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ARTICLE INFO ABSTRACT

Keywords:
Periosteal new bone

Objective: To evaluate the likelihood that pathological features noted on cattle bones indicate that the animal
suffered hypertrophic osteopathy.

Materials: Cattle bones, mostly from the lower extremities, representing a single individual, recovered from a
Romano-British villa (4th century CE).

Methods: The remains were subject to macroscopic, low-power microscopic, radiographic and pCT study, as well
as biomolecular analysis for M. tuberculosis complex and Brucella species DNA.

Results: The remains represent a single individual and show bilaterally symmetrical subperiosteal new bone
formation with no micro-anatomical alteration of the underlying bone structure. aDNA analysis was negative for
M. tuberculosis and Brucella, but positive for bovine mitochondrial DNA (mtDNA).

Conclusions: Hypertrophic osteopathy is the most likely differential diagnoses.

Significance: Hypertrophic osteopathy is uncommon in bovids, and this is the first suspected case in livestock
remains from an archaeological site. It demonstrates the importance of differential diagnosis in disarticulated
remains through recognition of skeletal patterning.

Limitations: The diagnosis is hampered by the incomplete nature of the remains.

Suggestions for further research: Given the primacy of chronic infection as a cause of hypertrophic osteopathy in
the past, scanning these remains for evidence of pathogens using Next Generation Sequencing when feasible, and
other biomolecular techniques may be useful.

Vascular foramen
Faunal remains
X-ray microfocus Computed Tomography (pCT)

1. Introduction mechanisms that remain incompletely understood (Cetinkaya et al.,

2011). It is often associated with neoplastic or chronic infectious dis-

Hypertrophic osteopathy (HO) is a condition wherein the prime
skeletal manifestation is diffuse subperiosteal new bone (PNB) deposi-
tion in a distinct bilaterally symmetrical pattern, particularly in
appendicular elements (Mays and Taylor, 2002; Huang et al., 2010;
Lewis et al., 2011). It generally arises as a secondary condition in
response to intra-thoracic (or more rarely intra-abdominal) disease, via
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ease, such as tuberculosis (see discussion in Mays and Taylor, 2002), and
affects humans (Resnick and Niwayama, 1995: 4427-4434), and a wide
variety of other species (Craig et al., 2015: 93).

In the veterinary literature, HO has been most thoroughly described
in the dog (Brodey, 1971; Withers et al., 2013), but amongst domestic
species, its occurrence has also been confirmed in horses (Enright et al.,
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Fig. 1. Location of Groundwell Roman Villa.

2011), cats (Becker et al. 1999), sheep (Bom et al., 2020), goats
(Heacock et al., 2020) and cattle (Guyot et al., 2011). Veterinary cases in
cattle describe skeletal involvement as PNB formation on the appen-
dicular skeleton (Laszlo, 1929; Hofmeyr, 1964; Martin et al., 1971;
Merritt et al., 1971; Schelcher et al., 1989; Ravary and Fecteau, 2000;
Guyot et al, 2011), always implicating metapodials, and usually
extending proximally as far as the radius, ulna or tibia, exceptionally to
the entire appendicular skeleton (Laszlo 1929). Phalangeal involvement
is seen in almost all cases but not described in detail.

While case reports describing HO in human remains from archaeo-
logical sites have accumulated in palaeopathology publications (Loyer
et al.,, 2019: 67, table 1), adequate identifications of HO in faunal
palaeopathology are few, doubtless reflecting the special difficulties that
attend identification of the condition in archaeofaunal remains, along-
side its low modern prevalence in many of these species.

Of prime importance in distinguishing HO from other potential
causes of PNB formation is the distinct bilateral symmetry in PNB de-
posits seen in HO, a pattern that appears to apply across species (Resnick
and Niwayama, 1981: 2983-2996; Allan, 2007: 351, Marinkovich et al.,
2019). The faunal record characteristically comprises commingled,
disarticulated bone fragments representing food, butchery, industrial or
other waste. This normally precludes assessment of the overall distri-
bution of lesions in individual animals, leaving one reliant upon lesion
morphology and perhaps intra-element distribution if the affected bone
is sufficiently complete.

