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There were no significant differences between both 
sides at T2, T3 and T4. There were no significant differ-
ences between both groups at all evaluated time points as 
shown in Table  2 and Fig. 4.

Difficulty in swallowing  
and jaw movement restriction 

There were no significant differences between LG and 
PG at all evaluated time points (Table 3 and Fig. 5).

Fig. 4. Box plot showing the levels of swelling (A) and difficulty in chewing (B) assessed on NRS in both groups

The asterisks indicate extreme outliers whereas dots indicate outliers.

Fig. 5. Box plot showing the levels of difficulty in swallowing (A) and restriction in jaw movements assessed on NRS in both groups

The asterisks indicate extreme outliers whereas dots indicate outliers.
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Analgesic consumption 

The amount of  paracetamol consumption was low in 
both groups, with a maximum of 1g at T1, and did not 
differ significantly between both groups (Table 4).

Satisfaction and acceptance 

The patients reported high levels of  satisfaction in both 
groups; the median value for LG was 10 (interquartile range 
(IQR): 8.25–10) and it was 9 (IQR: 7–10) for PG, with no sig-
nificant differences between the 2 groups. A great proportion 
of patients in both groups (i.e., 87.5% in LG and 81.3% in PG) 
reported that they would advise a friend to undergo the same 
treatment and the difference in proportions between both 
groups was insignificant (p = 0.626). Additionally, the major-
ity of patients in both groups (i.e., 75% in LG and 68.8% in PG) 

found that the extraction of premolars was more disturbing 
than flapless corticotomy and the difference in proportions 
between both groups was insignificant (p = 0.828).

Changes within groups 

The results of Friedman’s test showed that there were sig-
nificant differences between the 4 evaluated time points re-
garding the levels of pain (p < 0.001, p < 0.001), discomfort 
(p < 0.001, p < 0.001), swelling (p < 0.001, p < 0.001), diffi-
culty in chewing (p = 0.001, p = 0.001), difficulty in swallow-
ing (p < 0.001, p < 0.001), and restriction in jaw movement 
(p = 0.001, p = 0.001) for LG and PG, respectively. There were 
no significant differences in analgesic consumption between 
the 4 evaluated time points within LG (p = 0.164) whereas the 
differences were significant within PG (p = 0.002). Post-hoc 
pairwise comparisons are demonstrated in Tables 5 and 6.

Table 4. Descriptive statistics of analgesic consumption as well as the p-values of significance tests

Time point

Amount of paracetamol [g] Patients taking/not taking analgesics n (%)

LG (n = 16) PG (n = 16)
p-value†

LG (n = 16) PG (n = 16)
p-value††

Me IQR Me IQR yes no yes no

T1 0 0–0.5 0.5 0–1 0.137 5 (31.3) 11 (68.8) 9 (56.3) 7 (43.8) 0.154

T2 0 0–0 0 0–0.37 0.695 3 (18.8) 13 (81.3) 4 (25.0) 12 (75.0) 0.669

T3 0 0–0 0 0–0 0.551 1 (6.3) 15 (93.8) 2 (12.5) 14 (87.5) 0.544

T4 0 0–0 0 0–0 0.317 1 (6.3) 15 (93.8) 0 (0) 16 (100) 0.310

† Mann–Whitney U test; †† χ2 test. Question 11: Have you used analgesics for pain from your teeth or jaws? If yes, what dosage did you use?  

Table 3. Descriptive statistics of the difficulty in swallowing and restriction in jaw movement perceived by the patients as well as the p-values of significance tests

Time point Variable
LG (n = 16) PG (n = 16) LG vs PG

Me IQR Me IQR p-value†

T1
difficulty in swallowing 2 1–2 2 1–3.75 0.236

restriction in jaw movement 2 1–3 2 1–3 0.877

T2
difficulty in swallowing 0 0–1 0 0–1 0.687

restriction in jaw movement 0 0–2 1 0–1.5 0.427

T3
difficulty in swallowing 0 0–0 0 0–1 0.422

restriction in jaw movement 0 0–0.5 0 0–1 0.630

T4
difficulty in swallowing 0 0–0 0 0–0 0.551

restriction in jaw movement 0 0–0 0 0–0 0.632

† Mann–Whitney U test.

Table 5. Results of the significance tests of pairwise comparisons between the 4 evaluated time points for patient-centered outcomes in the laser-assisted 
flapless corticotomy group (LG)

Time points Pain Discomfort Swelling Difficulty in chewing Difficulty in swallowing Restriction in jaw movement Analgesic consumption

T1–T2 0.003* 0.001* 0.017 0.001* 0.033 0.051 0.319

T1–T3 0.001* <0.001* 0.001* <0.001* 0.003* 0.003* 0.071

T1–T4 0.001* <0.001* 0.001* <0.001* 0.002* 0.002* 0.071

T2–T3 0.097 0.006* 0.018 0.133* 0.129 0.068 0.257

T2–T4 0.006* 0.001* 0.007* 0.019 0.066 0.040 0.083

T3–T4 0.038 0.103 0.257 0.059 0.317 0.414 1.000

The Wilcoxon signed-ranks tests were employed for pairwise comparisons, with the Bonferroni adjustment of alpha level (i.e., 0.05 / 6 = 0.008).
* p < 0.008 (significant difference). 
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Discussion
According to our knowledge, this is the first trial in 

the literature comparing patient-centered outcomes dur-
ing upper canine retraction associated with piezocision 
vs LAFC. There were no significant differences between 
both groups regarding age and gender. Therefore, both 
groups were homogeneous and comparable. The numeri-
cal rating scale was used to answer most of the questions, 
since this scale has been shown to possess high reliability 
in comparison with the visual analog scale (VAS).17–19 
The patients’ responses were first taken 1 day after flap-
less corticotomy treatment in both groups. Immediate 
recording of pain following the intervention was deemed 
unsuitable due to the possible interference of pain relief 
resulting from the use of local anesthesia. The main find-
ing was that patients in LG experienced significantly less 
pain and discomfort at T1 as compared to PG.

The levels of pain and discomfort at the experimental 
sides were significantly higher than those at the control 
sides in both groups at T1. These slightly higher levels  
can be explained by the trauma of the gingiva and the 
alveolar bone during the implementation of LAFC and 
piezocision. The levels of  pain and discomfort were 
significantly lower in LG as compared to PG and this 
could be attributed to the fact that soft tissue incisions 
in PG were performed with a  blade whereas in LG, 
an Er:YAG laser was used to perform both soft tissue 
and alveolar bone perforations, which is characterized 
by less painful cuts in addition to little postoperative 
pain.20,21 One of  the theories that explains this is that 
protein coagulation caused by laser cutting seals the 
sensory nerve endings, and thus relieves the sensation 
of pain.22 Furthermore, the fiber tip used in LG was in 
the non-contact mode; thus, no mechanical pressure 
was applied to the gingival tissue, as opposed to the 
traditional blade used in PG.

A significant reduction in pain and discomfort levels 
was observed after 1 day following the surgical interven-
tion in both groups. Therefore, the differences between 
the experimental and the control sides were no longer 
significant. This could be explained by rapid recovery 

associated with the use of  a  piezosurgery knife23 and 
an Er:YAG laser.24 Consequently, analgesic consumption 
was low in both groups. There are no trials in the lit-
erature evaluating pain and discomfort while accelerat-
ing canine retraction in conjunction with piezocision or 
LAFC; therefore, a direct comparison with other trials is 
not straightforward. The levels of  pain and discomfort 
associated with micro-osteoperforations accomplished 
with the Propel® device were not significant 1 day af-
ter canine retraction in Alikhani et al.’s trial,25 but in 
the present trial, they were significant. This difference 
between the 2 studies could be explained by different 
designs of  the surgical intervention as well as different 
devices employed.

High levels of swelling perception were observed at the 
experimental sides at T1 for both techniques, which could 
be attributed to edema resulting from surgical trauma that 
is associated with such procedures. Additionally, difficul-
ty in chewing was significantly higher at the experimental 
sides than at the control sides in both groups at T1, and 
this could be correlated with the encountered pain and 
discomfort following the surgical intervention. The levels 
of  difficulty in swallowing and restriction in jaw move-
ment were low in both groups, with no significant differ-
ences. This can be explained by the conservative nature 
of the surgical intervention in both groups.

Patients reported high levels of  satisfaction and ac-
ceptance of the surgical intervention, with negligible dif-
ferences between both groups. This might be due to the 
minimally invasive nature of  piezocision and LAFC, as 
they did not require flap raising or suturing like conven-
tional corticotomy. Another factor could be related to the 
use of innovated tools, which resulted in less trauma and 
morbidity as compared to the traditional use of surgical 
burs. These findings are in line with those of Uribe et al.26 
and Charavet et al.,27 who found that high levels of satis-
faction were achieved in patients subjected to piezocision 
during the leveling and alignment of  their teeth. In  the 
present study, the majority of patients in both groups in-
dicated that the extraction of  the upper premolars was 
a  more disturbing experience than flapless corticotomy. 
This could have resulted from the fact that the extraction 

Table 6. Results of the significance tests of pairwise comparisons between the 4 evaluated time points for patient-centered outcomes in the piezocision 
group (PG)

Time points Pain Discomfort Swelling Difficulty in chewing Difficulty in swallowing Restriction in jaw movement Analgesic consumption

T1–T2 <0.001* 0.001* 0.004* 0.001* 0.003* 0.026 0.041

T1–T3 <0.001* <0.001* 0.001* 0.001* 0.002* 0.005* 0.008

T1–T4 <0.001* <0.001* 0.000* <0.001* 0.001* 0.001* 0.007*

T2–T3 0.015 0.001* 0.003* 0.039 0.236 0.038 0.180

T2–T4 0.003* 0.001* 0.001* 0.003* 0.039 0.018 0.059

T3–T4 0.046 0.130 0.096 0.101 0.180 0.366 0.157

The Wilcoxon signed-ranks tests were employed for pairwise comparisons, with the Bonferroni adjustment of alpha level (i.e., 0.05 / 6 = 0.008).
* p < 0.008 (significant difference). 
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of the premolars was performed bilaterally whereas piezo-
cision/LAFC was conducted only at one side of the upper 
arch. Another factor is the conservative nature of flapless 
corticotomy employed in this trial.

One of the limitations of this study is its split-mouth 
design. The patients experienced oral pain or discom-
fort only from one side of the mouth, which would not 
reflect the actual picture if the surgical intervention had 
been carried out at both sides. Therefore, the results 
of  this study cannot be generalized unless a  complete 
procedure mimicking the actual scenario in the daily 
practice is carried out for patients undergoing canine 
retraction in the context of orthodontic treatment.

Conclusions
Both piezocision and LAFC were associated with sig-

nificantly high levels of pain, discomfort, swelling, and 
difficulty in chewing at 1 day following the intervention. 
Laser-assisted flapless corticotomy was associated with 
significantly lower levels of  pain and discomfort than 
piezocision. The levels of  pain, discomfort, swelling, 
eating difficulty, and jaw movement restriction dramati-
cally decreased 24 h after LAFC and piezocision. Both 
piezocision and LAFC were associated with high levels 
of satisfaction and acceptance.
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Abstract
Burning mouth syndrome (BMS) is idiopathic chronic oral pain, associated with depression, anxiety and 
pain symptoms. The BMS symptoms include a burning sensation in the tongue and/or other oral mucosa 
with no underlying medical or dental reasons. As many BMS patients suffer from psychiatric comorbidi-
ties, several psychotropic drugs are included in the management of BMS, reducing the complaint, while 
managing anxiety, depression and pain disorders.

In this review, a  search of  the published literature regarding the management of  BMS was conducted. 
We discuss the BMS etiology, clinically associated symptoms and available treatment options. The current 
evidence supports some BMS interventions, including alpha-lipoic acid (ALA), clonazepam, capsaicin, and 
low-level laser therapy (LLLT); however, there is a lack of robust scientific evidence, and large-scale clinical 
trials with long follow-up periods are needed to establish the role of  these BMS management options. 
This knowledge could raise the awareness of dentists, psychiatrists and general practitioners about these 
challenges and the available kinds of treatment to improve multidisciplinary management for better health 
outcomes.

Key words: burning mouth syndrome, neuropathic pain, orofacial pain, clonazepam, oral conditions

Słowa  kluczowe: zespół pieczenia jamy ustnej, ból neuropatyczny, ból twarzoczaszki, klonazepam, 
warunki w jamie ustnej
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Introduction 
Burning mouth syndrome (BMS) is oral dysesthesia 

characterized by a  burning sensation in the tongue 
and/or other oral mucosa. It is associated with dry mouth 
and taste changes in the absence of  clinical/laboratory 
findings or underlying medical or dental reasons, and it 
can be debilitating in some patients.1–3 Burning mouth 
syndrome is a painful cranial neuropathy, similar to tri-
geminal neuralgia,4 with mostly unknown etiology. As 
described by the international classification of headache 
disorders, BMS recurs daily for more than 2 h/day over 
more than 3 months without clinically evident causative 
lesions; the pain is usually bilateral with fluctuating inten-
sity.5 The syndrome can also lead to sleep disturbances, 
especially in the elderly.6

Burning mouth syndrome is commonly associated with 
depression and anxiety.7 It has a  prevalence of  0.7–5% 
and appears to be more frequent in females,8 especially 
in post-menopausal women, where its prevalence is 
12–18%.9 Females report more paresthesia, oral mucosal 
pain, dysgeusia and xerostomia, while taste changes are 
less common in males.10

Burning mouth syndrome is common in psychiatric 
patients; there are reports that it affects up to 20% of the 
older hospitalized psychiatric patients11–13 and 10–20% 
of elderly outpatients.14 It could be associated with oral 
or systemic abnormalities, such as changes in hormone 
levels, infections, nutritional disturbances, denture-
related lesions, and pharmacological treatment.15 The 
BMS characteristics include changes in the mucosal 
blood flow.16

Burning mouth syndrome has been described as a psy-
chosomatic disorder predisposed by psychological stress 
or neuropathic pain, affecting the peripheral and central 
nervous system in the trigeminal pathways,3 the prefron-
tal cortex and the hippocampus.17 Patients with BMS 
process thermal stimulation differently, with changes in 
tactile sensory functions, including a lower threshold for 
cold detection, while warmth, heat and pain detection 
thresholds are higher.18–20

Immune and endocrine functions are also involved 
in BMS; a  lower level of  plasma adrenaline, a  low level 
of CD8(+) cells and a high CD4(+)/CD8(+) ratio represent 
a suppressed immune system.21 A significant increase in 
the genetic polymorphisms associated with interleukin‑1β 
(IL-1β) has also been suggested.22

Changes in scores on psychiatric assessment scales have 
been identified. With the Temperament and Character 
Inventory(TCI), BMS patients have lower novelty-seek-
ing scores and self-directedness scores, while their harm-
avoidance scores are higher.23 A  Visual Analog Scale 
(VAS) study supported higher frequencies of depression, 
anxiety and cancer phobia in BMS patients.24 This is re-
flected in the F3 classification of BMS as a mood/affective 
disorder.25

Risk factors for developing BMS include stroke, a  low 
level of  education, depression, life events, anxiety, per-
sonality disorders, the excessive use of hexetidine mouth-
washes, and vitamin deficiency.26,27 Burning mouth syn-
drome is common in Parkinson’s disease, characterized 
by dopamine dysregulation, especially in the nigrostriatal 
dopaminergic pathway, as confirmed by positron emis-
sion tomography (PET).28,29

Material and methods
A literature search for studies investigating different 

forms of BMS management was performed in PubMed, 
European Union Drug Regulating Authorities Clinical 
Trials Database (EudraCT), ClinicalTrials.gov, and Co-
chrane Central Register of Controlled Trials (CENTRAL), 
using the Population/Interest/Context (PICO) framework 
and the following search terms: “burning mouth syn-
drome”, “BMS”, “alpha-lipoic acid” AND “burning mouth 
syndrome”, and “clonazepam” AND “burning mouth syn-
drome”.30 No restrictions on the study size, year or duration 
were set. Titles were screened for relevance and duplicates 
were removed, while abstracts were screened according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) recommendations.31 Trials 
that investigated the efficacy of different management ap-
proaches for BMS were included (Tables 1,2). The study 
populations included adult patients undergoing pharma-
cological or non-pharmacological treatment compared to 
placebos/controls for BMS management, with random-
ized controlled trials (RCTs) and case studies screened 
for relevancy.

Outcome measures 

The primary efficacy outcome was the improvement in 
the VAS and Oral Health Impact Profile (OHIP) scores. 
Pharmacological management included alpha-lipoid acid 
(ALA), clonazepam, capsaicin, amisulpride, fluoxetine, 
trazodone, milnacipran, St. John’s wort (Hypericum per-
foratum extract), melatonin, bupivacaine, benzydamine, 
and lidocaine lingual nerve injection (Table 1).

Results

Pharmacological management of burning 
mouth syndrome 

As BMS appears to be associated with psychiatric co-
morbidities, a number of psychotropic drugs are used in 
its management, including antidepressants and clona
zepam (Table  1)2; psychotherapy has also been used 
(Table 2).
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Alpha-lipoic acid

Alpha-lipoic acid is a free-radical scavenger, and its me-
tabolite – dihydrolipoic acid – has antioxidant properties 
and can regenerate endogenous antioxidants (vitamin E, 
vitamin C and glutathione).32 Alpha-lipoic acid is con-
sidered an  effective medication for BMS management, 
as highlighted by the evidence obtained from trials mea-
suring its efficacy by means of various methods,33–44 with 
some heterogeneity among the studies (Table 1). An  in-
teresting comparison with low-level laser therapy (LLLT) 
showed that both LLLT and ALA were efficient in treating 
BMS.45

Benzodiazepines 

Benzodiazepines are hypnotics/sedatives that potenti-
ate the action of the inhibitory neurotransmitter gamma 
aminobutyric acid (GABA).46 We found 3 trials that com-
pared the efficacy of clonazepam against a placebo using 
the VAS scores.47–49 The overall results proved the effec-
tiveness of  clonazepam, as highlighted by a  significant 
reduction in the VAS scores. Systemic clonazepam pre-
sented the best efficacy, with more than 70% of patients 
showing the partial or complete resolution of  their oral 
symptoms as compared to just over 55% of  patients on 
diazepam.50 Topical clonazepam was also effective, and 
considered more cost-effective than amisulpride, paro
xetine and sertraline,51 while prazepam showed some ef-
ficacy as well.52

Capsaicin 

We found 4 studies that measured the efficacy of cap-
saicin.35,53–55 The overall results showed a positive effect 
and a possible beneficial role of capsaicin in BMS man-
agement.

Antidepressants 

Selective serotonin reuptake inhibitors (SSRIs) have 
low side-effect profiles and are particularly efficient in 
psychogenic BMS management.56 At low doses, they 
inhibit serotonin reuptake, and at high doses, they may 
inhibit noradrenaline reuptake as well.46 There have not 
been many trials pitting SSRIs against a placebo or control 
medication (Table 1), and most of the available evidence 
comes from case studies. Sertraline, a widely used anti-
depressant, resulted in a reduction in the severity of sto-
matodynia.57 Paroxetine proved to be efficacious, with 
complete pain remission in more than 70% of patients.58 
In 1 study, painful burning sensations were elicited with 
fluoxetine treatment, and citalopram used as an alterna-
tive led to the remission of BMS associated with depres-
sion.59 On the other hand, clomipramine reduced pain in 
BMS patients at a level similar to a placebo.60

Venlafaxine and duloxetine are serotonin-norepi-
nephrine reuptake inhibitors (SNRIs). Venlafaxine with 
clonazepam were successful in patients unresponsive to 
anticonvulsants and antidepressants.11 Duloxetine was 
observed to significantly relieve pain in case reports, and 
led to symptom remission and improvement in the qua
lity of life (QoL).61,62 Moclobemide is a reversible inhibitor 
of monoamine oxidase, and it reduced anxiety, depression 
and the VAS scores among BMS patients.63

Milnacipran blocks serotonin and norepinephrine 
reuptake. It has a simple pharmacokinetics profile and no 
inhibitory effects on cytochrome P450 enzymes, so it is 
recommended for patients with multiple treatment regi-
mens.64 Low-dose milnacipran (30 mg daily) had a poor 
response; the cumulative improvement rate increased to 
68% when the daily dose was increased from 60  mg to 
90  mg.65 Milnacipran reportedly brought about signifi-
cant reductions in the VAS scores,66 reduced depression 
and improved patients’ QoL,67 but there have not been 
enough trials comparing milnacipran to a placebo or con-
trol medication (Table 1). Most of the available evidence 
of  the efficacy of  milnacipran comes from case studies, 
such as that of a 71-year-old with no satisfactory response 
to psychotropic drugs who recovered from BMS when 
sertraline was replaced with milnacipran.68

Antipsychotics and anti-Parkinson medications 

For antipsychotics and anti-Parkinson drugs, there is 
not enough data comparing a  placebo or control medi-
cation with these medications, and most of the evidence 
comes from case studies. Olanzapine, an  antipsychotic, 
caused rapid significant improvement in treating BMS,69 
even in patients unresponsive to milnacipran or paro
xetine.70 Aripiprazole ameliorated chronic burning pain,71 
while levosulpiride and amisulpride alleviated oral symp-
toms.72,73 A case of refractory BMS showed complete re-
lief after treatment with pramipexol.74 The BMS symp-
toms also responded to levodopa.7

Anticonvulsants 

Pregabalin was successful in patients unresponsive to 
milnacipran or duloxetine.75 Gabapentin − a  structural 
analog of GABA − reduced oral burning, while nortrip-
tyline and sertraline were contraindicated.76 However, 
another study failed to confirm the efficacy of gabapentin 
in BMS.77

Non-pharmacological management  
of burning mouth syndrome 

The most common non-pharmacological interventions 
are LLLT, psychotherapy and acupuncture.

We found 4 trials measuring the efficacy of LLLT using 
the VAS scores78–81 and 3 trials measuring its efficacy 
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using OHIP (Table  2).79,81,82 The overall results showed 
positive effects on both VAS and OHIP. Interestingly, 
a comparison with ALA showed similar efficacy.45

Two trials measured the efficacy of  psychotherapy in 
alleviating the BMS symptoms,40,83 but there have not 
been enough trials studying the efficacy of acupuncture 
as compared to a placebo or control medication (Table 2).

