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Objective: Most cases of hypophosphatasia (HPP) exhibit early loss of primary teeth. Results of micro-
computed tomography (micro-CT) analysis of teeth with HPP have not yet been reported. The purpose of
the present study was to describe the size and mineral density distribution and mapping of exfoliated teeth
with HPP using micro CT. Study design: Seven exfoliated teeth were obtained from a patient with HPP.
Exfoliated teeth sizes were measured on micro CT images and mineral densities of the mandibular primary
central incisors were determined. Results: Partial dentures were fabricated for the patient to replace the
eight primary teeth which had exfoliated. Most primary teeth sizes were within the normal range. The mean
values of enamel and dentin mineral densities in teeth with HPP were 1.35 and 0.88 g/cm’, respectively, in the
mandibular primary central incisors. Conclusion: Mineral density distribution and mapping revealed that
the values in teeth with HPP were lower than the homonymous teeth controls in all regions from the crown
to apex. Furthermore, it was demonstrated that the differences between HPP and controls were larger on the
crown side and the differences tended to converge on the apex side. These results suggested that the present
patient showed mild hypomineralization in the primary dentition.
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INTRODUCTION

ypophosphatasia (HPP) is an in-born error of metabolism

characterized by defective calcification of hard tissues such

as bone and teeth and manifests with autosomal recessive
or dominant inheritance. HPP is classified into six clinical forms
according to the age at diagnosis: 1) perinatal, 2) infantile, 3) child-
hood, 4) adult, 5) odonto and 6) a rare benign perinatal form .
Symptoms vary widely from lethal skeletal hypomineralization in
perinatal HPP to dental abnormalities without skeletal manifestation
in odonto HPP 4, The severity of the symptoms of HPP is inversely
related to the patient’s levels of serum alkaline phosphatase (ALP)
activity, with the more severe symptoms associated with lower
levels of serum ALP . The reduction in the level of serum ALP
is caused by various mutations in the tissue-nonspecific alkaline
phosphatase (TNSALP) gene . As TNSALP maintains appropriate
levels of inorganic pyrophosphate, an inhibitor of hydroxyapatite
formation, by hydrolyzing it at the site of mineralization, loss of
function of TNSALP leads to accumulation of pyrophosphate and
hence to hypomineralization 2. To date, a total of 287 mutations
have been reported world wide (http://www.sesep.uvsq.fr/03_hypo
mutations.php).

Infantile and childhood HPP patients develop rachitic changes,
but premature loss of dentition is a major feature, with incisors
most commonly affected. Previous studies on HPP have revealed
that hypoplasia of cementum tissue, is responsible for early loss of
primary teeth in childhood HPP 2 ¢7. However, there have been
few reports on exfoliated teeth obtained from childhood patients
with HPP.
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Micro-computed tomography (micro-CT) is an imaging tech-
nique widely used for visualizing the internal structure of objects
using the x-ray attenuation method. As it enables non-destructive,
noninvasive evaluation and three-dimensional analysis, it is useful
for various studies of human hard tissues ®. Many recent studies have
reported assessment of the mineral density of dental hard tissues
using commercial micro-CT systems. However, the micro-CT anal-
ysis of exfoliated teeth with HPP has not been reported yet.

The purpose of the present study was to describe the size and
mineral density distribution and mapping of exfoliated teeth from a
patient with HPP using micro CT.

MATERIALS AND METHOD

A 1-year old Japanese boy was referred to the Pediatric and
Special Needs Dental Clinic of Niigata University Medical and
Dental Hospital from the pediatric clinic of a prefectural hospital
for dental follow-up as the pediatrician was apprehensive about the
early exfoliation of primary teeth.

The patient was a full-term infant delivered normally at 39
weeks of pregnancy. His birth weight (2,996 g) and height (49.0 cm)
were within normal range. He was under observation in the neonatal
intensive care unit as his mother had hypothyroidism. His condition
was diagnosed as infantile HPP based on the following findings:
serum alkaline phosphatase was under the reference interval upon
blood test, crural bones showed slight curve on radiographic exam-
ination, calcium/creatinine rose and phosphoethanolamine exceeded
the reference interval upon urine analysis. He was fed therapeutic
special milk added to breast milk from 5 months of age. His mandib-
ular primary central incisor started to erupt at 8 months of age.