In general, morphology of PNB deposits is of limited value when
inferring their aetiology, depending more upon factors such as the
duration of osteological involvement in disease and whether lesions
were active at time of death (Weston, 2008). The radiographic and
dry-bone histologic appearance of deposits are likewise rather aetio-
logically non-specific (Weston, 2009). Patterning of deposits within
skeletal elements may augment differential diagnosis (see below) but
can be highly variable in HO and inconsistent between species (e.g., Gall
et al. 1951; Johnson and Watson, 2000). In practice, it is of limited
diagnostic value. Thus, although some palaeopathologists have
attempted to suggest the presence of HO using isolated elements
showing PNB deposits (e.g., Luff and Brothwell, 1993: 117), the inability
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Fig. 2. Skeletal representation of cattle bones. Second phalanges (2A-2E),
metatarsal (Mt 1) and radial carpal (Rc 1) labelled. Skeleton diagram adapted
from M Coutureau (Inrap) © 2013, reviewed by Bemilli, C (Inrap), December
2022, ArcheoZoo.org. Licence: Attribution-NonCommercial-ShareAlike 4.0 In-
ternational CC BY-NC-SA 4.0 Deed; after Helmer (1987)

Table 1
Skeletal position of phalanges.
First phalanges Second phalanges Third phalanges
ID Position D Position ID Position
1A Hind, LIII or RIV 2A* Hind, LIII 3A Hind
1B Fore, LIII or RIV 2B* Fore, RIV? 3B Fore?
1C Fore, LIV or RIII 2C** Fore, RIII? 3C Fore?
1D Hind? LIV or RIII 2D** Hind, RIII 3D Indeterminate
1E Hind, LIV or RIII 2E Hind, LIV 3E Hind

* small lesion; **large lesion. Position: L left; R right; Roman numerals denote
digit

to assess patterns of skeletal involvement has led to debate over diag-
nosis in specific specimens (see, for example, Baker and Brothwell, 1980:
162 vs Drexler, 1957 regarding an isolated cave bear humerus).

We are aware of only two secure examples of HO reported in faunal
material from archaeological sites; both from North America, and both
canid remains that can be ascribed to single individuals on the basis of
the archaeological context. Bathurst and Barta (2004) report HO in a
fully articulated dog burial from 16th century Ontario, Canada and
Lawler et al. (2015) report a case from a domestic dog from Iowa, USA,
dated 7430-7020 cal BP. The Iowa case was not an articulated burial,
but elements were ascribed to a single animal based on contextual as-
sociation and size similarities. Here, we present a differential diagnosis
for what appears to be the first case of HO in archaeological cattle. We
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Table 2
Subperiosteal lesions on cattle phalanges (all recovered bones listed).

Phalanx  Completeness  Fusion  Periostosis

First phalanges

1A C U -

1B PEM U -

1C PEO U -

1D PEM U -

1E C U -

Second phalanges

2A C FO Possible periostosis surrounding axial
foramen, as evidenced by slight colour
change, which may indicate the former
presence of a lesion lost post-mortem.

2B C FO Focussed periostosis surrounding axial
foramen (5 mm diameter, defined edges).

2C C FO Focussed periostosis (6 mm diameter,
rising 1.5 m from surface, defined edges)
surrounding axial foramen.

2D C FO Focussed periostosis surrounding axial
foramen (9 mm maximum diameter), the
majority of which has been lost post-
mortem. Its former extent is now visible as
a granular surface texture with associated
colour change.

2E C FO -

Third phalanges

3A C n/a -

3B C n/a -

3C C n/a -

3D P n/a -

3E C n/a -

Completeness: C complete; P partial; PEM proximal epiphysis missing; PEO
proximal epiphysis only
Fusion: FO fusion line open; U unfused

Table 3
Subperiosteal lesions on cattle limb bones, excluding phalanges (all recovered
bones from individual listed).

Element Side  Completeness Fusion  Periostosis

Forelimb

Radius L DDO 0]

Radius R DDO U

Radial carpal L C n/a Diffuse periostosis on
(Rel) medial aspect

Carpal IIT L C n/a -

Carpal III R C n/a

Carpal IV L C n/a

Hind limb

Metatarsal (Mt1) R C (condyles U Diffuse periostosis on

refitted) proximal dorsal and
medial diaphysis.

Centroquartal L P n/a

Tarsal II + 1T R C n/a

Indeterminate
limb

Two metapodials I DEO U

(not a pair)

Side: L left; R right; I indeterminate.

