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Abstract  Discoveries of juvenile bone malignant neoplasm in archaeological
settings have been rare. This study presented the first case of a juvenile aged 14 to 16
years from Datong, China (386-534CE) with signs of bone malignant neoplasm. The
skeleton was macroscopically examined with the aid of computed tomography
imaging. Results demonstrated that a bony outgrowth was found on the distal one-
third of the diaphysis of the left femur; periosteal new bone reaction was found on the
adjacent cortex; the medullary cavity was invaded by the lesion. Osteosarcoma was
considered the most likely diagnosis, with differential diagnoses of Ewing's sarcoma
and chondrosarcoma. This rare case enriches our knowledge of the epidemiological

pattern of osteosarcoma and other malignant neoplasms in the past.
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1. INTRODUCTION

Bone neoplasms are neoplastic growth of tissues in bones with the specific
etiology unknown in most cases (de Boer and Maat, 2018). Bone neoplasms can be
divided into two categories, namely benign and malignant neoplasms (de Boer &
Maat, 2018; Miller, 2008). Benign bone neoplasms are localized, without invading
adjacent tissues or spreading to distant organs (Qiu and Zhang, 1987: 100-101). They
usually develop slowly and are not life-threatening (Qiu and Zhang, 1987; Kirkpatrick
et al., 2018). Benign bone neoplasms mainly include osteoma, osteoid osteoma,
osteochondroma, chondroma, and chondromyxoid fibroma (Kan, 2012; Fang et al.,
2020). In contrast, malignant bone neoplasms often grow rapidly and can infiltrate
and metastasize, causing death ultimately (Qiu & Zhang, 1987; Kirkpatrick et al.,
2018). Osteosarcoma, chondrosarcoma, Ewing's sarcoma, malignant fibrous
histiocytoma, fibrosarcoma, and chordoma are common malignant bone neoplasms
(Kan, 2012; Yang et al., 1992).

In archaeological settings, because soft tissues are difficult to preserve in
archaeological contexts, bioarchaeological data of neoplasms are mainly bone
neoplasms (Kirkpatrick et al., 2018). The majority are benign bone neoplasms (e.g.,
osteoid osteoma and osteochondroma), while malignant bone neoplasms have been
rarely reported (Ruffano and Waldron, 2018). In China, bioarchaeological evidence
for malignant bone neoplasms has only been found on one skeleton. It is an adult skull
dated to 500-221 BCE from Nilka, Xinjiang with a diagnosis of parosteal
osteosarcoma on the posterior of the left temporal bone (Zhang et al, 2019). However,
a number of historical written records might have indicated the presence of bone
neoplasms in ancient China (Table 1). For instance, a medical text dated from the
Spring and Autumn to the Warring States periods (the eighth to third century BCE)
described “hard mass on bones”. These medical suggest that the bone neoplasm might
not be rare. In the rest of the world, malignant bone neoplasms have also been
reported sporadically in archaeological settings. In relation to subadult skeletons, only
osteosarcoma (n=9) and Ewing's sarcoma (n=1) have been reported to date (Table 2).

This study presented a possible malignant bone neoplasm on a subadult skeleton
3
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from the Dongxin cemetery (386-534 CE) in Datong, China. It is the earliest
bioarchaeological evidence for juvenile malignant bone neoplasm found in Asia to

date should it be verified.

2. MATERIAL AND METHODS
The individual of interest in this study (Museum catalogue number:

13DDXM?799, referred as M799 thereafter) was excavated from the Dongxin

cemetery (7={5) in Datong (XI[F]) of Shanxi Province, China (N 40°03'32", E

113°17"24") (Fig. 1). The typology of the grave goods found has indicated a time
period of the early and middle Northern Wei (T o-pa Wei) Dynasty (386-534 CE). In
total, 1129 skeletons were excavated from the Dongxin cemetery, among them there
were 11 juveniles (< 15 years), 154 youths-young adult (15-23 years), plus 90
subadults with age unidentified (< 18 years).

Since the excavation report has not been published, detailed archaeological data

were unavailable yet. Briefly, Datong was the capital of the Northern Wei Dynasty, a
regime established by the Xianbei (£ 5.) people. Xianbei initially were nomadic

pastoralists on the Mongolian plateau. They entered and ruled North China during
386-439 CE, and adopted to the Han Chinese culture and customs through a self-
imposed sinicization and assimilation (Tsiang, 2010; Wang, 2015; Frankopan, 2016;
Zhang et al., in press).

Stable isotope analysis suggested that residents in Datong, along with individuals
buried in the Dongxin cemetery, subsisted on a millet-based diet with the
consumption of animal proteins (613C: -18.2%o0~-7.8%0; d15N: 8.6%0~13.3%o0) (Hou et
al., 2017). Millet agriculture, livestock rearing, and hunting provided the major food
supplies.

