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Case Report
Progressive osseous heteroplasia:  
a case report and literature review
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Abstract: Objective: To investigate the clinical features and pathogenesis of progressive osseous heteroplasia (POH) 
in children. Methods: The clinical features and imaging findings of a child with POH are described, and family inves-
tigations and gene comparisons were performed, followed by a literature review. Results: A 9-year-old female with 
no relevant family medical history initially presented with ectopic ossification of the skin and subcutaneous tissue 
of the right face that developed slowly. The ossification area extended to the right waist, back, and right knee. The 
unilateral body (limbs) was gradually invaded. The patient exhibited limited movement of the head, neck, and left 
shoulder joint, and experienced difficulty in opening her mouth. She also exhibited deformity of the toe, delayed 
development, insufficient language skills and behavioral ability, and difficulty in communicating with others, but had 
no apparent endocrine disorders. Blood calcium, phosphorus, and alkaline phosphatase levels were normal, and 
DNA sequencing did not yield a positive result. Conclusion: The clinical manifestations of POH include hard plaques, 
which can develop deep into the bone; however, there are currently no effective preventive or treatment measures.
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Introduction

Progressive osseous heteroplasia (POH) is a 
rare congenital disease characterized by het-
erotopic ossification of the skin and subcu- 
taneous tissue at birth or in infancy, with pro-
gressive development in childhood and a high 
disability rate [1]. The disease was first des- 
cribed by Kaplan et al. [2]. The lesions mainly 
involve the limbs, face, and trunk, and hetero-
topic ossification is asymmetric. The etiology is 
unknown and cases are sporadic, and a few 
studies have reported familial associations. In 
1998, Urtizberea et al. reported that POH is  
an autosomal dominant disease [3]. In 2002, 
Kaplan et al. identified an inactivation muta- 
tion in the guanine nucleotide binding protein 
α-stimulating activity polypeptide (GNAS) gene 
[4]. In 2008, Degbit et al. found that only 64% 
of POH patients harbored mutations in GNAS, 
although there was no significant difference in 
clinical manifestations between patients with 
and without gene mutations [5]. Herein, we 

report a case of POH without a GNAS gene 
mutation.

Case data

The patient was a 9-year-old female, who visit-
ed the our hospital on September 20, 2017 for 
treatment with the primary goal of improving 
dietary habits. The patient’s mother complain- 
ed that the patient’s right cheek was light blue 
in color after birth, and her sucking ability was 
weak approximately 1 month after birth. Some 
areas of the right side of her face hardened 3 
months after birth, and gradually appeared as  
a sclerotic mass on the right side of the neck. 
Subsequently, her head became tilted to the 
right side, with limited movement of the head 
and neck. Later, a mass was found on the right 
side of her back. In October 2011, she was 
treated in the dermatology department of a  
provincial tertiary hospital. Soft tissue calci- 
fication was observed in a biopsy specimen 
without any special treatment. Subsequently, a 
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hard mass appeared in the right knee, al- 
though the knee joint was mobile. In more 
recent years, mouth opening became limited, 
thus affecting normal dietary patterns; as  
such, only a liquid diet was allowed. Since the 
onset of the disease, however, there was no 
systemic pain, feeling of cold and fever, or 
abnormal urine and stool. She rarely laughed 
and cried with her mouth widely open, and she 
ate very slowly. When eating, water and food 
flowed out from the right corner of her mouth. 
Her speech was vague and difficult to under-
stand. She was born at full-term, with a birth 
weight of 2.9 kg. The patient was breastfed  
and weaned in August. At 2 years of age, she 
could ambulate without a transitional period  
of crawling and standing while leaning on a 
wall, although she walked unsteadily and fell 
easily. At 7 years of age, she attended pre-
school and is currently in the third grade of  
primary school. She earned poor grades, had 
poor memory and low computational power. 
She denied any history of surgery, trauma, 
blood transfusion, poison exposure, or major 
mental trauma. Moreover, there was no family 
history of similar conditions.

