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Abstract:
Objective:
The objective of this narrative review is to present an overview of the prevalence, clinical manifestation, diagnosis, and latest advances on white
spot lesions.

Background:
White spot lesions have been defined as the earliest stage of demineralization on enamel surfaces that are easily discernible to the human eye.

Methods:
Relevant articles on white spot lesions were searched and reviewed from March 1975 till May 2021 in Pubmed, Scopus, Google Scholar, and
ScienceDirect and were included in this review.

Results:
Even though the orthodontic field has seen several advances over the last few years, this is one complication that persists. White spot lesions are
very commonly seen after completion of fixed orthodontic therapy when brackets are debonded. Previously conducted research has shown that
there is a high prevalence rate of white spot lesions, which ranges from 50 to 90%. On intra-oral examination, a white spot can be seen as a matte-
textured, opaque white lesion. Since the demineralization process takes place below the enamel surface, the outer layer only demonstrates pores
that affect the natural light refractory properties of a tooth. This is what leads to the characteristic appearance of these lesions. One of the goals of
modern dentistry is to treat non-cavitated lesions by promoting remineralization without the involvement of any invasive procedures.

Conclusion:
Fixed orthodontic therapy is usually a lengthy process and requires active cooperation between the orthodontist and the patient. However, it is the
responsibility of the treating orthodontist to examine the tooth surfaces at each appointment to diagnose a developing white spot lesion as early as
possible. With recent advances in diagnostic techniques, it has become much easier to identify these initial lesions and prevent their progression to
cavitated lesions.
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1. INTRODUCTION

White  spot  lesions  (WSLs)  have  been  defined  as  the
earliest stage of demineralization on enamel surfaces that are
easily discernible to the human eye. Since one of the principal
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objectives  of  orthodontic  therapy  is  to  help  improve  the
esthetics of the patient, the occurrence of white spots not only
compromises the outcome of the treatment but also predisposes
the affected teeth to decay [1, 2]. Even though the orthodontic
field has seen several advances over the last few years, this is
one  complication  that  persists.  White  spot  lesions  are  very
commonly seen after completion of fixed orthodontic therapy
when  brackets  are  debonded  (Fig.  1)  [3].  In  this  review,
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relevant  articles  on  white  spot  lesions  were  searched  and
reviewed from March 1975 till May 2021 in Pubmed, Scopus,
Google Scholar, and ScienceDirect and were included in this
review.

It  has  been  demonstrated  in  previous  studies  that  during
orthodontic treatment, the bonded brackets and archwires make
it  difficult  to  maintain  proper  oral  hygiene,  which  leads  to
prolonged  accumulation  of  plaque.  The  cariogenic  bacteria
release  several  by-products  such  as  polysaccharides  from
sucrose  and  lactic  acid,  which  lead  to  a  decline  in  pH  in  a
highly  localized  environment.  Once  the  balance  between
mineral  deposition  and  loss  is  disrupted  and  tips  towards
demineralization, it eventually leads to the formation of white
spot lesions [4]. White spot lesions are usually formed in two
stages:  the  first  stage  is  enamel  surface  softening  due  to
mineral loss, while the second stage involves the formation of
subsurface lesions because of further loss of minerals (Fig. 2).

2. PREVALENCE
Previously  conducted  research  has  shown  that  there  is  a

high prevalence rate of white spot lesions, which ranges from
50 to  90% [5].  In  another  study,  it  was seen that  the highest
prevalence of WSLs was in the canines (48.1%), followed by
lateral incisors (32.3%), the central incisors, and first premolars
(31.6%)  [6].  There  was  a  lesser  presence  in  the  second
premolars (27.2%), followed by molars, which only reported a
low  prevalence  of  8.9%  [6].  Studies  have  demonstrated  that
adolescent patients were more prone to developing white spots
when compared to adult patients [7]. To support this argument,
further  research was conducted,  which demonstrated that  the
age of the patient at the start of fixed orthodontic therapy and
individual oral hygiene motivation levels of the patients were
significant factors affecting the formation and extent of these
lesions  [8,  9].  The  duration  of  the  treatment  is  another
important  factor  that  has  been  shown  to  have  a  role  in  the
development of WSLs [9]. These findings demonstrate that this
is a major cause of concern that requires urgent attention from
the orthodontic community.

