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1. Introduction

Abstract

Background: Premature exfoliation of primary teeth without trauma is an unusual
finding that raises suspicion of an underlying systemic disorder. Among the possible
causes, hypophosphatasia (HPP) is a rare inherited metabolic disease characterized by
deficient alkaline phosphatase (ALP) activity, leading to impaired skeletal and dental
mineralization. Pediatric dentists are frequently the first professionals to identify the
initial signs of this condition. Case: This report describes the 6-year follow-up of
a male patient who first presented at 22 months of age with premature loss of four
anterior primary teeth, short stature, and balance issues. No traumatic events were
reported by the parents. Clinical examination revealed further mobility of the primary
incisors and confirmed short stature and unstable gait. Laboratory tests revealed
persistently low ALP levels, hypercalciuria, and high urinary phosphoethanolamine
(PEA) levels. Radiography revealed subtle metaphyseal radiolucency. Genetic analysis
confirmed a heterozygous mutation in the liver/bonelkidney alkaline phosphatase
(ALPL) gene, establishing the diagnosis of HPP. Management was performed by a
multidisciplinary team, including pediatric endocrinologists, geneticists, orthopedists,
orthodontists, and pediatric dentists. Dental care focused on prevention, professional
hygiene sessions, topical fluoride applications, and monitoring occlusal development.
Orthodontic assessments were performed when the permanent teeth erupted. Over the
years, the child lost additional primary teeth with intact roots but maintained masticatory
efficiency, vertical dimension, and good oral function. Growth parameters and skeletal
phenotype remained stable, and enzyme replacement therapy (ERT) was not considered
necessary. Conclusions: This case illustrates the key role of early dental signs in timely
HPP diagnosis, the potential significance of a rare haplotype, and the effectiveness of
interceptive orthodontic management over six years.
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The premature loss of primary teeth is an uncommon finding
in pediatric dentistry that should not be underestimated. Al-
though traumatic events are the most frequent cause of early
exfoliation, the absence of a clear history of trauma should
raise suspicion of an underlying systemic disorder [1, 2].
Systemic diseases associated with premature exfoliation of
primary teeth include Papillon-Lefevre syndrome, Chediak-
Higashi syndrome, Down syndrome, Langerhans cell histi-
ocytosis, hypophosphatemic rickets, leukocyte adhesion de-
ficiency, and hypophosphatasia (HPP) [3]. HPP is particu-
larly important because it directly affects skeletal and dental
mineralization. Early recognition enables timely referral and
preventive dental strategies that preserve function and quality

HPP is a rare metabolic disease first described by Rathbun
in 1948 [5]. It is caused by loss-of-function mutations
in the [liver/bonelkidney alkaline phosphatase (ALPL)
gene (chromosome 1p36.12; Mendelian Inheritance in
Man 171760), which encodes tissue-nonspecific alkaline
phosphatase (TNSALP) [6-9]. TNSALP hydrolyzes
substrates including inorganic pyrophosphate (PPi), pyridoxal-
5’'-phosphate (PLP), adenosine monophosphate (AMP), and
phosphoethanolamine (PEA). Their accumulation leads to
defective mineralization. To date, more than 315 mutations
in ALPL have been reported, with autosomal dominant or
recessive inheritance patterns [9, 10].

HPP includes a wide range of clinical manifestations de-
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pending on the age of onset. Six main clinical forms have been
described: perinatal lethal, benign prenatal, infantile, juvenile,
adult, and odonto-HPP [11-14]. Severe forms are associated
with life-threatening skeletal abnormalities, whereas milder
forms in childhood often present with premature exfoliation
of primary teeth, short stature, and subtle skeletal changes
[12, 15, 16].

Diagnosis is based on the integration of clinical signs, lab-
oratory investigations, and radiographic findings, and is con-
firmed through genetic analysis. The key diagnostic markers
include low ALP levels, elevated urinary PEA levels, and
increased serum PLP [16, 17]. Genetic analysis confirms
the diagnosis and contributes to the classification of disease
severity.

Despite the early appearance of oral signs, diagnosis is often
delayed, as reported in a recent global registry study [18].