Discussion
Both the diagnosis and management of  BMS are un-

clear.3 Burning mouth syndrome is known as a  chronic 
condition with pain intensity increasing from morning 
to evening.84 The tongue is the most commonly affected 
site, followed by the lower lip and the hard palate.84 Burn-
ing mouth syndrome could be due to immunological or 
endocrine etiology, and some recent evidence suggests 
neurophysiological mechanisms, such as a  peripheral 
small-fiber neuropathy or central neuropathic distur-
bances.9 Risk factors include metabolic disorders, vitamin 
deficiencies85 or medications, i.a., angiotensin-converting 
enzyme inhibitors and anticoagulants.86

The prevalence of BMS can be especially high in psy-
chiatric patients,87 and it is associated with comorbidities 
such as depression and anxiety.88 Assessment and out-
come measurements include the VAS scores, QoL ratings, 
taste, and the salivary flow.2

Multiple kinds of pharmacological treatment have been 
tried, including ALA, milnacipran, benzodiazepines, an-
tidepressants, anticonvulsants, and atypical antipsycho
tics (Table 3).87 Topical clonazepam is used for peripheral 
BMS, while central BMS is managed with antidepressants, 
anti-seizure medications or antipsychotics,89 but the evi-
dence of their efficacy is weak, as the power of the studies 
and the numbers of patients have been relatively low, and 
most studies have had short follow-up periods with high 
variability.

Burning mouth syndrome could have a  neuropathic 
origin, and experts recommend neuropathic pain agents, 
such as amitriptyline, gabapentin, benzodiazepines, anti-
psychotics,90 or mood-altering interventions.91 Our study 
highlights that ALA, clonazepam and capsaicin may bring 
promising results (Table  4); however, more studies are 
needed, with longer follow-up periods and larger num-
bers of patients. Alpha-lipoic acid and clonazepam have 
shown modest evidence of decreasing BMS.92 The overall 
quality of the evidence of effectiveness remains low for all 
pharmacological and non-pharmacological interventions.

Our review has some limitations. There was high hete
rogeneity among the studies and there were few clini-
cal trials for most of the management options. Different 
methods were used to present the findings, while some 
trials had missing data (Tables 1,2).

Combination treatment has shown promising results. 
Alpha-lipoic acid with gabapentin,41 sertraline with cognitive 

behavioral therapy,93 and tranylcypromine with low-dose 
anxiolytics and psychotherapy have been effective in refrac-
tory BMS.94 Non-pharmacological interventions, such as 
LLLT or psychotherapy, have shown some efficacy. However, 
large-scale clinical trials with long follow-up periods are still 
needed to confirm these findings.89 Treatment should be tai-
lored with careful history-taking and consultations among 
a variety of health professionals, including psychiatrists, den-
tists, pain specialists, and neurologists with a  special inte
rest in headaches, to avoid potential delays in diagnosis.85,95 
A clinical diagnosis should include the assessment of the nu-
tritional status and comprehensive dental evaluation.96 The 
management of BMS should include managing anxiety, de-
pression and pain disorders, ruling out treatable conditions, 

Table 3. Summary of the available evidence for the pharmacological 
management of burning mouth syndrome (BMS)

Medication As per current clinical research

Alpha-lipoic acid
Positive outcome demonstrated with improvement 

in the VAS scores in several trials; however, RCT 
failed to support its role – further research needed.

Milnacipran
Weak scientific evidence that milnacipran (60–90 mg) 
could result in a significant reduction in the VAS scores.

Benzodiazepines
Research suggests the efficacy of systemic 

clonazepam or its application in the form of oral 
rinse – large clinical trials still needed to confirm.

Antidepressants

Scientific evidence mostly from case studies. Sertraline 
and paroxetine were efficacious with a reduction in 
the severity of BMS. In case reports, venlafaxine and 
duloxetine significantly relieved pain. Moclobemide 

reduced anxiety, depression and the VAS scores.

Antipsychotics and 
anti-parkinsonism 
medications

In case studies, olanzapine and aripiprazole caused 
improvement – RCTs lacking. Weak scientific evidence 
for the efficacy of amisulpride. Case studies highlighted 

pramipexol and levodopa as promising medications.

Anticonvulsants

Case studies highlighted gabapentin and 
pregabalin as promising medications despite the 

presence of some contradictory results. One clinical 
trial highlighted the possible efficacy of gabapentin, 

especially in combination with ALA.

RCT – randomized clinical trial.

Table 4. Characteristics of the main pharmacological therapies for the 
management of burning mouth syndrome (BMS)

Medication Dosage Duration Possible side effects

Alpha-lipoic  
acid

600–800 mg/day 
in 2–3 divided 

doses
2–4 weeks

rare minor abdominal 
pain, headache, and rarely 

hypersensitivity

Clonazepam

oral tablets 
0.5 mg/day

2–4 weeks fatigue, muscle weakness, 
nausea, somnolence, rash, 
headache, and impaired 

concentration
oral rinse 

1 mg/10 mL
2–4 weeks

Capsaicin

systemic 
0.25%

2–4 weeks
mild abdominal pain, and 

rarely hypersensitivityoral rinse  
0.025% TID

2–4 weeks

Milnacipran 30–90 mg/day 2–4 weeks
dizziness, hot flash, nausea, 
insomnia, palpitations, rash, 
headache, and xerostomia
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and discussing different management options with the pa-
tient.97 Non-pharmacological interventions could be tried 
first, if clinically appropriate, and compatible with the pa-
tient’s preferences and the severity of the symptoms. If phar-
macotherapy is appropriate, ALA or capsaicin could be first 
choice because of favorable side-effect profiles, while clona
zepam or milnacipran could be second-line medications for 
BMS management due to their side effects − particularly 
cognitive ones − and an increased risk of dependence associ-
ated with benzodiazepines.
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Abstract
The purposes of this review were to appraise the current evidence on the management of orthodontically 
induced white spot lesions (OIWSLs) and to choose the best evidence from among conflicting systematic 
reviews.

The published literature was searched from inception through November 2019 in 5 databases. Only sys-
tematic reviews and/or meta-analyses were eligible for inclusion. Methodological quality was assessed 
using A Measurement Tool to Assess Systematic Reviews-2 (AMSTAR-2). The Jadad decision algorithm was 
applied to choose the best available evidence from among discordant reviews.

Thirteen publications were included. The interventions reported in the management of OIWSLs were topi-
cal fluorides, casein phosphopeptide-amorphous calcium phosphate (CPP-ACP)-containing products, flu-
oride-containing bonding materials, laser therapy, resin infiltration, and micro-abrasion. The methodologi-
cal quality of the reviews ranged between moderate and critically low according to the AMSTAR-2 tool. 
Based on the Jadad decision algorithm criteria, topical fluorides yielded a 25–30% prevention of OIWSLs; 
however, their effect on reversing OIWSLs was unclear. The CPP-ACP products were effective in both pre-
venting and reversing OIWSLs. No differences were noted between fluoride-releasing adhesives and con-
ventional adhesives. Laser irradiation was effective in preventing OIWSLs, with some concerns about the 
argon laser at a certain setting. Finally, there is a lack of reliable evidence supporting the efficacy of resin 
infiltration or micro-abrasion due to the limited number of available studies.

Based on the currently available information, topical fluorides and laser irradiation are effective in prevent-
ing OIWSLs. The CPP-ACP products are effective in preventing and reversing OIWSLs. Fluoride-releasing 
adhesives have no effect on OIWSL prevention.

Key words: orthodontics, dental care, tooth demineralization, tooth remineralization, white caries spot

Słowa kluczowe: ortodoncja, opieka stomatologiczna, demineralizacja zębów, remineralizacja zębów, 
biała plama próchnicowa
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Introduction 
Achieving optimal occlusion with minimal treatment com-

plications is an essential demand for orthodontic treatment.1 
Orthodontically induced white spot lesions (OIWSLs) are 
considered one of the most prominent complications, with 
a prevalence of 68.4% in patients undergoing multi-bracketed 
fixed orthodontic treatment.2 This high percentage of preva-
lence is due to the irregular and non-uniform surfaces of fixed 
appliances, which can encourage plaque stagnation and limit 
natural self-cleansing mechanisms (Fig. 1,2).3–5

Primarily, patients seek orthodontic treatment in an at-
tempt to improve function and esthetics.4 However, 
these common white, chalky, opaque spots with limited 

spontaneous reversibility may seriously jeopardize es-
thetic appearance and the patient’s satisfaction with the 
results of treatment.4,6,7 Worse still, untreated white spot 
lesions (WSLs) may lead to tooth cavitation, requiring 
a subsequent restorative procedure.8

It is important to differentiate OIWSLs from other, 
non-carious white spots, such as fluorosis, developmental 
enamel hypomineralization or enamel hypoplasia. First-
ly, OIWSLs are typically found on the buccal tooth sur-
faces and around the perimeter of orthodontic brackets 
whereas non-carious spots usually cover the entire tooth 
surface and are not associated with orthodontic treat-
ment.9,10 Secondly, the consistency and texture of  the 
surface of a clean, dry tooth can be gently assessed with 
a periodontal probe. Orthodontically induced white spot 
lesions appear rough, opaque and porous, while non-
carious lesions appear mostly smooth and shiny.10

Numerous research projects have been conducted on 
the effectiveness of various interventions in the manage-
ment of OIWSLs. Mainly, the approaches involved either 
preventing the formation of lesions or reversing the exist-
ing ones through 2 basic strategies – remineralizing the 
enamel or masking the lesions.7

Recently, exponential growth in the systematic reviews 
focusing on this issue has been noticed. However, given 
the breadth of this topic area, decision-makers have be-
come overwhelmed by a  plethora of  reviews reporting 
contradictory conclusions. Thus, a  systematic review 
of the published reviews (an overview or umbrella review) 
was a logical and appropriate next step, in order to sum-
marize the body of evidence and choose from among the 
disparate findings of various reviews.

Methods

Protocol and registration 

The methodology of this review was formulated in ad-
vance by strictly adhering to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
standards. The systematic review protocol was written 
during the first phase of this review and registered in the 
International Prospective Register of Systematic Reviews 
(PROSPERO) under the number CRD42019135137, 
which is freely available at https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=135137.

Question 

The research question with regard to the effectiveness 
of different adjunctive interventions in the management 
of OIWSLs was defined according to the PICO format:
–	P (population) – healthy patients of any age and from 

any ethnic group who underwent multi-bracketed fixed 
orthodontic treatment;

Fig. 1. Clinical case undergoing multi-bracketed fixed orthodontic treatment 
and developing several orthodontically induced white spot lesions (OIWSLs)

Fig. 2. Orthodontically induced white spot lesion (OIWSL)

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=135137
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=135137
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–	I (intervention) – any adjunctive intervention that 
would prevent or reverse (manage) OIWSLs;

–	C (comparison) – a control group that was not exposed 
to an adjunctive intervention;

–	O (outcome) – any measurement that would reflect the 
efficacy of the applied intervention, such as changes in 
the incidence or size of the lesions, or any quantitative 
assessment of enamel mineral loss.

Eligibility criteria 

The following criteria were used to consider articles eli-
gible for this review:
–	only systematic reviews and/or meta-analyses were eli-

gible for inclusion;
–	only interventions that involve remineralizing the 

enamel or masking the lesions were included;
–	due to the scarcity of randomized controlled trials (RCTs) 

on this subject, the design of the primary studies of the 
eligible reviews were either controlled clinical trials 
(CCTs) (randomized or non-randomized) or prospective 
observational studies with concurrent comparison.
Trials, narrative literature reviews, reviews including the 

methods of  improving patients’ oral hygiene, reviews in-
cluding laboratory primary studies, and reviews discussing 
the management of naturally developed WSLs (i.e., without 
orthodontic treatment) were excluded.

Search strategy 

A comprehensive electronic search was performed 
from inception through November 2019 in the following 
databases: Cochrane Library, Scopus, Web of  Science, 

CINAHL via EBSCO, and PubMed. Additionally, the 
bibliographies of the relevant reviews were screened for 
further possible reviews. No restrictions were applied 
on the search strategy with regard to the language, the 
publication date or the publication status. More details 
on the search strategy can be found in Supplementary 
Table 1.

Study selection and data extraction 

The authors of  the present study independently as-
sessed the identified results of  the search and extracted 
necessary data. The screening process was initiated by 
assessing titles and abstracts. Then, the full text of each 
relevant article was evaluated in depth. Articles that failed 
to meet one or more of the eligibility criteria were elimi-
nated. After filtration, the required data was extracted 
from the studies using a standardized form that included 
the authors’ names, setting, the number of primary stu
dies, interventions, the number of  participants, out-
comes, the quality of primary studies, and main findings. 
Any disagreement between the 2 reviewers was discussed 
until a resolution was reached.

Quality assessment of the selected reviews 

The methodological quality of  the obtained sys-
tematic reviews was assessed independently by 
the 2 reviewers utilizing A  Measurement Tool to 
Assess Systematic Reviews-2 (AMSTAR-2).11 The 
AMSTAR-2 checklist includes 16 domains that as-
sess the multiple steps of  conducting a  systematic 
review, of  which 7 domains are considered critical.  

Supplementary Table 1. Search strategy

Database Search strategy Results

Cochrane Library 
from inception up to November 30, 2019 
Title Abstract Key Word  
with no limits

#1 orthodontic* OR “orthodontic treatment”
#2 “White lesions” OR “White spot lesions” OR “White spots” OR demineraliz* OR decalcif* OR remineraliz*
#3 manag* OR reduc* OR prevent* OR revers*
#4 “systematic review” OR “meta-analysis”
#5   #1 AND #2 AND #3 AND #4

#5 = 33
(reviews)

Scopus 
from inception up to November 30, 2019 
Title Abstract Key Word  
with no limits

#1 orthodontic* OR “orthodontic treatment”
#2 “White lesions” OR “White spot lesions” OR “White spots” OR demineraliz* OR decalcif* OR remineraliz*
#3 manag* OR reduc* OR prevent* OR revers*
#4 “systematic review” OR “meta-analysis”
#5   #1 AND #2 AND #3 AND #4

#5 = 33

Web of Science 
from inception up to November 30, 2019 
TS – Topic  
with no limits

#1 TS = (orthodontic* OR “orthodontic treatment”)
#2 TS = (“White lesions” OR “White spot lesions” OR “White spots” OR demineraliz* OR decalcif* OR remineraliz*)
#3 TS = (manag* OR reduc* OR prevent* OR revers*)
#4 TS = (“systematic review” OR “meta-analysis”)
#5   #1 AND #2 AND #3 AND #4

#5 = 24

CINAHL via EBSCO 
from inception up to November 30, 2019 
TX – All Text  
with no limits

(orthodontic* OR “orthodontic treatment”) AND (“White lesions” OR “White spot lesions” OR “White spots” 
OR demineraliz* OR decalcif* OR remineraliz*) AND (manag* OR reduc* OR prevent* OR revers*) AND 
(“systematic review” OR “meta-analysis”)

15

PubMed  
from inception up to November 30, 2019 
All fields  
with no limits

(orthodontic* OR “orthodontic treatment”)
AND (“White lesions” OR “White spot lesions” OR “White spots” OR demineraliz* OR decalcif* OR remineraliz*)
AND (manag* OR reduc* OR prevent* OR revers*)
AND (“systematic review” OR “meta-analysis”)

36
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Results

Search results 

A total of  141 references were retrieved through the 
search. After removing duplicates, 82 references were 
screened for eligibility by titles and abstracts. As a result, 
33 articles were considered potentially relevant, and there-
fore checked in depth. Ultimately, 13 reviews were includ-
ed. The detailed literature search process is provided in 
Fig. 3. The excluded reviews are presented in Supplemen-
tary Table 2 with the reasons for exclusion.

Characteristics of the selected reviews 

The 13 reviews included in this review were published 
between 2004 and 2019; 4 of  them were integrated into 
meta-analyses.4,13–15 The addressed adjunctive inter-
ventions were topical fluoride application (assessed by 
10  systematic reviews),4,6,8,13–19 the application of  ca-
sein phosphopeptide-amorphous calcium phosphate 
(CPP-ACP) or other casein derivatives (assessed by 4 sys-
tematic reviews),6,17,18,20 fluoride-releasing bonding mate-
rials (assessed by 4 systematic reviews),13–15,21 laser the
rapy (assessed by 1 systematic review),3 resin infiltration 
(assessed by 1 systematic review),6 and micro-abrasion 
(assessed by 1 systematic review).6 The characteristics 
of the systematic reviews are summarized in Table 1.

The overall confidence of  the results of  a  systematic 
review was reported according to the following cate
gories:
–	high confidence of  the results – no or only one non-

critical weakness was found;
–	moderate confidence – more than one non-critical 

weakness was found;
–	low confidence – one critical flaw with/without a non-

critical weakness was found;
–	critically low confidence – more than one critical flaw 

with/without a non-critical weakness was found.
The overall confidence of  the results of  the selected 

systematic reviews was rated electronically by filling out 
the online AMSTAR-2 checklist (https://amstar.ca/Am-
star_Checklist.php).

Choice of the best body of evidence 

The Jadad decision algorithm is a  simple guide that 
was designed to interpret discordant reviews and to help 
decision-makers select the most relevant and valid ones 
from among them.12 In this review, when an  interven-
tion was addressed by numerous systematic reviews 
with conflicting results, the Jadad decision algorithm 
was applied independently by the 2 reviewers. The re-
sults were then compared in order to robustly determine 
the systematic review which provided the best available 
evidence.

Fig. 3. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart
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Supplementary Table 2. Excluded studies and the reasons for exclusion

No. Study Reason for exclusion

1 Aravind N, Pandiyan S. Demineralisation around orthodontic brackets 
– A review. Res J Pharm Technol. 2016;9(9):1536–1540. narrative review

2 Raj BJR, Pradeep S. Remineralising agents in dentistry. Res J Pharm 
Technol. 2016;9(10):1734–1736. narrative review

3
Faghihian R, Shirani M, Tarrahi MJ, Zakizade M. Efficacy of the resin 
infiltration technique in preventing initial caries progression:  
A systematic review and meta-analysis. Pediatr Dent. 2019;41(2):88–94.

non-orthodontic patients

4
Hani TB, O’Connell AC, Duane B. Casein phosphopeptide-amorphous 
calcium phosphate products in caries prevention. Evid Based Dent. 
2016;17(2):46–47.

summary review of a systematic review
(Raphael S, Blinkhorn A. Is there a place for Tooth Mousse in the prevention 
and treatment of early dental caries? A systematic review. BMC Oral Health. 

2015;15(1):113.)

5
Martinez-Mier EA. Fluoride-containing orthodontic adhesives may 
reduce the occurrence of enamel demineralization in patients with fixed 
orthodontic appliances. J Evid Based Dent Pract. 2011;11(3):132–134.

summary review of a systematic review
(Rogers S, Chadwick B, Treasure E. Fluoride-containing orthodontic 

adhesives and decalcification in patients with fixed appliances: A systematic 
review. Am J Orthod Dentofacial Orthop. 2010;138(4):390.e1–e390.e8.)

6 Kalha AS. Topical fluorides and decalcification around fixed orthodontic 
appliances. Evid Based Dent. 2006;7(2):38–39.

summary review of a systematic review
(Chadwick BL, Roy J, Knox J, Treasure ET. The effect of topical fluorides on 

decalcification in patients with fixed orthodontic appliances: A systematic 
review. Am J Orthod Dentofacial Orthop. 2005;128(5):601–606.)

7 O’Neill J. Little evidence exists about optimal caries-prevention strategies 
during orthodontic treatment. Evid Based Dent. 2004;5(4):97.

summary review of a systematic review
(Derks A, Katsaros C, Frencken JE, van’t Hof MA, Kuijpers-Jagtman AM. 

Caries-inhibiting effect of preventive measures during orthodontic 
treatment with fixed appliances. Caries Res. 2004;38(5):413–420.)

8
Cheng LL. Limited evidence indicates fluoride may prevent 
demineralized white lesions during orthodontic treatment. J Am Dent 
Assoc. 2015;146(9):699–701.

summary review of a systematic review
(Benson PE, Parkin N, Dyer F, Millett DT, Furness S, Germain P. Fluorides for 
the prevention of early tooth decay (demineralised white lesions) during 
fixed brace treatment. Cochrane Database Syst Rev. 2013;12:CD003809.)