3. CLINICAL MANIFESTATION AND DIAGNOSIS
On intra-oral  examination,  a  white  spot  can be seen as  a

matte-textured, opaque white lesion. Since the demineralization
process takes place below the enamel surface, the outer layer
only demonstrates pores that affect the natural light refractory
properties of a tooth. This leads to the characteristic appearance
of  these  lesions  [10].  Once  these  pores  are  formed,  they  are
prone to absorbing colors from food items, and gradually their
color  starts  to  change  from  white  to  yellow  to  brown
eventually. These mostly develop in proximity to orthodontic
brackets  and  the  gingival  margins.  White  spot  lesions  are
usually well-demarcated from their surrounding areas and must
be differentiated from lesions caused due to fluorosis.  Long-
standing  white  spot  lesions  or  initial  caries  require  cavity
preparation  and  restorations.  Gorelick  et  al.  classified  white
spot lesions based on their size and intensity to help diagnose
them (Table 1) [11].

Table 1. Classification of white spot lesions.

Class Size and Intensity
Class 1 No white spot lesion
Class 2 Mild white spot lesion
Class 3 Severe white spot lesion
Class 4 Cavitation and white spot lesion

Once  white  spot  lesions  are  formed,  these  need  to  be
treated at the earliest to avoid their progression to decay. One
of the goals in modern dentistry is to treat non-cavitated lesions
by promoting remineralization without the involvement of any
invasive procedures [12]. Various re-mineralizing agents have
been researched for  their  benefits  in  helping treat  white  spot
lesions.  Some  agents  that  have  shown  the  most  promising
results  in  managing  white  spots  are  topical  fluoride  agents.
Calcium  sucrose  phosphate  works  by  providing  a  high
concentration of  free calcium and phosphate ions to  affected
areas, thereby acting as a re-mineralizing and cariostatic agent
at  the  same  time  [13,  14].  On  the  other  hand,  fluorides  are
readily  available  in  many forms,  such as  gels,  pastes,  mouth
rinses, and even cement. Fluorides, if used as toothpaste, can
be  used  in  concentrations  more  than  1000  ppm,  and  studies
have shown that a dentifrice with a fluoride concentration of
more than 5000 ppm is very effective [15].

Fig. (1). Presence of initial white spot lesions post removal of brackets after completion of orthodontic treatment.
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Fig. (2). Demonstration of risk factors for the development of white spot lesions during orthodontic treatment.

After  fixed  orthodontic  treatment  is  complete  and  the
brackets  are  removed,  it  is  normal  for  white  spot  lesions  to
regress as the enamel surface is exposed to the mineral content
of  natural  saliva.  However,  the  extent  of  regression  is
dependent  on  the  duration  of  the  treatment  as  well  as  the
severity of the lesion and occurs gradually over the next few
months  [16].  If  the  lesion  still  appears  prominent  after  6
months,  then  the  lesion  usually  requires  in-office  treatment
with  procedures  such  as  bleaching  or  micro-abrasion.
Bleaching is only advised in patients with good oral hygiene,
but  it  has  been  reported  to  increase  sensitivity  and  reduce
enamel hardness [17].  Micro-abrasion involves chemical and
mechanical  enamel  surface treatment  with an abrasive slurry
containing hydrochloric acid. It is effective in the management
of  smaller  lesions  with  a  depth  of  less  than  0.2mm  [18].
Another minimally invasive method that has been proven to be
useful in the treatment of white spot lesions is the use of resin
infiltration [17].

4.  LATEST  ADVANCES  IN  THE  DIAGNOSIS  OF
WHITE LESIONS

With  the  advent  of  digital  dentistry,  there  have  been
several  technological  advances  in  the  diagnosis  and
management  of  demineralized  lesions  that  have  taken  place.
Diagnosing initial carious lesions before they progress to larger
cavities  is  of  prime  importance,  and  several  recent  advances
can  help  identify  initial  lesions.  Quantitative  light-induced
fluorescence  is  a  recent  method  that  employs  the  use  of
fluorescent  light  to  identify  demineralized  areas  [19  -  21].
Since  these  areas  allow  a  faster  spread  of  light,  there  is
decreased  fluorescence  in  the  affected  regions.  Using  this
method,  it  is  not  only  easy  to  identify  the  lesion  but  also
measure  its  size  as  well  as  the  density.  Fiber  optic
transillumination-digital  fiber-optic  transillumination  (FOTI-
DIFOTI)  is  another  new  technique  in  which  infra-red  light
(780nm  wavelength)  is  used  to  identify  white  spot  lesions
without the use of ionizing radiation [20]. Laser fluorescence
has  been  demonstrated  to  be  useful  in  the  diagnosis  of
demineralized areas located on flat enamel or occlusal surfaces.
Devices  using  this  method  emit  visible  light  (638-655nm
wavelength) released by a diode laser [22]. This visible light is
absorbed within the tooth structure and emits fluorescent light,
which can be  detected by a  photodiode.  One shortcoming of
this  method  is  that  while  it  can  help  identify  initial
demineralization,  it  was  not  as  effective  at  locating