Completeness: C complete (may have slight damage); DDO distal diaphysis only;
DEO distal epiphysis only; P partial

Fusion: U unfused

use biological characteristics and context of deposition to interpret this
pathology on an incomplete and disarticulated skeleton, in this case
likely carcass processing waste.

2. Materials
The analysis focusses on 36 pieces of cattle (Bos taurus) bone hand

collected from a demolition layer at Groundwell Roman Villa, Wiltshire,
England (Fig. 1). The excavation report (Morley and Wilson, 2024) is in
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the final stages of production, with a summary of relevant areas of the
villa structure in Morley and Wilson (2025). Radiocarbon determination
of one of the elements (phalanx 1B) provides a date of cal A.D. 325-370
(95 % probability; SUERC-18221; see Meadows et al. 2012), confirming
that the deposit is from the late Roman period.

3. Methods

The cattle remains had been washed prior to analysis. They were
initially examined macroscopically and through low power microscopy.
Age at death was estimated from epiphyseal union (Silver, 1969). The
skeletal position of phalanges was determined following criteria from
Bartosiewicz (1993), Dottrens (1946), Peters (1988) and comparison
with nine specimens in the Historic England Zooarchaeological Refer-
ence Collection (see Supplementary Information).

Imaging was used to establish whether bones exhibited internal ab-
normalities. All intact remains were radiographed. X-radiography was
undertaken at Fort Cumberland Laboratories, Portsmouth, using an AGO
HS 225 kV Hi-Stability X-ray system. Analogue Kodak AA400 film was
used to capture the images, exposed for 12 s at 1.2 m field focus distance
using 3 mA and 70 kV (phalanges) or 80 kV (metatarsal).

The phalanx showing the most marked macroscopic alteration
(phalanx 2C) was additionally selected for X-ray microfocus Computed
Tomography (uCT) examination. pCT imaging was conducted to eval-
uate the volumetric manifestation of these alterations. pCT imaging was
performed using a Nikon XTEK XTH 225 kVp micro-focus CT system at
the p-VIS X-ray Imaging Centre at the University of Southampton
(https://muvis.org). Imaging was conducted at 150 kVp / 76 pA without
any beam pre-filtration, with a voxel-edge size of 21.5 pm (cf. Supple-
mentary Information for more details). Volumetric analysis and visual-
isation were conducted in “Dragonfly” (v. 2022.1; Object Research
Systems (ORS) Inc, Montreal, Canada, 2020; software available at
http://www.theobjects.com/dragonfly).

To inform differential diagnoses and to investigate the potential
presence of tuberculosis or brucellosis, we conducted ancient DNA
(aDNA) analysis for Mycobacterium tuberculosis (MTB) complex and for
Brucella species DNA on phalanx 2A. Full details of the imaging and
biomolecular methods are provided in Supplementary Information.

4. Results
4.1. Skeletal representation and age at death

All identified elements were from the cranium (fragments from both
horncores and frontals) and all four distal limbs. There is no duplication
of skeletal elements and epiphyseal closure suggests an age-at-death of
approximately eighteen months, consistent with the porous texture of
the horncores (Armitage, 1982). Sex could not be determined; both male
and female cattle were horned in Roman Britain (Allen, 2017, 99,
104-5). Details of the elements present, and of the state of epiphyseal
union, are presented in Fig. 2 and Tables 1-3.

4.2. Refitting bones and butchery marks

The closely refitting unfused phalangeal and metatarsal epiphyses
indicate that the deposit had not been significantly disturbed after
deposition. This is also indicated by closely refitting articulating ele-
ments, whose association is sometimes confirmed by bridging or aligned
butchery marks (cranial fragments, the right metatarsal and tarsal II+III,
see below), or arthropathy (opposing articular depressions and slight
porosity and erosion on the proximal metatarsal and opposing face of
the right tarsal II+III). These alterations are unrelated to the PNB and
are not discussed further.

The butchery marks are clustered on the cranium and at the most
proximal surviving parts of each limb. Those on the limbs can be
interpreted as evidence of skinning or disarticulation of all feet: a cluster
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Fig. 3. Carcass processing evidence. A) aligned transverse chop marks at anterior margin on both frontals (arrows); B) radii with symmetrical post-mortem fractures,
seen at top of image; C) fine transverse cuts on dorsal and medial proximal metatarsal shaft (bottom arrow, see also Fig. 5), with cuts also bridging metatarsal and

tarsal (top arrow).

of horizontal cuts on the right proximal metatarsal passing also onto the
adjoining tarsal II+III (Fig. 3), a transverse chop through the left cen-
troquartal, cuts on right carpal III and left radial carpal. The radii were
broken transversely across the distal diaphysis in a symmetrical manner
(Fig. 3), suggesting that the forelimbs were divided at this point. The
skull was chopped transversely through the frontals and inferior to the
horncores, leaving them attached to a connecting section of frontal bone
(Fig. 3).