9 Taha AA, Patel MP, Hill RG, Fleming PS. The effect of bioactive glasses on 
enamel remineralization: A systematic review. J Dent. 2017;67:9–17. review of laboratory-based studies

10
Rahimi F, Sadeghi M, Mozaffari HR. Efficacy of fluoride varnish for prevention 
of white spot lesions during orthodontic treatment with fixed appliances: 
A systematic review study. Biomed Res Ther. 2017;4(8):1513–1526.

review of laboratory-based studies

11
Cosma LL, Şuhani RD, Mesaroş A, Badea ME. Current treatment 
modalities of orthodontically induced white spot lesions and their 
outcome – a literature review. Med Pharm Rep. 2019;92(1):25–30.

narrative review

12
Bergstrand F, Twetman S. Evidence for the efficacy of various methods 
of treating white-spot lesions after debonding of fixed orthodontic 
appliances. J Clin Orthod. 2003;37(1):19–21.

neither abstract nor full-text available
(a request was sent to the corresponding author and the journal to get 

the article; however, no response was received)

13
Li J, Xie X, Wang Y, et al. Long-term remineralizing effect of casein 
phosphopeptide-amorphous calcium phosphate (CPP-ACP) on early 
caries lesions in vivo: A systematic review. J Dent. 2014;42(7):769–777.

non-orthodontic patients

14 Paula ABP, Fernandes AR, Coelho AS, et al. Therapies for white spot 
lesions – a systematic review. J Evid Based Dent Pract. 2017;17(1):23–38. non-orthodontic patients

15
Raphael S, Blinkhorn A. Is there a place for Tooth Mousse in the 
prevention and treatment of early dental caries? A systematic review. 
BMC Oral Health. 2015;15(1):113.

non-orthodontic patients

16
Borges AB, Caneppele TMF, Masterson D, Maia LC. Is resin infiltration an 
effective esthetic treatment for enamel development defects and white 
spot lesions? A systematic review. J Dent. 2017;56:11–18.

non-orthodontic patients

17
Indrapriyadharshini K, Madan Kumar PD, Sharma K, Iyer K. Remineralizing 
potential of CPP-ACP in white spot lesions – a systematic review. 
Indian J Dent Res. 2018;29(4):487–496.

non-orthodontic patients

18
Benson PE, Parkin N, Millett DT, Dyer F, Vine S, Shah A. Fluorides for 
the prevention of white spots on teeth during fixed brace treatment. 
Cochrane Database Syst Rev. 2004;3:CD003809.

updated in 2013; the updated version is included in this review

19
Sudjalim TR, Woods MG, Manton DJ. Prevention of white spot 
lesions in orthodontic practice: A contemporary review. Aust Dent J. 
2006;51(4):284–289;quiz 347.

narrative review

20
Bergstrand F, Twetman S. A review on prevention and treatment of 
post-orthodontic white spot lesions – evidence-based methods and 
emerging technologies. Open Dent J. 2011;5:158–162.

updated in 2016; the updated version is included in this review
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Table 1. Characteristics of the included reviews assessing the effectiveness of different interventions in managing orthodontically induced white spot lesions (OIWSLs)

Study/setting Study design No. of primary  
studies Age of participants* Interventions/ 

No. of studies in each No. of participants Outcomes Quality of 
primary studies Results

Tasios et al.15

2019, Greece

systematic 
review and 

meta-analysis
23 mean age of

14.4 years

– fluoride varnish (4)
– fluoride varnish under banding 

cement (2)
– fluoride-releasing adhesives (8)
– flat-surface sealants (5)
– active reminders (4)

1,473 in total – incidence of OIWSLs
– severity of OIWSLs

unclear risk (7)
high risk (16)

– Fluoride varnish, flat-surface sealants and active reminders were associated with a reduced development 
and magnitude of lesions; however, the strength of this recommendation is mostly low.

– No statistically significant difference was found for fluoride varnish under banding cement.
– No statistically significant improvement was found for fluoride-releasing adhesives.

Sardana et al.16

2019, China
systematic 

review 3

mean age of 
13.3 years (for 1 study)

range of
11–16 years/13–21 years

(for 2 studies)

self-applied topical fluorides 505 (prevention of OIWSLs)
26 (reversal of OIWSLs )

– changes in the incidence of OIWSLs as the 
primary outcome (studies on prevention)

– reduction in the size of OIWSLs or mean 
fluorescence values or the prevalence of OIWSLs  
as the primary outcomes (studies on reversal)

low risk(1)
high risk (2)

Although the review did not confirm the effectiveness of self-applied fluorides in the reversal of OIWSLs,  
it did partially substantiate the positive role (although indirectly) of self-applied fluorides  

in the prevention of OIWSLs based on a single trial with a low risk of bias.

Pithon et al.20

2019, Brazil
systematic 

review 11 mean age of  
14.87 years CPP-ACP not addressed prevention or treatment of OIWSLs around 

orthodontic braces
low risk (9)

unclear risk (2) The CPP-ACP products were effective in the prevention and treating of OIWSLs.

Sardana et al.4
2019, China

systematic 
review and 

meta-analysis
11 mean age of

15.21 years

professional topical fluoride 
application in order to prevent  

or reverse OIWSLs

518 (prevention of OIWSLs)
693 (reversal of OIWSLs )

– difference in the incidence of OIWSLs
– change in the mean QLF scores or the mean 

DIAGOdent scores

low risk (5)
medium risk (4)

high risk (2)

– Professional topical fluoride application brought about a 25–30% reduction in the incidence of OIWSLs 
(pooling 3 studies).

– The standardized mean difference was found to be 0.57 less in the professional topical fluoride application 
group than in the control group (95% CI: from 0.23 to −0.91) in the studies evaluating the reversal of 
OIWSLs (pooling 3 studies); however, the effect of professional topical fluoride application on the reversal 
of OIWSLs was unclear due to concerns in interpreting the DIAGNOdent values.

Raghis et al.3
2018, Syria

systematic 
review 8 mean age of

13.45 years

laser irradiation:
– CO2 laser
– Nd:YAG laser
– argon laser
– Optodan laser

183

– formation or non-formation of OIWSLs assessed 
clinically or with digital images

– degree of decalcification
– changes in the enamel structure after laser 

application

unclear risk
(all studies) Laser irradiation was effective in inhibiting demineralization during orthodontic treatment.

Nascimento et al.13

2016, Brazil

systematic 
review and 

meta-analysis
7 NA

fluoride-releasing materials 
(cementation materials,  

varnish and sealant)
1,867 teeth

– risk of patients developing OIWSLs
– the M and SD values of the extent of OIWSLs 

acc. to the Gorelick scale

high risk
(all studies)

– The pooled relative risk of developing OIWSLs when using cementation materials as compared to 
control was 0.35 (95% CI: 0.15–0.81); hence, patients using fluoride-releasing materials were at a lower 
risk of developing OIWSLs (pooling 4 studies).  
The risk reduction was statistically significant for fluoride varnish, but not for sealant (only 1 study was 
included for each intervention).

– The pooled mean difference in the extent of OIWSLs between the experimental and control groups was 
statistically significant for cementation materials, but not for varnish and sealant.

Lapenaite et al.17

2016, Lithuania
systematic 

review 11 NA fluoride products or casein 
derivatives

998 (studies on fluoride)
314 (studies on casein derivatives) prevention of OIWSLs not addressed

The results showed positive effects of the fluoride products and casein derivatives on preventing OIWSLs 
(4 out of 6 studies revealed the effectiveness of the fluoride products in preventing OIWSLs;  

3 out of 5 studies revealed the effectiveness of casein derivatives in preventing OIWSLs).

Sonesson et al.6
2016, Denmark

systematic 
review 7 ≤30 years

– remineralizing agents  
(fluoride, CCP-ACP)

– micro-abrasion
– resin infiltration

not addressed

extent, hardness or appearance of OIWSLs with a 
follow-up period of at least 8 weeks, as assessed 

with visual clinical scores, photographs, caries 
detection devices, or patient/therapist satisfaction

low risk (2)
high risk (5)

There is a lack of reliable scientific evidence to support remineralizing or camouflaging strategies to 
manage OIWSLs (2 out of 4 trials revealed a significant effect of fluoride,  

1 out of 3 trials revealed a significant effect of CCP-ACP, the 2 included trials on resin infiltration revealed 
a significant effect, and 1 trial revealed a significant effect of micro-abrasion).

Chen et al.18

2013, China
systematic 

review

7 
(3 – fluoride vs control; 
2 – CPP-ACP vs control; 
2 – fluoride vs CPP-ACP)

NA remineralizing agents  
(fluoride, CCP-ACP)

173 (studies on fluoride)
110 (studies on CPP-ACP)

86 (studies on fluoride vs CPP-ACP)

difference in the severity of OIWSLs between the 
experimental and control groups as the primary 
outcome (severity was expressed in terms of the 

area over the whiteness of the lesion or as the 
amount of mineral loss or the lesion depth)

medium risk (1)
high risk (6)

There is a lack of reliable evidence to support the effectiveness of remineralizing agents in the treatment 
of OIWSLs (1 out of 3 studies revealed the ineffectiveness of fluorides in managing OIWSLs; 1 study 
indicated that CPP-ACP was effective in managing OIWSLs, while another one found no significant 

difference as compared to control; 1 study indicated that fluoride was more effective than CPP-ACP, while 
another one found no difference).

Benson et al.8
2013, UK

systematic 
review 3

mean age of 15 years 
(for 2 studies)

adults up to 45 years 
(for 1 study)

fluorides 458

– presence or absence of new lesions by participant
– differences in the size and severity of OIWSLs 

between the experimental and control groups
– any quantitative assessment of enamel mineral 

loss, such as fluorescent light techniques or 
microradiography, used with in situ caries 
models

– any participant-assessed outcomes, such as the 
perception of the lesions and oral health-related 
quality of life data

– adverse effects

low risk (1)
medium risk (1)

high risk (1)

– Applying fluoride varnish every 6 weeks at the time of the orthodontic review during treatment is effective, 
but this finding is based on a single study.

– None of the included studies reported data on the size and severity of OIWSLs, the quantitative assessment 
of enamel mineral loss, patient’s perception, oral health-related quality of life, and adverse effects.

Rogers et al.21

2010, UK
systematic 

review 10 NA fluoride-containing adhesives not addressed any outcome measures of decalcification  
and the presence of OIWSLs not addressed

It is impossible to make recommendations on the use of fluoride-containing adhesives during fixed 
orthodontic treatment. However, there is evidence to suggest that glass ionomer cement is more effective 

than composite resin in the prevention of OIWSLs, but the evidence is weak.

Chadwick et al.19

2005, UK
systematic 

review 6 NA topical fluorides not addressed any valid outcome measure of decalcification, 
both before and after treatment not addressed

The use of topical fluorides in addition to a fluoride toothpaste reduced the incidence of decalcification 
in populations with both fluoridated and non-fluoridated water supplies (all the included studies found 

a significant difference). Different preparations and formats appear to decrease decalcification, but there is 
no evidence that any method is superior. There is some evidence that the potency of fluoride preparations 

might be important.

Derks et al.14

2004, the Netherlands

systematic 
review and 

meta-analysis
15 NA

fluorides, chlorhexidine,  
polymeric coating  

or fluoride-releasing sealant,  
and bonding material

847 (fluorides)
111 (chlorhexidine)

59 (polymeric coating  
or fluoride-releasing sealant)

297 (bonding material)

any demineralization scores not addressed

The use of a toothpaste and gel with a high fluoride concentration of 1,500–5,000 ppm, or 
complementary chlorhexidine during orthodontic treatment showed a demineralization-inhibiting effect. 

The use of a polymeric tooth coating on the tooth surface around the brackets or a fluoride-releasing 
bonding material showed almost no demineralization-inhibiting effect. Pooling data was only applied for 
the studies assessing fluoride-releasing bonding materials, where the overall prevented fraction was 20% 

(SEM 0.09). However, this effect was not statistically significant.

CPP-ACP – casein phosphopeptide-amorphous calcium phosphate; Nd:YAG laser – neodymium-doped yttrium aluminum garnet laser;  
QLF – quantitative light-induced fluorescence; M – mean; SD – standard deviation; CI – confidence interval;  
SEM – scanning electron microscopy; NA – not applicable.  
* The mean age of the participants was calculated based on the available data (mean age) provided in the included reviews.
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Table 1. Characteristics of the included reviews assessing the effectiveness of different interventions in managing orthodontically induced white spot lesions (OIWSLs)

Study/setting Study design No. of primary  
studies Age of participants* Interventions/ 

No. of studies in each No. of participants Outcomes Quality of 
primary studies Results

Tasios et al.15

2019, Greece

systematic 
review and 

meta-analysis
23 mean age of

14.4 years

– fluoride varnish (4)
– fluoride varnish under banding 

cement (2)
– fluoride-releasing adhesives (8)
– flat-surface sealants (5)
– active reminders (4)

1,473 in total – incidence of OIWSLs
– severity of OIWSLs

unclear risk (7)
high risk (16)

– Fluoride varnish, flat-surface sealants and active reminders were associated with a reduced development 
and magnitude of lesions; however, the strength of this recommendation is mostly low.

– No statistically significant difference was found for fluoride varnish under banding cement.
– No statistically significant improvement was found for fluoride-releasing adhesives.

Sardana et al.16

2019, China
systematic 

review 3

mean age of 
13.3 years (for 1 study)

range of
11–16 years/13–21 years

(for 2 studies)

self-applied topical fluorides 505 (prevention of OIWSLs)
26 (reversal of OIWSLs )

– changes in the incidence of OIWSLs as the 
primary outcome (studies on prevention)

– reduction in the size of OIWSLs or mean 
fluorescence values or the prevalence of OIWSLs  
as the primary outcomes (studies on reversal)

low risk(1)
high risk (2)

Although the review did not confirm the effectiveness of self-applied fluorides in the reversal of OIWSLs,  
it did partially substantiate the positive role (although indirectly) of self-applied fluorides  

in the prevention of OIWSLs based on a single trial with a low risk of bias.

Pithon et al.20

2019, Brazil
systematic 

review 11 mean age of  
14.87 years CPP-ACP not addressed prevention or treatment of OIWSLs around 

orthodontic braces
low risk (9)

unclear risk (2) The CPP-ACP products were effective in the prevention and treating of OIWSLs.

Sardana et al.4
2019, China

systematic 
review and 

meta-analysis
11 mean age of

15.21 years

professional topical fluoride 
application in order to prevent  

or reverse OIWSLs

518 (prevention of OIWSLs)
693 (reversal of OIWSLs )

– difference in the incidence of OIWSLs
– change in the mean QLF scores or the mean 

DIAGOdent scores

low risk (5)
medium risk (4)

high risk (2)

– Professional topical fluoride application brought about a 25–30% reduction in the incidence of OIWSLs 
(pooling 3 studies).

– The standardized mean difference was found to be 0.57 less in the professional topical fluoride application 
group than in the control group (95% CI: from 0.23 to −0.91) in the studies evaluating the reversal of 
OIWSLs (pooling 3 studies); however, the effect of professional topical fluoride application on the reversal 
of OIWSLs was unclear due to concerns in interpreting the DIAGNOdent values.

Raghis et al.3
2018, Syria

systematic 
review 8 mean age of

13.45 years

laser irradiation:
– CO2 laser
– Nd:YAG laser
– argon laser
– Optodan laser

183

– formation or non-formation of OIWSLs assessed 
clinically or with digital images

– degree of decalcification
– changes in the enamel structure after laser 

application

unclear risk
(all studies) Laser irradiation was effective in inhibiting demineralization during orthodontic treatment.

Nascimento et al.13

2016, Brazil

systematic 
review and 

meta-analysis
7 NA

fluoride-releasing materials 
(cementation materials,  

varnish and sealant)
1,867 teeth

– risk of patients developing OIWSLs
– the M and SD values of the extent of OIWSLs 

acc. to the Gorelick scale

high risk
(all studies)

– The pooled relative risk of developing OIWSLs when using cementation materials as compared to 
control was 0.35 (95% CI: 0.15–0.81); hence, patients using fluoride-releasing materials were at a lower 
risk of developing OIWSLs (pooling 4 studies).  
The risk reduction was statistically significant for fluoride varnish, but not for sealant (only 1 study was 
included for each intervention).

– The pooled mean difference in the extent of OIWSLs between the experimental and control groups was 
statistically significant for cementation materials, but not for varnish and sealant.

Lapenaite et al.17

2016, Lithuania
systematic 

review 11 NA fluoride products or casein 
derivatives

998 (studies on fluoride)
314 (studies on casein derivatives) prevention of OIWSLs not addressed

The results showed positive effects of the fluoride products and casein derivatives on preventing OIWSLs 
(4 out of 6 studies revealed the effectiveness of the fluoride products in preventing OIWSLs;  

3 out of 5 studies revealed the effectiveness of casein derivatives in preventing OIWSLs).

Sonesson et al.6
2016, Denmark

systematic 
review 7 ≤30 years

– remineralizing agents  
(fluoride, CCP-ACP)

– micro-abrasion
– resin infiltration

not addressed

extent, hardness or appearance of OIWSLs with a 
follow-up period of at least 8 weeks, as assessed 

with visual clinical scores, photographs, caries 
detection devices, or patient/therapist satisfaction

low risk (2)
high risk (5)

There is a lack of reliable scientific evidence to support remineralizing or camouflaging strategies to 
manage OIWSLs (2 out of 4 trials revealed a significant effect of fluoride,  

1 out of 3 trials revealed a significant effect of CCP-ACP, the 2 included trials on resin infiltration revealed 
a significant effect, and 1 trial revealed a significant effect of micro-abrasion).

Chen et al.18

2013, China
systematic 

review

7 
(3 – fluoride vs control; 
2 – CPP-ACP vs control; 
2 – fluoride vs CPP-ACP)

NA remineralizing agents  
(fluoride, CCP-ACP)

173 (studies on fluoride)
110 (studies on CPP-ACP)

86 (studies on fluoride vs CPP-ACP)

difference in the severity of OIWSLs between the 
experimental and control groups as the primary 
outcome (severity was expressed in terms of the 

area over the whiteness of the lesion or as the 
amount of mineral loss or the lesion depth)

medium risk (1)
high risk (6)

There is a lack of reliable evidence to support the effectiveness of remineralizing agents in the treatment 
of OIWSLs (1 out of 3 studies revealed the ineffectiveness of fluorides in managing OIWSLs; 1 study 
indicated that CPP-ACP was effective in managing OIWSLs, while another one found no significant 

difference as compared to control; 1 study indicated that fluoride was more effective than CPP-ACP, while 
another one found no difference).

Benson et al.8
2013, UK

systematic 
review 3

mean age of 15 years 
(for 2 studies)

adults up to 45 years 
(for 1 study)

fluorides 458

– presence or absence of new lesions by participant
– differences in the size and severity of OIWSLs 

between the experimental and control groups
– any quantitative assessment of enamel mineral 

loss, such as fluorescent light techniques or 
microradiography, used with in situ caries 
models

– any participant-assessed outcomes, such as the 
perception of the lesions and oral health-related 
quality of life data

– adverse effects

low risk (1)
medium risk (1)

high risk (1)

– Applying fluoride varnish every 6 weeks at the time of the orthodontic review during treatment is effective, 
but this finding is based on a single study.

– None of the included studies reported data on the size and severity of OIWSLs, the quantitative assessment 
of enamel mineral loss, patient’s perception, oral health-related quality of life, and adverse effects.

Rogers et al.21

2010, UK
systematic 

review 10 NA fluoride-containing adhesives not addressed any outcome measures of decalcification  
and the presence of OIWSLs not addressed

It is impossible to make recommendations on the use of fluoride-containing adhesives during fixed 
orthodontic treatment. However, there is evidence to suggest that glass ionomer cement is more effective 

than composite resin in the prevention of OIWSLs, but the evidence is weak.

Chadwick et al.19

2005, UK
systematic 

review 6 NA topical fluorides not addressed any valid outcome measure of decalcification, 
both before and after treatment not addressed

The use of topical fluorides in addition to a fluoride toothpaste reduced the incidence of decalcification 
in populations with both fluoridated and non-fluoridated water supplies (all the included studies found 

a significant difference). Different preparations and formats appear to decrease decalcification, but there is 
no evidence that any method is superior. There is some evidence that the potency of fluoride preparations 

might be important.

Derks et al.14

2004, the Netherlands

systematic 
review and 

meta-analysis
15 NA

fluorides, chlorhexidine,  
polymeric coating  

or fluoride-releasing sealant,  
and bonding material

847 (fluorides)
111 (chlorhexidine)

59 (polymeric coating  
or fluoride-releasing sealant)

297 (bonding material)

any demineralization scores not addressed

The use of a toothpaste and gel with a high fluoride concentration of 1,500–5,000 ppm, or 
complementary chlorhexidine during orthodontic treatment showed a demineralization-inhibiting effect. 

The use of a polymeric tooth coating on the tooth surface around the brackets or a fluoride-releasing 
bonding material showed almost no demineralization-inhibiting effect. Pooling data was only applied for 
the studies assessing fluoride-releasing bonding materials, where the overall prevented fraction was 20% 

(SEM 0.09). However, this effect was not statistically significant.

CPP-ACP – casein phosphopeptide-amorphous calcium phosphate; Nd:YAG laser – neodymium-doped yttrium aluminum garnet laser;  
QLF – quantitative light-induced fluorescence; M – mean; SD – standard deviation; CI – confidence interval;  
SEM – scanning electron microscopy; NA – not applicable.  
* The mean age of the participants was calculated based on the available data (mean age) provided in the included reviews.
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Methodological quality  
of the included reviews 

The methodological quality of  the reviews ranged be-
tween a critically low to moderate confidence of  the re-
sults. In other words, all the reviews were fraught with 
some methodological shortcomings. The AMSTAR-2 
questions and the results for the reviews are presented 
in Table 2. The detailed supporting reasons for each as-
sessment are provided in Supplementary Table 3. With 
regard to the 7 critical domains of  the AMSTAR-2 tool, 
most reviews failed to contain an explicit statement that 
the review methods were established prior to the conduct 
of the review (69.23% of the included reviews), did not use 
a satisfactory technique to assess the risk of bias in each 
individual study (53.84% of the included reviews), and did 
not account for the risk of bias in individual studies when 
interpreting and discussing the results (46.15% of the in-
cluded reviews). 

Effects of interventions 

Effect of topical fluorides in the management of OIWSLs 

Ten systematic reviews provided the results from studies 
evaluating the effectiveness of topical fluorides in the manage-
ment of OIWSLs: Tasios et al. 2019,15 Sardana et al. 2019,16 

Sardana et al. 2019 (Epub 2018),4 Nascimento et al. 2016,13 
Lapenaite  et  al. 2016,17 Sonesson  et  al. 2016,6 Chen  et  al. 
2013,18 Benson  et  al. 2013,8 Chadwick  et  al. 2005,19 and 
Derks  et  al. 2004.14 Different forms were utilized to apply 
topical fluorides, including fluoride varnish, fluoride gel, 
fluoridated mouth rinse, fluoridated toothpaste, fluoridated 
water, and fluoride chewing sticks.

Some of these reviews deduced that topical fluorides were 
effective in managing OIWSLs,4,8,13–15,17,19 while others failed 
to find reliable significant evidence.6,16,18 All the reviews were 
addressing the same review question, but the recruited trials 
and the selection criteria varied among them. In this case, 
the Jadad algorithm suggests that the best available review be 
selected according to the superiority in its publication status, 
the methodological quality of its primary studies, language 
restrictions, and the analysis of data on individual patients. 
As a result, Sardana et al. 20194 was selected (Fig. 4). The 
detailed steps of the Jadad decision algorithm used from the 
beginning until the final constructive decision are presented 
in Supplementary Table 4.