progression.  Another  recent  method  developed  for  early
identification  of  white  spot  lesions  is  near-infrared  light
transillumination (NILT), which uses optical fibers to transmit
light (780nm wavelength) to the tooth via the root [23, 24]. The
light is gradually transmitted through the crown, and a charge-
coupled device sensor is then used to create an image that can
depict  sub-surface  lesions.  A  new  technique  known  as
Fluorescence Induced Theragnosis is very useful in diagnosing
and  helping  manage  white  spot  lesions,  initial  caries,  and
biofilm  identification  [25,  26].

CONCLUSION

Fixed orthodontic therapy is usually a lengthy process and
requires  active  cooperation  between  the  orthodontist  and  the
patient.  However,  it  is  the  responsibility  of  the  treating
orthodontist to examine the tooth surfaces at each appointment
to diagnose a developing white spot lesion as early as possible.
The unfortunate reality is that these are complications that can
develop  into  decay  requiring  extensive  restorations  but  are
often  ignored  during  patient  follow-up  visits.  They  are  only
located when they are prominently discolored or they progress
to a cavity requiring restorative or endodontic treatment. The
wide  prevalence  of  such  lesions  in  patients  receiving
orthodontic  treatment  as  a  result  of  negligence  is  something
that we must take seriously and take corrective action.

CONSENT FOR PUBLICATION

Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The  authors  declare  no  conflict  of  interest,  financial  or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

Srivastava  K,  Tikku  T,  Khanna  R,  Sachan  K.  Risk  factors  and[1]
management of white spot lesions in orthodontics. J Orthod Sci 2013;
2(2): 43-9.
[http://dx.doi.org/10.4103/2278-0203.115081] [PMID: 24987641]
Sundararaj  D,  Venkatachalapathy  S,  Tandon  A,  Pereira  A.  Critical[2]

http://dx.doi.org/10.4103/2278-0203.115081
http://www.ncbi.nlm.nih.gov/pubmed/24987641


4   The Open Dentistry Journal, 2022, Volume 16 Marya et al.

evaluation of incidence and prevalence of white spot lesions during
fixed orthodontic appliance treatment: A meta-analysis. J Int Soc Prev
Community Dent 2015; 5(6): 433-9.
[http://dx.doi.org/10.4103/2231-0762.167719] [PMID: 26759794]
Khoroushi  M,  Kachuie  M.  Prevention  and  treatment  of  white  spot[3]
lesions in orthodontic patients. Contemp Clin Dent 2017; 8(1): 11-9.
[http://dx.doi.org/10.4103/ccd.ccd_216_17] [PMID: 28566845]
Staudt CB, Lussi A, Jacquet J, Kiliaridis S. White spot lesions around[4]
brackets: In vitro detection by laser fluorescence. Eur J Oral Sci 2004;
112(3): 237-43.
[http://dx.doi.org/10.1111/j.1600-0722.2004.00133.x]  [PMID:
15154921]
Jabłońska-Zrobek J, Śmiech-Słomkowska G. The risk of dental pain[5]
during orthodontic treatment with a fixed appliance. Time 2005; 58(7):
514-9.
Eltayeb MK, Ibrahim YE, El Karim IA, Sanhouri NM. Distribution of[6]
white  spot  lesions  among  orthodontic  patients  attending  teaching
institutes in Khartoum. BMC Oral Health 2017; 17(1): 88.
[http://dx.doi.org/10.1186/s12903-017-0380-7] [PMID: 28545439]
Khalaf  K.  Factors  affecting  the  formation,  severity  and  location  of[7]
white spot lesions during orthodontic treatment with fixed appliances.
J Oral Maxillofac Res 2014; 5(1): e4.
[http://dx.doi.org/10.5037/jomr.2014.5104] [PMID: 24800054]
Akin  M,  Tazcan  M,  Ileri  Z,  Basciftci  FA.  Incidence  of  white  spot[8]
lesion during fixed orthodontic treatment. Turk Ortodonti Derg 2013;
26(2): 98-102.
[http://dx.doi.org/10.13076/j.tjo.2013.26.02_98]
Richter  AE,  Arruda  AO,  Peters  MC,  Sohn  W.  Incidence  of  caries[9]
lesions among patients treated with comprehensive orthodontics. Am J
Orthod Dentofacial Orthop 2011; 139(5): 657-64.
[http://dx.doi.org/10.1016/j.ajodo.2009.06.037] [PMID: 21536209]
Mattousch  TJ,  van  der  Veen  MH,  Zentner  A.  Caries  lesions  after[10]
orthodontic  treatment  followed  by  quantitative  light-induced
fluorescence: a 2-year follow-up. Eur J Orthod 2007; 29(3): 294-8.
[http://dx.doi.org/10.1093/ejo/cjm008] [PMID: 17483494]
Gorelick  L,  Geiger  AM,  Gwinnett  AJ.  Incidence  of  white  spot[11]
formation after bonding and banding. Am J Orthod 1982; 81(2): 93-8.
[http://dx.doi.org/10.1016/0002-9416(82)90032-X] [PMID: 6758594]
Mittal  R,  Relhan  N,  Tangri  T.  Remineralising  agents:  A[12]
comprehensive review. Int J Clin Prev Dent 2017; 13(1): 1-4.
[http://dx.doi.org/10.15236/ijcpd.2017.13.1.1]
Craig  GG.  The  use  of  a  calcium  sucrose  phosphates-calcium[13]
orthophosphate complex as a cariostatic agent. Br Dent J 1975; 138(1):
25-8.
[http://dx.doi.org/10.1038/sj.bdj.4803360] [PMID: 1089411]
Karad A, Dhole P. Evaluation of remineralizing efficacy of calcium[14]
sucrose phosphate: A systematic review of in vitro studies. J Indian
Orthod Soc 2019; 53(3): 171-82.
[http://dx.doi.org/10.1177/0301574219862499]
Walsh T, Worthington HV, Glenny AM, Appelbe P, Marinho VC, Shi[15]

