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 8 

Minimally interventive restorative care of teeth with Molar-Incisor Hypomineralization and open apex - 9 

a 24-month longitudinal study 10 

 11 

Summary 12 

Aim: To assess the efficacy of treatment using a minimally invasive approach (selective removal of carious 13 

tissue, restoration and preventive strategies) in immature permanent molars with MIH.  14 

Design: 281 patients, aged 6-8 years, with carious lesions (ICDAS 5-6), severe MIH, and incomplete root 15 

formation (one tooth/patient) were included. After clinical and radiographic examinations, selective carious 16 

tissue removal was performed, and the teeth received interim restoration for six months and were then restored 17 

with composite resin. Clinical and radiographic follow-up was undertaken, 6, 12, 18 and 24 months. A protocol 18 

of preventive oral care measures was established and repeated at each follow-up, including diet counseling, oral 19 

hygiene instruction, dental plaque control and topical application of fluoride varnish containing CPP-ACP. All 20 

clinical procedures and evaluations were done by a single operator. 21 

Results: Clinical and radiographic success was observed 24 months after treatment in 96.8% of the cases. 22 

Failures were due to enamel fracture at restoration margins, resulting in pulpitis and absence of apex closure.  23 

Conclusion: Selective removal of carious tissue, interim and subsequently definitive restoration, combined with 24 

home and professional preventive measures, maintained marginal integrity of restorations in immature 25 

permanent molars with severe MIH, confirmed by pulp vitality and occurrence of apexogenesis.  26 

 27 

Key Words: molar incisor hypomineralization; MIH; selective removal of carious tissue; apexogenesis; open 28 

apex 29 

 30 

Introduction 31 

Molar-incisor hypomineralization (MIH) is described as a clinical enamel hypomineralization, with 32 

demarcated, qualitative development defects related with systemic factors, affecting 1-4 permanent first molars 33 

and, frequently associated with affected incisors [1].  34 

Although its etiology is unknown, MIH unlikely to be caused by a single etiological factor, more likely 35 

is a combination of systemic and external factors [2, 4]. Factors may include maternal medical conditions during 36 

pregnancy, genetic susceptibility, and childhood illness, including pyrexia [3, 4]. Additionally, MIH may be 37 

linked to a contemporary lifestyle or environmental reasons [5]. Also, a positive relationship exists between 38 

MIH and dental caries experience, especially as the severity of MIH increases [6, 7].  39 
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MIH severity can be classified as mild (basically no enamel breakdown) or severe (enamel breakdown 40 

and caries) in order to help treatment planning for best prognosis [8]. Drive cases of patients with MIH is 41 

challenging to both patient and clinician, especially in severe cases, as the clinical manifestation and need for 42 

wide range of intervention and there is no consensus for the ideal treatment for these teeth. A recent literature 43 

review concluded that the most adequate restorative procedures for managing severe MIH are direct resin 44 

composite restorations, indirect restorations or treatment with metal crowns. Still according this same systematic 45 

review, the materials used to MIH treatment with the highest annual failure rates were fissure sealants (12±6%) 46 

and glass ionomer restorations (12±2%), while the lowest values were for treatments with indirect restorations 47 

(1±3%), metal crowns (1.3±2.1%) and composite restorations (4±3%). However, strong recommendations 48 

cannot yet be made based on the limited current evidence-base [9]. 49 

At the same time, before the restorative phase, in order to reduce the risk of pulp exposure during 50 

carious tissue removal, it’s important adopt a minimally invasive approach. Particularly in permanent molar 51 

teeth with deep carious lesions and incomplete root formation, when pulp exposure occour during tissue 52 

removal could compromise the pulp health and initiate the need for complex endodontic treatment that includes 53 

apexification procedures; or lead to extraction [10].  54 

The purpose of the present longitudinal study was to evaluate, both clinically and radiographically, the 55 

efficacy of treatment using a minimally invasive approach (selective removal of carious tissue, restorative 56 

treatment and preventive strategies) in immature permanent molars with MIH. 57 

 58 

Materials and Methods 59 

 60 

  Initially, the study was submitted and approved by the Ethics Committee of the Catalan 61 

Health Institute (P12/109). The children's legal guardians signed the written informed consent form. Participated 62 

in this study 326 patients of both sexes (172 boys and 154 girls) aged 6 to 8 years, having teeth with MIH. All 63 

clinical and radiographic procedures and evaluations were performed by one experienced trained and calibrated 64 

operator (Kappa>0.8) (P.G.H. – first author).  65 

One tooth per patient was selected, being a maxillary or mandibular first permanent first molar with 66 

open apex (Nolla stage until 9) presenting severe MIH [8] and associated carious lesions with occlusal surface 67 

impairment, with or without proximal surfaces involvement (185 teeth ICDAS scored 5 and 141 teeth ICDAS 68 

scored 6). During clinical and radiographic examination, the included teeth presented positive pulp sensibility, 69 

using a thermal refrigerant spray (Hygenic® Endo-Ice®; Coltene, Cuyahoga Falls, OH, USA); negative history 70 

of spontaneous or prolonged pain; negative response to percussion test; and clinical and radiographic absence of 71 

abscess or apical periodontitis. Initial periapical radiographic images were obtained using a digital radiograph 72 

system (Planmeca ProX with the Planmeca ProSensor digital sensor system; Helsinki, Finland). 73 