Sardana et al. 20194 addressed the use of professional 
fluorides and recruited 11 RCTs published between 2007 
and 2017. All primary studies used a parallel-arm design. 
The results indicated that fluorides led to a 25–30% re-
duction in the incidence of OIWSLs; however, their effect 
on reversing lesions was unclear due to concerns in inter-
preting the DIAGNOdent values.

Fig. 4. Flow diagram of the Jadad decision algorithm for conflicting reviews on efficacy of topical fluorides, casein phosphopeptide-amorphous calcium 
phosphate (CPP-ACP) and fluoride-releasing adhesives
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Supplementary Table 3. Detailed supporting reasons for the AMSTAR-2 (A Measurement Tool to Assess Systematic Reviews-2) assessment of each included review

Domains Tasios 201915 Sardana 201916

1. Did the research questions and 
inclusion criteria for the review include the 
components of PICO?

Yes: As stated on page 2 in the “Eligibility criteria” section: “According 
to the Participants-Intervention-Comparison-Outcome study design 

(PICOS)...”

Yes: As stated on page 2: “The Population-Intervention-Control-
Outcome (PICO) schema was used to direct the inclusion of studies 

as follows:…”

2. Did the report of the review contain an 
explicit statement that the review methods 
were established prior to the conduct of 
the review and did the report justify any 
significant deviations from the protocol?

Yes: As stated on page 2: “The review protocol was made a priori, 
registered in PROSPERO (CRD42017079352) and all post hoc changes 

were appropriately noted”.

Yes: As stated on page 2: “The methodology of the review was 
formulated in advance by strictly adhering to the PRISMA guidelines”.

3. Did the review authors explain their 
selection of the study designs for inclusion 
in the review?

Yes: As stated on page 2: “due to the scarcity of RCTs on this subject, 
included were randomized or quasi-randomized prospective 

controlled human trials”.

No: Authors did not provide the explanation for including RCTs and 
quasi-randomized CCTs only.

4. Did the review authors use a 
comprehensive literature search strategy?

Yes:
–	 Authors searched 9 databases.
–	 Authors searched trial registries: metaRegister of Controlled Trials.
–	 Authors searched DOAJ and PQDT.
–	 The reference lists and Google Scholar citation lists of the eligible 

full-text articles as well as the reference lists of relevant systematic 
reviews were screened manually for additional studies.

–	 Key words and the search strategy were provided in Appendix Table 1.
–	 No restrictions were applied on the language, publication year or 

status.

Yes:
–	 Authors searched 4 databases.
–	 Grey literature (www.opengrey.com) was searched to find any 

registered trial or unpublished material.
–	 The reference lists of the eligible articles were screened manually for 

additional studies.
–	 Key words were provided in Table 1.
–	 No restrictions were applied on the publication year or status. 

However, only articles written in English were included.

5. Did the review authors perform study 
selection in duplicate?

Yes: As stated in the abstract: “Study selection, data extraction and risk 
of bias assessment were done independently in duplicate”.

Yes: As stated on page 3: “After the removal of duplicates,  
2 authors (DS and MS) independently screened titles and their 

respective abstracts in a standardized manner to determine their 
inclusion/exclusion in the review”.

6. Did the review authors perform data 
extraction in duplicate?

Yes: As stated in the abstract: “Study selection, data extraction and risk 
of bias assessment were done independently in duplicate”.

Yes: As stated on page 3: “The characteristics of the respective studies 
and their data were extricated individually by 2 authors (DS and MS) 

on a piloted pro forma”.

7. Did the review authors provide a list 
of the excluded studies and justify the 
exclusions?

Yes: The list of the studies identified from the literature and their 
inclusion/exclusion status with reasons was provided in Appendix 

Table 2.

Yes: As stated on page 3: “The detailed reasons for the exclusion of the 
remaining 70 articles are presented in Supplementary Appendix 2”.

8. Did the review authors describe the 
included studies in adequate detail?

Yes: Populations, interventions, comparators, outcomes, the study 
design, the study setting, and follow-up were all described in details in 

Tables 1 and 2 as well as in the text.

Yes: Populations, interventions, comparators, outcomes, the study 
design, the study setting, and follow-up were all described in Table 2.

9. Did the review authors use a satisfactory 
technique for assessing the risk of bias (RoB) 
in individual studies that were included in 
the review?

Yes: Randomized controlled trials were appropriately assessed by the 
RoB tool. 

No: Non-randomized controlled trials were assessed by the RoB tool 
rather than the ROBINS-I tool.

Yes: Randomized controlled trials were appropriately assessed by the 
RoB-2 tool. 

Non-randomized trials were not included.

10. Did the review authors report on the 
sources of funding for the studies included 
in the review?

No: Funding for primary studies was not reported in the review or in 
the “Other bias” section referring to the RoB tool. No: Funding for primary studies was not reported in the review.

11. If meta-analysis was performed, did the 
review authors use appropriate methods 
for the statistical combination of the 
results?

Yes: For RCTs, authors used an appropriate technique to combine the 
study results and adjusted for heterogeneity. 

No: Authors did not report separate summary estimates for NRSIs.
Meta-analysis was not performed.

12. If meta-analysis was performed, did the 
review authors assess the potential impact 
of RoB in individual studies on the results 
of the meta-analysis or other evidence 
synthesis?

Yes: Authors performed sensitivity analyses and presented them in 
Appendix Table 8. Meta-analysis was not performed.

13. Did the review authors account for RoB 
in individual studies when interpreting/
discussing the results of the review?

Yes: The risk of bias in individual studies was accounted for, especially 
when applying the GRADE criteria.

Yes: The risk of bias was accounted for when interpreting results such 
as: “Since this deduction is made based on 2 trials – 1 with a low risk of 
overall bias and 1 with a high risk of bias – this conclusion should be 

interpreted with caution, and the present review recommends further 
trials to confirm this”. Moreover, the risk of bias was accounted for 

when evaluating the overall quality of evidence.

14. Did the review authors provide 
a satisfactory explanation for, and 
discussion of, any heterogeneity observed 
in the results of the review?

Yes: The impact of heterogeneity was accounted for when discussing 
the results of the review.

Yes: As stated: “All 3 trials were quite heterogeneous in regards 
to the intervention (high-fluoride vs low-fluoride toothpaste; the 
composition of the fluoride agent), control group and outcome 
(2 assessed prevention at debonding and 1 assessed reversal at 

26 weeks). Hence, it is quite difficult to give any recommendation by 
pooling the results qualitatively” and “The trials included in the review 
were of considerable heterogeneity, and this hampers providing the 

recommendations/guidelines pertaining to the concentration of 
fluoride, the fluoride carrier or the fluoride agent in the carrier”.

15. If they performed quantitative synthesis, 
did the review authors carry out an 
adequate investigation of publication bias 
(small-study bias) and discuss its likely 
impact on the results of the review?

No: Publication bias was not considered in the review. Meta-analysis was not performed.

16. Did the review authors report any 
potential sources of conflict of interest, 
including any funding they received for 
conducting the review?

Yes: As stated on page 10: “All authors declare that there is no conflict 
of interest”.

Yes: As stated in the abstract: “This research did not receive any 
specific grant from funding agencies in the public, commercial or 

not-for-profit sectors”.
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Continued Supplementary Table 3

Pithon 201920 Sardana 20194 Raghis 20183

1. 
Yes: As stated on page 2: “To be included in the review, 
studies needed to comply with the following selection 

criteria, according to the PICOS strategy…”

Yes: As stated on page 2: “The PICO schema for 
individual studies was used to determine the 
eligibility criteria and is presented in Table 1”.

Yes: As stated on page 323: “These review questions were 
developed according to the population, intervention, 

comparison, and outcome (PICO) study design”.

2. 

Yes: As stated on page 2: “The protocol used for the 
systematic review of the effectiveness of CPP-ACP-

containing products was recorded in the International 
Prospective Register of Systematic Reviews”.

Yes: As stated on page 2: “The present review was 
devised a priori by following the PRISMA guidelines”.

No: The review did not contain an explicit statement that 
the review methods were established prior to the conduct 

of the review.

3. 
No: Authors did not provide the explanation for including 

both RCTs and CCTs.
No: Authors did not provide the explanation for 

including RCTs and quasi-randomized CCTs only.
No: Authors did not provide the explanation for including 

both RCTs and CCTs.

4. 

Yes:
–	Authors searched 5 databases.
–	Authors searched trial registries: ClinicalTrials.
–	Grey literature was searched by www.opengrey.com.
–	The reference lists of the eligible articles were screened 

manually for additional studies.
–	Key words were provided within the text.
–	No restrictions were applied on the language, 

publication year or status.

Yes:
–	Authors searched 4 databases.
–	Grey literature (www.opengrey.com) was searched 

to find any registered trial or unpublished material.
–	The reference lists of the eligible articles and 

relevant reviews were screened manually for 
additional studies.

–	Key words were provided in Table 2.
–	Restrictions were applied on the language, 

including only the English language.
–	No limits were applied to the search strategy 

regarding the publication year or the current stage 
of the trial.

Yes:
–	Authors searched 5 databases.
–	Authors searched trial registries: ClinicalTrials and ICTRP.
–	Grey literature was searched by www.opengrey.com.
–	PQDT was searched for dissertations.
–	The reference lists of the eligible articles were screened 

manually for additional studies.
–	Key words and the search strategy were provided in 

Supplementary Material 1.
–	No restrictions were applied on the language, 

publication year or status.

5. 
Yes: As stated on page 2: “The selections were performed 

by 2 independent researchers”.

Yes: As stated in the abstract: “Two reviewers 
independently selected studies, extracted data and 

assessed the risk of bias”.

Yes: As stated on page 323: “The obtained articles were 
independently subjected to clear inclusion and exclusion 

criteria by 2 authors.”

6. No: It was not stated that data was extracted in duplicate.
Yes: As stated in the abstract: “Two reviewers 

independently selected studies, extracted data and 
assessed the risk of bias”.

Yes: As stated on page 323: “The data was extracted from 
studies according to the aims of the systematic review by 

the same 2 authors independently”.

7. 

Yes: The potentially relevant studies that were read in the 
full-text form, but excluded from the review were stated 
and cited within the text in the “Results” section (page 3) 

with the justification for exclusion.

Yes: The details of the reasons for the exclusion 
of studies after full-text reading was presented in 

Appendix 2.

Yes: The details of the reasons for the exclusion of studies 
after full-text reading was presented in Supplementary 

Material 2.

8. 
Partial Yes: Populations, interventions, comparators, 

outcomes, and the study design were described. However, 
the study setting and follow-up were not addressed.

Yes: Populations, interventions, comparators, 
outcomes, the study design, the study setting, and 

follow-up were all described in details in Table 3 and 
within the text.

Partial Yes: Though populations, interventions, 
comparators, outcomes, the study design, and follow-up 

were described, the study setting was not addressed.

9. 

Yes: Randomized controlled trials were appropriately 
assessed by the RoB-2 tool. 

Yes: Non-randomized controlled trials were appropriately 
assessed by the ROBINS-I tool.

Yes: Randomized controlled trials were appropriately 
assessed by the RoB-2 tool. 

Non-randomized trials were not included.

Yes: Randomized controlled trials were appropriately 
assessed by the RoB tool. 

No: Non-randomized controlled trials were assessed by 
the RoB tool rather than the ROBINS-I tool.

10. 
No: Funding for primary studies was not reported in the 

review.
No: Funding for primary studies was not reported in 

the review.

No: Funding for primary studies was not reported in the 
review or in the “Other bias” section referring to the RoB 

tool.

11. Meta-analysis was not performed.
Yes: Authors used an appropriate weighted 
technique to combine the study results and 

adjusted for heterogeneity if present.
Meta-analysis was not performed.

12. Meta-analysis was not performed.
Yes: Sensitivity analysis was performed by excluding  
‘high-risk’ trials and trials with ‘some concerns’ from 

quantitative synthesis.
Meta-analysis was not performed.

13. 
No: Authors did not account for the moderate risk of 

bias found in the 2 included studies when interpreting 
the results.

Yes: The risk of bias in individual studies was 
accounted for when discussing the results.

No: Authors did not account for the unclear risk of bias 
found in all the included studies when interpreting 

the results.

14. No: Heterogeneity was not addressed.
No: Though authors performed an investigation 
for heterogeneity among studies, they did not 

discussed its impact on the results of the review.

Yes: As stated on page 325: “Heterogeneity was observed 
due to the study designs, treatment protocols and the 

assessed outcomes of the included studies”.

15. Meta-analysis was not performed.

Yes: Though funnel plots and statistical analysis were 
not provided, publication bias was discussed in the 
review as follows: “the unpublished study did not 
find any significant effect of 1.23% APF gel on the 

prevention of EWSLs during orthodontic treatment, 
which might have resulted in publication bias”.

Meta-analysis was not performed.

16. 
No: Neither funding nor conflicting interests were stated 

in the review.

Yes: As stated on page 9: “This research did not 
receive any specific grant from funding agencies 
in the public, commercial or not-for-profit sectors. 

Conflicts of interest: None to be declared”.

Yes: As stated on page 321: “Funding: None declared. 
Conflict of interest: None declared”.
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Continued Supplementary Table 3

Nascimento 201613 Lapenaite 201617 Sonesson 20166

1. 
Yes: As stated on page 102: “The eligibility criteria and 

search strategy were based on the PICO elements 
(population, intervention, comparison, and outcome)”.

No: The PICO components were not all 
included when addressing the inclusion criteria 

(comparison and outcome were not stated).

Yes: As stated on page 2: “The PICO was set up as 
follows…”

2. 
No: The review did not contain an explicit statement 

that the review methods were established prior to the 
conduct of the review.

No: The review did not contain an explicit 
statement that the review methods were 

established prior to the conduct of the review.

No: The review did not contain an explicit statement 
that the review methods were established prior to the 

conduct of the review.

3. 
No: Authors did not provide the explanation for 

including only RCTs.
No: Authors did not provide the explanation for 

including both RCTs and quasi-RCTs.
No: Authors did not provide the explanation for 

including both RCTs and CCTs.

4. 

No:
–	Authors searched only 1 database.
–	Trial registries and grey literature were not searched.
–	The reference lists of the eligible articles were 

screened manually for additional studies.
–	Key words were provided on page 102.
–	No restrictions were applied on the language, 

publication year or status.

Partial Yes:
–	Authors searched 5 databases.
–	Trial registries and grey literature were not 

searched.
–	The reference lists of the eligible articles were 

screened manually for additional studies.
–	Key words were provided on page 4.
–	Restrictions were applied on the language 

(only articles written in English) and publication 
year (articles published between 2008 and 
2013).

Partial Yes:
–	Authors searched 4 databases.
–	Authors searched trial registries: ClinicalTrials.
–	Grey literature was not searched.
–	The reference lists of the eligible articles were 

screened manually for additional studies.
–	Key words and the search strategy were provided in 

Supplement 1.
–	Restrictions were applied on the language (only 

articles written in English) and publication year 
(articles published between 2011 and Oct 31, 2015).

5. 
Yes: As stated on page 102: “Two independent 

reviewers screened the search results”.

Yes: As stated on page 4: “Three researchers 
independently reviewed the titles and abstracts 

of the potentially relevant studies”.

Yes: As stated in the abstract: “Abstract lists and 
selected full-text papers were independently 

examined by 2 reviewers, and any differences were 
solved by consensus”.

6. 

Yes: As stated on page 102: “To record the study 
characteristics, methodological quality and results, the 
reviewers used a data extraction form according to the 

CONSORT 2010 statement. Disagreement between 
the 2 reviewers was solved either by consensus or by 

a third reviewer”.

No: The review did not contain an explicit 
statement that authors performed data 

extraction in duplicate.

Yes: As stated on page 2: “Key data from the accepted 
studies were extracted independently by 2 authors”.

7. 

No: The list of the excluded studies and the reasons 
for exclusion were not provided. Figure 1 provided the 
number of the excluded studies without providing the 

authors’ names for each study.

No: The list of the excluded studies and the 
reasons for exclusion were not provided.

Yes: As stated on page 3: “The excluded studies with 
the main reason for exclusion are shown in Table 3”.

8. 

Partial Yes: Populations, interventions, comparators, 
outcomes, and the study design were described, 
but not in details. Moreover, the study setting and 

follow‑up were not addressed. 

No: Though populations, interventions and 
comparators were described (not in details), 

outcomes, the study design, the study setting, 
and follow-up were not addressed.

Partial Yes: Populations, interventions, comparators, 
outcomes, the study design, and follow-up were 
described, but not in details. Moreover, the study 

setting was not addressed.

9. 
Yes: Randomized controlled trials were appropriately 

assessed by the RoB tool. 
Not-randomized trials were not included.

No: The risk of bias was not assessed.

Yes: Randomized controlled trials were appropriately 
assessed by the RoB tool. 

No: Non-randomized controlled trials were assessed 
by the RoB tool rather than the ROBINS-I tool.

10. 
No: Funding for primary studies was not reported in 

the review.
No: Funding for primary studies was not reported 

in the review.
No: Funding for primary studies was not reported in 

the review.

11. 
Yes: Authors used an appropriate technique 

to combine the study results and adjusted for 
heterogeneity.

Meta-analysis was not performed. Meta-analysis was not performed.

12. 
No: All studies were at a high risk of bias and were all 

included in evidence synthesis.
Meta-analysis was not performed. Meta-analysis was not performed.

13. 
Yes: As stated: “all the included studies presented a 

high risk of bias, indicating that the evidence is weak”.
No: The risk of bias was not assessed.

Yes: The risk of bias in individual studies was accounted 
for when interpreting the results, especially when 

applying the GRADE criteria.

14. 

Yes: As stated on page 106: “The subgroup analysis 
showed a 65% heterogeneity between the materials, 
indicating that the type of material partially explained 

the heterogeneity. Thus, different approaches for 
delivering fluorides near brackets could be related to 

the observed heterogeneity”.

No: Heterogeneity was not addressed.
No: Authors just stated in the abstract that: “No pooling 
of the results was possible due to study heterogeneity”, 

without providing any further explanation.

15. No: Publication bias was not assessed. Meta-analysis was not performed. Meta-analysis was not performed.

16. 
No: Neither funding nor conflicting interests were 

stated in the review.
No: Neither funding nor conflicting interests were 

stated in the review.

No: Though authors mentioned their funding sources: 
“Funding: The project was funded through the authors’ 
academic institutions”, they did not explain how they 

managed the potential conflict of interest.
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Continued Supplementary Table 3

Chen 201318 Benson 20138 Rogers 201021

1. 
Yes: The PICO elements were mentioned on 

page 377 in the “Material and methods” section.

Yes: The PICO components were mentioned 
in the “Criteria for considering studies for this 

review” section.

No: The PICO components were not all included 
when addressing the inclusion criteria.

2. 
No: The review did not contain an explicit 
statement that the review methods were 

established prior to the conduct of the review.

No: The review did not contain an explicit 
statement that the review methods were 

established prior to the conduct of the review.

No: The review did not contain an explicit 
statement that the review methods were 

established prior to the conduct of the review.

3. 
No: Authors did not provide the explanation for 

including only RCTs.
No: Authors did not provide the explanation for 

including only RCTs.

No: Authors did not provide the explanation 
for including all of the following: RCTs, clinical 

trials, and prospective observational studies with 
concurrent or historic comparison groups.

4. 

Partial Yes:
–	Authors searched 4 databases.
–	Trial registries and grey literature were not 

searched.
–	The reference lists of the eligible articles were 

screened manually for additional studies.
–	Key words and the search strategy were 

provided in Appendix 1.
–	No restrictions were applied on the language, 

publication year or status.

Partial Yes:
–	Authors searched 3 databases.
–	Authors searched trial registries: Cochrane Oral 

Health Group’s Trials Register and US NIH Trials 
Register.

–	Grey literature was not searched.
–	The reference lists of the eligible articles were 

screened manually for additional studies.
–	Key words were provided in Appendices 1–5.
–	No restrictions were applied on the language.

Yes:
–	Authors searched 5 databases.
–	Authors searched trial registries: Current 

Controlled Trials Register and National 
Research Register.

–	Grey literature was searched by SIGLE and ISI 
Conference Proceedings.

–	The reference lists of the eligible articles were 
screened manually for additional studies.

–	Key words were provided in Table 1.
–	No restrictions were applied on the language, 

publication year or status.

5. 

Yes: As stated on page 377: “The full texts of the 
relevant studies were scrutinized by 2 reviewers 
(HC and TG) independently to select the eligible 

studies”.

Yes: As stated on page 9: “Two review authors 
independently examined the title, key words 
and abstract of the reports identified through 

electronic searching”.

Yes: As stated on page 390.e3: “all the selected 
articles were examined by 2 independent 

reviewers (SR and BC) to determine whether the 
eligibility criteria were met”.

6. 
Yes: As stated on page 377: “Data from all the 

eligible studies was extracted by 2 reviewers (HC 
and TG) independently, in duplicate”.

Yes: As stated on page 9: “Data was extracted by 
2 review authors independently, in duplicate, 

using specially designed data extraction forms”.

Yes: As stated on page 390.e3: “data was 
extracted and methodological quality was 
assessed by 2 reviewers independently, in 
duplicate, using specially designed data 

extraction forms”.

7. 
Yes: As stated on page 378: “The list of the 

excluded articles and the reasons for exclusion 
are in Appendix II”.

Yes: Authors provided the list of the excluded 
studies with the reasons for exclusion in Table 

“Characteristics of excluded studies”.

Yes: Authors mentioned within the text on 
page 390.e3 in the “Results” section the relevant 
studies that were excluded from the review with 

the justification for exclusion.

8. 

Partial Yes: Populations, interventions, 
comparators, outcomes, the study design, and 

follow-up were described, but not in details. 
Moreover, the study setting was not addressed.

Yes: Populations, interventions, comparators, 
outcomes, the study design, the study setting, 
and follow up were all described in details in 

Table “Characteristics of included studies”.

