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Review Paper
Advancements in Understanding and Managing Hy-
pophosphatasia: From Clinical Spectrum and Diag-
nosis to Therapeutic Strategies

Background: Hypophosphatasia (HPP) is a rare, inherited metabolic disorder caused by 
mutations in the gene responsible for producing the tissue-nonspecific isoenzyme of alkaline 
phosphatase (TNSALP). The clinical spectrum of HPP ranges from severe, life-threatening 
forms in infants to milder forms in adults, primarily affecting dental health and bone integrity.

Objectives: This review aims to summarize the clinical manifestations and genetic underpinnings 
of HPP, discuss the diagnostic methodologies used to identify HPP and, highlight the therapeutic 
interventions available, with a focus on recent advancements. 

Results: The review synthesizes information from clinical observations, radiographic findings, 
laboratory tests, and genetic screenings. It also evaluates recent literature on the pathophysiology 
and treatment of HPP, particularly the use of Asfotase alfa.

Discussion and Conclusion: Despite the existence of clear clinical markers, HPP often remains 
unrecognized for extended periods. Treatments like Asfotase alfa have significantly improved 
outcomes for severe cases in infants, children, and adults. However, questions about the 
optimal duration of treatment remain. Recent advancements have enhanced the understanding 
of HPP’s pathophysiology, particularly the role of persistently low serum alkaline phosphatase 
(AP) levels. Increased vigilance among healthcare professionals, including dentists, orthopedic 
surgeons, and rheumatologists, is crucial for timely diagnosis and management of HPP. The past 
decade has seen significant progress in understanding and treating HPP, offering new avenues 
for its management. This review encapsulates these advancements, providing a comprehensive 
overview of the evolving comprehension and approach towards this complex metabolic disorder.

A B S T R A C T

Keywords:
Hypophosphatasia (HPP), 
Atypical femur fracture, 
Asfotase alfa

Citation Shams R, Zabihiyeganeh M, Aminian A, Sarikhani M. Advancements in Understanding and Managing Hypophos-
phatasia: From Clinical Spectrum and Diagnosis to Therapeutic Strategies. Journal of Research in Orthopedic Science. 2022; 
9(4):187-196. http://dx.doi.org/10.32598/JROSJ.9.4.963.3

 : http://dx.doi.org/10.32598/JROSJ.9.4.963.3

Use your device to scan 
and read the article online

Article info:
Received: 25 Feb 2022
Revised: 18 Mar 2022
Accepted: 25 Mar 2022
Available Online: 01 Nov 2022

Copyright © 2024 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-7141-5735
https://orcid.org/0000-0002-4352-0693
https://orcid.org/0000-0003-4374-6147
https://orcid.org/0009-0002-0764-5365
mailto:Sarikhaniortho%40gmail.com?subject=
https://jros.iums.ac.ir/?q=Volar%20Plate
http://dx.doi.org/10.32598/JROSJ.9.4.963.3
http://jros.iums.ac.ir/page/114/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/JROSJ.9.4.963.3
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


188

 November 2022. Volume 9. Number 4

1. Introduction

n 1948, John C. Rathbun first identified 
a condition characterized by rickets, sei-
zures, and diminished levels of alkaline 
phosphatase (AP) in a patient, a condition 
later known as hypophosphatasia (HPP) 
[1]. HPP emerges due to mutations affect-
ing the gene for the tissue-nonspecific iso-

enzyme of AP (TNSALP), presenting a broad spectrum 
of systemic metabolic disturbances [2]. The AP-liver 
(ALPL) gene, responsible for HPP, is predominantly ac-
tive in the bones, liver, kidneys, and developing teeth, 
still, its expression can also be found in the central ner-
vous system, fibroblasts, endothelial cells, and several 
other cell types [3]. Despite its rarity, HPP is a signifi-
cant yet often overlooked cause of osteomalacia and 
susceptibility to atypical fractures in adults, leading to 
a critical need for heightened awareness among health-
care professionals. This awareness is crucial to avoid 
the inappropriate use of antiresorptive therapies, such as 
bisphosphonates and denosumab, in these patients. Such 
treatments, intended for osteoporosis, can heighten the 
risk of atypical femoral fractures (AFF). The overarch-
ing goal of this comprehensive review is not only to en-
hance awareness and understanding among healthcare 
professionals, particularly in orthopedics and rheumatol-
ogy but also to lay the groundwork for the development 
of evidence-based clinical practices. By consolidating 
recent advances and highlighting the necessity for ap-
propriate therapeutic approaches, this study endeavors to 
improve patient outcomes and prevent the mismanage-
ment of this complex condition.

