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Summary 
 
In May 2012 York Osteoarchaeology Ltd was commissioned by the York Archaeological Trust for Excavation 
and Research Ltd to carry out the osteological analysis of a single inhumed skeleton that had been excavated 
from land at the junction of Dixon Lane and George Street in York (NGR SE 607 515).  The skeleton is one of 
117 skeletons and charnel thought to have been associated with the medieval church of St Stephen’s that were 
excavated between in 2005 and 2006 at the site prior to re-development of the site. 
 
Osteological analysis found that the skeleton was in an excellent condition and 85% complete.  The skeleton was 
female, aged 46 years old or older.  The individual had suffered from probable leprosy, leading to resorption of 
the nasal area and maxilla, as well as periosteal reactions (inflammatory lesions) of the maxilla.  She also had 
periosteal reactions that are commonly associated with leprosy on the lower legs, but these are non-specific 
inflammatory lesions and could have had other causes.  Concentric atrophy (wasting) was noted on the 
intermediate hand phalanges (middle part of the finger digits), which may also have been a result of the infection 
and grooves on the left hand suggested that her fourth and fifth digit suffered from contracted flexion as a result 
of the disease. 
 
There were numerous minor developmental anomalies in her spine, including unusually shaped vertebral bodies 
and differently sized left and right parts of the vertebrae.  Additional to this, six vertebral compression fractures 
were observed.  Another, probably traumatic pathology was non-fusion of part of the right scapula, termed os 
acromiale.  Mild degenerative disease was noted in the lower jaw, left shoulder, right hip, left big toe and most 
of her spine, with osteoarthritis affecting two vertebrae of the neck. The individual had also suffered from 
chronic sinusitis. 
 
Her dental health was relatively good, with one cavity, ante-mortem loss of one tooth, two abscesses, mild 
periodontal disease and limited dental wear.  However, the individual had widespread, often heavy dental plaque 
concretions on the teeth, which were much more prevalent than the medieval average. 
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1.0 INTRODUCTION 
 
York Osteoarchaeology Ltd was commissioned by the York Archaeological Trust for Excavation and Research 
Ltd to carry out the osteological analysis of a skeleton that had been excavated from land at the junction of 
Dixon Lane and George Street in York (NGR SE 607 515).  The skeleton was excavated together with 116 
further skeletons and human charnel in 2005 and 2006 in advance of re-development of the site.   
 
The cemetery is thought to be associated with the medieval church of St Stephen’s, first recorded in documents 
in 1093-4 (McComish 2006) and is believed to have been annexed to St Martin-le-Grand church in 1331, based 
on documentary and artefactual evidence.  In the medieval period, the area around the site is characterised by 
numerous churches and other cemeteries in the vicinity, such as the monastic site of St Andrew’s Fishergate and 
a cemetery at Fishergate House, possibly associated with the church of St Helen’s, which also produced a large 
number of skeletons (Holst 2005).   
 
Twelve of the burials from Dixon Lane have been dated to the 10th century, based on the pottery in their fills 
and stratigraphic evidence.  A total of 105 burials associated with St Stephen’s church, dating from the late 11th 
century to the middle 14th century were also excavated and Skeleton 116 was part of this group.  Interestingly, 
the earlier burials were orientated in a northwest to southeast alignment, while the later graves were aligned 
west to east (McComish 2006).  Skeleton 116 was buried in a supine extended position in a west to east 
orientation.  The left arm was by the left side of the individual, while the right arm was folded over the stomach 
(Table 1).  The left pelvis and part of the left femur were removed by machine. 
 
Table 1  Summary of archaeological information 
 

Skeleton No Position Orientation Artefacts Date 

116 Extended supine West to east None 11th to 14th century 
 
1.1 AIMS AND OBJECTIVES 
 
The aim of the skeletal analysis was to determine the age, sex and stature of the skeleton, as well as to record 
and diagnose any skeletal manifestations of disease and trauma. 
 
1.2 METHODOLOGY 
 
The skeleton was analysed in detail, assessing the preservation and completeness, as well as determining the 
age, sex and stature of the individual (Appendix A). All pathological lesions were recorded and described. 
 
 
2.0 OSTEOLOGICAL ANALYSIS 
 
Osteological analysis is concerned with the determination of the demographic profile of the assemblage based 
on the assessment of sex, age and non-metric traits. This information is essential in order to determine the 
prevalence of disease types and age-related changes. It is also crucial for identifying sex dimorphism in 
occupation, lifestyle and diet, as well as the role of different age groups in society. 
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2.1 PRESERVATION 
 
Skeletal preservation depends upon a number of factors, including the age and sex of the individual as well as 
the size, shape and robusticity of the bone. Burial environment, post-depositional disturbance and treatment 
following excavation can also have a considerable impact on bone condition. Preservation of human skeletal 
remains is assessed subjectively, depending upon the severity of bone surface erosion and post-mortem breaks, 
but disregarding completeness. Preservation is important, as it can have a large impact on the quantity and 
quality of information that it is possible to obtain from the skeletal remains. 
 
Surface preservation, concerning the condition of the bone cortex, was assessed using the seven-category 
grading system defined by McKinley (2004), ranging from 0 (excellent) to 5+ (extremely poor). Excellent 
preservation implied no bone surface erosion and a clear surface morphology, whereas extremely poor 
preservation indicated heavy and penetrating erosion of the bone surface resulting in complete loss of surface 
morphology and modification of the bone profile. The degree of fragmentation was recorded, using categories 
ranging from ‘minimal’ (little or no fragmentation of bones) to ‘extreme’ (extensive fragmentation with bones 
in multiple small fragments). Finally, the completeness of the skeleton was assessed and expressed as a 
percentage: the higher the percentage, the more complete the skeleton. 
 
The condition of the skeleton was excellent (Grade 0), with very little fragmentation of the remains, which was 
mostly concentrated on the ribs (Table 2).  The skeleton was 85% complete, and the left pelvis and the proximal 
left femur were missing, as well as parts of the hands and right foot.  
 
