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a b s t r a c t   

Hypophosphatasia is an inherited metabolic disorder characterized by defective mineralization of bones 
and teeth with a wide variety of manifestations, ranging from stillbirth to dental symptoms alone. Recently, 
the prognosis of severe hypophosphatasia patients has been greatly improved by the introduction of en-
zyme replacement therapy. The typical dental manifestation is early exfoliation of primary teeth due to 
disturbed cementum formation, so dentures are recommended to ensure that important oral functions are 
acquired. Some studies have shown that enzyme replacement therapy improves dental mineralization, 
resulting in the stabilization of periodontal tissues and better growth of tooth roots. A nationwide Japanese 
survey revealed the common genetic and dental manifestations of patients with mild hypophosphatasia, 
which markedly differ from those of the severe forms. There may be many undiagnosed mild patients, so 
dentists should contribute to the early diagnosis by screening possible cases based on the typical finding of 
early exfoliation of primary teeth. Early diagnosis is important for patients to receive early intervention in 
both medical and dental fields. The establishment of fundamental dental therapy to solve the dental pro-
blems is still underway and is eagerly anticipated. 
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1. Introduction 

Hypophosphatasia (HPP) is a metabolic disorder first reported by 
J. C. Rathbun in 1948 [1]. Early exfoliation of primary teeth was soon 
after reported as a characteristic clinical finding of this disorder [2]. 
HPP is a rare genetic disease characterized by defective mineraliza-
tion of bones and teeth [3–19]. Patients with HPP show a wide range 
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of manifestations, ranging from stillbirths and severe skeletal hy-
pomineralization with dental symptoms in severe cases to early 
exfoliation of primary teeth without bone symptoms in mildest 
cases. Dental manifestations, such as early exfoliation of primary 
teeth, sometimes lead to a diagnosis in mild HPP [20–27]. Some 
patients also reach adulthood without being diagnosed with HPP, 
despite having dental symptoms [26]. If early exfoliation of primary 
teeth is recognized, dentists should promptly request that medical 
doctors conduct an examination for HPP. Fundamental treatment for 
HPP involving systemic problems is now available and has shown 
very impressive results [28–37]. Children with severe HPP who 
previously would not have achieved long-term survival before the 
introduction of the therapy can now survive and attend dental 
clinics. Thus, it has been recognized that patients with severe HPP 
show a variety of oral problems that are more complex than those of 
mild patients [38–40]. This review summarizes the general knowl-
edge on HPP from a dental perspective, including recently reported 
notable findings. 

2. Pathology and treatment of HPP 

HPP is a rare inherited disease caused by inactivating mutations 
in the ALPL gene, which encodes tissue-nonspecific alkaline phos-
phatase (TNSALP) [3–19]. More than 400 ALPL gene mutations have 
been reported in The ALPL Gene Variant Database (https:// 
alplmutationdatabase.jku.at). Such mutations lead to a reduction of 
alkaline phosphatase (ALP) enzyme activity, which impairs bone 
mineralization [3–19]. TNSALP, which is abundant in bone, liver, 
kidney, and developing teeth, produces inorganic phosphate by de-
grading inorganic pyrophosphate, a mineralization inhibitor, and the 
phosphate and calcium form hydroxyapatite, leading to the pro-
gression of mineralization [3–5,7,8,10,11,13,17]. In HPP patients, 
owing to the loss of TNSALP activity, inorganic pyrophosphate is not 
degraded and phosphate is not produced. As a result, calcium and 
phosphate cannot bind, and hydroxyapatite formation and out-
growth is disrupted, resulting in impaired bone mineralization. 