2. Genetics and Molecular Pathophysiology 

The molecular pathophysiology and pathogenesis of 
HPP are primarily centered on mutations in the ALPL 
gene (MIM*171760), which encodes the TNSALP, 
UniprotKB# P05186). This enzyme is crucial for bone 
and dental mineralization, and its dysfunction leads to 
the clinical manifestations of HPP. HPP results from 
mutations in the ALPL gene located on the short arm of 
chromosome 1 (1p36.1-34) [4]. These mutations can be 
heterozygous, compound heterozygous, or homozygous, 
with over 400 different mutations identified, including 
missense/nonsense mutations, deletions, and insertions 
[5]. A recent investigation analyzed the genetic inheri-
tance patterns within a group of 424 individuals diag-
nosed with HPP. The results of this study indicated that 
the genetic characteristics of this cohort can be classified 
into three distinct clinical categories, severe HPP, which 

is both recessive and infrequent; moderate HPP, occur-
ring more frequently and inheritable as either recessive 
or dominant; and mild HPP, the most common form, 
predominantly inherited in a dominant manner, marked 
by decreased levels of AP and nonspecific clinical symp-
toms [6]. However, mutations can lead to impaired func-
tion of the enzyme produced by TNSALP. This inborn 
metabolic disorder causes the extracellular buildup of 
natural substrates of TNSALP, including phosphoetha-
nolamine (PEA), an integral part of the phosphatidylino-
sitol-glycan linkage apparatus linking APs and other pro-
teins to plasma membrane surfaces. Another substrate is 
inorganic pyrophosphate (PPi), recognized for hindering 
hydroxyapatite crystal formation and impacting biomin-
eralization. Additionally, pyridoxal 5′-phosphate (PLP), 
the primary circulating form of vitamin B6 (B6), ac-
cumulates [7]. TNSALP is a glycosylphosphatidylino-
sitol-anchored membrane enzyme expressed in various 
tissues, including bone, liver, kidneys, and teeth. It is 
involved in the dephosphorylation of several substrates, 
such as inorganic PPi, a natural inhibitor of hydroxyapa-
tite crystal formation and growth [8]. PPi plays a piv-
otal role in regulating bone mineralization. It prevents 
excessive crystal growth, ensuring proper bone forma-
tion and remodeling. TNSALP’s activity is essential for 
maintaining the balance between PPi and phosphate (Pi) 
levels, facilitating normal bone mineralization [8]. Muta-
tions in the ALPL gene reduce TNSALP activity, leading 
to the accumulation of PPi. High levels of PPi inhibit the 
deposition of calcium and Pi into the bone matrix, caus-
ing hypomineralization of bone and teeth, the hallmark 
of HPP. The mineralization defect results in a spectrum 
of skeletal abnormalities, ranging from severe perinatal 
forms with almost no bone mineralization to milder adult 
forms characterized by recurrent fractures, osteomalacia, 
and dental issues [9]. 

3. Clinical Presentations

HPP displays a diverse clinical spectrum, encompass-
ing severe manifestations in infants, including life-
threatening conditions and even fetal death, to milder 
forms observed in adults, characterized by dental or 
skeletal symptoms [10]. The classification of HPP in-
volves six distinct forms, determined by factors, such 
as the age of onset, the severity of symptoms, and the 
specific clinical manifestations exhibited by individuals 
[3]. This classification system aids in understanding the 
varied presentations of HPP across different age groups 
and the severity of the condition.

I
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Benign prenatal HPP 

The prenatal benign variant of HPP is identifiable 
through gestational ultrasonography, revealing charac-
teristics, such as shortened long bones and hypominer-
alization [1]. These manifestations often exhibit sponta-
neous improvement during late pregnancy or postnatal 
development. The natural progression of this form is 
unpredictable, with the potential for evolving from 
odonto HPP to the more severe infantile form [3]. The 
variability in its natural course underscores the challenge 
of foreseeing the trajectory of this prenatal benign form. 

