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Human Remains 

1. Introduction 

In late 2013, Archaeological Services, Durham University discovered two pits containing human 
remains during excavations in the internal courtyard of Palace Green Library, Durham (NGR 
centre: NZ 27335 42273). 

Eighteen skeleton numbers were allocated during the excavation of Pit F512: Sks 1, 2, 5, 9, 12, 15, 
and 18-29.  However, Skeleton 29 was not lifted and so is not included in this report.  During 
analysis, it was determined that ‘Skeleton 27’ represented more than one individual, and these 
were recorded as Skeletons 27A, 27B and 27C.  The bones recorded as Skeleton 27C were almost 
certainly part of Skeleton 26.  On osteological grounds, it was possible that Skeleton 26/27C (lower 
legs and feet) was the same individual as Skeleton 27B (torso), but the space that was excavated 
was too short for a fully extended skeleton and so it was thought more likely that the lower legs 
and feet belonged to a separate individual from the torso. 

Eleven skeleton numbers were allocated during the excavation of Pit F514: Sks 3, 4, 6-8, 10, 11, 13, 
14, 16, and 17.  This pit had been truncated, and only the part beneath a boundary wall survived.  
During excavation it was suspected that Skeletons 10 and 11 were actually part of the same 
individual, and the osteological analysis confirmed that this was almost certainly the case.  The 
bones excavated as ‘Skeleton 16’ represented more than one individual, recorded as Skeletons 
16A, 16B and 16C.  Skeleton 16A and Skeleton 8 were almost certainly part of the same individual, 
while Skeleton 16B was part of Skeleton 17.   

Due to the large number of individuals buried within a relatively small space, a degree of co-
mingling of the skeletal remains was inevitable.  During analysis, an attempt was made to resolve 
these issues, but unfortunately this was not always possible.  Consequently, a large volume of the 
bone was recorded as disarticulated.  It should be borne in mind that much of the ‘disarticulated’ 
bone discussed here probably derives from these articulated skeletons, or from other articulated 
skeletons buried within the pits whose remains had been truncated in the past. 

2. Methods 

The skeletal remains were analysed in full.  Their state of preservation was recorded through 
examining their completeness (expressed as a percentage) and condition.  Surface preservation 
was assessed using the seven-category grading system defined by McKinley (2004), ranging from 0 
(excellent) to 5+ (extremely poor).  Excellent preservation implied no erosion of the bone surfaces 
with 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 shape.  The amount of fragmentation evident was assessed subjectively, 
and categories of fragmentation ranged from minimal (indicating little or no fragmentation of the 
bones) to extreme (indicating extensive breaking of most bones into multiple small pieces).   

An attempt was made to estimate age-at-death, sex, and stature where preservation allowed.  Age 
was determined using standard methods specified in Cox (2000).  For adults, age is estimated from 
degenerative changes seen in the pelvis (including the pubic symphysis, Brooks and Suchey 1990; 
and auricular surface, Lovejoy et al. 1985) and sternal ends of the ribs (İşcan et al. 1984; 1985; 
İşcan and Loth 1986), supplemented through analysis of dental wear (Brothwell 1981).  Adults 
were divided into broad age categories: young adult (18-25 years), young middle adult (26-35 
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years), old middle adult (36-45 years), and mature adult (46+ years).  The latter category could 
include individuals far older than 46 years of age.  Any adult that could not be placed into one of 
these age groups was simply categorised as an adult (18+ years).  For non-adults, age is estimated 
based on the stage of dental development (Moorrees et al. 1963a; 1963b), dental eruption 
(Ubelaker 1989), skeletal development and measurements of long bones (Scheuer and Black 
2000).  Non-adults were divided into the following age categories: foetus (<~38 weeks in utero), 
perinate (~38-40 weeks in utero), neonate (0-1 month), infant (1-12 months), young juvenile (1-5 
years), older juvenile (6-11 years), and adolescent (12-17 years).  Any non-adult that could not be 
placed into one of these age groups was categorised as a non-adult (<18 years). 

Assessment of sex can only be carried out reliably in adult individuals.  Sex was determined though 
examination of the shape of the pelvis and skull (cranium and mandible), supplemented with 
measurements of certain bones, as described in Mays and Cox (2000).  Measurements were taken 
where possible and used to calculate skeletal indices (Bass 1987) and stature (Trotter 1970).  
Finally the skeletons were examined for any evidence of disease or trauma; any lesions noted 
were described and a differential diagnosis was attempted (Roberts and Manchester 2005; Ortner 
2003). 

Disarticulated bone was recorded according to McKinley (2004), identifying the bone element, 
side, percentage of bone element present, surface preservation, age-at-death and sex (where 
possible), as well as recording any other features of interest (e.g. non-metric traits, pathological 
conditions). 

3. Osteological analysis 

A summary of the data for the articulated skeletons is presented in Table 1, and a detailed 
catalogue is provided in Appendix A. 



 

Table 1: Summary of osteological and palaeopathological results (skeletons) 
 

Sk No 
Preservation* Age 

Group 
Age Sex 

Stature 
(cm) 

Dental Disease Skeletal Pathology 
SP F C 

1 2 sli 60-70% Ad 14-15½ - - Calculus; caries; DEH; unusual 
wear; enamel chips 

Sinusitis; narrow palate; inflammation 
of ulna & femora; transitional 
vertebrae; pilasterism & torsion of 
femora 

2 2 mod 10-20% YA 18-25 M? - Calculus; periodontal disease; 
supernumerary incisor; possible 
pipe-smoking wear 

Sinusitis; cribra orbitalia 

3 2 mod 40-50% YA 17-23 M - - Schmorl’s nodes; inflammation of both 
femora 

4 2 sev 40-50% Ad 16-18 - - - Inflammation of legs and left foot 
5 2 mod 50-60% YA 17-23 M - Calculus; enamel chips; unusual 

wear 
Schmorl’s nodes; sinusitis; transitional 
vertebra 

6 2 mod 60-70% MA 46+ M 166.4 Calculus; supernumerary tooth; 
notch in upper incisor 

Schmorl’s nodes; OA of spine; OA of 
clavicles & right hip; T7-8 fused, large 
osteophytes between T10-11; ossified 
cartilage; possible cysts in frontal and 
occipital bones; possible soft-tissue 
trauma to nuchal crest; transitional 
vertebra 

7 2 mod c. 5% Ad 16-19 - - - Inflammation of left femur; possible 
residual rickets 

8/16A 2 sli/ 
sev 

10-20% Ad 13-15 - - - Inflammation of left femur, right tibia 
and left foot 

9 3 sli 5-10% Ad 16-18 (M?) - - - 
10/11 3 mod 10-20% Ad 16-18 - - - Oval hollow in right metatarsal; bowed 

left fibula 
12 1 mod 40-50% YA 17-23 M? 166.5 Calculus; caries; DEH; 1 tooth 

NP/U; possible pipe-smoking 
wear; groove in lower incisor 

Schmorl’s nodes; sinusitis; endocranial 
bone formation; healed rib fracture 
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13 2 mod 20-30% YA 18-25 M? - - Pilasterism, slight bowing and torsion of 
right femur  

14 3 sev 5-10% Ad 12-16 - - - Bones light and fragile, porous; 
trabecular bone in medullary cavities; 
inflammation of right leg & foot  

15 2 sli 5-10% YA 16-20 M - - - 
16C 2 min c.5% A 18+ U - - Thin sharp metatarsal shafts 
17/16B 3/2 sev/ 

sli 
5-10% A 18+ U - - Inflammation of both tibiae; possible 

soft tissue trauma to left foot 
18 3 mod 5-10% YA 17-23 M - - - 
19 3 mod 60-70% YA 18-25 M 174.2 Calculus; caries; DEH; abscess; 

uneven wear; notch in upper 
incisor; slight crowding and 
rotation of teeth 

- 

20 2 sli 5-10% A 18+ U - - - 
21 2 sli 40-50% YA 18-25 M - Calculus; pipe-smoking wear Schmorl’s nodes; sinusitis; possible peri-

mortem cut in cranium; developmental 
anomaly of C5; endocranial bone 
formation; slight bowing of radii and 
right humerus 

22 3 mod 30-40% YA 18-25 M - Calculus; caries; DEH; periodontal 
disease; abscesses; fractured 
molar; enamel chips; 3 teeth 
NP/U; rotated molar 

Schmorl’s nodes; cribra orbitalia 

23 3 sev 50-60% Ad 17-19 (M?) - Calculus; DEH; periodontal 
disease 

Inflammation of mandible, left humerus 
& right femur; bowed humeri & right 
femur  

24 4 sev 30-40% Ad 17-18 (M?) - Calculus; caries; DEH Sinusitis; subtle bowing of left humerus 
25 3 mod 10-20% Ad 15½-16½ - - Calculus; caries; DEH; probable 

abscess; possible pipe-smoking 
wear 

Inflammation of mandible 

26/27C 2 sev/
mod 

10-20% Ad 14-16 - - - Small hollow area in proximal left tibia 

27A 3 mod 20-30% OMA 36-45 M - AMTL; Calculus; DEH; rotated 
teeth; diastema; impaction of 

Sinusitis 
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permanent canine & retention of 
deciduous canine; fractured 
molar 

27B 2 sev 30-40% Ad 16-18 (M?) - - - 
28 3 sev 40-50% YA 16-20 M? - Calculus; caries; DEH; 2 teeth 

NP/U; periodontal disease; 
unusual wear patterns & amount 
of wear in excess of that 
expected for developmental age; 
enamel chips; notch in upper 
incisor 

Possible cribra orbitalia; sinusitis; 
depression on left parietal bone; 
shallow olecranon fossa of right 
humerus 

* SP = Surface Preservation, grades according to McKinley (2004); F = Fragmentation (minimal, slight, moderate, severe, extreme); C = Completeness.  



In total, 1291 fragments of disarticulated human bone were recorded.  These included 334 
unidentified fragments recorded as 31 ‘bulk’ records, and 957 fragments recorded as 785 
identified bones.  A full catalogue of the disarticulated bone is provided in Appendix B. 

The disarticulated remains derived from seven contexts (Table 2).  The majority of the bone came 
from the two large pits containing the articulated human remains (F512 and F514) and their 
respective fills ([511] and [513]).  Many of these bones were co-mingled between articulated 
skeletons and since it was not possible to determine to which individual they belonged they were 
recorded as disarticulated.  Human bone was recovered from the fill of pit F510 which cut pit 
F514, and the material in this context probably derived from pit F514.  Small quantities of human 
bone were also recovered from industrial waste [501] overlying the topsoil, and the concrete [516] 
overlying this industrial waste.  One bag was unlabelled, but a note had been added prior to 
analysis stating the remains possibly belonged to Skeletons 18, 20 or 21. 

Table 2: Summary of contexts containing disarticulated human remains 
 

Context Description 
Id Bone 
Records 

Id Frags 
Bulk 
Records 

Bulk 
Frags 

Total 
Records 

Total 
Frags 

501 Industrial waste overlying 
topsoil 

25 26 1 14 26 40 

509 Fill of large oval pit F510 
that cut pit F514 

12 20 1 7 13 27 

511 Fill of pit F512 82 85 1 50 83 135 

512 Pit containing articulated 
human burials 

519 645 21 196 540 841 

513 Fill of pit F514 29 34 1 3 30 37 

514 Pit containing articulated 
human burials 

103* 124* 5* 63* 108* 187* 

516 Concrete overlying 
industrial waste [501] 

9 9 1 1 10 10 

u/s Unlabelled bag 2 3 0 0 2 3 

  Total 781 946 31 334 812 1280 

* Context 514 includes 7 identified bone records (9 identified fragments) and 1 bulk record (1 fragment) that were in a 
bag labelled Skeleton 4 but which were in the box with Skeleton 5.  Skeleton 4 was buried in pit F514, while Skeleton 5 
was buried in pit F512. 

 

Table 2 excludes four identified bone records (11 fragments) where fragments of a single bone 
were found in different contexts.  Two of these bones were a fibula and humerus where one part 
of each was found in context [513] and the other part of each bone was present in pit F514.  Since 
context [513] was the fill of pit F514, this is not unexpected.  Fragments of one radius were found 
in contexts [509] and [511].  Since context [509] was the fill of pit F510 that had cut into pit F514 
(fill [511]), this might provide support to the interpretation that the human remains within pit 
F510 had originally derived from pit F514.  A second radius was also split between two contexts.  
One part was found with Skeleton 5 (pit F512), but while the second part was in a bag labelled 
‘Skeleton 4’ (pit F514), the bag itself was in the box with Skeleton 5 raising the possibility that this 
bag had been mislabelled.  This issue of bag labelling also affects seven other identified bone 
records (9 fragments) and one bulk record (1 fragment) that were in the same bag (see footnote to 
Table 2). 
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a. Preservation 

Forty-six percent of the articulated skeletons were less than 20% complete, while remaining 
skeletons were between 20-80% complete; none were over 80% complete (Table 3 and Figure 1).  
The skeletons from pit F514 tended to be less complete than those from pit F512, probably 
reflecting the greater degree of truncation of this pit.   
 
Table 3: Completeness of articulated skeletons 
 

Completeness 
Pit 512 Pit 514 Total 

n % n % n % 

0-20% 7 38.9% 6 60.0% 13 46.4% 
21-40% 4 22.2% 1 10.0% 5 17.9% 
41-60% 5 27.8% 2 20.0% 7 25.0% 
61-80% 2 11.1% 1 10.0% 3 10.7% 
81-100% 0 0.0% 0 0.0% 0 0.0% 

Total 18   10   28   

 

 
Figure 1: Completeness of articulated skeletons 
 

Surface preservation was good (Grade 2) for over half of the skeletons, and most of the remainder 
were moderately preserved (Grade 3) (Table 4 and Figure 2).  This meant that surface detail 
tended to be fairly clear, although it could be partially obscured by slight surface erosion in some 
individuals.  The remains from pit F514 tended to be slightly better preserved than those from pit 
F512.  The majority of the skeletons had experienced moderate to severe fragmentation (Table 5 
and Figure 3). 
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Table 4: Surface preservation of articulated skeletons 
 

Surface 
Preservation* 

Pit 512 Pit 514 Total 
n % n % n % 

0 0 0.0% 0 0.0% 0 0.0% 
1 1 5.6% 0 0.0% 1 3.6% 
2 8 44.4% 7.5** 75.0% 15.5 55.4% 
3 8 44.4% 2.5** 25.0% 10.5 37.5% 
4 1 5.6% 0 0.0% 1 3.6% 
5 0 0.0% 0 0.0% 0 0.0% 
5+ 0 0.0% 0 0.0% 0 0.0% 

Total 18   10   28   

* Surface preservation grades according to McKinley (2004) 

** Skeleton 17/16B: Skeleton 16B was recorded as Grade 2, while Skeleton 17 was recorded as Grade 3 
 

 
Figure 2: Surface preservation of articulated skeletons 
 
Table 5: Fragmentation of articulated skeletons 
 

Fragmentation 
Pit 512 Pit 514 Total 

n % n % n % 

Minimal 0 0.0% 1 10.0% 1 3.6% 
Slight 5 27.8% 1** 10.0% 6 21.4% 
Moderate 8.5* 47.2% 5 50.0% 13.5 48.2% 
Severe 4.5* 25.0% 3** 30.0% 7.5 26.8% 
Extreme 0 0.0% 0 0.0% 0 0.0% 

Total 18   10   28   

* Skeleton 26/27C: Skeleton 26 was recorded as ‘severe’, while Skeleton 27C was recorded as ‘moderate’ 

** Skeleton 8/16A and 17/16B: Skeletons 8 & 16B were recorded as ‘slight’, while Skeletons 16A & Skeleton 17 were 
recorded as ‘severe’ 
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Figure 3: Fragmentation of articulated skeletons 
 

Forty-five percent of the disarticulated bone was over 80% complete, with the majority of the 
remainder less than 40% (Table 6 and Figure 4).  In terms of surface preservation, over half the 
disarticulated bone was well preserved (Grade 2), with the majority of the remainder being 
moderately preserved (Grade 3, Table 7 and Figure 5).  Small proportions of the bone were very 
well or poorly preserved.  The overall pattern of surface preservation among the disarticulated 
bone was similar to that seen for the articulated skeletons.   
 
