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Testing the Clinical Applicability of Resin Infiltration of 
Developmental Enamel Hypomineralization Lesions Using an 
In Vitro  Model
Dagmar Schnabl1 , Viktoria Dudasne-Orosz2 , Rudolf Glueckert3 , Stephan Handschuh4 , Ines Kapferer-Seebacher5 , 
Herbert Dumfahrt6 

Ab s t r Ac t
Aim: The aim of this study is to investigate the penetration abilities of a commercially available low-viscosity resin infiltrant into developmentally 
hypomineralized teeth in vitro .
Materials and methods: Four extracted third molars of a 17-year-old patient with signs of developmental enamel hypomineralization 
(discoloration, increased opacity, and surface roughness) were infiltrated with a low-viscosity resin mixed with a fluorescent dye, according to 
the manufacturer’s standard protocol. Four extracted molars with sound enamel or showing only initial fissure caries were used as a control 
group. Specimens were embedded in polymethylmethacrylate, and grindings were prepared. High-resolution projectional radiography of the 
grindings was performed, and, for one specimen, quantitative micro-computed tomography was used to measure hydroxyapatite density in 
enamel and dentin lesions. After decalcification, the grindings were examined by reflected bright-field microscopy, wide-field fluorescence 
microscopy, and confocal laser scanning microscopy. Fluorescence micrographs were superimposed on the radiographs and analyzed correlatively.
Results: The pattern of hypo-/demineralization in enamel and dentin in developmentally hypomineralized teeth showed a good congruence 
with the pattern of resin infiltration. Cavitations and dentin tubules up to a depth of 2 mm beyond cavitations were filled by the infiltrant. In 
control teeth, the penetration of the infiltrant was limited to decalcified enamel areas (initial fissure caries).
Conclusions: In vitro  infiltration of developmentally hypomineralized enamel was successful.
Clinical significance: Resin infiltration might be considered as a routine procedure in the treatment of developmentally hypomineralized teeth. 
Further investigations with higher sample sizes, different degrees of severity, different stages of lesion extension, and modified treatment 
protocols are necessary.
Keywords: Cheese molars, Developmental enamel hypomineralization, Laboratory research, Low-viscosity resin, Penetration depth, Resin 
infiltration.
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In t r o d u c t I o n
The technique of caries infiltration with low-viscosity resin has 
been conceived as a microinvasive therapy of noncavitated caries 
lesions in smooth tooth surfaces confined to enamel and the outer 
third of dentin. It affects a sealing of lesion pores, a diffusion barrier 
for acids and low molecular carbohydrates, an inhibition of caries 
progression, and a masking of white spot lesions.1 – 9  Fissure caries 
and developmental hypomineralization are about to be added to 
the range of clinical indications for resin infiltration.9 – 14 

Developmental enamel hypomineralization (molar-incisor 
hypomineralization, MIH; cheese molars) terms a qualitative defect 
of enamel with a reduced mineral content, a reduced microhardness, 
and an abnormality in translucency resulting in diffuse or demarcated 
opacities varying in color from cream to yellow or brown.15 – 17  
Most frequently, incisors and first molars, but also other teeth, are 
affected.18  Its multifactorial etiology is still unclear.19 – 21  The severity 
of the structural alteration may vary from small-area discoloration up 
to extensive defects with posteruptive enamel breakdown. Affected 
teeth are hypersensitive and prone to caries. Up to now, therapy 
of developmental hypomineralization has comprised prophylaxis, 
remineralization, desensitization, fissure sealing, restorative therapy, 
and tooth extraction. Infiltrant resin has been proved to penetrate 
into the hypomineralized enamel, however, to an unpredictable 
extent, pattern, and change in hardness.22 

Infiltrant resin has been shown to penetrate into enamel that 
is demineralized in the course of caries, whereas sound enamel is 
not penetrated by the infiltrant. The aim of this investigation was to 
test, if infiltrant resin is capable to penetrate into developmentally 
hypomineralized enamel. For this purpose, in vitro  resin infiltration of 
four extracted molars with developmental hypomineralization was 
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performed and evaluated in a qualitative analysis. Four extracted 
molars, free from caries or displaying initial fissure caries, served as 
control teeth.