After anesthesia and teeth isolation with rubber dam, enamel preparation was performed using a 74 

round diamond bur in a high-speed handpiece (8830RL Komet Dental; KaVo Dental, Lemgo, Germany). 75 

Removal of carious dentinal tissue on cavity walls was performed using a tungsten carbide rotatory bur (H1SE 76 

Komet Dental, Lemgo, Germany). Next was performed the selective removal of carious tissue, the soft and 77 

leathery dentin remaining on the pulpal floor was removed gently and with no pressure with an excavator 78 

(#70/71; American Eagle Instruments; Missoula, MT, USA), according to the hardness-tactile criteria (hardness 79 
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to probe) [11]. Following, in order to reduce the amount of residual cariogenic bacteria in the dentinal tubules of 80 

coronal dentin, was performed the cleansing of the cavity with a cotton soaked with sodium hypochlorite 81 

(CanalPro 3%; Coltene, Altstätten, Switzerland) [12]. After rinsing with triplex water, the remaining moisture 82 

was removed with a sterile cotton tip onto the cavity walls.  83 

The cavity was then restored with glass-ionomer cement (EQUIA, GC Corporation, Tokyo, Japan) 84 

and another digital periapical radiograph was taken. After six months, the interim restoration was removed 85 

leaving a thin residual glass-ionomer layer. The tooth was then restored with resin composite (Scothbond 86 

Multipurpose adhesive and FiltekTM Supreme XTE; 3M/ESPE, St. Paul, MN, USA), extending the restorative 87 

material to an area of sound enamel along the cavosurface angle.  88 

After the periods of 6, 12, 18 and 24 months after initial treatment, the teeth were clinical and 89 

radiographic examineted, according to the following criteria: presence/absence of sensitivity to percussion, pulp 90 

sensibility, using a thermal refrigerant spray (Hygenic® Endo-Ice®); peripheral enamel and restoration 91 

marginal integrity; presence or absence of radiographic features (resorptions, thickening of the lamina dura, and 92 

apical radiolucency); and continued apical development. At each time point, if any clinical or radiographic 93 

alteration was detected, the tooth was not submitted to further evaluations and classified as a failure. The 94 

outcomes in the study included integrity of the restoration and peripheral enamel, normal response to pulp 95 

sensitivity test (refrigerant spray), absence of sensitivity to percussion, absence of radiographic features 96 

(resorptions, thickening of the lamina dura, and periapical lesions), and apical development and apexogenesis 97 

(to apex closure) in immature permanent molars with MIH.  98 

During the 24-month experimental period, at every clinical follow-up, different preventive procedures 99 

were implemented in order to stabilize caries activity and favor the remineralization process. These procedures 100 

included: diet counseling, oral hygiene instructions, dental plaque control using a plaque disclosing agent (GC 101 

Tri Plaque ID Gel, GC Corporation, Tokyo, Japan) and professional topical application of fluoride varnish, 102 

material containing casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) (MI Varnish™ with 103 

RECALDENT™ - CPP-ACP; GC Corporation, Tokyo, Japan). In addition, the patients and/or parents were 104 

instructed to routinely use a pea size amount of a fluoride-containing dentifrice on the surface of the affected 105 

teeth at bedtime, without mouth rinsing.  106 

After 24-month of follow-up was calculated the percentage of clinical and radiographic success and 107 

failure. Kaplan-Meier survival analyses were also performed to evaluate the survival rate, using GraphPad Prism 108 

5.0a package (GraphPad, San Diego, CA, USA). 109 

 110 

Results 111 

A total of 281 patients (86.2%) completed the 24-month study follow-up, and 45 patients (13.8%) left 112 

the study after the initial visit (Figure 1 and Table 1). The mean age of the children was 7 years and 4 months.  113 

In 272 teeth (96.8%), clinical and radiographic success (no pain, integrity of the restoration margins, 114 

and absence of pathological radiographic alterations) was observed at all time-points up to 24 months follow-up 115 

after the selective carious tissue removal technique and restoration plus preventive measures. Apexogenesis with 116 

physiological closure of the root apex was detected in all 272 successful cases (Figure 2).    117 
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The nine cases of failure (3.2%) presented enamel fracture at the restorative margin with consequent 118 

pulpitis and absence of apical closure. Endodontic treatment was performed in these cases. Table 2 describes the 119 

results obtained after different timepoints evaluation.  120 

Figure 3 shows the Kaplan-Meier survival curve of the selective removal of carious tissue and 121 

restoration plus preventive measures in immature permanent molars. The 24-months survival rate was 99.07 %. 122 