Partial Yes: Populations, interventions, 
comparators, outcomes, the study design, and 

follow-up were described, but not in details. 
Moreover, the study setting was not addressed. 

9. 
Yes: Randomized controlled trials were 
appropriately assessed by the RoB tool. 

Not-randomized trials were not included.

Yes: Randomized controlled trails were 
appropriately assessed by the RoB tool. 

Non-randomized trials were not included.
No: The risk of bias was not assessed.

10. 
No: Funding for primary studies was not 

reported in the review.

Yes: The sources of funding for primary studies 
were reported in Table “Characteristics of 

included studies”.

No: Funding for primary studies was not 
reported in the review.

11. Meta-analysis was not performed. Meta-analysis was not performed. Meta-analysis was not performed.

12. Meta-analysis was not performed. Meta-analysis was not performed. Meta-analysis was not performed.

13. 
Yes: The risk of bias of studies was discussed with 
the reasons beyond this bias. Noteworthy, most 

trials were at a high risk of bias.

Yes: The risk of bias in individual studies was 
accounted for several times when interpreting 

and discussing the results.
No: The risk of bias was not assessed.

14. No: Heterogeneity was not addressed.

No: Though it was planned to measure 
heterogeneity, reviewers did not provide the 

explanation for heterogeneity in the results, as 
meta-analysis was not conducted.

Yes: As stated on page 390.e5: “With regard to 
the materials used, the studies involved could 

be considered non-homogenous. The adhesives 
can all be described as containing fluoride, 
but they essentially have different chemical 

properties”.

15. Meta-analysis was not performed. Meta-analysis was not performed. Meta-analysis was not performed.

16. 

Yes: As stated on page 376: “The authors report 
no commercial, proprietary or financial interest 
in the products or companies described in this 

article”.

Yes: As stated on page 34: “No interests to 
declare”.

Yes: As stated on page 390.e1: “The authors of 
this article report no commercial, proprietary or 
financial interest in the products or companies 

described in this article”.
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Chadwick 200519 Derks 200414

1. 
No: The PICO components were not all included when addressing the 

inclusion criteria (comparison was not stated).
No: The PICO components were not all included when addressing the 

inclusion criteria.

2. 
No: The review did not contain an explicit statement that the review 

methods were established prior to the conduct of the review.
No: The review did not contain an explicit statement that the review 

methods were established prior to the conduct of the review.

3. 
No: Authors did not provide the explanation for including all of the 

following: RCTs, clinical trials, and prospective observational studies with 
concurrent or historical comparison groups.

No: Authors did not provide the explanation for including only RCTs.

4. 

No:
–	Authors searched 6 databases.
–	Trial registries and grey literature were not searched.
–	Key words were not provided.
–	No restrictions were applied on the language, publication year or status.

Partial Yes:
–	Authors searched 2 databases.
–	Trial registries, grey literature and bibliographies were not searched.
–	Key words and the search strategy were provided in Fig. 1.
–	Restrictions were applied on the language (only articles written in English).

5. 
Yes: As stated on page 602: “For each stage, 2 independent reviewers were 

used. If their opinions differed, a third reviewer independently reviewed the 
article and decisions, and compared the results”.

Yes: As stated on page 3: “Two observers (JE and AD) independently 
carried out the screening of publications based on the abstracts of the 

retrieved publications”.

6. 
Yes: As stated on page 602: “Finally, all the included studies were double-extracted 

onto data extraction sheets, which were compared. If there was disagreement, 
a third team member reviewed the article to resolve the disagreement”.

No: The review did not contain an explicit statement that authors 
performed data extraction in duplicate.

7. 
No: The list of the excluded studies and the reasons for exclusion were not 

provided.
Yes: The excluded studies and the  reasons for exclusion were provided 

in Table 2.

8. 
Partial Yes: Populations, interventions, comparators, outcomes, and the study 
design were described, but not in details. Moreover, the authors’ names, the 

study setting and follow-up were not addressed.

Partial Yes: Populations, interventions, comparators, outcomes, and the 
study design were described, but not in details. Moreover, the study 

setting and follow-up were not addressed.

9. No: The risk of bias was not assessed. No: The risk of bias was not assessed.

10. No: Funding for primary studies was not reported in the review. No: Funding for primary studies was not reported in the review.

11. Meta-analysis was not performed.
No: Authors did not justify combining the data in meta-analysis and did 

not investigate the causes of any heterogeneity.

12. Meta-analysis was not performed. No: The risk of bias was not assessed.

13. No: The risk of bias was not assessed. No: The risk of bias was not assessed.

14. No: Heterogeneity was not addressed. No: Heterogeneity was not addressed.

15. Meta-analysis was not performed. No: Publication bias was not assessed.

16. 

No: Though authors mentioned their funding sources: “Funded by the Wales 
Office of Research and Development Health and Social Care grant No. 

R00/2/006”, they did not explain how they managed the potential conflict of 
interest.

No: Neither funding nor conflicting interests were stated in the review.

PROSPERO – International Prospective Register of Systematic Reviews; PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses;  
DOAJ – Directory of Open Access Journals; PQDT – ProQuest Dissertations and Theses; CCT – controlled clinical trial; ROBINS-I – Risk Of Bias In Non-randomized 
Studies-of Intervention; NRSI – non-randomized studies of intervention; GRADE – Grading of Recommendations Assessment, Development and Evaluation; 
APF – acidulated phosphate fluoride; EWLS – enamel white spot lesions; ICTRP – International Clinical Trials Registry Platform; CONSORT – Consolidated Standards 
of Reporting Trials; NIH – National Institutes of Health; SIGLE – System for Information on Grey Literature in Europe; ISI – Institute for Scientific Information.

Supplementary Table 4. Detailed comparison of the reviews assessing topical fluoride application according to the Jadad decision algorithm

Are the included reviews addressing the same question?

No. Review Question

1 Tasios 201915 Are topical fluorides effective in the management of OIWSLs?

2 Sardana 201916 Are topical fluorides effective in the management of OIWSLs?

3 Sardana 20194 Are topical fluorides effective in the management of OIWSLs?

4 Nascimento 201613 Are topical fluorides effective in the management of OIWSLs?

5 Lapenaite 201617 Are topical fluorides effective in the management of OIWSLs?

6 Sonesson 20166 Are topical fluorides effective in the management of OIWSLs?

7 Chen 201318 Are topical fluorides effective in the management of OIWSLs?

8 Benson 20138 Are topical fluorides effective in the management of OIWSLs?

9 Chadwick 200519 Are topical fluorides effective in the management of OIWSLs?

10 Derks 200414 Are topical fluorides effective in the management of OIWSLs?
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Given that the included reviews were addressing the same question, did the reviews include the same trials?

No. Review Studies included

1 Tasios 201915 1 – Kumar Jena 2015; 2 – Øgaard 1997; 2001; 3 – Stecksén-Blicks et al. 2007; 4 – Vivaldi-Rodrigues et al. 2006

2 Sardana 201916 1 – Sonesson et al. 2014; 2 – van der Kaaij et al. 2015; 3 – Willmot 2004

3 Sardana 20194 1 – Stecksén-Blicks et al. 2007; 2 – Jiang et al. 2013; 3 – Hutto Fretty 2014; 4 – Kirschneck et al. 2016; 5 – Du et al. 2012;  
6 – Huang et al. 2013; 7 – He et al. 2016; 8 – Restrepo et al. 2016; 9 – Singh et al. 2016; 10 – Bock et al. 2017; 11 – Ebrahimi et al. 2017

4 Nascimento 201613 1 – Vivaldi-Rodrigues et al. 2006; 2 – Stecksén-Blicks et al. 2007

5 Lapenaite 201617 1 – Farhadian et al. 2008; 2 – Huang et al. 2013; 3 – Richter et al. 2011; 4 – Al Mulla et al. 2010; 5 – Du et al. 2012; 6 – Enaia et al. 
2011; 7 – Baeshen et al. 2011

6 Sonesson 20166 1 – Agarwal et al. 2013; 2 – Akin et al. 2012; 3 – Du et al. 2012; 4 – Huang et al. 2013

7 Chen 201318 1 – Willmot 2004; 2 – Du et al. 2012; 3 – Baeshen et al. 2011; 4 – Andersson et al. 2007

8 Benson 20138 1 – Luther 200; 2 – Stecksén-Blicks et al. 2007; 3 – Øgaard 2006

9 Chadwick 200519 1 – Hirschfield 1978; 2 – Boyd 1992; 3 – Boyd 1993; 4 – D’Agostino et al. 1988; 5 – Denes 1991; 6 – Alexander 2000

10 Derks 200414 1 – D’Agostino et al. 1988; 2 – Alexander and Ripa 2000

Given that different trials were included, did the included reviews use the same selection criteria?

No. Review Studies included

1 Tasios 201915

Population: Human patients of any age, sex, ethnicity, or malocclusion.
Intervention: Any intervention administered at the beginning of treatment with the aim to prevent the development of OIWSLs.
Control: A control/placebo group or other intervention.
Outcome: The incidence and severity of OIWSLs.
Study design: Randomized or quasi-randomized prospective controlled trials, including both parallel and within-person randomized trials.
Limitations: No limitations concerning the language, publication year or status were applied.

2 Sardana 201916

Population: Patients undergoing multi-bracketed fixed orthodontic treatment or patients who had OIWSLs at the end of multi-
bracketed fixed orthodontic treatment.

Intervention: Self-applied topical fluorides in the form of fluoridated dentifrices, mouth rinses or home-applied gels used by patients.
Control: Standard treatment, placebo control or no intervention control. Standard treatment (or routine treatment) was pre-defined as the 

use of any fluoride dentifrice containing 1000 / 1055 / 1100 / 1250 ppm of fluoride, as these are the most common concentrations in 
over-the-counter available dentifrices which have been found to effectively prevent caries in children and adolescents.

Outcome: Studies that evaluated the prevention of OIWSLs during multi-bracketed fixed orthodontic treatment or the reversal of OIWSLs 
were included. For studies assessing the prevention of OIWSLs, changes in the incidence of OIWSLs during multi-bracketed fixed 
orthodontic treatment was the primary outcome, and for studies assessing the reversal of OIWSLs after multi-bracketed fixed orthodontic 
treatment, a reduction in the size of OIWSLs or mean fluorescence values or the prevalence of OIWSLs were the primary outcomes.

Study design: Randomized or quasi-randomized prospective controlled trials.
Limitations: Only articles written in English were included, with no limitations concerning the publication year or status.

3 Sardana 20194

Population: Patients undergoing multi-bracketed fixed orthodontic therapy, or patients having 1 or more OIWSLs after the 
completion of multi-bracketed fixed orthodontic therapy.

Intervention: Professionally applied topical fluorides in the form of gels, foams or varnishes.
Control: Placebo control or no control.
Outcome: Changes in the incidence, a decrease in the prevalence or changes in the size of OIWSLs.
Study design: Randomized or quasi-randomized prospective controlled trials, including only parallel designs.
Limitations: Only articles written in English were included, with no limitations concerning the publication year or status.

4 Nascimento 201613

Population: Patients using fixed orthodontic appliances.
Intervention: The use of fluoride-containing dental materials.
Control: A control group not using these materials.
Outcome: Only studies evaluating the risk of OIWSLs in terms of a binary outcome (the presence or absence of lesions) were included.
Study design: RCTs, including both parallel and split-mouth designs.
Limitations: No limitations concerning the language, publication year or status were applied.

5 Lapenaite 201617

Population: Patients of any age undergoing treatment with fixed orthodontic appliances.
Intervention: Fluoride-containing products or casein derivatives used throughout appliance therapy or immediately after debonding.
Control: Not provided.
Outcome: The prevention of OIWSLs.
Study design: Randomized or quasi-randomized controlled clinical studies.
Limitations: Only articles written in English and published between 2008 and 2013 were included.

6 Sonesson 20166

Population: Adolescents and young adults (<30 years) with OIWSLs registered and scored within 3 months after the debonding 
of fixed orthodontic appliances.

Intervention: Any intervention, except laminate veneers, with the aim to reverse OIWSLs or to improve their esthetic appearance.
Control: No treatment, placebo or best clinical practice.
Outcome: The extent, hardness or appearance of OIWSLs with a follow-up period of at least 8 weeks, as assessed with visual 

clinical scores, photographs, caries detection devices, or patient/therapist satisfaction.
Study design: CCTs (randomized or non-randomized) on >20 subjects, including parallel and split-mouth designs.
Limitations: Only articles written in English and published between 2011 and Oct 31, 2015 were included. 
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Given that different trials were included, did the included reviews use the same selection criteria?

No. Review Studies included

7 Chen 201318

Population: Participants who completed fixed orthodontic treatment and had at least 1 clinically visible lesion on the labial enamel 
surface upon the removal of fixed orthodontic appliances.

Intervention: Remineralizing agents for the treatment of OIWSLs (i.e., any fluoride- or CPP-ACP-based system).
Control: Patients subjected to different agents or not subjected to any intervention (placebo or no intervention).
Outcome: Studies in which the primary outcome was a change in the severity of OIWSLs between the experimental and control 

groups, and the severity was expressed macroscopically in terms of the area over the whiteness of the lesion or microscopically 
as the amount of mineral loss or the lesion depth.

Study design: RCTs.
Limitations: No limitations concerning the language, publication year or status were applied.

8 Benson 20138

Population: Participants of any age undergoing orthodontic treatment with fixed braces in cases when DWLs were assessed on the teeth 
remaining in the mouth at the end of orthodontic treatment (at debonding, immediately after the active fixed brace was removed).

Intervention: Topical fluorides in the form of toothpastes, mouth rinses, gels, varnishes, or dietary sources at any dose, frequency, 
duration, or method of administration, and with any of the following active agents/ingredients: NaF, SMFP, SnF2, APF, and AmF.

Control: Individuals not subjected to the fluoride intervention, but instead treated with a placebo, such as a non-fluoride toothpaste and 
mouth rinse, or given no intervention. Studies involving a control group subjected to an alternative fluoride intervention were also 
included.

Outcome: The presence or absence of new lesions by participant, differences in the size and severity of OIWSLs between the 
experimental and control groups, any quantitative assessment of enamel mineral loss, such as fluorescent light techniques or 
microradiography, used with in situ caries models, any participant-assessed outcomes, such as the perception of the lesions and 
oral health-related quality of life data, or adverse effects.

Study design: RCTs, including only parallel designs.
Limitations: No limitations concerning the language, publication year or status were applied.

9 Chadwick 200519

Population: Human subjects undergoing orthodontic treatment with fixed appliances.
Intervention: Topical fluorides used throughout appliance therapy.
Control: Not provided.
Outcome: The outcome measure had to be clearly described and reproducible, i.e., the severity of WSLs or DMFS.
Study design: RCTs, clinical trials, and prospective observational studies with concurrent or historical comparison groups.
Limitations: No limitations concerning the language, publication year or status were applied.

10 Derks 200414

Population: Orthodontic patients in whom demineralization-inhibiting measures were applied during orthodontic treatment.
Intervention: Topical fluorides used throughout appliance therapy.
Control: Not provided.
Outcome: The preventive measure was used from the beginning of orthodontic treatment with bonded fixed appliances until debonding.
Study design: RCTs.
Limitations: Only articles written in English were included, with no limitations concerning the publication year or status.

Given that different selection criteria were used, the Jadad algorithm would suggest assessing and comparing the publication status of primary 
studies,  their methodological quality, language restrictions, and the analysis of data on individual patients.

No. Review Publication  
status

Quality and quantity  
of  primary studies Language restrictions Analysis of data  

on individual patients

1 Tasios 201915 2019
4 trials: 

1 – medium risk; 3 – high risk
no restrictions aggregate data

2 Sardana 201916 2019
3 trials: 

1 – low risk; 2 – high risk
English-written only systematic review

3 Sardana 20194 Epub 2018
11 trials: 

5 – low risk; 4 – medium risk; 2 – high risk
English-written only aggregate data

4 Nascimento 201613 2016
2 trials: 

all trials – high risk
no restrictions aggregate data

5 Lapenaite 201617 2016
7 trials 

quality not assessed
English-written only systematic review

6 Sonesson 20166 2016
4 trials: 

1 – low risk; 3 – high risk 
English-written only systematic review

7 Chen 201318 2013
4 trials: 

1 – medium risk; 3 – high risk
no restrictions systematic review

8 Benson 20138 2013
3 trials: 

1 – low risk, 1 – medium risk; 1 – high risk
no restrictions systematic review

9 Chadwick 200519 2005
6 trials 

quality not assessed
no restrictions systematic review

10 Derks 200414 2004
2 trials 

quality not assessed
English-written only aggregate data

Accordingly, the study by Sardana et al.4 (Epub 2018), which included 11 trials, assessed the risk of bias appropriately, including 5 trials at a low risk of bias and 
4 trials at a medium risk of bias, was chosen to be the best available evidence regarding the effectiveness of topical fluorides in the management of OIWSLs.

OIWSL – orthodontically induced white spot lesion; DWL – deep white lesion; SMFP – sodium monofluorophosphate; AmF – amine fluoride; WSL – white 
spot lesion; DMFS – decayed, missing, and filled teeth or surfaces.
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Effect of casein phosphopeptide-amorphous  
calcium phosphate or other casein derivatives  
in the management of OIWSLs 

Four systematic reviews appraised the outcomes 
from CPP-ACP application: Pithon et al. 2019,20 Lape-
naite et al. 2016,17 Sonesson et al. 2016,6 and Chen et al. 
2013.18 Two out of the 4 reviews found a lack of reliable 
evidence supporting the effectiveness of  CPP-ACP.6,18 
Considering that these reviews were addressing the 
same question, using different trials and different se-
lection criteria, the Jadad tool would once again sug-
gest that the best available review be selected according 
to the superiority in its publication status, the method-
ological quality of its primary studies, language restric-
tions, and the analysis of  data on individual patients. 
As a  result, Pithon  et  al. 201920 was selected (Fig. 4). 
The detailed steps of the Jadad decision algorithm are 
provided in Supplementary Table 5.

Pithon et al. 201920 included 11 primary trials (9 RCTs 
and 2 CCTs) published between 2007 and 2016. The stud-
ies used either a parallel or cross-over design. The results 
indicated that CPP-ACP-containing products were effec-
tive in both preventing and reversing OIWSLs.

Effect of fluoride-releasing bonding materials  
in the management of OIWSLs 

This outcome was addressed by 4 reviews: Tasios et al. 
2019,15 Nascimento  et  al. 2016,13 Rogers  et  al. 2010,21 
and Derks  et  al. 2004.14 The results of  these reviews 
were inconsistent, indicating respectively that fluoride-
releasing materials were not effective in the management 
of OIWSL; fluoride-releasing materials reduced the risk 
of lesion development; it was impossible to make recom-
mendations on the use of fluoride-containing orthodontic 
adhesives; and the effect of  fluoride-containing bonding 
materials was not statistically significant.

As in the previous situations, these reviews addressed 
the same question, but included different trials and 
utilized different selection criteria. Therefore, the best 
available review would be selected according to the su-
periority in its publication status, the methodological 
quality of its primary studies, language restrictions, and 
the analysis of data on individual patients. Accordingly, 
Tasios  et  al. 201915 was selected (Fig. 4). The detailed 
steps of  the Jadad decision algorithm applied from the 
beginning until the final decision are provided in Sup-
plementary Table 6.

Tasios et al. 201915 included 10 studies assessing the ef-
fectiveness of  fluoride-containing bonding materials in 
the management of OIWSLs. All the studies had a split-
mouth design. Data synthesis revealed that fluoride-
releasing adhesives and glass-ionomer bracket adhesives 
showed no statistically significant differences in compari-
son with conventional and resin adhesives.

Effect of laser therapy in the management of OIWSLs 

Only 1 systematic review was conducted to evaluate this 
outcome – Raghis et al. 2018,3 including 8 trials (5 RCTs 
and 3 CCTs) published between 2000 and 2015. Different 
laser types were utilized in an attempt to manage OIWSLs, 
including CO2, neodymium-doped yttrium aluminum gar-
net (Nd:YAG), argon, and Optodan® lasers. All primary 
studies indicated that laser irradiation was effective in the 
management of OIWSLs, with the exception of an argon 
laser with parameters of  250  mW, 12  J/cm2, a  beam dia
meter of  5  mm, and a  duration of  10  s. An  argon laser 
within these particular parameters demonstrated a positive 
effect in a study by Blankenau et al.,22 whilst no effect was 
noticed in a study by Elaut and Wehrbein 2004.23

Effect of resin infiltration and micro-abrasion  
in the management of OIWSLs 

The only systematic review to be included which ad-
dressed the effect of resin infiltration and micro-abrasion 
on OIWSLs was by Sonesson et al. 2016.6 This review in-
cluded 2 primary studies24,25 that evaluated the efficacy 
of resin infiltration and 1 primary study26 that evaluated 
the efficacy of  micro-abrasion. Although these studies 
revealed both strategies to be effective, the results of this 
review indicated a  lack of  reliable scientific evidence to 
support camouflaging strategies in managing OIWSLs 
due to the limited number of available studies.

Discussion
To the best of our knowledge, this review of reviews re

presents the first state-of-the-art appraisal of the efficacy 
of different adjunctive interventions in the management 
of  OIWSLs. The adjunctive interventions in question 
were topical fluorides, the CPP-ACP products, fluoride-
releasing adhesives, laser therapy, resin infiltration, and 
micro-abrasion. The best available evidence regarding 
these interventions was derived from 5 separate reviews.

Regarding topical fluoride application, 10 of  the sys-
tematic reviews made an  assessment, 3 of  which found 
a  lack of  reliable evidence in support of  fluoride. Indeed, 
discordant conclusions are likely due to the conflicting re-
sults of primary studies. Therefore, it is worth highlight-
ing 2 gaps in the evidence base in order to interpret these 
results. Firstly, though many relevant reviews and original 
studies have been conducted, the best clinical fluoride con-
centration in the management of OIWSLs was deemed to 
be unclear; in other words, most primary studies used dif-
ferent fluoride concentrations with different forms of appli-
cation. A study by Bailey et al. raised warnings against high 
concentrations of  fluoride, which may arrest the remine
ralization of deeper layers through superficial hypermine
ralization, thus jeopardizing the esthetic treatment result.27 
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Supplementary Table 5. Detailed comparison of the reviews assessing casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) or other casein derivatives 
according to the Jadad decision algorithm

Are the included reviews addressing the same question?

