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ABSTRACT

We report a case of a specific osteopathy in the stegosaurian dinosaur Gigantspinosaurus sichuanensis
from the Late Jurassic of Zigong City, China. The G. sichuanensis skeleton is very complete. The left
femur has obvious pathological characteristics based on morphological observations. CT scans and
energy spectrum data indicate the presence of multiple cystic-like low density areas internal to the
pathological area, which are present in the form of multiple cystic low-density shadows in the CT data.
This contrasts with the ‘normal’ area, which does not possess these characteristics. After comparing the
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specimen with the pathologic scapula of Yangchuanosaurus hepingensis (Dinosauria: Theropoda) also
found in Zigong, we consider that the pathology in the left femur of G. sichuanensis was probably
caused by a bone tumor. This is the first analysis with the aid of energy spectrum CT scanning of bone
disease in fossils. This study increases the known information about paleopathology of stegosaurian
dinosaurs and enriches the pathological knowledge of dinosaurs in general.

Stegosauria is a clade of dinosaurs characterized by the pos-
session of two parasagittal rows of dermal armour extending
from the neck to the end of the tail. Although progress has
been made concerning our understanding of the morphology
and phylogeny of stegosaurs (Dong et al. 1982; Zhou et al,,
1984; Maidment and Wei 2006; Jia et al. 2007; Maidment
et al,, 2008; Maidment 2010; Maidment et al. 2015; Raven
and Maidment 2017), the record of illness or injury in stego-
saurs has been reported less frequently (Carpenter et al.
2005). Gigantspinosaurus sichuanensis is a stegosaur found
in the Upper Shaximiao Formation (Late Jurassic) of
Zigong, Sichuan Province, People’s Republic of China. Its
holotype specimen is a very well-preserved skeleton that not
only preserved the world’s first stegosaur skin impression
(Ouyang et al. 1998), but also for the first time the parascap-
ular spines were found associated with the scapulocoracoid
(Ouyang 1991). The left and right femora of the skeleton are
preserved intact, and there is a big difference between the two
in appearance. The left femur exhibits obvious pathological
features, which provides good material for pathological
research.

There has been much research on dinosaur bone pathol-
ogy, e.g. Molnar (2001); Rega (2012); Butler et al. (2013);
Rothschild et al. (1999), Rothschild (2010), 2012);
Rothschild and Tanke (2005); Rothschild and Panza
(2005); Anné et al. (0, 2015)); Farke and O’Connor
(2007);. Hanna (2002); Hone and Tanke (2015); Li et al.
(2007); Arbour and Currie (2011); Dumbravi et al. (2016);
Garcia et al. (2016); Barbosa et al. (2016); Hedrick et al.

(2016); Gonzalez et al. (2017); Witzmann et al. (2008,
2014)); Xing et al. (2009), Xing et al. (2018)). Initial
research was generally limited to morphological descrip-
tions, not to sectional analysis (e.g. Chinsamy-Turan 2005;
Lii, 2007), and thus these findings were less convincing.
Some scholars used CT scans and bone histology to explain
pathological phenomena in dinosaurs and analyzed the
healing of fractures and the causes of bone diseases (e.g.
Straight et al. 2009; Hedrick et al. 2016). The main feature
of CT scans is the observation of the internal structure of
fossils, and there is no damage to the fossil itself. In order
to achieve the high resolution necessary to elucidate detail
and small structures within fossils, micro-CT scanners have
been used (Morgan et al. 2009). However, micro-CT scan-
ners are generally too small for large material such as the
femora of stegosaurian dinosaurs, which are typically
between 80 and 120 c¢cm in length (SCRM pers. obs).
Medical or veterinary CT scanners, which are larger, may
lack the resolution to elucidate small-scale features in fossils
as their slice thickness is limited to around 1-2 mm (but
see Sampson and Witmer 2007, Witmer and Ridgely 2008a,
2008b for some successful examples). Sutton (2008) has
provided a detailed review of CT-scanning techniques
applied to palaeontological research. In this paper, medical
energy spectrum CT scanning technology of Gemstone
Spectrum Imaging (GSI) has been used. In traditional CT,
evaluate material only material density, expressed with CT
value. However, two kinds of different materials, such as
a bottle of salt and a bottle of sugar water, the same CT
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value can be measured, cannot show the differences
between the two components. Energy spectrum CT is
described with CT value beyond the purely physical limita-
tions, use of different single energy X beam through the
specific objects, its CT value with the increase or decrease
of X-ray energy changing regularity, formed a characteristic
spectral lines, the line is only related to the nature of the
material itself, and the spectral lines of different materials,
began to detect the exact material, improve the level of
differential diagnosis (Murali et al. 2011).