Management requires a multidisciplinary approach involv-
ing geneticists, pediatric endocrinologists, dentists, and ortho-
pedists. Dental management is particularly challenging, as
these individuals are considered patients with special health-
care needs and often require dental treatment in hospital set-
tings [19-21].

This report describes a case of early exfoliation of primary
teeth in a 22-month-old male infant, which led to the identifi-
cation of a genetic form of HPP.

2. Case report

In 2018, a 22-month-old boy was brought to the emergency
department of the Istituto di Ricovero e Cura a Carattere Sci-
entifico (IRCCS) Istituto Giannina Gaslini Children’s Hospital
with suspected oral trauma. He was the third child of healthy,
non-consanguineous parents. His psychomotor development
was slightly delayed, as he had begun walking at approxi-
mately 18 months, and his growth parameters revealed short
stature (10th percentile) with gait instability and a tendency to
fall. The parents reported that four anterior primary teeth (71,
72, 81, 61) had exfoliated between 15 and 18 months of age
without any traumatic event.

Clinical examination revealed marked mobility and extru-
sion of tooth 51. The dentition was consistent with the chrono-
logical age, although with an incomplete formula. Deep bite,
increased overjet, and lower lip interposition were observed.
There were no signs of pain, gingival inflammation, or mu-
cosal lesions. The early exfoliation of multiple primary teeth
with intact roots in the absence of trauma raised suspicion of
systemic disease, and the family was referred to a pediatrician
for further evaluation.

Between 2019 and 2020, the child underwent multidisci-
plinary diagnostic workup. Orthopedic examination revealed
flat feet that required only annual monitoring. Laboratory
investigations demonstrated persistently low serum ALP activ-
ity (20 IU/L; reference range, 142-335 IU/L), hypercalciuria
(9.1 mEq/L; reference, 0.5-7.5 mEq/L) with abundant calcium
oxalate crystals, and markedly increased urinary PEA (1204
pmol/mmol; reference, 0-20 pmol/mmol). Radiographs of the
femur and tibia, performed between 2 years and 8 months and
5 years and 6 months of age, showed subtle but stable meta-
physeal radiolucency. These radiographic findings remained
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stable over time (Figs. 1,2) and were consistent with a mild
skeletal form of HPP. Bone density assessment, performed
at 5 years and 6 months with a Lunar iDXA machine (GE
Healthcare, Madison, WI, USA), revealed a Z-score of —2.5 at
the lumbar spine and —1.1 for the total body less head, findings
consistent with low bone mineralization for age. Computer
Tomography (CT) and Magnetic Resonance Imaging (MRI)
were not performed.

Genetic testing identified a heterozygous c.262G>A,
p-(Glu88Lys) mutation in the ALPL gene, confirming
the diagnosis of HPP. The individual was also found to be
homozygous for the haplotype c.787C, ¢.793-31C, ¢.862+20T,
c.862+51A, ¢.862+58T, ¢.863-12G, ¢.863-7C, c¢.876G. This
haplotype has been identified in patients carrying only one
mutation in the ALPL gene, suggesting that it may be in
linkage disequilibrium with a second undetected mutation
in the coding regions of the gene [22]. The mutation was
inherited from the father, who, along with the paternal
grandfather, had experienced premature tooth loss previously
attributed to dental caries.

In 2023, a second genetic evaluation was performed at the
Laboratory of Human Genetics of the IRCCS Istituto Giannina
Gaslini Children’s Hospital. Molecular analysis of the ALPL
gene, performed by next-generation sequencing (NGS) of cod-
ing genomic regions and exon-intron junctions (5nt) on the
Novaseq platform (Illumina), confirmed the pathogenic het-
erozygotic variant ¢.262G>A p.(Glu88Lys) and the presence
of haplotype E in homozygous form. This haplotype is rare and
more frequently observed in affected individuals; however, ac-
cording to current knowledge, its clinical significance remains
uncertain [22].

It is important to note that the patient and his father each
have a 50% chance of passing on the ¢.262G>A, p.(Glu88Lys)
variant to their offspring in each pregnancy. For the purposes
of the analysis, only genes related to the clinical indications of
the investigation were examined. Data analysis was performed
using Sophia DDM software (ILL1XG1G5 CNV_exome
pipeline, version 1.0.13, SOPHiA Genetics, Lausanne,
VD, Switzerland) to identify nucleotide variants and large
deletions/duplications.