At the first visit to our clinic, the patient’s weight was 9,000 g
and his height was 75.0 cm, which were within the normal range.
Motor development was also normal. Intraoral examination revealed
that the mandibular primary central incisors (71, 81) were present.
These teeth exhibited physiological mobility, however, the cervical
regions were exposed (Fig. 1). Eight primary teeth exfoliated spon-
taneously during dental follow-up (Fig. 2A, Table 1). At the age of
3 years 5 months, partial dentures were placed in the maxilla and
mandible (Fig. 2B). His oral hygiene was good and he had no caries
to date.

Radiographic examination revealed enlarged pulp chambers and
abnormal alveolar bone resorption (Fig. 3). Permanent teeth germs
showed normal development. Seven exfoliated teeth except the
mandibular primary left lateral incisor (72) obtained from the patient
were immersed in Teeth Keeper Neo® (Neo Dental Chemical Prod-
ucts Co., Ltd., Tokyo, Japan) at 4°C as the patient’s parents wished
to entrust them to our clinic (Table 1). All the teeth were used after
obtaining informed consent from the donating patient’s parents. The
study was performed according to an approved protocol issued by
the Institutional Review Board of the Faculty of Dentistry, Niigata
University (approval number: 26-R30-10-09).

Experimental Micro-CT parameters

All measurements were performed using a micro-CT compact
desktop system SkyScan-1174 (Bruker-micro CT Corp., Kontich,
Belgium) with a camera resolution of 1280 %1024 pixels. A
1.0-mm-thick aluminum filter was set in the beam path to remove
low energy X-rays. A new flat field reference was acquired to reduce
ring artifacts in every sample before scanning. This serves to correct
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for sensor non-uniformity and ensures the sensor is in optimal
working condition. Samples were scanned with X-rays. Rotation
step was set to 0.7°, resulting in 272 two-dimensional projections
over a 180° rotation of the sample. To improve the signal-to-noise
ratio, a 3-frame averaging mode, geometrical correction and flat
field correction were applied. All images were scanned at a source
voltage of 50 kV and 800 pA, and an image pixel size of 32 um.

Cross-sections were reconstructed using software (NRecon,
Version 1.6.6.0, Bruker-micro CT Corp., Kontich, Belgium)
provided by the scanner manufacturer. Beam hardening artifacts
were corrected by preselecting a correction level that minimized
the artifact shown in the preview image in the NRecon software.
Scanning slices were used to reconstruct images with a resolution of
1024 x1024 pixels and with an isotropic size of 32 um. Data were
saved in 16 bit TIF formatted files.

Figure. 1 Clinical intraoral views at the age of 1 year 0 months.

Table 1. Age at which teeth were exfoliated in the present case.
Seven exfoliated teeth, except the mandibular primary
left lateral incisor (72), were used as samples.

Left Right

Maxillary
Primary central incisor
Mandibular

Primary central incisor

(51,61)  3yd4m 3y1m

(71, 81) 1yOm 1yOm
(72,82)  (2yOm) 2y1m
(73,83) 2y1m 3y2m

Primary lateral incisor

Primary canine
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Figure. 2 Clinical intraoral views at 3 years 5 months with (A) 8 primary teeth missing and (B) with partial dentures.

Fig. 2 (A)

Fig. 2 (B)

498

The Journal of Clinical Pediatric Dentistry ~ Volume 40, Number 6/2016

220z 8unr Gz uo Jesn |epdsoH g 869]100 [ejueq yeadeApiA neseug Aq jpd 96y 9 0v-8291-£501/98705 2 1/961/9/0v/4pd-8lonie/pdoljwoo sseidusyje uelpuaw)/:dpy wody papeojumoq



Hypophosphatasia: Evaluation of Size and Mineral Density of Exfoliated Teeth

Figure. 3 Radiographic appearance at 4 years 0 months of age.

