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Abstract 

 

Objectives: The objective of this study was to analyse an individual whose remains are characterised 

by early deciduous tooth loss and multi-focal lesions on the post-cranial skeleton. 

Materials: Skeletal remains of an immature individual buried between 1770 and 1849 in London. 

Methods: The remains were examined by visual macroscopic inspection, supplemented by 

radiographic examination of the mandible and maxillae. A differential diagnosis with possible 

conditions, frequent in this archaeological context, was conducted. A comprehensive examination of 

dental lesions was performed to investigate the aetiologies of deciduous tooth loss. 

Results: The individual exhibited a mosaic of skeletal and dental pathological changes, including 

premature loss of deciduous dentition, premature eruption of permanent teeth generalised bone loss 

in both the mandible and maxilla; osteomyelitis of the left radius; osteolytic lesion on the body of the 

second lumbar vertebra, and marked expansions of the rib shafts due to sub-periosteal new bone 

formation. 

Conclusion: A differential diagnosis considered indicates that the pathological changes of the individual 

were most likely associated with a comorbidity involving hypophosphatasia and tuberculosis. 

Significance: We present in this study several oral signs that could alert paleopathologists and 

bioarcheologists to systematically consider the potential of a condition that is rarely encountered in 

archaeological contexts. 

Limitations: Due to poor preservation, this study was confined to the analysis of a partial maxilla and 

mandible, a left radius shaft and the axial skeleton (rib heads and vertebrae) of the individual. 

Suggestions for further research: Further radiographic, histological and genetic analyses would confirm 

the diagnosis. 

 

Keywords: Tuberculosis, Metabolic disorders, Early tooth loss, Periodontitis, Periosteal new bone 

formation 
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1. Introduction 

 

The paleopathological context of the British industrial era is characterised by a clear association 

between socio-economic status and health inequalities (Lewis, 2002, Newman et al., 2019, Yaussy, 

2019). During this period, the overall health of the population declined. Nevertheless, the same health 

conditions as in the pre-industrial era were prevalent, mainly rickets and osteomalacia, scurvy and 

tuberculosis (Buckberry and Crane-Kramer, 2022). Detection of rarer diseases involving bone 

metabolism in this well-established pathological context can become more challenging because of 

possible overlapping signs. Analysis of dental status, such as the chronology of developmental stages 

and dynamics of eruption and the aetiologies of tooth loss when present, is a valuable aid in 

establishing differential diagnoses in this context. Notably, in the presence of early deciduous tooth 

loss, a systemic aetiological cause should be considered (Spodzieja and Olczak-Kowalczyk, 2022). 

The aim of this study was to investigate the potential occurrence of a rare genetic condition in a child 

from the British industrial period whose remains are characterised by early deciduous tooth loss and 

multi-focal lesions on the post-cranial skeleton, and thus to expand our knowledge of pathological 

conditions present in 18th-19th-century London. 

 

2. Materials 

 

We present and analyse the remains of individual FAO90 [1296] from St Bride’s Lower Churchyard 

(75–82 Farringdon Street, London, United-Kingdom, Museum of London Centre for Human 

Bioarcheology, originally assessed by Kausmally, 2008). The St Bride’s Lower Churchyard assemblage 

was part of St Bride’s parish in southwest London, where St Bride’s Fleet Street cemetery is located 

(Milne, 1997). Indeed, St Bride’s Lower cemetery was used to solve the overcrowding of St Bride’s Fleet 

Street burial ground during the industrial era (Milne, 1997). The main period of occupation of the lower 

churchyard was between 1770 and 1849 (Kausmally, 2008, Miles and Conheeney, 2005, Milne, 1997). 

Excavations in the lower churchyard conducted by the Museum of London Archaeological Services in 

1991–1992 found 606 individuals, mostly recovered in wooden coffins and distributed in two areas: 

497 individuals in the open yard and 47 individuals in a brick vault (Milne, 1997). This assemblage 

comprised a low socio-economic population, including the poorest parishioners of St Bride, as well as 

the deceased from Bridewell Workhouse and Fleet Prison (Kausmally, 2008, Scheuer, 1998). 

Individual FAO90 [1296] consisted of an incomplete immature skeleton buried between 1770 and 

1849 according to the historical and archaeological context (Kausmally, 2008, Milne, 1997). Skeletal 

completeness was poor, with only a partial left radius, partially preserved ribs and vertebrae, the right 

hemi-mandible, part of the left hemi-mandible, and the left and right maxillae recovered (Fig. 1). 

Taphonomic changes included post-mortem damage on the proximal and distal ends of the radius, 

posterior left maxilla and mandible left of the midline (between the lateral incisor and canine) and 

several post-mortem fractures of the vertebral processes and bodies. 

 

[FIGURE 1] 
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3. Methods 

 

The left radius, ribs and vertebrae were examined macroscopically, and a new radiographic 

exploration of the mandible and maxillae was conducted using four X-ray acquisitions (70–80 kV, 60 s) 

in the sagittal and horizontal planes. Estimation of age at death was based on root development and 

dental eruption (AlQahtani et al., 2010, Bengston, 1935, Moorrees et al., 1963) and vertebral 

ossification chronology, based on the standards of Scheuer and Black (2000), were used. 