A detailed chronological overview of the dental findings,
oral healthcare strategies, systemic progression, and multidis-
ciplinary interventions is presented in Table 1. A multidisci-
plinary approach was adopted, with a pediatric endocrinologist
as the team leader. General clinical check-ups were performed
every 6—12 months, and orthopedic and radiologic evaluations
were performed annually.

Dental follow-up began shortly after the first evaluation and
was conducted every three months for six years. At the first
recall, additional teeth were already lost (51, 73, 82), and oth-
ers showed significant mobility (52, 62, 53, 63, 83) (Figs. 3,4).
All exfoliated teeth had intact roots, no caries, and no signs
of inflammation. Orthopantomography confirmed reduced
alveolar bone height, short and tapered roots, and enlarged
pulp chambers, which are consistent with the typical dental
phenotype of HPP (Fig. 5). The process of exfoliation was
often preceded by elongation of the affected tooth, followed
by rapid mobility and spontaneous loss within a few days.

Preventive strategies were implemented, including profes-
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FIGURE 1. Radiograph of the right femur showing irregularities along the lateral contour of the femoral neck and the
margin of the distal metaphysis. DX: right (right side); AP: anteroposterior (projection).
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FIGURE 2. Radiographic follow-up at three years demonstrating stable appearance of the distal femoral and proximal
tibial metaphysis, with a small lingular radiolucency more evident in the distal femur and less pronounced in the
proximal tibia. The blue arrows indicate areas of metaphyseal irregularities and growth plate changes, consistent with mild
hypophosphatasia manifestations. @): right side; §): left side; {: cranial.
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TABLE 1. Chronological overview of dental findings, oral healthcare, systemic progression, and multidisciplinary
interventions during 6 years of follow-up in the present case.

Age

(yr,
mon)

1,1

2,2

2,5

3,0

3,8

53

5,9

6,6

7,1

7,10

Systemic
progression

Short stature
noted, gait
instability

observed

Biochemical

abnormalities

detected (low
ALP,
hypercalciuria,
high PEA)

Stable growth, no
fractures

Suspicion of HPP
raised

Genetic
confirmation of
ALPL mutation

Mild phenotype
confirmed, no
skeletal
deformities

Stable skeletal

condition, no

indication for
ERT

Normal growth
trend maintained

Mild phenotype
stable, no
systemic

progression

Ongoing systemic

monitoring

Non-dental
interventions

Initial pediatric
evaluation; referral to
orthopedics for gait
instability

Metabolic work-up by
pediatric
endocrinology; urine
and serum biomarkers

Neurologic
assessment of motor
skills

Referral to clinical
genetics; preparation
for molecular testing

Genetic counseling
provided to family;
confirmation of ALPL
mutation

Follow-up by
pediatric
endocrinology and
orthopedics; growth
monitoring

Multidisciplinary
follow-up including
pediatrics,
orthopedics, genetics,
and dentistry

Orthopedic evaluation
of gait; no skeletal
deformities detected

Regular pediatric and
metabolic follow-up;
genetic re-assessment

Continued
multidisciplinary
monitoring
(pediatrics,
orthopedics, genetics,
dentistry)

Exfoliated
teeth

51-61-
71-72-
81-82

73

53-63-83

52-62

55

65

Teeth
currently
present in the
arch

54-53-52-62-
63-64-74-83-
84-85

54-53-52-62-
63-64-74-75-
83-84-85

54-52-62-65-
64-74-75-84-
85

54-55-65-64-
74-75-84-85

54-55-65-64-
74-75-84-85

54-55-65-64-

74-75-31-32-

41-42-84-85-
46

16-54-55-65-

64-36-75-74-

32-31-41-42-
84-85-46

16-54-64-26-

36-74-75-32-

31-41-42-84-
85-46

16-54-64-26-

36-75-74-32-

31-41-42-84-
85-46

Erupting
teeth

75

65

55

31-32-41-

42-46

16-36

26

21

Oral healthcare

First aid

Check-up,

scaling and

polishing,
fluoride varnish

Check up

Check-up,
scaling and
polishing,
fluoride varnish
Check-up,
scaling and
polishing,
fluoride varnish
Pit and fissure
sealant, scaling
and polishing,
fluoride varnish