Size measurement of exfoliated teeth

Seven exfoliated primary teeth in the present case were measured
from the reconstructed micro CT images according to Onda’s method
°. The software package CT Analyzer (Version 1.14.4.1, Bruker-
micro CT Corp., Kontich, Belgium) was used for measurements.
As some roots of the exfoliated teeth showed incomplete formation
or abnormal external resorption, the following 5 items that could be
measured were adopted (Fig. 4):

Crown length: the distance from the top of the cervical curve to
edge of the labial surface. Crown width: the distance from the top of
the mesial surface curve to the top of the distal surface curve. Crown
thickness: the distance from the top of the labial surface curve to
the top of the palatal surface curve. Cervical width: the distance
from the mesial surface to the distal surface along the cervical line.

Figure. 4 Inspection items for size measurement of exfoliated
teeth.

Cenvical wadth Cenvical thickness

Crown length

Crown width i Crovn thickness?
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Cervical thickness: the distance from the labial surface to the palatal
surface along the cervical line

The obtained data were compared with the standard mean value
of normal Japanese children in each tooth type.

Mineral density analysis of exfoliated teeth

Mineral densities of the exfoliated left and right mandibular
primary central incisors (n=2) were investigated. Exfoliated teeth
with incomplete root formation could not be compared with data
of teeth with complete root formation. For comparison of mineral
densities, exfoliated and control teeth need to be in the same stage of
root formation. Therefore, left and right mandibular primary central
incisors (n=2) which had completely luxated due to trauma from a
healthy boy aged 1 year were used as controls.

Data analyses were performed from edge to apex in each sample.
For quantitative measurements of enamel and dentin mineral densi-
ties, the software package CT Analyzer was used. Two hydroxyap-
atite phantoms with different mineral densities (0.25 and 0.75 g/
cm®) were used as calibration standards. For each sample, regions
of interests (ROIs) were drawn on each enamel and dentin, and then
their data sets were extracted from the data obtained by scanning
whole teeth, respectively. Grey values were detected and mineral
densities could be calculated, then the mean values of enamel and
dentin mineral densities were obtained. The obtained data for teeth
with HPP were compared with control teeth.

Mineral density distribution was investigated. In the present
study, the edge was defined as 0% and the dentinoenamel junction
was defined as 100% of the distance of enamel, the dentinoenamel
junction was defined as 0% and the apex was defined as 100% of the
distance of dentin (Fig. 6A). Each mineral density on each scanned
image was plotted to a scatter diagram. Mineral density distribution
of enamel and dentin in teeth with HPP was compared with controls.

The reconstructed dataset was imported into DataViewer (Version
1.4.4, Bruker-micro CT Corp., Kontich, Belgium) and false colored
for visualization. A mapping of the mineral density was also made and
HPP and control mandibular primary left incisors were compared.
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Figure. 5 Teeth size comparison between those with HPP and the standard mean value of normal Japanese children. (A) Maxillary
primary central incisors, (B) mandibular primary central incisors, (C) mandibular primary lateral incisors, (D) mandibular
primary canines. Bar top represent the maximum and bar bottom represent the minimum values in healthy teeth®.
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Figure. 6 Comparison of mineral density distribution between teeth with HPP and control teeth in mandibular primary central
incisors. (A) Schematic representation of enamel and dentin distance. (B) Mineral density distribution in enamel and (C)

dentin.
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Figure. 7 Mineral density mapping of (A, D) incisal, (B, E) labial and (C, F) mesial view in (A, B, C) HPP and (D, E, F) control on
mandibular primary left central incisor (71). Color range represents the relative values of attenuation coefficient. It means

that 100% is equal to 3.0 g/cm3.
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RESULTS

The patient in this case was originally diagnosed with infantile
HPP. He is a compound heterozygote carrying the genotype R119H/
¢.1559delT in the ALPL gene (MIM 171760) encoding TNSALP.
The missense mutation R119H was transmitted from his father,
while the ¢.1559delT frame-shift mutation was from his mother.
R119H has an ALP activity of 35% of that of the wild type-TN-
SALP. The replacement of arginine with histidine maintains the
positive nature of this mutation, giving rise to the moderate pheno-
type of this missense mutation > '°. In contrast, ¢.1559delT frame-
shift mutant protein having an 80 amino acid-long extension at the
C-terminus, exhibits very low ALP activity and thus a severe allele
1. The ¢.1559delT allele is the most frequent mutation among HPP
patients in Japan *.

