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Mucopolysaccharidosis type I (Hurler syndrome, MPS I-H) is an autosomal recessive inborn error of
metabolism due to deficient �-L-iduronidase enzyme activity and is characterized by accumulation of incompletely
degraded glycosaminoglycans that generally lead to impairment of organ and body functions. This report presents oral,
dental, and radiographic findings in a boy who presented with MPS I-H. Nine of the patient’s primary teeth were
extracted and investigated using scanning electron microscopy, x-ray diffraction analysis, and Fourier transform
infrared spectroscopy. Compared with the teeth of otherwise healthy patients, MPS I-H–affected dentin was
characterized by extremely narrow dentinal tubules, whose direction followed an irregular wave-like pattern. The
enamel-dentin junction was defective, as evidenced by microgaps, and the enamel displayed irregular arrangement of
prisms. The additional novel observation was made that the protein structure of enamel and dentin changed in MPS
I-H–affected teeth. Also, an increase was observed in the relative mineral/matrix ratio of MPS I-H–affected dentin,
indicating that its protein content had decreased in comparison with normal dentin. (Oral Surg Oral Med Oral Pathol

Oral Radiol Endod 2008;105:72-8)
Mucopolysaccharidosis I (MPS I) is an autosomal re-
cessive disorder caused by deficient or absent activity
of the lysosomal hydrolase �-L-iduronidase.1 This en-
zyme is responsible for the degradation of the glycos-
aminoglycans (GAGs) heparin sulfate and dermatan
sulfate, and a deficiency in the enzyme leads to accu-
mulation of these substances in various tissues.2 The
severe form of MPS I is also known as Hurler syn-
drome (MPS I-H) and is characterized by early onset of
symptoms and central nervous system (CNS) effects.3

Milder forms of MPS I are called attenuated, Hurler-
Scheie, Scheie syndrome and have a late onset with no
discernable effects on the CNS.1

aAssistant Professor, Department of Pediatric Dentistry, Center of
Dental Sciences, Gulhane Medical Academy.
bAssociate Professor, Department of Pediatric Dentistry, Faculty of
Dentistry, Hacettepe University.
cResearch Assistant, Department of Oral Surgery, Center of Dental
Sciences, Gulhane Medical Academy.
dProfessor, Department of Physics Engineering, Faculty of Engineer-
ing, Hacettepe University.
eProfessor, Faculty of Education, Department of Physics, Hacettepe
University.
fAssistant Professor, Department of Orthodontics, Center of Dental
Sciences, Gulhane Medical Academy.
Received for publication Dec 12, 2006; returned for revision Jan 15,
2007; accepted for publication Feb 23, 2007.
1079-2104/$ - see front matter
© 2008 Mosby, Inc. All rights reserved.

doi:10.1016/j.tripleo.2007.02.015

72
The worldwide incidence of MPS I-H has been re-
ported to be 1:100,000.4 Death usually occurs before
the second decade of life,5 unless affected patients are
treated by bone marrow transplantation.1,2 In addition
to dwarfism and mental retardation, patients with MPS
I-H are characterized by skeletal malformations, her-
nias, cardiac disease and systemic hypertension, hepa-
tosplenomegaly, and flexion conctractures.6,7 The oral
and dental findings of MPS I-H include hyperplastic
gingiva, macroglossia, high-arched palate, short man-
dibular rami with abnormal condyles, spaced hypoplas-
tic peg-shaped teeth with retarded eruption; and local-
ized dentigerous cyst-like radiolucencies.5,7-9

Despite the well documented oral and dental features
of MPS I-H, a search of the literature fails to demon-
strate the ultrastructural and chemical properties of
MPS I-H–affected teeth. The present report presents
oral and radiographic findings in a boy with MPS I-H
and demonstrates scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy
(FTIR), and x-ray diffraction (XRD) findings in pri-
mary teeth extracted in accordance with the patient’s
treatment plan.