Pit and fissure
sealant

Pit and fissure

sealant, scaling
and polishing,
fluoride varnish

Check-up,
scaling and
polishing,
fluoride varnish
Check-up,
scaling and
polishing,
fluoride varnish

Rehabilitation

measure

Speech
therapist
evaluation

Evaluation
for dental
space
maintainers
Orthodontic
evaluation

Orthodontic
evaluation

Orthodontic
evaluation

Orthodontic
records
collection

Insertion of a
TPA in TMA

ALP: Alkaline Phosphatase; PEA: Phosphoethanolamine; HPP: Hypophosphatasia; ALPL: Liver/Bone/Kidney Alkaline
Phosphatase; ERT: Enzyme Replacement Therapy; TPA: Transpalatal arch; TMA: Titanium Molybdenum Alloy.
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FIGURE 3. Intraoral photograph showing multiple missing primary teeth (5.1, 6.1, 7.1, 7.2, 7.3, 8.1, 8.2) due to
premature exfoliation.
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FIGURE 4. Exfoliated teeth (6.2, 7.3) showing unresorbed roots exceeding two-thirds of the total root length, with no
evidence of carious lesions.
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FIGURE 5. Orthopantomography showing reduced alveolar bone height, short and tapered roots, enlarged pulp
chambers, and root canals.

sional hygiene every 4-6 months, scaling and polishing, flu-
oride varnish application, and detailed home hygiene instruc-
tions. Parents were advised to use fluoride toothpaste adjusted
according to their child’s age. At 5 years and 5 months of age,
following the eruption of the first permanent molars, pit-and-
fissure sealants were applied using a resin-based sealant ma-
terial, in line with current preventive recommendations [23].
Despite multiple losses of anterior teeth, the child maintained
good masticatory efficiency owing to the second primary mo-
lars, which preserved vertical dimension and occlusal stability.
Speech therapy was introduced for mild psychomotor delay,
and the child’s phonation improved progressively with no
significant deficits in pronunciation.

Orthodontic evaluation was performed at the age of 6 years,
after the exfoliation of tooth 55 and eruption of the first perma-
nent molars. Study models and cephalometric analysis guided
the decision to monitor the occlusal development and eruption
space for the premolars (Figs. 6,7).

At the last general follow-up in November 2024, at 7 years
and 5 months of age, the child showed stable growth (123 cm,
—0.2 Standard Deviation Score (SDS); 22.3 kg, 40th percentile;
Body Mass Index (BMI) 14.7, normal for age) and good
overall health. Growth parameters were reported according
to the World Health Organization (WHO) growth charts for
children, with BMI values interpreted using age- and sex-
specific percentiles [24].

Dental examination revealed well-shaped arches, good func-
tional occlusion, stable first permanent molars, and no evi-
dence of caries or gingival inflammation in the oral cavity
(Fig. 8). Orthodontic management aimed at preserving arch

integrity during the mixed dentition phase began in July 2025
with the insertion of a transpalatal arch (TPA) made of titanium
molybdenum alloy (TMA). The appliance was placed after
reaching two-thirds root maturation of teeth 16 and 26. The
purpose was to achieve molar derotation and partial distaliza-
tion (Fig. 9) and maintain eruption space for teeth 15 and 25.

Throughout the six years of observation, the patient’s skele-
tal phenotype remained mild and stable, and enzyme replace-
ment therapy (ERT) with asfotase alfa was not indicated, as
it was considered unnecessary. Multidisciplinary follow-up
involving endocrinologists, orthopedists, dentists, orthodon-
tists, speech therapists, and urologists ensured coordinated
care, while preventive and interceptive orthodontic strategies
effectively preserved the oral health and function.

3. Discussion

This case highlights how the premature, nontraumatic loss
of primary teeth can serve as the first visible sign of a sys-
temic disorder such as HPP. Although uncommon, this find-
ing should alert pediatric dentists to investigate beyond local
oral conditions and consider systemic or genetic causes. In
young children, exfoliated teeth with intact roots, in absence of
trauma, inflammation, or caries, are highly suggestive of sys-
temic disease and may enable early diagnosis and coordinated
care [25, 26].

