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Supplementary Table S1. Details about atomic force microscopy (AFM) and profilometry applications
on dental research. Table with the review of references (Ref.) on AFM application on tooth, static
and in situ experiments for humans and animals, as well as the details of profilometry applications.



CIEN

For the AFM, measurement can be extended with mechanical properties using e.g. elastic modulus®
3, and adhesion test to study bacteria adhesion?, and interactions®. This highlighted the versatility of
this equipment which is also used to understand the development of enamel and provided new
insights on the formation® and maturation of enamel’” and for remineralisation studies®. In situ
experiments can also be transferred to other applications such as corrosion test®.

Ref. Human | Animal Locations Static | Time
10 X Dentine, wet and drying X
1 X Dentine, distilled water X

and etched using citric
acid, wet, desiccate and
hydration condition
X Dentine exposed to X
different agents,
phosphoric acid, maleic

12,13

acid, review
14 X Enamel etched using X
HCI and citric acid,
indentation
5 X Enamel, intra-oral X

appliance, with and
without exposure to
different drinks

16 X Enamel, dentine, DEJ, X
nanoscratch
17 X Enamel exposed to
different solutions of
citric acid
18 X Enamel demineralised X

using citric acid,
remineralised
X Enamel, intra-oral X
appliance, exposed to
different drinks,
remineralisation

19

20 X X Enamel with and X

without

demineralisation

2 X Enamel, hypoplasia, X

normal
22 X Enamel, dentine, etched X

with different acids

2 X Enamel with and X

without etching using
citric acid, indentation
X Dentine, transparent X
and normal
X Enamel with and X
without
demineralisation using
HCI

23

24




25

Enamel demineralised
using lactic acid,
remineralised

26

Enamel

27

Enamel exposed to
orthophosphoric acid

28

Enamel exposed to
different solutions,
citrus drinks,
indentation

29

Tooth from groups with
down syndrome,
cerebral palsy and
control, enamel etched
using citric acid

30

Enamel etched using
citric acid

31

Enamel with and
without treatment using
different phosphoric
acid solutions

32

Enamel before and after
bleaching

33

Enamel exposed to citric
acid, mouthrinse

34

Enamel and dentine,
healthy and urenic
groups, with and
without bleaching

35

Enamel with and
without fluoride
treatment
demineralised using
citric acid

36

Enamel with and
without fluoride
treatment, etching
using phosphoric acid

37

Section of tooth

38

Enamel with and
without exposition to
hydrogen peroxide

39

Enamel with and
without laser
treatments

40

Enamel before and after
demineralisation using
phosphoric acid and
remineralisation

41

Enamel

E 3



42

Enamel with and
without acidulated
phosphate fluoride

treatment, etched using
phosphoric acid

43

Enamel and dentine,
groups with chronic
renal failure, with and
without etching using
phosphoric acid etchant