X.  Fluoride  toothpastes  of  different  concentrations  for  preventing
dental caries in children and adolescents. Cochrane Database Syst Rev
2010; 1(1): CD007868.
[http://dx.doi.org/10.1002/14651858.CD007868.pub2]  [PMID:
20091655]
Guzmán-Armstrong  S,  Chalmers  J,  Warren  JJ.  Ask  us.  White  spot[16]
lesions: prevention and treatment.  Am J Orthod Dentofacial Orthop
2010; 138(6): 690-6.
[http://dx.doi.org/10.1016/j.ajodo.2010.07.007] [PMID: 21171493]
Senestraro  SV,  Crowe JJ,  Wang M, et  al.  Minimally  invasive resin[17]
infiltration of arrested white-spot lesions: a randomized clinical trial. J
Am Dent Assoc 2013; 144(9): 997-1005.
[http://dx.doi.org/10.14219/jada.archive.2013.0225]  [PMID:
23989837]
Yetkiner  E,  Wegehaupt  F,  Wiegand  A,  Attin  R,  Attin  T.  Colour[18]
improvement and stability of white spot lesions following infiltration,
micro-abrasion,  or  fluoride  treatments  in  vitro.  Eur  J  Orthod  2014;
36(5): 595-602.
[http://dx.doi.org/10.1093/ejo/cjt095] [PMID: 24385411]
Yılmaz H, Keleş S. Recent methods for diagnosis of dental caries in[19]
dentistry. Meandros Med Dent J 2018; 19(1): 1-8.
[http://dx.doi.org/10.4274/meandros.21931]
van der Veen MH, de Josselin de Jong E. Application of quantitative[20]
light-induced fluorescence for assessing early caries lesions. Monogr
Oral Sci 2000; 17: 144-62.
[http://dx.doi.org/10.1159/000061639] [PMID: 10949838]
Karlsson  L.  Caries  detection  methods  based  on  changes  in  optical[21]
properties between healthy and carious tissue. Int J Dent 2010; 2010:
270729.
[http://dx.doi.org/10.1155/2010/270729] [PMID: 20454579]
Rodrigues  JA,  Sarti  CS,  Assunção CM, Arthur  RA,  Lussi  A,  Diniz[22]
MB.  Evaluation  of  laser  fluorescence  in  monitoring  non-cavitated
caries lesion progression on smooth surfaces in vitro. Lasers Med Sci
2017; 32(8): 1793-800.
[http://dx.doi.org/10.1007/s10103-017-2262-2] [PMID: 28669068]
Simon JC, Lucas SA, Staninec M, et al. Near-IR transillumination and[23]
reflectance imaging at 1,300 nm and 1,500-1,700 nm for in vivo caries
detection. Lasers Surg Med 2016; 48(9): 828-36.
[http://dx.doi.org/10.1002/lsm.22549] [PMID: 27389018]
Kühnisch J, Söchtig F, Pitchika V, et al. In vivo  validation of near-[24]
infrared  light  transillumination  for  interproximal  dentin
caries  detection.  Clin  Oral  Investig  2016;  20(4):  821-9.
[http://dx.doi.org/10.1007/s00784-015-1559-4] [PMID: 26374746]
Marya  A,  Steier  L,  Karobari  MI,  Venugopal  A.  Benefits  of  using[25]
fluorescence induced theragnosis in fixed orthodontic therapy: Status,
technology and future trends. Dent J 2021; 9(8): 90.
[http://dx.doi.org/10.3390/dj9080090] [PMID: 34436002]
Steier L. Reveal: Fluorescence enhanced theragnosis by designs for[26]
vision. Eur J Dent 2020; 14(1): 186-8.
[http://dx.doi.org/10.1055/s-0040-1705076] [PMID: 32168545]