Table 6: Completeness of disarticulated bone 
 

Completeness n % 

0-19% 161 20.5% 
20-39% 138 17.6% 
40-59% 59 7.5% 
60-79% 71 9.1% 
80-100% 355 45.3% 

Total 784* 
 * Excluding a calcified object of unknown completeness 

 

 
Figure 4: Completeness of disarticulated bone 
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Table 7: Surface preservation of disarticulated bone 
 

Surface 
Preservation 

n % 

0 4 0.5% 
1 82 10.4% 
2 420 53.5% 
3 253 32.2% 
4 23 2.9% 
5 3 0.4% 

5+ 0 0.0% 

Total 785   

 Surface preservation grades according to McKinley (2004) 

 

 

Figure 5: Surface preservation of disarticulated bone 
 

b. Minimum number of individuals  

The minimum number of individuals represented by the remains from Palace Green was 17, based 
on the presence of 17 right fifth metacarpals.  This is fewer than the number of archaeologically 
identified skeletons, reflecting the fact that most of the latter were very incomplete. 

c. Assessment of age-at-death 

The data for age at death is presented in Table 8 and Figure 6.  Twelve (42.9%) of the articulated 
skeletons were non-adults, all of whom were adolescents at the time of death.  Five of these 
individuals were between 13-16 years of age, and seven were between 16-19 years of age.  

Two-thirds (68.8%) of the sixteen adults were young adults aged between 17-25 years of age.  For 
some individuals it was difficult to determine whether to place them in the adolescent or the 
young adult age group, hence the degree of overlap between the age-ranges of the older 
adolescents and some of the young adults.  From a cultural perspective, these individuals may well 
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have been regarded as the same ‘social age’ and so the distinction made here is in some ways 
artificial.   

One individual was an old middle adult aged between 36-45 years of age, and one was a mature 
adult aged over 46 years of age; between them they made up 12.5% of the adults.  The age of the 
remaining three adults could not be determined.   

The age distribution was similar in both pits, although pit F514 contained a higher proportion of 
adolescents than pit F512. 

Table 8: Age distribution of articulated skeletons 
 

Age Group 
Pit 512 Pit 514 Total 

n % n % n % 

Adolescent 7 38.9% 5 50.0% 12 42.9% 
Young Adult 9 50.0% 2 20.0% 11 39.3% 
Young Middle Adult 0 0.0% 0 0.0% 0 0.0% 
Old Middle Adult 1 5.6% 0 0.0% 1 3.6% 
Mature Adult 0 0.0% 1 10.0% 1 3.6% 
Adult 1 5.6% 2 20.0% 3 10.7% 

Total 18   10   28   

 

It was difficult to determine the age of Skeleton 28.  The developmental stage of the skeleton 
suggested the individual was an older adolescent or younger adult.  Two parts of the cranium (the 
spheno-occipital synchondrosis and jugular growth plate) had not fused, and the development of 
the upper limbs and torso was consistent with an age of between 16-20 years.  The upper third 
molars had erupted, suggesting the individual was over 18 years, but the lower molars had not 
erupted.  However, their non-eruption may have been due to impaction or congenital absence, 
both of which commonly affect third molars.  In contrast, the dentition showed a degree of wear 
more consistent with an old middle adult (36-45 years).  This was particularly striking considering 
that all other adolescents or young adults from Palace Green had a minimal amount of dental 
wear, and even Skeleton 6 (aged 46+ years) had a degree of dental wear expected in a 26-35 year 
old individual.  The possibility that the dentition of Skeleton 28 did not belong to the rest of the 
skeleton was considered (and remains a possibility), but the mandibular condyles did have an 
immature appearance consistent with a younger individual.  Skeleton 28 was placed in the young 
adult age category, based on the skeletal development.  

Nearly a third of the disarticulated bone belonged to adolescents or probably belonged to 
adolescents (251/785, 32.0%).  Where the age-range could be narrowed, 71 bones were from 
individuals probably aged between 12-16 years (37.2% of 251), 36 bones (18.8%) were from 
individuals probably aged 15-17 years, and 46 bones (24.1%) were from individuals probably aged 
between 16-19 years.   

Eighty-three bones definitely belonged to adult individuals (10.6% of 785), while 258 bones 
(32.9%) probably belonged to adults.  These adult bones included 17 bones from young adults and 
one bone from an individual aged between 26-45 years.  A small proportion of the bones (4.3%, 
34/785) belonged either to adolescents or young adults, while the remainder (159, 20.3%) 
belonged to adults or adolescents. 
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Figure 6: Age distribution of articulated skeletons 
 
Consequently, evidence from the disarticulated remains supported the findings relating to the age 
distribution of the articulated skeletons, that there is a strong bias towards young adults and 
adolescents in the Palace Green population.  There was no evidence for the presence of children 
younger than 12 years of age, and older adults were almost completely absent. 

d. Sex estimation 

Thirteen (81.3%) of the sixteen adults were males (Table 9 and Figure 7), including four probable 
males.  The sex of the remaining three adults could not be determined.  Therefore, all the adult 
individuals whose sex could be determined were males, or probable males.   

Four of the older adolescents were also tentatively estimated to be possible males, though these 
sex estimates should be regarded with caution due to the young age of the individuals. 

Table 9: Sex distribution of articulated skeletons 
 

Sex 
Pit 512 Pit 514 Total 

n % n % n % 

Male 10 90.9% 3 60.0% 13 81.3% 
Female 0 0.0% 0 0.0% 0 0.0% 
Unsexed 1 9.1% 2 40.0% 3 18.8% 

Total 11   5   16   

 

It was only possible to attempt a sex estimate for one of the disarticulated bones, a pubic bone 
from context 514 found with Skeleton 6.  This pubic bone belonged to a young adult male 
individual.  There was no evidence for the presence of female skeletons among the disarticulated 
remains. 
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Figure 7: Sex distribution of articulated skeletons 
 

e. Metric analysis 

i.  Stature 

Stature could only be calculated for three of the adult males.  Two individuals (Skeletons 6 and 12) 
were both of similar stature (166.4cm and 166.5cm, respectively, or 5’5½”), while Skeleton 19 was 
taller at 174.2cm (5’8½”).  The average male stature was 169.0cm (5’6½”). 

ii. Cranial index 

Due to the amount of fragmentation, it was not possible to calculate the cranial index (which 
describes the shape of the cranium) for any of the skeletons. 

iii. Platymeric and platycnemic index  

It was possible to calculate the platymeric index, which describes the degree of flattening of the 
femur shaft, for ten right femora and seven left femora from the adult and adolescent skeletons.  
While the right femora were split evenly between the platymeric (flattened shaft) and eurymeric 
(rounded shaft) categories, nearly three-quarters of the left femora were platymeric (Table 10).  
This was reflected in the mean indices, with the mean index for the right femora (85.01) just falling 
into the eurymeric range while the mean index for the left femora (81.93) fell into the platymeric 
range (Table 10). 

Table 10: Platymeric index of articulated skeletons (adults and adolescents) 
 

  
No. Min Max Mean 

Platymeric Eurymeric 

n % n % 

Right Femur 10 75.49 93.45 85.01 5 50.0% 5 50.0% 

Left Femur 7 74.56 89.58 81.93 5 71.4% 2 28.6% 

 

The platycnemic index describes the shape of the tibia shaft.  It was only possible to calculate this 
for three right and four left tibiae.  The tibial shafts had a tendency to be eurycnemic (broad): all 
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the right tibiae and three-quarters of left tibiae fell into this category; only one left tibia fell into 
the platycnemic (flattened) category (Table 11).  The mean index for both right and left tibiae was 
eurycnemic (Table 11). 

Table 11: Platycnemic index of articulated skeletons (adults and adolescents) 
 

  
No. Min Max Mean 

Platycnemic Mesocnemic Eurycnemic 

n % n % n % 

Right Tibia 3 75.90 79.47 77.26 0 0.0% 0 0.0% 3 100.0% 

Left Tibia 4 59.02 79.94 73.08 1 25.0% 1 1.3% 3 75.0% 

 

f. Non-metric traits 

Non-metric traits are small variations in shape which occur in a minority of skeletons.  There may 
be a genetic basis for most traits (Saunders 1989), but some traits may be caused by mechanical 
stress (Kennedy 1989), or environmental stress (Trinkhaus 1978). 

i. Cranial non-metric traits 

The prevalence rates for cranial non-metric traits in the individuals from Palace Green are 
presented in Table 12.  The impact of the amount of fragmentation and the lack of completeness 
of the skeletons can be observed in the relatively low numbers of observations for ‘parts present’ 
compared to the number of archaeologically identified skeletons (28). 

Ossicles, or small additional bones, were observed in various cranial sutures.  They were most 
frequent in the lambdoid sutures (at the back of the cranium) and at lambda (where the left and 
right lambdoid sutures meet in the midline), but were also seen at the parietal notch and at 
asterion (both located near the ear) in a smaller percentage of individuals (Table 12).  Parietal 
foramina (small holes near the top of the cranium) were more frequently observed on the left 
side, where 54.5% of left parietal bones were affected compared to 20.0% of right parietal bones.  
Open posterior condylar canals (presence of small holes behind the occipital condyles) were 
particularly frequent, while the majority of anterior condylar canals (holes in front of the occipital 
condyles) were single rather than double (Table 12).  A quarter of the individuals had a metopic 
suture, where the two halves of the frontal bone fail to fuse during early childhood.  There was 
some variation in the presence and/or position of small holes in the facial skeleton.  Around 10% 
of individuals were lacking a zygomaticofacial foramen (small hole in the cheekbone), accessory 
supraorbital foramina (additional holes above the orbit) were present on the left side in just over a 
quarter of individuals (but were absent on the right side), but supraorbital notches were bridged 
(converted into a small hole) on the right side in 14.3% of individuals while the left side was 
unaffected (Table 12).  Some individuals had developed tori (nodules of bone) in their upper and 
lower jaws.  A palatine torus (ridge of bone along the roof of the mouth) was present in 25.0% of 
individuals, but maxillary tori (nodules of bone in the upper jaw) were only seen on the right side 
(affecting 9.1% of right maxillae) and mandibular tori (nodules of bone in the lower jaw) were only 
seen on the left side (affecting 8.3% of mandibles; Table 12). 
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Table 12: Cranial non-metric traits in articulated skeletons (adults and adolescents) 
 

Midline Traits 
Trait 

Present 
Part 

Present 
% 

   Ossicle at Lambda  3 10 30.0% 
   Ossicle at Bregma  0 10 0.0% 
   Metopic Suture  3 12 25.0% 
   Palatine Torus  2 8 25.0% 
   Precondylar Tubercle  1 11 9.1% 
   

       

Paired Traits 
Right Left 

Trait 
Present 

Part 
Present 

% 
Trait 

Present 
Part 

Present 
% 

Highest Nuchal Line  2 9 22.2% 3 10 30.0% 
Lambdoid Ossicle  6 8 75.0% 5 8 62.5% 
Coronal Ossicle  0 10 0.0% 0 9 0.0% 
Ossicle at Asterion  1 10 10.0% 0 7 0.0% 
Ossicle at Parietal Notch  1 10 10.0% 1 8 12.5% 
Ossicle at Pterion  - 0 - - 0 - 
Parietal Foramen  2 10 20.0% 6 11 54.5% 
Auditory Torus  0 11 0.0% 0 10 0.0% 
Foramen of Huschke  0 11 0.0% 0 10 0.0% 
Mastoid For. Extrasutural  4 6 66.7% 4 7 57.1% 
Sutural Mastoid Foramen  4 6 66.7% 4 6 66.7% 
Open Post. Condylar Canal  7 7 100.0% 7 8 87.5% 
Double Condylar Facet  0 8 0.0% 0 10 0.0% 
Double Ant. Condylar Canal  2 9 22.2% 1 10 10.0% 
For. Ovale Incomplete  0 7 0.0% 0 7 0.0% 
Open For. Spinosum  1 8 12.5% 1 5 20.0% 
Access. Less. Palat. For.  0 3 0.0% 2 5 40.0% 
Maxillary Torus  1 11 9.1% 0 9 0.0% 
Mandibular Torus  0 12 0.0% 1 12 8.3% 
Stafne's Defect  0 8 0.0% 0 8 0.0% 
Zygomatic. Facial For. Abs.  1 9 11.1% 1 10 10.0% 
Access. Infra-orb. For.  0 3 0.0% 0 6 0.0% 
Access. Supraorbital For.  0 9 0.0% 2 7 28.6% 
Bridging Supraorbital Notch  1 7 14.3% 0 9 0.0% 
Anterior Ethmoid For. Ex.  - 0 - - 0 - 
Posterior Ethmoid For. Ex.  - 0 - 1 1 100.0% 

 

ii. Post-cranial non-metric traits 

The prevalence rates for post-cranial non-metric traits in the individuals from Palace Green are 
presented in Table 13.  As with the cranial non-metric traits, the impact of fragmentation and lack 
of completeness can be observed in the relatively low numbers of observations for ‘parts present’. 

The only variation seen in the shape of the atlas (uppermost neck vertebra) was double atlas 
facets, which affected 16.7% of both right and left facets.  Over half the individuals had bipartite 
transverse foramina (double rather than single holes in the neck vertebrae) on both left and right 
sides (Table 13).  The circumflex sulcus (small groove on the scapula) was seen in 42.9% of right 
scapulae, but in none of the left scapulae.  In the pelvis, accessory sacral facets (additional facets 
between the blade of the pelvis and the sacrum at the base of the spine) were observed on the 
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right side, but not the left, while acetabular creases (depressions in the surface of the hip joint) 
affected the left side more frequently than the right (Table 13).  The most frequent traits observed 
in the femur were hypotrochanteric fossae (elongated hollows in the shaft) and Allen’s fossae (a 
honeycomb-like appearance on the femoral neck), followed by Poirier’s facets (extensions of the 
joint surface of the head onto the neck) and plaque (roughened area on the femoral neck; Table 
13).  Exostosis in the trochanteric fossa (spicules of bone near the femoral neck) and third 
trochanters (additional nodule of bone on the femur shaft) were only seen on the right side (Table 
13).   