cl I n I c A l cA s e Pr e s e n tAt I o n
A healthy male 17-year-old person with an uneventful medical 
history including the prenatal period, birth and childhood/
adolescence, and a negative family anamnesis with regard to 
dental abnormalities, presented four partially erupted third molars 
with clinical signs of developmental enamel hypomineralization 
(opacity, brownish, and creamy discoloration and rough surface 
structure affecting large parts of the occlusal and smooth tooth 
surfaces). All other patient’s teeth showed a yellowish color, and 
some showed white spot lesions on smooth surfaces (Fig. 1A). The 
occlusal surfaces showed signs of attrition (Fig. 1B). The radiographic 
examination revealed initial approximal and occlusal caries lesions 
in upper and lower premolars and molars (Fig. 1C). Oral hygiene 
was in need of improvement. For orthodontic reasons, all third 
molars were extracted (Fig. 1D). Domestic hygiene was intensified, 
caries lesions within enamel or the outer third of dentin in bitewing 
X-rays were infiltrated (Icon; DMG, Hamburg, Germany), and more 
profound lesions were treated by composite restorations. The 
patient was provided with an occlusal splint to prevent excessive 
attrition during the night. A regular recall for clinical examination, 
professional hygiene, and eventual radiographs has been arranged.

re s I n In f I lt r At I o n In VI t r o ;  MAt e r I A l s A n d 
Me t h o d s

Specimens
The described patient ’s extracted four developmentally 
hypomineralized third molars served as test teeth. Aside from 
clinical signs of developmental hypomineralization (discoloration, 
opacity and surface roughness), they were independently classified 
by two examiners as code 2 or 3 according to the International Caries 

Assessment System (ICDAS).23  Four surgically removed third molars 
of different persons, clinically caries-free or showing initial fissure 
caries (classified as ICDAS code 0–1 by the same examiners), served 
as control teeth. Immediately upon removal, teeth roots were cleaned 
by mechanical scaling and teeth were stored in distilled water.

Informed consent was obtained by the patients and/or the patients’ 
parents prior to the use of the removed teeth for research purposes. 
The principles outlined in the German Ethics Committee’s statement 
for the use of human body material in medical research were applied.24 

Infiltration
The infiltrant (Icon; DMG, Hamburg, Germany) was mixed with a 
fluorescent dye (Lumogen Orange; BASF, Ludwigshafen, Germany) 
to a concentration of 0.1% w/w with exclusion of light as described 
by Belli et al.25  Tooth infiltration was performed according to the 
Icon application guide (standard protocol, etching with 15% HCl gel 
for 120 s). The infiltrant was light cured for 40 s from each direction 
(450 mW/cm2 , 420–500 nm; Polylux, Sirona Dental Sytems).

Preparation for Imaging
After infiltration, the specimens were stored in distilled water for 
24 hours and then embedded in clear polymethylmethacrylate 
(PMMA; ProBase Clear, Ivoclar Vivadent, Schaan, Liechtenstein) in 
the form of cuboids.

To create slices of 500 μm, the blocks were cut in buccolingual 
direction (Band Saw 300/310 CL/CP; Exakt Apparatebau, Norderstedt, 
Germany). Each slice was superglued onto a microscopic slide  
(1733-0100 Sekundenkleber; Renfert, Hilzingen, Germany) 
and polished to approximately 200 μm thickness under water 
lubrication (Micro Grinding Machine 400CS; Exakt Apparatebau 
and Abrasive Discs Hermes WS flex 18 B P 800, WS flex 16 P 1000 
and WS flex C P 2500; Hermes Schleifmittel, Bad St. Leonhard im 
Lavanttal, Austria), finally rinsed with water.