The grave size and the quantity and quality of grave goods found in the Dongxin
cemetery have indicated that people buried here were ordinary citizens with a similar
socioeconomic status (Datong Institute of Archaeology, unpublished). Nevertheless,

historical records and archaeological findings have indicated that people from

4
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different heritages co-lived at Datong, including the Han ethnic Chinese, the nomads
from northwestern and northeastern China and the Mongolian Plateau. The individual
of interest in this study was buried in a rectangular pit grave, with a pottery vessel and
a lime pillow (Fig. 2a). As the lime pillow was a typical grave good for people with of
Xianbei origin (Wang, 1960; Xv and Sun, 1985; Qiao, 2015; Zhang et al., in press), it
was believed that this individual belonged to the Xianbei population.

The skeleton of M799 was well-preserved in the tomb, yet part of the skeletons
were too fragile to be collected (Fig. 2b). Both right and left parietal bones and the
mandible were complete, while other bones of the skull were damaged during
collection. The clavicle and upper limb bones were well-preserved, along with most
of the vertebrae. Bony outgrowth was found at the left femur (Figs. 2,3). The scapula,
os coxae, sacrum, and lower limb bones were preserved. The sternum, most of the
ribs, and most of the hand and foot bones were missing postmortem.

Sex and age at death were estimated by population-specific standards.
Specifically, age at death was estimated by the fusion of the epiphysis and tooth
eruption, and sex was estimated according to the features of the pelvis and the skull
(Shao, 1985). The diameter of the middle femur was measured following Shao (1985)
too.

All bone elements were macroscopically observed according to Roberts and
Connell (2004: 35). Bone formation and destruction, along with the distribution, were
investigated and recorded with the aid of CT imaging. Neoplasms related bone
changes were recorded following both clinical (Greenspan et al., 2007; Huang, 2010;
Wu & Liu, 2014; Chen et al., 2018) and paleopathological criteria (Mann, & Hunt,
2012; Ragsdale et al., 2018; Marques, 2019). Differential diagnosis of the pathologies
observed were attempted, and then the implications of case were discussed from a

historical perspective.

3. RESULTS
3.1 Estimates of Age at Death and Pathological Observations

The maxillary second molar had erupted indicates that the individual was at least
5
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14 years old. Unfused long bones (humerus and femur) implied the individual was

younger than 19 years old. Os coxae was also unfused, indicating that the individual
was no more than 16 years old. Collectively, the status of the fusion of the epiphysis
and dental eruption would indicate that an age at death 14-16 years for M799. Since

the individual was a subadult, sex estimation was not carried out.

3.2 Pathological profile
3.2.1. General description of the lesion

M799 manifested massive bony outgrowth on the distal one-third of the diaphysis
of the left femur (Figs. 2, 3). The bone mass protruded from the posterior aspect of the
diaphysis (about 50 mm) and grew around it (Fig. 3). The adjacent cortex was largely
destroyed, and the remaining bone surface was cancellous and porous (Figs. 3a, 4).
Meanwhile, grey woven bone formed circumferentially as a thick layer on the middle
one-third of the left femur, indicating an active pathological process at the time of
death (Fig. 4). Furthermore, bone destruction was observed on the posterior aspect of
the left patella, as indicated by irregular appearance (Fig. 3c). Although both left and
right tibiae and fibulae were partially damaged postmortem, no abnormality was
found on these bones. The right femur was found to be normal, and the comparison
between the right and left lower limb bones showed no sign of asymmetry (Fig. 3a).
No signs of pathology or anomaly were observed in the rest of the M799 preserved

skeleton.

3.2.2. CT images

In CT images, a well-defined, high-density lobulated exophytic mass, or a
cauliflower-like lesion, was present on the left femur (Fig. 4e-h). The density of the
diaphysis was unevenly distributed, with the density of the dis-eased site being higher
than it of the rest of the bone (Fig. 4e-f). The presence of the "string sign" - the cortex
separating the lesion from the medullary cavity of the affected bone suggested that the
mass was separated from the affected diaphysis of the left femur (Fig. 4g).The

medullary cavity was invaded by the lesion (Fig. 4h).
6
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4. DISCUSSION
4.1. Differential diagnoses

The pathological manifestation in M799 was a massive bony outgrowth on the
distal one-third of the diaphysis of the left femur. CT images confirmed a
"cauliflower-like" lesion with high density. These features suggested a malignant
bone neoplasm. As the lesion observed in M799 was mainly osteoblastic, bone
neoplasms that are predominantly osteoblastic were considered for differential

diagnosis (Table 4).