Physical examination revealed a smaller right 
face than left, hardened skin with disappearing 
skin lines, and a stiff face. Although her right 
eye was open, the upper and lower eyelids 
could not be opened and closed, and the dou-
ble sclera was blue. The right side of her mouth 
could not be opened and closed, and the left 
side could be opened <1 cm. Opening and clos-
ing of the mouth were limited, and the upper 
and lower teeth could not be occluded. The 
subcutaneous layer of the right head and face 
were palpable, with varying sizes of indurations 
and mobility. There was no skin ulceration, and 
skin temperature was not elevated. A large 
number of nodular protrusions were visible on 
the right side of the neck and the back of the 
right shoulder. Her head tilted to the right, and 
her neck was fixed and tilted to the left. Along 
the course of the ride trapezius muscle, a strip 
of hard skin was palpable and movement of the 
neck was limited: the range of left rotation was 
approximately 10°, right rotation was approxi-
mately 20°, and the range of flexion and exten-
sion virtually disappeared. The right shoulder 
was on the stage, abduction was approximately 
100°, flexion and extension were extended, 
rotation was not limited, left shoulder abduc-

tion was approximately 170°, and movement 
was not limited. There was no scoliosis. Appro- 
ximately 10×5 cm above the iliac spine at the 
right waist was approximately 10×5 cm, with 
local protrusions and indurations of varying 
sizes under the skin. The bilateral thumbnails 
exhibited dysplasia without deformity, and the 
movement of each finger was not limited and 
there was no obvious abnormality in the toes  
of both feet (Figure 1).

Auxiliary examinations including routine labora-
tory investigations and seven items of nail func-
tion were normal, and serum alkaline phospha-
tase (ALP) levels were increased. Imaging 
revealed ossification of the right face, straight-
ening of the cervical curvature, ossification of 
the nuchal ligament, and diffuse calcification. 
Ossification of the sacroiliac joint was also 
observed. No obvious abnormality was found in 
the bilateral phalangeal bones (Figure 2). There 
were no significant abnormalities in gene align-
ment between the child and her parents (Figure 
3).

The child was diagnosed with progressive bone 
dysplasia. The family desired to improve the 
child’s food intake given the large number of 
ectopic ossifications in the face, the maxilla 
and mandible were essentially fixed by “adhe-
sions”, and opening and closing of the mouth 
were limited. Accordingly, compression surgery 
was performed to remove the central and lat-
eral incisors to artificially increase the size of 
the oral cavity to facilitate food passage. The 
postoperative effect was not statistically signifi-
cant. Although the oral cavity was enlarged by 
approximately 1.5×1.5 cm after the operation, 
and approximately 300 ml of liquid food was 
administered every day before the operation, 
food intake after surgery was unchanged and 
her weight did not increase. Her nutritional sta-
tus was not improved six months later. Inform- 
ed written consent was obtained from the 
patient for the publication of anonymized case 
details and accompanying images.

Discussion

Case characteristics

This case involved a 9-year-old female with 
neonatal onset disease and no relevant family 
history. The initial manifestation was hetero-
topic ossification of the skin and subcutane- 
ous tissue on the right side of the face, which 
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developed slowly. The ossified area extended 
to the right waist, back, and right knee, exhibit-
ing unilateral body (limb) invasion. Head and 
neck movement gradually became limited, 
accompanied by difficulty with mouth opening. 
Left shoulder joint movement was limited, 
although there was no congenital deformity of 
the fingers and toes, and no internal secretion 
disorders. The child exhibited growth retarda-
tion compared with normal children of the  
same age, a lack of language skills and behav-
ioral ability, and difficulty in communicating 
with others. Laboratory investigations revealed 

tary disease, with an age at onset of 6 weeks 
old to 9 years old. Claude et al. cited 14 cases 
of POH reported in 2000, 11 of which involved 
females [10]. POH is characterized by progres-
sive heterotopic ossification of the skin, sub- 
cutaneous fat, and deep connective tissue 
[10]. Most of the initial symptoms include  
maculopapular skin in infancy, and ossification 
appearing at sites of rash. Skin ossification 
often exhibited a fragmented distribution, and 
lesions fused into larger patches. The initial 
ossification occurred in the dermal tissue and 
heterotopic ossification of the skin developed 

Figure 1. A 9-year-old female with bilateral facial asymmetry, small right 
side, and uneven skin. Subcutaneous nodules of different sizes were palpa-
ble on the right head and face without movement. The right eye could not be 
opened and closed. A large number of nodular protrusions are visible on the 
right side of the neck and right shoulder and back. The head and neck tilt 
to the right, with limited movement. The subcutaneous tuberosity of sacrum 
(shown by the arrow) is hard. No deformity was found in the fingers and toes.

normal blood calcium, phos-
phorus, and ALP levels, and 
DNA sequencing yielded no 
significant findings.