Diagnostic criteria for HPP in clinical practice guidelines define 
the primary symptoms as “bone mineralization disorder” and “pre-
mature loss of primary teeth” [41]. When a low serum ALP level is 
observed together with one or both of these main symptoms, HPP 
should be suspected. Then, gene testing should be performed for a 
definitive diagnosis. The phenotype of HPP is classified into six types 
based on the age at onset and severity of clinical features: perinatal, 
prenatal benign, infantile, childhood, adult, and odonto types 
(Table 1) [3–19,41]. In general, an earlier onset is associated with 
more severe systemic symptoms. Perinatal HPP is the most severe 
type with obvious symptoms at birth, whereas a child with infantile 
HPP presents with symptoms before 6 months of age. Perinatal HPP 
patients and half of infantile HPP patients have poor life prognoses 

without treatment because of respiratory complications [29]. Pre-
natal benign HPP, in which the prognosis is favorable despite the 
perinatal onset, has been documented recently [41,42]. In childhood 
HPP, the first symptoms occur between 6 months and 18 years of 
age, while adult HPP is diagnosed after the age of 18 years. Odonto 
HPP is the mildest form, featuring only dental complications at any 
age, without skeletal bone symptoms. However, the clinical types of 
HPP are part of a continuous spectrum and laboratory data overlap 
between the different types [41]. 

The prevalence of life-threatening HPP (perinatal and infantile 
types) is reported to be 1/300,000 in Europe, 1/100,000 in North 
America, and 1/150,000 in Japan [13,43–46]. Therefore, it is esti-
mated that approximately six to seven babies are born with life- 
threatening HPP every year in Japan, and that there are 100–200 
affected patients. Severe forms of this disease are inherited in an 
autosomal recessive manner, and therefore the patients’ parents are 
typically carriers having one mutation in one allele and being 
asymptomatic [40,47,48] (Fig. 1). c.1559delT is a common mutation 
in severe HPP; this has been found only in the Japanese, with a 
prevalence of 1/480 in the general Japanese population, causing 
complete loss of ALP activity in patients with severe-form HPP  
[44,45,49,50]. Mild HPP is expected to be more common because 
heterozygotes can express this condition; its prevalence in Europe is 
estimated to be 1/6370 [51]. The inheritance pattern of mild HPP is 
either autosomal recessive or autosomal dominant, and some au-
tosomal dominant ALPL mutations have been reported to have a 
dominant-negative effect [52]. Odonto HPP is generally the mildest 
type with autosomal dominant inheritance. It is probably the most 
common form of HPP, although its prevalence in Japan remains to be 
elucidated [6,13,40,48,51]. 

Prior to the recent introduction of ALP enzyme replacement 
therapy (ERT) using bone-targeting recombinant alkaline phospha-
tase (asfotase alfa), the management of HPP has been limited to the 
treatment of each symptom; however, ERT has had revolutionary 
effects on patients with severe HPP [28]. ERT was approved for 
manufacturing and marketing in Japan in 2015 [30,33], and mark-
edly improves the mineralization and survival rates in patients with 
severe HPP [28–37]. Asfotase alfa is generally administered sub-
cutaneously three times a week at a dose of 1–3 mg/kg [37]; it sig-
nificantly improves not only the survival rate but also the quality of 
life of patients with HPP [28–37]. When patients are confirmed to 
have HPP with the expectation of a poor life prognosis, such as in 
patients with the perinatal and infantile types, ERT should always be 
administered [41]. Patients with other moderate to mild forms of 
HPP also have possible indications for ERT if their motor function 
and quality of life (QOL) are impaired because these impairments are 
expected to be alleviated by ERT. However, no clear criteria are 
currently available for recommending ERT based on the classification 
of HPP types. At present, the decision about the indication is made 

Table 1 
Classification of HPP.      

Types Period of diagnosis Major symptoms Inheritance patterns  

Perinatal Fetal to neonatal Severe bone hypomineralization 
Respiratory disorder 
Convulsions 

Autosomal recessive 

Prenatal benign Bowed long bones Autosomal recessive or autosomal dominant 
Infantile  <  6 months of age Failure to thrive 

Hypercalcemia 
Premature craniosynostosis 

Autosomal recessive 

Childhood 6 months to 18 years old Early exfoliation of primary teeth 
Short stature 
Bone pain 

Autosomal recessive or autosomal dominant 

Adult ≥ 18 years of age Fracture 
Periodontitis 

Autosomal recessive or autosomal dominant 

Odonto Regardless of age Early exfoliation of primary teeth 
Periodontitis 

Autosomal recessive or autosomal dominant 
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by evaluating the condition of each case in consideration of the 
expected effects and risks. Evidence on the effects of ERT on extra-
skeletal symptoms, such as convulsions and dental symptoms, 
should be clarified to establish criteria for the indications of ERT in 
the near future. 