Perinatal (sever) HPP 

This form, recognized as the most critical form, is pri-
marily inherited through autosomal recessive traits and 
is considered rare. The clinical manifestations typically 
become evident by the end of pregnancy or at birth [3, 
11], with a prognosis that is unfortunately almost always 
fatal shortly thereafter [10]. Radiological examinations 
reveal characteristic changes, including bone hypomin-
eralization, radiolucent regions resembling “tongues” at 
the ends of long bones, slender and deformed bones, me-
taphyses presenting a “moth-eaten” and cup-shaped ap-
pearance, and the presence of osteochondral spurs [12]. 
Additional features encompass a high-pitched cry, pyri-
doxine-dependent seizures, periodic apnea accompanied 
by cyanosis and bradycardia, irritability, unexplained 
fever, myelophthisic anemia, and intracranial hemor-
rhage [10]. The serum ALP levels in neonates with this 
form are typically excessively low or undetectable [3]. 
Research results indicate that most mutations associated 
with this particular subtype are missense mutations. Es-
tablishing a correlation between genotype and phenotype 
can contribute to the development of a novel classifica-
tion system. Such a classification of ALPL variants holds 
the potential to enhance the accuracy of distinguishing 
between perinatal lethal cases and other types of HPP 
[13, 14].

Infantile HPP

This form of HPP represents a moderately severe phe-
notype and is commonly associated with autosomal 
recessive inheritance [3]. Although newborns affected 
by this type may seem healthy at birth, clinical mani-
festations typically become apparent within the initial 
6 months of life [15]. As mentioned, HPP causes the 
extracellular buildup of natural substrates of TNSALP, 
including PEA, PPi, and PLP. An established complica-
tion arises in life-threatening HPP during infancy due to 
compromised dephosphorylation of PLP to pyridoxal 

(PL) by TNSALP. PL, a B6 vitamer capable of cross-
ing membranes, is then rephosphorylated to PLP or 
pyridoxamine Pi for intracellular enzymatic reactions. 
This compromised dephosphorylation process can result 
in B6-dependent seizures in infancy [16]. On the other 
hand, the increased excretion of calcium may contribute 
to renal damage. Despite the presence of an open fonta-
nelle, premature craniosynostosis is frequently observed, 
potentially leading to elevated intracranial pressure [15]. 
Historically, it has been estimated that around 50% of 
infants with this subtype do not survive infancy [17]. A 
poor prognosis is often associated with the presence of 
respiratory failures, such as rib fractures, thoracic defor-
mity, recurrent pneumonias, and or pyridoxine-depen-
dent seizures [3].

Childhood HPP

Childhood HPP represents a highly heterogeneous 
clinical entity within the broader spectrum of HPP [15], 
exhibiting a notable diversity further categorized into 
mild and severe forms. In instances of mild presenta-
tion, affected children typically demonstrate good over-
all health, normal physical functionality, and minimal or 
negligible symptoms [18]. However, early-onset tooth 
loss is a characteristic feature, accompanied by subtle 
skeletal alterations, such as diminished bone mass evi-
dent in radiographic assessments. Conversely, severe 
childhood HPP, typically inherited as an autosomal 
recessive trait, manifests more prominently with chal-
lenges [19]. Patients experience premature tooth loss 
concomitant with skeletal pain, precipitating episodes 
of unexplained crying, and reluctance to ambulate. This 
muscular weakness contributes to delayed ambulation, a 
characteristic waddling gait, and difficulties in ascend-
ing stairs. Rachitic deformities may manifest as cranial 
misshaping, costochondral junction beading, bowed or 
knock-kneed legs, and joint enlargement due to metaph-
yseal flaring. While spontaneous remission of bone dis-
ease is acknowledged, the condition may reoccur during 
middle or late adulthood [20].