In 2003, Russell et al. [6] 
described a similar patient,  
an 8-year-old female, with a 
large number of heterotopic 
ossifications of the left man-
dible, severe dysphagia and 
sleep apnea. After birth, local 
macular papules gradually 
hardened and the disease 
progressed. There was no  
relevant family history, and 
pathological examination re- 
vealed extensive heterotopic 
ossification of the dermis, 
subcutaneous tissue, and 
deep connective tissue. The 
patient was ultimately diag-
nosed with POH. In contrast  
to the present case, however, 
DNA examination revealed a 
GNAS1 gene mutation. In 
2016, Birjandinejad et al. 
described a case of extensive 
heterotopic ossification of the 
left upper limb in a woman 
without a first toe deformity 
who was also diagnosed with 
POH [7]. Similar descriptions 
were reported by Singh et al. 
[8, 9]. Other similar cases are 
summarized in Table 1.

Characteristics of POH

Although POH can be sporad-
ic, there have been family 
reports of autosomal heredi-
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Figure 2. Diffuse ossification shadow on the right side of the face. Despite 
a normal skull, the structure of maxilla and mandible is indistinct. The cur-
vature of the cervical spine becomes straight, the nuchal ligament ossifies, 
and the acromioclavicular joint is ossified and deformed. An ossification belt 
is formed from the cervical spine to the acromion, and resembles a bone.

Figure 3. Sequence of exon (part).

gradually, with widespread heterotopic ossifi- 
cation of skeletal muscle and deep connective 
tissue gradually appearing [4]. Bone lesions 

mainly involve the limbs, but 
also involve the trunk (lumbar 
spine, back, abdominal wall, 
and chest) and asymmetry at 
the site of heterotopic ossifi-
cation, with unilateral limb 
involvement. Extensive ossifi-
cation of the deep connective 
tissue can lead to limited joint 
movement and local growth 
and development disorders of 
the affected limbs.

Serum ALP levels have been 
reported to be elevated in pa- 
tients with heterotopic ossifi-
cation, although serum para-
thyroid hormone (PTH) and 
vitamin D levels were normal. 
Transient abnormalities have 
been observed in only a few 
patients. Increases in serum 
lactate dehydrogenase and 
creatine kinase levels indi- 
rectly reflect the deposition of 
bone in the skin and skeletal 
muscle. The histopathological 
manifestation of POH is pro-
gressive ossification of the 
dermis or deep connective  
tissue, including the muscle 
and fascia.

Relationship between GNAS 
gene mutation(s) and POH

The etiology of POH remains 
unclear; however, it is consid-
ered to be closely related to 
an inactivation mutation of 
the GNAS1 gene [11, 12], 
which leads to a decrease in 
the Gαs level, resulting in an 
increase in hedgehog signal 
peptide levels, which acti-
vates the Hedgehog signaling 
pathway and leads to ectopic 
bone formation [13]. Muta- 
tions in the GNAS gene have 
been detected in most pa- 
tients with POH. The specifici-
ty of the GNAS gene mutation 

for POH is not high. Heterotopic ossification 
associated with GNAS gene inactivation muta-
tions was found in a series of familial pedigree 
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hereditary diseases. In addition to POH, GNAS1 
plays an important regulatory role in the osteo-
genesis of connective tissue in Albright heredi-
tary osteodystrophy (AHO), pseudohypopara-
thyroidism, and primary osteoma cutis (POC). 
With regard to POH, GNAS1 mutation leads to 
osteosynthesis in damaged cells [14].