No. Review Question

1 Pithon 201920 Is CPP-ACP application effective in the management of OIWSLs?

2 Lapenaite 201617 Is CPP-ACP application effective in the management of OIWSLs?

3 Sonesson 20166 Is CPP-ACP application effective in the management of OIWSLs?

4 Chen 201318 Is CPP-ACP application effective in the management of OIWSLs?

Given that the included reviews were addressing the same question, did the reviews include the same trials?

No. Review Studies included

1 Pithon 201920 1 – Akin and Basciftci 2012; 2 – Andersson et al. 2007; 3 – Bailey et al. 2009; 4 – Beerens et al. 2010; 5 – Bröchner et al. 2011;  
6 – Heshmat et al. 2014; 7 – Huang et al. 2013; 8 – Robertson et al. 2011; 9 – Singh et al. 2016; 10 – Uysal et al. 2010; 11 – Wang et al. 2012

2 Lapenaite 201617 1 – Huang et al. 2013; 2 – Robertson et al. 2011; 3 – Bailey et al. 2009; 4 – Beerens et al. 2010; 5 – Bröchner et al. 2011 

3 Sonesson 20166 1 – Akin and Basciftci 2012; 2 – Huang et al. 2013; 3 – Vashisht 2013

4 Chen 201318 1 – Andersson et al. 2007; 2 – Bröchner et al. 2011; 3 – Bailey et al. 2009; 4 – Beerens et al. 2010

Given that different trials were included, did the included reviews use the same selection criteria?

No. Review Selection criteria

1 Pithon 201920

Population: Orthodontic patients with labial fixed appliances.
Intervention: The use of CPP-ACP-containing products.
Control: Other oral agents or placebos.
Outcome: The prevention or treatment of OIWSLs around orthodontic braces.
Study design: CCTs (randomized or non- randomized).
Limitations: No limitations concerning the language, publication year or status were applied.

2 Lapenaite 201617

Population: Patients of any age undergoing treatment with fixed orthodontic appliances.
Intervention: Fluoride-containing products or casein derivatives used throughout appliance therapy or immediately after debonding.
Control: Not provided.
Outcome: The prevention of OIWSLs.
Study design: Randomized or quasi-randomized controlled clinical studies.
Limitations: Only articles written in English and published between 2008 and 2013 were included.

3 Sonesson 20166

Population: Adolescents and young adults (<30 years) with OIWSLs registered and scored within 3 months after the debonding of 
fixed orthodontic appliances.

Intervention: Any intervention, except laminate veneers, with the aim to reverse OIWSLs or to improve their esthetic appearance.
Control: No treatment, placebo or best clinical practice.
Outcome: The extent, hardness or appearance of OIWSLs with a follow-up period of at least 8 weeks, as assessed with visual clinical 

scores, photographs, caries detection devices, or patient/therapist satisfaction.
Study design: CCTs (randomized or non-randomized) on >20 subjects, including parallel and split-mouth designs.
Limitations: Only articles written in English and published between 2011 and Oct. 31, 2015 were included. 

4 Chen 201318

Population: Participants who completed fixed orthodontic treatment and had at least 1 clinically visible lesion on the labial enamel 
surface upon the removal of fixed orthodontic appliances.

Intervention: Remineralizing agents for the treatment of OIWSLs (i.e., any fluoride- or CPP-ACP-based system).
Control: Patients subjected to different agents or not subjected to any intervention (placebo or no intervention).
Outcome: Studies in which the primary outcome was a change in the severity of OIWSLs between the experimental and control 

groups, and the severity was expressed macroscopically in terms of the area over the whiteness of the lesion or microscopically 
as the amount of mineral loss or the lesion depth.

Study design: RCTs.
Limitations: No limitations concerning the language, publication year or status were applied.

Given that different selection criteria were used, the Jadad algorithm would suggest assessing and comparing the publication status of  primary 
studies, their methodological quality, language restrictions, and the analysis of data on individual patients.

No. Review Publication status Quality and quantity  
of primary studies Language restrictions Analysis of data on individual 

patients

1 Pithon 201920 2019
11 trials: 

9 – low risk; 2 – medium risk
no restrictions systematic review

2 Lapenaite 201617 2016
5 trials  

quality not assessed 
English-written only systematic review

3 Sonesson 20166 2016
3 trials: 

1 – low risk; 2 – high risk
English-written only systematic review

4 Chen 201318 2013
4 trials:  

all trials – high risk 
no restrictions systematic review

Accordingly, the study by Pithon et al.20 (2019), which included 11 trials, where 9 trials were at a low risk of bias and 2 trials at a medium risk of bias, 
was chosen to be the best available evidence regarding the effectiveness of CPP-ACP-containing products in the management of OIWSLs.
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Supplementary Table 6. Detailed comparison of the reviews assessing fluoride-containing bonding materials according to the Jadad decision algorithm

Are the included reviews addressing the same question?

No. Review Question

1 Tasios 201915 Are fluoride-containing materials effective in the management of OIWSLs?

2 Nascimento 201613 Are fluoride-containing materials effective in the management of OIWSLs?

3 Rogers 201021 Are fluoride-containing materials effective in the management of OIWSLs?

4 Derks 200414 Are fluoride-containing materials effective in the management of OIWSLs?

Given that the included reviews were addressing the same question, did the reviews include the same trials?

No. Review Studies included

1 Tasios 201915 1 – Allabdullah 2017; 2 – Banks et al. 1997; 3 – Gaworski 1999; 4 – Marcusson et al. 1997; 5 – Millett et al. 1999; 6 – Mitchell 1992;  
7 – Trimpeneers and Dermaut 1996; 8 – Turner 1993; 9 – Adriaens 1990; 10 – van der Linden 1998

2 Nascimento 201613 1 – Sonis and Snell 1989; 2 – Trimpeneers and Dermaut 1996; 3 – Marcusson et al. 1997; 4 – Millett et al. 2000

3 Rogers 201021 1 – Sonis and Snell 1989; 2 – Marcusson et al. 1997; 3 – Millett et al. 1999; 4 – Gaworski 1999; 5 – Turner 1993; 6 – Banks et al. 1997;  
7 – Mitchell 1992; 8 – Trimpeneers and Dermaut 1996; 9 – Millet et al. 2000; 10 – Gillgrass 2001

4 Derks 200414 1 – Mitchell 1992; 2 – Turner 1993; 3 – Trimpeneers and Dermaut 1996; 4 – Marcusson et al. 1997; 5 – Banks et al. 1997; 6 – Millet et al. 1999; 
7 – Millet et al. 2000

Given that different trials were included, did the included reviews use the same selection criteria?

No. Review Selection criteria

1 Tasios 201915

Population: Human patients of any age, sex, ethnicity, or malocclusion.
Intervention: Any intervention administered at the beginning of treatment with the aim to prevent the development of OIWSLs.
Control: A control/placebo group or other intervention.
Outcome: The incidence and severity of OIWSLs.
Study design: Randomized or quasi-randomized prospective controlled trials, including both parallel and within-person randomized trials.
Limitations: No limitations concerning the language, publication year or status were applied.

2 Nascimento 201613

Population: Patients using fixed orthodontic appliances.
Intervention: The use of fluoride-containing dental materials.
Control: A control group not using these materials.
Outcome: Only studies evaluating the risk of OIWSLs in terms of a binary outcome (the presence or absence of lesions) were included.
Study design: RCTs, including both parallel and split-mouth designs.
Limitations: No limitations concerning the language, publication year or status were applied.

3 Rogers 201021

Population: Patients who completed a full course of fixed orthodontic treatment.
Intervention: Fluoride-containing adhesives.
Control: Not provided.
Outcome: Decalcification at the baseline and the end point of the study. When possible, the total number of OIWSLs, 

decalcifications as well as DMFT were recorded for the start and finish of the trial for both the subjects and the teeth.
Study design: RCTs, clinical trials, and prospective observational studies with concurrent or historic comparison groups.
Limitations: No limitations concerning the language, publication year or status were applied.

4 Derks 200414

Population: Orthodontic patients in whom demineralization-inhibiting measures were applied during orthodontic treatment.
Intervention: Topical fluorides used throughout appliance therapy.
Control: Not provided.
Outcome: The preventive measure was used from the beginning of orthodontic treatment with bonded fixed appliances until 

debonding.
Study design: RCTs.
Limitations: Only articles written in English were included, with no limitations concerning the publication year or status.

Given that different selection criteria were used, the Jadad algorithm would suggest assessing and comparing the publication status of  primary 
studies, their methodological quality, language restrictions, and the analysis of data on individual patients.

No. Review Publication status Quality and quantity  
of  primary studies Language restrictions Analysis of data on individual 

patients

1 Tasios 201915 2019
10 trials: 

3 – medium risk; 7 – high risk
no restrictions aggregate data

2 Nascimento 201613 2016
4 trials: 

all trials – high risk
no restrictions; however, only 1 

database searched
aggregate data

3 Rogers 201021 2010
10 trials 

quality not assessed
no restrictions systematic review

4 Derks 200414 2004
7 trials 

quality not assessed
English-written only aggregate data

Accordingly, the study by Tasios et al.15 (2019), which included 10 trials, assessing fluoride-containing adhesives, was chosen to be the best available 
evidence regarding the effectiveness of fluoride-containing bonding materials in the management of OIWSLs.

DMFT – decayed, missing and filled teeth.
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On the other hand, a study by Sonesson et al. indicated that 
high concentrations of fluoride could significantly manage 
OIWSLs.28 Secondly, the inappropriate split-mouth design 
which was used by some primary studies might manipulate 
the outcomes, as fluorides could be distributed throughout 
the mouth by saliva and a carry-over or cross-contamina-
tion effect would be possible. Consequently, more robust, 
randomized, parallel-designed CCTs are still required.

As far as CPP-ACP-containing products are concerned, 
2 out of 4 reviews found a lack of reliable evidence to sup-
port the effectiveness of CPP-ACP. Conflicts could be at-
tributed to the application protocols, which differed with 
regard to application duration and frequency.27,29 The 
best current evidence, according to the Jadad decision al-
gorithm, indicated that the release of phosphate and cal-
cium ions from the CPP-ACP products led to the satura-
tion of the medium and the re-establishment of oral pH, 
thereby achieving a remineralization effect.20

Concerning the efficacy of fluoride-emitting adhesives, 
the best available evidence proposed that no statistically 
significant differences were found between conventional 
and fluoride-releasing adhesives15; however, these results 
have to be treated with considerable caution, because 
the primary studies included in all the reviews followed 
a split-mouth design, which also might result in a cross-
contamination effect and incorrect data.

Regarding laser application, the only systematic re-
view which was concerned in this intervention was from 
Raghis et al. 2018.3 Their results proposed that laser the
rapy was effective in preventing OIWSLs by assuming that 
laser application would lead to a  higher enamel micro-
hardness than in the case of the non-irradiated enamel.3

Resin infiltration and micro-abrasion have been recently 
proposed for camouflaging OIWSLs. Contemporary studies 
on etching and the development of a material with a high 
penetration coefficient, called an  infiltrant, have expanded 
the use of the resin infiltration technique.30 Regarding tech-
nical concerns, the application of resin infiltration must be 
repeated several times, while the micro-abrasion technique 
is normally administered at a single appointment.6 Although 
primary studies in the review by Sonesson et al. 20166 re-
vealed both techniques to be effective, a definite conclusion 
could not be drawn due to the limited number of studies. Per-
haps more importantly, the long-term success rate of both 
techniques is still unknown; therefore, these methods should 
be used selectively on challenging cases.

Limitations 

As with all reviews, this review has strengths and limita-
tions. With regard to strengths, we followed the PRISMA 
checklist, applied an  extensive electronic search, used 
the AMSTAR-2 tool in order to assess the quality of the 
selected reviews, and chose the best current evidence 
from among multiple reviews handling multiple methods 
of OIWSL management.

The review-of-reviews approach relies on ‘second-
hand’ information, so it is potentially vulnerable to the in-
terpretive biases of the previous reviewers. We attempted 
to control this using an objective method to choose the 
best available evidence, i.e., the Jadad decision algorithm. 
Additionally, all the included reviews ranged in quality 
between critically low to moderate and some results were 
ultimately drawn based on critically-low-quality reviews. 
The heterogeneity of the topical fluoride concentrations 
used in primary studies, the various CPP-ACP application 
protocols used and the inappropriate split-mouth design 
of  many of  primary studies assessing fluoride-releasing 
adhesives are considered to be the limitations of this re-
view. Finally, as in all reviews of reviews, the most recent 
primary trials may not be covered.

Conclusions
Based on the currently available information and the 

Jadad decision algorithm criteria, topical fluorides yielded 
a 25–30% prevention of OIWSLs; however, their effect on 
reversing OIWSLs is unclear. The CPP-ACP products are 
effective in preventing and reversing OIWSLs. Fluoride-
releasing adhesives offer no significant differences in com-
parison with conventional adhesives. Laser irradiation is 
effective in preventing OIWSLs, with some concerns re-
garding argon lasers. Finally, there is a  lack of a  reliable 
evidence to support resin infiltration and micro-abrasion 
due to the limited number of available studies.
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Abstract
Osteopetrosis is a  rare hereditary bone disorder that results in an  increase in bone density due to gene 
mutations and osteoclastic dysfunction. This may lead to cranial nerve compression, bone fractures and 
osteomyelitis. Osteomyelitis of the maxilla is rare even in osteopetrosis patients.

We report on a case of a 25-year-old male who presented with multiple episodes of osteomyelitis of the 
maxilla following dental extractions. The patient was initially managed with the incision and drainage 
of an acute infection, and intravenous amoxicillin-clavulanic acid. This was followed by the debridement 
of necrotic bony margins and packing with bismuth iodoform paraffin paste (BIPP) as well as long-term 
clindamycin. Once osteomyelitis was clear, the primary closure was achieved with a buccal advancement 
flap and supported by an acrylic obturator. Challenges in the management are highlighted, including pre-
paring for a surgical intervention a patient with chronic low hemoglobin levels and a lack of healthy bony 
margins in the maxilla. The literature is also reviewed for similar cases.

Key words: osteomyelitis, maxilla, osteopetrosis
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Introduction 

Osteopetrosis is a rare hereditary bone disorder that 
results in an increase in bone density due to gene mu­
tations and osteoclastic dysfunction. The disorder is 
classically divided into 3 types with variable clinical 
features. The dominant form of osteopetrosis is typi­
cally seen in adults with a late onset whereas the 2 re­
cessive forms of  osteopetrosis are typically observed 
in children with an  early onset and a  high mortality 
rate. As bone expansion occurs, marrow spaces be­
come obliterated, which results in fractures, poor 
wound healing and an  increased risk of  infections, 
such as osteomyelitis. Osteomyelitis of  the maxilla is 
relatively rare owing to rich collateral blood supply 
and thin cortical bone. The diagnosis is established 
with a  thorough history, and physical and radiogra­
phic examinations, with the latter being the mainstay. 
Treatment principles involve managing the identified 
complications. In the case of osteomyelitis, conserva­
tive and preventative care principles play a significant 
role in the management of  patients with osteopetro­
sis. It is vital that patients with osteopetrosis are made 
aware of  good oral hygiene and dental care practices 
so as to avoid the need for further treatment. Carious 
teeth should thus initially be treated with restorations 
or the endodontic therapy with the aim of preventing 
tooth extractions and the subsequent surgical com­
plications, such as osteomyelitis. If conservative and 
preventative measures are compromised, and patients 
with osteopetrosis develop osteomyelitis, the debride­
ment of  necrotic tissue with an  adjunctive antibiotic 
therapy is mandated.1

Case report
A 25-year-old male patient was referred to the Depart­

ment of Maxillofacial and Oral Surgery at the University 
of the Western Cape, Tygerberg Hospital in Cape Town, 
South Africa, with chronic infections and recurrent swell­
ing. The patient reported that the infective process had 
started 6 months ago, after the extraction of  the upper 
right molar, and had exacerbated 1 day prior to presenta­
tion at the clinic.

Past medical history revealed that the patient sustained 
multiple bone fractures throughout his life, such as fore­
arm and ankle fractures. Upon proceeding with a detailed 
history, and physical and radiographic examinations, the 
diagnosis of osteopetrosis with underlying osteomyelitis 
was confirmed. The patient was not on any chronic medi­
cations and had not been on antiresorptive/antiangiogenic 
agents previously.

Clinically, the patient presented with soft, tender, 
right facial swelling associated with the right canine 
space region and the upper lip. Intraorally, the mandible 

appeared edentulous and pus discharge was found 
in the right maxillary region with a  draining fistula 
associated with the right first molar area (Fig.  1). 
A  radiographic examination demonstrated increased 
bone opacity, poorly pneumatized paranasal sinuses 
and multiple unerupted teeth (Fig.  2). Additionally, 
cone-beam computed tomography (CBCT) further il­
lustrated increased bone opacity with poor differen­
tiation between medullary and cortical bone (Fig.  3). 

Fig. 1. Intraoral image showing the osteomyelitis of the right maxilla 
following a dental extraction

Fig. 2. Pantomograph of the patient showing opacity in the maxilla and 
multiple unerupted teeth (note the previous marginal resection of the 
left mandible)

Fig. 3. Axial cone-beam computed tomography (CBCT) scan showing 
right-sided osteomyelitis in the maxilla
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With regard to the management of the patient at this 
point, the retained root of a maxillary first molar was 
surgically removed, incision and drainage were per­
formed, a pus swab was taken, and augmentin IV was 
administered for 7 days. Following this initial inter­
vention, swelling decreased and the patient reported 
the alleviation of pain.

Three weeks following discharge, the patient returned, 
complaining of  severe pain and tenderness associated 
with the same area. An  intraoral examination revealed 
pus discharge from a non-healing maxillary first molar 
socket with areas of exposed bone. The region was then 
debrided and packed with bismuth iodoform paraffin 
paste (BIPP) gauze, the canine space was explored and 
irrigated, and biopsy was performed. Thereafter, the pa­
tient was admitted for 7 days for monitoring and irriga­
tion, with an  adjunctive antibiotic therapy in the form 
of 1.2 g of augmentin, administered intravenously (i.v.) 
every 8  h pending microscopy, culture and sensitivity 
testing. At day 3 of admission, the patient was switched 
to 600 mg of clindamycin i.v. every 6 h, as the cultured 
bacteria were resistant to penicillin. Hematological 
studies revealed reductions in the red blood cell count 
(2.78 × 1012/L), hemoglobin (6.8 g/dL) and platelet count 
(146 × 109/L) with the C-reactive protein level markedly 
elevated (83 mg/L). Additionally, the iron level was at the 
lower limit of the normal range, requiring the prescrip­
tion of ferric sulfate. The histological examination of the 
obtained biopsy showed strips of  acanthotic, stratified 
squamous oral mucosa with dense submucosal chronic 
inflammation (Fig. 4). Fragments of non-vital bone with 
the surrounding cellular debris, hemorrhage and baso­
philic bacterial colonization were noted, which was in­
dicative of a sequestrum.

Following that, the patient required 2 additional de­
bridements under general anesthesia with blood trans­
fusions due to chronic low hemoglobin. The patient was 
also prescribed pentoxifylline and tocopherol orally to aid 
in bone healing. The wound was then closed, primarily 
with a buccal advancement flap, and an acrylic obturator 
was used to support the wound.

Discussion
Multiple genetic mutations are responsible for the pre­

sentation of osteopetrosis.2 The mutated genes of signifi­
cance include CLCN7 and TGIRG1, which results in the 
functional defects of the enzyme carbonic anhydrase II.2 
Osteoclasts ultimately cannot form ruffled borders, caus­
ing defective bone resorption with the subsequent accu­
mulation of bone, thereby increasing bone density and the 
fracture risk.2

Osteopetrosis is classified into 3 clinical categories, 
namely benign autosomal dominant, severe malignant 
autosomal recessive and intermediate mild autosomal re­
cessive. The dominant form of the disorder is more com­
mon in adults. In contrast, the rarer autosomal recessive 
types are typically associated with an early onset and poor 
prognosis.2

Bones in patients with osteopetrosis are poorly vas­
cularized. This adversely affects the healing process 
and results in a marked increase in infection suscep­
tibility.3 As bone becomes denser, its marrow cavities 
and the pulpal chambers of  the teeth become oblite­
rated with the resultant constriction of the neurovas­
cular bundles supplying the jaws and the teeth.3 The 
extension of bone into the cranial nerve foramina and 
marrow cavities may compromise both hematologic 
and neurological functions.4 Hematological compro­
mises include frequent infections, profound anemia 
and hepatosplenomegaly,4 as in the case of our patient. 
Neurological compromises may result in nerve palsies, 
deafness and blindness.4 Additionally, dental caries 
and bone necrosis may also develop as a consequence 
of bone expansion, which ultimately results in osteo­
myelitis.5 Osteomyelitis is thus a well-known compli­
cation associated with osteopetrosis due to its hypo­
vascular nature.1 This infection commonly presents in 
the mandible post-extraction or after the surgical ex­
posure of bone, warranting adequate infection control 
practices before and after dental surgical procedures.1

In the dental setting, patients with osteopetrosis pre­
sent with complications such as dental caries, premature 
tooth loss, delayed eruption of teeth, enamel hypoplasia, 
tooth crown and root malformations, and thickened lam­
ina dura.5

The diagnosis of osteopetrosis is based on both clini­
cal and radiographic findings, with the latter being the 
mainstay.5 A  radiographic examination reveals dif­
fuse osteosclerosis, involving the spine, the skull, the 
pelvis, and appendicular bones. Additionally, cortical 
thickening with the resultant medullary encroachment 
can be visualised.6 Differential diagnoses that are to be 
considered include metaphyseal dysplasia, pyknodys­
ostosis, diaphyseal sclerosis, osteopathia striata, os­
teopoikilosis, melorheostosis, Camurati–Engelmann 
disease, and infantile cortical sclerosis.5

Fig. 4. Hematoxylin and eosin (H&E)-stained slide showing the signs 
of suppurative osteomyelitis with inflammatory infiltrate and necrotic bone
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Table 1. Summary of 24 reported cases of osteomyelitis of the maxilla in patients with osteopetrosis

Study Patient’s 
age

Patient’s 
gender Clinical signs Radiographic signs Management

Celakil et al. 
20163 48 male purulent discharge from the maxilla

extensive bone defects 
of the maxilla and the 

mandible

– dental extractions
– sequestrectomy
– use of a denture as an obturator

de Azambuja 
Carvalho et al. 
20189

40 male
pain and swelling of the left buccal, 

periorbital and temporal regions, 
a fistula in the left maxillary region

CT scan showing 
temporoparietal and 

maxillary swelling

surgical management:
– incision and drainage
– sequestrectomy
– partial resection of the left maxilla and the 

zygomatic bone
– treatment with hyperbaric oxygen
post-operative antibiotics:
– ciprofloxacin for 6 months
– clindamycin for 6 months

Pavan et al. 
201810 13 male

diffuse, erythematous, tender swelling 
of the right maxillary and zygomatic 
regions, a slight mobility of the right 
maxillary molars with a discharging 

sinus

increased bone density,  
the obliteration  

of the frontal  
and maxillary sinuses

The extractions of necessary teeth and the 
sinus tract excision were recommended, 
but the patient’s parents refused surgical 
interventions.