Adult HPP

The manifestation of HPP in adults emerges in mid-
dle age, with diagnoses occurring in individuals aged 
18 years or older [15]. However, it is noteworthy that 
many adults with HPP have histories of signs or symp-
toms preceding this age that were not recognized dur-
ing childhood, leading to significant delays in diagno-
sis [21]. Approximately 40%–55% of adults with HPP 
have a documented history of fractures, often multiple. 
At presentation, nearly two-thirds of patients exhibit 
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symptoms, with musculoskeletal pain being a prevalent 
complaint (40%–75% in various series), affecting di-
verse areas, such as the feet, ankles, knees, thighs, hips, 
back, and joints [22]. Fractures commonly occur in the 
feet and femur/hip, but also in the wrists, vertebrae, or 
other bones, and are characterized by slow healing and 
potential recurrence. Bone mineral density (BMD) can 
vary, being low, normal, or high, with high lumbar spine 
BMD paradoxically associated with a higher risk of frac-
tures. Dentition is also affected, with early loss of adult 
teeth being a common feature (25–35%) [2, 3]. Osteo-
malacia and pseudofractures, particularly in the femur, 
may precede HPP diagnosis, leading to bowing defor-
mities of long bones in about 15% of patients. Radio-
graphic calcific periarthritis, chondrocalcinosis, ossifica-
tion of ligaments, scoliosis, and other symptoms, such 
as headaches, chronic fatigue, and gait abnormalities are 
observed in varying percentages [23]. Adult HPP, espe-
cially mild forms, may remain asymptomatic, contribut-
ing to underdiagnosis, as symptoms like musculoskeletal 
pain are non-specific and prevalent in the population. A 
study recently highlighted the clinical presentation and 
genetic profile of HPP in a cohort of 19 Chinese adults. 
The participants’ median age was 62, ranging from 32 to 
74 years, with a predominance of female patients (16 out 
of 19). The most frequently reported issues were mus-
culoskeletal symptoms (63.2%), dental complications 
(42.1%), fractures (36.8%), and fatigue (31.6%). Nearly 
half of the patients (47.4%) were incorrectly diagnosed 
with osteoporosis, and a third of them had undergone 
treatment with anti-resorptive drugs. The average serum 
ALP level among the group was notably low at 29.1 U/L, 
with 94.7% (18 out of 19) displaying ALP levels beneath 
the 40 U/L threshold. Genetic testing unveiled 14 differ-
ent mutations in the ALPL gene, three of which were pre-
viously unreported [24]. Therefore, the diagnostic chal-
lenge arises in distinguishing between adult HPP and a 
normal phenotype, particularly in patients heterozygous 
for an ALPL gene mutation. The mentioned study has 
reported that the symptoms of two patients with com-
pound heterozygous mutations were more severe than 
those with heterozygous mutations. Debilitating conse-
quences of adult HPP include recurrent fractures, skel-
etal and joint pain, and muscle weakness. Notably, AFF 
can occur in up to 10% of HPP patients, with a higher 
frequency observed in those exposed to antiresorptive 
drugs before AFF onset [25, 26].

Odonto HPP

OdontoHPP is identified as the least severe yet most 
prevalent phenotype of HPP, affecting individuals across 
a broad age spectrum, encompassing both pediatric and 

adult populations [15]. This variant is primarily distin-
guished by its dental manifestations, which occur in the 
absence of radiographic or histopathological evidence in-
dicative of rickets or osteomalacia. For instance, a recent 
study documented the case of a 2-year-old Japanese child 
diagnosed with odontoHPP. The child experienced pre-
mature loss of deciduous teeth, with the roots remaining 
intact. Serum analysis revealed low levels of AP along-
side significantly elevated levels of PEA and PLP. Ge-
netic testing of the ALPL gene identified a heterozygous 
mutation (NM_000478.6:c.1151C > A, p.Thr384Lys) 
[27]. Clinical presentations of these patients include the 
asymptomatic, premature loss of primary incisors, where 
the dental roots remain intact, and this occurs without 
accompanying gingival inflammation, ulceration, dental 
abscess formation, or a documented history of trauma. 
In the diagnostic assessment of patients presenting with 
early onset (before age 5 years) of unexplained tooth loss 
or the presence of abnormally loose teeth upon dental 
examination, odontoHPP should be considered as a dif-
ferential diagnosis using mutation detection of the ALPL 
gene for a variety of mutations [28].

4. Diagnosis

Laboratory assays

The laboratory assays for detecting different types of 
HPP primarily focus on measuring the activity of ALP 
and the concentrations of its substrates and products. 
These tests can help in diagnosing HPP, differentiating it 
from other disorders, and determining its type and sever-
ity. Key laboratory assays include:

ALP activity

The hallmark of HPP is low serum ALP activity, which 
is measured using routine biochemical assays. ALP ac-
tivity is significantly lower than the normal range for the 
patient’s age and sex, aiding in the initial suspicion of 
HPP. In a recently published research, the prevalence of 
low AP activity and increased PLP levels was examined 
using 6,918,126 measurements collected between 2011 
and 2016 from a single laboratory in northern Germany. 
The results revealed that 8.46% of the total measure-
ments, displayed AP activity below 30 U/L. Within this 
subgroup, 6.09% exhibited elevated PLP levels. These 
results suggest that approximately 0.52% (1 in 194) of 
the subjects exhibited laboratory HPP. They proposed 
the automatic assessment of PLP levels in instances of 
low levels of ALP activity. Additionally, a notification to 
the prescribing physician advising the inclusion of HPP 
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in the differential diagnosis and recommending further 
investigation was suggested [29].