Table 2  Summary of osteological and palaeopathological results 
 

Skeleton 
No 

Preservation* 
Age Sex Stature 

(cm) 
Dental 
Pathology Pathology 

SP F C 
16 0 

(excellent) 
Slight 85% 46+ Female 160.09 

± 
3.55cm 

Ante-mortem 
tooth loss, slight 
to heavy 
calculus, caries, 
dental abscesses, 
slight 
periodontitis 

Leprosy (periosteal reactions on 
tibiae, fibulae, maxilla, atrophy 
of hand phalanges, atrophy of 
nasal area and maxilla), several 
vertebral congenital anomalies, 
several vertebral compression 
fractures, spinal DJD, DJD in 
left clavicle, mandible, right 10th 
rib, left 1st metatarsal and right 
acetabulum, spinal osteoarthritis, 
os acromiale, maxillary sinusitis 

* Preservation: SP = surface preservation, graded according to McKinley (2004); F = fragmentation; C = completeness 

 
2.2 MINIMUM NUMBER OF INDIVIDUALS 
 
A count of the ‘minimum number of individuals’ (MNI) recovered from a cemetery is carried out as standard 
procedure in osteological reports on inhumations in order to establish how many individuals are represented by 
the articulated and disarticulated human bones (without taking the archaeologically defined graves into 
account). The MNI is calculated by counting all long bone ends, as well as other larger skeletal elements 
recovered. The largest number of these is then taken as the MNI. The MNI is likely to be lower than the actual 
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number of skeletons which would have been interred on the site, but represents the minimum number of 
individuals which can be scientifically proven to be present. 
 
The MNI was one, based on the surviving joints.  
 
2.3 ASSESSMENT OF AGE 
 
Age was determined using standard ageing techniques, as specified in Scheuer and Black (2000a; 2000b) and 
Cox (2000). For non-adults, age estimation is based on dental development and eruption, skeletal development 
(epiphyseal fusion) and long bone lengths (Scheuer and Black 2000b). In adults, age estimation largely relies on 
the presence of the pelvis and ribs and uses different stages of bone development and degeneration in order to 
calculate the age of an individual. It can be supplemented through examination of dental wear (Brothwell 1981). 
Age is split into a number of categories, from foetus (up to 40 weeks in utero), neonate (around the time of 
birth), infant (newborn to one year), juvenile (1-12 years), adolescent (13-17 years), young adult (ya; 18-25 
years), young middle adult (yma; 26-35 years), old middle adult (oma; 36-45 years), mature adult (ma; 46+) to 
adult (an individual whose age could not be determined more accurately than that they were eighteen or over). 
 
It was difficult to determine age in the skeleton, as few of the criteria normally used for age estimation had 
survived, with the exception of the dentition and the auricular surface joint of the pelvis.  Fusion of the medial 
clavicle indicated an age of 28 years old or older.  Dental wear suggested that the individual was at aged 
between 26 and 35 years old.  However, dental wear ageing is based on the coarseness of the diet and can be 
inaccurate.  The auricular surface suggested an age of at least 50 years, implying that the individual was a 
mature adult, aged 46 years old or older.  It is possible that a soft diet during life had meant the individual 
suffered from limited dental wear. 
 
2.4 SEX DETERMINATION 
 
Sex determination was carried out using standard osteological techniques, such as those described by Mays and 
Cox (2000). Assessment of sex relies on the preservation of the skull and the pelvis and can only be carried out 
once sexual characteristics have developed, during late puberty and early adulthood.  
 
Based on the cranial sex characteristics of the skull and left pelvis and on the measurements of the long bones, 
the skeleton was female. 
 
2.5 METRIC ANALYSIS 
 
Stature depends on two main factors, heredity and environment; it can also fluctuate between chronological 
periods. Stature can only be established in skeletons if at least one complete and fully fused long bone is 
present, but preferably using the combined femur and tibia. The bone is measured on an osteometric board, and 
stature is then calculated using a regression formula developed upon individuals of known stature (Trotter 
1970).  
 
Skeleton 116 was 160.09 ± 3.55cm tall.  This was close to the average stature for females from the site, which 
was 160cm, with a range of 153 to 172cm (Tucker 2006).  The female mean stature for the high medieval 
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period, as calculated by Roberts and Cox (2003), was 159cm, with a range of 154cm to 174cm. 
 
Leg measurements were obtained of the left tibia of Skeleton 116 and were used to calculate the shape and 
robusticity of the tibial shaft (platycnemic index; Bass 1987) and for the femur (platymeric index; ibid).  
Skeleton 116 had a eurycnemic, or normally shaped left tibia and a mesocnemic, or slightly flatter than usual 
right tibia.  The left femur was platymeric left femur, which was of average shape. 
 
Parts of the cranium could be measured, though some parts were fragmented and had been glued, which meant 
that they were not suitable for measurement.  The cranial index (index describing the shape of the skull) 
suggested mesocrany, or an average shape for the skull. 
 
2.6 NON-METRIC TRAITS 
 
Non-metric traits are additional sutures, facets, bony processes, canals and foramina, which occur in a minority 
of skeletons and are believed to suggest hereditary affiliation between skeletons (Saunders 1989). The origins of 
non-metric traits have been extensively discussed in the osteological literature and it is now thought that while 
most non-metric traits have genetic origins, some can be produced by factors such as mechanical stress 
(Kennedy 1989) or environment (Trinkhaus 1978). A total of thirty cranial (skull) and thirty post-cranial (bones 
of the body and limbs) non-metric traits were selected from the osteological literature (Buikstra and Ubelaker 
1994, Finnegan 1978, Berry and Berry 1967) and recorded. 
 