HPP presents with remarkable clinical variations [1, 2]. In
the present case, the phenotype was mild, with short stature,
gait instability, and repeated premature tooth loss, but without
fractures or overt bone deformities. This variability highlights
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FIGURE 6. Lateral cephalometric radiograph with cephalometric analysis of the patient at 6 years of age used for
skeletal and dental evaluation. The black lines represent the traced anatomical contours used as structural references in the
analysis, whereas the green lines indicate the cephalometric planes that were measured for the angular and linear assessments.

FIGURE 7. Cephalometric analysis according to the Bennet-McLaughlin method, showing a skeletal Class I relationship
with a retrognathic maxilla and mandible, normo-bite vertical pattern, and mild proclination of the lower incisors. The
black lines represent the traced anatomical contours used as structural references in the analysis, whereas the green lines indicate
the cephalometric planes that were measured for the angular and linear assessments.
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FIGURE 8. Intraoral photograph after S years of follow-up showing the initial mixed dentition, well-formed arches,
and good alignment of the first permanent molars.

FIGURE 9. Intraoral photograph in the maxillary occlusal view showing the placement of a Transpalatal arch (TPA) in
Titanium Molybdenum Alloy (TMA) on the permanent first molars.
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the importance of considering HPP as a possible diagnosis,
even in the absence of severe skeletal features.

The differential diagnosis of premature exfoliation in
children is broad and includes rare genetic syndromes
such as Papillon-Lefévre syndrome, Chediak-Higashi
syndrome, Down syndrome, Langerhans cell histiocytosis,
hypophosphatemic rickets [27, 28]; immune system
deficiencies, including Human Immunodeficiency Virus
(HIV) [29]; neoplastic diseases, such as Acute Myeloid
Leukemia (AML); self-injurious behaviors, as seen in Lesch-
Nyhan syndrome; connective tissue disorders, including
Ehlers—Danlos syndrome; mucocutaneous dyskeratosis,
congenital adrenal hyperplasia, and others [3]. In unexplained
cases, especially when parents deny trauma, clinicians must
rule out child abuse before establishing a diagnosis. In the
present case, biochemical markers (low ALP, hypercalciuria,
and increased PEA) and genetic confirmation of an ALPL
mutation confirmed the diagnosis of HPP. The family history
further supported the hereditary nature of the condition.

Therapeutic strategies for HPP depend on the severity of
the disease. ERT with asfotase alfa has demonstrated clear
benefits in severe perinatal and infantile forms, improving
bone mineralization, growth, and survival [5, 30, 31]. Previous
studies have highlighted the beneficial effects of ERT also on
dental outcomes [32]. However, our patient presented with a
mild and stable skeletal phenotype, and ERT was not indicated.
Individualized preventive care, regular monitoring, and inter-
ceptive orthodontics preserved function, occlusion, and oral
health, supporting the value of a conservative approach in mild
cases.

From a dental perspective, maintaining oral function and
guiding craniofacial growth are the primary goals. Preventive
measures such as professional hygiene, fluoroprophylaxis, fis-
sure sealing, and parental education are essential [15, 33]. Reg-
ular orthodontic evaluation helps preserve the eruption space
for permanent dentition [34, 35], while interceptive appliances,
such as the TPA, can prevent crowding and maintain occlusal
balance.

For this patient, different orthodontic and prosthetic-
rehabilitative treatment options were considered. First, the
use of a functional bite plate, like the Cervera functional
appliance (PCF), was hypothesized to control the occlusal
plane. This therapeutic hypothesis was rejected because the
patient was too young to guarantee correct collaboration, and
the follow-ups demonstrated good spontaneous control of the
occlusal plane [36]. The second treatment option was the
use of a myofunctional device. Once again, this therapeutic
option was not adopted because rehabilitative speech
therapy proved sufficient efficacy in guaranteeing correct
swallowing and avoiding the onset of dyslalia. The third
prosthetic-rehabilitative option involved the use of a flexible
nylon removable partial denture [37]. This option was not
considered because the child and family did not experience
esthetic-relationship discomfort, and the functions of the
stomatognathic system did not appear to be compromised.
In addition, the masticatory function has always remained
sufficient and managed to guarantee the intake of a balanced
diet in terms of food variety and consistency. It was not
possible to insert dental space maintainers in the upper arch

due to the early exfoliation of 55 and 65 compared to the
eruption of 16 and 26, which were already mesiorotated at
the time of eruption. Finally, a TPA in TMA was placed to
derotate and partially distalize the maxillary first permanent
molars once sufficient root maturation had been reached.
This approach allowed us to regain and maintain the eruption
space for the maxillary premolars, thereby preventing future
crowding. Similar orthodontic strategies have been reported
to be effective in managing space deficiencies [38, 39].

