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AbstrAct: The health disparities between males and females in bioarchaeological settings are important 
indicators of gender-based differences in socioeconomic roles. In this study, sex-based differences of the 
vertebral column in spine pathology were investigated in human skeletons excavated from a Bronze Age 
cemetery of the Western Zhou Dynasty at the Dahekou site in Shanxi, China. Results demonstrated that 
females had a higher prevalence of vertebral compressive fractures, with the majority found in those between 
twenty-five and thirty years old, suggesting that the fractures were a consequence of osteoporosis and its early 
onset in females. In contrast, males expressed overall more severe ageing in all vertebral divisions compared 
to females. Males also had a higher prevalence of vertebral facet joint osteoarthritis in cervical and thoracic 
divisions than females. Likewise, the incidence of facet joint osteoarthritis was more asymmetric between the 
left and right joints in males than in females. These findings reflect disparities of vertebral health between 
the two sexes in an urban setting, in which ageing and injuries of the vertebral column might be driven by 
different mechanisms. Age-related changes in female vertebral columns may have been more influenced 
by conditions of hormone deficiency such as menopause, while male vertebral columns might have been 
more prone to age-related changes due to heavy labor-induced physical stressors. Further studies on the 
differentiation of ageing mechanisms between the two sexes based on physiology, socioeconomic roles, and 
living conditions are warranted. The studies are necessary in understanding how multiple sociocultural and 
physiological factors contribute to health disparities in historic and contemporary environments. 
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Introduction

Health disparities refer to the differenc-
es in health between groups resulting 
from socioeconomic and environmental 
disadvantages; these disparities occur 
across many categories, including ethnic 
groups, gender, socioeconomic roles, and 
disability status, which result in appar-
ent health inequalities across such di-
visions (Braveman 2006). The disparity 
in health outcomes/care between males 
and females has been of special interest 
because it is a natural biological problem 
in health policy making (Wamala and 
Lynch 2002; Ostrowska 2012). In addi-
tion to its significance in health policy, 
sex/gender-based inequality also inter-
ests bioarchaeologists. These research-
ers are interested in examining this 
disparity in relation to male and female 
lifestyles and socioeconomic roles played 
during ancient times, and how this sex-
gender-based difference has influenced 
health and social equality in human 
society (Schepartz et  al. 2017). Initial 
differences between males and females 
have been explained using the biomed-
ical model, i.e., that postmenopausal 
women have higher risks because of their 
higher prevalence of osteoporosis (Cum-
mings et  al. 1985, 1989; Cooper et  al. 
1992; Cummings and Melton 2002). 
However, this trend has been compli-
cated by social socioeconomic stratifi-
cation during recent human evolution. 
For example, it has been shown that the 
hierarchical nature of an ancient Greek 
population informed gender-based in-
equalities which affected dietary differ-
ences and dental health (Schepartz et al. 
2017). Thus, epidemiological studies 
on sex-based health inequalities should 
combine biomedical and socioeconomic 
models to determine factors for perpetu-

ating these differences (and how they are 
linked). In this research, we examined 
the age-related changes of the spinal 
column. Our work elucidates that sex/
gender-based differences in physiolog-
ical and physical stresses influence the 
etiology and pathophysiology of spinal 
degenerative diseases in a bioarcheolog-
ical setting. Age-related changes of the 
vertebral column are generally advanced 
by daily work activities (i.e. heavy la-
bor) or by chronic and habitual stress 
(Merbs 1996; Katzman et al. 2010; Pili 
et al. 2018; Aguirre et al. 2020; Yustos 
et al. 2021). Weposit that it is beneficial 
to study male-female differences in the 
age-related change patterns of the verte-
bral column in light of the male-female 
differences in biological and sociocultur-
al elements.