Table 13: Post-cranial non-metric traits in articulated skeletons (adults and adolescents) 
 

Midline Traits 
Trait 

Present 
Part 

Present 
% 

   Sternal Foramen 0 4 0.0% 
   

       

Paired Traits 
Right Left 

Trait 
Present 

Part 
Present 

% 
Trait 

Present 
Part 

Present 
% 

Lateral Atlas Bridging 0 10 0.0% 0 10 0.0% 
Double Atlas Facet 2 12 16.7% 2 12 16.7% 
Posterior Atlas Bridging 0 12 0.0% 0 12 0.0% 
Transverse For. Bipartite 6 11 54.5% 6 11 54.5% 
Suprascapular Foramen 0 5 0.0% 0 7 0.0% 
Accessory Acromial Facet - 0 - 0 3 0.0% 
Circumflex Sulcus 3 7 42.9% 0 6 0.0% 
Supracondyloid Process 0 6 0.0% 0 7 0.0% 
Septal Aperture 0 5 0.0% 0 7 0.0% 
Accessory Sacral Facet 2 9 22.2% 0 9 0.0% 
Acetabular Crease 2 11 18.2% 3 9 33.3% 
Allen's Fossa 5 10 50.0% 4 8 50.0% 
Poirier's Facet 2 10 20.0% 2 7 28.6% 
Plaque 3 11 27.3% 2 8 25.0% 
Hypotrochanteric Fossa 5 10 50.0% 5 7 71.4% 
Exostosis in Troch. Fossa 2 10 20.0% 0 9 0.0% 
Third Trochanter 1 11 9.1% 0 7 0.0% 
Emarginate Patella 0 3 0.0% 0 2 0.0% 
Vastus Notch 2 3 66.7% 1 2 50.0% 
Vastus Fossa 2 3 66.7% 0 2 0.0% 
Med. Tib. Squatting Facet 0 6 0.0% 0 4 0.0% 
Lat. Tib. Squatting Facet 3 6 50.0% 2 4 50.0% 
Peroneal Tubercle 2 3 66.7% 0 2 0.0% 
Double Ant. Calc. Facet 3 5 60.0% 3 5 60.0% 
Absent Ant. Calc. Facet 0 5 0.0% 0 5 0.0% 
Double Inf. Talar Facet 3 6 50.0% 4 5 80.0% 
Med. Talar Facet 1 6 16.7% 3 5 60.0% 
Lat. Talar Extension 2 5 40.0% 1 5 20.0% 
Os Trigonum 0 5 0.0% 1 5 20.0% 

 

Further variations were observed in the ankle and foot.  Lateral tibial squatting facets (additional 
facets in the ankle region of the tibia) were seen in 50% of right and left tibiae, but medial tibial 
squatting facets were not observed (Table 13).  The talus (ankle bone) also displayed additional 
facets in the form of medial talar facets and lateral talar extensions.  The former were more 
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frequent on the left side, while the latter were more frequent on the right side (Table 13).  The 
joints between the talus and calcaneus (heel bone) tended to be double (divided into two) rather 
than single; none of the individuals observed had absent anterior calcaneal facets (Table 13).  
Finally, one individual had an os trigonum (failure of part of the talus to fuse fully). 

The only non-metric trait observed in the disarticulated bone was a large Allen’s fossa in a left 
femur from context 512 (additional bone with Skeleton 19). 

4. Palaeopathological analysis 

a. Congenital conditions 

Heredity and environment can predispose an individual to developmental anomalies, and mild 
expressions of these anomalies are commonly observed in archaeological populations though the 
individuals affected may not have been aware of their condition (Barnes 1994).  The frequency 
with which minor anomalies occur can provide information on the occurrence of the severe 
(potentially lethal) expressions of these defects within the population (ibid.).  Developmental 
anomalies may also provide information on maternal health (Sture 2001). 

i. Transitional vertebrae 

A normal spinal column is made up of seven cervical (neck) vertebrae, twelve thoracic (chest) 
vertebrae, five lumbar (lower back) vertebrae, the five fused vertebral segments of the sacrum, 
and four segments of the coccyx.  If one of the ‘borders’ between these different types of 
vertebrae shift during development then a vertebra from one group can become incorporated 
with the adjacent group.  If this happens, the vertebra will take on the appearance of the adjacent 
group, rather than developing as the ‘correct’ type of vertebra (Barnes 1994: 79-116).  For 
example, the twelfth thoracic vertebra might become incorporated with the lumbar vertebrae and 
develop the appearance of a lumbar vertebra rather than a thoracic vertebra.  These ‘border 
shifts’ and the resulting ‘transitional vertebrae’ can occur at any of the borders between vertebral 
types (ibid.). 

Border shifts and transitional vertebrae were observed in three individuals from Palace Green.  
Two individuals (Skeleton 6, a mature adult male, and Skeleton 5, a young adult male) each had six 
segments in their sacrum.  In both individuals, it seemed most likely that a caudal (downward) 
border shift between the sacrum and coccyx had led to the fusion of the coccyx to the sacrum.  
Skeleton 6 also had subtle changes to the first sacral vertebra suggesting a very minor caudal shift 
at the border between the lumbar vertebrae and sacrum (Plate 1A).  Caudal border shifts at the 
junction of the sacrum and coccyx appear to be more common than cranial shifts, and they occur 
more frequently among males than females (Barnes 1994: 114; Aufderheide and Rodríguez-Martín 
1998: 66).  They are usually asymptomatic (Barnes 1994: 114).  Border shifts at this location had 
affected 33.3% of the individuals at Palace Green (2/6 with this part of the spine preserved). 
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Plate 1: A) Six segments in the sacrum of Skeleton 6: fusion of the coccyx to the base 
of the sacrum and potential border shift at the lumbosacral border; B) Inferior view of 
transitional vertebra at the lumbosacral border of Skeleton 1, with enlargement of 
right transverse process and oval facet on inferior surface (arrowed)  
 

Skeleton 1 (14-15½ year old adolescent) had transitional vertebrae at the junctions between the 
thoracic and lumbar vertebrae, and between the lumbar vertebrae and sacrum.  The sacral 
vertebrae were in the process of fusing together at the time the individual died, which has made it 
harder to determine in which direction the borders had shifted.  It is possible that they had a 
caudal shift between the twelfth thoracic and first lumbar vertebrae, resulting in the first lumbar 
vertebra developing a rib facet on the right side (although apophyseal facet shapes remained 
unchanged).  This individual probably had thirteen right ribs (rather than the usual twelve), but 
unfortunately the right ribs were not recovered and so this could not be verified.  Individuals with 
additional ribs in the lumbar region may experience pain or soreness in their lower backs as a 
result (Barnes 1994: 105).  In addition, Skeleton 1 may have had a caudal shift at the border 
between the lumbar vertebrae and sacrum, leading to partial lumbarisation of the first sacral 
vertebra (Plate 1B).  Alternatively, it is possible this individual had an additional vertebra at the 
thoraco-lumbar border which took on a part-lumbar/ part-thoracic appearance, with associated 
partial sacralisation of the sixth lumbar vertebra.  When additional vertebrae do occur, they often 
appear at the border between the thoracic and lumbar spine, or between the lumbar vertebrae 
and the sacrum (Barnes 1994: 78).  Sacralisation or lumbarisation has been reported in around 3-
5% of individuals, although sacralisation is more frequent (Aufderheide and Rodríguez-Martín 
1998: 65).  At Palace Green, border shifts occurred at the thoraco-lumbar border in 20.0% of 
individuals (1/5), and at the lumbo-sacral border in 12.5% of individuals (1/8). 

ii. Other vertebral anomalies 

Skeleton 21 (young adult male) had an unusually-shaped fifth cervical vertebra, with a projection 
of bone beneath the superior right apophyseal facet (Plate 2).  This projection appeared to be 
developmental. 
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iii. Narrow palate 

In addition to having multiple transitional vertebrae (see above), 
Skeleton 1 (14-15½ year old adolescent) also had a narrow palate. 

iv. Shallow olecranon fossa 

The olecranon fossa is a depression found on the posterior 
surface of the humerus just above the elbow.  This depression 
accommodates the olecranon process of the ulna when the arm is 
extended at the elbow, allowing the arm to straighten fully.  In 
Skeleton 28 (young adult possible male) the olecranon fossa of 
the left humerus was shallow (Plate 3).  Unfortunately, the right 
humerus was lost post-mortem (preventing comparison with the 
left side), and the left ulna was also not recovered (preventing an 
evaluation of how the shallow olecranon fossa might have 
impacted on movement at the elbow joint).  It is possible that the 
shallow olecranon fossa may have made the elbow more prone to 
dislocation, as a shallow olecranon fossa was suspected to be the 
cause of multiple dislocations in a modern patient whose 
condition was reviewed by King (1953).  Underdevelopment of 
the olecranon fossa was also associated with dislocation of the 
elbow in infants born with obstetric palsy (Cummings et al. 1996).  
However, there was no evidence that Skeleton 28 had 
experienced a dislocated elbow.  

v. Cortical defects 

Occasionally small depressions or folds occur in the joint surfaces 
which are probably developmental in origin.  They typically have 
rounded margins and other signs of joint degeneration (such as 
osteophyte formation or other porosity) are absent.  Roberts and 
Manchester (2005: 121) stress the importance of not confusing 
these with osteochondritis dissecans (where a fragment of the 
joint surface becomes detached leaving behind a usually circular 
and porous depression).   

A disarticulated left calcaneus (ID 167) had a cortical defect in the middle talar facet, and a 
disarticulated left humerus (ID 148) had a possible cortical defect on the trochlea, part of the distal 
joint surface where the ulna articulates (although this lesion may have been osteochondritis 
dissecans). 

b. Metabolic disease 

i. Cribra orbitalia 

Porosity in the orbit roof that develops during childhood, but which may remain visible in the 
orbits of adults, is described as ‘cribra orbitalia’.  Until recently, it was thought that iron deficiency 
anaemia was the cause of these lesions (Stuart-Macadam 1992), but a strong case has been made 
by Walker et al. (2009) that other types of anaemia may be the causative factor.  For the New 

 
Plate 2: Projection of bone 
beneath superior right 
apophyseal facet of C5 in 
Skeleton 21 (arrowed) 
 

 

Plate 3: Shallow olecranon 
fossa (arrowed) in the 
posterior distal left humerus 
of Skeleton 28  
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World, they propose megaloblastic anaemia as a likely cause, resulting from a diet deficient in 
Vitamin B12 (i.e. plant-based and lacking in animal products) and/or folic acid.  These dietary 
deficiencies could be exacerbated through poor sanitation and infestation with gut parasites 
(ibid.).  For malarious areas of the Old World, they propose that haemolytic anaemia (e.g. sickle 
cell anaemia and thalassemia) may be important in the development of cribra orbitalia (ibid.).  
However, for areas such as northern Europe they suggest that cribra orbitalia may be more likely 
related to conditions such as scurvy (Vitamin C deficiency) or chronic infections (ibid.).  Cribra 
orbitalia is often used as an indicator of general stress (Lewis 2000), and is often found associated 
with agricultural economies (Roberts and Cox 2003: 67). 

It was possible to observe the orbits of twelve skeletons, including three adolescents and nine 
adults.  Both orbits were present in all but one of these individuals.  Three individuals (all adults) 
had evidence for cribra orbitalia (33.3% of the adults, 25.0% of all individuals).  In two individuals 
the lesions were bilateral, while in one individual the condition only affected the left orbit and the 
right was unaffected.  The true prevalence rates, showing the proportion of orbits affected, are 
given in Table 14.  Overall, 21.7% of orbit roofs were affected. 

Table 14: Cribra orbitalia (articulated skeletons) 
 

  

Right Orbits Left Orbits Total Orbits 

Total With CO Total With CO Total With CO 

n n % n n % n n % 

Adolescents 3 0 0.0% 3 0 0.0% 6 0 0.0% 

Adults 9 2 22.2% 8 3 37.5% 17 5 29.4% 

Total 12 2 16.7% 11 3 27.3% 23 5 21.7% 

 

In comparison, Roberts and Cox (2003: 235, 307) report that cribra orbitalia affected 10.8% of the 
late medieval population and 9.0% of the post-medieval population.  Both are crude prevalence 
rates (the proportion of individuals affected), and both are lower than the proportion of 
individuals affected at Palace Green.   

ii. Rickets (Vitamin D Deficiency) 

Vitamin D can be obtained from food sources (primarily eggs and oily fish), but most of the 
Vitamin D required by humans is synthesised by the body during exposure to sunlight (Brickley and 
Ives 2008: 82-84).  Insufficient amounts of Vitamin D can lead to the development of rickets in 
children, and osteomalacia in both adults and children (Lewis 2007: 119).  The poorly mineralised 
bone resulting from Vitamin D deficiency is incapable of supporting normal loads, and as a result 
bends under weight-bearing.  As children are growing the long bones are affected, whereas in 
adults the bones of the torso are more commonly involved (Ortner 2003: 393-401; Brickley and 
Ives 2008: 75-150).  Given the connection with sunlight exposure, the development of rickets and 
osteomalacia tends to be more frequently seen in post-medieval urban populations (Lewis 2007: 
121; Ortner 2003: 393; Roberts and Cox 2003: 308-210). 

Five adolescent individuals and two young adults all had bowing of long bones possibly indicative 
of healed childhood rickets, although in the majority of individuals the shape changes were subtle.  
The most pronounced bowing was seen in Skeleton 23 (17-19 year old adolescent, possible male), 
who had bowing of both humeri and the right femur.  The left humerus and right femur also had 
deposits of well-remodelled lamellar bone on the concave side of the shafts, and this pattern of 
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new bone formation (located on the concave sides of bowed long bones) was a feature of rickets 
identified among the individuals from St Martin’s Church, Birmingham (Brickley et al. 2006: 132).  
If the bowing of the humeri in this individual was due to childhood rickets, then it would indicate 
onset of the condition while the individual was crawling (Brickley and Ives 2008: 92).  In this 
context, it is interesting that the teeth of Skeleton 23 displayed evidence for disruption to growth 
in infancy that could have been caused by poor nutrition or disease (see below).    

The legs of four of the individuals were affected with more subtle bowing.  Skeleton 1 (14-15½ 
year old adolescent) had buttressing and torsion of the left femur with probable torsion in the 
less-complete right femur, while Skeleton 13 (young adult possible male) had buttressing, bowing 
and torsion of his right femur.  Skeleton 7 (13-15 year old adolescent) had subtle bowing of their 
left tibia, while Skeleton 10/11 (16-18 year old adolescent) had bowing of their left fibula shaft.  In 
two individuals the arm bones were involved, including Skeleton 24 (17-18 year old adolescent), 
who had subtle bowing and flattening of the left humerus, and Skeleton 21 (young adult male), 
who had subtle bowing of both radii and the right humerus.   