Beyond functional considerations, premature loss of anterior
teeth can affect esthetics, feeding, phonation, and self-esteem,
potentially leading to social stress for both the child and the
family. Clear communication, preventive follow-up, and early
speech therapy helped minimize these impacts in our patient,
highlighting the importance of addressing psychosocial and
clinical needs in the long-term management of HPP.

In the long-term oral management of pediatric HPP, oral re-
habilitation must extend beyond functional preservation, aim-
ing to anticipate and adapt to the dynamic changes in cran-
iofacial growth. Although HPP often manifests in childhood,
evidence suggests that this condition may have important long-
term consequences for permanent dentition [40]. In adults
with HPP, premature tooth loss is frequent. In one cohort,
63% had lost at least one permanent tooth, and 19% had
lost eight or more, with lower serum ALP levels significantly
associated with both tooth loss and periodontal breakdown
[41]. Moreover, elevated serum PLP levels are associated with
poor oral health outcomes, including higher Decayed, Missing
and Filled Teeth (DMFT) scores, deeper probing depths, and
greater attachment loss [42]. A recent case report described
progressive tooth loss during orthodontic treatment in an adult
with HPP, suggesting that mechanical stress may exacerbate
dental fragility [43]. In adolescent and adult patients with
HPP, long-term tooth preservation is often compromised, and
prosthetic or implant rehabilitation may be necessary. Several
case reports have described the use of removable partial den-
tures or implant-supported prostheses, although reduced bone
mineralization poses significant challenges to surgical stability
and osseointegration [44]. In our patient, looking ahead to
adolescence, treatment planning will prioritize the preservation
ofarch integrity and occlusal balance throughout growth, while
prosthetic or implant rehabilitation will be considered only if
natural dentition cannot be maintained.

These findings indicate that the early dental alterations ob-
served in pediatric HPP cases could predispose patients to
long-term complications, such as periodontitis and premature
loss of permanent teeth, emphasizing the need for careful
monitoring and preventive strategies from childhood onward.
Therefore, patients and their families should be informed about
these potential complications and strongly motivated to main-
tain optimal oral health through regular dental check-ups and
strict adherence to preventive and therapeutic care plans rec-
ommended by the dental professionals.

This case highlights three innovative aspects: early recog-
nition of HPP through dental signs, identification of a rare
haplotype, and successful long-term orthodontic management
preserving occlusion and function.

Despite its strengths, this case report has some limitations.
First, it describes a single patient, which restricts the gener-



alizability of the findings to the general population. Second,
advanced imaging modalities such as CT or MRI were not
performed, limiting the characterization of the skeletal phe-
notype. Finally, although a rare homozygous haplotype was
identified in association with the ALPL mutation, its clinical
significance is uncertain. These aspects should be considered
when interpreting the observations and underline the need for
further studies with larger patient cohorts.

4. Conclusions

Early non-traumatic loss of primary teeth is an unusual finding
that should always prompt systemic evaluation, particularly for
conditions such as hypophosphatasia. Pediatric dentists play a
key role in recognizing these early signs, enabling timely di-
agnosis and multidisciplinary management. Preventive strate-
gies, regular monitoring, and individualized management are
essential for preserving oral function, occlusion, and overall
well-being in affected children.
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PEA, Phosphoethanolamine; IRCCS, Istituto di Ricovero e
Cura a Carattere Scientifico, CT, Computer Tomography;
MRI, Magnetic Resonance Imaging; NGS, Next Generation
Sequencing; SDS, Standard Deviation Score; BMI, Body
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ERT, Enzyme replacement therapy; WHO, World Health
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