44

Enamel treated with
different bleaching
agents and control

45

Enamel without and
without treatment using
phosphoric acid,
pumiced enamel

46

Enamel with and
without treatment,
resin infiltrant and

fissure sealant

47

Enamel with different
adhesive systems,
etching using
phosphoric acid

48

Enamel and dentine
without erosion suing
soft drink and
remineralisation

49

Enamel exposed to soft
drink, remineralised

50

Enamel exposed to soft
drink, remineralised

51

Review

52

Enamel with and
without
demineralisation using
citric acid,
remineralisation

53

Dentine, review tooth
structure

54

Enamel and dentine
with and without
exposure to soft drink,
remineralised

55

Dentine demineralised

with phosphoric acid

and with and without
remineralisation




56

Dentine demineralised
with EDTA and
remineralised

57

Carious teeth,
deproteinization,
infiltration

58

Enamel with and
without etching using
phosphoric acid

59

Enamel, scratch,
washing, wear test

60

Enamel exposed to HCI

61

Enamel, scratches,
review

62

Enamel with and
without exposition to
Mg ions

63

Enamel with non-
cavitated lesion, with
and without resin,
etching using HCI

64

65

Enamel, erosion

Dentine exposed to
acetate buffer,
remineralised

66

67

Enamel etched with
orthophosphoric acid

68

Dentine exposed to
ethyle-
nediaminetetraacetic
acid, adhesive, brush

69,70

Enamel before and after
erosion using dietary
acid

71

Dentine demineralised
using lactate or acetate
buffer, remineralisation

72

Carious tooth, dentine,
with and without
restoration

73

Enamel with and
without etching using
phosphoric acid,
remineralised

74

Enamel, erosion using
citric acid, and abrasion

75,76

Enamel, interproximal
reduction




77

Enamel etched using
citric acid, before and
after scratch test,
plucking test

78

Root caries

79

Enamel, erosion

80

Teeth with and without
exposition to liquid
medicaments

81

Enamel, impact and
sliding wear
experiment,
microcracks

82

Enamel with and
without etching using
phosphoric acid,
remineralised

83

Enamel demineralised
using phosphoric acid

84

Dentine

85

Enamel with different
polishing and grinding
process, etched with
phosphoric acid

86

Enamel demineralised
using phosphoric acid
and remineralised

87

Enamel exposed to soft
drinks

88

56

89

Dentine with and
without
demineralisation using
phosphate buffer, and
remineralisation

90

Enamel, indentation

91

Teeth brushed, enamel,
dentine, cementum

92

Enamel etched with
phosphoric acid

93

Enamel before and after
deproteinisation

94

Enamel demineralised
using at least acetic
acid, and remineralised

95

Review

96

Dentine, fractured

Enamel exposed to soft
drinks




97

Enamel with white spot
lesion, normal enamel,
dentine

98

Enamel, predebonding,
tungsten carbide bur,
polishing

99

Teeth with and without

demineralisation using

orthophosphoric acid,
remineralised

100

Enamel exposed to test
foods

101

Dentine demineralised
using acetic acid, and
remineralised,
toothbrush, deionized
water

102

Teeth

103

Tooth brushed, dentine,
enamel, cementum

104

Dentine treated with
carboxymethyl chitosan
or phosphoric acid

105

Teeth from healthy and
chronic renal failure,
predialysis groups,
whitening protocol,
before and after
bleaching

106

Enamel with and
without etching with
phosphoric acid,
composite resin, brush

107

Enamel, dentine, laser
irradiation

108

Dentine, with and
without dentinogenesis
imperfect Il




Supplementary Information (Sl)

SI-Fig. S1. Setup of the tomography experiment. (a) Light microscopy image of the sample prior to the
synchrotron experiment. (b) Setup of the synchrotron tomography experiment.



Supplementary Information (Sl)
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SI-Fig. S2. Details of the process of the segmentation of the lesion. Volume rendering of the raw data
after alignment, and illustration of a slice before and after filtering with the detail of the region of
interest (ROI). Overlap of the segmented region in blue with the slice of enamel.
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SI-Fig. S3. Process of the analysis of the distance. lllustration of the analysis of the ‘radius distance’ on
one segmented virtual slice extracted from t, and t3. Visualisation of the seed and the different lines
based on the angles (referred to as position). A plot of the distance dy, for t; and t3. The lines were
done starting from 0 ° and ending at 157.5 °, in total 80 lines equally spaced (~ 1.9937 °).
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Supplementary Information (Sl)

Enamel

Rod

Rod

) — ] —
Inter-rod 3um 3um

SI-Fig. S4. Scanning electron microscopy (SEM) of the slice before the AFM analysis. SEM analysis with
the secondary electron images of the slice prior to the SEM and the observation of the enamel
structure.
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Supplementary Information (Sl)

Correction

Background
Solution

Enamel

Time Bubble

_+4 iterations +5iterations

+10 iterations +6 iterations

Distance [um]

SI-Fig. S5. Projections of the tomography data with and without correction. (a) One projection image
of the last data point before and after flat and dark field correction. (b) Time-lapse of the corrected
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Supplementary Information (SlI)

projections images. (c) Zoom in on the last data point of the projection with representation using an
invert colour map, line profile analysis, and the highlight of the scale for the distance.
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Supplementary Information (Sl)

Time

Enamel
Background
Solution
—_ ———t
70 ym 70 ym

SI-Fig. S6. Zoom in on the projections images. Time-lapse of the projections from several datapoints,
illustrated with an invert colour map. Structure highlighted with an arrow.
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Supplementary Information (Sl)

(a) Start

/

Enamel : ey
Demineralisation

40 pm

SI-Fig. S7. Time-lapse of slice from another orientation of each dataset. Virtual slices, from the first
time point t, to the last time point t,,,4 (scale bar 50 um). Location of the slice was shown in Figure 2.
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Supplementary Information (Sl)