CASE REPORT
A 13-year-old boy was referred to the pediatric dentistry

clinic for routine dental examination. The boy had been
followed regularly by the hospital pediatrics unit for more

than 10 years with the diagnosis of MPS I-H. Initial diagnosis
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of MPS was made at 10 months in light of clinical findings
including coarse face, low nasal bridge, thoracolumbar gib-
bus, hepatosplenomegaly, inguinal hernia, and the following
radiographic findings: spatulated ribs, gibbus deformity, ver-
tebra bodies with beak-like projections on their lower anterior
margins, and cuboidal changes of the metacarpals. A defini-
tive diagnosis was made upon detection of a significant in-
crease of dermatan sulphate in urine and a marked deficiency
of �-L-iduronidase activity in his leukocytes. The boy was the
first child of healthy nonconsanguineous parents whose sec-
ond child was a 5-year-old healthy girl.

Clinically, the patient had retarded growth with a short
stature for his chronologic age. Bony deformities, including
kyphosis, rotated legs, and short stubby hands, were evident.
In addition to bilateral corneal opacity, the following facial
features were observed: oblique palpebral fissures, flat nasal
bridge, flared nose, upturned nasal tip, and a large mouth with
broad lips (Fig. 1). Despite an extremely limited opening of
the patient’s mouth, intraoral examination was easily made
owing to the existing anterior open bite. The existing non-
carious primary and permanent teeth were widely spaced and
the gingival tissues were notably thick (Fig. 1). The enamel of
primary teeth was slightly hypoplastic with a clinical appear-
ance of pitted enamel, but the few erupted permanent teeth
did not exhibit any enamel defect.

Panoramic radiograph taken at the same visit revealed
cyst-like areas of bone destruction surrounding unerupted
permanent teeth in the mandibular canine and ramus regions.
The permanent second and third mandibular molars were
located ectopically within both mandibular rami (Fig. 2). This
was confirmed by a panoramic radiograph that was taken at
the hospital at age 8 (Fig. 3). Presumably, the physicians did
not note the developing cyst-like lesions around the mandib-
ular permanent molars, which dramatically increased in size
as evidenced by the last radiograph. In both radiographs, the
pulp chamber of primary molars was notably small and pulp

Fig. 1. Extraoral (inset) and intraoral view of the patient,
demonstrating clinical features of mucopolysaccharidosis
(MPS) type I.
canals were extremely thin, giving an obliterated appearance.
Additionally, both radiographs showed that the mandibular
first molars were taurodont, and that the same entity was
developing in the mandibular second molars, as evidenced by
the final panoramic radiograph. Also the mandibular third
molar had a microdont radiographic appearance. The hypo-
plastic appearance of the mandibular condyles confirmed the
clinical finding of limited opening of the mandible. The
treatment plan comprised extraction of maxillary first and
second primary molars (bilaterally) and of the mandibular
primary right canine, first and second molars, primary left
canine, and second molar and marsupialization at both ca-
nine-premolar regions to allow eruption of the impacted teeth.
The cystic lesions bilaterally surrounding the mandibular
permanent first, second, and third molars were scheduled for
another surgical intervention owing to the unfavorable osse-
ous support of both mandibular rami.

The extracted teeth were investigated using SEM, XRD,
and FTIR to characterize the samples and to determine the
structural differences. To compare findings, the same type
and number of teeth were collected from healthy patients
undergoing orthodontic extractions in accordance with a
study protocol approved by the Institutional Review Board. In
both group of samples, half of the crowns were used for SEM
evaluations and the other halves were processed for XRD and
FTIR assays.

SEM EVALUATION
Ground sections were prepared from healthy and

affected (patient’s) teeth using a low-speed saw (Isomet
1000; Buehler, Lake Bluff, IL) under coolant water in
the mesiodistal direction. The sections were dried by
immersion in hexamethyldisilazane (Electron Micros-
copy Sciences, Hatfield, PA) for 30 minutes, placed on
a filter paper inside a covered glass vial, and kept in
vacuum for 24 hours. Subsequently, the specimens
were sputter coated with gold-palladium (Balzers-SCd
050 sputter coater, Germany) for observation under the
SEM (JSM-6400 V; JEOL, Tokyo, Japan) at 20 kV of
accelerating voltage.