One grinding per specimen showing the largest lesion 
extension was selected for infiltrant imaging. After the acquisition 
of high-resolution projectional radiographs and quantitative 

Figs 1A to D: A 17-year-old patient’s teeth with signs of developmental hypomineralization: (A) Enoral situation: yellowish teeth with white spot 
lesions. Oral hygiene in need of improvement; (B) Lower third molars not fully erupted. Occlusal surfaces of molars and premolars show signs of 
attrition; (C) Orthopantomogram: initial approximal and occlusal caries lesions in upper and lower posterior teeth; (D) Extracted test teeth (18, 28, 
38, and 48) with signs of hypomineralization. Note the increased opacity, dull surface, and discoloration. The teeth were subsequently affected 
by caries, classified as codes 2–3 according to the International Caries Detection and Assessment System (ICDAS)
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microcomputed tomography scans (micro-CT), the grindings were 
decalcified in 20% w/v ethylendiaminetetraacetic acid (EDTA) in 
phosphate buffer, pH 7.35 at 37 °C for 8 h for improved selective 
infiltrant imaging.

High-Resolution Projectional Radiography
High-resolution X-ray images from ground sections of molars 
mounted on glass slides were acquired using a microXCT-400 

(Carl Zeiss X-ray Microscopy, Pleasanton, CA, USA). Glass slides 
were mounted vertically in a clamp sample holder. Radiographs of 
whole grindings were captured at 80 kV source voltage and 100 μA 
intensity using a 0.4× optical magnification lens. The exposure time 
was 30 seconds, and the voxel size was 8.91 μm. Detail radiographs 
of caries lesions were captured using a 4× optical magnification lens 
with identical source settings and exposure time. The voxel size of 
detail images was 2.24 μm.

Figs 2A and B: Control tooth: (A) Radiograph shows demineralization in the outer half of enamel (E1); (B) Superimposition of radiography and 
fluorescence microscopy: there is a good congruence of demineralized and infiltrated areas

Figs 3A to F: Test tooth number 18: (A) Projectional radiograph shows enamel hypomineralization and caries with lesion extension into the 
intermediate third of dentin (D2); (B) Phantom-calibrated hydroxyapatite (HA) quantification visualizes enamel hypomineralization and carious 
decay; (C) Fluorescence microscopy reveals a consistent infiltration of hypomineralized enamel and also of decayed dentin; (D) Superimposition 
of images (A) and (C) points out congruence of patterns of hypo-/demineralization and fluorescent infiltration in enamel (E) and dentin (D);  
(E and F) Confocal imaging identifies the fluorescent signal within the dentin tubules penetrating far toward the pulpa
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Figs 4A to D: Test tooth number 38: (A) Reflected bright-field micrograph of decalcified grinding with orange infiltrant and incomplete filling 
of cavitation; (B) Radiograph visualizes enamel hypomineralization and caries with lesion extension into the outer third of dentin (D1); (C) 
Superimposition of radiography and fluorescence microscopy shows a consistent infiltration of hypomineralized enamel and the incomplete filling 
of a deep fissure base (white arrow) and of an enamel/dentin cavitation (black arrow); (D) Confocal fluorescence microscopy confirms lacunas in 
fissure base (white arrow) and in infiltrant-filled cavitation (black arrow) and depicts a consistent infiltration of dentin around/beyond cavitation

Quantitative Micro-CT
Quantitative micro-CT was performed in one representative 
grinding of a test tooth. A glass slide containing the grinding was 
wrapped in a tissue paper and mounted vertically in a cylindrical 
plastic sample holder. Quantitative micro-computed tomography 
was performed using a Scanco Medical μCT35 System (Brüttisellen, 
Switzerland) to assess mineralization of the tooth. Image acquisition 
was performed at 70 kV source voltage and 114 μA intensity with an 
angular increment of 0.18° between projections and an integration 
time of 6 seconds per projection. CT images were reconstructed in 
2048 × 2048 voxel matrices. The voxel resolution of reconstructed 
slices was 15 μm (isotropic). Mineral concentrations were measured 
from the reconstructed slices using the hydroxyapatite-phantom-
based densitometry calibration of the scanner.