The patient was managed with systemic 
antibiotics and blood transfusions due to 
the resultant anemia.

Kulyapina et al. 
201611 66 male

oroantral fistula, a non-healing socket 
of a third molar with areas of exposed 

bone, hearing impairment

area of bone destruction  
and sequestrum formation  

in the right maxilla

initial management:
– systemic antibiotics for 1 month
surgical management:
– closure of the oroantral fistula
– sequestrectomy

Mikami et al. 
201612 54 male pain and swelling of the right facial 

region, trismus

radiolucent areas associated  
with the maxillary  

and mandibular molars

– dental extractions
– sequestrectomy
– cephazolin
– clindamycin

de Carvalhosa et al. 
201613 6 female

avulsion of 2 maxillary central incisors, 
resulting in a non-healing wound, exposed 

necrotic bone in the anterior maxilla

intense opacity of the 
cortical bone of the maxilla  
and the periorbital region

– extractions of unerupted maxillary teeth
– sequestrectomy

Infante-Cossio et al. 
201414 40 female

cutaneous fistula with purulent discharge 
from the bilateral submandibular and 

right infraorbital regions, exposed 
necrotic bone, blindness due to optic 

nerve compression

diffuse opacity of the 
maxillary and mandibular 

bone,  
multiple impacted teeth

initial management:
– amoxicillin/clavulanic acid for 1 month
surgical management:
– local debridement

Adachi et al. 
201315 44 female fistula with purulent discharge in the 

left maxillary buccal region

generalized sclerosis  
of the maxilla and the 

mandible, the obliteration  
of the maxillary sinuses

initial management:
– cefazolin for 7 days.
surgical management:
– sequestrectomy

Arunkumar et al. 
201116 54 male

chronic discharge, swelling and an ulcer 
over the left cheek, a discharging sinus 
tract inferior to the left outer canthus, 

oroantral fistula

destruction of the alveolar 
process in the 2nd quadrant  
and the left zygomatic arch

– ofloxacin
– extractions of involved teeth
– excision of the fistula
– sequestrectomy

Balan et al. 
201117 8 male

painful left-sided facial swelling with 
purulent discharge  

from a carious primary molar

increased bone density, 
diffuse sclerosis, multiple 

unerupted teeth

– systemic antibiotics
– local debridement of the maxilla

Khademi et al. 
201118 15 male

bilateral facial pain and swelling with 
infraorbital sinus tract drainage, vision 

and hearing problems

obliteration of the maxillary 
sinuses, sequestration of the 
maxilla and the zygomatic 

bone

initial management:
– clindamycin
surgical management:
– curettage
– sequestrectomy
– sinus tract excision

Ambika et al. 
201019 28 male

non-healing extraction socket with 
exposed necrotic bone in the right 

molar region associated with painful, 
extraorally draining facial swelling

increased bone density, erosion 
of the buccal cortices of the 
right maxilla, the zygomatic 
bone, the lateral orbital wall, 

and the maxillary sinus

– ciprofloxacin
– local debridement
– sequestrectomy
Partial maxillectomy was planned, but the 

patient refused treatment.

Oğütcen-Toller et al. 
201020 18 female

purulent discharge from the infraorbital 
and left maxillary molar regions, partial 
edentulism with multiple malformed 

teeth, blindness

diffuse hyperdensity of the 
maxilla and the mandible, 

sequestrum formation, 
multiple impacted teeth

initial management:
– amoxicillin for 7 days
surgical management:
– extractions of all partially impacted and 

malformed teeth
– sequestrectomy
post-operative antibiotics:
– sultamicillin and ornidazole for 5 weeks
– treatment was altered to clindamycin for 

1 week, sultamicillin and ornidazole for 3 weeks 
followed by cefuroxime axetil for 4 weeks
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Continued Table 1

Study Patient’s 
age

Patient’s 
gender Clinical signs Radiographic signs Management

Krithika et al. 
200921 18 male

purulent discharge bilaterally from 
buccal mucosa, yellow-white exposed 

bone appearing bilaterally in the 
maxilla at non-healing molar extraction 

sites, vision and hearing impairment

increased bone density with 
the diffuse sclerosis of the 
maxillary and zygomatic 

bones

initial management:
– blood transfusion to address anemia
– augmentin
surgical management:
– corticotomy

Krithika et al. 
200921 16 male

infraorbital, cutaneous pus-draining 
sinus following a dental extraction, 

generalized enamel hypoplasia, 
multiple missing permanent teeth

generalized sclerosis 
of bones with an increase 

in bone density, the 
obliteration of the maxillary 

and paranasal sinuses

initial management:
– blood transfusion to address anemia
– levofloxacin for 1 week
surgical management:
– sequestrectomy

Trivellato et al. 
200922 25 male

recent extraction socket with right 
maxillary and mandibular bone 

exposure with associated cutaneous 
draining fistulas

increased bone density, 
multiple edentulous areas

initial management:
– clindamycin
surgical management:
– marginal resection of the right maxilla 

and mandible
– partial resection of the mandible after 

recurrence

Vázquez et al. 
200923 23 female

infection of the right posterior 
maxilla and anterior mandible with 

an associated fistula

marked increase in 
bone opacity, periapical 

radiolucency associated with 
the mandibular teeth

– dental extractions
– curettage of sockets
– penicillin IV for 3 weeks

Barry et al. 
200724 28 female

oroantral fistula, poorly healed 
extraction socket with areas of visible 

sequestration, mucopurulent discharge 
from middle meati

osteosclerosis, moth-eaten 
appearance, the bone 

destruction of the maxillary 
sinus, the hard palate and 

the left nasal cavity

conservative management:
– metranidazole
– cefuroxime
– 0.1% betamethasone sodium phosphate 

nasal drops

Barry et al. 
200724 27 female

severe halitosis with chronic nasal 
discharge, oroantral fistula with 

purulent discharge
increased bone density

– amoxicillin/clavulanic acid
– local debridement
– antral wash
– closure of the oroantral fistula with 

a buccal advancement flap

Junquera et al. 
200525 60 female

poorly healed extraction sockets  
with sequestrum formation  

in the 2nd quadrant

bone destruction with  
visible sequestration

initial management:
– amoxicillin/clavulanic acid for 1 month
surgical management:
– sequestrectomy

Fernandez et al. 
200326 9 female

painful, erythematous swelling of the 
left maxillary region with purulent 

discharge from the cutaneous sinus 
tract, unerupted maxillary teeth, vision 

problems

increased bone density, 
radiolucency associated 

with first and second molars, 
multiple unerupted and 

malformed permanent teeth

initial management:
– clindamycin
– blood transfusion to address anemia
surgical management:
– curettage
– local debridement

Long et al. 
200127 54 male

palatal swelling, an oroantral fistula, 
multiple draining fistulas of the maxilla

reduced marrow spaces, 
areas of necrotic maxillary 

bone

– systemic antibiotics
– extractions of remaining maxillary teeth
– local debridement
– sequestrectomy

Crockett et al. 
198628 24 female

diffuse swelling of the left middle and 
lower thirds of the face with a draining 
sinus tract, soft green-colored exposed 

bone in the 2nd quadrant

increased bone density, 
generalized sclerosis of bone, 
bone destruction of the left 
maxilla, the antrum and the 

zygomatic bone

initial management:
– cefoxitin IV
surgical management:
– removal of polypoid nasal tissue
– sequestrectomy
– left partial maxillectomy
rehabilitation:
– upper denture with an obturator to close 

the surgical defect

Sofferman et al. 
197129 27 female

exposed necrotic anterior maxillary 
alveolar bone with halitosis and 

purulent nasal discharge following the 
extractions of the maxillary teeth, total 

blindness of the right eye

obliteration of the maxillary 
sinuses, sequestration of the 

left maxilla

– local debridement
– sequestrectomy
– drains placed from the maxillary sinuses 

through nasal antrostomies
– construction of a maxillary prosthesis

CT – computed tomography.
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If patients start exhibiting such symptoms as fractures, 
sepsis, or hematological or neurological abnormalities, 
medical consultation and management may be necessary.7 
Management principles aim to modulate and stimulate 
osteoclastic activity.5 Attempts at stimulating osteoclastic 
activity have been made previously, all with variable suc­
cess rates, such as utilizing the calcitriol therapy, the regu­
lation of  calcium, steroids, and parathyroid hormone.5 

Palliative treatment involves the debridement of  grossly 
necrotic bone and nerve decompression.5 Hemopoietic 
stem cell transplantation has been proven to be a useful 
modality to improve the survival rate of patients with the 
autosomal recessive variants of osteopetrosis.7

Treatment modalities that are utilized for osteomyeli­
tis in the jaws secondary to osteopetrosis include incision 
and drainage, dental extractions, an  antibiotic therapy, 
sequestrectomy, saucerization, decortication, jaw resec­
tions, and hyperbaric oxygen.8 Obturators are ideally used 
to close defects; free bone grafts are not recommended 
due to the compromised blood supply to the graft bed.8

No definitive treatment protocol currently exists for os­
teopetrosis, as shown in Table 1.3,9–29

In conclusion, from our experience in the management 
of  this patient and the reviewed literature, patients with 
osteopetrosis complicated by osteomyelitis of  the ma­
xilla should be treated with a long-term antibiotic therapy 
(amoxicillin/clavulanic acid and/or clindamycin), accom­
panied with the surgical debridement/sequestrectomy and 
packing the site with a medicament (BIPP or Whitehead’s 
varnish) to aid in healing and to prevent further infections. 
Regular long-term follow-up is vital to assess healing and 
prevent the dissemination of the disease process.
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Abstract
Simple bone cyst (SBC), also known as unicameral bone cyst, is a benign, fluid-filled cystic lesion that 
mainly appears in the long bones of young patients. Simple bone cysts are considered dysplastic or reac-
tive lesions of bone. The most common locations for SBCs are the proximal humerus and femur. Lesions 
may occasionally be found in the jawbones. Simple bone cysts often have no clinical impact and are usu-
ally detected during routine radiographic examinations unless a gross pathologic fracture occurs. When 
symptoms develop, they may include mild pain, local tenderness and swelling. Computed tomography 
(CT) scans demonstrate a central, well-defined, mildly expansile or non-expansile, thin-walled lytic lesion, 
with little or no marginal sclerosis. Magnetic resonance imaging (MRI) usually confirms the cystic nature 
of the lesion by showing its fluid content. Cystic masses in the hyoid bone are very rare. Here we report 
an asymptomatic SBC in the hyoid bone, incidentally discovered in a cone-beam computed tomography 
(CBCT) examination, which appears to be the 2nd reported case.

Key words: simple bone cyst, aneurysmal bone cyst, hyoid bone, thyroglossal cyst
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Introduction 
Simple bone cyst (SBC) is a benign, fluid-filled cys-

tic lesion, which constitutes approx. 3% of  all bone 
tumors, and mainly appears in the long bones of pre-
dominantly male children and adolescents.1 Simple 
bone cysts lack an epithelial lining; therefore, they do 
not represent true cysts. Several names have been used 
as synonyms for SBC, including idiopathic bone cavi
ty, unicameral bone cyst (UBC), traumatic bone cyst, 
hemorrhagic bone cyst, solitary bone cyst, and extra
vasation cyst.2 The etiology and pathogenesis of SBC 
are not completely understood, as can be seen from 
the wide variety of synonyms. The proposed causative 
mechanisms include trauma, obstruction in the venous 
flow in bone marrow sinusoids, and a growth defect in 
the epiphyseal plate.1

Simple bone cysts have been largely found in the me-
taphyseal areas of long bones, with the majority in 2 loca-
tions – the proximal humerus and femur.1 The occurrence 
of SBC elsewhere is uncommon. Lesions may occasionally 
be found in the jawbones.3

On imaging, SBCs usually present as well-defined, uni-
locular radiolucency, but they may also have multilocu-
lar or separated appearance.2,4 These lesions are usually 
asymptomatic and found incidentally. Pain and swelling 
may be the reasons for presentation, and a pathological 
fracture may also occur.5

Histologically, a cyst cavity is lined with a thin fibrous 
membrane, which may contain reactive bone, hemor-
rhage, inflammatory granulation tissue, and bone frag-
ments.6

Treatment methods for SBCs include observation, ste-
roid injection, autologous bone marrow injection, decom-
pression, and open curettage with a bone graft.7

The cystic lesions of the hyoid bone are rare and have 
been seldom reported in the literature. Here we report 
an incidentally discovered SBC in the hyoid bone, which 
might be interesting, as it is extremely rare and has been 
reported only once before.8

Case report
An 18-year-old male patient was referred to the De-

partment of  Dentomaxillofacial Radiology at Hacettepe 
University in Ankara, Turkey, for cone-beam computed 
tomography (CBCT) in order to evaluate the maxillofa-
cial region prior to orthodontic treatment. Scans were ob-
tained with the i-CATTM Next Generation device (Imaging 
Sciences International, Hatfield, USA), using a  field-of-
view of  160  ×  100  mm (tube voltage: 120 kVp; tube cur-
rent: 5 mA; exposure time: 7 s; voxel: 0.2 mm). During the 
evaluation of  CBCT images, a  solitary, circumscribed, 
osteolytic, well-defined lesion involving the body of  the 
mid-hyoid bone was found (Fig. 1). The lesion had dimen-
sions of approx. 5.6 mm × 4.8 mm and showed corticated 
margins. Slight cortical expansion, erosion and thinning 
were noted. The patient had no history of pain, dysphagia, 
previous neck surgery or trauma. No associated cervical 
lymphadenopathy was present and the rest of the physical 
examination was unremarkable.

The patient returned to the Department 3 years later with 
no symptoms, and then he was referred for magnetic reso-
nance imaging (MRI). An MRI examination was performed 
with a  3.0T scanner (SIGNATM Architect; GE Healthcare, 
Milwaukee, USA) by using a standard neck coil. The standard 
neck protocol included fat-saturated (fat-sat) T2-weighted 
imaging, T1-weighted imaging, pre- and post-contrast with 
and without fat-sat T1-weighted imaging, and diffusion-
weighted imaging (DWI) (b  =  600). The intravenous ad-
ministration of  a  contrast agent with gadolinium was per-
formed at a dose of 0.1 mmol/kg. Axial three-dimensional 
(3D) constructive interference in steady-state (CISS) imaging 
was added to the protocol due to the small size of the lesion. 
Magnetic resonance imaging revealed a T1 hypointense and 
T2 hyperintense cystic lesion in the hyoid bone without any 
solid or soft tissue component (Fig. 2,3). The lesion showed 
no contrast enhancement or diffusion restriction. There were 
no internal septation or fluid‑fluid levels. The radiographic 
examinations were suggestive of SBC in the diagnosis. Then, 
clinical and radiographic follow‑up was planned.

Fig. 1. Cone-beam computed tomography (CBCT) images showing a well-defined osteolytic lesion (arrow) involving the body of the mid-hyoid bone

A – axial view; B – coronal view; C – sagittal view.
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Discussion
Cystic masses in the hyoid bone are quite rare and there 

have been 6 cases reported in the literature to date, includ-
ing 4 thyroglossal duct cysts (TDCs),9–12 1 aneurysmal 

bone cyst (ABC),13 and 1 UBC or SBC.8 Cases of  TDC 
penetrating the hyoid bone have also been reported.14,15 

Thyroglossal duct cyst is typically located in the midline 
and is the most common congenital neck mass that occurs 
due to the incomplete obliteration of the thyroglossal duct. 

Fig. 2. Coronal magnetic resonance imaging (MRI) sections of the head show that the lesion (arrow) in the hyoid bone appears hyperintense on fat-saturated 
(fat-sat) T2-weighted images (A) and hypointense on T1-weighted images (B); after contrast administration, the lesion demonstrates no enhancement 
on T1-weighted images (C) and fat-sat T1-weighted images (D)

Fig. 3. Axial magnetic resonance imaging (MRI) sections of the head show that the hyoid lesion (arrow) appears hypointense on T1-weighted images (A) and 
hyperintense on T2-weighted three-dimensional (3D) constructive interference in steady-state (CISS) imaging (B) and fat-saturated (fat-sat) (C) images; after 
gadolinium administration, the lesion demonstrates no contrast enhancement on fat-sat T1-weighted images (D); the lesion shows no restricted diffusion 
on diffusion-weighted imaging (DWI) (E) and on the apparent diffusion coefficient (ADC) map (F)
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Histologically, cyst walls contain an  epithelial lining. 
Thyroglossal duct cysts can occur anywhere along the 
course of  the thyroglossal duct, with the majority being 
associated with the hyoid region.16 The most frequent lo-
cation for TDCs is in the infrahyoid muscles, below the 
hyoid bone. The diagnosis of TDC can be made clinical-
ly, as it typically presents as a mobile midline structure, 
which increases in size over time and moves cranially 
with swallowing and the protrusion of the tongue because 
of  its close relationship with the hyoid bone and the fo-
ramen cecum. On computed tomography (CT) imaging, 
TDCs appear as well‑circumscribed masses with mu-
coid attenuation. On MRI, TDCs show low signal inten-
sity with T1‑weighted imaging, high signal intensity with 
T2‑weighted imaging and do not demonstrate restricted 
diffusion.17 In the presence of  infection, peripheral rim 
enhancement and wall thickening can be observed in 
TDCs on both CT and magnetic resonance (MR) images 
after the intravenous injection of contrast material.18

Aneurysmal bone cysts are benign, expansile, tumor-
like lesions consisting of blood-filled spaces contoured by 
fibrous septa that especially involve long bones, the spine 
and the pelvis in young patients. The lesion is classified 
as primary ABC if no underlying lesion is present, and as 
secondary if the lesion occurs in association with other 
tumors.3 The exact etiology is unknown, but the proposed 
mechanism in secondary ABC includes intraosseous or 
subperiosteal hemorrhage, and osteolysis due to trauma. 
Although ABCs are relatively rare in the head-neck region 
and the mandible is the most common site of occurrence, 
a case of ABC has been described in the hyoid bone. The 
plain radiographic features of ABC include soap-bubble, 
honeycomb or multilocular cystic appearance, which may 
cause the expansion or destruction of  cortical bone.19 
The found multiple internal septa with fluid-fluid levels 
caused by the separation of the hemorrhagic components, 
which is better observed on MRI, is pathognomonic in 
many cases. On an MRI scan, the lesion shows low to in-
termediate signal intensity with T1-weighted imaging and 
high signal intensity with T2-weighted imaging.3

Simple bone cysts are solitary cavities that are consi
dered dysplastic or reactive lesions of  bone.3 The exact 
etiopathology remains unclear. Trauma has been postu-
lated in the etiology, as it may cause an  intramedullary 
hematoma, which eventually invokes bone resorption.20 
However, the incidence of a traumatic injury in patients 
with SBCs is not higher as compared to that of the gene
ral population.21 Moreover, it appears that in many cases 
of SBC, there has been no history of a traumatic injury.4

Since the lesions predominantly occur in young patients, 
during the period of active bone growth, the theory of lo-
calized disturbance in bone metabolism or bone growth 
has also been considered in the pathogenesis of SBCs.22,23

Simple bone cysts often have no clinical impact and the 
lesions are usually detected during routine radiographic 
examinations unless a  gross pathologic fracture occurs. 

When symptoms develop, they may include mild pain, lo-
cal tenderness and swelling.5

The typical radiographic appearance of the lesion is uni-
locular radiolucency with well-circumscribed borders.2 
A  CT scan demonstrates a  central, well-defined, mildly 
expansile or nonexpansile, thin-walled lytic lesion, with 
little or no marginal sclerosis.1 There can be partial septa 
or a pseudo-septum in the cystic cavity.3 Magnetic reso-
nance imaging usually confirms the cystic nature of  the 
lesion by showing its fluid content. Fluid-fluid levels are 
rarely seen. However, fractured SBCs may contain blood 
products and fluid-fluid levels. On MRI, the lesion shows 
low signal intensity on T1-weighted images, and high 
signal intensity on T2-weighted or Short Tau Inversion 
Recovery (STIR) images.5

Simple bone cysts are considered to be self-limiting be-
nign lesions that heal spontaneously after skeletal maturity.24 
Moreover, several studies have described the spontaneous 
resolution of  the lesions over time.24–28 Thus, it has been 
suggested that non-interventional treatment (observation) 
could be chosen as an alternative to surgical approaches in 
cases when a  radiologic diagnosis is possible, particularly 
in young patients with asymptomatic cysts.24,27,29

In the present case, the clinical and radiographic features 
of  the solitary lesion in the hyoid bone were strongly in-
dicative of  SBC. No surgical pathologic examination was 
performed, as the patient was asymptomatic for at least 
3  years, and there was no sign of  fracture of  the cyst or 
an increase in the size of the lesion over time. For these rea-
sons, the periodic observation of the patient was decided.