 123 

Discussion 124 

 125 

The presence of MIH and dental caries is known to be closely related [6, 7], possibly due to the 126 

affected enamel already missing considerable mineral content, predisposing it to post-cariogenic challenge 127 

cavitation; and post-eruptive breakdown related to the lower enamel strength, predisposing the enamel to plaque 128 

accumulation and subsequent demineralization [7]. Carious lesions are frequently observed in very young 129 

children with immature teeth affected by MIH, such as those used in the present study. 130 

The intense pain reported by patients with severe MIH, the frequent difficulty in achieving pain 131 

control during treatment, the extensive coronal destruction and the rapid carious lesion progression [2] may lead 132 

to excessive removal of dental tissue and misdiagnosis of the actual pathological status of the pulp. This may 133 

result in unnecessary endodontic treatment or extraction [2, 13]. Therefore, to preserve as much healthy dental 134 

tissue as possible, it is important to adopt minimally invasive clinical techniques. A systematic review and meta-135 

analysis [14] concluded that incomplete carious tissue removal, particularly when dealing with deep carious 136 

lesions, reduces the risk of pulp exposure, improving the prognosis of the tooth [14]. The results of the present 137 

studydemonstrated that after selective carious tissue removal in teeth with MIH and open apex, pulp vitality was 138 

maintained, evidenced by continued root development and physiological apical closure was observed. To the 139 

best of our knowledge, there are no studies evaluating the maintenance of pulp vitality and the physiological 140 

apexogenesis in immature permanent molars with MIH as outcomes of selective removal of carious tissue and 141 

restoration in combination with a preventive oral care protocol. 142 

Several treatment approaches have been proposed for teeth with severe MIH [2, 3, 15]. In the present 143 

work, a minimal intervention treatment protocol for severe MIH cases was established, involving the selective 144 

removal of carious tissue, filling of cavities using glass ionomer cement for six months followed by definitive 145 

restoration with composite resin in combination with preventive home and professional oral care measures. 146 

According to the clinical parameters established for this protocol, a high clinical and radiographic success rate 147 

(96.8%) was achieved after 24 months, which is a relevant result from a clinical standpoint. Materials 148 

containing CPP-ACP, such as used in the present study, provide a supersaturated environment of minerals such 149 

as  phosphate and calcium on the enamel surface, enhancing remineralization [3]. These have been 150 

recommended for MIH cases [2, 16]. 151 

The authors agree with Lygidakis et al. (2010) [3], who state that the prevention of dental caries is 152 

very important, because caries and postoperative breakage are more likely to occur in affected teeth, especially 153 

due to its higher porosity, mineral density and hardness. If the prevention measures are efficient, a more 154 

favorable oral environment is created for the occurrence of remineralization, reducing the caries risk. According 155 

to Crombie et al. (2013) [17], caries remineralizing agents increase mineral content and decrease porosity in 156 

teeth with MIH, demonstrating that the mineral content in these teeth can be improved. 157 
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Also, the enamel porosity in MIH could facilitate the penetration of bacteria through the dentinal 158 

tubules, resulting in subclinical pulpal inflammation [18]. However, MIH hypersensitivity is not only related to 159 

carious lesions, as Raposo et al. (2019) reported significant association between MIH and air blast and tactile 160 

stimuli [19]. Some treatments have been suggested in order to improve the hypersensitivity, such as Nd:YAG 161 

Laser [20], CPP-ACP [21] and desensitizing products [22]. 162 

An important factor that certainly increases the reliability of the obtained results is that, in the present 163 

study, a single researcher with extensive experience in diagnosis, operative/restorative procedures and 164 

clinical/radiographic follow-up of cases was the sole clinician. This fact minimized the interference of 165 

confounding factors on the results, which may occur in multicenter studies, where various operators perform 166 

these procedures.  167 

According Dhareula et al., 2019 [23] there is no agreement on the best restorative treatment options 168 

for severe MIH with hypersensitivity and post-eruptive breakdown. There are many restorative options available 169 

for these patients, including: Glass-ionomer cement and composite resins [3]. In this present study glass-170 

ionomer cement was used as an interim restoration material, before the permanent restoration. In combination 171 

with diet counseling, oral hygiene instructions, dental plaque control, and professional application of fluoride, 172 

the interim restoration was used in order to improve the oral environment conditions, enhancing 173 

remineralization and subsequently reduce the caries risk. According to the results obtained, it was observed that 174 

the adoption of these approach showed a high efficacy, since was observed almost 96.8% of success. Also, was 175 

observed no pain, integrity of the restoration margins, and absence of pathological radiographic alterations. 176 