Material and methods

The complete, articulated skeleton was excavated from the
Upper Shaximiao Formation of Pengtang in Yinhe Village,
Zhongquan Town, Zigong City, Sichuan Province in 1985.
The Upper Shaximiao Formation has yielded a diversity of
fossils known as the ‘Mamenchisaurus Fauna’, and includes
the other stegosaurs Tuojiangosaurus multispinus, and
Chungkingosaurus jiangbeiensis (Dong et al. 1983; Peng
et al. 2005; Maidment and Wei 2006). Recent isotopic dating
of the Lower Shaximiao Formation, which underlies the
Upper Shaximiao Formation, places it at 159 + 2 Ma (Wang
et al. 2018), suggesting that the Upper Shaximiao Formation
is likely to be Kimmeridgian to Tithonian in age. This is
consistent with other stegosaur-bearing terrestrial faunas,
such as the Morrison Formation of the USA and the
Tendaguru Formation of Tanzania.

Gigantspinosaurus sichuanensis (ZDM 0019), an almost com-
plete skeleton, including both mandibles, eight cervical verteb-
rae, 16 dorsal vertebrae, four sacral vertebrae, some anterior
caudal vertebrae, parts of the appendicular skeleton, parts of
osteoderms, and a pair parascapular spines (the right one with
a small skin impression). The skeleton represents a single indi-
vidual, as it was found in articulation (Hao et al. 2018).

Institutional abbreviations: NHMUK; Natural History
Museum, London, UK; ZDM, Zigong Dinosaur Museum,
Sichuan, China (Figure 1).

In this study, medical energy spectrum CT (GSI) scanning,
three-dimensional reconstruction and data analysis techni-
ques were used on the two femora of Gigantspinosaurus
sichuanensis, focusing on the pathologic area. Energy spec-
trum CT can use two basic substances to draw the energy
spectrum curve of the measured substance, and then compare
it with the energy spectrum curve of a known substance to
understand the composition of the substance. Calcium and
water were used as the base substances in this case, which
provides direct evidence for the analysis of fossil lesions. The
energy spectrum CT machine is a GE Revolution CT scanner
from the Department of Radiology of Zigong First People’s
Hospital, Sichuan Province, China.

Initially, the whole femora were scanned, using axis sweep.
The relevant parameters are KeV140, 600 mAs, the bulb speed
1 s, and the slice thickness 0.625 mm. Subsequently, energy
spectrum scanning was performed on the pathologic area and
the ‘normal’ area. The relevant parameters are 80-140 KeV
switching, 485 mAs, pitch 0.516:1, bulb speed 0.5 s, slice
thickness 0.625 mm. Finally, the analysis of the energy

spectrum of the energy-based material and the drawing of the
energy spectrum of the relevant region were carried out.

We performed 3D imaging, conventional CT and energy
spectrum CT scans on the left and right femora. Energy
spectrum CT removes the hardened artefact interference of
the 140 kpV mode of hybrid energy and uses the instanta-
neous switching of high and low dual energy (80 kVp and
140 kVp) in a single tube to generate fully matched dual-
energy data in space-time.