Post-mortem tooth loss was indicated by a sharp-edged socket with no indications of healing, and 

ante-mortem tooth loss was indicated by full or partial healing of the empty socket (Cucina and Tiesler, 

2003, Hillson, 1996, Powers, 2012). The loss of a permanent tooth was considered ‘early’ as was the 

loss of deciduous teeth two years before the average age of exfoliation (AlQahtani et al., 2010, 

Hartsfield, 1994, Moorrees et al., 1963). Tooth loss associated with periodontal conditions was 

assessed by observing concomitant mandibular or maxillary bone loss and possible variations in the 

texture and architecture of the interdental septum (Clarke et al., 1986, Costa, 1982, Kerr, 1980, Ogden, 

2007). Alveolar bone loss was measured with a periodontal probe in six equidistant areas around each 

fully erupted tooth to estimate the distance from the cemento-enamel junction to the alveolar bone 

level (Lavigne and Molto, 1995, Muller and Perizonius, 1980) and compared with age-matched 

standards (Al Jamal et al., 2011, Benn, 1990). In edentulous areas, bone loss was estimated with the 

Cawood and Howell (1988) classification based on shape changes after tooth loss. For deciduous teeth, 

a distinction was made between teeth exfoliated with resorbed roots (physiological or ‘early’ if two 

years earlier than the average age) and teeth exfoliated with intact roots (whether early or not), which 

was always considered pathological and a possible sign of disease (Feeney et al., 2018, Spodzieja and 

Olczak-Kowalczyk, 2022). Possible tooth agenesis was considered based on the absence of an open gap 

and empty tooth sockets (Hillson, 1996, Lacy, 2021). Tooth loss due to extensive dental caries was 

evaluated by observing root debris, decayed dental crowns or bone loss associated with older 

endodontic infections (Buikstra and Ubelaker, 1994, Hillson, 1996, Powers, 2012). Tooth loss due to 

traumatic injuries was evaluated on the basis of tooth position, with the incisors being the most 

affected teeth, and through the macroscopical observation of amelo-dentinal fractures, bone fractures 

and dental displacements in adjacent teeth (Petti et al., 2018). Amelo-dentinal fracture from traumatic 

injuries were differentiated from enamel chipping, which would have appeared as crescent-shaped 

enamel removal from the outer rim of a posterior crown (Scott and Turner, 1988, Scott and Winn, 

2011, Towle et al., 2021). 

The morphology of the pulp chambers of multi-rooted teeth was assessed radiographically and 

categorised into three groups: normal, constricted and chair-shaped (D’Ortenzio et al., 2018). A tooth’s 

root–crown ratio was measured when possible, based on the method of Hölttä et al. (2004). The mean 

ratios from the same study were used to determine the root length group: short, normal or long (Hölttä 

et al., 2004). 

The few preserved postcranial bones were examined macroscopically for lesions, following 

standard palaeopathological observation protocols (Buikstra and Ubelaker, 1994). Suspected lesions 

were further investigated by examining close-up views from high-resolution photographs, notably for 
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assessing signs of bone remodelling. Bone changes were described in accordance with the 

recommendations of the Nomenclature in Palaeopathology (Manchester et al. 2016). 

 

4. Results 

 

4.1. Age at death 

 

Age at death was estimated to be between 5.5 and 8.5 years (AlQahtani et al., 2010, Bengston, 

1935, Moorrees et al., 1963). Notably, the permanent incisor root lengths did not exceed the crown 

lengths. The stage of development of the vertebral elements supports this estimate and even suggests 

that the age at death of individual FAO90 was closest to the lowest limit of this age range. Despite the 

damage to most of the vertebrae, it is obvious that the anterior arch of the atlas was unfused, and that 

one cervical vertebra had no or incomplete neuro-central fusion (Supplementary Information Figure 

S1), whereas the fusion of this element is expected to occur between 5 and 6 years of age and between 

3 and 4 years of age, respectively (Scheuer & Black 2000, p. 218). In the other preserved vertebrae, 

neuro-central fusion is either partial or complete (Supplementary Information Figures S1, S2 and S3). 

Overall, the findings potentially suggest an age of death of between 5 and 6 years old. 

 

4.2. Pathological description of the cranio-facial elements 

 

Individual FAO90 [1296] was characterised by partial edentulism involving all deciduous teeth in 

the right hemi-mandible (Fig. 2, Fig. 3) and from the right deciduous second molar to the left first 

deciduous molar in the maxillae (Fig. 2, Fig. 4). The loss of deciduous incisors supported the chronology 

of tooth development because the physiological loss age range of the deciduous central incisor is 6.5–

7.5 years and 6.5–8.5 years for the deciduous lateral incisor (AlQahtani et al., 2010, Moorrees et al., 

1963). Residual sockets for the right mandibular and left and right maxillary deciduous canine root tips 

were visible superior to the permanent canine germs (Fig. 3, Fig. 4). Healing signs were detected in 

these residual sockets. Observation of the small empty sockets confirmed that these teeth had 

experienced ante-mortem exfoliation with intact roots. The loss of deciduous canines was not in line 

with the estimated age of the individual since loss of deciduous canines is not expected before 9.5–

11.5 years (AlQahtani et al., 2020; Moorrees, 1963). No traces of sockets were visible for the deciduous 

molars. 

 

[FIGURES 2-4] 

 

All permanent teeth expected in the estimated age range were observed in individual FAO90 

[1296], except for the right and left mandibular central incisors, right lateral incisor and second 

premolar (Table 1). The right and left permanent mandibular central incisors and the right lateral 

incisor were lost post-mortem. The right mandibular second premolar germ was missing, and no crypt 

or sockets could be seen on the radiograph (Fig. 2). The left maxillary second premolar germ was also 
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missing, but clear taphonomic destruction in this part of the maxilla (Fig. 4) did not permit confirmation 

of the agenesis of this tooth (Fig. 2, Fig. 4). 

 

[TABLE 1] 

 

Individual FAO90 [1296] showed no evidence of active extensive dental caries (Fig. 5). No evidence 

of dental trauma was observed in the maxilla or mandible. Horizontal alveolar bone loss (Cawood and 

Howell, 1988) was observed in both the mandible and maxilla’s edentulous area. The mandibular right 

first permanent molar exhibited unevenly distributed bone loss, with the average measurement 

around the tooth being 6 mm from the cemento-enamel junction. As a standard, the expected mean 

cemento-enamel junction and alveolar bone level distance is between 1 and 2 mm in age-matched 

living populations (Al Jamal et al., 2011, Benn, 1990). The maxillary right first permanent molar 

presented similar bone characteristics with a measured average bone loss of 5 mm from the cemento-

enamel junction. 

