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Introduction: Autosomal recessive osteopetrosis (ARO) is a rare genetic disorder that is also called "malignant osteopetrosis" because it typically manifests within the first few months after birth and later manifests severe complications (blindness, deafness, facial palsy, dental caries, hypocalcemia) and medullary haematopoetic disorders. The aim of this study is to describe lesions and conclude hypothetical clinical symptoms by performing a CT-scan analysis on an early 19 th century human skull preserved in the Dupuytren museum collection (Paris).

Materials and Methods

The dried skull was examined and described using classical methods of paleopathology. We conducted additional research using historical data on the skull and a CT scan was performed.

Results: Screening of the archives from the museum allowed us to estimate the skull's origin as somewhere between 1850 and 1900, with an estimated age of six years. Several ducts and foramens of the skull and the facial bones were obstructed as a result of this disease, clinically corresponding to diffuse neurological (and also vascular) deficits. This devastating pathology led to many symptoms stemming from brain tissue damage and cranial nerve deficits, leading to the inevitable death of this child. These symptoms include headache, intracranial hypertension with vomiting, blindness, exophthalmos, deafness, oral breathing, eating disorder (suffocation), facial palsy, balance disorder (excessive weight, vestibulo-cochlear and cerebellar involvement).

Conclusion

The study of this specimen from the 19 th century confirms that the six-year old patient suffered from malignant osteopetrosis. CT-scan allowed confirmation of the diagnosis, as well as a complete description of the disease, and highlight a possible associated anaemia.

Introduction

Osteopetrosis is a rare genetic disorder that is characterised by increased bone density caused by abnormal osteoclast activity. The overall incidence of osteopetrosis is difficult to estimate but autosomal recessive osteopetrosis (ARO) is observed in 1 in 250,000 births, and autosomal dominant osteopetrosis (ADO) is observed in 1 in 20,000 births [START_REF] Stark | Osteopetrosis[END_REF]. ARO is also called «malignant osteopetrosis » because it typically manifests within the first few months after birth and develops severe complications (blindness, deafness, facial palsy, dental caries, hypocalcemia) as well as medullary haematopoetic disorders (anemia, pancytopaenia) [START_REF] Stark | Osteopetrosis[END_REF].

In the context of a paleopathological study of the Dupuytren museum collection (Paris) conducted by our scientific team, we have identified an early 19 th century human skull presenting with an increased bone density (« Leontiasis ossea »). The aim of this study is to describe lesions and conclude hypothetical clinical symptomatology using CT-scan analysis and allow us to reach the conclusive diagnosis and description of infantile malignant osteopetrosis.

Materials and Methods

The dried skull was examined and described using classical methods of paleopathology (2-5): measurements of the lesions were performed with metric tools and expressed in centimetres.

The brain volume was determined by using small seeds and lentils. In collaboration with the Dupuytren Museum (held by the Pierre et Marie Curie University, Paris, France) we conducted additional research using historical data on the skull. Informed consent was not required for this study, given its purely historical nature.

A CT-scan was carried out using helical acquisition with a General Electric OPTIMA 64band scanner. Thickness of cuts was 0.625. 100 kV. mA adapted by the software -machine.

Reconstruction was done in bone filter, and reading was performed on a dedicated General Electric console. MPR analysis with axial, coronal, and sagittal cuts and reconstructions in volume rendering were performed.

Results

Paleopathological analysis

The skull in question is displayed in the museum without any associated description.

Screening of the archives from the museum allowed us to estimate its origin as between 1850 and 1900 but we were not able to find any clinical information about this « patient ». The specimen was reassembled with lateral iron fastener, which allowed us to directly examine the inside of the skull (Fig 1). The frontal view shows that there is stenosis or occlusions of all the orifices of the face: piriform orifices, foramen and vascular foramen and orbiatal cavities.

There is also osteolysis (apico-dentary cyst) in the left mandibular. We also observed preserved morphology of the inner ear and ossicular ankylosis of the middle ear (Fig 7c). All these lesions are compatible with a diagnosis of diffuse osteopetrosis [START_REF] Stark | Osteopetrosis[END_REF][START_REF]Osteopetrosis | Genetic and Rare Diseases Information Center (GARD) -an NCATS Program[END_REF]. Tumoral etiology in regard to the periosteal appositions seems unlikely given the extent of disease and the absence of modification of the underlying bone in relation to the general structure of the adjacent bone [START_REF] Cotten | Imagerie musculosquelettique: pathologies générales, chapitre dysplasie osteocondansantes[END_REF]. Instead, chronic anemia is a more likely possibility.

Clinical symptoms

We have hypothesized some clinical symptoms, given the lesions observed on the skull. This pathology has resulted in many symptoms related to brain damage and cranial nerve injuries and the death of this child: headache, intracranial hypertension with vomiting, blindness, exophthalmos, deafness, oral breathing, eating disorder (suffocation), facial palsy, balance disorder (excessive weight, vestibulo-cochlear and cerebellar involvement). (1).

Discussion

It is not possible to conclude the precise origin of this disease without complementary genomic study. This would require a bone sample for DNA extraction and screening of the currently known mutations, which were not possible for conservation reasons.

Infantile malignant osteopetosis or autosomal dominant malignant osteopetry seems to be the most likely diagnosis, especially in comparison to other possible diagnoses (1) :

-Autosomal dominant osteopetrosis usually starts at an adult age, which excludes this diagnosis.