Diagnosis of POH

Pignolo et al. [15] proposed diagnostic criteria 
for POH, including three main criteria and sev-
eral clinical manifestations supporting the  
diagnosis. The main criteria included: ectopic 
ossification of superficial and deeper layers;  
no more than two features of AHO, except for 
heterotopic ossification, including short stat-
ure, obesity, round face, short finger/toe defor-
mity, and neurobehavioral problems (including 
intellectual disability) in adulthood; and no PTH 
resistance. Other evidence supporting diagno-
sis includes GNAS gene mutation, paternal 
genetic evidence, X-ray revealing ossification  
as a reticular structure, in which the mecha-
nism of osteogenesis is only intramembran- 
ous osteogenesis or both intramembranous 
and intrachondral osteogenesis, intrauterine 
growth retardation, emaciation, and age at 
onset <1 year. However, the authors did not 
report the need to fulfill several of the diagnos-
tic criteria simultaneously. In the case des- 
cribed, the diagnosis of POH was confirmed by 
signs and symptoms combined with imaging 
data and laboratory investigations. No muta-
tion in the GNAS gene was found in this case. 
Although mutation of the GNAS gene is one  
factor supporting the diagnosis of POH, it is not 
essential.

Differential diagnosis

The differential diagnosis of POH mainly 
includes fibrodysplasia ossificans progressiva 
(FOP), AHO, and primary osteoma (POC). POH, 
FOP, AHO, and POC are all autosomal domi- 
nantly inherited diseases with low incidence 
rates. They have a background of heterotopic 
ossification disease caused by abnormal bone 
formation.

FOP is also known as myositis ossificans pro-
gressiva (MOP). Compared with POH, FOP is 
more likely to occur in children, with progres-
sive ossification of the fascia and connective 
tissue and secondary dysfunction. The differ-
ence is that FOP exhibits a characteristic skel-
etal deformity, and more specifically, hallux 
deformity, with short toe, only one phalanx,  
lack of skin wrinkles, and eversion at the  
metatarsophalangeal joint. The developmental 
direction of heterotopic ossification of FOP is 
from the body axis to the limbs, from the head 
to the foot, from the proximal end to the distal 
end, exhibiting symmetry. In terms of gene 
mutation, FOP is a glycine serine-activated 
region mutation of the bone morphogenetic 
protein type I receptor.

GNAS1 is a compound imprinted gene. Due to 
the different allelic functions of some genes in 
paternal and maternal lines, GNAS1 muta- 
tion(s) can result in different clinical pheno-
types. Inactivation mutation of the GNAS1  
gene causes POH if inherited paternally, and 
AHO if inherited maternally [16]. At five months 
of age, the deformity of the short toe (AHO) and 
phalanx, especially the short toe and full face, 
are found; it can also be accompanied by pseu-
dohypoparathyroidism, which is characterized 
by incomplete or no response of the PTH re- 
ceptor to PTH. Laboratory investigations have 
revealed increased levels of PTH and blood 
phosphorus levels, and decreased blood calci-
um levels [17].

POC is characterized by superficial ectopic 
bone formation, no hormonal resistance, and 
AHO. Although POC and POH have much in 
common, a significant difference is that the 
heterotopic ossification in POH exhibits pro-
gressive development, while in POC, it does 
not.

Treatment

Currently, there are no effective prevention 
and/or treatment strategies for POH. Large 
areas of skin ossification and irreversible deep 
heterotopic ossification represent challenges 

Table 1. Similar cases to current case
Year Researcher Case
1994 Kaplan The disease was proposed in this study.

2003 Russell An 8-year-old female patient, with a large number of heterotopic ossification of the left mandible, with severe dyspha-
gia and sleep apnea, But DNA examination showed GNAS1 gene mutation.

2016 Ali Birjandinejad A case of extensive heterotopic ossification of the left upper limb in a female without first toe deformity.
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to treatment. Some investigators have sought 
new treatment methods for heterotopic ossifi-
cation. The activation of the hedgehog signal-
ing pathway is due to inactivation of the GNAS 
gene. Therefore, hedgehog signaling peptide 
inhibitors are anticipated to be a new class of 
drugs to treat heterotopic ossification [18]. 
Ectopic follow-up in a small number of patients 
has revealed that the disease slows in adult-
hood [12]. Due to the small number and spo-
radic nature of cases, no specific time and 
exact follow-up period have been reported in 
the literature, and the exact rate of progression 
cannot be predicted.
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