 

[FIGURE 5] 

 

Linear enamel hypoplasia was observed on the maxillary central incisors and punctiform enamel 

hypoplasia on the molars and incisors of individual FAO90 [1296]. 

The pulp chambers of the mandibular and maxillary right first permanent molars were classified 

as ‘normal’, showing no signs of bilateral (‘constricted’) or unilateral (‘chair-shaped’) constriction 

(D’Ortenzio et al., 2018). Moreover, the maxillary right first permanent molar displayed large root 

canals associated with a larger than higher pulp chamber in the lateral view, which are unusual features 

for the maxillary first permanent molars (Thomas et al., 1993). The root–crown ratio of the right 

mandibular first permanent molar (Fig. 6) was 1.6 using the method described by Hölttä et al., (2004). 

The average root–crown ratio for the corresponding teeth in the study of Hölttä et al. (2004) was 2.11 

± 0.17 in Caucasian males and 2.07 ± 0.18 in females. Consequently, the roots of the mandibular right 

first permanent molar of FAO90 [1296] were considered ‘short’. Because it was challenging to remove 

the maxillary right first permanent molar from its socket, no root–crown ratio was obtained for this 

tooth. 

 

[FIGURE 6] 

 

4.3. Pathological description of the post-cranial elements 

 

According to the initial analysis conducted by the Museum of London Centre for Human 

Bioarcheology on FAO90 [1296], the pathological bone changes included an osteomyelitis-like lesion 

on the left radius (thickening of the shaft with no obvious cloacae) and marked expansions on the rib 

heads with active fine porous lesions on the visceral surface (Kausmally, 2008). A new assessment 

revealed pathological changes were also evident in the vertebrae. A well-defined, flattened circular 
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surface, approximately half a centimetre in diameter, was identified on the superior aspect of the 

spinous process of a thoracic vertebra (Fig. 7). Slight signs of bone remodelling, such as an irregular 

bone surface and small spicules, were observed on the neural arches of other thoracic vertebrae (Fig. 

7). In the body of the second lumbar vertebra, the exposed trabeculae were coarse and thickened and 

had a smooth appearance indicative of bone remodelling (Fig. 7). The ribs had a porous and rough 

texture on the visceral surfaces (Fig. 8), indicative of active sub-periosteal new bone formation. Shallow 

osteolytic lesions were detected on the visceral surfaces of the lower ribs (Fig. 9). The radius was 

slightly curved, markedly expanded in the middle third of the diaphysis, and covered with large areas 

of superficial bone proliferation on its medial and lateral aspects (Fig. 10). The cortical bone was 

fenestrated with two large openings that revealed the underlying cancellous bone, which had a 

remodelled appearance. Although partly due to post-mortem breakage of the cortical bone, in other 

parts, these openings showed edges that were well rounded and in continuity with the cancellous 

bone, indicating bone remodelling following osteolysis (Fig. 10). These signs indicated an osteomyelitic 

lesion, where the oval perforation observed at the centre of the lesion might represent the cloaca in 

communication with the medullary canal (Fig. 10). 

 

[FIGURE 7-10] 

 

5. Differential diagnosis 

 

Individual FAO90 [1296] exhibited a mosaic of skeletal and dental pathological changes, including 

the following relevant signs: early loss of deciduous canines with intact roots; early loss of deciduous 

molars most probably with intact roots; a pattern of ‘early’ eruption of permanent teeth in comparison 

with crown and root development; generalised horizontal alveolar bone loss in both the mandible and 

maxilla; localised bone loss at the mandibular right first permanent molar; a wider than higher pulp 

chamber the maxillary right first permanent molar; enlarged root canals of the first permanent molars; 

short dental roots; osteomyelitis of the left radius; osteolytic lesion at the body of the second lumbar 

vertebra; and marked expansions of the rib shafts due to sub-periosteal new bone formation. Similar 

dental and/or post-cranial changes were observed in various pathological conditions, which were 

considered in the differential diagnosis (Table 2, Table 3). 

 

[TABLES 2-3] 

 

Among the conditions that may cause early loss of deciduous teeth, the most common are 

hypophosphatasia (Brandt, 2013, Feeney et al., 2018, Nunes, 1993, Szabo et al., 2019, Whyte, 2017), 

dentine dysplasia type 1 (Chen et al., 2019), Papillon–Lefèvre syndrome (Canger et al., 2008, de Freitas 

et al., 2007, Giannetti et al., 2020) and Chediak–Higashi syndrome (de Arruda et al., 2023, Rezende et 

al., 2013, Ziaei et al., 2021). The root morphology of individual FAO90 [1296] did not correspond to the 

characteristics of tooth roots observed in dentine dysplasia type 1, which are described as either 

absent or very thin and sharp (Chen et al., 2019). Moreover, the pulp chamber morphology in dentine 
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dysplasia type 1 cases is predominantly reported to be reduced, contrary to that observed in individual 

FAO90 [1296], who exhibited a larger and well-developed pulp chamber. In Papillon–Lefèvre syndrome 

and Chediak–Higashi syndrome, early deciduous tooth loss is due to aggressive bacterial periodontitis, 

leading to multi-focal vertical alveolar bone loss (Canger et al., 2008, de Arruda et al., 2023, de Freitas 

et al., 2007, Giannetti et al., 2020, Rezende et al., 2013). Thus, the generalised horizontal alveolar bone 

loss of individual FAO90 [1296] did not match the alveolar bone signs of these conditions. In addition, 

Papillon–Lefèvre syndrome and Chediak–Higashi syndrome include an increased prevalence of carious 

lesions, which was not the case in individual FAO90 [1296]. The association of early loss of deciduous 

teeth, generalised horizontal bone loss, enlarged pulp chamber morphology and shortened roots are 

exclusively described in hypophosphatasia (Table 2), which thus appears to be the most probable 

diagnosis for the dental changes observed in FAO90 [1296]. 