4.1.1. Osteochondroma

Osteochondroma, also known as osteocartilaginous exostosis, is the most
common benign bone neoplasm (Marques, 2019; Sekharappa et al., 2014; Kang et al.,
2017). It often results from abnormal proliferation and differentiation of chondrocytes
(Marques, 2019; Varotto et al., 2021). Osteochondroma tends to affect males rather
than females (1.8:1 ratio), with an incidence peak at the age of 10-30 years (Wu and
Liu, 2014; Marques, 2019). It most commonly occurs on the metaphysis of the long
bones and pelvises, while the hand and foot bones can also be affected (Marques,
2019). The lesion usually appears as a cartilage-capped bony outgrowth (however,
cartilage was difficult to preserve in archaeological settings), yet the medullary
continuity between bony outgrowth and the affected bone can be observed (Kitsoulis
et al., 2008; Marques, 2019). In M799, massive bony outgrowth was found at the
distal one-third of the diaphysis of the left femur, rather than the metaphysis; it was
separated from the medullary cavity of the left femur by the cortex. Meanwhile, no
pathological signs of the pelvic skeletons of M799 were observed. Thus,

osteochondroma could be ruled out.

4.1.2. Chondrosarcoma
Chondrosarcoma is a malignant neoplasm occurring in chondrocytes and

mesenchymal tissue (Huang, 2010). Chondrosarcoma may occur at any age, although
7

http://mc.manuscriptcentral.com/oa



oNOYTULT D WN =

International Journal of Osteoarchaeology Page 8 of 26

the majority of the individuals affected are adults aged 30-60 years. Males are more
likely to be affected than females (Kufterin et al., 2018; Marques, 2019).
Chondrosarcoma mainly affects the metaphysis of the long bones, pelvises, and ribs
(Marques, 2019), causing osteolytic lesions with ill-defined margins and cortical
penetration (Arnay-de-la-Rosa et al., 2015; Marques, 2019). In contrast, the lesion
observed in individual M799 was bony outgrowth rather than osteolysis. It occurred
on the distal one-third of the diaphysis of the left femur rather than the metaphysis.
Moreover, there were no signs of pathology observed on the pelvis and ribs in M799.

Thus, chondrosarcoma might be possible yet less likely.

4.1.3. Ewing's sarcoma

Ewing's sarcoma is one of the most common bone sarcomas in children, and it is
rarely found in adults in contemporary populations (Smith-Guzman et al., 2018;
Marques, 2019). The age interval between 8 and 20 years is most frequently affected
(Marques, 2019). Ewing's sarcoma mainly affects the long bones and pelvis, while on
the long bones it commonly occurs on the diaphysis and proximal metaphysis (Wu &
Liu, 2014; Marques, 2019). These are consistent with the age and lesion distribution
in M799. However, Ewing's sarcoma often causes osteolytic lesions with ill-defined
margins (“moth-eaten” or permeative), which are absent in M799. Thus, Ewing's

sarcoma might be possible yet less likely.

4.1.4. Osteosarcoma

Osteosarcoma is the most common malignant neoplasm seen in children and
young adults in contemporary populations (Vallejo, 2020). It mainly affects
individuals aged 15 to 25 years old. The most commonly affected sites are the distal
femur, the proximal tibia, and the proximal humerus (Wu and Liu, 2014).
Osteosarcoma can be osteolytic or osteoblastic. Cortical destruction or thickening can
be observed. Viewing from CT images, osteosarcoma tends to have a high density and
grows around the diaphysis (Wu and Liu, 2014). Osteosarcoma rarely shows

continuity with the medullary cavity of the affected bone (Hang and Chen, 2014). The
8
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lesion distribution and characteristics observed in M799, along with the estimated age
at death, are consistent with those of osteosarcoma. Therefore, osteosarcoma is likely

the diagnosis.

4.2. Impact of the malignant bone neoplasm on the individual M799

Modern medical research shows that patients with osteosarcoma often experience
pain, localized swelling, and joint dysfunction (e.g., claudication or pathological
fracture), while metastasis can occur (Wu et al., 2006; Guo and Xiong, 2014). Before
1970s when the chemotherapy had not been introduced, and the five-year survival rate
of osteosarcoma was only about 20% (Botter et al., 2014). Therefore, osteosarcoma
could be very fatal in ancient time.

Osteosarcoma often occurs in the metaphysis of the long bones, which could
affect patients’ joint function and daily life (Zhao, 2005). In M799, there was no
difference in diameter between the two sides (Table 3), indicating that the disease has
no asymmetric effect on the individual's femurs. Moreover, woven bone in grey color
formed on the middle one-third of the left femur, indicating an active pathological
process at the time of death. Thus, it was reasonable to argue that M799 might die
within a short period of time. It is clinically found that osteosarcoma may have lung
metastasis in 4-9 months (Guo and Xiong, 2014). Extrapulmonary metastasis mostly
occurs in the vertebrae and pelvis, and the time of metastasis is 9-10 months (Zhang,
1977). Except for the left femur and patella, there was no bone abnormality in this
individual, suggesting that this individual might not have bone metastasis. The
devastating disease might have developed very quickly and the youth died shortly.
This youth was buried properly, during a time and area where evidence of “tenderness
of burial” was found (Zhang et al., in press) . It was believed that the youth had

received terminal care as well.