3. Dental manifestation of HPP 

A typical dental finding of HPP is early exfoliation of primary 
teeth, most commonly affecting the anterior teeth, starting with the 
mandibular primary incisors [22]. Early exfoliation of primary teeth 
is observed between the ages of 1 and 4 years [22]. Generally, 
mandibular primary central incisors emerge into the oral cavity at 
around 6 months and completion of their roots is recognized at 
around 1.5 years of age [53]. Around age 4, the roots of the primary 
teeth start to resorb as the permanent teeth emerge into the oral 
cavity. The primary teeth are finally exfoliated under conditions of 
root resorption by their permanent successors emerging around the 
age of 6 (Fig. 2). However, in HPP patients, primary incisors are ex-
foliated prematurely between the ages of 1 and 4 years without 
inflammation [23,54–57]. The roots of early exfoliated teeth are 
under formation or not absorbed by the permanent successors, 
which is completely different from those replaced by the permanent 
successors in healthy children [22–25,27]. It has been speculated 
that the reason why primary anterior teeth rather than posterior 
teeth tend to be lost is because they have a single, short root, erupt 
earlier, and are more susceptible to lateral forces than posterior 
teeth [22]. 

Early exfoliation of primary teeth is caused by poor mineraliza-
tion of cementum due to low ALP activity (Fig. 3) [22,25,27,53–56]. 
Cementum of the teeth and alveolar bone are connected via the 
periodontal ligament [58]. In cases of HPP, this adhesion is in-
sufficient due to cementum dysplasia [59,60], resulting in even 
minor external force that causes mobility and eventually leads to 
exfoliation. Disturbed formation of cementum is also recognized in 

permanent teeth, with case reports describing that permanent teeth 
have been exfoliated [61–67]. The disturbed formation of cementum 
could confer susceptibility to not only early exfoliation of anterior 
teeth, but also ankylosis involving posterior teeth [23,68]. The oc-
clusal force gradually damages weak periodontal tissue and subse-
quently affects root adhesion to alveolar bone. In anterior teeth, the 
lateral occlusal force is stronger than the vertical force; this lateral 
force can promote tooth exfoliation. Conversely, the occlusal force 
acts vertically in the posterior region. Therefore, ankylosis may occur 
in molars but is less likely to occur in anterior teeth. 

Fig. 1. Summary of severity and inheritance patterns in each type of HPP.  

Fig. 2. Typical appearance of primary incisors when standard replacement with 
permanent teeth occurred in a healthy subject (left) and early exfoliation occurred in 
an HPP patient (right). The tooth root of the HPP patient is still developing (arrow). 
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The early exfoliation of primary incisors is a result of period-
ontitis, although periodontitis in primary dentition is rare [69,70]. 
When dentists encounter periodontitis in children, they must sus-
pect a background of systematic disease [71,72]. However, the in-
flammation of periodontitis in HPP patients is much milder than that 
in other systematic diseases accompanied by periodontitis  
[23,54–57]. Deep periodontal pockets or tooth mobility is observed 
as a preliminary step prior to the exfoliation of affected teeth. The 
periodontal pockets of primary teeth are generally 1 mm in depth  
[73], but relatively deep periodontal pockets of 3 mm or more are 
identified in the primary teeth in HPP patients [25,27]. In particular, 
the teeth adjacent to the exfoliated primary teeth often have a poor 
periodontal condition with mobility. 

In addition to early exfoliation of primary teeth, other dental 
findings of HPP have been reported, such as early loss of permanent 
teeth, hypoplasia of enamel and dentine, reduced thickness of den-
tine, wide pulp chamber, thin and short roots, and dental caries  
[3,24,62]. 