As a result of the natural ageing pro-
cess, vertebrae of the spine experience 
several changes, including a decrease in 
bone mass which may lead to osteopenia 
and osteoporosis, as well as an increase 
in degenerative joint diseases (DJD). 
The latter category involves problems 
such as osteoarthritis, degenerative 
disk disease, calcification of associated 
ligaments, and weakening of attached 
muscles (Benoist 2003). These changes 
eventually lead to a number of “painful 
and debilitating disorders” (Papadakis 
et al. 2011), including discomfort, pain 
in individual sections or the whole of 
the spine, or loss in mobility. Osteophy-
tosis and Vertebral Compressive Frac-
ture (VCF) are two primary outcomes of 
these age-related changes and patholog-
ical processes. While VCF is one of the 
most common symptoms of osteoporo-
sis (Cummings et al. 1989), osteophytic 
formation is an adaptive bone remode-
ling response to daily life stressors and 
the progressive reduction of bone min-
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eral density and mass, which increases 
load-bearing surface areas (Fraser et  al. 
1997). Other less studied consequences 
of age-related changes in the spine are 
arthritis of the vertebral body and facet 
joint osteoarthritis, caused by a combi-
nation of multiple factors (i.e. amount 
of use, profession-related overload, 
age-related changes, genetics, and in-
jury). Symptoms of spinal osteoarthri-
tis include pain, swelling, and loss of 
flexibility (Dreyfuss 1994; Manchikanti 
et al. 2004).

The age-related changes of vertebral 
bodies have been widely studied in con-
temporary, historical, and prehistoric 
populations. Different health outcomes 
have been linked to nutrition, lifestyles 
involving poor posture and incorrect er-
gonomics, levels of sex hormones, trau-
ma, and labor activities (Stewart 1958; 
Chapman 1972; Burrell et  al. 1986; 
Riggs et al. 1986; Miller et al. 1988; Jur-
main 1990; Waldron 1991; Lovell 1994; 
Knusel et  al. 1997; Sofaer-Dereven ski 
2000; Brickley 2002; Steckel and Rise 
2002; Fillingim 2003; Manchikan-
ti et al. 2004; Leveille et al. 2005; Van 
der Merwe et  al. 2006; Rojas-Sepulve-
da et al. 2008; Bailey 2009; Novak and 
Slaus 2011; Kim et  al. 2012; Shimoda 
et al. 2012; Zukowski et al. 2012; Mis-
sikpode et  al. 2015; Hou et  al. 2017; 
Steckel et  al. 2019). Specifically, atten-
tion has been called for “activity-related 
osseous change” in historical popula-
tions. For example, a comparison study 
of populations from Wharram Percy 
(a medieval site) and Ensay (a 16th –19th 
century site) in the U.K. reveals that 
sex-based differences in osseous chang-
es of the spine; these findings have been 
related to dissimilarities in physioanat-
omy and life history (i.e., females un-
dergoing child bearing and menopause) 

along with gender-based divisions of la-
bor (i.e., males undertaking heavy-duty 
labor) (Sofaer-Derevenski 2000). Thus, 
we propose that differing age-related 
and spinal osseous changes between 
sexes could be important indicators in 
differentiating between gender-based so-
cioeconomic roles in ancient human so-
cieties. Knowledge of how physiological 
and physical sex-based differences af-
fect the etiology and pathophysiology of 
skeletal degenerative diseases can assist 
in distinguishing these elements from 
other sociocultural factors that may 
have contributed to health disparities in 
bioarchaeological studies. 

In this study, sex-based differenc-
es in the ageing of the spine were test-
ed in human skeletons excavated from 
a  Bronze Age cemetery of the Western 
Zhou Dynasty (1045–771 BCE), at the 
Dahekou site (Baidu Map: N35.749438°, 
E111.788635°) located in Yicheng Coun-
ty, Shanxi Province, China (Fig. 1). Be-
tween 2007 and 2017, approximately 
2,200 tombs were excavated during thir-
teen phases. Funeral objects were found, 
including bronze vessels, pottery, jade 
bone tools, lacquered wood items, tin 
vessels, shell tools, and sacrificed dog re-
mains (Xie et al. 2011; Guo 2015; Li et al. 
2021). From the inscriptions on bronze 
funeral vessels, scholars realized the ex-
istence of a small city-state Ba during the 
Western Zhou Dynasty (1045–771 BCE), 
and that this cemetery was used by peo-
ple of the State Ba (Xie et al. 2011). The 
State Ba was a small city-state, but had 
no record in the history scrolls for the 
Western Zhou Dynasty. The density and 
numbers of tombs found at the Dahekou 
cemetery indicates that it was in an ur-
ban setting with a relatively large popu-
lation size, most likely the capital city of 
the recovered Ba State. 
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Fig. 1. Location of the Dahekou site.