4.3. Rare malignant bone neoplasms in subadults
Malignant bone neoplasms have been reported sporadically among children

(Table 2). Among all cases being reported, osteosarcoma has been the most common
9
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(Suzuki, 1987; Strouhal et al., 1997; Alt et al., 2002; Ortner, 2003; Capasso, 2005;
Nerlich et al., 2006; CRAB, 2018; Ruffano and Waldron, 2018; Smith-Guzman et al.,
2018;). Ewing's sarcoma is very rare, and other malignant bone neoplasms (such as
chondrosarcoma, chordoma, etc.) have not been reported in children yet. The tumor-
like lesion observed in M799 was likely to be osteosarcoma. Meanwhile, the
published bioarchaeological data on osteosarcoma have shown that the long bones of
individuals aged 8-25 years are most commonly affected. The age and lesion
distribution in M799 are consistent with the pattern of osteosarcoma. This is the first
bioarchaeological evidence for juvenile malignant bone neoplasm found in China
should it be verified.

According to the Database of Cancer Research in Ancient Bodies (CRAB), most
individuals with malignant neoplasms were from Northern Europe (18.7%, 51/272),
followed closely by Northern Africa (16.9%, 46/272). In Asia, however, only a few
skeletons were reported to have malignant neoplasms (2.6%, 7/272) (Hunt et al.,
2018). Such uneven distribution of data may result from the poor preservation of the
skeletons, lack of paleopathological studies, and lack of standard terminologies and
diagnostic criteria in some regions (Marques, 2019; Marques et al., 2021). These
problems are especially prominent in China and Asia, where paleopathology is
undeveloped (Tayles et al., 2012; Berger and Pechenkina, 2020). Bioarchaeological
data of malignant neoplasms in mortuary populations were extremely rare in China,
which makes further interpretations currently impossible. Thus, to advance
bioarchaeological research on neoplasms, standard recording and diagnostic criteria
should be adopted, and multiple analytical methods should be used (e.g., biochemical
analysis of bone neoplasms) (e.g., following Hunt et al., 2018; Nerlich, 2018), and a
big data project is warranted (Wang and Zhang, 2020). Nonetheless, this rare case
enriches our knowledge of the epidemiological pattern of osteosarcoma and other

malignant neoplasms in the past.

5. CONCLUSION

A subadult skeleton (14-16 years of age) excavated from the Dongxin cemetery
10
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in Datong, China and dated to 386-534CE, manifested massive bony outgrowth on the
diaphysis of the left femur. Osteosarcoma was most likely diagnosis, with differential
diagnoses of Ewing's sarcoma and chondrosarcoma. This is the first bioarchaeological
evidence for subadult malignant bone neoplasm found in China, which enriches our
knowledge of malignant bone neoplasms among subadults in the past. Further
intensive analysis of archaeological skeletons in Asia using standard recording and

diagnostic criteria is warranted.

ACKNOWLEDGEMENTS

Q.W. was supported by the Texas A&M University T3 Grant. Prof. H. Zhu and
Prof. Y. Qin and were thanks for useful comments. We are also grateful to Dr. Li Sun
for help and support of various kinds. The editor and reviewers are thanked for their

constructive comments.

CONFLICT OF INTEREST

None.

DATA AVAILABILITY STATEMENT
Research data and images will be available in public domain after the
completion and publication of the findings. Entities include Jilin University and Texas

A&M University.

REFERENCES

Alt, K. W., Adler, C. P., Buitrago-Tellez, C. H., & Lohrke, B. (2002). Infant
osteosarcoma. International Journal of Osteoarchaeology, 12(6), 442-448.
https://doi.org/10.1002/0a.647

Arnay-de-la-Rosa, M., Gonzalez-Reimers, E., Hernandez-Marrero, J. C., Castane-yra-
Ruiz, M., Trujillo-Mederos, A., Gonzalez-Arnay, E., & Hernandez-Leon,C. N.
(2015). Cartilage-derived tumor in a prehispanic individual from La Gomera

(Canary Islands). International Journal of Paleopathology, 11, 66-69.
11

http://mc.manuscriptcentral.com/oa



oNOYTULT D WN =

International Journal of Osteoarchaeology Page 12 of 26

https://doi.org/10.1016/j.1jpp.2015.09.005
Berger, E., & Pechenkina, K. (2020). Paleopathological research in continental China:
introduction to the special issue. International Journal of Paleopathology, 28,

92-98. https://doi.org/10.1016/1.1jpp.2020.01.002

Botter, S. M., Neri, D., & Fuchs, B. (2014). Recent advances in osteosarcoma.
Current Opinion in Pharmacology, 16, 15-23.
https://doi.org/10.1016/j.coph.2014.02.002

Cancer Research in Ancient Bodies: (CRAB) Database. www. cancerantiquity.org/
crabdatabase (Accessed 8 February 2021).