-Osteogenic dysplasias related to the SOST gene are Van Buchem disease and sclerostosis. Van Buchem disease is excluded because it usually manifests during puberty [START_REF]Osteopetrosis | Genetic and Rare Diseases Information Center (GARD) -an NCATS Program[END_REF].

-Sclerosteosis can be proposed as a differential diagnosis because it occurs around the age of 5 and is potentially lethal.

-Craniometaphyseal dysplasias characterized by progressive diffuse hyperostosis of cranial bones evident clinically as wide nasal bridge, paranasal bossing, widely spaced eyes with an increase in bizygomatic width, and prominent mandible. Long skull shape (dolichocephaly) resulting from fronto-occipital hyperostosis has been reported in a number of individuals and overgrowth of the lower jaw (mandibular hyperostosis) and recessed midface (midface retrusion) are often observed [START_REF] Reichenberger | Craniometaphyseal Dysplasia, Autosomal Dominant[END_REF]. In this case, there is no dolichocephaly or midface retrusion.

-Cranio-dyaphyseal dysplasia is a rare bone sclerosis disease with variable phenotypic expression. It is due to a mutation of the SOST gene. Sclerosis with widespread massive hyperostosis of the skull and facial bones leads to severe deformities. The clinical course is characterized by a thickening of the cranial vault and a decrease in the cranial volume by narrowing of the foramina of the face and the skull, with possible brain compression by unlimited bone deposits. At the level of the diaphyses of the long bones, hyperostosis with sclerosis is observed and sometimes there is a lack of modelling of the metaphyses. Most of the cases described are sporadic but there has been a reported case of autosomal recessive inheritance in a mother and her daughter, in whom the degree of hyperostosis and sclerosis was more severe than in other known patients, with significant related metaphyses [START_REF] Brueton | Craniodiaphyseal dysplasia[END_REF]. Owing to the lack of any other bones from the same skeleton, we cannot confirm or exclude this hypothesis.

Conclusion

The study of this specimen from the 19 th century confirms that this six-year-old patient suffered from malignant osteopetrosis. CT-scan analysis allowed us to reach the diagnosis and,complete a global description of the disease as well as bring to light a possible associated anaemia. In the 21 st century, such cases are often lethal in the first decade of life and the only curative treatment is stem cell transplantation [START_REF] Gillani | Malignant Infantile Osteopetrosis[END_REF]. Skeletons from medical anatomical museums must continue to be studied to allow a deeper understanding of the early reported cases of rare diseases. DNA analysis should be permitted to help conclude the mutation origin and confirm the diagnosis. Furthermore, a new mutation may be discovered. In our opinion this study highlights the need for paleopathological approach using state-of-the-art biomedical tools for retrospective diagnosis. A deeper understanding of rare diseases through these historical approaches may allow a better understanding of current established procedures in a multitude of medical disciplines [START_REF] Benmoussa | A 1842 skull from Dupuytren's museum of Paris: an original artifact of Joseph Gensoul first maxillectomy technique[END_REF][START_REF] Benmoussa | HPV 16 in squamous cell carcinoma of 19th century tonsils[END_REF]. 
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  The skull's estimated age is six years because tooth 16 and tooth 26 are under the bony arch, where a beginning of furcation formation at the level of tooth 26 can be observed (Fig 2). There is also a dental alveolar cyst at the level of tooth 73 (Fig 3). Brain volume has been measured at 890 cm 2 . The total weight of the skull (with mandible) is 3.5 kg. There is marked thickening of the inner and outer layers of the calvaria with absence of diploe and sunburst periosteal reaction. (Fig 4). Several ducts and foramens of the skull base and of the facial bones were obstructed as a result of this diseased, clinically corresponding to diffuse neurological (and also vascular) deficits (Fig 2-4-5). Careful inspection of the cranial convolutions as well as the meningeal vessels and the sagittal sinus clearly indicates chronic cranial hyper-tension. Porous arch appearance is visible on both parietal bones in their extended posterior segment measuring 11x14x2 cm (Fig 6): this finding is compatible with chronic anemia (with hyper medullar production) and/or a malignant transformation of the bony pathology (osteosarcoma). There is no trace of surgery (cut marks) except those due to the post-mortem skull preparation. CT scan CT-scan clearly displays bone thickening of the entire skull vault, bones of the face, and base of the skull (right frontal = 31.5mm ; left frontal = 18.6 mm ; right temporal = 21.9mm ; left temporal = 19.3mm; right vertex 39.4 mm; left vertex = 27 mm), with densification, loss of bone marrow, major narrowing of the foramens of the face (right optique duct = 1.1 mm , left = 2.4mm) (Fig 7a), venous sinus imprint on the internal table of the cranial vault, disappearance of the fissures. A periosteal « grass fire » aspect is visible in both parietal regions (predominant on the right) (Fig 7b), extending from the vertex to the occiput (137 mm of height and 92 mm of width).
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 1 Figure 1 : Frontal (a) and lateral (b) views from the pathological skull : The frontal view

  Figure 1 : Frontal (a) and lateral (b) views from the pathological skull : The frontal view
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 2 Figure 2 : Basal view from the pathological skull : several ducts and foramens of the skull
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 34 Figure 3 : Local teeth infection from the pathological skull : dental alveolar cyst at the level
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 5 Figure 5 : Obstruced right orbite from the pathological skull (exophtalmia).
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 6 Figure 6 : Upper view (a) and enlargement (b) from the pathological skull.
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 7 Figure 7 : a Narrow of the right and left optique canal b Marked thickening of the inner and