Reflected Bright-field Microscopy and Widefield 
Fluorescence Microscopy
Decalcified grindings were covered with Fluoromount-G™ 
(SouthernBiotech, Birmingham, AL, USA) and imaged with a 
calibrated upright reflected light microscope (Zeiss Lumar V12, 0.8× 
NeolumarS lens; Zeiss, Oberkochen, Germany) equipped a with 
halogen illumination and a high-pressure mercury lamp; fluorescent 
emission was detected with GFP filter sets (excitation bandpass 
450–490 nm; emission bandpass 515–565 nm) and images acquired 
with a Zeiss Axiocam HRc at 3900 × 3090 pixel resolution using Zeiss 
Axiovision release 4.8. All measurements were performed with the 
tools of this software and images exported as.tiff files.

Correlative Analysis
High-resolution projectional radiography and wide-f ield 
fluorescence microscopy images were manually aligned using the 
Adobe Photoshop 6 with transparent layers and the free transform 

tool. By superimposition, the pattern of hypo-/demineralized areas 
in radiographs was correlated with the pattern of fluorescent 
infiltration in the corresponding microscopic images.

Confocal Laser Scanning Microscopy
Decalcified grindings were mounted with Fluoromount-G and 
a coverslip. Maximum fluorescent emission was interactively 
identified with excitation using the 405, 488, 546, and 633 nm 
laser lines and spectral detection of the emission with the Meta 
module of a Zeiss LSM 510 Meta (Zeiss, Oberkochen, Germany) 
using ZEN 2009. The 488-nm excitation proved to be most 
suitable, the fluorescence emission was collected from 530 to 
600 nm and 647 to 754 nm at pinhole = 2 Airy units. A Zeiss 
Apochromat 20 × 0.8 and 40 × 1.3 served for high-resolution 
scans in 1024 × 1024 pixels. The pixel resolution was 0.22 μm × 
0.22 μm × 1.19 μm for 40× and 0.62 μm × 0.62 μm × 7.27 μm for 
20×. Fluorescence as well as transmission channels were recorded 
and digital offsets adjusted with the range indicator tool of the 
acquisition software.

re s u lts

Extension of Hypo-/Demineralized Lesions
High-resolution Projectional Radiography
In control teeth, any carious demineralization was confined to 
enamel (Fig. 2A).

Test teeth revealed extensive distinct areas of hypomineralized 
and/or carious enamel and extension of caries into the outer (D1) 
or intermediate third of the dentin (D2) (Figs 3A, 4B, 5A and B). A 
clear differentiation of developmentally hypomineralized from 
(subsequently) carious enamel is not possible: both are depicted 
as hypodense areas.
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Figs 5A to F: Test tooth number 48: (A) Radiograph of the whole ground section shows lesion extension into the outer third of dentin (D1); (B) 
Higher magnified radiograph; (C) Reflected bright-field micrograph of the decalcified grinding visualizes infiltration of hypomineralized enamel 
and carious enamel and dentin; (D) Superimposition of radiography and widefield fluorescence light microscopy images reveals a consistent 
infiltration of hypo-/demineralized enamel and dentin, even beyond the cavitated area; (E) Confocal fluorescence microscopy better visualizes 
infiltration depth; (F) Maximum intensity projection of a confocal image stack with 488 nm excitation, red and green emission filtered detection 
superimposed, showing (D) dentin; penetration of the infiltrant: vertical dentin tubules and delicate horizontal side channels (arrows) are filled 
with the fluorescent infiltrant; (E) Enamel

Quantitative Micro-CT
In one test tooth with lesion extension D2, hypo-/demineralized 
enamel areas and carious dentin lesions and cavitations were 
assigned to the contained amount of hydroxyapatite, ranging from 
1800 mg/cm3  in areas of apparently unaffected enamel to zero  
mg/cm3  in cavitations by a color code (Fig. 3B).

Penetration Capability of the Low-viscosity Resin

Wide-field Fluorescence Microscopy
In control teeth, fluorescence microscopy depicted infiltrant 
penetration of demineralized enamel areas, whereas sound enamel 
showed no resin infiltration.

In test teeth, a consistent infiltration of hypomineralized and 
carious enamel areas by the fluorescent infiltrant, and infiltration of 
adjacent demineralized dentin could be proved. Even larger dentin 
cavitations were filled by the infiltrant, although in some cases, filling 
of cavitations was only partial. Nevertheless, a consistent dentin 
infiltration beyond and around cavitations was found (Fig. 3C).