Substrate accumulation tests

PEA: Elevated levels of PEA in urine indicate HPP. 
PEA is a natural substrate of ALP, and its accumulation 
in urine reflects ALP deficiency. A study specifically as-
sessed the utility of urine PEA as a marker to diagnose 
and confirm HPP in adults and monitoring patients on 
ERT. The results of 59 patients, with and without con-
firmed HPP, were compared to other parameters. Urine 
PEA outperformed AP, suggesting it as a promising diag-
nostic and confirmatory marker for HPP [30].

PLP: Numerous studies have reported elevated levels 
of this substrate in HPP patients [7, 31]. In the absence of 
adequate ALP activity, PLP cannot be dephosphorylated 
to cross cell membranes effectively, leading to its accu-
mulation. Therefore, high levels of PLP, the active form 
of vitamin B6, in the blood is another indicator of HPP. 
In addition, a correlation between the severity of the dis-
ease and the serum PLP level has been reported [32]. As-
sessing the levels of vitamin B6 metabolites, particularly 
in the context of seizures, can be useful. Elevated PLP 
levels in the context of seizures may prompt testing for 
HPP, especially in infants [16].

PPi: Increased concentrations of PPi in blood or urine 
can suggest HPP. PPi is an inhibitor of mineralization, 
and its accumulation contributes to the rickets or osteo-
malacia seen in HPP patients. As direct assays for PPi 
measurement are not currently available in clinical prac-
tice, understanding this correlation becomes crucial for 
assessing an individual’s fracture risk. This aligns with 
the observation that individuals with lower ALP activity 
tend to exhibit significantly higher lumbar spine BMD 
[33].

Calcium and phosphorus levels

While not diagnostic on their own, abnormal levels of 
calcium and phosphorus in the blood can indicate dis-
ruptions in bone metabolism associated with HPP. Hy-
percalcemia and hyperphosphatemia may occur, particu-
larly in severe forms of HPP [34].

Bone specific AP (BSAP)

Measuring BSAP, a form of ALP expressed in bone, 
can provide additional insights into bone metabolism 
and the impact of HPP on bone formation [35].

Radiographic findings and BMD

While not laboratory assays, radiographic examina-
tions, and BMD assessments can support the diagnosis 
of HPP by revealing characteristic skeletal abnormalities 
associated with the disease [33]. However, some studies 
reported that non-osteoporotic fractures may show high-
er than normal lumbar BMD recurrently in HPP patients 
and can be included as diagnostic criteria [36].

These assays, combined with clinical evaluation and 
radiographic findings, form the basis for diagnosing 
HPP and determining its severity and type. The diag-
nostic process must be comprehensive, considering both 
biochemical markers and clinical presentations.

Genetic testing

Confirmatory diagnosis of HPP requires genetic testing 
to identify mutations in the ALPL gene, which encodes 
the TNSALP. Various mutations can result in different 
forms of HPP, ranging from the perinatal lethal form to 
adult-onset forms. More than 400 mutations in the ALPL 
gene have been associated with HPP, adding complexity 
to genetic counseling. The intricacies arise from the dual 
modes of inheritance, incomplete penetrance in domi-
nant forms, highly variable disease expression, even 
within families, and the presence of a benign prenatal 
form challenging to differentiate from severe cases [37]. 
Table 1 presents the overall presentations and mode of 
inheritance of each subtype of HPP. Loss-of-function 
mutations in the ALPL gene, responsible for encoding 
TNSALP, underlie the condition. The diverse array of 
missense mutations and the dominant negative impact 
of some mutations contribute significantly to clinical 
heterogeneity [38]. Comprehensive studies involving 
directed mutagenesis have enhanced our understanding 
of HPP’s cellular pathophysiology, aiding in classifying 
alleles based on severity and elucidating the dominant 
negative effect, offering molecular insights into domi-
nant inheritance [6]. Genetic insights highlight distinct 
HPP categories: Rare, severe, and recessive HPP, and the 
more prevalent, likely underdiagnosed, mild recessive or 
mild dominant HPP. The prevalence of severe HPP is es-
timated at 1 in 300,000 in France and Northern Europe, 
while moderate forms may affect approximately 1 in 6 
370 individuals [39]. Diagnosing HPP from other types 
of hereditary or acquired diseases with similar manifes-
tations should be confirmed by genetic testing and muta-
tion detection of ALPL gene. Table 2 demonstrates the 
list of complicating childhood and adult HPP diagnosis 
criteria from other diseases with similar clinical presen-
tations.
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5. Treatment