Traits observed in Skeleton 116 included an extrasutural mastoid foramen (a small hole near the ear bone), a 
sutural mastoid foramen (a small hole in the suture by the ear bone), parietal foramen (a small hole at the back 
of the head), ossicle in lambdoid (extra bones in the suture at the back of the head), ossicle at pterion (an extra 
bone in the suture at the side of the skull), ossicle at asterion (an extra bone in the suture behind the ear), double 
anterior condylar canal and an incomplete foramen ovale (holes at the base of the skull that were divided in 
two).  None of these traits would have had any effect on the individual.    
 
Post-cranial traits noted included an transverse foramen bipartite (holes at the side of the cervical vertebrae that 
were divided in two), septal aperture (a hole in the distal humerus), third trochanter (bony protrusion at the 
attachment of the gluteus maximus muscle), exostosis in trochanteric fossa (a bony spur at the muscle 
attachment of the obturator externus muscle), lateral tibial squatting facet (an extension of the joint surface of 
the distal tibia thought to have been associated with squatting), peroneal tubercle (small protrusion at the side of 
the calcaneus), double anterior calcaneal facets (a divided anterior joint surface of the heel bone) and double 
inferior talar facet (the same on the matching ankle bone).  The individual also had medial talar facets and 
lateral talar extensions (extra joint facts on the talus) and os trigonum (fusion of a fragment of bone at the back 
of the talus). 
 
2.7 CONCLUSION 
 
The osteological analysis of the skeletal remains established that the skeleton was in an excellent condition and 
was 85% complete.  The individual was a gracile female adult, aged over 46 years old.  She was of average 
stature for the period and also for the cemetery.  The skeleton showed evidence for numerous non-metric traits 
and had a skull that was of average shape. 
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3.0 PATHOLOGICAL ANALYSIS 
 
Pathological conditions (disease) can manifest themselves on the skeleton, especially when these are chronic 
conditions or the result of trauma to the bone. The bone elements to which muscles attach can also provide 
information on muscle trauma and excessive use of muscles.  All bones were examined macroscopically for 
evidence of pathological changes. Fuller descriptions of the pathological lesions observed can be found in 
Appendix A.  
 
3.1 TRAUMA 
 
The evidence for trauma in archaeological populations is restricted to that visible in the skeletal remains, unless 
soft tissue is preserved (Roberts and Manchester 2005, 85-86).  Therefore, most of the soft-tissue injuries 
sustained by archaeological populations will be invisible, although occasionally soft tissue injuries can be 
inferred through ossification of the tissues at the site of damage, known as myositis ossificans (ibid).  Much of 
the evidence for trauma in archaeological populations focuses on fractures to the bones (Roberts and 
Manchester 2005, 84-85), although long standing well-healed fractures may be hard to detect (Jurmain 1999, 
186). 
 
3.1.1 Os Acromiale 
 
The tip of the acromion process of the scapula, the part of the shoulder blade that projects over the shoulder 
joint and meets the clavicle, develops as a separate element which fuses to the rest of the scapula as the 
individual approaches adulthood. In a small percentage of individuals this fusion fails to occur, and the tip of the 
acromion remains separate, known as os acromiale. This developmental anomaly is thought to be caused by 
severe stress to the rotator cuff muscles during growth, preventing natural fusion of the bones. In modern 
populations, os acromiale was noted in two boxers, where it was attributed to their intensive training during 
adolescence (Hershkovitz et al 1996, 
170).  
 
Os acromiale had occurred in the right 
scapula of Skeleton 116 (Plate 1), while 
the left bone was unaffected. The 
frequency of os acromiale for the early 
medieval period was 0.4% of individuals 
(figures for the high medieval period are 
not available; Roberts and Cox 2003, 
203). Failure of this bone to fuse probably 
results in increased flexibility of the 
shoulder joint, allowing greater range of 
movement without damaging the muscles 

(Knüsel 2000).  Identification of the Plate 1 Os acromiale of right scapula 
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condition in known archers has suggested os acromiale is associated with the practice of archery from a young 
age, or any kind of movement requiring the arm to be rotated over the shoulder (Knüsel 2000; Stirland 2005).  
However, there are many other activities that put stress on the shoulder that could have caused this condition. 
 
3.1.2 Fractures 
 
The individual had suffered from compression fractures of the upper vertebral bodies of six vertebrae: the third, 
sixth, seventh, eighth, tenth and eleventh thoracic vertebra (Plate 2).  The fractures had produced medium sized 
to large depression at the anterior edges of the vertebral bodies.   
 
Injuries to the thoracic vertebrae are 
usually rare, as the reduced mobility 
of this part of the spine provides 
some protection against injury.  
Compression injuries are caused by 
vertical force, such as falling and 
landing on the feet or bottom and are 
often associated with osteoporosis 
(Dandy and Edwards 1998, 155), 
though the bones of Skeleton 116 did 
not appear to be affected by 
osteoporosis.  When they do occur, 
fractures of the thoracic vertebrae 
can be severe and can cause 
paraplegia (Dandy and Edwards 

1998, 154), although no evidence for 
paralysis in the form of wasting of 
the limbs could be observed in this individual.  Compression of the anterior bodies of the vertebrae led to 
kyphosis (forward bending) of the spine (Aufderheide and Rodríguez-Martín 1998, 25). 
 
At the nearby medieval cemetery of Fishergate House, three individuals (1.2%) had sustained compression 
fractures of the thoracic vertebrae (Holst 2005).  At St Andrew’s, Fishergate, which is located even closer to this 
cemetery, spinal fractures were the most common type of fracture following broken long bones (Stroud 1993).  
The crude prevalence rate of vertebral fractures in the late medieval period was 1.03%, with lumbar vertebrae 
being affected slightly more commonly than cervical or thoracic vertebrae (Roberts and Cox 2003, 239).  
Interestingly, at the leprosarium cemetery at Chichester, vertebral fractures were also common, particularly in 
females, with around one quarter of females affected (Judd 2008, 235). 
 