Correlative Analysis
In control teeth, superimposition of high-resolution radiography 
and wide-field fluorescent light microscopy images showed 

congruence of the patterns of enamel demineralization and resin 
infiltration (Fig. 2B).

In developmentally hypomineralized test teeth, congruence 
of both areas of enamel hypomineralization/caries and areas of 
decay within dentin (displaying a reduced density in micro-CT) with 
the pattern of infiltration could be proved by superimposition of 
projectional radiography and fluorescent light microscopy images 
as seen in Figures 3D, 4C and 5D. Enamel and dentin cavitations 
were filled by the infiltrant, partly with some lacunas within the 
infiltrant and between the infiltrant and the enamel or dentin left 
blank (Fig. 4C). A consistent infiltration of dentin around and beyond 
cavitations could be seen. The bases of deep and shallow fissures 
remained partly unfilled by the fluorescent infiltrant (Fig. 4C).

Confocal Laser Scanning Microscopy
By confocal fluorescence microscopy, more detailed information 
about the infiltrant’s abilities was obtained: a consistent infiltrant 
penetration of dentin tubules around and far beyond cavitations up 
to a depth of two millimeters could be proved (Figs 3E, F and 5E). Even 
most delicate side channels were filled with the infiltrant (Fig. 5F).

Confocal laser scanning microscopy also provided an improved 
visualization of the incomplete filling of cavitations and fissure 
bases (Fig. 4D).
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dI s c u s s I o n
The masking effect of infiltration therapy on fluorosis and 
hypoplasia stains has been described in some case reports 
and case series,12 – 14  and has been evaluated in nonrandomized 
studies or randomized clinical trials.9 , 26 , 27  However, little research 
has been published with regard to resin infiltration depth in 
developmentally hypomineralized enamel, and results were 
considered unpredictable in respect of infiltration depth and 
change in microhardness.22 , 28 

In the present investigation, one extracted developmentally 
hypomineralized tooth was used to measure hydroxyapatite 
density by means of quantitative micro-CT. It showed an overall 
reduced content of HA around 1800 mg/cm3  in subsurface enamel, 
as compared to the average HA content of 2650 to 2860 mg/cm3  
assessed in sound enamel.29 

In demarcated enamel areas with a higher degree of 
hypomineralization, a consistent resin infiltration could be proved 
by use of a standard infiltration protocol. Also in control teeth, 
resin infiltration was limited to demineralized enamel areas (initial 
fissure caries). Thus, the hypothesis tested in this investigation 
was affirmed. The resin infiltrant’s capability to penetrate into 
developmentally hypomineralized enamel is commensurable to its 
capability to penetrate into enamel demineralized by carious decay.

Resin infiltration has been conceived for noncavitated 
enamel lesions. Even so, under in vitro  conditions, enamel and 
dentin cavitations of hypomineralized (and subsequently carious) 
teeth were filled by the infiltrant, though partly not completely. 
Furthermore, without any preceding dentin conditioning, the 
infiltrant consistently filled dentin tubules and even delicate side 
channels around and far beyond cavitations.

Modification of the standard infiltration protocol by an increase 
of etching time or a modified application of the etching agent by 
brushing has shown to improve infiltration depth in carious enamel 
lesions and fissure caries,11  and might also enhance infiltration of 
hypomineralized enamel. Further, oxidative pretreatment with 
5.25% sodium hypochlorite plus infiltration has been proved to 
effect an increase in microshear bond strength in hypomineralized 
enamel30  and may facilitate subsequent composite restorations, if 
necessary.

co n c lu s I o n
In this in vitro  case study, developmentally hypomineralized enamel 
lesions were successfully infiltrated with low-viscosity resin.

Resin infiltration might be considered as a routine procedure in 
the treatment of developmentally hypomineralized teeth. Further 
investigations with higher sample sizes from different patients, with 
different degrees of severity and stages of lesion extension, and also 
the use of modified treatment protocols are needed.
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