It is noteworthy, however, that most of the post-cranial bone changes exhibited by the individual 

under study are not expected to be produced by hypophosphatasia. Bone oedema mimicking chronic 

non-bacterial osteomyelitis may occasionally occur in long bones, as a result of extra-cellular 

accumulation of calcium pyrophosphate or phosphate crystals in the periarticular area or soft tissues, 

due to the reduced activity of alkaline phosphatase associated with the condition (Girschick et al., 

2007, Whyte et al., 2009, Simon et al., 2018). However, this is a rare occurrence. Moreover, osteolytic 

lesions in vertebrae and sub-periosteal new bone formation on ribs is not observed in 

hypophosphatasia. It is therefore very likely that these various post-cranial signs are actually related 

to some other pathological condition. 

Other common diseases, noted in archaeological contexts, were considered in the second step of 

the differential diagnosis (Table 3). Based on relevant literature on the skeletal signs of nutritional 

rickets (Brickley and Mays, 2019, Brickley and Morgan, 2023, D’Ortenzio et al., 2018, Kacki et al., 2011, 

Mays et al., 2006), tuberculosis (Dangvard Pedersen et al., 2019, Holloway et al., 2011), brucellosis 

(Bendrey et al., 2020), non-systemic periodontitis (Miller et al., 2018, Papapanou et al., 2018, Suzuki, 

1988), scurvy (Brickley and Morgan, 2023, Brothwell, 1981, Maat, 2004, Snoddy et al., 2018) and 

hypophosphatasia (Brandt, 2013, Feeney et al., 2018, Nunes, 1993, Whyte, 2017), it appears that none 

of these conditions alone may explain the entirety of the lesions reported. The association of the two 

conditions (comorbidity) in individual FAO90 [1296] may therefore be considered as an alternative 

hypothesis. 

Based on the data reported in Table 3, the diagnosis of environmental rickets associated with non-

systemic periodontitis, although potentially matching well with archaeological and historical contexts, 

can be ruled out. Indeed, individual FAO90 [1296] did not show typical macroscopic dental features 

associated with rickets (‘constricted’ or ‘chair-shaped’ pulp chambers) or aggressive vertical bone loss 

associated with pre-pubertal periodontitis. Similarly, although several dental signs are consistent with 

scurvy, this diagnosis is rejected because major signs of this disease were not found, including sub-

periosteal new bone formation and cortical porosities related to bleeding of vasculature associated 

with masticatory muscles (Brickley and Morgan, 2023, Maat, 2004, Ortner, 2003, Snoddy et al., 2018). 

However, several bone changes, such as periosteal new bone formation on the visceral aspect of the 

ribs and osteolytic lesions in the body of the second lumbar vertebra are highly indicative of a systemic 
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infectious process. Tuberculosis, in particular, is a likely diagnosis because this disease frequently 

results in osteolytic destruction of the lower thoracic or lumbar vertebrae, as well as periosteal new 

bone formation and osteolytic foci on the visceral surface of the ribs (Lewis, 2011, Ortner, 2003, 

Roberts and Buikstra, 2003, Santos and Roberts, 2006). Because tuberculosis alone could not explain 

the individual’s craniofacial signs (particularly the early deciduous teeth loss) and non-systemic 

periodontitis has been ruled out, a possible diagnosis is the combination of hypophosphatasia and 

bone tuberculosis. This comorbidity appears even more likely considering that hypophosphatasia can 

predispose a person to pulmonary infections (Feeney et al., 2018, Whyte, 2017). 

 

6. Discussion 

 

We have analyzed individual FAO90 [1296]’s early deciduous tooth loss and bone changes and 

argue that the most plausible diagnosis was a comorbidity with a non-severe form of 

hypophosphatasia and an infectious disease, potentially tuberculosis. Hypophosphatasia is a rare 

genetic condition characterised by metabolic disorders stemming from insufficient activity of the 

tissue-non-specific isoenzyme of alkaline phosphatase, leading to the extracellular buildup of its 

substrates (Feeney et al., 2018). It is caused by a mutation in the ALPL gene, which encodes tissue-non-

specific alkaline phosphatase in bone osteoblasts and liver, kidney and skin fibroblasts. The major signs 

include impaired or defective mineralisation of bones and early exfoliation of deciduous teeth (Feeney 

et al., 2018, Okawa et al., 2019). The clinical presentation of the disease varies and may encompass 

skeletal, dental, neurological and renal manifestations, pain, muscle weakness, growth defects, 

ambulatory difficulties or frequent bone fractures (Feeney et al., 2018, Okawa et al., 2019). In the 

childhood and in the less severe forms of the conditions (the severe forms lead to death in the first 

years of life), the most prevalent sign is early deciduous tooth loss, whereas in adulthood, bone 

metabolism is more affected (Szabo et al., 2019). Other dental signs, such as enamel and dentine 

defects, alveolar bone loss and perturbations of the developmental chronology, are less common in 

childhood but could explain the second premolar agenesis of FAO90 [1296] (Szabo et al., 2019). The 

premature loss of deciduous teeth is putatively related to cementum defects rather than to the 

perturbation of bone mineralisation (van den Bos et al., 2005). The dysregulated hydrolysis of inorganic 

pyrophosphates (PPi, a potent inhibitor of hydroxyapatite) caused by tissue-non-specific alkaline 

phosphatase deficiency leads to the accumulation of PPi in the extracellular matrix, which explains 

bone, dentine and cementum defects in hypophosphatasia (Komaru et al., 2019). Nevertheless, this 

process is tissue-dependent, and cementum development is more sensitive than dentine development 

to the accumulation of PPi (Bloch-Zupan and Vaysse, 2017, van den Bos et al., 2005). In deciduous 

tooth loss associated with hypophosphatasia, both the acellular and cellular layers of the cementum 

are absent or severely impacted. Consequently, the periodontal ligament and the dentine are 

separated by a space filled with non-fibrillar material rather than being connected by collagen fibrils 

(van den Bos et al., 2005). 