© 2022 The Author(s). Published by Bentham Open.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.4103/2231-0762.167719
http://www.ncbi.nlm.nih.gov/pubmed/26759794
http://dx.doi.org/10.4103/ccd.ccd_216_17
http://www.ncbi.nlm.nih.gov/pubmed/28566845
http://dx.doi.org/10.1111/j.1600-0722.2004.00133.x
http://www.ncbi.nlm.nih.gov/pubmed/15154921
http://dx.doi.org/10.1186/s12903-017-0380-7
http://www.ncbi.nlm.nih.gov/pubmed/28545439
http://dx.doi.org/10.5037/jomr.2014.5104
http://www.ncbi.nlm.nih.gov/pubmed/24800054
http://dx.doi.org/10.13076/j.tjo.2013.26.02_98
http://dx.doi.org/10.1016/j.ajodo.2009.06.037
http://www.ncbi.nlm.nih.gov/pubmed/21536209
http://dx.doi.org/10.1093/ejo/cjm008
http://www.ncbi.nlm.nih.gov/pubmed/17483494
http://dx.doi.org/10.1016/0002-9416(82)90032-X
http://www.ncbi.nlm.nih.gov/pubmed/6758594
http://dx.doi.org/10.15236/ijcpd.2017.13.1.1
http://dx.doi.org/10.1038/sj.bdj.4803360
http://www.ncbi.nlm.nih.gov/pubmed/1089411
http://dx.doi.org/10.1177/0301574219862499
http://dx.doi.org/10.1002/14651858.CD007868.pub2
http://www.ncbi.nlm.nih.gov/pubmed/20091655
http://dx.doi.org/10.1016/j.ajodo.2010.07.007
http://www.ncbi.nlm.nih.gov/pubmed/21171493
http://dx.doi.org/10.14219/jada.archive.2013.0225
http://www.ncbi.nlm.nih.gov/pubmed/23989837
http://dx.doi.org/10.1093/ejo/cjt095
http://www.ncbi.nlm.nih.gov/pubmed/24385411
http://dx.doi.org/10.4274/meandros.21931
http://dx.doi.org/10.1159/000061639
http://www.ncbi.nlm.nih.gov/pubmed/10949838
http://dx.doi.org/10.1155/2010/270729
http://www.ncbi.nlm.nih.gov/pubmed/20454579
http://dx.doi.org/10.1007/s10103-017-2262-2
http://www.ncbi.nlm.nih.gov/pubmed/28669068
http://dx.doi.org/10.1002/lsm.22549
http://www.ncbi.nlm.nih.gov/pubmed/27389018
http://dx.doi.org/10.1007/s00784-015-1559-4
http://www.ncbi.nlm.nih.gov/pubmed/26374746
http://dx.doi.org/10.3390/dj9080090
http://www.ncbi.nlm.nih.gov/pubmed/34436002
http://dx.doi.org/10.1055/s-0040-1705076
http://www.ncbi.nlm.nih.gov/pubmed/32168545
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode

	White Spot Lesions: A Serious but Often Ignored Complication of Orthodontic Treatment 
	[Objective:]
	Objective:
	Background:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. PREVALENCE
	3. CLINICAL MANIFESTATION AND DIAGNOSIS
	4. LATEST ADVANCES IN THE DIAGNOSIS OF WHITE LESIONS
	CONCLUSION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