In conclusion, although cystic lesions rarely occur in 
the hyoid bone, SBC should be considered in the diagno-
sis of a well-circumscribed, radiolucent lesion in the hyoid 
bone of a young patient.
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Abstract
Professor Noemi Wigdorowicz-Makowerowa was born in Warsaw to a Polish Jewish family on November 
24, 1912. She graduated from the Medical University of Warsaw in 1937 and from the Academy of Den-
tistry in 1939. In early 1940, she was forcibly relocated to the Warsaw Ghetto, from which she escaped in 
January 1943. Shortly after the Second World War, in 1946, she started working at Wroclaw University. She 
conducted multiple studies there on the fluoride prophylaxis of caries, and on temporomandibular joint 
arthropathy and its etiology. She proved the efficiency of tap water fluoridation in caries prevention through 
a comparative study on children from schools in Wroclaw and Malbork, where the fluoride concentrations 
were 0.1 mg/L and 3.2 mg/L, respectively. The incidence of deep caries and the rate of tooth mortality were 
significantly lower in Malbork. Her long-term studies on the fluoride prophylaxis of caries prompted Profes-
sor Wigdorowicz-Makowerowa to found the Scientific and Technical Team for Fluoride Prophylaxis, based 
at the Department of Dental Prosthetics in the Institute of Dentistry of Wroclaw Medical University, which 
led to the creation of 35 fluoride water treatment plants in Poland by 1980. Moreover, she emphasized that 
malocclusion caused by dental caries and tooth loss, bruxism, higher susceptibility to stress, and increased 
muscle tone may constitute reasons for masticatory organ disorders. In her long career of over 30 years, she 
published 68 articles about fluorine and its use in dentistry, and 50 articles about temporomandibular joint 
arthropathy and other masticatory organ disorders.
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Introduction 
In the etiology of dental caries, 4 factors are consid­

ered to be significant: the presence of  dental plaque 
with bacteria, the supply of  substrates for bacteria 
– mainly sucrose – the susceptibility of the tooth sur­
face to acids, and the time in which all these factors 
work together.1,2 In order to prevent tooth decay, it is 
enough to remove just one of these factors. This can be 
accomplished, for example, by frequent tooth brushing 
and regular plaque removal, eliminating sucrose from 
the diet, reducing bacterial metabolism, or reducing 
tooth susceptibility by strengthening its structure with 
fluoride compounds. The discovery that fluorine in­
hibits tooth decay is one of the greatest achievements 
in caries prevention. Fluorine itself acts endogenously 
at the stage of  enamel formation and strengthens its 
structure from the very beginning; it also works exo­
genously, enhancing the remineralization of enamel and 
weakening carbohydrate metabolism by caries-form­
ing bacteria.3 The progression of caries without proper 
treatment leads to tooth loss, which affects not only 
the condition of the masticatory organ, facial esthetics 
and the development of disorders in the temporoman­
dibular joints, but also the well-being of the individual 
and the health of their whole body.4,5

The aim of the article is to present the biography and 
the most important achievements of  an  outstanding 
Polish doctor and dentist, Professor Noemi Wigdoro­
wicz-Makowerowa, who devoted her scientific career 
to the subject of fluoride prophylaxis in dental caries, 
the prosthetic rehabilitation of  the masticatory organ 
in temporomandibular joint disorders (TMD) and 
malocclusion, and the education of the Polish society 
in the field of oral hygiene.

Methodology
We searched for articles which mention all the 

achievements of  Professor Noemi Wigdorowicz-
Makowerowa.6 We included articles that were in Polish 
or English and concerned fluorine and arthropathy. 
We found 68 articles about fluorine and 50 about 
temporomandibular joint arthropathy. Six of  these 
118 articles were excluded, because they were written 
in German or French. From the remaining 112 articles 
written in Polish or English, we excluded 84 articles, 
because they covered the same research, they were the 
same articles published in Polish or English, the topic 
was not crucial, or they were post-conference mate­
rials or articles about the achievements of employees. 
We then searched Jagiellonian University Library for 
the articles, of which 23 were available. Only 1 out of 
8 monographs was available.

Biography
Professor Noemi Wigdorowicz-Makowerowa was born 

in Warsaw to a  Polish Jewish family on November 24, 
1912. In 1930, she graduated from the Zofia Kalecka gym­
nasium and – following family tradition – she began stu­
dies at the Department of Medicine of the Józef Piłsudski 
Medical University in Warsaw in 1931. After 6 years, on 
June 22, 1937, she obtained her medical degree. Shortly 
afterward, she started studying at the Academy of Den­
tistry, also in Warsaw, and graduated in 1939. That same 
year, on January 28, she registered at the Warsaw-Bialystok 
Medical Chamber and accepted a  job at the Warsaw 
Academy of Dentistry.7,8

Shortly after the outbreak of World War II – at the 
beginning of 1940 – in accordance with the ordinance 
of the General Governor, she was forcibly relocated to 
the Warsaw Ghetto. There, she started working at the 
Department of  Surgery in the Orthodox Jewish Hos­
pital in Czyste under the supervision of Dr. Alexander 
Wertheim. In addition, she was responsible for run­
ning a  dental clinic in an  outpatient department for 
the Jewish community. In the summer of 1942, during 
Grossaktion Warschau – the operation which liqui­
dated the ghetto – she married Dr. Henryk Makower 
(1904–1964), with whom she escaped from the ghetto 
in January 1943. Then, for over a year, the couple hid 
in the family home of  Janusz Tadeusz Urzykowski in 
Nowa Miłosna, near Warsaw.9,10 In August 1944, she 
and her husband joined the Polish Army in Lublin, 
where she worked in the Evacuation Hospital as a den­
tal consultant and assistant at the Surgical Depart­
ment.8,11

In 1946, she was dismissed from military service and 
at the invitation of  Prof. Ludwik Hirszfeld, MD, PhD 
(1884–1954), dean of the Faculty of Medicine at Wroclaw 
University, she took up the post of senior assistant there. 
Initially, she worked at the Clinic of Dental Surgery under 
the supervision of  Professor Tadeusz Szczęsny Owiński 
(1904–1995), later moving to the Clinic of Conserva­
tive Dentistry, which was headed by Professor Ignacy 
Pietrzycki (1885–1964). After 2  years, on September 2, 
1948, she started working as a senior assistant at the De­
partment of Prosthodontics of Dental Division under the 
leadership of Professor Henryk Gorczyński. On Decem­
ber 28, 1948, based on a dissertation entitled “Infectious 
Gingivitis and Oral Mucositis with Particular Emphasis 
on Fusospirochetosis and its Treatment Applying the 
Author’s Own Method”, supervised by Professor Witold 
Grabowski (1902–1963), she earned the degree of PhD in 
Medicine.8

From May 1959 to August 1960, she volunteered at 
École Dentaire in Geneva, Switzerland. There, she had 
an  opportunity to observe and train alongside promi­
nent dentists, such as professors Arthur-Jean Held, Louis 
Joseph Baume and Francois Ackermann.8

https://www.zotero.org/google-docs/?EEyXsY
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Her scientific achievements and undertaking a  se­
ries of studies on dental prophylaxis using fluorine en­
abled her to start a post-doctoral habilitation procedure 
at the Faculty of  Medicine of  the Medical University 
of Lodz. On January 12, 1963, based on her habilitation 
dissertation, “The Development and Fluoride Prophy­
laxis of Tooth Decay in Children”, Noemi Wigdorowicz-
Makowerowa, PhD was awarded the academic degree 
of assistant professor.7

On April 1, 1964, she was appointed full-time as­
sistant professor at the Department of  Prosthodon­
tics of  Wroclaw Medical University by Jerzy Sztachel­
ski, PhD, the then Minister of  Health and Social Care. 
On December 1, she obtained the title of associate pro­
fessor of Wroclaw Medical University. On May 1, 1965, 
she assumed the position of  Head of  the Department 
of Prosthodontics at Wroclaw Medical University, which 
she held until she retired on September 30, 1983. Pro­
fessor Noemi Wigdorowicz-Makowerowa died on Febru­
ary 7, 2015 in Stockholm.

Fluoride prophylaxis  
introduced by Prof. Noemi 
Wigdorowicz-Makowerowa

Fluorine, like any other element, exerts a dose-depen­
dent influence, which is why it can be stated to have both 
beneficial and harmful effects on human health. The first 
laboratory tests on the use of fluorine in the prophylaxis 
of oral contagious diseases were conducted by Gerald  J. 
Cox, who proved that small doses of fluoride, applied to 
drinking water given to rats, significantly improved oral 
health.12 Grand Rapids, Michigan, USA, became the first 
city in the world to introduce fluoride water treatment 
on January 25, 1945. The aforementioned study was ini­
tiated by Henry T. Dean and Francis A. Arnold  Jr., who 
also jointly investigated the optimal dose of  fluorine in 
drinking water. After carrying out a number of prospec­
tive studies, they proposed a safe dose of 1 mg/L fluorine 
in water.13 Ten years after the implementation of  water 
fluoridation in Grand Rapids, F.A. Arnold Jr. conducted 
a  comprehensive analysis of  dentition among children 
aged 4–16 years, which proved that the prevalence of car­
ies was reduced by 60–65% in comparison with the base­
line data.14

As early in 1948, Professor Wigdorowicz-Makowerowa 
took up the subject of applying fluorine in the prophylaxis 
of caries. In her publications on arthropathy and myoar­
thropathy, she repeatedly emphasized the impact of tooth 
decay and tooth loss on the development of these disor­
ders.15 In her article “Problem of fluorine in stomatology”, 
Professor described the methods of caries prevention that 
were in use at the time, consisting of oral hygiene, the re­
duction of carbohydrate intake in the diet, and the early 

treatment of  dental caries.16 She considered all of  these 
activities to be definitely insufficient in relation to the 
entire population, both Polish and global. Professor Wig­
dorowicz-Makowerowa advocated more decisive steps to 
combat tooth decay. She was in favor of fluoridating tap 
water, drinking water and kitchen salt, and of  applying 
topical fluoride salts to the teeth. She believed that only 
a combination of these 2 methods and their application to 
the entire population could contribute to improved dental 
health in society.16,17

In 1946, the Polish Ministry of Health commissioned the 
National Institute of Hygiene in Warsaw to conduct tests 
of fluorine concentration in tap water all over the country. 
An  accurate fluorine map was prepared, which showed 
that the level of fluorine exceeded 1 mg/L in only 8 cities, 
and that in 6 cities, the level varied between 0.5–1 mg/L.18 
The aforementioned studies revealed that the concentra­
tion of fluorine in tap water was very low in Poland. Pro­
fessor Wigdorowicz-Makowerowa decided to compare 
the teeth of  schoolchildren from Malbork (where the 
natural level of fluorine in water was 3.2 mg/L) with ones 
from Wroclaw (0.1 mg/L).19 The condition of their teeth 
was determined using the indicator DMF (D – decayed, 
M – missing, F – filled) and a modified version, DMF‑N, 
which is an indicator of superficial caries that does not re­
quire treatment. In the years 1955 and 1956, 5,864 school­
children aged 7–13 years were examined in Wroclaw. These 
children constituted a  random sample selected from the 
entire population of children at this age living in Wroclaw. 
In 1958, 1,417 children aged 7–13 years who were born 
and attended schools in Malbork were examined. The 
percentage of  children with caries, determined by the 
DMF index, increased with age – in Wroclaw, from 73% at 
the age of 7 to 97% at the age of 13, and in Malbork from 
49% to 90%, respectively. Also, the percentage of children 
with superficial caries, as determined by the DMF-N in­
dex, increased with age: in Wroclaw, from 49% at the age 
of 7 to 94% at the age of 13, and in Malbork from 19% to 
74%, respectively. In addition, the average tooth mortality 
rate in all age groups in Wroclaw was significantly higher 
than in Malbork. The corresponding average values in 
Wroclaw ranged from 0.33 at the age of 10 to 0.90 at the 
age of 13. In Malbork, tooth mortality also increased with 
age, although in the first 12 years of life it constituted only 
a small fraction and at the age of 13 it represented an ave­
rage of  0.16. In the conclusion of  the study, Professor 
Wigdorowicz-Makowerowa stated that the results clearly 
proved the protective effect of fluorine in preventing tooth 
decay in healthy teeth and the inhibiting effect of fluorine 
on the further development of  existing caries. She indi­
cated that the results pointed to the urgent need for mass 
fluoride treatment in Poland.19

In September 1957, the World Health Organization 
(WHO) issued a  resolution in which it recommended 
the widest possible introduction of artificial water flu­
oridation as a  preventive measure for dental caries.20 
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One of the main areas of  interest of Professor Noemi 
Wigodorowicz-Makowerowa was the rehabilitation 
of  patients with temporomandibular joint arthropathy 
and myoarthropathy. Her first publications on this sub­
ject appeared in 1968 and concerned toothless patients 
using complete dentures, those with partially missing 
teeth and those with occlusal problems.28–31 More de­
tailed research on the incidence of  temporomandibular 
joint arthropathy was published 5 years later.32 These 
were population-based studies, which also covered the 
etiopathogenesis of arthropathy. In 1974, she published 
a  study involving a group of 1,000 soldiers on the rela­
tionship between temporomandibular joint arthropathy 
and bruxism.33 In subsequent years, she continued to 
explore the topic of  myoarthropathy and wrote papers 
on the types of  pain in temporomandibular joint myo­
arthropathy as well as treatment methods, on functional 
disorders in children and adolescents, and also pre­
sented a modern view on the etiology of this arthropa­
thy.15,34–41 Professor Wigodorowicz-Makowerowa pub­
lished 2  monographs and 50  articles, and supervised 
7  doctoral students and 2 post-doctoral students, all 
works revolving around the subject of  temporoman­
dibular arthropathy and masticatory disorders. The last 
article by Professor Wigodorowicz-Makowerowa on the 
subject of myoarthropathy was published in 1984.6

Studies on the etiology 
of myoarthropathy

According to the research of Professor Wigodorowicz-
Makowerowa, 50% of  the middle-aged population had 
functional disorders of the masticatory organ at that 
time.15,27 They were more often observed in people with 
malocclusion, and in such cases, functional disorders were 
particularly frequently manifested as arthropathy.27 In her 
articles, Professor Wigodorowicz-Makowerowa empha­
sized that the problem of myoarthropathy had a complex 
etiology, and originated from increased muscle tone and 
bruxism, among other things. She listed the main risk fac­
tors in the following order: malocclusion, bruxism, and in­
creased sensitivity to stress. She proved that bruxism and 
malocclusion increased the risk of disorders 1.4–2 times 
and that excessive neuromuscular excitability doubled 
the risk, while tooth wear reduced the frequency unless 
it occurred along with malocclusion.15,27 She pointed out 
in numerous publications that increased stress in society 
was one of  the causes of  bruxism and of  the functional 
disorders of  the masticatory organ, which were being 
observed more and more frequently.15,27,28,37 She stated 
that the temporomandibular joints were extremely resis­
tant to cancer and infectious agents, but were susceptible 
to occlusal microtraumas and took a very active part in 
showing emotions, especially negative ones (fear, anger 

On July 23, 1969 at its 22nd session in Boston, USA, WHO 
adopted a proposal prepared and presented by a delegation 
of 37 countries, including Poland, which obliged Member 
States to fluoridate drinking water where appropriate.21

Professor Noemi Wigdorowicz-Makowerowa founded 
the Scientific and Technical Team for Fluoride Prophy­
laxis, based at the Department of  Dental Prosthetics in 
the Institute of Dentistry of Wroclaw Medical University, 
which she later headed. This team launched the first fluo­
ride water treatment plant in Wroclaw in 1967. Professor 
Wigdorowicz-Makowerowa promoted the introduction 
of fluoride water treatment plants throughout Poland. Her 
efforts met great societal resistance, from people reluctant 
to introduce a new form of prevention and from media, 
reporting on on the harmful effects of fluorine on humans. 
Professor repeatedly presented the results of her original 
research and of studies conducted in Western countries, 
which showed that fluorine at a dose of 1 mg/L prophy­
lactically prevents caries.22 In 1972, 4 years after the in­
troduction of  water treatment in Wroclaw, she carried 
out a controlled trial, which she presented in 1973. Tooth 
decay was significantly lower than in 1967. The DMF in­
dex decreased by 60.6% in 3-year-old children, by 46.4% 
in 4-year-old children, by 50% in 7-year-old children, by 
31.5% in 8-year-old children, and by 14.2% in 12-year-old 
children. These studies suggested that the older the child, 
the less difference in caries reduction can be expected af­
ter 4 years of  consuming fluoridated water; this finding 
may have resulted from the fact that older children had 
begun consuming fluoridated water after partial tooth for­
mation and may have had tooth decay before.23,24

Due to the efforts of  Professor Wigdorowicz-
Makowerowa, in 1977 the Polish Sejm adopted a resolu­
tion requiring fluoridation of  tap water with sodium 
fluorosilicate when fluorine content in water is lower 
than 0.5 mg/L. The many years of work of the Scientific 
and Technical Team under the leadership of  Professor 
Wigdorowicz-Makowerowa led to the creation of 35 fluo­
ride water treatment plants, serving 2.5 million people in 
Poland by 1980.25

Studies on the rehabilitation 
of patients with myoarthropathy

Professor Wigodorowicz-Makowerowa explained 
myoarthropathy (from Greek: μυς mys – muscle, ἄρθρον 
árthron – joint, and πάθος páthos – suffering) as a dysfunc­
tion of the masticatory organ – either painless or painful 
– caused by the contact of premature teeth and maloc­
clusion.26 She described bruxism (from Greek: βρυγμός 
brygmós– teeth grinding) as fixed, abnormal jaw move­
ments involving the unconscious grinding and clenching 
of the teeth.27 In today’s terminology, myoarthropathy is 
diagnosed as TMD. 
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or fury) through the clenching of  the teeth. In addition, 
they were somewhat overloaded in people with abnormal 
masticatory function. This problem was most often the 
result of a  lack of compensation for stress related to the 
environment (biting pencils, lips or cheeks). Professor 
Wigodorowicz-Makowerowa also pointed out the impor­
tant role of a properly conducted interview in determin­
ing the cause of  the disease and proposed that the best 
specialist to help patients with the problem was a prosth­
odontist. An imperative issue which she drew attention to 
was the need to combine a physical examination directly 
with an  interview in order to determine the  individual’s 
susceptibility to stress. She repeatedly emphasized that 
in the etiology of problems with joints, the impact of the 
environment and stress were more important than age, 
for example. In the prevention of  functional disorders, 
she proved that fluoride prophylaxis was vital in prevent­
ing tooth decay as well as tooth loss and occlusal disor­
ders.15,28,32 Based on her research, Professor invented the 
concept of ‘traumatic occlusion’.

Treatment of myoarthropathy
Other aspects of TMD which Professor Wigdorowicz-

Makowerowa focused on were the types of pain in myo­
arthropathy and the treatment methods thereof as well 
as the relationship with bruxism.34–38 In her articles, she 
reported other authors’ results of causal treatment as be­
ing positive in 50–90% of research participants, while in 
her own research in Wroclaw it was 85%. The method 
of  treatment depended on whether the case was acute 
or chronic. For the former, she recommended a soft diet, 
biting on the problematic side, compresses, painkillers, 
muscle relaxers, and leveling the occlusal surface, but 
advised against immobilization, which she said was indi­
cated only in cases of fractures. In situations of chronic 
arthropathy, she maintained that the most appropri­
ate method was causal treatment, i.e., the alignment 
of  the occlusal surface, the elimination of bruxism and 
prosthetic rehabilitation; as the muscles stop working 
synchronously, which is necessary for the proper func­
tioning of  the masticatory organ, the treatment should 
consist in practicing opening the mouth without late­
ral deviations, exercises also with the excessive mobil­
ity of  the mandible (helping to stabilize the joint) to 
increase suprahyoid muscle tone, and – in exceptional 
cases – injections of adrenal gland hormone.28 Professor 
Wigdorowicz-Makowerowa emphasized the need for 
periodic monitoring, causal treatment and good contact 
with the patient, as these are factors which determine 
the success of treatment. She regarded bruxism and bad 
emotional condition as causes of  relapses. In her opi­
nion, patients with emotional disorders, and numerous 
somatic symptoms of  stress in particular, did not have 
a good prognosis for the treatment.37

Conclusions
The scientific achievements of Professor Wigodorowicz-

Makowerowa are clearly part of  modern dentistry in 
Poland. She published 68 articles on fluorine and its use in 
dentistry, and analyzed its mechanism of action in caries 
prophylaxis and the most effective methods for applying 
it in Poland. Based on many years of research, she came to 
the conclusion that the best method of prevention should 
be the fluoridation of tap water and the topical application 
of  the solutions of  fluoride salts to the teeth. In Poland, 
there are currently no fluoride water treatment plants, 
and caries prophylaxis relies on the daily use of  fluori­
dated toothpaste. Although more than half a century has 
passed since Professor’s research, it is still valid in many 
matters. Then and today, problems with joints are mainly 
dealt with by prosthodontists, often in cooperation with 
physical therapists and psychologists, which can be inter­
preted as following the path of Professor, because these 
specialists help relax muscles and reduce stress.42 Until 
the 1980s, she used the term ‘arthropathies’, but later real­
ized that temporomandibular joint problems are not only 
caused by occlusal problems, but also problems with the 
muscles. The first time she used the term ‘myoarthropa­
thies’ was in 1978.25 It is important to point out that she 
considered that problem before the currently used Re­
search Diagnostic Criteria for Temporomandibular Dis­
orders (RDC/TMD) were invented in 1992. Currently in 
medical practice, there is a biaxial approach to functional 
disorders, i.e., including a physical examination of the pa­
tient as well as a medical interview and the determination 
of the stress level – RDC/TMD and the latest Diagnostic 
Criteria/Temporomadibular Disorders (DC/TMD).43,44 
Another issue that remains controversial these days is 
malocclusion in the etiology of functional disorders and 
their impact on the outcome of treatment.45–47
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