4. Oral management of HPP 

At present, no fundamental therapy is available to prevent early 
exfoliation of primary teeth. Notably, early exfoliation of primary 
teeth in HPP patients is derived not from periodontal inflammation 
but from the insufficient tooth attachment to alveolar bone due to 
cementum dysplasia [23,54–57]. However, periodontal inflamma-
tion is sometimes identified in patients with poor oral hygiene  
[38,61,62]. Therefore, guidance on adequate oral hygiene for patients 
and their parents/guardians to maintain good periodontal condition, 
as well as the regular management of periodontal condition in the 
clinic, is important. 

The application of partial dentures is also recommended for cases 
whose primary teeth have been exfoliated (Fig. 4). The period of 
primary dentition is important for the acquisition of masticatory and 
phonetic functions, and early loss of primary teeth influences these 
functions as well as having an aesthetic effect [74]. Such loss may 
also lead to abnormal swallowing habits, which induce malocclusion 

such as open bite [75]. Therefore, dentists should aim to apply 
partial dentures as early as possible at around the age of 3, when 
impressions can be taken [25]. A wire clasp should be selected and 
placed in the primary molar area where the periodontal tissue is 
stronger than in the anterior teeth. In patients using dentures for the 
first time, the clasp may be placed at the primary canine, but when 
the child is accustomed to dentures, the clasp should be cut so as not 
to interfere with the lateral growth of the jawbone. As the child 
grows, the dentures would gradually lose their fit, requiring ad-
justment or the production of new ones. In severe type HPP, the use 
of dentures may be difficult because of the condition of the alveolar 
bone and the remaining teeth, malocclusion, and intellectual dis-
ability [39]. 

Recently, the use of a mouthguard in mixed dentition has been 
recommended to prevent strong pressure being applied to the teeth  
[76]. In particular, premature permanent teeth at the time of erup-
tion have incomplete roots and are susceptible to external forces. To 
prevent dental trauma during anterior tooth replacement, such as in 
the early elementary school period, a mouthguard is applied espe-
cially during contact sports. 

A few case reports on dental treatments for permanent dentition 
have been published, such as on prosthodontic rehabilitation, al-
though no long-term follow-up was performed [77–81]. When HPP 
patients undergo prosthodontic rehabilitation, such as dental im-
plants, it is important that sufficient examination of the periodontal 
condition be performed. In addition, it may be important to evaluate 
the conditions of alveolar bone where the implants are placed. In the 
future, it will be necessary to establish a fundamental treatment 
method by accumulating reports of treatment cases. 

HPP patients often require orthodontic treatment due to in-
sufficient space for permanent tooth eruption caused by a small 
jawbone and loss of space due to early loss of primary teeth  
[27,38,40,62,68]. When orthodontic treatment is performed in HPP 
patients, the weak attachment between the teeth and alveolar bone 
due to cementum dysplasia should be considered. Therefore, it is 
desirable to use a method that places less force on the teeth but, to 
the best of our knowledge, no reports of orthodontic treatment 
being used in HPP cases have yet been published. 

Recently, ERT has been initiated for HPP cases, and the dental 
manifestations of the severe form of this disease have gradually 
become apparent [40]. Severe HPP patients show hypomineraliza-
tion of enamel and dentine, in addition to weak periodontal tissue, 
even when they are treated with ERT (Figs. 5, 6) [38–40]. A thin 
jawbone and malocclusion, such as an open bite or crowding caused 
by hypomineralization of jawbone, are also recognized. At present, it 
is difficult to understand the common features of severe HPP be-
cause of the low frequency of such cases and because most patients 
with severe HPP do not survive until the teeth have erupted prior to 
the start of ERT. However, dentists should make continuous efforts to 
establish appropriate treatment approaches in the near future. 

5. Nationwide Japanese dental survey of HPP 

In a nationwide Japanese dental survey, the oral manifestations 
of 52 patients diagnosed with HPP were analyzed using the in-
formation submitted by dental hospitals and clinics [40]. The most 
common phenotype reported was the odonto type, since the survey 
covers dental institutes. Mean serum ALP values in odonto patients 
were significantly higher than those in non-odonto patients. ERT 
was administered to 50 % of all cases and to all cases of severe HPP. 
This survey revealed prominent differences in genetic and dental 
findings between odonto and non-odonto types. Autosomal domi-
nant and autosomal recessive inheritance patterns were detected in 
89 % of odonto and 96 % of non-odonto patients. The ALPL c.1559delT 
mutation, associated with extremely low ALP activity, was found in 
approximately 70 % of cases. Regarding dental manifestations, all 

Fig. 3. Histopathological appearance of decalcified section of an exfoliated primary 
incisor in an HPP patient (hematoxylin and eosin staining). Arrowheads indicate ce-
mentum. Disturbed cementum formation is observed. 