Only the lower right leg and foot of Skeleton 14 (12-16 year old adolescent) was recovered.  All the 
bones were light and fragile, having porous and spongy cortical bone, and trabecular bone was 
present in the medullary cavities of the right tibia and fibula.  There were deposits of porous 
lamellar bone on the right tibia and fibula, with further porosity on the right metatarsals.  The 
right tibia had multiple small nutrient foramina on the medial side, possibly indicative of hyper-
vascularity (increased blood-flow).  It seems likely that these lesions were caused by a systemic 
condition, which may well have been metabolic.  The poor quality of the cortical bone was similar 
to that observed in non-adults from post-medieval Leeds who had been suffering from active 
rickets at the time of death (Caffell and Holst 2014: 13-17).  Unfortunately, the only long bones 
present in Skeleton 14 were the right tibia and fibula and both were so fragmented that it was not 
possible to determine whether the shafts were bowed.  The metaphyseal surfaces, which can 
show distinctive signs associated with rickets (Brickley and Ives 2008: 97), of Skeleton 14 were also 
lost post-mortem. 

Twenty-three of the skeletons had at least one long bone present that was over 50% complete.  
This would suggest that between 30.4-34.8% of the individuals had potentially suffered from 
rickets.  In comparison, Roberts and Cox (2003: 247, 310) observed a crude prevalence of rickets in 
2.7% of the population in medieval Britain, and 3.7% of the population in the post-medieval 
period.   

One disarticulated left tibia (ID 163 from context 514) also had a slightly bowed shaft that might 
be indicative of healed childhood rickets. 

c. Trauma 

The evidence for trauma in archaeological populations is restricted to that visible in the skeletal 
remains (unless soft tissue is preserved) so much of the evidence for trauma in archaeological 
populations focuses on fractures to the bones (Roberts and Manchester 2005: 84-86).  Ante-
mortem injuries occurred during life and show evidence for healing, whereas peri-mortem injuries 
occurred around the time of death and so no evidence for healing will be seen (Roberts and 
Manchester 2005: 114).  However, long-standing well-healed fractures may be hard to detect 
(Jurmain 1999: 186).  Most of the soft tissue injuries sustained by archaeological populations will 
be invisible, although occasionally soft tissue injuries can be inferred through the ossification of 
the tissues at the site of damage, known as ‘myositis ossificans’ (Ortner 2003: 133-134).   
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i. Fractured bones 

Skeleton 12 (young adult probable male) had a possible well-healed fracture in the midshaft of his 
second left rib.  Overall, 7.1% of the fourteen individuals with at least one rib preserved had a 
fractured rib, and 0.5% of ribs were fractured (1/213 ribs present).  In comparison, Roberts and 
Cox (2003: 239) report that 3.57% of individuals had fractured ribs in the late medieval period, and 
that 4.23% of ribs were fractured in the post-medieval period (2003: 302).  Isolated rib fractures 
can occur as the result of a blow to the chest, a fall, or even coughing (Roberts and Manchester 
2005: 105; Dandy and Edwards 2003: 161). 

A disarticulated intermediate hand phalanx (middle part of a finger) possibly had a well-healed 
fracture to the distal joint surface.  Fractures of the phalanges are usually caused by twisting or 
angular forces (Dandy and Edwards 2003: 224). 

ii. Soft tissue trauma 

Potential evidence for soft tissue trauma was seen in two adults from Palace Green.  Skeleton 6 
(mature adult male) had probably suffered trauma to the soft tissues attaching to the nuchal crest 
on the back of the cranium, including the trapezius muscle and the nuchal ligament.  The trapezius 
muscle supports the arm and moves the shoulder, while the nuchal ligament helps support the 
weight of the head.  This individual also had a small oval depression immediately above the nuchal 
crest (see below), which has been initially interpreted as a cyst although trauma remains a 
possible cause.   

Skeleton 17/ 16B (unsexed adult) had a projection of bone on the left calcaneus (heel bone) at the 
uppermost border of the facet for the cuboid bone, probably indicating injury to the extensor 
digitorum brevis muscle.  This muscle extends the toes, i.e. lifts them off the ground.    

iii. Peri-mortem trauma 

Peri-mortem injuries do not necessarily occur at the instant death occurs, as it takes time for the 
bone to display healing following an injury, and also for bone to lose the physical characteristics it 
had in life.  Consequently, ‘peri-mortem’ refers to a three-week window either side of death 
(Roberts and Manchester 2005: 114). 

Skeleton 21 (young adult male) had a potential peri-mortem cut to the external surface of the 
cranium on the right and left parietal bones (across the sagittal suture just anterior to lambda, 
near the top and back of the head; Plate 4).  The lesion was linear and the exposed surfaces were 
similar in colour to the surrounding bone, both of which are features consistent with a peri-
mortem cut (Roberts and Manchester 2005: 114-116; Lovell 1997: 145; Sauer 1998).  However, the 
lesion was quite broad (c. 2.7mm wide) and the floor was fairly ‘U’ shaped in profile, with a 
rounded base.  Combined with the slightly ragged appearance of some of the bone surfaces, this 
was more consistent with post-mortem damage.   

Karr and Outram (2012; 2015) have investigated breakage patterns in animal bone and 
determined that the rate at which bone loses its ‘fresh’ characteristics varies with different 
environments.  Also, bone does not lose its ‘fresh’ characteristics instantly, so there will be an 
intermediate period before the bone becomes fully ‘dry’, when breaks may show a combination of 
fresh and dry traits (ibid.).  Outram (2001) has indicated that it is not possible to determine with 
absolute certainty whether a break occurred while the bone was fresh or dry, and dry bone can 
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sometimes break in a way that mimics the characteristics of fresh bone.  It seems likely that the 
lesion observed in Skeleton 21 occurred after death but before the bone was fully dry.  The 
position of the cranium in situ would allow damage to the bone to occur in that location during 
later disturbance. 

 
Plate 4: Potential peri-mortem injury to the cranium of Skeleton 21 
(arrowed) 
 

A disarticulated left femur from context 509 (ID 678) also had evidence for a potential post-
mortem break that occurred before the bone was fully dry.  There was a break through the 
midshaft, part of which passed at right angles through the cortex and part of which passed at an 
oblique angle through the cortex with a ‘V’ shaped notch in the base of the break.  The surface 
was dark, but rough.  Overall, the break displayed a mix of traits associated with wet and dry 
breaks.  As with the lesion in Skeleton 21, this break may have occurred during later disturbance of 
the grave before the bone was fully dry. 

iv. Osteochondritis dissecans 

Localised death (necrosis) of a small part of the joint surface can be caused by trauma.  When this 
happens the damaged piece can become detached from the rest of the joint surface, known as 
osteochondritis dissecans (Roberts and Manchester 2005: 121).  These lesions appear as roughly 
circular, porous depressions in the joint surfaces of skeletal remains. 

A disarticulated right humerus (ID 225) had osteochondritis dissecans in the capitulum (part of the 
elbow joint where the radius articulates).  A disarticulated left humerus (ID 148, described above) 
had a lesion that was either osteochondritis dissecans or a cortical defect in the trochlea (part of 
the elbow joint where the ulna articulates). 
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d. Infectious disease 

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 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. 

i. Maxillary sinusitis 

Maxillary sinusitis (Plate 5) 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).   

It was possible to observe the maxillary sinuses of 
twelve individuals, including nine adults and 
three adolescents.  For eight of these individuals, 
both maxillary sinuses could be examined, while 
for the remaining four only one sinus was 
available.  All three adolescents and six of the 
adults had evidence for sinusitis (75.0%, 9/12).  
Both sinuses were affected in four individuals, 
and two individuals only had sinusitis in one 
sinus.  In three individuals only one maxillary 
sinus was preserved and so it was not possible to 
determine whether it was bilateral or not.  The 
true prevalence rates for maxillary sinusitis are 
given in Table 15.  Overall, 65.0% of maxillary 
sinuses were affected, with the frequency of 
involvement higher in the adolescent individuals. 

Table 15: Maxillary sinusitis (articulated skeletons) 
 

  

Right Sinuses Left Sinuses Total Sinuses 

Total With Sinusitis Total With Sinusitis Total With Sinusitis 

n n % n n % n n % 

Adolescents 2 2 100.0% 2 1 50.0% 4 3 75.0% 

Adults 8 5 62.5% 8 5 62.5% 16 10 62.5% 

Total 10 7 70.0% 10 6 60.0% 20 13 65.0% 

 

 
Plate 5: Cobweb of lamellar bone strands in 
the right maxillary sinus of Skeleton 27A 
(arrowed) 
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Roberts and Cox (2003: 233, 299) report that 13.3% of late medieval individuals suffered from 
sinusitis, while 6.9% of post medieval individuals had experienced maxillary sinusitis.  These are 
much lower prevalence rates than the proportion of individuals affected at Palace Green.   

ii. Endocranial new bone formation 

Bone formation on the internal surfaces of the cranium is more commonly seen in infants and 
young children rather than in adults.  It has been associated with inflammation or haemorrhage of 
the meningeal blood vessels, but the potential causes of these lesions are not clear at present.  In 
children, possible causes identified include chronic meningitis, trauma, anaemia, neoplastic 
disease, metabolic diseases (scurvy and rickets), venous drainage disorders and tuberculosis (Lewis 
2007; 2004).  Less information is available concerning the aetiology of these lesions in adults. 

Two skeletons had deposits of new bone formation on the internal surfaces of their crania.  
Skeleton 12 (young adult possible male) had transitional woven-to-lamellar bone on the cruciform 
eminence of their occipital bone, in the sagittal and transverse sulci.  Skeleton 21 (young adult 
male) had a mix of woven and lamellar bone deposits on the cruciform eminence of the occipital 
bone, the sigmoid sulcus of the right temporal bone, most of the internal surface of the right 
parietal bone, and patchy deposits on in internal surface of the frontal bone.  Overall, 16.7% of the 
individuals from Palace Green were affected (two of the twelve individuals with some part of the 
cranium preserved). 

iii. Non-specific periosteal reactions 

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, 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. 

Nine skeletons (32.1%) had some form of 
non-specific periosteal reaction on the 
surfaces of their bones.  These included seven 
adolescents (meaning 58.3% of the 
adolescent individuals were affected), and 
two adults (12.5% of the adult individuals).  
Both adults and six of the adolescents had 
deposits of lamellar bone, indicative of healed 
inflammation.  However, four of the 
adolescents with lamellar bone also had 
deposits of woven bone (Plate 6), or woven 
bone that was in the process of transforming 
into lamellar bone, indicating they were 
suffering from an active inflammation or an 
inflammation that had begun the process of 

 
Plate 6: Woven bone deposit (arrowed) on the 
proximal left ulna of Skeleton 1  
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healing at the time of death.  The seventh adolescent only had deposits of partially remodelled 
woven to lamellar bone.  In two adolescents (Skeletons 14 and 23) the periosteal reactions may 
have been associated with a nutritional deficiency (see above). 

Table 16: Periosteal reactions (articulated skeletons) 
 

Bone 
Adolescents Adults Total 

Total With PR Total With PR Total With PR 
n n % n n % n n % 

Mandible 4 2 50.0% 9 0 0.0% 13 2 15.4% 
Humerus 5 1 20.0% 9 0 0.0% 14 1 7.1% 
Radius 5 0 0.0% 7 0 0.0% 12 0 0.0% 
Ulna 5 1 20.0% 7 0 0.0% 12 1 8.3% 
Femur 10 7 70.0% 8 2 25.0% 18 9 50.0% 
Tibia 10 4 40.0% 3 2 66.7% 13 6 46.2% 
Fibula 9 1 11.1% 1 0 0.0% 10 1 10.0% 
Metatarsals 34 5 14.7% 5 0 0.0% 39 5 12.8% 

 

 

  
Plate 7: A) Woven bone deposit (arrowed) on the external surface of the mandible of Skeleton 23; 
B) Transitional woven to lamellar bone (arrowed) on the internal surface of the mandible of 
Skeleton 25 

 

The frequency with which different bones were involved is provided in Table 16 and Figure 8.  
Overall, the bone most frequently affected by periosteal reactions was the femur, followed by the 
tibia.  These were the only two bones affected in the adult individuals, where periosteal reactions 
were seen in two-thirds of the tibiae present.  This high prevalence of tibial involvement 
corresponds with the typical pattern seen in archaeological populations (Ortner 2003: 209).  It has 
been suggested that inflammation of the tibia may be due to minor injuries, general infections, or 
varicose veins leading to localised ulceration (Roberts and Manchester 2005: 172-172).   
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Figure 8: Periosteal reactions (articulated skeletons) 
 

Table 17: Summary of periosteal reactions in articulated skeletons 
 

Skeleton 
Age 

Group 
Age Sex Bone Pathology 

1 Ad 14-15½ - Left ulna Woven bone, proximal shaft 
Right femur Lamellar bone, proximal shaft 
Left femur Lamellar bone, proximal-mid shaft 

3 YA 17-23 M? Right femur Lamellar bone, proximal-mid shaft 
Left femur Lamellar bone, proximal-mid shaft 

4 Ad 16-18 - Right femur Woven bone (partially remodelled), mid shaft 
Lamellar bone, proximal shaft 

Left femur Lamellar bone, proximal-mid shaft 
Right tibia Woven bone (slightly remodelled), mid shaft 
Left tibia Woven-lamellar bone, mid shaft 
Left MT2 Woven bone, mid shaft 

7 Ad 16-19 - Left femur Lamellar bone, proximal-mid shaft 
8/16A Ad 13-15 - Left femur Lamellar bone, proximal-mid third 

Right tibia Woven-lamellar bone, proximal-mid shaft 
Right MT1 Woven-lamellar bone, shaft 
Left MT1 Woven-lamellar bone, shaft 

14 Ad 12-16 - Right tibia Lamellar bone, mid shaft 
Right fibula Lamellar bone, mid shaft 
Right MT1 Lamellar bone, distal shaft 
Right MT5 Lamellar bone, shaft 

17/16B A 18+ ? Right tibia Lamellar bone, mid shaft 
Left tibia Lamellar bone, mid shaft 

23 Ad 17-19 (M?) Mandible Woven bone, right body & ramus (external) 
Left 
humerus 

Lamellar bone, distal shaft 

Right femur Lamellar bone, proximal-third shaft 
25 Ad 15-16½ - Mandible Woven-lamellar bone, left body & ramus 

(internal) 
Woven bone – left body (external) 
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Periosteal reactions were seen in a wider variety of bones in the adolescent skeletons.  Again, the 
femur and tibia were frequently involved, but in the adolescent individuals a higher proportion of 
femora were affected compared to tibiae (see Table 16 and Figure 8).  Adolescent individuals also 
experienced inflammation of the fibula (lower leg) and metatarsals (feet), arm bones, and lower 
jaw.  The two individuals to experience the latter were Skeleton 23 (17-19 year old possible male) 
and Skeleton 25 (16-18 year old adolescent).  Skeleton 23 had a deposit of woven bone on the 
right side of the mandible, on the external surfaces of the body and anterior ramus focussed on 
the areas beneath the lower molars (Plate 7A).  Skeleton 25 had transitional woven to lamellar 
bone on the left side of the mandible, on the internal surface of the body and ramus, with a 
deposit of woven bone on the external surface of the left mandibular body (Plate 7B).  As with 
Skeleton 23, these lesions were focussed around the lower molars.  Skeleton 25 had extensive 
tooth decay of their lower left first and second molars, with an associated dental abscess.  It 
seems likely that this dental disease had led to infection of the lower jaw.  The spread of infection 
leading to sepsis could be a serious, potentially fatal, complication resulting from dental disease in 
the past (Aufderheide and Rodríguez-Martín 1998: 409; Ortner, 2003: 592).  However, Skeleton 23 
lacked evidence for tooth decay and dental abscesses.  A summary of the periosteal reaction seen 
in the articulated skeletons is provided in Table 17, with detailed descriptions available in 
Appendix A.  