The socioeconomic structure during 
the Western Zhou dynasty was a form of 
feudalism similar to the socio-economic 
mode of medieval Western Europe (Feng 
2014), in which the king owned all of the 
land and lived in the capital city. Lords 
of regional states lived in towns and con-
trolled the land, while the peasants lived 
outside of the towns and worked on the 
land. Future archaeological study of the 
Dahekou site would help in reconstruct-
ing the daily life of its ancient inhabitants. 
In total, the remains of 2201 individuals 
(549 in excavation areas one to six, and 
1652 from excavation areas seven to thir-
teen) were excavated from the Dahekou 
site (Han 2019). The sex of 1762 indi-
viduals was identified among this group. 
There were 873 males and 889 females, 
suggesting a balanced male vs. female ra-

tio (0.982), or no significant loss of male 
individuals. The ratio was a sign of a rath-
er peaceful period for this ancient Chi-
nese region. Our preliminary study also 
revealed that there were very low crani-
al fractures (i.e., only two males showed 
signs of skull fractures: one in the man-
dible, the other one along a nasal bone). 
This finding indicated a low incidence of 
intentional interpersonal violence (Lovell 
1994; Zhang et  al. 2021), and peaceful 
existence in Ba State society. (Appendix 
Table 1). Thus, the Dahekou site provid-
ed a revealing window into an ancient ur-
ban population with minimal disturbance 
from interpersonal conflicts for our age-
ing analysis. In this study, we investigat-
ed the influence of sex-based differences 
and health inequalities on the age-related 
changes of the vertebral column, includ-
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ing fractures and osteoarthritis. Accord-
ingly, we showed how sex-based physio-
anatomy and a  gender-based division of 
labor affected the spinal column during 
a relatively peaceful time of feudalism.

Materials and methods

The skeletons from excavation phases 
seven to thirteen were used in this study 
(Table 1). Based on current archeological 
evidence, the section (excavation areas 
seven to thirteen) at the Dahekou ceme-
tery was an area used by the commoners 
(1652 skeletons in total), not the social 
elites of Ba State; they are proposed to 
have engaged in an urban lifestyle within 
the walls of a city, likely the capital of the 
Ba State. The spines were well preserved 
in 120 of the skeletons, with nearly 90% 
of vertebrae from the three segments com-
bined (i.e., cervical, thoracic, and lumbar) 
(Appendix Table 2). Sex was determined 
using skeletal features from the skull (in-
cluding the mastoid process, supraorbital 
ridge and glabella, the nuchal crest, and 
the mental eminence). The pelvis was also 
used (including the morphology of the me-
dial margin of the inferior pubic branch, 
the subpubic angle, and the greater sciat-
ic notch) following Buikstra and Ubelak-
er (1994). Age at death was estimated by 

grading the auricular surface degeneration 
of the pelvis (Lovejoy et al. 1985). Further-
more, age at death was categorized into 
three periods based on eight phases: one 
to two as a  young adult (twenty to thir-
ty-five years old), three to six as a middle 
adult (thirty-six to fifty years old), and sev-
en to eight as an older adult (>50 years). 
Age was then examined using dental wear 
stages (Lovejoy 1985), with consideration 
of the phenomenon that wear is more ad-
vanced in pre-contemporary populations 
due to a more abrasive diet (Molnar 1972; 
Kaidonis 2008). At Dahekou, there were 
one hundred and twenty full adult skel-
etons (forty-six males and seventy-four 
females) with good preservation from 
phases seven to thirteen (areas excavated 
at different times).

Individuals with an age at death esti-
mated at ≥20 years with a reliable deter-
mination of sex were selected from two 
age groups: young adults (Adult Young or 
AY: 20–35 years) and middle-aged adults 
(Adult Middle or AM: 36–50 years). The 
objective was to examine the frequency of 
degenerative diseases such as VCF and os-
teophytosis at both the vertebral body and 
joint facets. Individuals in the Old Adult 
(>50 years) category were not possible to 
study due to unfavorable postmortem ver-
tebral preservation conditions.  