3.2 INFECTION 
 
Infectious disease can involve the skeleton, but since bone cannot respond quickly only evidence for chronic, 
longstanding infections can be observed in archaeological skeletal remains (Roberts and Manchester 2005, 167). 
Acute conditions, where the patient either recovers or dies within a short space of time will not be seen.  Initial 

Plate 2 Compression fracture of 11th thoracic vertebra 
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bone formation in response to infection is disorganised (woven bone), but with time, as healing takes place, 
woven bone is remodelled and transformed into lamellar bone.  Consequently, woven bone presence indicates 
an infection that was active at the time the person died, whilst lamellar bone indicates an infection that had 
healed; a combination of both suggests a recurring or longstanding infection (ibid).  Although specific diseases 
may cause new bone to be deposited on the skeleton, it is almost always impossible to diagnose these from the 
bones alone.  Hence, evidence for infection is discussed as ‘non-specific’ infection. 
 
3.2.1 Non-Specific Infection 
 
New bone deposits on the surfaces of the bones can indicate inflammation of a sheath of tissue (the periosteum) 
which surrounds all bones (Ortner 2003, 206-207).  Inflammation may be due to infection, but low-grade trauma 
and chronic ulceration can also lead to new bone formation (Roberts and Manchester 2005; Ortner 2003, 206-
207).  Periosteal reactions are commonly observed in archaeological populations, particularly on the tibiae 
(shins), and their prevalence has been used as a general measure of stress in past populations (Ortner 2003, 209).  
Woven bone deposits are indicative of inflammation that was active at the time of death, while lamellar bone 
indicates that the inflammation was healing. 
 
Evidence for infection was observed on the left and right tibia (Plate 3) and fibula of Skeleton 116.  The 
infection was characterised by superficial inflammatory lesions; the type of skeletal lesion (lamellar bone) on 
the skeleton’s shin bones suggested that the inflammation was receding. They were striated and irregular, with 
greater density of striations in localised areas.  They were mostly concentrated on the medial and lateral surfaces 
of the tibiae and all surfaces of the fibula.  It is possible that these lesions were part of the leprosy infection this 
individual suffered from. 

 
3.2.2 Maxillary Sinusitis 
 
Maxillary sinusitis commonly occurs as a result of upper respiratory tract infections, pollution, smoke, dust, 
allergies, or a dental abscess that has penetrated the sinus cavity (Roberts and Manchester 2005).  

Plate 3  Lamellar bone on left tibia 
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Skeleton 116 suffered from maxillary sinusitis in the form of pitting and spicular bone formation.  In this 
instance, it is possible that the infection is related to the rhinomaxillary syndrome caused by leprosy (discussed 
below). 
 
The high medieval crude prevalence rate for maxillary sinusitis was 13.3% (Roberts and Cox 2003, 233).   The 
prevalence rate of sinusitis at Fishergate House in York was 50.5%, while that observed at St-Helen’s-on-the-
Walls within the City walls of York was even higher, with 55% of individuals affected (Lewis et al 1995), as 
was the number of individuals affected at the medieval leprosy hospital of St James and St Mary Magdalene in 
Chichester, Sussex (Boocock et al 1995).   
 
3.2.3 Leprosy 
 
Skeleton 116 showed evidence for considerable erosion of the anterior nasal spine and nasal crest that had 
occurred ante-mortem.  This had led to the loss of the nasal crest,rounded and enlarged margins of the piriform 
aperture, enlargement of the nasal cavity widthways and a shallow and flat anterior nasal spine (Plates 4, 5 and 
6).  The frontal process was also eroded in the nasal area.  Lamellar bone in the form of smooth but irregular 
bone formation and pitting could be observed on both palatine processes.  These lesions are usually indicative of 
leprosy, with collapse of the nose leading to bone resorption of the nasal and maxillary bones (rhinomaxillary 
syndrome).  Remodelling of the anterior maxillary process had not occurred.  

 
 
 
 
 
 
 
 
 

Plates 4, 5 & 6  Destructive remodelling of superior part of 
nasal bone (4), piriform aperture (5) and inflammation of 
palatine process (6; maxilla viewed from above) 

4 

6 
5 
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The the hand and foot phalanges showed changes associated with leprosy; the changes were more obvious in the 
hands, which is unusual, as the feet are more commonly affected by leprous changes  (Ortner 2008, 206).  The 
intermediate hand phalanges of the skeleton were tapered at the distal third, also termed ‘concentric atrophy’ 
(Plate 7).  The proximal foot phalanges and single surviving intermediate foot phalanx also showed evidence for 
mild concentric atrophy , but aorund the centre of the bone shafts.  As is common with leprous lesions of the 
hands and feet, the affeted areas were very smooth (Ortner 2002, 74).  This is probably the case because the 
destructive phases of the infection are short-lived and remodelling appears to occur subsequently (ibid).  This is 
probably followed by a period where no skeletal change occurs.  This formation of the characteristic lesions has 
been termed ‘destructive remodelling’ by Ortner (2008, 199).  Notably, the left proximal hand phalanges of the 
fourth and fifth digit have pitted depressions on the palmar surface at the distal parts of the bone, immediately 
proximal to the joint margins, termed ‘volar grooves’ (Plate 8; Lee and Manchester 2008, 214).  Such lesions 
were also seen at the leprosarium cemetery at Chichester and these lesions were diagnosed as ‘pressure-induced 
remodelling of the volar metaphysis of the phalanges’, caused by severe flexion contraction of the fingers as a 
result of neuromuscular degenration (Ortner 2008, 203). 

 
Skeleton 116 displayed evidence for lamellar bone on the tibiae and fibulae; such lesions are almost always seen 
in individuals with leprous skeletal lesions (Manchester 2002, 70) as the infected skin lesions can also cause 
inflammation of the tibia and fibula, even before the bones of the feet become infected (Andersen et al 1994, 
29).   
 