Hypophosphatasia has been classified into six subtypes. Depending on the time of diagnosis and 

clinical assessment, the condition is described as perinatal severe hypophosphatasia, perinatal benign 
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hypophosphatasia (in utero and at birth), infantile hypophosphatasia (<6 months), childhood 

hypophosphatasia (6 months–18 years) or adult hypophosphatasia (>18 years). Beyond tooth 

eruption, a clinical description confined to dental symptoms constitutes the sixth sub-type, 

odontohypophosphatasia (Mornet et al., 2021, Okawa et al., 2019). Because odontohypophosphatasia 

is frequently succeeded by more systemic forms after or during childhood, some authors propose that 

childhood hypophosphatasia is a progressive condition leading to dental signs in childhood and 

evolving to systemic signs in adulthood (Mori et al., 2016). Perinatal and infantile forms are associated 

with significant mortality (Whyte, 2017). Patients with severe forms of hypophosphatasia generally die 

before the eruption of deciduous dentition (Okawa et al., 2019, Whyte, 2017). For FAO90 [1296], a 

possible hypophosphatasia diagnosis would include the childhood form. The estimated prevalence 

from genetic data of mild forms of the condition is 1/2430 in the European population (Mornet et al., 

2021). 

St Bride’s Lower Churchyard sub-adults were characterised by a high mortality rate, likely due to 

environmental conditions (malnutrition and socio-economic status) leading to metabolic disorders 

such as rickets and scurvy in 40 % of the population (Kausmally, 2008). The left mandibular second 

premolar agenesis of FAO90 [1296] could be related to physiological disturbances associated with poor 

socio-economic conditions (Dinis et al., 2023). The prevalence of moderate and severe periodontitis in 

the adult population of the burial area was estimated to be approximately 20 % (Al-Mutairi et al., 

2022). However, individual FAO90 [1296] did not display typical signs of rickets, scurvy, or non-systemic 

periodontitis (Table 3). 

Early deciduous tooth loss is the key to understanding the pathological context of individual 

FAO90 [1296]. No deciduous root debris was detected. Caries in deciduous dentition is the most 

reliable predictors of future caries in young permanent dentition (Demers et al., 1990, Li and Wang, 

2002, Powell, 1998, Skeie et al., 2006, Tagliaferro et al., 2006). Thus, the absence of extensive carious 

lesions in the pits and grooves of the remaining erupted permanent teeth of FAO90 [1296] was not 

consistent with an early deciduous tooth loss due to dental caries. This sign, when common oral 

aetiologies have been excluded (carious disease, periodontitis, traumatism and oligodontia), is often 

associated with rarer conditions than those classically encountered in past populations (Spodzieja and 

Olczak-Kowalczyk, 2022). Notably, early deciduous tooth loss is rarely reported in environmental 

rickets (D’Ortenzio et al., 2018). Moreover, the discrepancies between the development of permanent 

tooth germs and their stages of eruption were also interpreted as a sign associated with a possible 

rarer condition. However, this last sign is not often reported in patients with hypophosphatasia 

(Whyte, 2017). Another explanation could be the consequence of early deciduous teeth exfoliation 

involving the entire deciduous dentition. In fact, early exfoliation of deciduous teeth can accelerate 

the development and eruption of permanent dentition (Kjær, 2014, Loevy, 1989), which could explain 

these discrepancies and ‘high’ permanent teeth germ locations. Another concern was the age 

estimation of individual FAO90 [1296] in the context of developmental and eruption disturbances. As 

the eruption position (AlQahtani et al., 2010, Bengston, 1935) could have been influenced by horizontal 

general bone loss, developmental status (AlQahtani et al., 2010, Moorrees et al., 1963) has been 

selected to refine the estimation. Dental eruption is an intermittent process that is sensitive to local 
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factors such as crowding or deciduous tooth loss (Loevy, 1989, Yan et al., 2013). Dental development, 

conversely, is an ongoing process that is less sensitive to local factors and is therefore considered more 

reliable for estimating chronological age (Kuremoto et al., 2022, Panchbhai, 2011, Yan et al., 2013). 

Moreover, the late stages of root formation are generally considered less reliable than the early stages 

(Liversidge et al., 2010). The developmental stages (Table 1) of the incisors, canines, first and second 

premolars and second molars were therefore prioritised over that of the first permanent molar in the 

age estimation. Finally, because the chosen age estimation methods (AlQahtani et al., 2010, Moorrees 

et al., 1963) produce a mean absolute deviation range of 0.38–0.44 years, which tends to under-

evaluate the chronological age in the 5.5–7.5 years range (AlQahtani et al., 2014), we chose a wide 

range for refining the age at death (5.5–8.5 years). 

The identification of multiple early tooth loss in an immature individual, without obvious signs of 

carious disease or traumatic loss, should prompt palaeopathologists to systematically investigate a 

potential association with a systemic condition. Indeed, except for scurvy, this sign, particularly when 

involving severe edentulism, is rarely or never reported in association with metabolic or infectious 

disorders such as environmental rickets, tuberculosis or brucellosis but frequent in ‘genetic disorder’ 

conditions (Spodzieja and Olczak-Kowalczyk, 2022). In this case study, we used differential diagnosis 

based on possible conditions associated with early deciduous tooth loss to orient the diagnosis. The 

differential diagnosis based on archaeological contexts suggested the presence of the comorbidity of 

hypophosphatasia associated with tuberculosis. This finding is not surprising, as hypophosphatasia 

could predispose patients to pulmonary infections (Feeney et al., 2018, Whyte, 2017). This is possibly 

the first diagnosis of hypophosphatasia in a past population (Brandt, 2013), if confirmed by further 

studies. Future analysis of individual FAO90 [1296] should include radiographic imaging of the left 

radial shaft to identify ‘radiolucent tongues’ reaching from the metaphysis into the shaft, micro-CT 

imaging to evaluate bone density, and a histological analysis of the cementum, which would apear 

afibrillar, sometimes absent or with impaired calcification features in case of hypophosphatasia 

(Brandt, 2013, Whyte, 2017). Sequencing of the ALPL gene of the individual could definitely confirm 

this diagnosis (Brandt, 2013, Whyte, 2017). 