Table 1. Individuals included in this study from excavation phases seven to thirteen at the Dahekou ceme-
tery. Individuals were grouped in four sex-age groups in this investigation. The first number represented 
the number of individuals for investigations of vertebral compressive fracture (VCF) and vertebral body 
osteophytosis (VBO); the second number represented the number of individuals used for joint facet 
osteoarthritis investigation (JFO) 

Adult Young (20–35 Years) Adult Middle (36–50 Years) Sum

VCF+VBO JFO VCF+VBO JFO VCF+VBO JFO

Male 19 9 27 13 46 22

Female 42 41 32 30 74 71

TOTAL 61 50 59 43 120 93
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A macroscopic visual analysis of each 
vertebra was carried out, and VCF was 
recorded with the identification of ver-
tebrae (i.e., T10 or L5) and their type of 
fracture (i.e., wedge, biconcavity, or crush 
deformity fracture). 

Next, osteophytes on the edge of the 
vertebral body were investigated and 
graded in the cervical, thoracic, and 
lumbar vertebrae. The samples were 
graded using a  five-stage standard fol-
lowing Snodgrass (2004) and Van der 
Merwe et  al. (2006) (Fig. 2). Briefly, 
Grade 0 has no signs of osteophyto-
sis, and Grade 1 has osteophyte points 
or slight lipping on the vertebral body 
margins. Grade 2 has more lipping on 

the margins (no more than 2mm pro-
jecting horizontally from the vertebral 
body), while Grade 3 exhibits advanced 
lipping projecting horizontally from the 
vertebral body at larger than 2mm or al-
most fusion of the osteophytes. Grade 
4 exhibits the fusion of osteophytes on 
adjacent vertebrae. In order to compare 
the severity of osteophytosis in different 
vertebral divisions, the mean osteophyt-
ic value (MOV) was calculated as the 
mean osteophytic grade value for each 
vertebra (grades of the upper and low-
er margins) in different sex-age groups. 
In total, vertebrae (C1 to L5) from 120 
individuals in four sex-age groups were 
scored (Table 1).

Fig. 2.  Five stages of osteophytosis (vertebral body). All specimens were from the Dahekou site. From left 
to right:  M9363 L1-L2 (Grades 0 and 1), M9045 T7-T8 (Both Grade 2), M9045 T9-T10 (Both Grade 3), 
M7215 C5-C6 (Both Grade 4). Images not scaled. 

Lastly, signs of degenerative joint dis-
eases were investigated and graded in 
the facet joints of cervical and thorac-
ic vertebrae (details given below). The 
facet joints in the spine (zygapophysial 
joints) are synovial joints between the 
articular processes of two adjacent verte-
brae. Facet joint osteoarthritis has been 
investigated intensively inmedicine due 
to its association with neck and back 
pain (Manchikanti et  al. 2004). Facet 
joints render the spine flexible; in each 
spinal motion segment, there are two 
facet joints formed by neighboring verte-

brae. Thus, a  vertebra has two superior 
(left and right) and two inferior (left and 
right) joint facets. Facet joint osteoarthri-
tis is attained when these joints become 
inflamed and painful due to the degen-
eration of intervertebral discs and devel-
opment of vertebral body osteoarthritis 
(Manchikanti et  al. 2004). Age-related 
changes in the intervertebral disc lead 
to narrowing of the intervertebral space 
(Adams and Dolan 2012), which results 
in pressure overload of the facet joints 
and destruction of joint cartilage. This 
situation gives rise to localized facet joint 
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osteoarthritis (Manchikanti et al. 2004), 
in addition to vertebral body osteoarthri-
tis. In this study, we established a five-

stage standard (Fig. 3) scoring system for 
this condition which has been explained 
earlier. 

Fig. 3.  Five stages of facet joint osteoarthritis. All specimens were from the Dahekou site. From left to right:  
M12288 C2 superior joint facets (Grades 0), M12026 T1 inferior joint facets  (Grade 1), M12125 T11 
superior joint facets (Grade 2),  M12026 T1 superior joint facets (Grade 3), M12125 T9-T10 fused 
(Grade 4).  Images not scaled. 