Specimen description

The left and right femora are both well-preserved. The
femora are slightly deformed at the ventral end of the
right side, but the other parts of the femora have not
been deformed by burial. The right femur is straight in
lateral view, the bone surface is smooth, the transverse
section of the shaft is oblate, and it is 67 cm long.
Proximally, the femoral head projects medially, the greater
trochanter is present as an anteroposterior expansion on
the lateral surface, and the lesser trochanter is not clearly
defined. The fourth trochanter is weakly developed, and
located at midlength of the femoral shaft. Distally, the
medial condyle is slightly larger than the lateral condyle.
There is a prominent groove on the lateral side of the
lateral condyle for attachment of tendons, and the posterior
intercondylar groove is obvious. In all respects it is similar
to the femora of other stegosaurs, e.g. Stegosaurus
(NHMUK PV R36730; Maidment et al. 2015).

The left femur showed obvious abnormalities relative to
the right, with the shaft thickened. Under normal circum-
stances, both sides should be basically symmetrical.
Therefore, it is presumed that there is a pathology, or lesion,
on the left femur.

Pathological discussions
Morphological pathological analysis

The left femur is thicker than the right femur at mid shaft,
and the middle and lower part of the shaft is swollen, result-
ing in the fourth trochanter not being visible. The bulge is
longitudinal ridge-like structure, with a smooth surface. The
bone appears to be bent along its proximodistal axis. This is
an obvious fracture. According to whether bone tissue before
fracture is normal, Bone fractures can be divided into trau-
matic fractures and pathological fractures, which depend on
whether the bone tissue was normal or pathologic before the
fracture occurred. In traumatic fractures, the bone cortex is
broken and discontinuous (Qin 2004). The bone cortex is
continuous on the left femur, especially the medial posterior
view (left side of Figure 2(c)) of Gigantspinosaurus and thus
we conclude that the pathology is probably a pathological
fracture.

CT image analysis

Images of the transverse view, the coronal view, and the
sagittal view were used to perform the pathological analysis.
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Figure 1. Photograph and line drawing of Gigantspinosaurus sichuanensis during its excavation.
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Figure 2. External morphology of the femur preserved left and right femurs and omnidirectional visual image of the left femur lesion area. (a) rear view of the lesion;
(b) medial view of the lesion; (c) front view of the lesion; (d) lateral view of the lesion; (e) rear view of the left and right femurs, where the numbers indicate the
circumference here, scale bar = cm. The yellow line shows bone line bending, suggesting a bone fracture. The red line is the normal force line. Red arrows indicate

that the bones were distorted or misaligned.
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Right femur

The shape of the shaft is regular, the bone cortex and the
marrow cavity are clearly displayed, and the boundary is
obvious and continuous. A break that occurred during exca-
vation was pasted with glue, showing up as a black line on the
CT scan. When scanning the middle part of the femur with
energy spectrum CT, several oval anomaly areas of different
sizes could be observed.

Left femur
The shape of the shaft is irregular, the boundary between the
bone cortex and the marrow cavity is not clear, and the
marrow cavity is indistinct compared with the right one. In
the expanded bone cortex and the marrow cavity, many
circular or elliptical multiple cystic-like low-density areas of
different sizes are visible, and the boundary of the cystic-like
low-density areas is clear and separated from each other.
According to the energy spectrum CT images of the whole
bone and the fractured area, the boundary between the bone
marrow and the bone cortex is obvious in the right femur,
being smooth and continuous. The circumference of the left
femur was significantly thicker than the right one. The bone
cortex is morphologically different and the lateral cortex is
continuous. The oval cyst-like structures are concentrated on
one side of the left femur, and there are obvious cystic-like
structures, with clear boundaries and a thinner cortex. This
structure is called a cystic lesion in modern medicine (Baker

10cm

1970; Dios et al. 1992) and is a direct manifestation of bone
disease. Combined with the CT images, the lesion area has
multiple cystic low-density shadows with reduced density,
and a similar shaded area is also found in the right femur.
This pathological phenomenon may occur in bone diseases
such as fibrous dysplasia of bone, multiple bone cysts and
aneurysmal bone cysts (Riminucci et al. 1997; Hart et al. 2007;
Rothschild et al. 2018). Based on current evidence, the struc-
ture appears to be a bone tumour, but it is somewhat difficult
to specify which one, so it is only classified as bone tumour
for the time being.