SI-Fig. S8. Time-lapse of slice from another orientation of each dataset. Virtual slices, from the first
time point t, to the last time point t,,4 (scale bar 50 um). Location of the slice was shown in Figure 2.
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SI-Fig. S9. Analysis of the dataset from the last time point. 3D rendering of the dataset with the
position of two virtual slices. Virtual slices from the last time point and details of the features seen
after reconstruction, rods and inter-rods.
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Supplementary Information (SI)
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SI-Fig. S10. Surface enamel details. Line scan taken along the xy axis of the volume rendering of the
last data point, and this shows the variation of grey scale from outside the enamel to the core of the
enamel. Three positions are taken for illustration. (b) Rendering of the grey scale in a region of
interest overlapped with a virtual slice.
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SI-Fig. S11. Analysis of the non-demineralised region and illustration of the rod structure. (a) 3D
rendering of enamel with the highlight of two virtual slices (1280 x 871 x 550 pixels). (b) 3D rendering

20



of the enamel and rods with the position in the sample (datasets after median and non-local mean
filter using Avizo). (c) Zoom in the rods and 3D rendering of more rods. The segmentation of the rods
was carried out with Avizo using the segmentation editor to illustrate the locations.
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Supplementary Information (Sl)

awi
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e —
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(b)

SI-Fig. S12. Volume rendering of several datasets described in Figure 3. (a) Several views of the
superimposition of the segmented dataset at the different time points, with red colour being the start
and yellow the last iteration in the datasets acquired. (b) A virtual cut of the volumes along the plane

was shown in orange.
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E 3

SI-Fig. S13. Analysis of the demineralised regions with time. Volume rendering from one time point
and the highlight of a region of interest in orange. Progression of the demineralisation with time
(iterations shown corresponding to the tomograms, ‘+3’ referred to as 3 tomograms passed, last
image being the last iteration) showing the pathway of the acid and modification of the enamel
structure, with rods, inter-rods and striations (highlighted with orange arrows). The images of the
progression were processed using a membrane enhancement filter in Avizo on the non-filtered
dataset.
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SI-Fig. S14. Progression of the demineralisation with time. (a) 3D rendering of the enamel with the
highlight of the position of virtual slices along different axes. Virtual slices at four time points from
Figure 3, showed the progression of the demineralised region along the rods and inter-rods (yellow
image, the last iteration, the iterations corresponded to the tomograms, ‘+7’ referred to as 7
tomograms passed). These were filtered images similar to SI-Fig. S13. (b) Superimposition of the
slices.
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SI-Fig. S15. Progression of the demineralisation with time along different axes. (a) Virtual slices at
four time points from Figure 3, showed the progression of the demineralised region along the rods
and inter-rod. The positions of the slices were detailed in SI-Fig. S14a. These were filtered images
similar to SI-Fig. S13. (b) Superimposition of the slices. The colour code was detailed in SI-Fig. S14
with the details of the iterations illustrated.
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SI-Fig. S16. Distance computed from several time points of the remaining region. (a) and (b) two
orientations of the distance computed from t-, t,, and t3, with an overlap of the segmented region
for t,.
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Supplementary Information (Sl)
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Tem
SI-Fig. S17. lllustration of the anisotropy of the progression of the lesion from ¢3, to t;. Volume
rendering of the dataset at t3 (812 x 514 x 400 pixels) with the progression of the lesion between t,
and t5 from a sub-region (506 x 208 x 88 pixels), and zoom-in in the 3D region of the progression
with distance information in um in 3D. This was carried out using the module Surface distance in
Avizo (surface from t- to t3) from the surfaces of the two time points over a region of interest
followed by the visualisation of the surface vectors of the displacements.
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Movies

Movie S1. Time-lapse of the progression of the demineralisation with time which is shown using the
virtual slices described in Figure 2.

Movie S2. Volume rendering of the volumes of the segmented datasets described in Figure 3 with
virtual cut showing the progression in the sample.

Movie S3. Virtual slice of the segmented datasets described in Figure 3, last iteration ¢t (in yellow) and
ty (in blue). Iterations from the description in Figure 4.

Movie S4. Volume rendering of t,. Volume rendering of the segmented volume of t, and virtual cut
to show the progression through the volume. Additional details in Figures 3,4.
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