 

7. Conclusion 

 

In this study we offer a possible case of comorbidity of hypophosphatasia and tuberculosis, a 

condition never reported in the context of the British industrial era, and one that is informed by careful 

differential diagnosis and attention to archaeological and socio-economic contexts. Key signs to 

potentially identify hypophosphatasia in archaeological contexts were compiled, notably severe early 

deciduous tooth loss, which may be used to alert palaeopathologists and bioarcheologists of the 

condition. Early deciduous tooth loss requires a thorough examination of possible associated 

conditions. Subsequent radiographic, histologic and genetic analyses could help confirm the diagnosis 

of individual FAO90 [1296]. 
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Fig. 1. Skeletal inventory of individual FAO90 [1296]. The black shading indicates that bones are 

present, the white shading indicates that bones are absent, and the striped shading indicates that 

bones are present but partially preserved. 

 

 

Fig. 2. Panoramic radiograph of the maxilla and mandible of individual FAO90 [1296]. The red arrow 

indicates the radiotransparent area substituting for the germ of the mandibular right second 

permanent premolar. 
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Fig. 3. Right hemi-mandible of individual FAO90 [1296] in occlusal view. The red arrow indicates the 

healing socket of the mandibular right deciduous canine. 

 

 

Fig. 4. Maxilla of individual FAO90 [1296] in occlusal view. The red arrows indicate the healing socket 

of the maxillary right and left deciduous canines. 

 

 

Fig. 5. Right hemi-mandible of individual FAO90 [1296] in lateral view. The red arrow indicates the 

slight carious lesion at the cemento-enamel junction of the right first permanent molar. The yellow 

arrow indicates the exposition of the furcation of the right first permanent molar. 
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Fig. 6. Mandibular right first permanent molar of individual FAO90 [1296]. 

 

 

Fig. 7. Vertebral changes of individual FAO90 [1296]. a) Baastrup’s sign at the base of the spinous 

process of a thoracic vertebra; b) bone production on the anterior surface of the neural arch of a 

thoracic vertebra; c) general and close-up view of the second lumbar vertebra, showing remodelled 

trabeculae indicative of bone remodelling secondary to an osteolytic process. 
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Fig. 8. Ribs changes of individual FAO90 [1296]. a) General view of the ribs of the individual; b) 

Enlargement of the rib heads and porosity on the visceral surfaces; c) Marked porosity due to 

superficial bone proliferation; d) Rough texture and osteolytic foci on the visceral surface. 

 

 

Fig. 9. Shallow osteolytic lesion surrounded by bone remodelling in the visceral surface of a rib. 
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Fig. 10. Radius shaft of individual FAO90 [1296]. From left to right: swelling aspect of the radius shaft, 

opening in the cortical bone revealing densified cancellous bone, possible osteomyelitic lesion of the 

radius: The red arrows indicate the post-mortem fracture edges, the yellow arrows indicate the area 

of bone remodelling, the blue arrow indicates the cloaca. 
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Table 1. Eruption position and developmental stage of the teeth of individual FAO90 [1296]. 
 

   

 

 

Eruption Position definition** Age (y) Development Stage definition** 
Age Individual 

FAO90 [1296] (y) 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  M

A
X

IL
LA

 

R
IG

H
T

 

I1* Position 3 
Incisal surface midway between the alveolar 

bone and the occlusal plane 
6.5 – 7.5 R¼ stage Root length less than crown length 5.5 – 7.5 

I2* Position 3 
Incisal surface midway between the alveolar 

bone and the occlusal plane 
7.5 – 9.5 R¼ stage Root length less than crown length 6.5 – 8.5 

C* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 11.5 Ri stage 

Initial root formation with 

divergent edges 
5.5 – 8.5**** 

P3* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 10.5 Ri stage 

Initial root formation with 

divergent edges 
6.5 – 8.5 

P4* 
Position 1 

(inverted) 
Occlusal surface is covered entirely by bone < 11.5 Cr¾ stage Crown three quarters completed 4.5 – 7.5 

M1 Position 4 Occlusal surface in the occlusal plane > 6.5 Rc stage 
Root length completed with open 

apexes and parallel ends 
7.5 – 10.5 

M2* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 10.5 Crc stage 

Crown completed with defined 

pulp roof 
6.5 – 8.5 

M3 – – – – – – 

 L
EF

T 

I1* Position 3 
Incisal surface midway between the alveolar 

bone and the occlusal plane 
6.5 – 7.5 R¼ stage Root length less than crown length 5.5 – 7.5 

I2* Position 3 
Incisal surface midway between the alveolar 

bone and the occlusal plane 
7.5 – 9.5 R¼ stage Root length less than crown length 6.5 – 8.5 

C* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 11.5 Ri stage 

Initial root formation with 

divergent edges 
5.5 – 8.5 

P3* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 10.5 Crc stage 

Crown completed with defined 

pulp roof 
5.5 – 7.5 

P4 – – – – – – 

M1 – – – – – – 

M2 – – – – – – 

M3 – – – – – – 
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 M
A

N
D

IB
LE

 