Capasso, L. L. (2005). Antiquity of cancer. International Journal of Cancer, 113(1),
2-13. https://doi.org/10.1002/ijc.20610

Chen, X. P., Wang, J. P., & Zhao, J. Z. (2018). Surgery (9" Edition) (pp. 770-780).
Beijing: People's Medical Publishing House (in Chinese).

de Boer, H. H.,, & Maat, G. J. R. (2018). Dry bone histology of bone tumour
s. International Journal of Paleopathology, 21, 56-63. https://doi.org/10.101
6/].ijpp.2016.11.005

Fang, S. G., Chen, W. Z., & Wei, J. G. (2020). WHO (2020) classification of bone
tumors. Chinese Journal of Clinical and Experimental Pathology (in Chinese),
36(10), 1259-1260.

Frankopan, P, (2016), The Silk Roads: A New History of the World. Bloomsbury
Publishing.

Greenspan, A., Jundt, G., & Remagen, W. (2007). Differential diagnosis of
orthopaedic oncology (2" Edition) (pp. 40-257): Lippincott Williams & Wilkins.

Guo, W. C., & Xiong, M. (2014). Basic and clinical aspects of osteosarcoma (pp.
139). Wuhan: Wuhan University Press (in Chinese).

Hang, J. F., & Chen, C. H. (2014). Parosteal osteosarcoma. Archives of Pathol-ogy &
Laboratory Medicine, 30(5), 694-699. https://doi.org/10.5858/arpa.2013-0030-

RS
He, L. T. (2015). Stress for ancient population of Jiayi Cemetery in Turpan, Xinjiang

province. Master thesis of Jilin University
12

http://mc.manuscriptcentral.com/oa


https://doi.org/10.1016/j.ijpp.2020.01.002

Page 13 of 26

oNOYTULT D WN =

International Journal of Osteoarchaeology

Hou, L. L., Gu, S. F,, Zhang, X. Y., Dai, L. L., Wu, X., Zhang, G. W., & Guo, Y.
(2017). A study on the cultural lag of diet of nomads in the farming area: Based
on the stable isotopic analysis of human bones from the Northern Wei Cemetery
Dongxin Square, Datong, Shanxi Province. Acta Anthropologica Sinica (in
Chinese), 36(03), 359-369. https://doi.org/10.16359/j.cnki.cnl1-
1963/q.2017.0050

Huang, Y. H. (2010). Practical imaging diagnosis atlas of bone and joint (pp. 260-
325). Beijing: China Medical Science Press (in Chinese).

Hunt, K. J., Roberts, C., & Kirkpatrick, C. (2018). Taking stock: a systematic
review of archaeological evidence of cancers in human and early hominin
remains. International Journal of Paleopathology, 21, 12-26. https://doi.org/
10.1016/].ijpp.2018.03.002

Jiang, Y. (2018). Analysis on the treatment of bone tumor based on syndrome
differentiation in ancient Chinese Medicine. Journal of Basic Chinese Medicine
(in Chinese), 24(10), 1357-1359.

Kan, B. (2012). Imaging differentiation of benign and malignant bone tumors. For all
Health (in Chinese), 6(01), 66-67.

Kang, H. S., Ahn, J. M., & Kang, Y. (2017). Oncologic imaging: bone tumors (pp.
77). Singapore: Springer.

Kirkpatrick, C., Campbell, R. A., & Hunt, K. J. (2018). Paleo-oncology: taking stock
and moving forward. International Journal of Paleopathology, 21, 3-11.
https://doi.org/10.1016/].ijpp.2018.02.001

Kitsoulis, P., Galani, V., Stefanaki, K., Paraskevas, G., Karatzias, G., Agnantis, N., &
Bai, M. (2008). Osteochondromas: review of the clinical, radiological and
pathological features. In Vivo, 22(5), 633-646.
https://doi.org/10.1002/abio.370190205

Kufterin, V., Dubova, N., & Nikiforovsky, Y. A. (2018). Tumour-like lesions in a
Late Bronze Age skeleton from Gonur Depe, Southern Turkmenistan.
International Journal of Osteoarchaeology, 28, 464-469.

https://doi.org/10.1002/0a.2668
13

http://mc.manuscriptcentral.com/oa



oNOYTULT D WN =

International Journal of Osteoarchaeology Page 14 of 26

Liu, Z. Y. (2012). Historical investigation of ancient Chinese medicine in the
treatment of bone tumors. Journal of Basic Chinese Medicine (in Chinese),
18(03), 251-252.

Mann, R. W., & Hunt., D. R. (2012). Photographic regional atlas of bone disease: A
guide to pathologic and normal variation in the human skeleton (3" Edition).
United States of America: Charles C. Thomas Publisher.

Marques, C. (2019). Tumors of bone. In J. E. Buikstra (Ed.), Ortner’s identification of
pathological conditions in human skeletal remains. (pp. 639-717). London,
United Kingdom: Academic Press.