Leprosy is a chronic infectious disease affecting the skin, nasal tissues, nerves, muscles and bones.  It’s mode of 
transmission is not fully understood and is thought to be through a variety of ways (Lee and Manchester 2008, 
208).  Transmission tends to be greatest within families (ibid).    Symptoms include progressive crippling loss of 
hand and foot function, with deformities of the extremities, socially ostracising facial disfigurement, blindness 
and male infertility.  According to Ortner (2002, 74), age of onset of leprosy differs considerably, although most 
individuals contract leprosy during childhood and the skeletal lesions are more commonly observed in younger 

Plate 7  Concentric atrophy of intermediate 
hand phalanges 

Plate 8  Volar grooves on left proximal hand 
phalanges 
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individuals.  However, the characteristic skeletal lesions are unlikely to develop in non-adult skeletons (Ortner 
2008, 200).  The small number of children with leprosy may also be explained by the high susceptibility of these 
children to other infections, with death often occurring before leprous lesions could develop.  Furthermore, 
children are more likely to develop tuberculoid, rather than lepromatous leprosy, without the nasal changes, 
therefore adding difficulties in the diagnosis (Lewis 2002). 
 
Leprosy may take two forms, both of which are caused by Mycobacterium leprae.  The form of disease depends 
on the immunological status of the patient - the high resistance form is termed tuberculoid leprosy, while the 
low resistance form is lepromatous leprosy (Lee and Manchester 2008, 208).  The effects of the disease are less 
severe in tuberculoid leprosy, with a lack of facial lesions, and fewer skin lesions, but earlier and more intensive 
bone involvement (Aufderheide and Rodríguez-Martín 1998, 146).  Considering the presence of rhinomaxillary 
syndrome, as well as the bilateral finger lesions, this individual is likely to have suffered from lepromatous 
leprosy (Manchester 2002, 69). 
 
Leprosy was very common in Britain from the twelfth to the sixteenth century, although the earliest cases date 
to the fourth century AD (Roberts 2002, 213).  Leprosy is rarely seen in Britain today, with the last indigenous 
case in Shetland in 1758 (ibid).  However, in Norway, leprosy was endemic until the 1920s, which has been 
attributed to poor nutrition and the presence and recurring infection of leprosy in isolated rural communities 
(Irgens 1981).  Today the disease is most commonly observed in Africa, South America and Asia, and the small 
number of cases registered in Britain is from immigrant populations, usually from the subcontinent (Roberts 
2002).   
 
During the medieval period, infection was thought to be the result of divine punishment for sin (Roberts 1987, 
171), particularly of a sexual nature.  It is probable that the symptoms and mode of transmission of leprosy were 
confused with syphilis, resulting in the venereal associations (Lewis 2002, 165) and also with skin conditions, 
such as psoriasis (Ortner 2008, 200).  Treatment of the disease included prayers, incantations, herbal 
concoctions, bloodletting and specific diets (Roberts 1987).  Cures ranged from the sensible to the bizarre, 
including eating dead infant’s flesh or anthill earth, or the belief that cure would follow the touch of the 
monarch (ibid, 169-170).   
 
Diagnosis was carried out by village elders, clerics and occasionally physicians and was frequently incorrect, 
which led to segregation and placement in specific hospitals, termed leprosaria, most of which were founded 
between the twelfth and sixteenth century (Roberts 2002, 213).  However, segregation of those suffering from 
leprosy is unlikely to have halted transmission on the disease, as the more specific symptoms only become 
obvious with progression of the disease (Lee and Magilton 1989, 280).  It is likely that individuals with the early 
stages of disease, would have been undetected, therefore spreading the infection.  According to Irgens (1981, 
161), ‘As long as infectious patients remain in the community, susceptible individuals may be infected and 
contract the disease, even if the dose is low and duration of exposure is short.’ 
 
During the medieval period, two hundred leprosaria were established in Britain, and these were mostly located 
on the periphery of urban settlement, in extramural or suburban locations, indicative of liminality (Gilchrist 
1992, 115).  As leprous individuals were seen as symbolically and legally dead, some had metaphoric funerals 
before their segregation from society (Gilchrist 1995, 39; Ortner 2008, 200).  In York, four leprosaria are 
thought to have been established, one near each of the City’s gates.  These include St Loy’s (at Monk Bridge), 
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St Katherine’s (at the Mount), Our Lady’s (at Horsefair) and St Nicholas (at Lawrence Street).  Many leprosaria 
were run my monks (Roberts 1987) who provided holistic cures for both the body and the soul.   
 
The steep decline of the disease in the late thirteenth century, while the population of Britain increased 
dramatically is not yet understood.  Furthermore, the persistence of the disease in Scandinavia despite the 
sparsely settled nature of this part of Europe remains to be explained.  As the prevalence of leprosy decreased, 
leprosaria often changed their function to poor houses or hospitals; this development is illustrated by the large 
number of non-leprous skeletons at the cemeteries associated with these institutions. 
 
Diagnosis of leprosy in skeletons relies on the distribution of lesions, and therefore on the quality of bone 
preservation, the severity of the disease at death, and the immune status of the person suffering from the disease 
(Lewis 2002, 165).  Roberts (2002) carried out a study of reports from 41 sites in Britain which were known to 
contain leprous skeletons, dating from the fourth to the nineteenth century and found that 1.55% of individuals 
(128 skeletons) were affected with leprosy.  However, if all skeletons studied in Britain were taken into account, 
the prevalence would be around 0.26% (ibid).  In 2003, Roberts and Cox (2003, 271) reviewed the data and 
found that the crude prevalence rate of leprosy in high medieval Britain was 3.5%.  It must be kept in mind that 
leprosy manifests in the skeleton in 15% to 50% of cases, although a rate of around 70% can be observed in 
leprosaria (Roberts 2002).  Roberts (2002) found an increase in prevalence rates from the Roman period 
(0.14%) to the later medieval and post-medieval periods (2.28%), which she attributed to denser living 
conditions, promoting the rate of transmission.  At the leprosarium at Chichester, the crude prevalence of 
leprosy was 23.65% (Roberts and Cox 2003, 270), while 70% of skeletons at the Danish leprosarium at 
Naestved had leprous bone changes (Roberts 2002).  
 