Asfotase alfa, also known as Strensiq, represents a 
groundbreaking therapy for severe manifestations of 
HPP, gaining FDA approval in 2015 [40]. This recom-
binant AP has become the primary treatment for infants, 
children, and select adults with severe HPP symptoms. 
The advent of targeted enzyme replacement therapy us-
ing asfotase alfa has marked a significant stride in the 
last decade, showcasing efficacy in restoring skeletal 
mineralization and achieving developmental milestones, 
ultimately improving mortality rates when compared to 
historical cohorts [41].

Contrarily, antiresorptive treatments are cautioned 
against in HPP patients due to their potential to lower 
serum AP levels, stemming from their inhibitory impact 
on osteoclasts and the possible predisposition to AFF. 
Indications for asfotase alfa treatment in adults involve a 
history of childhood involvement (before age 18 years) 
and specific criteria such as musculoskeletal pain requir-
ing prescription medications, disabling polyarthropa-
thy or chondrocalcinosis, major low-trauma fractures 
attributed to HPP, delayed fracture healing, orthopedic 
surgeries for HPP complications, functional impairment, 
low bone density, and nephrocalcinosis [13]. However, 
guidelines for patient selection and optimal therapy du-
ration in adults with HPP are currently lacking. In a study 
involving 10 adult HPP patients, teriparatide was utilized 
to boost osteoblast production of AP, resulting in varied 

effects on bone density and reported fracture repair in 
some cases [42]. The application of the anti-sclerostin 
monoclonal antibody BPS804 has shown promise in en-
hancing BMD and regeneration in adult HPP individuals 
[43].

Regular dental monitoring is crucial for all individuals 
with HPP. Despite being primarily a physical ailment, 
HPP has been found to impact dental health in various 
studies. Several other treatments, including zinc, mag-
nesium, cortisone, and plasma, have been explored with 
less encouraging therapeutic effects [44]. Bone marrow 
transplant effects in HPP appear transient, as bone le-
sions may reoccur around six months post-transplan-
tation. Vitamin B6 supplementation has demonstrated 
improvement in neonatal seizures associated with HPP 
[45].

6. HPP and AFF

Studies indicate that AFF can occur in up to 10% of 
patients with HPP. This higher incidence emphasizes the 
importance of monitoring and managing bone health in 
individuals with HPP to minimize the risk of fractures 
[26]. Contrary to conventional approaches in treat-
ing bone-related disorders, antiresorptive medications, 
which impede bone breakdown, are explicitly contra-
indicated in HPP. The intricacies of HPP’s pathophysi-
ology, notably the compromised function of TNSALP, 
render antiresorptive drugs detrimental, exacerbating the 

Table 1. The different aspects of HPP subtypes

Type of HPP MOI Manifestations Additional Features

Perinatal (severe) AR Hypomineralization
Osteochondral spurs

Long bone bowing
Pretibial dimpling

Perinatal (benign) AR/AD Long bone bowing
Benign postnatal course

Infantile Mostly AR

Craniosynostosis
Hypomineralization

Rachitic ribs
↑ serum calcium & phosphorus

Hypercalciuria

Additional clinical and radiographic features of infantile 
rickets 

Alveolar bone loss (anterior mandible)
Premature loss of deciduous teeth

Severe childhood 
(juvenile) AR/AD

Short stature
Skeletal deformity

Bone pain/fractures
Focal metaphyseal defects resem-

bling radiolucent “tongues”

Premature loss of deciduous teeth (incisors)

Mild childhood AR/AD ↑ Fractures Premature loss of deciduous teeth (incisors)

Adult AR/AD Stress fractures: Metatarsal, tibia
Chondrocalcinosis

Dental caries and early loss or extraction of adult teeth
Osteopenia/Osteoporosis

OdontoHPP AR/AD Alveolar bone loss Exfoliation (incisors)
Dental caries

Abbreviations: AD: Autosomal dominant; AR: Autosomal recessive; MOI: Mode of inheritance; HPP: Hypophosphatasia.
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underlying metabolic disturbances. This contraindica-
tion stems from their potential to further perturb serum 
ALP levels, thereby intensifying the risk of AFF in HPP 
patients [46]. While acknowledging the significance of 
low serum ALP as a potential marker for AFF risk in 
HPP, ongoing investigations seek to unravel the precise 
correlation. This exploration is crucial in refining risk 
stratification strategies and tailoring interventions to the 
unique needs of HPP patients [47].