The left femur is distorted so that the proximal and distal
ends are offset from one another in the bone lesion area. It is
speculated that the bone structure changed due to bone dis-
ease, the strength was reduced, and a fracture occurred as
a result (Figure 3).

Energy spectrum data analysis

The energy spectrum data is formed by the same material
under different X-rays of different single-energy electrons,
which reflects the attenuation characteristics (and attenuation
coefficient) of the substance. The attenuation coeflicient of
each substance is specific, so it can be analyzed. The energy
spectrum CT can be used to display the material of the
specimen in certain proportions, such as the calcium to
water ratio. The energy spectrum curve is drawn from normal

Figure 3. CT images of the femoral energy spectrum. (a) 3D rear view of the left and right femora; (b) CT images of the left and right femora, red arrows indicating
the boundary between the cortical and medullary cavities; (c) sagittal CT images of the left and right femora; (d) CT images of the transverse axis of the lesions, red
indicates lesioned bone and yellow indicates healthy bone; (e) Coronal CT image of the lesion, the enlarged part shows more obvious cystic structure, the boundary

between it is clear; (f) Coronal CT image of the lesion.



areas of the left and right femora (Figure 4). It can be seen in
Figure 4 that the energy spectrum curve measured as shown
in Curve 1 coincides with Curve 2, and the energy spectrum
curves measured by Curve 3 and Curve 4 coincide, suggesting
a high possibility of the same substance. According to the
images, it can be seen that Curve 1 and Curve 2 are bone
marrow cavities, and Curve 3 and Curve 4 are bone cortex.

Taking the point from the left femur lesion area No.5, the
energy spectrum curve was drawn. It was found that the curve
is clearly different from the normal marrow cavity and the
cortex. It is considered that the lesion is dissimilar to the
marrow cavity and the cortex, and is not a normal bone
structure.

In addition, a suspicious lesion No.6 was found in the
bone marrow cavity of the normal right femur adjacent to
the cortex, showing a shadow similar to the lesion on the left

10cm
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femur. The energy spectrum curve was drawn and analyzed.
The curves and the spectrum of the right femur lesions are
consistently parallel and show a very good consistency to the
left femur. Therefore, there may also be some lesions in the
right femur, and it is further inferred that the bone disease is
multifocal, resulting in a high degree of consistency in the
energy spectrum curve, but not yet to the extent that the
shape of the bone is changed or the bone has fractured.
Analysis of the energy spectrum curve data shows that
despite fossilization, there are still great differences in the
composition of the bone marrow cavity and the cortex. The
performance of the energy spectrum curve and the base
material in the left femur lesion area analysis result are dis-
tinctively different from the bone marrow cavity and the
cortex. The homology was shown in the same regions of the
left and right femurs, such as bone cortex, bone marrow

GSI Scatterplot 3

Water(mg/cm3) Ex:12 Dec 2017

600 700 800
Calcium (mg/cm3) (i)

Figure 4. Energy spectrum data analysis of the femurs. (a) Coronal colour image of the left and right femoral lesions, blue arrow indicating the shadow of the
suspected lesion on the right femur; (b) CT image of the transverse view of the normal region of the left and right femurs, numbers showing the picking points from
different regions to draw the energy spectrum curve; (c) CT colour image of the transverse view of normal area of the left and right femur; (d) CT image of the
transverse view of the left femur lesion area, drawing the point of the lesion shadow area; (e) CT image of the transverse view of the suspected lesion area of the
right femur, drawing the point of the shadow area of the suspected lesion; (f) The energy spectrum curve, taking the points from the normal area. The energy
spectrum curve coincides, that 1 and 2 are the marrow cavity, 3 and 4 are the cortex; (g) The right femur suspicious area and the left femur lesion area draw a highly
consistent and parallel energy spectrum curve, showing a very good homological relationship; (h) The energy spectrum curve of the lesion area is different from the
normal marrow cavity and cortex, showing that it is not normal bone structure; (i) Using calcium-based materials to compare several regions, similar regions have

