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3D X-ray microscopic study of the extent of
variations in enamel density in first permanent
molars with idiopathic enamel
hypomineralisation
J. Fearne,1 P. Anderson2 and G. R. Davis3

Objective To measure mineral concentration distributions within teeth
with idiopathic enamel hypomineralisation, a condition in which
developmental defects are seen in first permanent molars, and/or
incisors. 
Design X-ray microtomographic and 3D x-ray microscopy. 
Setting UK University, 2001.
Materials and methods X-ray microtomographic measurements of
the extent of hypomineralisation in two affected molars and two
contralateral controls extracted from the same patient.  
Results The control molars were visibly normal. The affected molars
showed hypomineralised yellow opaque enamel with regions of
breakdown. X-ray microtomographic images showed; a 20% reduction
in mineral concentration of affected enamel (most cases involved full
enamel thickness); hypomineralised enamel had a mineral
concentration gradient opposite to that of normal enamel; regions of
hypomineralisation distributed randomly throughout affected teeth,
(apart from cervical region which was less severely affected). 
Conclusions The pattern of mineral concentration suggests a
disturbance during the maturation process. Differences in susceptibility
of the ameloblasts during different stages of dental development may
explain the asymmetric distribution of the defects. Topical fluoride
applications may help promote post eruption maturation of the surface
layer in these teeth. The use of fissure sealants and adhesive materials
appears to prevent further breakdown.

Developmental defects of enamel may be classified as either
hypoplasia or hypomineralisation. Hypoplasia occurs as a result
of a disturbance to the ameloblasts during matrix secretion. This
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may appear clinically as pits, grooves or areas of missing enamel.
Hypomineralisation occurs once the full thickness of enamel
matrix is laid down, either as a result of a disturbance during ini-
tial calcification or during maturation. In some cases both exist
together and it may be difficult to distinguish between true
hypoplasia and posteruptive breakdown of hypomineralised
enamel. 

The common causes of enamel defects include: inherited (as in
amelogenesis imperfecta1); excess fluoride intake2; and a sys-
temic upset during amelogenesis.2,3 However, in some cases, the
aetiology is unknown and the condition is termed ‘idiopathic
enamel hypoplasia (IEH)’. IEH usually manifests as hypominerali-
sation or hypoplasia of one or more permanent molars with or
without opacities of one or more permanent incisors. The term
molar-incisor hypomineralisation (MIH) is preferred by some
authors.4

IEH was first reported in Sweden in the late seventies with a
peak incidence in children born in 1970 (reviewed in Koch et
al.5). More recently, Jalevik et al.6 reported that 15% of Swedish
children had this condition, and Leppaniemi et al.7 reported that
19% of Finnish children were affected. Although the distribution
of the defect suggests a chronological disturbance during the
first few years of childhood, in most cases there is no obvious
medical history to support this. Beentjes et al.4 suggested that
affected children may have suffered more episodes of illnesses
such as otitis media or high fever, but more research is needed to
confirm this. 

Child patients with IEH provide a challenge for both the clini-
cian and the scientist. The teeth are often very sensitive and may
show rapid breakdown. In some cases early extraction of these
teeth is the treatment of choice. 

Little is known of the microscopic structure of teeth with
developmental defects. Microscopic studies of teeth from the
hypoplastic type of amelogenesis imperfecta and the hypominer-
alised types have shown that both hypomineralisation and
hypoplasia often occurred simultaneously.8 Fearne et al.9 showed
that some primary teeth with chronological hypoplasia extracted
from children with neonatal illness have reduced mineral concen-
trations of up to 10%. 

● Idiopathic enamel hypomineralisation (IEH), also known as molar incisors hypomineralisation (MIH) is a
condition of unknown aetiology in which enamel defects are seen in one or more first permanent
molars usually with one or more incisors affected.

● Laboratory studies were carried out on 2 affected and 2 apparently normal first permanent molars
extracted from the same patient with IEH.

● Hypomineralised enamel was randomly distributed throughout the crowns of the affected teeth with a
mineral concentration up to 20% lower than normal and a gradient form ADJ to surface reverse that of
normal enamel. 

● Post-eruptive breakdown of hypomineralised enamel did not occur in the fissure sealed tooth.
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Suga10 described four types of hypomineralisation and related
them to the developmental stages of the ameloblasts listed below: 
Type 1: Hypomineralisation associated with hypoplasia (ie reduced

amount of enamel matrix). Ameloblasts damaged during matrix
secretion but cannot recover maturation potential. 

Type 2: Slight hypomineralisation in the matrix in the interior
layer. Disturbance of matrix degredation process.

Type 3: Hypomineralisation of entire width except innermost
layer. Disturbance during early maturation (transitional stage). 