Our facet osteoarthritis investiga-
tion was limited to the cervical and 
thoracic segments (C1 to T12), and the 
lumbar segment was not included due 
to unfavorable postmortem preserva-
tion of the joint facets in lumbar verte-
brae. The number of individuals suited 
for this section of the investigation was 
smaller and more imbalanced. There 
were twenty-two males and seventy-one 
females (reasons for the less favorable 
postmortem preservation of joint facets 
in males compared to females were un-
known). Both the superior and inferior 
facets of the left and right sides were re-
corded. 

Data was then analyzed using a sta-
tistical analysis program named Graph-
Pad 6.0 for Windows (GraphPad Soft-
ware Inc., La Jolla, CA). Mean scores of 
osteophytosis in a  vertebra were based 
on the means of the upper and lower 
margins of the same vertebra or four 
joint facets of the same vertebra. Mean 
scores of the segments were means of 
mean scores of all vertebrae preserved 
in a segment. Group differences in prev-

alence/frequencies were compared be-
tween the different sex-age groups using 
a  non-parametric Chi-square for inde-
pendence in a  contingency table. The 
significance level was set at α = 0.05.

Results

Vertebral Compressive Fracture (VCF)

In total, forty vertebrae (1.6% in terms 
of prevalence per vertebra) in twen-
ty-one individuals (17.5% in terms of 
prevalence per individual) carried signs 
of VCF (Table 2; Appendix Table 3). 
Two types of compressive deformity 
factures were observed in the Dahek-
ou population: wedge deformity frac-
tures (anterior height < middle height 
< posterior height) and crush deformity 
fractures (in which the whole body was 
compressed evenly) (Appendix Table 3; 
Fig. 4). Half of the VCFs (twenty out of 
forty) were wedge deformity fractures, 
and the other half were crush deformity 
fractures. Nevertheless, there were no 
biconcavity deformity fractures. Nearly 
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half of the individuals (47.6%) had 
multiple fractures in separated or con-
tinuous vertebrae, mostly in the thora-
columbar spine (Appendix Table 3). The 
prevalence of continuous fractures was 
28.6% (two out of seven individuals 
with VCF) in the female young adult 

(AY) group, 36.4% (four out of eleven 
individuals with VCFs) in female mid-
dle adult (AM) group, and 33.3% (one 
out of three individuals with VCF) in 
male AM group (either wedge or crush 
deformity varieties). No VCF was found 
in male AY (0%). 

Table 2. Distribution of vertebral compressive fracture in three spine segments from four sex-age groups

Cervical Thoracic Lumbar Sum

Female Adult Young 0 0.2% 4.5% 1.1%

Female Adult Middle  1.0% 1.2% 12.8% 3.6%

Male Adult Young 0 0 0 0

Male Adult Middle 0 1.0% 1.4% 0.9%

Total 0.3% 0.5% 3.7% 1.6%

Among the group of forty VCFs 
found, most were in the lumbar segment 
(82.2%), followed by thoracic (11.1%) 
and cervical (6.7%) segments (Table 2; 
Fig. 4). In particular, the majority of the 
locations were in the lower lumbar verte-
brae. Of the seventeen individuals with 
lumbar VCF, L5 was involved in fifteen 

cases and eight of these were isolated to 
L5 alone (categorized as either the afore-
mentioned wedge or crush deformity). 
As opposed to the lower lumbar verte-
brae, a cervical segment was involved in 
only one individual (C5-6 from M9054, 
female, age at death around 40 years) 
(Appendix Table 3). 

Fig. 4.  Compressive vertebral fracture. Left: M9066, female, L1 Wedge deformity fracture; Right: M9066, 
female, L2 Crush deformity fracture. Scale: 10mm per segment. 
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The VCF prevalence per vertebra was 
higher in females than in males (Table 2). 
Throughout this sample, 10 out of 896 
vertebrae (1.1%) in the female AY group, 
25 out of 687 vertebrae (3.6%) in the fe-
male AM group, and 5 out of 588 verte-
brae (0.9%) in the male AM group were 
involved in VCF. Remarkably, no ver-
tebrae from the male AY group showed 
signs of VCF, indicating the impact of 
sex-age status (Chi-square test: X2 = 
29.0, P <0.0001, DF =3). The lumbar 
segment had the highest involvement 
concerning VCF prevalence per vertebral 
segment. The VCF prevalence was 0.3% 
in cervical, 0.5% in thoracic, and 3.7% in 
lumbar segments, demonstrating the ef-
fect of position in VCFs (Chi-square test: 
X2 = 66.9, P<0.0001, DF =2).