We assessed these remains as belonging to a single individual based
on several lines of evidence:

e Non-duplication of elements.

e Consistent age-at-death estimates from several ageable elements.

e Closely refitting articular surfaces on different elements.

e Butchery marks bridging refitting and associated bones and
fragments.

e Consistent expression of pathology on different elements.

4.3. Subperiosteal new bone proliferation

Four of the five second phalanges exhibited small circular deposits of
PNB surrounding a foramen on their axial diaphyses (Fig. 4, Table 2), the
similarity of location of lesions on the phalanges is striking. Pathological
phalanges represent both hind feet and the right forefoot, with equiva-
lent elements of the left forefoot not recovered. However, small deposits
of more diffuse subperiosteal woven bone were also recorded on the left
radial carpal (Table 3), meaning that all four feet are involved in the
disease process. The complete metatarsal exhibited woven bone on the
proximal two thirds of the dorsal and medial diaphysis (Fig. 5).
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4.4. Radiographic (planar) and CT (volumetric) examination

Radiography revealed no evidence for pathological alterations to the
internal structure of any appendicular elements. Phalanx 2C showed the
most marked subperiosteal involvement, so might be expected to be the
most likely to display internal alterations, should the disease process
present potentially lead to such changes. It was therefore selected for CT
examination. This indicated no endosteal abnormalities. The PNB
around the vascular foramen was confined to the external cortex, was
absent from the rim of the foramen and the lumen of the vascular
channel (Fig. 6, 7 and 8 and Supplementary Information); Full dataset
available at https://doi.org/10.5281/zenod0.8262662.

Supplementary material related to this article can be found online at
doi:10.1016/j.ijpp.2025.11.003.

4.5. Biomolecular analysis

No evidence was found for any Mycobacterium tuberculosis (MTB)
complex organisms in the extract prepared from phalanx 2A, despite
repeated testing. Additionally, screening for Brucella genomic DNA was
also negative. In contrast, we obtained evidence for survival of bovine
mtDNA in the specimen, demonstrating that conditions favoured aDNA
survival and also that PCR inhibitors were not responsible for the
negative pathogen results. For further details see Supplementary Infor-
mation (text and Supplementary Figures 1 and 2).

5. Differential diagnosis

The phalanges and the metatarsal exhibit PNB, the deposit on the
metatarsal being diffuse, while those on the phalanges each focus on a
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Fig. 4. Cattle second phalanges. Axial side photographed using AHRC funded Keyence VHX7000 3-D digital microscope at x20 magnification (AHRC Award AH/
V011758/1) (top), x-radiographs showing mediolateral view (middle, x-ray P3324) and anterior-posterior view (bottom, x-ray P3322). Subperiosteal new bone
(PNB) can be seen encircling the vascular foramina on several specimens with larger diameter lesions on 2C and 2D and smaller lesions on 2A and 2B; those of 2A and
2D being evidenced by remnant PNB and discolouration demarking former extent. Phalanx 2E does not exhibit a lesion. © Historic England.

specific locus; the vascular foramen on their axial aspects. All deposits
are of unremodelled woven bone indicating that the condition was
active at time of death, and the phalanges appear to have been involved
approximately simultaneously rather than disease gradually spreading
to different digits. The involvement of various skeletal regions (pha-
langes from at least three feet) and the similarity of the new bone de-
posits on them suggests a response to an active systemic condition rather
than localised injury or disease of the extremities such as laminitis.

A wide variety of conditions may lead to systemic PNB formation.
Our principle differential diagnoses are osteofluorosis, copper defi-
ciency, panosteitis, systemic infection and hypertrophic osteopathy.