Type 4: Hypomineralisation mainly in the outer layer. Damage
during middle or late stage of maturation. 

It was proposed that the most vulnerable cell is the transitional
ameloblast as it changes from a secretory ameloblast to a maturation
ameloblast. These cells may not recover full maturation potential,
leading to full thickness hypomineralisation. However, less vulnera-
ble cells affected at an earlier or later stage may recover some matu-
ration properties leading to further mineralisation in certain regions.

The aim of this study was to measure the extent and the distri-
bution of mineral concentration in four first permanent molars
which had been extracted from a child with IEH/MIH. This was
carried out using x-ray microtomography (XMT), a non-destruc-
tive x-ray absorption microscopic technique for 3-D visualisation
of specimens, as well as direct quantitative linear and densitomet-
ric measurements within the images. 

MATERIALS AND METHODS
Four first permanent molars were extracted from a 9-year-old girl
as part of an orthodontic treatment plan. The teeth were stored in
plastic containers containing tap water prior to imaging. Detailed
descriptions of all four teeth studied are shown in Table 1.

X-ray microtomography (XMT) is a miniaturised version of the
well-known technique of whole body scanning which is now
being used extensively in hard tissue dental research (examples
have appeared in this journal11,12). Transmission x-ray images of
the specimen are recorded using a scintillation screen coupled to a
CCD camera. Images are repeatedly taken as the specimen is rotat-
ed through 360 degrees (1,201 in total). The response of the trans-
mitted X-ray image capture system is precalibrated with a 10-step
aluminium step wedge. The data are collected whilst the specimen

is immersed in fluid, so there are no drying artefacts. The time
taken for data collection of the molars used in this study was 18 h.
The data were then reconstructed and processed for quantification
as previously described.13

During data collection, each tooth was located inside a plastic
syringe and kept firmly in place by depressing the syringe plunger
lightly in contact with the top of the tooth in order to prevent
motion of the specimen. The syringe tube was filled with deionised
water and then mounted onto the rotation axis of the XMT stage.
XMT images were taken of all the specimens. Typical size of the raw
data sets was 2.5 Gbytes. After reconstruction, the image dataset was
0.5 Gbyte. The image datasets were visualised and analysed using
Amira 2.3 (TGS Inc. San Diego, Ca). 

In this study, 3D data sets of mineral concentration values with-
in the whole uncut tooth specimens were obtained at a resolution
of 15.221 µm. Image slice data, cut at orientations selected by the
user can be obtained of sections 1 voxel thick (thickness 15.221
µm) which appear similar to contact microradiographs. These XMT
sections are maps of mineral concentrations values at each voxel
in the image. Mineral concentration profiles along selected lines
can then be obtained from these sections. Other mathematical
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Fig. 1 Clinical photographs
showing yellow-brown
enamel opacities of the
study tooth (a occlusal, b
distal, c buccal). Also
shown (d) is a surface
rendered view of the XMT
dataset revealing a well
demarked region of lower
mineral concentration
(arrow) corresponding to
the hypoplasia/ breakdown
seen in the clinical
photographs. 

Table 1  Description of the extracted first permanent molars used in the study.
Tooth Description Clinical appearance Illustration 

Study tooth Yellow / brown opaque enamel. 
Right maxillary Hypoplasia or breakdown of 

enamel from the disto-occlusal 
surface

Control tooth Apparently normal enamel.
Left maxillary No obvious areas of hypoplasia 

or opacitiy.
Stained fissures.

Fissure sealed tooth Yellow / brown opaque enamel.
Right mandibular Fissure sealed.

Amalgam filled tooth Apparently normal enamel.
Left  mandibular Occlusal amalgam restoration.



RESEARCH

636 BRITISH DENTAL JOURNAL  VOLUME 196 NO. 10 MAY 22 2004

tine underlying affected enamel compared with that underlying
the apparently normal enamel.

Figure 2c is a grey-level XMT section taken in the sagittal plane
which shows that the hypomineralised enamel extends throughout
most of the crown except for the cervical region. 

Control tooth
Figure 3a is a pseudo-colour XMT axial section taken through the
control tooth which showed no obvious hypomineralised enamel.
The line profiles ab and cd show a gradient in mineral content
increasing from the ADJ towards the surface (Fig. 3b) as expected.
Figure 3c is a grey-scale XMT section in the sagittal plane of the
control tooth which shows reduced mineral concentration in the
fissures, probably associated with carious fissure lesions. 

Fissure sealed tooth
Figure 4 is a montage of a sagittal and an axial grey-level XMT
section through a fissure sealed tooth showing hypomineralised
enamel similar to that seen in the study tooth. However, there
was no indication of the breakdown of the enamel seen in the
study tooth, nor any indication of fissure caries. 

Amalgam tooth four
The amalgam restoration was so highly x-ray absorbent that no
meaningful information could be obtained. 