R. Okawa and K. Nakano Japanese Dental Science Review 58 (2022) 208–216 

211 



patients classified as odonto type showed early exfoliation of the 
primary teeth, which was significantly higher than the rate in pa-
tients classified as non-odonto type (100 % vs. 56 %). This means that 
HPP patients sometimes do not exhibit dental manifestations whe-
ther they do or do not receive ERT. Tooth hypomineralization was 

detected in 42 % of non-odonto patients, but not in any odonto ones. 
For many with occlusal problems, such as an open bite or a high- 
arched palate, who are considered to have severe HPP, these changes 
can lead to difficulty in swallowing and mastication. Total dental 
management, including of persistent occlusal problems, is important 
especially for perinatal and infantile types, depending on the se-
verity of HPP. Genetic and dental manifestations of patients with 
odonto and non-odonto HPP are significantly different, and these 
differences should be considered during clinical approaches for pa-
tients with HPP. 

Notably, in the previous study, two cases belonging to the odonto 
group shifted to the childhood group because of the emergence of 
skeletal bone symptoms with aging. Most of the cases in the odonto 
group had heterozygous mutations, and thus it is reasonable to 
speculate that patients with heterozygous mutations have odonto 
HPP, whereas those with compound heterozygous mutations are 
likely to shift toward childhood HPP as they grow. In odonto patients 
with compound heterozygous mutation, who we predict may shift to 
childhood HPP as they grow, careful monitoring could be important. 
In other words, genetic analysis is important not only for a definitive 
diagnosis of the condition but also perhaps for a prediction of the 
prognosis. The importance of proactively diagnosing odonto HPP at 
an early stage and keeping it under observation during the devel-
opmental period by pediatricians with medical and dental colla-
boration is suggested. 

Fig. 4. Application of dentures in the case of a boy aged 3 years and 11 months with infantile HPP. A) Intraoral photographs before (A) and after (C) the application of partial 
dentures (B). 

Fig. 5. Intraoral photographs of the case of a girl aged 8 years and 10 months with 
perinatal HPP treated by ERT. Enamel hypomineralization and multiple occlusal 
problems (mandibular prognathism, crowding, deep bite, high-arched palate, and V- 
shaped arch of maxilla) were recognized. 

Fig. 6. Orthopantomographic image of the case of a boy aged 6 years and 10 months 
with perinatal HPP treated by ERT. Severe hypomineralization of teeth was re-
cognized. 
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6. Dental effects of ERT in HPP 

TNSALP knockout mice (Akp2−/−) phenocopy the infantile type of 
HPP, including growth failure, skeletal hypomineralization, epileptic 
seizures, and lethality by 2 weeks after birth [82,83]. These model 
mice display impaired formation of cementum and alveolar bone, 
which is consistent with the dental phenotype associated with HPP 
in humans [84,85]. The dental effects of ERT in model mice were 
reported. Akp2−/− mice injected with recombinant TNSALP showed 
complete mineralization of all incisor tooth tissues, all molar den-
tine, and the surrounding alveolar bone [86]. This therapy also im-
proved HPP-related defects in the cementum [84], enamel [87], and 
dentine [88]. Because ERT requires repeated injections, which place 
a burden on patients, research has recently been undertaken on gene 
therapy with only a single injection [89–93] Gene therapy can im-
prove the general condition, and also induce significant alveolar 
bone formation and moderate improvement of cementum formation 
in model mice [85]. However, gene therapy did not fully recover 
cementum formation to the level found in the wild type. 