Periosteal reactions were also observed in disarticulated bone from Palace Green.  Lamellar bone 
was observed on one right and two left fibulae (ID 165, ID 146 and ID 164) from adults or probable 
adults, and a right first metatarsal from an adolescent individual. 

e. Joint disease 

The term ‘joint disease’ encompasses a large number of conditions with different causes, which all 
affect the joints of the skeleton.  Factors influencing the development of degenerative joint 
disease and osteoarthritis include advancing age, physical activity, occupation, workload and 
genetics.  Other joint diseases, such as septic arthritis, may have inflammatory causes.  Different 
joint diseases affect the joints differently, and diagnosis is based on the appearance of the lesions 
combined with the pattern of distribution throughout the skeleton (Roberts and Manchester 
2005: 132-134). 

i. 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 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: 135-138).  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: 138).  OA was recorded as present 
when at least two of the features associated with OA were present (e.g. osteophytes and 
porosity); eburnation, even if occurring alone, was always considered to be indicative of OA 
(Roberts and Manchester 2005: 136-138).   

The only individual to have developed OA was Skeleton 6 (mature adult male).  He had mild 
involvement of the apophyseal facets of four of his upper thoracic vertebrae (T3-6), with 
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eburnation present on the right joint between T5 and T6.  The apophyseal facets form the joints 
between the vertebrae on the posterior side of the spine.  Only 2.4% of thoracic apophyseal facets 
had developed OA (7/288), or 1.2% of all apophyseal facets preserved; 9.4% of individuals with at 
least one apophyseal facet preserved was affected.     

Skeleton 6 also had slight porosity and osteophytes on the medial joint surfaces of both clavicles, 
and the acetabulum (socket) of his left hip.  Skeleton 6 was the only individual where the medial 
ends of the clavicles were preserved and fully fused, and therefore the only skeleton where that 
joint surface could be observed.  The prevalence of OA in the acetabulum was 7.7% (1/13 
acetabula present among the articulated skeletons).  

ii. Schmorl’s nodes 

Schmorl’s nodes manifest as indentations in the upper and lower surfaces of the vertebral bodies 
caused by the pressure of herniated vertebral discs (Aufderheide and Rodríguez-Martín 1998).  
Discs may rupture due to trauma, but vertebrae weakened by infection, osteoporosis or neoplastic 
disease may be more vulnerable (Roberts and Manchester 2005).  Schmorl’s nodes are often 
associated with degenerative changes to the vertebral bodies (Aufderheide and Rodríguez-Martín 
1998; Hilton et al. 1976) and are most commonly seen in the lower thoracic vertebrae (Hilton et al. 
1976).  Recent research has discovered a connection between vertebral shape and the 
development of Schmorl’s nodes, suggesting some individuals may be more prone to their 
development (Plomp et al. 2012). 

Six skeletons had Schmorl’s nodes in their spines.  These included five young adults (Skeletons 3, 5, 
12, 21 and 22) and the mature adult (Skeleton 6).  Overall, 38.2% of thoracic vertebrae, and 18.5% 
of lumbar vertebrae were affected. 

iii. Diffuse Idiopathic Skeletal Hyperostosis (DISH) 

Diffuse Idiopathic Skeletal Hyperostosis (DISH) is a 
disease of unknown cause, but one which has been 
associated with obesity and type II (late onset) 
diabetes (Rogers and Waldron 2001).  It is 
characterised by outgrowths of bone at the site of 
muscle and ligament attachments, and particularly 
affects the thoracic region of the spine where 
ossification of the anterior longitudinal ligament at 
the front of the vertebral bodies can result in the 
fusion of several vertebrae with thick, flowing 
‘candle-wax’ osteophytes (Aufderheide and 
Rodrígez-Martín 1998; Ortner 2003).  In the thoracic 
region the ossification is restricted to the right side 
of the bodies due to the presence of the aorta on the 
left side, and the joint spaces between the vertebrae 
are preserved.  Entheseal changes (bony projections 
at the site of muscle attachment) are found 
throughout the extra-spinal skeleton, and the 
sacroiliac joint (between the blades of the pelvis and 
the sacrum at the base of the spine) may be bridged 
by osteophytes, although the joint surface itself will 

 
Plate 8: Fusion of seventh and eighth 
thoracic vertebrae by large osteophytes 
on the right side the of vertebral bodies in 
Skeleton 6 
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be unaffected (Aufderheide and Rodríguez-Martín 1998).  Two-thirds of modern individuals 
affected are males, and the disease is often first detected after the age of forty (ibid.). 

 Skeleton 6 (mature adult male) had some features suggestive of DISH, but conclusive evidence 
was absent.  He had large flowing osteophytes typical of those associated with DISH on the right 
sides of the bodies of T7-T8, and T10-11, with fusion of T7 and T8 (Plate 8).  However, although T6, 
T9, T12 also had osteophytes on the right side of the bodies, these were small.  There was 
evidence for early stages of osteophyte formation along the superior margin of the auricular 
surface of the left ilium, and evidence for bone forming tendencies elsewhere in the skeleton 
(ossified costal cartilage, ossified spinal ligaments), but most muscle attachment sites did not show 
entheseal changes.    

f. Neoplastic disease 

The term ‘neoplastic disease’ refers to abnormal and uncontrolled growths of tissue (Roberts and 
Manchester 2005: 252).  Benign neoplastic growths are usually clearly defined and grow slowly, 
remaining confined to their area of origin and usually only impact on the surrounding tissues (ibid.: 
252-254).  In contrast, malignant neoplasms (cancers) are characterised by rapid growth, indistinct 
margins, and typically spread to other areas of the body (ibid.: 253).  Diagnosis of neoplastic 
lesions in archaeological skeletal remains is difficult (ibid.). 

Skeleton 26/27C (14-16 year old adolescent) had a small elongated hollow (20.0 x 3.5mm) on the 
posterior surface of the proximal third of the left tibia, adjacent to the metaphysis.  A fragment of 
right tibia was present in context 512 (ID 623) that looked likely to be a part of the right tibia of 
this individual, but this could not be proved.  It is interesting that this tibia fragment had a large 
hollow lesion on the posterior surface in a similar 
location to the small lesion seen in the left tibia of 
Skeleton 26/27C.  The surviving part of this lesion 
(part of it was lost post-mortem) was 35 x 22mm, 
and it was 8.3mm deep.  The floor of the lesion 
was smooth and solid, but slightly scalloped/ 
lobulated, and the margins were sharp and 
overhung the hollow (Plate 9).   

This lesion may have been caused by a benign 
neoplastic disease, of which there are several 
possibilities.  One of the most likely is nonossifying 
fibroma, which typically has an age of onset in late 
childhood or early adolescence (Ortner 2003: 512) 
and which most frequently affects the knee-area 
near the metaphyses (Aufderheide and Rodríguez-
Martín 1998: 383).  Clinical findings suggest that 
up to a third of normal children may develop 
nonossifying fibroma, and two thirds of the 
individuals affected are males; multiple bones can 
be affected (ibid.).  These lesions typically heal 
spontaneously and disappear by the age of ~30 
years, although they can cause pathological 
fractures in the bone (ibid.).   

 
Plate 9  Large hollow lesion (arrowed) on the 
posterior surface of a disarticulated right 
tibia 
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g. Miscellanous conditions 

i. Potential cysts 

Skeleton 6 (mature adult male) had two small depressions in the external surface of the cranium 
(Plate 10), with no sign that the internal surface of the cranium was involved.  He had a circular 
depression 7.5mm in diameter on the left frontal bone immediately above the left orbit, and an 
oval depression (12.0 x 6.5mm) on the occipital bone, immediately above the right nuchal crest.  
The nuchal crest was thin and sharp on the right side, but rounded and thick on the left side; the 
external occipital protuberance (in the centre of the nuchal crest) was blunt and thick.  It is 
possible that he had experienced injury to the soft tissues attached to the nuchal crest, but the 
unusual appearance may have been associated with the oval lesion.  These two depressions 
appear most likely to be the result of cysts, although trauma could also be a possible cause. 

  
Plate 10: A) Circular hollow (arrowed) above the left orbit of Skeleton 6; B) Oval hollow 
(arrowed) in the occipital bone of Skeleton 6 

 

Skeleton 28 (young adult possible male) had a subtle shallow depression (c. 17 x 11mm) of 
indistinct shape on the external surface of his left parietal bone near the top and front of the 
cranium.  Again it is possible that this lesion was caused by a cyst, although it could also be the 
result of very well healed minor blunt force trauma. 

Skeleton 10/11 (16-18 year old adolescent) had an oval hollow (12 x 5mm) on the lateral shaft of 
their right third metatarsal, but post-mortem damage to the bone made it difficult to determine 
whether the lesion was the result of pathology or simply caused by taphonomic processes.   

A disarticulated right femur from context 512 (ID 100) had a possible cyst on the distal third of the 
shaft, on the posterior surface lateral to the lateral supracondylar line. 

ii. Potential trauma or developmental anomalies 

A disarticulated fragment of unsided proximal radius (ID 434, context 512) had a proximal joint 
surface (part of the elbow joint) that was tilted at an angle relative to the shaft.  The proximal joint 
surface had an irregular hollow crescent along the margin.  It is possible that the appearance of  
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this radius was the result of trauma or a developmental anomaly.  It is interesting that the left 
humerus of Skeleton 28 had an appearance that may have been associated with dislocation of the 
elbow.  It was difficult to determine the age of 
Skeleton 28 (see above), but the stage of skeletal 
development suggested this individual was aged 16-
20 years.  The disarticulated radius probably came 
from an individual aged 14-17 years.  Given the 
variation in development that can occur within a 
single skeleton, it is possible that this radius 
belonged to Skeleton 28. 

A disarticulated right talus (ID 168) was enlarged 
along the medial side of the inferior surface, with a 
projection of bone extending medially for 11mm.  
The inferior surface of this bone projection was 
highly porous (Plate 11).  This may be a 
developmental anomaly, or due to trauma. 

iii. Fused cervical vertebrae 

Two disarticulated cervical vertebrae (ID 809 and 810) were fused together at the bodies.  
Unfortunately the neural arches had been lost post-mortem, so it was not possible to determine 
whether fusion extended to these parts too.  The appearance of the bones suggested that failure 
of the vertebrae to separate during development was unlikely, with potential causes more likely to 
relate to trauma or joint disease (Roberts and Manchester 2005: 140). 

iv. Fused foot phalanges 

The intermediate and distal foot phalanges can sometimes fail to separate correctly during 
development, leaving them fused together (Scheuer and Black 2000: 437).  This occurs with such 
frequency that Scheuer and Black (2000: 437) consider it to be normal variation: they report 
prevalence rates of 36-43% in European populations, and note that the fifth (little) toe is more 
frequently affected than any other. 

A disarticulated intermediate and distal foot phalanx from Palace Green (ID 160 and 161) were 
fused together. 

v. Tarsal bars 

A disarticulated left talus (ID 166) had a blunt ridge of bone projecting from the superior margin of 
the talar neck proximal to the head.  This might indicate stress to the ligaments and muscles which 
normally maintain the structure of the foot, possibly leading to the development of collapsed 
arches (Andersen and Manchester 1988). 

vi. Excavated muscle attachments 

Three skeletons had evidence for excavated muscle attachments, or elongated depressions in the 
bone surface at the site of muscle attachments where there is normally a bony projection.  The 
significance of excavated muscle attachments is not known at present.   

 
Plate 11: Enlargement of medial side of a 
disarticulated right talus (arrowed) 
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Excavated muscle attachments for the pectoralis major muscle were present on the right humerus 
of Skeleton 12 (young adult male) and the left humerus of Skeleton 28 (young adult possible 
male).  Skeleton 28 also had an excavated attachment for teres major on his left humerus.  
Skeleton 26/27C (14-16 year old adolescent) had excavated soleal lines on their left and right 
tibiae, at the origin of the soleus muscle.   

An excavated muscle attachment (teres major) was present on a disarticulated right humerus from 
context 512 (ID 428).     

vii. Calcified structure 

Soft tissues can calcify in response to factors such as trauma and disease (Giachelli 1999), and 
there are many different sources for calcified structures making specific identification difficult 
(Baud and Kramar 1991).  Recent attempts to identify calcified structures found with 
archaeological skeletons have illustrated the wide range of possible options, with Perry et al. 
(2008) considering 30 types of calcified structure and Komar and Buikstra (2003) considering 
nineteen in their differential diagnoses.   

A small calcified structure (10.33 x 9.41 x 5.43mm) was found with the disarticulated bone from 
context 512 (ID 446).  It had a roughly circular outline.  One side was flat, with a roughened surface 
and rounded margins, while the opposite side was hollow, with rough floor and walls (Plate 12).  
The walls were 1.5-2.0mm thick.  Unfortunately, it was not possible to identify what the calcified 
structure was.  This task will be hindered by the disarticulated nature of the item, as typically 
knowledge of the age and sex of the individual affected and the location of the structure in the 
body all assist with diagnosis. 

  

Plate 12:  A & B) Two views of a calcified structure from context 512 
 

5. Dental health 

Analysis of the teeth from archaeological populations provides information on health, diet and 
oral hygiene.  Teeth and jaws survived in thirteen skeletons (nine adults and four adolescents), and 
these were examined macroscopically for evidence of pathological changes. 
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In total, there were 365 tooth positions and 332 fully-erupted permanent teeth present (including 
four teeth whose sockets had been lost post-mortem, and one supernumerary tooth in Skeleton 
2).  The adolescent individuals had an additional eight teeth that were in the process of erupting at 
the time of death, but which had not attained full occlusion.  Nineteen teeth had been lost post-
mortem (5.2%).  The majority of the dentitions derived from young adults, closely followed by 
adolescents, reflecting the overall demography of the population.  However, the old middle adult 
(Skeleton 27A) and the mature adult (Skeleton 6) both had partial dentitions surviving (Table 18).  
The disarticulated remains included five loose permanent incisor teeth.   