Marques, C., Roberts, C., Matos, V. M. J., & Buikstra, J. E. (2021). Cancers
as rare diseases: Terminological, theoretical, and methodological biases. Int
ernational Journal of Paleopathology, 32, 111-122. https://doi.org/10.1016/].
1jpp.2020.12.005

Miller, T. (2008). Bone tumors and tumorlike conditions: analysis with convent
ional radiography. Radiology, 246(3), 662-674. https://doi.org/10.1148/rdiol.2
463061038

Nerlich, A. (2018). Molecular paleopathology and paleo-oncology-state of the art,
potentials, limitations and perspectives. International Journal of Paleopathology,
21, 77-82. https://doi.org/10.1016/}.1jpp.2017.02.004

Nerlich, A., Rohrbach, H., Bachmeier, B., & Zink, A. (2006). Malignant tumors in
two ancient populations: An approach to historical tumor epidemiology.
Oncology reports, 16(1), 197-202. https://doi.org/10.3892/0r.16.1.197

Ortner, D. J. (2003). Tumors and tumor-like lesions of bone. In D. J. Ortner (Ed.),
Identification of pathological conditions in human skeletal remains (2" Edition)
(pp. 503-544). Amsterdam: Academic Press.

Qiao, L. (2015). Cultural elements from the Northern Steppes in the Eastern Han
tombs at the Beijiapu village, Yuanping city, Shanxi province: With a discussion
on the discovery and identification of Xianbei cultural remains. Archaeology and
Cultural Relics (in Chinese) (02), 91-96.

Qiu, F. Z., & Zhang, D. S. (1987). Encyclopedia of Chinese Medicine (Funda-mentals
14

http://mc.manuscriptcentral.com/oa



Page 15 of 26

oNOYTULT D WN =

International Journal of Osteoarchaeology

of surgery) (pp. 100-101). Shanghai: Shanghai Science and Technology Press (in
Chinese).

Ragsdale, B. D., Campbell, R. A., & Kirkpatrick, C. L. (2018). Neoplasm or not?
General principles of morphologic analysis of dry bone specimens. International
Journal of Paleopathology, 21, 27-40. https://doi.org/10.1016/1.ijpp.2017.02.002

Roberts, C. A., & Connell, B. (2004). Guidance on recording palacopathology. In M.
Brickley & J. McKinley (Eds.), Guidelines to the standards for recording human
remains (pp. 34-39). BABAO and the Institute of Field Archaeologists.

Ruffano, L. F. d., & Waldron, T. (2018). On the importance of considering disease
subtypes: earliest detection of a parosteal osteosarcoma? Differential diagnosis
of an osteosarcoma in an Anglo-Saxon female. International Journal of
Paleopathology, 21, 128-137. https://doi.org/10.1016/].ijpp.2016.12.001

Sekharappa, V., Amritanand, R., Krishnan, V., & David, K. (2014). Symptomatic
solitary osteochondroma of the subaxial cervical spine in a 52-year-old patient.
Asian Spine Journal, 8, 84-88. https://doi.org/10.4184/asj.2014.8.1.84

Shao, X. Q. (1985). Anthropometric manual (pp. 34-56). Shanghai: Shanghai
Lexicographic Publishing House (in Chinese).

Smith-Guzman, N. E., Toretsky, J., Tsai, J., & Cooke, R. (2018). A probable primary
malignant bone tumor in a pre-Columbian human humerus from Cerro Brujo,
Bocas del Toro, Panama. International Journal of Paleopathology, 21, 138-146.
https://doi.org/10.1016/j.1jpp.2017.05.005

Strouhal, E., Vyhnanek, L., Horackova, L., Benesova, L., & Nemeckova, A. (1997).
A case of osteosarcoma in a late medieval early modern skull from Kyjov (Czech
Republic). International Journal of Osteoarchaeology, 7(1), 82-90.
https://doi.org/10.1002/(sic1)1099-1212(199701)7:1<82::Aid-0a320>3.0.Co;2-j

Suzuki, T. (1987). Paleopathological study on a case of osteosarcoma. America-
n Journal of Physical Anthropology, 74(3), 309-318. https://doi.org/10.1002/
ajpa.1330740305

Tayles, N., Halcrow, S., & Pureepatpong, N. (2012). Regional developments:

Southeast Asia. In J. E. Buikstra & C. A. Roberts (Eds.), The global history of
15

http://mc.manuscriptcentral.com/oa



oNOYTULT D WN =

International Journal of Osteoarchaeology Page 16 of 26

paleopathology: pioneers and prospects (pp. 528-534). New York: Oxford
University Press.

Tsiang, K.R. (2010). Antiquarianism and Re-envisioning Empire in the Late Northern
Wei. In: Wu, H. (ed) Reinventing the Past: Antiquarianism in Early Chinese
Visual Culture (pp. 104-127). University of Chicago Press.

Vallejo, E. (2020). Osteosarcoma: from our family to yours (2" Edition) (pp. 11).
MIB Agents.