obvious homology, while different regions have clear non-homology.
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cavity, and shadow area. Therefore, it shows that deposition
has little impact and the difference is only due to the differ-
ence of original components. These are therefore considered
to not be normal bone structures. Observing the energy
spectrum CT, some similar shadows with the lesion area
were also found on the right side of the normal femur. The
results were consistent with the height of the energy spectrum
curve of the left femur lesion area, showing very good con-
sistency. It is speculated that this stegosaur had a bone dis-
ease, and it was not restricted to one bone.

Comparative analysis

When the bone fractures, the outline of it will be expanded.
For example, the fracture of the scapula in Yangchuanosaurus
hepingensis (ZDM 0024): the fractured bone is significantly
larger than the normal one. When the traumatic fracture is
healing, most of the bone cortex is not smooth, and clear
disordered trabeculae of a bone callus is formed (Figure 5). In
the CT scan, the marrow will show obvious discontinuity, the
stress line of the scapula will be curved, and the bony callus
attached to the bone cortex can be seen in some areas.
These features are not visible in the left femur of
Gigantspinosaurus. In outline, the expansion takes the form
of a longitudinal ridge, a non-bony callus structure. There is
a smooth surface on the bone: no exostosis or osteoporosis
structure is visible. According to the CT results, the lesions
were concentrated on the left femur, and there were obvious

cystic structures. The boundary was clear and the bones were
separated, while the lateral cortices were continuous. In addi-
tion, a similar but less developed structure was found in the
normal right femur. The data analysis shows that the compo-
sition was also the same. We, therefore, conclude that the
pathological case on the femur of Gigantspinosaurus sichua-
nensis was not caused by a traumatic fracture, but by a bone
disease. The bone disease itself caused the structural change
of the bone, reducing its strength and the abnormal concen-
tration of stress of the bone, resulting in a fracture. This is
manifested in a distortion of the left femur.

The explanation of the pathology of Gigantspinosaurus
sichuanensis may also include: the pathology may be adjacent
to the fracture; the pathology is an infection occurring sec-
ondary to the fracture; a comminuted fracture. However,
based on the above evidence, the article is more inclined to
pathological fracture. Subsequent, more in-depth and reliable
conclusions depend on better modern research methods, such
as histology.

Conclusions

Paleopathology uses modern medical methods to provide
a physiological explanation for pathologies in ancient
extinct animals. Combined with advanced medical energy
spectrum CT, we found multiple cystic structures on the
femur of the stegosaur Gigantspinosaurus. Multiple cystic
low density shadows could be seen in the pathologic area.

Figure 5. Analysis of the fracture of the left scapula of Yangchuanosaurus hepingensis. (a) morphological image of the left scapula of Y. hepingensis in medial view;
(b) CT image of the left scapula of Y. hepingensis; (d) the expanded area of the fracture; (e) detailed image of the fracture, visible honeycomb structure; (f) CT image
of the fracture area, red arrow indicates the fracture line, the yellow arrow shows the trace line of the poroma attached to the bone cortex; (g) detailed CT image of

the fracture area.



In the normal shaped right femur, there were areas of
suspected lesions on the image and energy spectrum data.
It is speculated that the bone tumor is a non-single bone
tumor. This discovery enriched the paleopathology of
dinosaurs in China and enriches our knowledge of pathol-
ogies experienced by dinosaurs. Advanced medical instru-
ments allow us to get a more reasonable explanation from
images and data. According to the energy spectrum curve
and the ratio of the base materials, we conclude that this
stegosaur had a multifocal bone disease, which produced
a series of differences in external morphology. This is the
first analysis of the energy spectrum of bone disease in
fossils, and contributes to our understanding of the living
conditions of the extinct creatures hundreds of millions of
years ago.
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