It is possible that the lower number of leprous skeletons in Britain compared with those from other European 
countries is due to the disease being less endemic in this country.  Most sites containing individuals with leprous 
lesions in Britain were located in southern and eastern England and contained only one individual with leprosy 
(Roberts and Cox 2003, 271).  The inclusion of leprous individuals in parish and monastic cemeteries suggests 
less segregation than is reported in historical documents, at least in death.  
 
A young middle adult female (C1251) from Fishergate House in York suffered from irregular, thickened active 
and remodelled new bone formation on the tibiae and fibulae and remodelled inflammatory lesions on the bones 
of the feet.  Most of the foot bones present, including the calcanei, tali, cuneiforms, naviculars, cuboids and 
second to fourth metatarsals were fused together and also fused to the tibiae.  The distal ends of the metatarsals 
had the classic leprous ‘pencil-shaped’ appearance, with the shaft of the bone ending in a sharp point, rather 
than the original rounded joint (Holst 2005).  The sharp joints were smooth (which is common in leprosy), 
suggesting recurrent short destructive phases followed by bone repair (Ortner 2002, 74).  Only two foot 
phalanges were present, one of which was of normal appearance, while the second phalanx was eroded at the 
distal end.  Unfortunately, the skeleton was poorly preserved, with particularly severe foot erosion, which 
hindered diagnosis (Holst 2005). 
 
3.3 CONGENITAL CONDITIONS 
 
Heredity and environment can influence the embryological development of an individual, leading to the 
formation of a congenital defect or anomaly (Barnes 1994). The most severe defects are often lethal, and if the 
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baby is not miscarried or stillborn, it will usually die 
shortly after birth. Such severe defects are rarely seen in 
archaeological populations, but the less severe 
expressions often are, and in many of these cases the 
individual affected will have been unaware of their 
condition. Moreover, the frequency with which these 
minor anomalies occur may provide information on the 
occurrence of the severe expressions of these defects in 
the population involved (ibid), and may provide 
information on maternal health (Sture 2001). 
 
3.3.1 Spinal Congenital Anomalies  
 

Several vertebrae were asymmetrical, with the vertebral 
body not being kidney-shaped, but more tear drop 
shaped.  This had occurred in the fourth to ninth thoracic vertebrae.  None of the other vertebrae showed any 
marked asymmetry of the vertebral body.  However, the pedicles of several vertebrae were larger on one side 
than the other.  This had occurred on the fifth, seventh, eighth and ninth thoracic vertebrae.  Further 
developmental anomalies in this skeleton included a transverse left foramen of the first cervical vertebra that 
was not fully formed, a slightly skewed spinous process of the second cervical vertebra (Plate 9), a twisted 
spinous process of the sixth cervical vertebra and the spinous process of the seventh cervical vertebra protruded 
further downwards to the right than the left.  The spinous process of the fourth thoracic vertebra was twisted 
considerably to the right and the body of the vertebra was thicker on its left half.   This was also the case with 
the twelfth thoracic vertebra. Although congenital anomalies are common in the spine, the variety and quantity 
of anomalies is less common and the differential height and shape of some of the vertebral bodies might have 
affected the individual’s posture. 
 
3.3.2 Calcaneus Secundarius 
 
The calcaneus (heel bone) can have a small ossicle of 
bone, known as the calcaneus secundarius, located in a 
crescent-shaped notch in the anterior calcaneal facet 
(Hodge 1999).  In most individuals these ossicles do not 
cause any symptoms, but they can occasionally cause pain 
or a restriction in movement at the joint between the talus 
and calcaneus (Ceroni et al. 2006.  In archaeological 
remains the actual ossicle is usually not recovered, but a 
small crescent with a rough porous surface will be 
missing from the anterior surface of the anterior facet 
(Mann and Hunt 2005, 206-207).  Calcaneus secundarius 
can be difficult to differentiate from avulsion fractures to 
the anterior calcaneus (Hodge 1999).  Skeleton 116 had 
calcaneus secundarius in the right foot (Plate 10).   
 

Plates 9  Irregular shape of axis 

Plates 10  Calcaneus secundarius 
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3.4 JOINT DISEASE 
 
The term joint disease encompasses a large number of conditions with different causes, which all affect the 
articular joints of the skeleton. Factors influencing joint disease include physical activity, occupation, workload 
and advancing age, which manifest as degenerative joint disease and osteoarthritis. Alternatively, joint changes 
may have inflammatory causes in the spondyloarthropathies, such as septic or rheumatoid arthritis. Different 
joint diseases affect the articular joints in a different way, and it is the type of lesion, together with the 
distribution of skeletal manifestations, which determines the diagnosis (Rogers 2000, Roberts and Manchester 
2005, 133, 136). 
 
3.4.1 Degenerative Joint Disease 
 
Degenerative changes to the vertebral bodies were recorded when osteophytes (bony outgrowths) were present 
around the margins or on the body surfaces, or /and porosity of the body surfaces (Rogers 2000).  Skeleton 116 
showed signs of DJD on the bodies of the second, third and fourth cervical vertebrae, the seventh, ninth and 
tenth thoracic vertebrae, the first, third and fourth lumbar vertebrae.  Mild to moderate DJD was also seen on the 
articular facets of the second, third and seventh cervical vertebrae and the seventh ninth and tenth thoracic 
vertebrae.   
 
There was evidence for mild porosity on the left temporo-mandibular joint (lower jaw) and moderate porosity 
on the left lateral clavicle (shoulder) and moderate DJD in the right hip socket (acetabulum) and the left first 
metatarsal (big toe). 
 