Varotto, E., Militello, P. M., Platania, E., Sferrazza, P., & Galassi, F. M. (202
1). Paleopathological study of a podal osteochondroma from the prehistoric
Hypogeum of Calaforno (Sicily). Clinical Anatomy, 34(1), 19-23. https://doi
.org/10.1002/ca.23603

Wang, R. Z. (2015). The ethnic fusion phenomenon in Northern Wei dynasty’s tombs
of Datong area. Master thesis of Chifeng University.

Wang, Q., Zhang, Q. (2020). Global History of Health Project Asia Module - A Big
Dada Research on Health, Disease, and Lifestyle in Ancient Asia Populations.
Acta Anthropologica Sinica, 39(4),727-732.

Wang, Z. X. (1960). Mural tomb and stone tomb in Nanxuemei village, Liaoyang
County, Liaoning province. Archaeology (in Chinese), (01), 16-19.

Wu, S. J., Shi, X., Zhao, J. N., Wang, Y. R., Zhang, J., Zhou, L. W, . . . Zhou, G. X.
(2006). Early Clinical Manifestations of Osteogenic Sarcoma. Chinese Journal
of Reparative and Reconstructive Surgery (in Chinese), 20(10), 1014-1016.

Wu, W.J., & Liu, J. C. (2014). Easy to learn imaging diagnosis of skeletal muscle
system. (pp. 140-188). Beijing: People's Military Medical Press (in Chinese).

Xv, J., & Sun, G. P. (1985). Northern Yan and Northern Wei tombs found in
Chaoyang, Liaoning. Archaeology (in Chinese) (10), 915-929+968.

Yang, W. M., Jiang, H. Z., Zhao, L. S., Cao, Y. D., Duan, D. S., & Zhao, H
. L. (1992). Statistics of 1909 cases of bone tumors and tumor like lesion
s. Journal of Jilin University (Medicine Edition) (in Chinese), 18(06), 588.
https://doi.org/10.13481/1.1671-587x.1992.06.050

Zhang, Q., Hou, X., Yang, S., Ruan, S., Wang, A., Li, P., Sun, X., Zhu, H., Zhang Q.,
16

http://mc.manuscriptcentral.com/oa



Page 17 of 26

oNOYTULT D WN =

International Journal of Osteoarchaeology

Wang, Q. (in press). Eternal Love Locked in an Embrace and Sealed with a
Ring: A Xianbei Couple’s Joint Burial in North Wei Era China (386 - 534 CE).
International Journal of Osteoarchaeology. POL. DOI:10.1002/0a.3009

Zhang, Q. C., Zhang, Q., Han, T., Zhu, H., & Wang, Q. (2019). An Iron Age skull
with a bone neoplasm from Nilka County, Xinjiang, China. International

Journal of Osteoarchaeology, 29(6), 1034-1041. https://doi.org/10.1002/0a.2816

Zhang, T. Z. (1977). Metastasis of osteosarcoma. Journal of International Oncology
(in Chinese), (01), 47.
Zhao, X. H. (2005). Clinical manifestations and diagnosis of osteosarcoma. Journal of

Community Medicine (in Chinese), 3(001), 36-37.

17

http://mc.manuscriptcentral.com/oa


https://doi.org/10.1002/oa.2816

oNOYTULT D WN =

International Journal of Osteoarchaeology

FIGURE LEGENDS

FIGURE 1 Location of the Dongxin cemetery, Datong, Shanxi Province, China
FIGURE 2 The grave (a) and collected skeleton (b) of M799

FIGURE 3 Comparison of the right and left femur (a). Woven bone formation on the
middle one-third of the diaphysis of the left femur (b). Bone destruction on the posterior
aspect of the left patella (c).

FIGURE 4 The mass of bony outgrowth in M799. (a-d) Multi-angle-view showing
bony outgrowth on the distal one-third of the diaphysis of the left femur. (a) Anterior
view, (b) Posterior view, (c) Medial view, and (d) Lateral view. (e-h) Multi-angle CT

images of the left femur showing a well-defined, high-density lobulated exophytic mass.

(e-f) The density of the diaphysis was unevenly distributed, with the density of the
diseased site being higher than it of the rest of the bone. (g) Blue arrows point to the
"string sign". (h) Red arrow points to the mass; blue arrow points to the new bone
formation within the medullary cavity. The cortical bone around the mass was
destroyed.
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TABLE 1 Chinese historical records regarding tumor-like lesions on bones (Jiang, 2018; Liu, 2012)

Ancient Chinese Medial Documents

Date

Records of bone diseases

Ling Shu: Ci Jie Zhen Ye Warring States Period (5th-3rd century BCE) Gangrene
CRAX -5 FLAR D

Wu Shi Er Bing Fang Warring States Period (5th-3rd century BCE) Bone gangrene; treated by white berry
(CHA 75