Results of the SEM observations showed that the
diameters of dentinal tubules of MPS I–affected teeth
were rather narrow at the pulpal end and that the
dentinal tubules were smaller and more widely spaced
than in normal dentin (Fig. 4, A and B). Also, the
enamel-dentin junction was defective, as evidenced by
microgaps (Fig. 4, C and D). Compared with normal
dentin, the direction of tubules followed an irregular
wavy pattern (Fig. 5, A and B). The MPS I–affected
enamel displayed irregular arrangement of prisms in an
occasionally globular pattern (Figs. 5, C and D).

XRD ANALYSIS
The 20 values of x-ray powder diffraction patterns of

normal and affected samples were measured with CuK�

radiation (� � 1.54184 Å) on a Philips manual spec-

trogoniometer (LabX, Midland, Canada) over the range
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5° � 20 � 50° (where 0 is half the angle of deviation
of the diffracted rays from the incident x-rays).

The hydroxyapatite (HA) crystallite size of each
sample was calculated using Scherrer’s equation and
Bragg reflections (at 002) and was found to be approx-
imately 17.7 nm, which corresponds to the normal peak
of HA. Thus, all diffraction patterns of the studied
samples indicated the known characteristic peaks of
HA, and there were not any notable differences in the

Fig. 2. Panoramic radiograph taken at the first visit (age 13),
teeth. Note hypoplastic mandibular condyles and taurodont p

Fig. 3. Panoramic radiograph of the patient taken at age 8.
molars. The pulp space of primary molars are notably small.
crystal structure of HA in the samples (Fig. 6).
FTIR ANALYSIS
Powdered samples were examined as KBr pellets

(1 mg sample per 100 mg KBr). The FTIR spectra
were recorded at room temperature in the range 400-
4000 cm�1 on a Perkin Elmer Spectrum One FTIR
spectrometer (Boston, MA). Interferograms were aver-
aged for 400 scans at 4-cm�1 resolution. Background
spectra were collected under identical conditions with
the samples and automatically subtracted from spectra

ng extensive cystic lesions and erupting impacted permanent
ent mandibular molars.

development of taurodontism in the permanent mandibular
showi
Note
of samples. The �1, �3 phosphate (PO4
3�) stretching
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(900-1200 cm�1), the amide I (1595-1720 cm�1), and
the �2 carbonate (CO3

2�) (850-890 cm�1) bands were
baseline corrected.10,11 Then, mineral-matrix ratio was

Fig. 4. A, Scanning electron micrograph of MPS I–affected d
B, View of dentin tubules (normal dentin) from the same asp
formation between two tissues. D, Enamel-dentin junction o

Fig. 5. A, Wave-like appearance of dentinal tubules in MPS I
type I–affected enamel. D, Normal enamel.
obtained by taking the ratio of the integrated area under
the peaks at �1, �3 (PO4
3�) (900-1200 cm�1) stretching

and amide I (1580-1725 cm�1) regions. The relative
carbonate content was calculated from FTIR spectra by

depicting dentinal tubules as viewed from the pulp chamber.
, Enamel-dentin junction of MPS I–affected tooth. Note gap
al tooth.

ed tooth. B, View of dentin tubules in normal dentin. C, MPS
entin
ect. C
–affect
taking the ratio of the integrated area of the �2 CO3
2�



OOOOE
76 Guven et al. January 2008
(850-890 cm�1) band and of the �1, �3 (PO4
3�) stretch-

ing band.10-15

As seen in Fig. 7, the frequency of the amide I bands
displayed a shift to higher values in MPH I-H–affected
dentin (1659 cm�1 and 1663 cm�1 for normal and af-
fected dentin, respectively) and MPH I-H–affected
enamel (1646 cm�1 and 1654 cm�1 for normal and
affected enamel, respectively), as a result of alterations
in the protein structure of both hard tissues. Addition-
ally, the relative mineral-matrix ratio increased in MPS
I-H–affected dentin. The mineral-matrix ratio is indic-
ative of the relative quantity of mineral present in
calcified tissues, and an increase in the amount of
phosphate indicates that its protein content had de-
creased compared with normal dentin.