3.4.2 Osteoarthritis 
 
Osteoarthritis (OA) is a degenerative 
joint disease of synovial joints 
characterised by the deterioration of 
the joint cartilage, leading to 
exposure of the underlying bony joint 
surface. The resulting bone-to-bone 
contact can produce polishing of the 
bone termed ‘eburnation’, which is 
the most apparent expression of OA. 
Other features associated with 

degeneration of the joint include 
osteophytes (bone formation) on the 
surface or around the margins, porosity on the surface, and the development of cysts (Rogers 2000; Roberts and 
Manchester 2005). OA is frequently associated with increasing age, but can be the result of mechanical stress 
and other factors, including lifestyle, food acquisition and preparation, social status, sex and general health and 
body weight (Larsen 1997; Roberts and Manchester 2005). OA was recorded as present when at least three of 
the features associated with OA were present (e.g. osteophytes, porosity and cysts); eburnation, even if 
occurring alone, was always considered to be indicative of OA (Roberts and Manchester 2005). 
 

Plates 11  Osteoarthritis on articular facet of cervical vertebra 
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Osteoarthritis was noted in the form of eburnation on the third and fourth cervical vertebral articular facets. 
 
3.5 CONCLUSION 
 
The pathological analysis of the skeleton from Dixon Lane has shown that this individual had numerous 
congenital anomalies in the spine, as well as the right heel bone.  Some of the spinal defects may have caused 
mild alterations in the individual’s posture.  She undertook activities in adolescence that placed strain on the 
right scapula, preventing it from fusing.  
 
Skeleton 116 also suffered from lepromatous leprosy, associated with the classic skeletal lesions of destructive 
remodelling around the nasal area and the fingers.  This was associated with periosteal inflammatory reactions 
on the tibiae and fibulae and the palatine processes (above the roof of the mouth).   
 
Additional to this, the individual had suffered from chronic maxillary sinusitis, as well as numerous vertebral 
compression fractures of the central spine, compatible with a fall from a height.  Such fractures are common in 
individuals with osteoporosis, but no evidence for age-related bone loss was observed in this individual. 
 
In the later years of her life the individual developed degenerative joint disease in numerous joints of her spine 
and also her lower jaw.  She also had osteoarthritis in two vertebrae of the neck. 
 
 
4.0 DENTAL HEALTH 
 
Both the mandible and the maxilla were recovered.  There were 32 tooth positions, but only 21 teeth were 
recovered.  A total of eight teeth had been lost post-mortem and one tooth was lost ante-mortem. 
 
Dental wear tends to be more common and severe in archaeological populations than in modern teeth.  Severity 
of the dental wear was assessed using a chart developed by Smith (1984).  Each tooth was scored using a 
grading system ranging from 1 (no wear) to 8 (severe attrition of the whole tooth crown).  Dental wear was 
moderate (1-6).  The individual had an overbite, which meant that the upper teeth protruded slightly over the 
lower teeth, causing wear on the inner (lingual) surface of the maxillary teeth and the outer part (buccal) of the 
crowns of the mandibular anterior teeth. 
 
Calculus (dental plaque) is commonly observed in archaeological populations whose dental hygiene was not a 
rigorous as it is today.  Calculus mineralises and forms concretions on the tooth crowns, along the line of the 
gums.  Calculus was observed in 90.5% of teeth, and was slight to heavy.  The calculus prevalence rate was 
much higher than the medieval mean 53.99% (Roberts and Cox 2003, 262).  The calculus deposits were slight to 
heavy (Plate 12).  Periodontitis (receding gums) was slight in both the maxilla and mandible. 
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Caries (tooth decay) are multi-factoral in origin, but develop as a result of aggressive bacterial attack in the 
presence of sucrose (Hillson 1996, 282) and fermentable carbohydrates (Roberts and Manchester 1995, 47).  
Simple sugars can be found in fruits, vegetables, dried fruits and honey, as well as processed, refined 
sugar; since the latter three contain the most sucrose they are most likely to cause tooth decay.  
Complex sugars are usually less likely to cause tooth decay and are found in carbohydrates, such as 
cereals.  However, processing carbohydrates, including grinding grains into fine powders or cooking 
them, will usually increase their likelihood of causing cavities.  One tooth (4.8% of teeth) had a moderate 
sized cavity, which is similar to the medieval prevalence of caries, of 5.5% (Roberts and Cox 2003, 259).    
 
Two dental abscesses 
were noted, at the right 
upper and lower second 
incisors and canines.  
Dental abscesses occur 
when bacteria enters the 
pulp cavity of a tooth 
causing inflammation and 
a build-up of pus at the tip 
of the root.  Eventually, a 
hole forms in the 
surrounding bone 
allowing the pus to drain 
out and relieve the 

pressure.  They can form 

Plates 12  Heavy calculus on left maxillary canine and 1st premolar 

Plates 13  Dental abscess and teeth with heavy calculus deposits in 
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as a result of cavities, heavy dental wear, damage to the teeth, or periodontal disease (Roberts and Manchester 
1995).   
 
The dental health of this individual showed considerable calculus deposits, but only one cavity and no 
periodontal disease and limited wear considering her age, suggesting perhaps a soft diet lacking in sugars and 
poor oral hygiene. 
 
 
5.0 DISCUSSION AND SUMMARY 
 
Osteological analysis of Skeleton 116 from Dixon Lane showed that this individual was incomplete, with 85% 
of the skeleton surviving, which was very well preserved.  Based on the degeneration of a pelvis joint, the 
individual was aged 46 years old or older.  The morphology of the skull and pelvis indicated that this individual 
was female.  She was 160.09cm tall, which was the average height for females for the period and also for the 
Dixon Lane cemetery.  Her skull and legs were of average shape. 
 
Pathological analysis showed that the individual had numerous congenital spinal anomalies, which were so 
numerous that they might have affected her posture.  She also had a minor congenital defect in the right heel 
bone.  Stress placed onto the rotator cuff muscles of her right shoulder during adolescence prevented fusion of 
the scapula.   
 