In the present study, resin composite was used as the restorative material in order to minimize removal 177 

of dental tissue. Resin composites seem to be the most suitable material for direct restorations in MIH cases, 178 

once this material doesn’t need retentive preparations in order to bond to the enamel [9], requiring only the use 179 

of adhesive system such as self-etching or total-etch [24]. However, adhesion of the restorative material is 180 

decreased on the soft, hypomineralized enamel of teeth with MIH, therefore the risk of early loss of restorations 181 

and development of carious lesions at the restorative margin is much higher [2]. Possibly, the high success rate 182 

obtained in the present study (96.8%) is associated to the improvement of the oral environment conditions, 183 

which favors remineralization and enhances the quality of enamel, as a result of the preventive oral care 184 

measures and periodic evaluation of the resin composite restorations at follow-up visits. Additionally, care was 185 

taken to extend the resin composite to sound enamel along the entire cavosurface angle, as recommended by 186 

William et al. (2006) [25], which putatively allowed an adequate marginal seal of the cavity.  187 

It is important to consider that rehabilitation related to teeth with MIH could be challenging for the 188 

clinician; especially issues related to enamel-adhesive interface. The enamel of affected teeth is more porous, 189 

favoring enamel breakdown and decreasing bond strength [9]. Besides that, our results showed only a few cases 190 

(3.2%) with marginal restorative breakdown. In order to improve the adhesion of restorative materials with 191 

enamel surface from teeth with MIH, some alternatives have been proposed. CPP-ACP for example, can 192 

improve mineral density of the enamel of MIH lesions, improving the final result of the restoration [16]. 193 

Another possibility is the removal of protein from the affected surface with 5% sodium hypochlorite to increase 194 

bond strength [26]. 195 

Despite the intrinsic limitations of clinical studies, it may be concluded that selective removal of 196 

carious tissue followed by interim glass ionomer cement and resin composite restorations with a glass ionomer 197 
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cement layer underneath, in combination with home and professional preventive measures, resulted in marginal 198 

integrity in 96.8% of the cases in immature permanent molars with severe MIH. This was confirmed by the 199 

maintenance of pulp vitality and incidence of physiological apical closure (apexogenesis) within a 24-month 200 

period.   201 

 202 
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 205 

Bullet Points  206 

 The management of MIH is challenging, especially in cases of immature permanent molars.  207 

 This study supports the use of a minimally invasive approach in order to reduce the risk of pulp 208 

exposure.  209 
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Table 1 - Number of failure per time period, failure rate and survival rate at each analyzed time period, after 276 

selective removal of carious tissue and restoration plus preventive measures in immature permanent molars 277 

 278 

Table 2 - Causes of failures and periods of occurrence, after selective removal of carious tissue and restoration 279 

plus preventive measures in immature permanent molars 280 

 281 

Figure Legends 282 

Figure 1. Flow diagram of = intervention and follow-up. 283 

 284 

Figure 2. (A) Initial periapical radiograph showing caries lesion and incomplete root formation; (B) Clinical 285 

aspect showing severe MIH; (C) Interim restoration with glass ionomer cement; (D) Periapical radiograph after 286 

the 24-month postoperative evaluation showing integrity of the lamina dura and occurrence of physiological 287 

apical closure (apexogenesis). 288 

 289 

Figure 3. Kaplan–Meier survival curve for the selective removal of carious tissue and restoration plus preventive 290 

measures in immature permanent molars.  291 
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Table 1 - Number of failure per time period, failure rate and survival rate at each analyzed time period, after 

selective removal of carious tissue and restoration plus preventive measures in immature permanent molars 

 

Months 
Number of failure 

per time period  
Failure rate Survival rate 

2 months 1 0.071% 99.929% 

6 months 3 0.338% 99.662% 

12 months 5 0.929% 99.071% 

18 months 0 0.929% 99.071% 

24 months 0 0.929% 99.071% 
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Table 2 - Causes of failures and periods of occurrence, after selective removal of carious tissue and 

restoration plus preventive measures in immature permanent molars 

 Periods of Evaluation (months) 

6 12 18 24 

Clinical Failure n = 4 

(Pulpitis with 

spontaneously 

pain) 

_ _ _ 

Radiographic Failure _ n = 5 

(Apical 

periodontitis) 

_ _ 

Failure of Integrity of the 

restorations and peripheral 

enamel 

n = 4 

(Enamel 

fracture on 

restoration 

margins) 

n = 5 

(Enamel 

fracture on 

restoration 

margins) 

_ _ 

Absence of Apical Closure n = 4 

 

n = 5 

 

_ _ 
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