Osteofluorosis is a bony reaction to excess fluorine in the diet.
Fluorine can be obtained directly from groundwater, ingested soil and
vegetation, and, in the post-medieval and modern era, environmental
levels can be locally elevated through industrial processes and agricul-
tural practices (National Research Council, 2005: 154, 157-8; Weinstein
and Davison, 2004: 71; WHO 2002: 20-3, 159). As herbivores, cattle are
more susceptible than many other species to chronic fluoride toxicity
(Franke, 1989; Craig et al., 2015: 84; Weinstein and Davison, 2004: 70)
due to their digestive system and potential calcium deficiency brought
on by milk production in cows (Franke, 1989). A poor diet may further
increase susceptibility (Craig et al., 2015: 84). Osteofluorotic PNB
growth first occurs bilaterally on the proximal medial metatarsals and
may also involve other distal limb bones, ribs and mandible, with ex-
ostoses often, but not exclusively, developing at sites of fascial or
tendinous insertions, and not commonly involving articular surfaces
(National Research Council, 2005: 160; Craig et al., 2015: 85-86).
Whilst the Groundwell individual’s one surviving metatarsal did exhibit
PNB, the deposits do not seem to favour locations of musculo-tendinous
insertion on the metatarsal nor phalanges. In any event, osteofluorosis
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seems an unlikely diagnosis given that Britain lies outside the zone of
high levels of naturally occurring fluoride (Weinstein and Davison,
2004: 8-9) and therefore endemic fluorosis, as observed in human
populations (Ortner and Schutkowski, 2008 110-13).

Copper deficiency may lead to PNB production and focal thickenings
in metaphyseal cartilage, which may give rise to marked expansion of
the distal metapodials in cattle (Smart et al. 1980; Smart et al. 1981:
373; Craig et al., 2015: 81). Osteoporosis can also develop, due to
copper’s role in cross-linking collagen and elastin (Smart et al. 1981:
373; Craig et al., 2015: 66). These features differ from those seen in the
Groundwell remains.

Panosteitis is the endosteal proliferation on new bone, centred in the
regions of long bone nutrient foramina that in some cases may lead to
periosteal bone proliferation, its aetiology is unknown (Roush, 2006,
Craig et al., 2015: 106-107, Kieves, 2021: 369-376). Panosteitis is
chiefly a disease of young dogs (Craig et al., 2015: 106), however, a
single suspected case has been reported in a young camel (Levine et al.,
2007) and a second in a 1.5-month-old calf (Sato et al., 2015). While the
tendency for bone deposition in panosteitis to focus around nutrient
foramina encourages comparison with the Groundwell phalanges,
radiography and CT examination indicated no endosteal proliferation of
bone in the recovered specimens (Fig. 4, 5, 6 and 7), opposing this
diagnosis.

Peripheral gangrene may occur in cattle as a result of Salmonella
infection (Mee, 1995), ergotism (Fraser and Dorling, 1983), or other
causes. Bony involvement may occur, and lead to PNB formation in
gangrenous parts. However, the inter- and intra-element patterning in
PNB in the current case is not consistent with that expected in such in-
stances (cf. Fraser and Dorling, 1983; Mee, 1995).

Unusually for faunal palaeopathology, we have all four limbs from
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Fig. 5. Cattle metatarsal. Anterior aspect (top left) showing diffuse sub-
periosteal new bone on diaphysis, with detail of proximal diaphysis (bottom)
photographed using a Keyence VHX7000 3-D digital microscope at x20
magnification (AHRC Award AH/V011758/1). Radiographs showing anterior-
posterior (top, centre. x-ray P3321) and medio-lateral (top, right, x-ray
P3323) views. © Historic England.

one animal, aiding differential diagnosis. Nevertheless, the sparseness of
the remains means that firm diagnosis is difficult. While we cannot
conclusively exclude the possibility of other conditions, the bilaterally
symmetric distribution, and the similar morphology and location of le-
sions on the phalanges, are consistent with HO and allow us to advance
this diagnosis over the other options discussed above. We did not find
evidence of M. tuberculosis complex DNA, which has been identified in
archaeological human (Mays and Taylor, 2002; Masson et al., 2013) and
canine (Bathurst and Barta, 2004) HO cases, but this does not preclude
HO as a diagnosis for the lesions.
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The rather poorly remodelled nature of the lesions suggests that they
represent an early stage of skeletal involvement. The focus of the de-
posits around foramina in the second phalanges is intriguing and we
cannot find any parallels in the faunal palaeopathological literature.
Bone formation around foramina may occur due to haemorrhage, for
example in scurvy in humans (Brickley and Mays, 2019), but vitamin C
deficiency does not induce this disease in cattle (Thurston et al., 1926;
Craig et al., 2015: 83). In HO, while there is no suggestion of haemor-
rhagic lesions, increased blood flow in the extremities is a consistent and
early feature (Martin et al., 1971; Craig et al., 2015: 93, Vengust et al.
2018) and whether that would potentially cause bony alterations around
foramina is not clear.