Some studies on humans have suggested that ERT may improve 
these problems [38,39,94–98]. Cementum formation in the primary 
incisors was detected in perinatal HPP treated with ERT [38,39]. ERT 
in childhood HPP resulted in improved tooth and mandibular bone 
mineralization, with notably good effects on teeth under the for-
mation process. Acceleration of the mineralization of roots asso-
ciated with erupting teeth leads to stabilization of the periodontal 
condition [94]. ERT in infantile HPP patients demonstrated stable 
periodontal conditions of primary molars that erupted after the in-
itiation of ERT, due to improved alveolar bone and tooth miner-
alization [95]. Another paper reported that none of the patients 
receiving ERT suffered from premature mobility of previously stable 
primary teeth. In some cases, the teeth with Grade I mobility became 
stable during the treatment, and no mobility was observed in those 
teeth during the follow-up. Thus, the process of premature loss of 
primary teeth in children receiving ERT was stabilized [96]. After 
providing ERT for odonto HPP to prevent premature exfoliation, no 
tooth mobility was observed [97]. Infantile HPP cases prematurely 
lost significantly fewer teeth to HPP than childhood HPP cases who 
started ERT at a later age. The oral health of children with early-onset 
infantile hypophosphatasia may be improved by the early and con-
tinuous administration of ERT, compared with the initiation of 
therapy later in childhood [98]. However, in those treated with ERT, 
hypomineralization and exfoliation of their primary teeth were re-
ported [38,39], while another report described the exfoliation of 
primary teeth after the initiation of ERT [97]. It should be considered 
that the effects of ERT on teeth could be limited because they are not 
tissues that can remodel like bone. Specifically, primary teeth start 
mineralization during the fetal stage [53], and thus it is difficult to 
expect positive effects of ERT, which is initiated after birth. However, 
ERT could be more effective on permanent teeth and jawbones. 

When assessing the dental manifestations of HPP and the dental 
effect of ERT, objective measurement methods are essential. Thus, a 
method for evaluating alveolar bone hypomineralization in pediatric 
HPP was established using orthopantomography [99]. Specifically, 
this previous study was performed to develop a method for quan-
titatively evaluating alveolar bone hypomineralization using ortho-
pantomographic images. Alveolar bone density was defined 
according to the pixel values and corrected by brightness shown by 
an indicator applied to the orthopantomographic device. Images of 
200 healthy subjects aged 2–15 years were classified into five age 
groups. Then, orthopantomographic images of 17 patients with HPP 
were evaluated. The corrected pixel values of three-quarters of the 
patients with odonto HPP were lower than the mean value of the 
healthy group. One-third of patients treated with ERT showed higher 
corrected pixel values than the healthy group. These results suggest 
that odonto HPP without skeletal problems is occasionally 

accompanied by hypomineralization of alveolar bone and that al-
veolar bone hypomineralization in patients with severe HPP may be 
improved by ERT. When HPP patients undergo prosthodontic re-
habilitation, such as dental implants or orthodontic treatment, the 
status of alveolar bone is important. This evaluation method may be 
useful for dental diagnosis in the future. 

7. Importance of early detection of HPP in the dentistry field 

To detect HPP at an early stage in the field of dentistry, it is im-
portant to raise awareness of this disease among general dentists 
and to establish a diagnostic system based on medical/dental col-
laboration. In cases of severe HPP, the disease is diagnosed in the 
medical field before or immediately after birth and follow-up is in-
itiated. Then, when the primary teeth emerge into the oral cavity, 
the patients are referred to a dentist and oral management begins. 
However, there are potentially still many cases of HPP that have not 
yet been diagnosed because the systemic symptoms do not affect 
daily life or there are no subjective symptoms at all in mild cases, 
such as childhood and odonto types [26,100–104]. 

HPP is a progressive disease in some patients, so even odonto 
HPP patients with only early primary tooth loss could exhibit sys-
temic problems, such as decreased motor function or bone pain, as 
they grow up [26]. In addition, cases of HPP diagnosed as adult type 
often have a history of early primary tooth loss [105–108], which 
could have been classified into the odonto type if they had been 
diagnosed at the time when only dental symptoms were present. 
Notably, adult HPP cases are sometimes misdiagnosed as “osteo-
porosis” and have been reported to have received bisphosphonates, 
which can worsen the symptoms of HPP [109,110]. For these reasons, 
it is important that suspected cases of HPP be screened in the dental 
field as early as possible, leading to early diagnosis in the medical 
field, so that growth and development can be managed and treat-
ment can be received at an appropriate time. 