 

Table 18: Summary of teeth and sockets present (articulated skeletons) 
 

Age Group 
No. of 

Sks 
Tooth 

Positions 
Teeth 

Present 
Teeth Lost PM 

n % 

Adolescent 4 107 95 6 5.6% 
Young Adult 7 225 213 6 2.7% 
Old Middle Adult 1 17 9 6 35.3% 
Mature Adult 1 16 15 1 6.3% 

Total 13 365 332 19 5.2% 

 

a. Calculus 

Plaque that is not removed from the teeth effectively, or regularly, can mineralise and form 
concretions of calculus on the tooth surfaces (Hillson 1996: 225-257).  Mineralisation of plaque 
can also be common when the diet is high in protein (Roberts and Manchester 2005: 71).  Calculus 
is common in archaeological populations of all periods (Roberts and Manchester 2005: 64). 

Dental calculus was observed on the teeth of all the individuals from Palace Green.  It was present 
on 82.8% of the fully erupted permanent teeth, and was most frequently observed on the teeth of 
the young adults (Table 19).  Dental calculus was also observed on all five of the disarticulated 
teeth. 

Table 19: Dental calculus (articulated skeletons) 
 

Age Group 
Teeth 

Calculus Total % 

Adolescent 63 95 66.3% 
Young Adult 193 213 90.6% 
Old Middle Adult 6 9 66.7% 
Mature Adult 13 15 86.7% 

Total 275 332 82.8% 

 

These frequencies are higher than that reported for late medieval British populations (54.0%, 
Roberts and Cox 2003: 262), but differences in recording may account for this.  While Roberts and 
Cox (2003: 327) do not report the proportion of teeth affected in the post-medieval period, they 
do report that calculus affected 21.4% of the population.   

The majority of the calculus deposits observed at Palace Green took the form of flecks or slight 
deposits, which were seen on 205 teeth (74.5%).  The remaining quarter of the teeth had 
moderate or heavy deposits of calculus (70/275, 25.5%).  Two young adult males (Skeletons 19 
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and 22) had markedly asymmetric deposits of calculus: both had moderate to heavy deposits on 
their left teeth (including on the occlusal surfaces in Skeleton 22), with much lighter deposits of 
calculus on their right teeth.  Skeleton 19 also had lighter wear on his left teeth compared to the 
right.  Both individuals had painful dental conditions affecting the left side of their jaws, including 
large carious lesions and dental abscesses, and Skeleton 22 had also fractured one of his left teeth 
(Plate 13).  It is likely that these conditions may have influenced their chewing patterns and 
clearance of saliva from the mouth, in turn affecting the accumulation of calculus in both 
individuals, and the amount of wear on the teeth of Skeleton 19.   

 
Plate 13: Heavy deposits of calculus on the lingual surfaces of the left mandibular 
teeth of Skeleton 22 (a), with carious lesion in the second molar (b), and fracture of 
second molar (c) 
 

b. Periodontal disease 

Deposits of calculus around the necks of the teeth can aggravate the gums leading to 
inflammation of the soft tissues (gingivitis).  In turn, gingivitis can progress to involve the 
underlying bone, leading to periodontal disease where the bone supporting the tooth is resorbed, 
and the periodontal ligament (that helps to anchor the tooth in the socket) is lost (Roberts and 
Manchester 2005: 73).  It can be difficult to differentiate between periodontal disease and 
continuous eruption (whereby the teeth maintain occlusion despite heavy wear) in skeletal 
material, since both result in exposure of the tooth roots (Roberts and Manchester 2005: 74).  The 
criteria defined by Ogden (2008) were used to assist in the diagnosis of periodontal disease. 

Four individuals (30.8%) had developed periodontal disease, including one adolescent (25.0%) and 
three young adults (42.9%; Table 20).  In all individuals, the amount of periodontal disease present 
was relatively slight, with minimal modification of the alveolar bone and minimal exposure of 
tooth roots.    

For the late medieval period, Roberts and Cox (2003: 261) report that 37.5% of the population had 
developed periodontal disease, while in the post-medieval period the proportion of the population 
affected was 12.9% (ibid.: 323).  The proportion of individuals affected at Palace Green was more 
similar to that seen in the late medieval period. 

 

a 
 

b 
 

c 
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Table 20: Periodontal disease (articulated skeletons) 
 

Age Group 
Individuals 

PD Total % 

Adolescent 1 4 25.0% 
Young Adult 3 7 42.9% 
Old Middle Adult 0 1 0.0% 
Mature Adult 0 1 0.0% 

Total 4 13 30.8% 

 

c. Dental caries 

Dental plaque contains bacteria, which metabolise sugars present in the food consumed.  During 
this process they produce acid, which causes the loss of minerals from the teeth leading 
(eventually) to the formation of a cavity (Zero 1999).  The most cariogenic sugars contain the most 
sucrose, and these include processed refined sugar, and the concentrated sugars present in dried 
fruits and honey.  Other natural simple sugars are found in fruits and vegetables.  Complex sugars 
are less easy to metabolise, and so are less cariogenic.  These can be found in carbohydrates, such 
as cereals.  However, processing carbohydrates, through grinding grains into fine powders or 
cooking them, usually increases their cariogenicity (Moynihan 2003). 

Dental caries had affected seven individuals (53.8% of 13), including three adolescents and four 
young adults.  Overall, 5.7% of the fully erupted permanent teeth had developed carious lesions.  
Cavities were slightly more frequent among the young adults compared to the adolescents; no 
cavities were observed in the teeth of the two older adults (Table 21).  

Table 21: Dental caries (articulated skeletons) 
 

Age Group 
Teeth 

Caries Total % 

Adolescent 5 95 5.3% 
Young Adult 14 213 6.6% 
Old Middle Adult 0 9 0.0% 
Mature Adult 0 15 0.0% 

Total 19 332 5.7% 

 

Dental caries affected 5.6% of teeth in the late medieval period (Roberts and Cox 2003: 258-259), 
and 11.2% of teeth in the post medieval period in Britain (Roberts and Cox 2003: 326).  The 
frequency of dental caries observed at Palace Green was comparable to that observed in the 
medieval period.  However, the age distribution of the population at Palace Green was heavily 
biased towards adolescents and young adults.  Since cavities usually accumulate with age, the 
older adult age groups usually display higher frequencies of tooth decay.  It is likely that this 
typical pattern was not observed at Palace Green since the number of older adults at Palace Green 
was so limited, and it could be argued that the prevalence of dental caries at Palace Green was 
relatively high for such a young population. 

The majority of the cavities observed in the Palace Green population were small (13/19, 68.4%).  
Two were medium in size (10.5%), while four were large (21.1%).  Two of these large carious 
lesions were observed in the lower left molars of a 15½-16½ year old adolescent (Skeleton 25), 
demonstrating that tooth decay could be advanced even in a young individual.   
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In terms of cavity location, 42.1% (8/19) were located in the occlusal (chewing) surfaces of the 
teeth.  Most of the remainder were located in the mesial or distal surfaces of the teeth, i.e. in 
between the teeth where they come into contact with each other: 6/19 cavities were mesial 
(31.6%) and 3/19 were distal (15.8%).  Two cavities were so large that the point of origin could not 
be determined, and they had effectively destroyed the entire crown of the tooth.  Cavities in the 
occlusal surfaces and at the contact points between the teeth were found to have a strong 
correlation with the consumption of diets high in sugars and refined carbohydrates (Corbett and 
Moore 1976).  These authors observed that this pattern of tooth decay began to appear in the late 
medieval period, and became established by the 17th century, before becoming pronounced by 
the 18th and 19th centuries in response to the increased availability of refined sugars. 

d. Dental abscesses 

Exposure of the pulp cavity within a tooth allows bacteria to enter, causing inflammation and a 
build-up of pus at the apex of the root.  Eventually a hole forms in the surrounding bone allowing 
the pus to drain out and relieve some of the pressure.  Dental abscesses can develop as a 
complication of dental caries, heavy tooth wear, trauma to the teeth, or periodontal disease 
(Roberts and Manchester 2005). 

Three individuals had developed dental abscesses, including one adolescent and two young adults.  
Overall, four abscesses were observed, affecting 1.1% of the surviving tooth positions.  Dental 
abscesses were slightly more frequent among young adults, compared to adolescents (Table 22).   
All four dental abscesses were associated with teeth that had carious lesions, two of which were 
large, suggesting the abscesses had probably developed as a complication of tooth decay (Plate 
14). 

Table 22: Dental abscesses (articulated skeletons) 
 

Age Group 
Tooth Positions 

Abscess Total % 

Adolescent 1 107 0.9% 
Young Adult 3 225 1.3% 
Old Middle Adult 0 17 0.0% 
Mature Adult 0 16 0.0% 

Total 4 365 1.1% 

 

Roberts and Cox (2003: 259-260) observed that abscesses affected 3.1% of tooth positions in 
medieval British populations, and 2.2% of tooth positions in post-medieval British populations 
(ibid.: 327).  The prevalence of dental abscesses at Palace Green is lower than that observed in 
both time periods, possibly due to the young age bias of the population. 
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Plate 14: Dental abscess (arrowed) associated with a cavity in the lower left second premolar in 
Skeleton 19  
 

e. Ante-mortem tooth loss 

Various factors can lead to ante-mortem tooth loss (AMTL), where the teeth are lost during life 
and the sockets are remodelled becoming filled in with bone.  Conditions that can lead to AMTL 
include dental caries, heavy tooth wear that exposes the pulp at the centre of the tooth, or 
periodontal disease where the bone surrounding the tooth root becomes resorbed, usually 
following inflammation of the gums (Roberts and Manchester 2005: 73-74).   

Only one individual (Skeleton 27A, an old middle adult male) had lost a single tooth ante-mortem.  
The overall prevalence of AMTL was very low, at 0.3% of tooth positions affected (Table 23).  This 
prevalence was much lower than that reported by Roberts and Cox (2003: 262-263) for the 
medieval period (19.4%) and the post medieval period (23.4%; ibid.: 327).  The low frequency of 
AMTL at Palace Green very likely reflects the young age bias of the skeletons. 

Table 23: Ante-mortem tooth loss (articulated skeletons) 
 

Age Group 
Tooth Positions 

AMTL Total % 

Adolescent 0 107 0.0% 
Young Adult 0 225 0.0% 
Old Middle Adult 1 17 5.9% 
Mature Adult 0 16 0.0% 

Total 1 365 0.3% 
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f. Enamel hypoplasia 

The tooth crowns form during childhood, with development beginning at the tip of the occlusal 
(biting) surface and progressing towards the roots.  If a child experiences an episode of severe 
stress, such as malnutrition or disease, then this can halt tooth crown formation until the stressful 
episode is resolved and normal growth can resume.  However, a record of the interruption in 
growth can be left behind in the form of lines, grooves or pits in the tooth enamel, known as 
dental enamel hypoplasia (DEH) (Hillson 1996: 165-167).  Involvement of the deciduous (milk) 
teeth can suggest the child experienced stress while still in the womb, or in early infancy (Lewis 
2007).  Trauma can also cause DEH formation, usually in single teeth (Hillson 1996: 165). 

DEH (Plate 15) was observed in nine individuals 
(69.2%), including all four adolescents with 
surviving dentitions and five adults (four of 
which were young adults).  Overall, 30.1% of 
the teeth were affected by DEH, with 43.2% of 
adolescent teeth affected (Table 24).  DEH also 
affected one of the five disarticulated incisor 
teeth.  Skeleton 23 (17-19 year old adolescent) 
had grooves and pits in the enamel encircling 
the tips of the crowns of the lower incisors, 
canines and first molars, in addition to lines in 
the enamel of the canines and premolars lower 
down the crown (Plate 16).  This suggests this 
individual experienced stress during infancy, as 
well as later in childhood. 

Table 24: Dental enamel hypoplasia (articulated skeletons) 
 

Age Group 
Teeth 

DEH Total % 

Adolescent 41 95 43.2% 
Young Adult 55 213 25.8% 
Old Middle Adult 4 9 44.4% 
Mature Adult 0 15 0.0% 

Total 100 332 30.1% 

 

  
Plate 16  A) Enamel hypoplasia (arrowed) in the anterior mandibular teeth of Skeleton 23; B) 
enamel hypoplasia in the lower right first molar of Skeleton 23 

 
Plate 15  Enamel hypoplasia (arrowed) in the 
right maxillary teeth of Skeleton 19 

A B 
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Roberts and Cox (2003) only provide data on the proportion of individuals affected by DEH in the 
late medieval and post-medieval periods, rather than the proportion of teeth involved.  For the 
late medieval period they report that 35.4% of the population had developed DEH (ibid.: 264), 
while the frequency in the post-medieval population is much lower at 0.6% (ibid.: 324-327).  Both 
frequencies are much lower than that observed at Palace Green, where 69.2% of the population 
was affected.  However, they comment that the low post-medieval frequency may have been 
influenced by small and non-representative sample sizes (ibid.: 325).   

g. Dental trauma 

Injuries to the teeth and surrounding tissues are relatively common in modern populations 
(Glendor et al. 2007: 224), and the causes cited include violence, sporting activities, traffic 
accidents, falls, rough play, use of teeth as a tool, and biting hard objects (ibid.: 228-229).  In 
modern populations most dental injuries occur before the age of twenty, and they are more 
common amongst boys than girls (ibid.: 226); the causes range from falls, sports, fighting and 
abuse (ibid.: 228-233).  Dental fractures range in severity from a crack in the enamel to a fracture 
that extends through the enamel and dentin to expose the pulp chamber, and they can occur in 
the crown only, root only, or both the crown and the root.  Teeth can also be partially or 
completely dislocated (Glendor et al. 2007: 217-223).   

Two individuals (15.4%) from Palace Green had each fractured a tooth.  Skeleton 22 (young adult 
male) had fractured the crown of his lower left second molar (8.3% of 12 lower left second 
molars).  This tooth had a large carious lesion in the crown, and the lingual wall of enamel 
surrounding this cavity had fractured (see Plate 13).  It seems likely that the cavity had weakened 
the tooth crown, making it more prone to fracture.  Skeleton 27A (old middle adult male) had 
fractured the distal half of his lower right first molar crown (8.3% of 12 lower right first molars).  
Overall, 0.6% of the teeth present had been fractured (2/332). 