Finally, the lesions on phalanges 2A and 2D are evidenced by
remnant PNB and discolouration demarking their former extent. It is
likely that the deposits were detached through mechanical damage
during excavation or subsequent archaeological processing, high-
lighting the fragile nature of some palaeopathological evidence and the
need for care when handling archives.

6. Conclusions

HO is the most likely differential diagnoses, and if correct would be
the first palaeopathological case reported in cattle, and one of very few
diagnosed from zooarchaeological material. However, our diagnosis is
tentative, restricted by both the incomplete skeletal representation of
the specimen and the rarity of the disease in modern cattle.

Modern cases of HO in cattle are secondary to pulmonary disease
(Ravary and Fecteau, 2000) including pneumonia (Merritt et al., 1971,
Schelcher et al., 1989), carcinoma (Guyot et al., 2011; Laszlo, 1929),
tracheobronchitis with a mummified foetus (Martin et al. 1971), or to
gluteal and spleen abscesses (Hofmeyr, 1964). In other non-human taxa,
it can be secondary to a variety of thoracic and abdominal conditions
(for example, Watrous and Blumenfeld, 2002, 546-8). Apart from
symptoms attributable to the primary condition, HO in cattle (as in other
quadrupeds) is generally associated with lameness (Greenough et al.,
1972: 299-300), and animals may be reluctant to rise to a standing
position (e.g. Martin et al., 1971). The presence of the condition in
ancient herds has implications for animal management in the past so its
identification in early remains of domestic livestock is of broader in-
terest. Remains of such animals normally end up fragmented and dis-
articulated in food waste residues, and the suggestion of HO in the
present case has rested largely on the fact that zooarchaeological ana-
lyses allowed us to infer that the remains represented a bone group from
a single individual, when that was not evident in the field. The case
serves as a reminder of the importance of looking for skeletal patterning
in seemingly disarticulated and comingled remains.

In the Groundwell Villa case, the element representation, together
with butchery-mark evidence, suggests that they represent waste from
leather production, whereby the feet and horncores were retained with
the skin after primary butchery and discarded in demolition contexts at
the villa at the start of the tanning process (see Albarella, 2003; Shaw,
1996: 107). Retaining the horncores with the skin may have allowed the
tanner to establish the age of the animal (Serjeantson, 1989). The
presence of skinning marks on several bones indicates that the skin had
been removed before the bones were dumped. If suffering from initial
stages of HO, the Groundwell animal may not have been in poor body
condition compared to its contemporaries, but lameness and/or symp-
toms associated with the primary disease may have limited the animal’s
perceived economic value and led to its selection for slaughter. The
presence of HO would have been inconsequential for the value of the
hide, as it does not affect skin or hair (Martin et al., 1971).

Given the centrality to diagnosis of demonstrating bilaterally
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Fig. 6. pCT visualisation. 3D photorealistic rendering of phalanx 2C providing an overview of its structure and the subperiosteal new bone deposit focused on a
foramen (a, top left); virtual crop of the 3D rendering revealing the vascular canal and inner trabecular architecture (b, top centre); 2D transverse (XY) slice captured
at the defect level (defect seen at bottom of view) (c, top right); 2D longitudinal (YZ) slice across the canal (d, bottom left) and adjacent to it (e, bottom right),
showing the surface development of deposited bone tissue around the vascular canal. Images b to e indicated no endosteal proliferation of bone (full dataset available

at https://doi.org/10.5281/zenodo.8262662).

Fig. 7. Still image captured from Supplementary Information Video 1. Side-by-
side single-slice roll of transverse (XY) and longitudinal (YZ) planes shown in
Figs. 6¢ and 6d/6e respectively. The roll is focused around the defect (full
dataset available at https://doi.org/10.5281/zenodo.8262662).

symmetrical lesions in individual animals, HO is only likely to be reli-
ably identified in articulated remains or, as in the present suggested
case, bone groups that can reasonably be ascribed to single individuals
on archaeological grounds.
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