Although the possibility of encountering HPP cases in daily 
clinical practice may be low, there are children who can be saved if a 
deeper understanding of HPP is developed among dentists. When 
encountering cases of early primary tooth loss, it is important to 
refer them to pediatricians who specialize in bone diseases. In par-
ticular, the root shape of the exfoliated tooth is one of the clues to 
screen possible HPP cases, so if cases of primary tooth loss are en-
countered, it is important to ask the parents/guardians to bring the 
primary tooth to enable analysis of this tooth. In addition, HPP cases 
detected in the dentistry field are always of the mild form, but these 
include not only the odonto type but also the childhood or adult 
type, occasionally with the presence of physical symptoms [27,39]. 
From this perspective, early diagnoses with the finding of early ex-
foliation of primary teeth are very important. 

HPP is recognized as an extremely rare disease, and therefore 
dentists often do not suspect it when they encounter cases of pri-
mary tooth loss. Moreover, comments from the parents that a tooth 
has fallen out due to dental trauma can often be an obstacle to re-
cognizing HPP cases. Meanwhile, if dentists ask pediatricians to 
examine suspected cases of HPP, pediatricians who do not specialize 
in bone diseases may not consider the possibility of this rare disease. 
Furthermore, it is not fully recognized that the standard ALP values 
for pediatric patients are much higher than those for adults, so even 
if the test data show low values, it is possible that these are not 
recognized as abnormally low values [27]. In addition, the ALP ac-
tivity test was converted from the Japan Society of Clinical Chemistry 
(JSCC) method to the International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) method in April 2020. The ALP va-
lues in the IFCC method are approximately one-third of those in the 
JSCC method, so we expect that low values could be more easily 
recognized from this change. 
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Educational activities to raise awareness of HPP among those 
involved in pediatric oral health have been performed throughout 
Japan. Recently, the establishment of a system for the early diagnosis 
of HPP in the dentistry field by adding items to check the early ex-
foliation of primary teeth in governmental dental examinations at 
the ages of 1.5 and 3 years old has been progressing in Japan. In fact, 
not only the odonto type but also children with growth and devel-
opment problems, such as those with the infantile and child types, 
can now be screened in the dentistry field [27]. 

8. Future perspectives 

We are undertaking ongoing clinical research in the form of a 
multicenter study for the quantitative evaluation of dental mani-
festations in HPP patients to examine the dental effects of asfotase 
alfa [97]. On the basis of accumulated evidence from similar studies, 
criteria for the introduction of ERT for mild HPP, such as childhood 
and odonto types, can be discussed while considering the expected 
benefits and potential risks in the near future [35,41]. The main 
disadvantage of systematic treatment by ERT is that it requires re-
peated injections, which places a burden on patients. Meanwhile, it 
is possible to limit the period of ERT for mild HPP depending on the 
results of clinical studies, if it is performed to resolve dental pro-
blems. In mild forms of HPP, asfotase alfa may be reduced or 
stopped; however, evaluation of the effects of this on the therapeutic 
outcome is insufficient, and there is little evidence to support this  
[41]. In the dental field, it has been suggested that there may be a 
need for a dosing period that takes into account the growth of teeth 
and jawbone, especially for mild forms of HPP. 

Asfotase alfa was approved in Japan in 2015, ahead of the rest of 
the world, and children with perinatal HPP who were saved by ERT 
since that time are now in the stage of mixed dentition, in which 
permanent teeth are starting to erupt [30,38]. Dentists thus have no 
prior experience of dental management of permanent dentition in 
perinatal HPP treated with ERT. These children are expected to have 
various dental problems, such as poor periodontal status, tooth hy-
pomineralization, occlusion, and obstructed feeding and swallowing  
[38], which should be clarified and for which appropriate treatment 
approaches should be established. As for cases with severe HPP, it is 
necessary to accumulate cases to develop better dental management 
for these children to improve their QOL. 
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