrush
hand, sex and social class on the incidence of plaque gingivitis
and pocketing in adolescents- a longitudinal cohort study,
Comm Dental Health, 1990; 117(3): 237-247

34 Dincer B, Erdinc AM. A comparison between zinc
polycarboxylate and glass ionomer cement in the orthodontic
band cementation, J Clin Pediatr Dent. 2002; 26(3): 285-8

35 Miura KK, Ito IY, Enoki C, Elias AM, Matsumoto MA.
Anticariogenic effect of fluoride-releasing elastomers in orth-
odontic patients, Braz Oral Res. 2007; 21(3): 228-33



198Pakistan Oral & Dental Journal Vol 28, No. 2

Enamel Decalcification in Orthodontic Patients