Bei Ji Qian Jin Yao Fang Tang Dynasty (7th-10th century CE) Eight categories of tumors: gallbladder tumor,
(A TE&ET) osteoma, lipoma, pomegranate, sarcoma, abscess,

hematoma, and polyma

Wai Tai Mi Yao
(AN G FHEL)

Tang Dynasty (7th-10th century CE)

Symptoms and treatments of bone diseases

Qian Jin Yi Fang-Ying Bing Di Qi
S VR R

Tang Dynasty (7th-10th century CE)

Symptoms and treatments of bone diseases

Wai Ke Shu Yao
CHMRHXED)

Ming Dynasty (14th-17th century CE)

Symptoms and etiologies of bone diseases

Wai Ke Zheng Zong-Duo Gu Ju Lun
GIRHESE - ZHIR)

Ming Dynasty (14th-17th century CE)

Symptoms and etiologies of bone diseases

Wai Ke Shu Yao-Lun Liu Zhui
(AN L - 1R 750

Ming Dynasty (14th-17th century CE)

Symptoms and etiologies of bone diseases

Yi Xue Ru Men
(=9 NP

Ming Dynasty (14th-17th century CE)

Symptoms and etiologies of bone diseases
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TABLE 2 Subadult malignant neoplasms found in archaeological contexts

Sex Age Time period Area Lesion distribution Neoplasm type Reference
Male 15+ 700 CE Switzerland Humerus Osteosarcoma Capasso, 2005;
Ortner, 2003
Unknown |[15-18  [Historic Canada Proximal end of the left tibia, distal end |Osteosarcoma CRAB, 2018
of the femur, and proximal end of the
fibula
Unknown [12-14  [800-900 CE Germany Distal end of the right humerus and Osteosarcoma CRAB, 2018
proximal end of the ulna
Unknown [8-10 1100-1200 CE Germany Proximal metaphysis of the right femur |Osteosarcoma Alt et al., 2002
Unknown |[14-16 |1265-1380 CE Panama Midshaft of the right humerus Osteosarcoma Smith-Guzman et al.,
2018
Unknown (16-23  |Pre-contact Hawaii, US Distal femur Osteosarcoma Suzuki,1987;Ortner,
2003
Unknown [18-20 [Bronze Age Spain Left side of the skull Ewing's sarcoma CRAB, 2018
Female? [18-20 {1400-1800 CE Germany Skull Osteosarcoma Nerlich et al., 2006
Male 16-18  6th-8th century CE (Germany Femur Osteosarcoma Ruffano & Waldron,
2018
Male 15-25  [13-17th century CE [Czech Republic [Skull Osteosarcoma Strouhal et al., 1997
2
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TABLE 3 The diameters of the femur at diaphysis. Unit: mm

oNOYTULT D WN =

9 Sagittal diameter of the femur at middle shaft Transverse diameter of the femur at middle shaft
10 Left femur 21.84 28.46
12 Right femur 22.53 28.86
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TABLE 4 Differential diagnoses for the lesions observed in Dongxin M799

Page 22 of 26

Age Sex Bone elements involved Periosteal new [Cortical Lesion Diagnosis
distribution bone destruction [characteristics
reaction
Dongxin M799 14-16 Unknown [Left femur only + + Lesion margins are [Most likely
well-defined. osteosarcoma
Osteosarcoma 15-25 Majorly [The metaphysis or diaphysis of + + Lesion margins are [Most likely
males long bones variable.
Ewing's Sarcoma  [8-20 Majorly [The metaphysis or diaphysis of + + Lesion margins are [Possible yet less likely
males long bones and pelvises imoth-eaten/
permeative
Chondrosarcoma  [30-60; Majorly [The metaphysis of the long + + ILesion margins are [Possible yet less likely
although any males  |bones, pelvises, ill-defined
age can be and ribs
affected
Osteochondroma 10-30 Majorly [The metaphysis of the long - - Lesion margins are [No
males bones, pelvises, and hand and well-defined and

foot bones

bony outgrowth
continues with the

host bone.
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FIGURE 1 Location of the Dongxin cemetery, Datong, Shanxi Province, China
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FIGURE 2 The grave (a) and collected skeleton (b) of M799
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416x284mm (96 x 96 DPI)

60 http://mc.manuscriptcentral.com/oa



oNOYTULT D WN =

International Journal of Osteoarchaeology

Medial view Lateral view

FIGURE 4 The mass of bony outgrowth in M799. (a-d) Multi-angle-view showing bony outgrowth on the
distal one-third of the diaphysis of the left femur. (a) Anterior view, (b) Posterior view, (c) Medial view, and
(d) Lateral view. (e-h) Multi-angle CT images of the left femur showing a well-defined, high-density
lobulated exophytic mass. (e-f) The density of the diaphysis was unevenly distributed, with the density of
the diseased site being higher than it of the rest of the bone. (g) Blue arrows point to the "string sign". (h)
Red arrow points to the mass; blue arrow points to the new bone formation within the medullary cavity. The
cortical bone around the mass was destroyed.
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