Table 25: Enamel chips (articulated skeletons) 
 

% 

R 

0.0 0.0 18.2 9.1 0.0 9.1 10.0 22.2 20.0 10.0 0.0 9.1 9.1 0.0 0.0 0.0 

L 

EC 0 0 2 1 0 1 1 2 2 1 0 1 1 0 0 0 

P 6 11 11 11 11 11 10 9 10 10 10 11 11 11 11 8 

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

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

P 5 12 12 12 12 11 9 9 10 11 12 12 12 12 12 6 

EC 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 

% 0.0 0.0 0.0 0.0 0.0 9.1 0.0 0.0 0.0 0.0 0.0 8.3 0.0 0.0 0.0 0.0 

TP = tooth position; P = number of teeth present; EC = number of teeth with enamel chips; % = percentage of teeth 
with enamel chips 

 

Four individuals (30.8%), including one adolescent and three young adults, had small chips to the 
enamel of their teeth, usually along the labial/buccal (lip/cheek) side of the incisal/occlusal (biting) 
surfaces.  Such enamel chips have been attributed to using the teeth as tools, or eating foods that 
might cause such minor damage to the teeth (Roberts and Manchester 2005: 81).  The frequency 
of involvement for each tooth is shown in Table 25 and Figure 9.  The upper teeth were more likely 
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to have chips to the enamel, particularly the anterior teeth, whereas the only lower teeth to 
display enamel chips were the lower right canines and lower left first premolars.  The upper 
central incisors were most frequently affected, followed by upper right first molars.  For the most 
part the distribution of enamel chips was pretty symmetrical, with the exception of the 
involvement of the upper right first molars (Table 25 and Figure 9). 

 

 
Figure 9: Proportion of teeth displaying small chips to the enamel 
 

h. Unusual wear 

Nine individuals displayed some form of unusual wear to the teeth.  Two of these individuals (both 
young adult males/ possible males) had localised smooth crescent-shaped wear on adjacent 
anterior teeth.  In Skeleton 21, the lower left lateral incisor and canine shared a smooth wear 
crescent, with a corresponding crescent on the upper left lateral incisor and canine (Plate 17).  
Similar crescents were observed in the lower right canine and first premolar, and upper right 
canine and lateral incisor of Skeleton 12. This wear pattern is consistent with that observed 
following habitual pipe-smoking (Capasso et al. 1999).   

Two other individuals also had concave wear on their teeth which might reflect pipe-smoking, but 
the evidence was less conclusive.  Skeleton 2 (young adult possible male) had a concave wear 
pattern focussed on the lower left central incisor but extending onto the lower left lateral incisor 
and lower right central incisor.  Unfortunately his upper left incisors and canine had been lost 
post-mortem so the involvement of the upper teeth could not be determined.  Skeleton 25 (15½-
16½ year old adolescent) had smooth neat crescents on the central incisal surface of both left 
canines (Plate 18).  While the curvature of the crescents suggested contact with a smooth 
cylindrical object (and therefore pipe-smoking wear is a possibility), the location on the point of 
the canine tooth seems an unusual location to hold a pipe.  Pipe-smoking wear more typically 
occurs across two adjacent teeth, as the contact point between them makes a natural resting spot 
for the pipe when it is held in the mouth.  Other objects held in the mouth may also cause wear of 
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the teeth with which they come into contact, for example habitual playing of musical wind 
instruments can lead to focussed dental wear (Yeo et al. 2002: 8). 

  
Plate 17: Pipe-smoking wear (arrowed) in the 
teeth of Skeleton 21 

Plate 18: Potential pipe-smoking wear in the 
left canines of Skeleton 25 

The frequencies of different teeth involved in potential pipe-smoking wear are given in Error! Not 
a valid bookmark self-reference. and Figure 10.  This wear was primarily restricted to incisors and 
canines, with involvement of the right lower premolar; the left side was more frequently affected 
than the right.  According to Capasso et al. (1999), wear on the incisors and canines is more likely 
to be associated with the use of a long curved-stem pipe of a type smoked in the 17th and 18th 
centuries, while wear on the posterior teeth is more typically associated with a more modern pipe 
which is held further back in the mouth. 

Table 26: Potential pipe-smoking wear (articulated skeletons) 
 

% 

R 

0.0 0.0 0.0 0.0 0.0 9.1 10.0 0.0 0.0 10.0 20.0 0.0 0.0 0.0 0.0 0.0 

L 

W 0 0 0 0 0 1 1 0 0 1 2 0 0 0 0 0 

P 6 11 11 11 11 11 10 9 10 10 10 11 11 11 11 8 

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

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

P 5 12 12 12 12 11 9 9 10 11 12 12 12 12 12 6 

W 0 0 0 0 1 1 0 1 1 2 2 0 0 0 0 0 

% 0.0 0.0 0.0 0.0 8.3 9.1 0.0 11.1 10.0 18.2 16.7 0.0 0.0 0.0 0.0 0.0 

TP = tooth position; P = number of teeth present; W = number of teeth with potential pipe-smoking wear; % = 
percentage of teeth with potential pipe-smoking wear 

 

Four individuals had a notch in an upper central incisor: a ‘V’ shaped notch was seen in the upper 
right central incisors of Skeleton 1 (14-15½ year old adolescent) and Skeleton 28 (young adult 
possible male; Plate 19), while small notches were seen in the upper left central incisors of 
Skeletons 6 (mature adult male) and Skeleton 19 (young adult male).  A disarticulated upper right 
central incisor also had a small notch in the centre of the incisal surface.   
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Figure 10: Proportion of teeth displaying potential pipe-smoking wear 
 

  
Plate 19: Notch in upper right central incisor from Skeleton 28, A) labial 
view; B) lingual view (note heavy wear on lingual side) 
 

Overall, 21.1% (4/19) of all upper central incisors belonging to the articulated skeletons had a 
notch.  Notches were slightly more frequent in upper right incisors (22.2%, 2/9) than in left incisors 
(20.0%, 2/10).  Skeleton 12 (young adult possible male) had a slight groove across the incisal 
surface of his lower left central incisor.  Grooves were seen in 5.3% of lower central incisors (1/19), 
and affected 10.0% of lower right central incisors (1/10).  These notches and grooves may indicate 
some form of habitual behaviour involving the use of the teeth as a tool (Capasso et al., 1999). 

Skeleton 5 (young adult male) had wear on the lingual (tongue) side of his upper left canine, and 
on the buccal (cheek) side of his lower left canine and first premolar.  The cause of this wear is not 
clear, but again a habitual activity might be responsible. 

A B 
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Skeleton 28 (young adult male) had very unusual 
dental wear.  The amount of wear visible on his 
teeth was consistent with that of an individual 
aged c. 36-45 years, yet the skeletal 
development was consistent with an individual 
in their late teens or early twenties (described in 
the section on age estimation above).  His upper 
teeth were more worn than his lower teeth, and 
like Skeleton 5 he had wear on the lingual sides 
of his upper teeth (Plate 19 and Plate 20).  Again 
it is likely he may have carried out a habitual 
activity that caused this unusual wear pattern on 
his teeth. 

i. Congenitally absent, unerupted/impacted teeth and retained deciduous teeth 

Teeth can be absent from the erupted dentition due to a genuine failure of the tooth to develop 
(congenital absence), or because the tooth develops but fails to erupt (impaction).  Full impaction 
means the tooth remains completely within the jaw, but teeth that erupt at an angle can be 
considered partially impacted.  In well preserved archaeological skeletal remains it is usually 
impossible to tell without a radiograph whether a tooth has not erupted because it is impacted or 
because it is congenitally absent.  Occasionally, it is possible to observe that a tooth is impacted if 
post-mortem damage exposes the impacted tooth.   

In the Palace Green individuals, teeth that were absent from the erupted dentition were recorded 
as ‘not present/ unerupted’ unless there was definite evidence for impaction.  Three young adults 
(Skeletons 12, 22 and 28) all had between one and three unerupted or absent third molars.  
Overall, six third molars were unerupted or absent (19.4%, 6/31).  The third molar is the tooth 
most likely to be congenitally absent or to become impacted (Hillson 1996: 113-114).  The third 
molar usually erupts around the age of eighteen years, but the timing of eruption can be variable.  
Since all the individuals from Palace Green with absent/unerupted third molars were young adults 
it is possible that these teeth were just slightly delayed in eruption rather than being truly 
impacted or congenitally absent. 

Skeleton 27A (old middle adult male) had a fully impacted lower right canine.  The position of the 
canine between the lower lateral incisor and first premolar was occupied by a small round socket, 
which was far too small to belong to a permanent canine and was more likely to have belonged to 
a deciduous canine that had not been shed during childhood (since lost post-mortem).  The crown 
of a tooth was visible beneath this socket, suggesting the permanent canine was still unerupted 
within the jaw.  Overall, 2.2% of permanent canine teeth were impacted (1/45 canine tooth 
positions), with 4.3% of lower canines affected (1/23 tooth positions).  Failure of the permanent 
tooth to erupt is frequently reported to be associated with retention of the deciduous precursor 
(Robinson and Chan 2009), although failure of the mandibular canine to erupt is reported to be 
rare (Camilleri and Scerri 2003; Joshi, 2001). 

j. Supernumerary teeth  

The usual adult dentition comprises 32 permanent teeth.  Occasionally, additional teeth can 
develop, known as supernumerary teeth (Hillson 1996: 114; Rajab and Hamdan 2002), and these 
can take many forms and appear in many locations (Rajab and Hamdan 2002).  Supernumerary 

 
Plate 20: Heavy wear on the lingual sides of 
the upper teeth in Skeleton 28 (right maxilla) 
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teeth are more often seen in males, and are most often located in the anterior maxilla (ibid.).  
Genetic causes have been proposed for supernumerary teeth, but environmental factors may also 
influence their development (ibid.). 

Two individuals had supernumerary teeth.  In Skeleton 2 (young adult possible male), this tooth 
took the form of a fully-fledged additional upper incisor which was of similar dimensions to the 
lateral incisor (Plate 21).  It had erupted into the upper right dental arcade distal to the upper right 
lateral incisor with only slight crowding of the additional tooth.  The palate was slightly 
asymmetric in shape, with the midline deviated to the right slightly to accommodate this extra 
tooth.  Although the upper central incisors were lost post-mortem, the socket for the upper right 
central incisor was smaller than that for the upper left central incisor (Plate 21).  The location of 
the supernumerary tooth is consistent with the fact that most such teeth are observed in the 
anterior maxilla, and the sex of the individual is consistent with the fact that supernumerary teeth 
are more frequently seen in males (Rajab and Hamdan 2002).  Supernumerary teeth in this 
location have been found more frequently in individuals with cleft lip and/or palate (Camporesi et 
al. 2010).  There was no evidence that Skeleton 2 suffered from a cleft palate, but it is not possible 
to determine whether or not he had a cleft lip.  

  
Plate 21: A) Supernumerary incisor (a) in the upper right maxilla of Skeleton 2, with deviation 
of the midline to the right (b), and smaller socket for the upper right central incisor (c) 
compared to the upper left central incisor socket (d); B) Buccal view of upper right lateral 
incisor (e) and supernumerary incisor (f) of Skeleton 2  

 

In contrast, Skeleton 6 (mature adult male) had a small root stub with the crown broken off 
located between the upper left second premolar and first molar, on the lingual (tongue) side of 
the alveolar bone (Plate 22).  The root was fairly round in cross-section, suggesting it was more 
likely to be an additional tooth rather than part of a retained deciduous second molar (which 
would have occupied the socket prior to the eruption of the second premolar).  However, the 
latter does remain a possibility.   

A a c d 

b 

B 
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Plate 22: Small supernumerary tooth (arrowed) between the upper left second premolar and first 
molar of Skeleton 6, on the lingual side 
 

k. Dental crowding and rotation of teeth  

Skeleton 19 (young adult male) had slight crowding of the anterior teeth in his mandible, which 
was associated with rotation of both lower left incisors and the lower right central incisor.  
Skeleton 22 (young adult male) had a rotated upper right second molar, while Skeleton 27A (old 
middle adult male) had a rotated upper right lateral incisor and upper right second premolar.  He 
also had a diastema (gap) between his upper right canine and first premolar. 

6. Funerary practices 

The skeletons were excavated from two large pits, [F512] and [F514].  Eighteen articulated 
skeletons were identified within pit [F512], and ten within pit [F514].  A summary of the burial 
positions and orientations for the articulated skeletons is provided in Table 27. 

There was a difference in the orientation of the bodies between the two pits.  Those buried in pit 
[F512] were predominantly placed in a south-north orientation, with heads to the south (94.4%), 
while one individual (Skeleton 20) was buried on the opposite orientation with their head to the 
north (5.6%; Table 28 and Figure 11).  There were several disarticulated foot bones from at least 
one more pair of feet co-mingled with the feet of Skeleton 20, suggesting that another individual 
may also have been buried on a north-south orientation. 

Sixty percent of the individuals buried in pit [F514] were placed on an east-west or west-east 
alignment (30.0% each; see Table 28 and Figure 11).  One individual (Skeleton 10/11) was buried 
on a south-north alignment (10.0%), with the lower legs and feet at right angles to the bodies of 
the majority of the other skeletons.  It was not possible to determine the orientation of three of 
the individuals.   
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Table 27: Summary of burial position and orientation of articulated skeletons 
 

Sk No Pit Age Sex 
Orient
ation 

Body Position Arm and Hand Position 

1 512 14-15½ - S-N On right side, leg 
extended 

Both arms extended in front of 
torso, flexed at elbow, right hand 
next to/on forehead, left hand 
over right elbow 

2 512 18-25 M? S-N Probably supine Unknown 
3 514 17-23 M E-W Prone, extended Unknown 
4 514 16-18 - E-W Probably supine, 

extended 
Unknown 

5 512 17-23 M S-N Supine, extended Unknown 
6 514 46+ M W-E Supine, extended Left arm alongside torso, slightly 

abducted and gently flexed at 
elbow so hand would have been 
next to left hip 

7 514 16-19 - W-E? Unclear, left leg 
possibly flexed at 
knee 

Unknown 

8/16A 514 13-15 - W-E? Probably extended Unknown 
9 512 16-18 (M?) S-N Supine, extended Unknown 
10/11 514 16-18 - S-N Probably supine, 

extended 
Unknown 

12 512 17-23 M? S-N Supine, extended Unknown 
13 514 18-25 M? E-W Probably supine Unknown 
14 514 12-16 - ? Unknown Unknown 
15 512 16-20 M S-N? Probably supine, 

extended 
Unknown 

16C 514 18+ U ? Unknown Unknown 
17/16B 514 18+ U ? Unknown Unknown 
18 512 17-23 M S-N? Probably supine, 

extended 
Unknown 

19 512 18-25 M S-N Supine, extended Right arm flexed at elbow 
20 512 18+ U N-S Probably extended Unknown 
21 512 18-25 M S-N Supine, extended Left arm slightly abducted, gently 

flexed at elbow and recorded as 
being slightly over the pelvis of Sk 
19; however, 3 pelves lifted as 
part of Sk 19, one of which was 
probably the pelvis of Sk 21 

22 512 18-25 M S-N Probably supine Unknown 
23 512 17-19 (M?) S-N Unknown Unknown 
24 512 17-18 (M?) S-N Extended Unknown 
25 512 15½-16½ - S-N Unknown Unknown 
26/27C 512 14-16 - S-N Supine Unknown 
27A 512 36-45 M S-N? Unknown Unknown 
27B 512 16-18 (M?) S-N? Probably supine, 

extended 
Unknown 

28 512 16-20 M? S-N Supine Unknown 

 

Considering body position, 39.3% of the individuals were placed in a supine position with legs 
extended (Table 29 and Figure 12).  Five individuals (17.9%) were buried in a supine position but it 



 

49 
 

was not possible to observe the position of their legs, and three individuals (10.7%) had extended 
legs but it was not possible to determine whether they had been placed in a supine or prone 
position.  Skeleton 1 (14-15½ year old adolescent) was buried lying on their right side with legs 
extended, while Skeleton 3 (young adult male) had been buried prone with legs extended.  The 
burial position of Skeleton 7 was unclear as the majority of the skeleton was not recovered, but 
the left leg had possibly been flexed at the knee.  It was not possible to determine the burial 
position of the remaining six skeletons.  Therefore, skeletons in both pits were predominantly 
buried in an extended and supine position, but the burial position could not be determined for a 
larger proportion of skeletons in pit [F514]. 