R
IG

H
T

 
I1 Position 4 Occlusal surface in the occlusal plane > 7.5 – – – 

I2 Position 4 Occlusal surface in the occlusal plane > 7.5 – – – 

C* Position 1 Occlusal surface is covered entirely by bone < 9.5 R¼ stage Root length less than crown length 6.5 – 9.5 

P3* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 10.5 Ri stage 

Initial root formation with 

divergent edges 
6.5 – 8.5 

P4 – – – – – – 

M1 Position 4 Occlusal surface in the occlusal plane > 6.5 Rc stage 
Root length completed with open 

apexes and parallel ends 
7.5 – 10.5 

M2* Position 2 
Occlusal surface breaks through the crest of the 

alveolar bone 
> 10.5 Crc stage 

Crown completed with defined 

pulp roof 
8.5 – 9.5 

M3 – – – – – – 

LE
FT

 

I1 Position 4 Occlusal surface in the occlusal plane > 7.5 – – – 

I2* Position 4 Occlusal surface in the occlusal plane > 7.5 R½ stage Root length equals crown length 5.5 – 8.5 

C – – – – – – 

P3 – – – – – – 

P4 – – – – – – 

M1 – – – – – – 

M2 – – – – – – 

M3 – – – – – – 

 

*Teeth identified as providing a robust estimation of age at death. 

**Eruptional position and developmental stages were assessed with the standards of AlQahtani et al., 2010; Bengston, 1935 and Moorrees et al., 1963.  

***The physiological age ranges were based on AlQahtani et al., 2010.  

****Age ranges highlighted in bold indicate discrepancies between physiological eruptional position expected age and the physiological developmental tooth 

stage expected age when exceeding 2 years of variation in the individual FAO90 [1296]. 
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Table 2. Differential diagnosis for individual FAO90 [1296] based on early deciduous tooth loss. 

 

 

 

Hypophosphatasia 

 

Dentin Dysplasia Type I Papillon–Lefèvre Syndrome Chediak-Higashi Syndrome 

Nosology – Aetiology 

A genetic condition involving metabolic 

disorders due to the deficient activity of 

the tissue non-specific isoenzyme of 

alkaline phosphatase 

A genetic condition due to 

mutations in the DSPP gene 

(4q21.3) coding for dentin 

sialophosphoprotein, 

involved in dentinogenesis 

A genetic condition due to 

mutations in the CTS gene, 

encoding the proteolytic enzyme 

cathepsin C 

 

A genetic condition due to 

mutations in the LYST lysosomal 

trafficking regulator gene 

 

Early deciduous teeth loss 

mechanism 

Teeth loss with non-resorbed roots due to 

cementum defects 

Teeth loss due to roots 

malformation or absence 

Aggressive periodontitis due to 

chemotaxis deficit 

Aggressive periodontitis due to 

neutrophils and monocytes 

dysfunctions 

Enamel Possible hypoplasia  No changes  No changes  Possible hypoplasia  

Dentin Possible thin dentin wall  Absence of root dentin  No changes  No changes  

Pulp Enlarged pulp chambers  Oblitered pulp chambers  No changes  No changes  

Crown Bulbous crowns  No changes  Possible microdontia  No changes  

Roots Short roots  Absent or shortened  Possibly shorts  No changes  

Periodontal defects Generalized horizontal bone lysis  Possible bone lysis  Vertical and multifocal lysis  Vertical and multifocal lysis  

Carious lesions 
Possible at the cemento-enamel junction

 
No changes  Increased incidence  Increased incidence  

Agenesia – Eruption defects Eruption defects  Possible hypodontia  No changes  No changes  

 Consistent with individual FAO90 [1296]. 
 Not available or is not fully consistent with individual FAO90 [1296]. 
 Not found in individual FAO90 [1296]. 
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Table 3. Differential diagnosis for individual FAO90 [1296] in an archaeological context. 

  Nutritional rickets Scurvy Tuberculosis Brucellosis Hypophosphatasia 

Non-systemic 

aggressive pre-

pubertal periodontitis 

Nosology – Aetiology 

A metabolic disease 

due to Vitamin D 

deficiency 

A metabolic disease 

due to vitamin C 

deficiency 

A mycobacterial 

disease due to the 

infection by 

Mycobacterium 

tuberculosis 

The most common 

bacterial zoonosis 

due to the infection 

by Brucella genus 

pathogen 

A genetic condition 

involving metabolic 

disorders due to the 

deficient activity of the 

tissue non-specific 

isoenzyme of alkaline 

phosphatase 

An oral chronic 

multifactorial 

inflammatory disease 

associated with 

dysbiotic plaque 

biofilms and 

characterized by 

progressive destruction 

of the tooth-supporting 

apparatus at an early 

age of onset 

Dental changes 

Early tooth loss Absent  
Early tooth loss of the 

teeth possible  

Periodontal 

attachment 

involvement rarely 

reported  

Absent  

Early tooth loss of the 

deciduous teeth with 

intact roots  

Mostly the first and 

second deciduous 

molars, canines and 

incisors are rarely 

concerned  

Pulp chamber  
“Constricted” or “chair-

shaped”  
No changes  No changes  No changes  

Enlarged pulp chambers 

and root canals  
No changes  

Roots  Short roots  No changes  No changes  No changes  Short roots  

Mostly external and 

possible internal root 

resorptions in first and 
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second deciduous 

molars  

Crowns  No changes  No changes  No changes  No changes  Bulbous crown  No changes  

Enamel – Dentin 
Thin enamel  

Enamel hypoplasia  
Dentin defects  Enamel hypoplasia  Enamel hypoplasia  

Thin dentin wall  

Enamel hypoplasia  
No changes  

Carious lesions Increased incidence  Increased incidence  No changes  No changes  
Possible at the cemento-

enamel junction  

Possible at the 

cemento-enamel 

junction  

Agenesia – 

Eruption defects 

Possible agenesia and 

eruption defects  
No changes  No changes  No changes  Eruption defects  No changes  