Addressing the formidable challenge of stabilizing 
fractures in HPP, particularly in severely affected indi-
viduals, demands a nuanced understanding of the dis-
ease’s impact on bone quality and healing dynamics. 
Unlike conventional fractures resulting from external 
trauma, HPP-related fractures often manifest as latent 
pseudo-fractures, predominantly in the diaphyseal area 
of long bones. Effective fracture management necessi-
tates a departure from conventional extramedullary de-
vices, such as plates, as these may pose a higher risk of 
complications. Appropriately sized intramedullary nails 

emerge as a preferred option, showcasing potential ben-
efits in navigating the intricacies of fracture healing in 
HPP patients [48]. This insight underscores the impor-
tance of tailored approaches in fracture care, aligning 
with the distinct pathophysiological landscape of HPP.

7. Conclusion

HPP constitutes a rare genetic disorder with diverse 
clinical presentations. Characterized by six distinct 
forms categorized by age of onset and severity—peri-
natal, infantile, childhood (severe and mild), adult, and 
odonto—HPP manifests variably, presenting diagnos-
tic challenges. The diagnosis, reliant on clinical, ra-
diographic, and laboratory assessments, entails crucial 
laboratory criteria, including low serum ALP, elevated 
urinary PEA, and serum PLP levels. Confirming the 
diagnosis requires the identification of mutations in the 
TNAP gene. Genetic testing assumes a pivotal role in 
confirming HPP diagnoses, elucidating the underlying 
genetic mutations responsible for TNSALP dysfunction. 

Table 2. Differential diagnosis of infantile and childhood-onset HPP from other similar disorders

Status Disorder Gene Mode of Inheritance

Acquired disorders in the differential diagno-
sis of infantile and childhood-onset HPP

Intractable
Seizures
Rickets

Idiopathic
Juvenile

Osteoporosis
Renal

Osteodystrophy
Non-accidental

Trauma (child abuse)
Pseudohypo-
phosphatasia
Periodontal

Disease

- -

Hereditary disorders in the differential diag-
nosis of infantile and childhood-onset HPP

Osteogenesis imperfect (OI) Dentinogenesis 
imperfect 

Stuve-Wiedemann syndrome 

COL1A1
COL1A2 1

DSPP
LIFR

NOTCH2
P4HB

SEC24D
RUNX2

AD
AD
AD
AR
AD
AD
AR
AD

Acquired disorders and disorders of unknown 
cause in the differential diagnosis of adult-

onset HPP and odontoHPP

Osteoarthritis and pseudogout (secondary to 
calcium PPi dehydrate deposition)

Osteopenia/osteoporosis
Periodontal disease
Adult pseudoHPP

- -

Hereditary disorders in the differential diag-
nosis of adult-onset HPP and odontoHPP

Ehlers-Danlos syndrome [EDS] 
Aggressive periodontitis 1 
Papillon-Lefevre syndrome 

Haim-Munk syndrome (HMS) 
Dentinogenesis imperfecta 
Familial periodontal disease 

C1R
C1S

COL3A1
CTSC

DSPP
ELANE

AD
(AR 1)

AR

AD
AD

Abbreviations: AD: Autosomal dominant; AR: Autosomal recessive; MOI: Mode of inheritanc  e.
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This serves a dual purpose: Substantiating the diagnosis 
and unraveling the intricate interplay between genetic 
variants and clinical presentations. The primary thera-
peutic avenue for severe HPP manifestations is Asfotase 
alfa (Strensiq), serving as a first-line treatment in infants, 
children, and select adults. Notably, antiresorptive treat-
ments are strictly contraindicated in HPP, as they may 
exacerbate the underlying pathophysiology and elevate 
the risk of AFF. This holistic perspective underscores 
the multidimensional challenges and intricacies of HPP 
diagnosis and management, necessitating a comprehen-
sive understanding of its diverse clinical manifestations 
and therapeutic considerations.
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