Table 28: Orientation (articulated skeletons) 
 

Orientation 
Pit 512 Pit 514 Total 

n % n % n % 

S-N 17 94.4% 1 10.0% 16 57.1% 
N-S 1 5.6% 0 0.0% 1 3.6% 
W-E 0 0.0% 3 30.0% 3 10.7% 
E-W 0 0.0% 3 30.0% 3 10.7% 
Unknown 0 0.0% 3 30.0% 5 17.9% 

Total 18   10   28   

 

 
Figure 11: Burial orientation of articulated skeletons 

 

Table 29: Burial position (articulated skeletons) 
 

Burial Position 
Pit 512 Pit 514 Total 

n % n % n % 

Supine, extended 8 44.4% 3 30.0% 11 39.3% 
Supine 4 22.2% 1 10.0% 5 17.9% 
Extended 2 11.1% 1 10.0% 3 10.7% 
Other 1 5.6% 2 20.0% 3 10.7% 
Unknown 3 16.7% 3 30.0% 6 21.4% 

Total 18   10   28   
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It was not possible to determine the arm positions for the majority of individuals.  The left arms of 
two individuals (Skeletons 21 and 6) were slightly abducted and gently flexed at the elbow.  While 
the left hand of Skeleton 21 was recorded in situ as being placed on the pelvis of Skeleton 19, 
during analysis it was discovered that three pelves had been lifted with Skeleton 19, one of which 
was probably part of Skeleton 21.  Therefore it is more likely that the hand of Skeleton 21 was 
resting on his own pelvis.  Skeleton 1 (14-15½ year old adolescent) was placed on their right side, 
with both arms extended out in front of the torso and flexed at the elbows.  The right hand was 
placed on or near the forehead, and the left hand was over the right elbow. 

 
Figure 12: Burial position of articulated skeletons 
 

Fine linear marks were observed on the surfaces of two long bones from skeletons in pit [F514].  
These marks were subtle, and required a strong directional light to be clearly visible.  Skeleton 
10/11 (16-18 year old adolescent) had clusters of fine linear marks on the medial midshaft of the 
left tibia (Plate 23A).  The majority of these marks were roughly parallel and were arranged on a 
diagonal orientation (from antero-proximal to postero-distal), but some of these clusters were 
crossed by perpendicular marks.  Most of the marks were short, with the longest measuring c. 5-
6mm long.  Skeleton 8/16A (13-15 year old adolescent) had a row of fine short linear marks on the 
lateral side of the anterior surface of the proximal right femur (Plate 23B).  The row of marks 
extended for c. 55mm, from the base of the greater trochanter towards distal.  The majority of the 
marks were roughly parallel with each other, and most are no more than 4-5mm long.  There is a 
cluster of slightly deeper and longer parallel marks (c. 11mm long) near the distal end of the row 
of small linear marks.   

Both long bones were examined under greater magnification by David Errickson (University of 
Teesside, pers. comm.), who concluded that although initially these marks had appeared to be fine 
cut marks, they were more consistent with the appearance of animal gnawing marks.  This would 
suggest that the bodies were exposed long enough to allow animal gnawing to take place.  It is 
possible this occurred prior to burial, if the bodies were not buried immediately.  Alternatively it 
could suggest that the mass graves were kept open, and were filled over a period of time as 
people died.   
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Plate 23: A) Fine linear marks on the medial midshaft of the left tibia of Skeleton 10/11; B) Fine 
linear marks on the anterior surface of the proximal right femur of Skeleton 16A 
 

7. Discussion 

Despite the fact that the osteological analysis was hindered by the incompleteness of the 
skeletons, combined with the degree of fragmentation and co-mingling of the bones, it was still 
possible to obtain valuable information concerning the individuals buried at Palace Green. 

A 
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It was evident that the group consisted of young adult males and adolescents of unknown sex, in 
addition to two older male individuals probably aged between 36-45 years and over 46 years 
respectively.  Although the sex of three of the adult skeletons could not be determined, there was 
no evidence for the presence of females, or children under the age of ~12 years in the graves.  
Evidence from the disarticulated bone (most of which probably derived from the articulated 
skeletons within the grave) supported the conclusions drawn from analysis of the articulated 
skeletons that the graves contained the remains of a specific group of individuals rather than a 
general cross-section of the population.   

A demographic profile heavily biased towards young adult males is frequently interpreted as 
having a military context.  The mass grave excavated at Towton, North Yorkshire, where 38 
individuals who died during the Battle of Towton in AD 1461 were buried, contained the remains 
of males all aged between 16 and 50 years (Boylston et al. 2000).  The average age of the 
individuals buried at Towton was suggested to be about 30 years (ibid.), which is older than the 
probable average age of those buried at Palace Green (likely to be in the late teens or early 
twenties).  However, Boylston et al. (2000: 52-53) observed that the average age of individuals 
buried in eighteenth and nineteenth military cemeteries in the United States was typically younger 
than at Towton, and that younger adolescents aged 12-15 years were also present in these 
cemeteries, both features that are more consistent with the demographic profile of the Palace 
Green population.  In contrast, mass graves associated with catastrophic events (such as 
epidemics or famines) tend to contain a more representative sample of the population, including 
women, children and the elderly (Gilchrist and Sloane 2005: 77). 

There was evidence that several individuals had experienced stress during childhood, whether due 
to nutritional deficiencies or childhood illnesses.  Dental enamel hypoplasia was particularly 
frequent, affecting 69.2% of the individuals and 30.1% of the teeth.  At least one individual had 
experienced stress during infancy, which may indicate that maternal health was also poor (Lewis 
2007: 105-106).  The presence of multiple DEH lines in the teeth of several individuals indicated 
many had experienced multiple episodes of stress.  Potentially around a third of the individuals 
had bowing of the long bones that could indicate they had suffered from rickets during childhood, 
which could indicate inadequate exposure to sunlight (Brickley and Ives 2008: 82-84), and there 
may be a correlation with the frequency of DEH in this population.  A quarter of the individuals 
had developed cribra orbitalia, porosity in the orbit roofs typically associated with dietary 
deficiencies or chronic infections in childhood (Walker et al. 2009).  It was difficult to determine 
whether the high frequency of childhood stress had had an impact on adult stature, as stature 
could only be calculated for three individuals.  At 166.4cm and 166.5cm, two individuals were 
below average height for both the late medieval period (171cm Roberts and Cox 2003: 248) and 
the post-medieval period (mean stature between 168cm and 174cm, ibid.: 308), whilst the third 
individual was probably above average height for both periods at 174.2cm. 

A third of the Palace Green individuals had periosteal reactions on the surfaces of their bones 
which could relate to non-specific infections or to inflammation of tissues due to minor trauma.  
Such lesions were particularly frequent among the adolescent individuals as well over half were 
affected (58.3%), and lesions were distributed more widely across the skeleton compared to the 
adults.  Five adolescents had woven bone deposits indicative of inflammation that was active at 
the time of death, whilst six (including four of the five with woven bone deposits) had lamellar 
bone deposits indicating long-standing healed inflammatory lesions.  The four adolescents with 
mixed woven and lamellar bone deposits had therefore suffered a long-standing or recurring 
condition.  Periosteal reactions in the adults were restricted to the legs (especially the lower legs), 
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as is typical in archaeological populations (Ortner 2003: 209), and took the form of lamellar bone 
indicating long healed inflammation.   

Maxillary sinusitis occurred in three-quarters of the Palace Green individuals, affecting 65.0% of 
maxillary sinuses, indicating the majority of individuals had developed upper respiratory tract 
infections following exposure to smoky or polluted air (Roberts and Manchester 2005).  Notably at 
least two individuals had crescent-shaped wear facets in their teeth suggesting they had smoked 
pipes, and smoking tobacco could have contributed to the development of maxillary sinusitis both 
in those who indulged themselves and in those who inhaled air polluted with the smoke of others.  
The location of the pipe smoking wear in the teeth at the front of the mouth indicated the 
smoking of long-stemmed pipes, consistent with the style of clay pipe available in the seventeenth 
century (Capasso et al. 1999).  Whilst one individual preferred to hold his pipe in the left side of his 
mouth, the other preferred to hold his pipe between his right teeth.  Both individuals must have 
begun smoking at a relatively young age (most likely during adolescence) given that shallow wear 
facets had already begun to form in their teeth at the ages of 17-23 years and 18-25 years.   

Other unusual wear on the teeth of the Palace Green individuals suggested that some had carried 
out habitual activities involving using the mouth as a tool.  These wear patterns included V-shaped 
notches in the upper central incisors of four individuals, a groove in the lower incisor of a fifth 
individual, and heavy wear on the lingual (tongue) side of the upper teeth of an additional two 
individuals.  Further research is required to investigate possible causes for these wear patterns. 

Aside from the relatively high proportion of teeth affected by dental calculus (mineralised dental 
plaque), which is a common finding in most archaeological populations potentially linked to poor 
oral hygiene (Roberts and Manchester 2005: 64; Hillson 1996: 225-257), most dental diseases 
were relatively infrequent.  This is not unexpected given the young age profile of the group, as 
dental diseases tend to increase in frequency with age as the teeth cannot repair themselves.  The 
frequency of tooth decay (5.7%) was almost identical to the medieval average (5.6%, Roberts and 
Cox 2003: 258-259) and half that seen in the post-medieval period (11.2%, ibid.: 326).  However, 
this apparent ‘low’ frequency of dental caries could be considered to be fairly high for such a 
young group of individuals.  The pattern of cavity-location was consistent with that typically seen 
in the eighteenth and nineteenth centuries linked to the increased availability of sugar, but this 
pattern first began to appear in the late medieval period and became established in the 
seventeenth century (Corbett and Moore 1976).  The pits and lines of enamel hypoplasia in the 
teeth of these individuals could also have made the teeth more prone to developing cavities, as 
they would have encouraged the accumulation of dental plaque and the tooth enamel would have 
been thinner in these areas. 

Dental caries evidently lead to the development of dental abscesses in this population, but only 
one tooth had been lost during life, which could reflect the young age profile of the group.  In two 
individuals the presence of painful dental conditions (such as tooth decay and dental abscess) on 
one side of the mouth had probably affected their chewing patterns leading to asymmetric 
accumulations of dental calculus.  Four individuals had also developed slight periodontal disease. 

There was minimal evidence for the presence of joint disease among the Palace Green individuals, 
which is consistent with the fact that joint disease tends to be associated with advancing age and 
this was a group of predominantly young individuals.  However, osteoarthritis was present in the 
spine, medial clavicles, and left hip of the mature adult individual.  The medial clavicle is among 
the joints most frequently affected in modern populations, particularly among the elderly (Roberts 
and Manchester 2005: 138), while the hip is one of the major weight-bearing joints of the lower 
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limb and is again frequently affected in modern populations (ibid.; Aufderheide and Rodríguez-
Martín 1998: 94). 

There was limited evidence for trauma in the Palace Green individuals, both in terms of ante-
mortem and peri-mortem trauma.  One individual had possibly fractured a rib, and one 
disarticulated finger bone may have been fractured; both injuries had healed.  Two individuals 
experienced soft-tissue injuries, one to the neck and the other to the foot.  Again, both injuries 
appeared to be long-standing.  There was no convincing evidence for healed cranial trauma: two 
individuals had small depressions in their crania thought most likely to indicate the presence of 
cysts although healed trauma remains a possible interpretation.  However, two individuals had 
each fractured a tooth.  Likewise, there was no convincing evidence for peri-mortem injuries other 
than two lesions that probably relate to later disturbance of the graves before the bones had fully 
dried out.   

This lack of evidence for trauma contrasts markedly with the pattern of lesions observed in the 
skeletons from the mass grave at Towton, where a high frequency of both ante-mortem and peri-
mortem trauma (including blade injuries, blunt force trauma and penetrating injuries) was 
observed in the cranial and post-cranial remains (Novak 2000).  At Towton, the frequency of ante-
mortem trauma was thought to indicate that several individuals had fought in previous battles and 
survived (ibid.), so the low frequency of ante-mortem injuries at Palace Green could indicate lack 
of involvement in earlier conflicts.  The lack of peri-mortem injuries indicates these individuals had 
probably not died during or immediately following a battle (as had occurred at Towton), although 
any peri-mortem injuries restricted to soft-tissue would not be observable in the skeletal remains. 

The burial of the Palace Green individuals in mass graves with varied burial orientations and body 
positions is not consistent with the usual burial practices of the medieval or post-medieval period, 
where individuals were typically buried individually in an extended supine position with their 
heads to the west (Daniell 1997: 146-149; Gilchrist and Sloane 2005: 152-159).  Anomalous burial 
orientations and positions in the medieval period tend to be associated with mass graves.  For 
example, Gilbert and Sloane (2005: 153) note that most north-south and inverse burials occurred 
in mass graves “where the need to maximise the number of burials within a previously excavated 
pit appears to have overridden the normal custom of positioning”.  Flexed burials, although rare in 
the medieval period, were also noted to be more common in mass graves (ibid.: 154-155).   
However, the deposition of bodies within mass graves was frequently orderly even if they did not 
follow the typical burial orientations and positions.  At Towton it was apparent that the bodies had 
been neatly and efficiently packed into the grave in a mix of supine and prone positions, with the 
majority placed in west-east and inverse orientations and one placed in a north-south orientation, 
and it was suggested that these orientations and positions reflected the practicalities of having to 
bury a large number of individuals at one time (Sutherland 2000).  At Palace Green the presence of 
potential animal gnawing marks on the bones of two individuals suggests that either the graves 
were kept open as bodies accumulated, or that bodies were not given immediate burial. 

Further research is required to identify suitable skeletal populations of appropriate date and 
location for more detailed comparison with the individuals buried at Palace Green, which will 
enable a better understanding of the pathological conditions observed and how representative 
this group of individuals is of the general population from which they were drawn.  It will be highly 
important to consider and interpret the results of the osteological analysis in the light of the 
results from other avenues of specialist research, including the dating evidence, stable isotope 
analysis, archaeological context and historical research.   
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