Black stains at the 

root tips 
Absent  Present  Absent  Absent  Absent  Absent  

Cranio-facial 

changes 
Alveolar bone lysis Absent  Generalized lysis  Rarely reported  Absent  Generalized lysis  

Localized bone lysis – 

vertical “U” bone 

defects around first 

permanent molars  

Cranial vault 

porosities (“Porotic 

hyperostosis”) 

Possibly present  Present  Possibly present  Possibly present  Possibly present  Absent  

Orbital roof 

porosities (“Cribra 

orbitalia”) 

Possibly present  Present  Possibly present  Possibly present  Possibly present  Absent  
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Cortical porosities 

and / or 

subperiosteal new 

bone in lateral 

aspect of the 

zygomatic 

Possibly present  Present  Absent  Absent  Possibly present  Absent  

Cortical porosities 

and / or 

subperiosteal new 

bone in anterior 

aspect of the 

maxilla 

Possibly present  Present  Absent  Absent  Possibly present  Absent  

Cortical porosities 

and / or 

subperiosteal new 

bone in posterior 

aspect of the 

maxilla 

Possibly present  Present  Absent  Absent  Possibly present  Absent  

Cortical porosities 

and / or 

subperiosteal new 

bone in palatal 

aspect of the 

maxilla 

Possibly present  Present  Absent  Absent  Possibly present  Absent  
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Bilateral 

subperiosteal new 

bone in mylohyoid 

line of the 

mandible 

Possibly present  Present  Absent  Absent  Possibly present  Absent  

Biomechanical 

deformity 

Deformation of the 

mandibular ramus  
Absent  Absent  Absent  

Rarely reported in the 

cranio-facial bones  
Absent  

Ribs changes Biomechanical 

deformity 
Bending Absent  Absent  Absent  Bending  Absent  

Thin diameter Possible  Absent  Absent  Absent  Present  Absent  

Costo-chondral rib 

flaring 
Present  Present  Absent  Absent  Present  Absent  

Costo-chondral rib 

porosities 

Present (consequence 

of the impaired or 

defective bone 

mineralization)  

Subperiosteal new 

bone on the antero-

lateral shaft  

Present (possible 

consequence of a 

superficial bone 

proliferation on the 

visceral surfaces)  

Present (possible 

consequence of a 

subperiosteal bone 

proliferation on the 

anterior surfaces)  

Present 

(consequence of the 

impaired or defective bone 

mineralization)  

Absent  

Bean-shaped lytic 

lesions on the 

visceral surfaces 

Absent  Absent  Present  Absent  Absent  Absent  

Low nodules and 

rough texture 

along the costal 

Rough texture as a 

possible consequence 

of the impaired or 

Absent  Present  

Rough texture as a 

possible 

consequence of the 

Rough texture as a 

possible consequence of 
Absent  
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grooves on the 

visceral surfaces 

defective bone 

mineralization  

woven bone 

deposition  

the impaired or defective 

bone mineralization  

Combination of 

areas with reduced 

and increased bone 

density 

Possible (consequence 

of impaired or 

defective bone 

mineralization)  

Absent  

Possible (consequence 

of a superficial bone 

proliferation on the 

visceral surfaces)  

Possible 

(consequence of a 

subperiosteal new 

bone proliferation on 

the anterior surfaces)  

Present 

(consequence of impaired 

or defective bone 

mineralization)  

Absent  

Long bone changes 

(upper limb) 

Biomechanical 

deformity 
Bending  Absent  Absent  Absent  Bending  Absent  

Cortical porosities 

Present, especially 

metaphyseal 

(consequence of the 

impaired or defective 

bone mineralization) 

 

Diffuse subperiosteal 

new bone areas  
Absent  Absent  

Present (consequence of 

the impaired or defective 

bone mineralization)  

Absent  

Bone thickening 

and or 

enlargement 

General thickening 

when sufficient vitamin 

D becomes available to 

mineralize 

accumulated osteoid

 

Metaphyseal 

enlargment  
Absent  Absent  

Flared metaphysis and 

possible combination of 

areas with reduced and 

increased bone density  

Absent  

Non-bacterial 

multifocal 
Absent  Absent  Absent  Absent  Present  Absent  
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osteomyelitis bone 

lesions 

Clustered pits or 

large cavities in the 

radial tuberosity of 

the proximal radius 

Possible  Absent  Present  Absent  Possible  Absent  

Uni or bilateral 

ossified 

hematomas 

Absent  Present  Absent  Absent  Absent  Absent  

Porosis / 

roughening on 

bone underlying 

growth plates 

Present  Absent  Absent  Absent  Present  Absent  

Vertebral changes 

(thoracic and 

lumbar vertebral 

bodies) 

Clustered pits or 

deep cavities on 

the cranial and 

caudal surfaces 

Absent  Absent  Present  

Possible in less 

severe form than in 

tuberculosis  

Absent  Absent  

Large pits with a 

roughly circular 

shape and rounded 

edges on the 

ventral part 

Absent  Absent  Present  

Possible in less 

severe form than in 

tuberculosis  

Absent  Absent  
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 Consistent with individual FAO90 [1296]. 
 Not available or is not fully consistent with individual FAO90 [1296]. 
 Not found in individual FAO90 [1296]. 

 

 

 Woven bone 

deposition on the 

ventral part 

Absent  Absent  Present  

Possible in less 

severe form than in 

tuberculosis  

Absent  Absent  

Resorption of the 

anterior superior 

margin (sclerosis, 

Pedro Pon’s sign) 

+/- anterior bone 

spurs 

Absent  Absent  Possible  Present  Absent  Absent  

Formation of a new 

joint between two 

vertebrae’s 

processes 

(Baastrup’s sign) 

Possible  Absent  Possible  Absent  Absent  Absent  