DISCUSSION 
Visual inspection revealed that not all four molars were equally
affected, as even within the same tooth there were regions of
affected and apparently normal enamel. Where clinically opaque

operations can be performed on the 3D image datasets, for exam-
ple, surface rendering, in which all adjacent voxels with the same
mineral concentration are joined by a surface. Surface rendered
images can be ‘rotated’ for viewing using computer display and
visualisation packages. 

RESULTS 
Study tooth
Colour photographs and a surface rendered XMT image of the
study tooth are shown in Figure 1. The similarity of the XMT image
(d) to the photograph (b) is readily apparent.

A pseudo-colour XMT section (axially cut) through the mid-
crown region of the study tooth is shown in Fig. 2a. This shows
areas of lower mineral concentration in all but the mesial region.
In the most severely affected regions, as along line CD, there is
lower mineral concentration across the full thickness of the enam-
el, but in other regions, only the innermost enamel is affected (E).
Mineral concentration line profiles through the apparently normal
enamel in the mesial region (line AB) and through a hypomoiner-
alised region (line CD) are shown in Figure 2b. These show reduced
mineral concentration of up to 20% in the enamel region along
line CD compared with the apparently normal enamel along line
AB. Also, there is a demonstrable gradient in the mineral concen-
tration in the hypomineralised region from ~2.3 g cm-3 at the ADJ,
reducing to ~1.9 g cm-3 in the subsurface enamel, but with a more
mineralised surface layer (although the surface enamel is still not
quite as mineralised as the apparently normal enamel). Note the
direction of the gradient is reversed compared with that seen in
normal enamel which increases from the ADJ to the surface.14

There was no difference in the mineral concentration of the den-

Fig. 2a Pseudo-
colour XMT axial
section of study
tooth. The colour
scale shows values
of mineral
concentration in g
cm-3. The image
was scaled to
show mineral
concentrations
within the values
shown in order to
highlight the
hypomineralised
enamel. 
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Fig. 2b Mineral
concentration
profiles along lines
AB and CD shown in
Fig. 2a

Fig. 2c Grey-
scale XMT
sagittal section
of study tooth.
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enamel was seen, this seemed to affect all levels of the crown of the
tooth but with the cervical region being less susceptible. 

The XMT images provided information on the distribution of
mineral concentration throughout the crowns of the clinically
affected and the apparently normal teeth from the same child with
idiopathic enamel hypomineralisation. 

There did not appear to be Type 1 hypomineralisation defects.
This suggests that the disturbances may occur after the initial stage
of enamel formation. Most defects were Type 3 affecting the full
thickness of the enamel, but some Type 2 defects affecting only the
innermost enamel were also seen. 

The apparently random nature of the distribution of hypomin-
eralisation throughout the four teeth and the large amount of the
tooth crown involved is difficult to explain considering they
develop during the same period. One could speculate that gener-
ally growth and development is not completely symmetrical or
uniform. Small differences in development within these teeth

may affect cells at critical stages. 
The findings from this study suggest that the disturbance may

be of a more chronic nature over a longer period of time. Differ-
ences in the susceptibility of the ameloblasts at different stages
of their developmental cycle may explain the random distribu-
tion of the defects. Those ameloblasts in the transitional phase
are the most susceptible.

The high to low mineral concentration gradient from the ADJ
to the subsurface enamel in full thickness defects is opposite to
that seen in normal enamel. This suggests that the second phase
of maturation is progressively more disturbed.

The more mineralised surface layer can probably be explained
by post-eruption maturation.

The XMT images showed that the mineral concentrations in the
control tooth were similar to those measured in other XMT studies
using the same equipment.15 However, an overall reduction of
about 5% was measured in the mineral concentrations of both the
apparently normal enamel and dentine within the study tooth
compared with those in the control tooth. This suggests that in fact
the whole IEH tooth is affected to some extent. 

From a clinical perspective, topical fluoride applications may be
helpful to encourage further post-eruptive maturation. Further, the
obvious protection against breakdown and fissure caries resulting
from the use of fissure sealants would suggest that this treatment
may be helpful in these cases.

This work was supported in part by EPSRC grant no. GR/R28911/01.
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Fig. 3a. Pseudo-
colour XMT axial
section of control
tooth. Colour
scale shows
mineral
concentration in 
g cm-3. The image
was scaled to
show mineral
concentrations
within the values
shown in order to
highlight the
hypomineralised
enamel. 

Fig. 3b Mineral
concentration
profiles along lines
ab and cd shown in
Fig. 3a.

Fig. 3c. Grey-scale XMT
sagittal section of control
tooth.

Fig. 4
Montage of
XMT sagittal
and axial
sections of
the fissure
sealed tooth.
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