Eight primary anterior teeth had exfoliated spontaneously
between the age of 1 year 0 months (at first visit to our clinic) and
4 years 0 months (at present). The age of teeth exfoliation is shown
in Table 1.

The sizes of exfoliated primary teeth with HPP are shown in
Figure 5. Most of the primary teeth sizes were within the normal
range of Japanese children. However, crown width of the mandib-
ular right primary central incisor exceeded the maximum and crown
thickness of both mandibular primary canines, and was below the
minimum for healthy teeth.

Mineral density of primary teeth with HPP

The mean enamel mineral density of mandibular primary central
incisors with HPP was 1.35 g/cm® and the corresponding value for
controls was 1.66 g/cm®. The mean dentin mineral density was 0.88
g/cm? in mandibular primary central incisors with HPP and 1.10 g/
cm? in controls.

The mineral density distribution in enamel and dentin is shown
in Figure 6B and C. All teeth tended to show a decrease in gradient
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toward 100% in enamel and dentin. Mineral densities in teeth with
HPP were lower than the controls in all regions. These findings were
also revealed in the visualized mapping of mineral densities (Fig. 7).

DISCUSSION

HPP is a rare inherited disorder. As we treated this patient with
HPP, we were able to describe the clinical oral findings in terms
of exfoliated teeth size and mineral density. Although the patient’s
parents entrusted us with the exfoliated teeth, they were not willing
to subject them to destructive tests. Therefore, non-destructive tests
using micro CT were adopted for the measurement and analysis of
the exfoliated teeth in the present study.

Based on the general phase of root formation, it is considered
that mandibular primary central incisors and canines exfoliated
before root formation was complete, the primary lateral incisors
exfoliated around the phase of root completion, and the maxillary
central incisors exfoliated after root completion 2. As the maxillary
central incisors exhibited external root resorption, it is suggested
that these teeth had developed and completed root formation, and
then exfoliated with abnormal external root resorption.

Primary teeth size obtained was compared with the mean value
of normal Japanese children standard in each tooth type. The find-
ings in the present case did not correspond to the previous report that
the HPP had large values of mesio-distal and buccal-lingual width
because most primary teeth sizes were within the normal range °.

Exfoliated teeth with incomplete root formation could not be
compared with data of teeth with complete root formation in the
mineral density analysis of exfoliated teeth because enamel devel-
opment leads to post-eruptive maturation. Therefore, sound mandib-
ular primary central incisors from children of the same age were used
as controls for comparison. The mineral densities were measured in
the homonymous teeth. Both enamel and dentin mineral densities
in subjects with HPP proved to be lower than the controls in the
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present case, although there were no statistically significant differ-
ences between control and HPP in the mineral content of dentin .
In particular, mineral density distribution revealed that the values in
teeth with HPP were lower than those of the controls in all regions
from crown to apex. Furthermore, it was proved that the differences
between HPP and controls were large on the crown side while the
differences tended to converge on the apex side. In the mapping
of mineral densities, the above findings were clearly demonstrated.
These results suggested that the present patient showed mild
hypomineralization in the primary dentition.

As HPP presents with various symptoms and hypomineraliza-
tion levels, the results of the present study on primary teeth size
and mineral densities may not be generalized to all patients with
HPP. The general bone mineral density of the present patient has
not been investigated as he is too young. We will also study the
correlation between bone mineral density and teeth mineral density
in the future. A positive correlation may suggest that the general
bone mineral density can be predicted in cases of premature exfo-
liation of teeth. More case reports on HPP from various viewpoints
would help dentists to perform clinical treatment more smoothly.

CONCLUSIONS

HPP is a rare inherited disorder and most cases are accompanied
with the early loss of primary teeth. However, there is little useful
information regarding the dental characteristics. Therefore, the
clinical oral findings, treatment, exfoliated teeth sizes and mineral
densities of teeth with HPP were described in this paper. Most exfo-
liated primary teeth with HPP sizes were within the normal range;
however, mineral densities of enamel and dentin of exfoliated
primary teeth with HPP were lower than homonymous control teeth
of the same age. These results suggested that the present patient
showed mild hypomineralization in the primary dentition.
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