The individual had incurred six compression fractures of her central spine, probably caused by a fall from a 
height onto the feet or bottom.  The fractures were so severe that they had caused considerable depressions in 
the vertebral bodies and wedging of some of the vertebrae, leading to kyphosis of the spine.   
 
The individual had suffered from chronic sinusitis.  Most notably, she had the classic symptoms of lepromatous 
leprosy, which had led to resorption of the nasal area, inflammation of the top of her mouth, destructive 
remodelling of her fingers, neuromuscular damage, leading to severe flexion contraction of the fingers, causing 
depressions to form on some of the fingers of the left hand.  The stigma associated with leprosy cannot be 
identified skeletally, but it is likely that this individual, due to the very obvious changes in appearance, 
particularly in the face, had to endure stigmatisation during life. 
 
The individual had relatively good dental health for her age, with only one cavity, little periodontitis, limited 
dental wear, but very heavy and widespread dental plaque. 
 
 
6.0 FUTURE RECOMMENDATIONS 
 
Considering the importance of this individual, it is recommended that it undergoes AMS dating, so that it can be 
accurately dated and further interpreted with regards to the rise and subsequent decline of leprosy during the 
medieval period.    
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APPENDIX A: OSTEOLOGICAL AND PALAEOPATHOLOGICAL CATALOGUE 
  

Skeleton Number 116 

Preservation Surface preservation = 0 (excellent); no fragmentation 

Completeness 85%, all present, except for parts of the hands, left pelvis, proximal left femur, parts of the right foot 

Age 46+, mature adult 

Sex Female 

Stature 160.09 ± 3.55cm 

Non-Metric Traits Ossicles in lambdoid suture (bilateral), parietal foramen (right), ossicle at pterion (bilateral), ossicle 
at asterion (left), mastoid foramen extrasutural (right), sutural mastoid foramen (left), double 
anterior condylar canal (right), incomplete foramen ovale (left), transverse foramen bipartite (right), 
septal aperture (bilateral), exostosis in trochanteric fossa (right), lateral tibial squatting facet 
(bilateral), peroneal tubercle (bilateral), double anterior calcaneal facets (bilateral), double inferior 
talar facet (bilateral), medial talar facet (bilateral), os trigonum (bilateral), lateral talar extension 
(bilateral) 

Pathology Mild to moderate DJD on bodies of C2, C3, C4, T7, T9, T10, T11, L1, L3 and L4.  Mild to moderate 
DJD on facets of C2, C3, C7, T7, T9 and T10.  OA on articular facets of C3 and C4.   
Mild DJD on left temporo-mandibular joint, left lateral clavicle, right 10th rib, right acetabulum, left 
distal first metatarsal. 
Depression fractures on T3, T6, T7, T8, T10 and T11.  Os acromiale on right scapula, but not 
present on left. 
Maxillary sinusitis in both sinuses.  Lamellar bone on medial and lateral shaft of tibiae and both 
fibulae.  
Developmental defects: 
C1 - the left transverse foramen is not fully formed 
C2 - the spinous process is slightly skewed to the left and articular facets are different sizes 
C6 – the spinous process is twisted 
C7 - the spinous process protrudes further downwards on the right compared with the left 
T4 – the body is irregularly shaped and longer at the right than left and the spinous process is twisted 
considerably to the right.  The body is thicker on the left than the right half 
T5 – the body is irregularly shaped and longer at the right than left.  The pedicle is wider on the left 
than the right 
T6 - the body is irregularly shaped and longer at the right than left. 
T7 - the body is irregularly shaped and longer at the right than left.  The pedicle is wider on the right 
compared with the left 
T8 - the body is irregularly shaped and longer at the right than left.  The pedicle is slightly wider on 
the left than the right. 
T9 – The pedicle is much wider on the left than the right. 
T12 – the anterior body is thicker on the right than on the left side. 
Rhinomaxillary syndrome with destructive remodelling of nasal aperture, piriform aperture, 
periosteal reaction of palatine process, concentric atrophy of all intermediate hand phalanges, volar 
grooves at proximal phalanges of left 4th and 5th digit 

Dental Health 32 tooth sockets, 21 teeth present; 8/21 teeth lost PM; 1 tooth lost AM, 19/21 calculus (slight-
heavy); 1/21 caries, slight periodontal disease, abscesses at anterior mandible at right C and I2 and 
upper right I2 and C.  Overbite causing buccal crown wear of mandibular incisors 

 Right Dentition Left Dentition 

Present AM P P PM P P PM PM PM PM P P P P P P 

Calculus - - Sb - Fb Hb - - - - Hb Mb Fb Fd Fl Sd 

DEH - - - - - - - - - - - - - - - - 

Caries - Md - - - - - - - - - - - - - - 

Wear - 5 6 - 2 2 - - - - 2 3 4 6 5 1 

Maxilla 8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 

Mandible 8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 



St Stephens Church (Dixon Lane) Osteological Analysis - female with leprosy  
 B 

   

Present NP P P P P P P P PM PM PM P P P P NP 

Calculus - Sb Sbd Sl Hlbd Ha Ha - - - - Sm Sm Sdlm Sml - 

DEH - - - - - - - - - - - - - - - - 

Caries - - - - - - - - - - - - - - - - 

Wear - 4 5 4 3 3 4 5 - - - 3 4 5 4 - 

 
KEY:  
Present - Tooth presence; am - ante-mortem tooth loss; pm - post-mortem tooth loss; p - tooth present; - - jaw not present; o - erupting 
Caries - Calculus; F - flecks of calculus; S - slight calculus; M - moderate calculus; H - heavy calculus; a - all  surfaces; b - buccal 
surface; d - distal  surface; m - mesial  surface; l - lingual  surface; o - occlusal  surface 
DEH - dental enamel hypoplasia; l - lines; g - grooves; p - pits 
Caries - caries; s - small lesions; m - moderate lesions; l - large lesions 
Wear - dental wear; numbers from 1-8 - slight to severe wear 
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