DISCUSSION
In general, the clinical and radiographic features of

the patient presented here are in line with those of
earlier reports. However, except for the radiographic

Fig. 6. A and B, X-ray powder patterns of normal and MPS
normal and MPS I–affected enamel, respectively.
view of the unerupted maxillary permanent first molars,
there was no evidence of peg-shaped teeth. The radio-
graphic observations that were considered novel in the
present case are decreased pulp space in primary mo-
lars, taurodontism, and ectopy of mandibular molars.
Also of importance is the radiographic demonstration
of hypoplastic condyles16 being contributory to the
clinical finding of limited opening of the patient’s
mouth. Other features seen in MPS I-H but not ob-
served in the present case were calcification of the
stylohyoid ligament and flattening of the anterior region
of the hard palate. The latter finding is thought to be
classic for Hurler syndrome2,9 and occurs owing to the
pressure of the tongue which exhibits macroglossia
because of deposition of GAGs within its structure.9

Dentigerous cyst-like lesions that result in progres-
sive destruction of the bone are common in MPS I-H
and are generally identified bilaterally in the mandible.9

As confirmed by the panoramic radiograph taken at age
8, the lesions appeared to start within the dental follicle
of mandibular first molars, and was probably left un-

ted dentin, respectively. C and D, X-ray powder patterns of
I–affec
noticed by the physician. If the patient was referred to



amel a

OOOOE
Volume 105, Number 1 Guven et al. 77
the dentist, an earlier surgical intervention could have
been possible, because dimensions of the radiolucency
around the molar crowns exceeded the normally ac-
cepted limit of 3 mm for a dental follicle.2 It is also
noteworthy to mention that the onset of the cyst-like
lesions in both canine-premolar regions was not evident
radiographically at age 8. In the present case, marsupi-
alization was the preferred method of treating the cysts
in the canine-premolar regions (along with primary
tooth extractions), because the technique can maintain
the impacted tooth in its cavity and promote its erup-
tion.17-19 For the lesions of bilateral mandibular rami, a
surgical intervention was planned later, because the
extent of osseous support was greatly compromised.

The SEM findings obtained from the extracted pri-
mary teeth of the patient suggest that the accumulation
of GAGs in MPS I-H may also exhibit consequences in
the enamel and dentin tissues. In addition to the irreg-
ular arrangement of enamel prisms which might con-
tribute to the clinical finding of slightly hypoplastic
enamel, the microgaps between enamel and dentin and
the narrow diameter of dentinal tubules at the pulpal

Fig. 7. Fourier transform infrared spectra of: normal dentin (a
enamel (c, dashed line); and normal enamel (d, solid line).
affected dentin at 1663 cm�1. This mode appears in normal en
end were not considered coincidental. What was ob-
served as tubule narrowing at the submicron level is
probably indicative of the macroscopically evident ex-
cessive hard tissue deposition in dentin, which may
logically manifest as decreased pulp space, a finding
that was observed in primary molars on both panoramic
radiographs.

Although XRD analysis did not show any difference
between the crystal structures of HA in normal and
MPS I-H–affected teeth, results of the FTIR analysis
provided evidence for changes in the protein structure
of MPS I-H–affected enamel and dentin, as evidenced
by the higher frequency shift in the amide I band, the
most intense band in protein IR spectra which is sen-
sitive to the protein conformation.20 Additionally, an
increase was observed in the relative mineral-matrix
ratio of MPS I-H–affected dentin. The mineral-matrix
ratio is indicative of the relative quantity of mineral
present in calcified tissues, and an increase in the
amount of phosphate indicates that the amount of pro-
tein had decreased relatively.15,21

Whether the present ultramorphologic and chemical
findings are typical to MPS I-H, and whether they have

line), MPS I–affected dentin (b, dashed line); MPS I–affected
ide I mode in normal dentin appears at 1659 cm�1 and in

t 1646 cm�1 and in MPH I-H–affected enamel at 1654 cm�1.
, solid
The am
any clinical impact, can only be verified by investiga-
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tion of MPS I–affected primary and permanent teeth in
future cases. However, we believe that these findings
are relevant and can contribute to an understanding of
the pathomechanism responsible for the development
of peculiar changes in enamel and dentin. Also of
interest is whether bone marrow transplantation or en-
zyme replacement therapy would have impact on such
dental changes associated with MPS I-H.
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