Concerning VCF prevalence per in-
dividual (Table 2; Appendix Table 2), fe-
males had a higher VCF prevalence than 
males (Female 18 out of 74 or 24.3% 
vs. Male 3/46 or 6.5%; Chi-square test: 
X2 = 6.23, P=0.0013, DF =1). In addi-
tion, the prevalence of VCF was higher in 
the female AM group than in the female 
AY group. In males, no cases were found 

in the Male AY group and the prevalence 
was 11.1% in the Middle Adult group 
(35-45± years); in females, VCF preva-
lence was at 16.7% in the Adult Young 
group and 34.4% in the Middle Adult 
group (Table 2; Appendix Table 2). In 
the female Adult Young group, six of the 
seven individuals were clustered in an 
age range between twenty-five and thirty 
years old. 

Vertebral Osteophytosis 
Cervical, thoracic, and lumbar osteophy-
tosis were observed in all sex-age groups 
(Tables 5-9). Males tended to have more 
vertebrae affected in their spine than 
females in two age groups (Table 3). In 
terms of mean osteophytic grades, there 
was a trend that osteophytic formation 
increased from young to middle adults. 
However, males expressed higher overall 
osteophytic stages in all vertebral seg-
ments than females (Table 3; Fig. 5a-b). 
For example, the prevalence of Grade 2 
and above was 21.9% vs. 10.5% in the 
young adult group, while it was 34.7% 
vs. 19.7% in the middle adult group (Ta-
ble 3). 

Table 3. Summary of the grand mean of osteophyte grades (Mean ± SD) of three vertebral segments (Cer-
vical segment including C1) in four sex-age groups, and summary of the prevalence of high severity of 
osteophytosis (Grade 2 and above) in four sex age groups 

    Cervical Thoracic Lumbar SUM

    Male Female Male Female Male Female Male Female Com-
bined

Osteo-
phytosis 
grade 

Adult 
Young

0.63 ± 
1.00

0.38 ± 
0.76

0.76 ± 
0.80

0.42 ± 
0.55

1.13 ± 
1.11

1.08 ± 
1.03

0.80 ± 
0.92

0.55 ± 
0.79

0.63 ± 
0.84 

Adult 
Middle

0.87 ± 
1.27

0.56 ± 
0.91

1.05 ± 
1.13

0.51 ± 
0.68

1.94 ± 
1.08

1.53 ± 
1.13

1.20 ± 
1.23

0.74 ± 
0.95

0.95 ± 
1.11 

Preva-
lence of 
Grade 
2 and 
above 

Adult 
Young

26 
(22.2%)

25 
(10.2%)

35 
(16.8%) 14 (3.1%) 28 

(34.1%)
55 

(27.8%)
89 

(21.9%)
94 

(10.5%)
183 

(14.0%)

Adult 
Middle

40 
(24.2%)

31 
(16.2%)

77 
(26.6%)

33 
(9.51%)

87 
(64.9%)

71 
(48.0%)

204 
(34.7%)

135 
(19.7%)

339 
(26.6%)
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a

b

Fig. 5. Osteophyte grades for cervical, thoracic and lumbar segments in male and female adult young groups 
(a) and  male and female adult middle groups (b). There was a trend that the osteophytic formation 
increased from young to middle adults, and that the males expressed higher overall osteophytic stages 
in three vertebral segments than females. Abbreviations: MAY – Male Adult Young; FAY – Female Adult 
Young; MAM – Male Adult Middle; FAM – Female Adult Middle.

In addition, males and females had 
similarly positioned patterns of verte-
bral osteophytosis in terms of Grade  2 
and above expressions. For instance, 
we detected thoracic < cervical < lum-
bar, except in male AM cervical < tho-
racic, while the percentage of Grade 2 
and above was higher in males than in 
females (Tables 4–5). In different sex-
age groups, 21.9% (89 out of 407) in the 

male AY group exhibited Grade 2 and 
above, whereas 10.5% (94 out of 896) 
in the female AY group exhibited Grade 
2 and above. Furthermore, 34.7% (204 
out of 588) of vertebrae in the male AM 
group exhibited Grade 2 and above, while 
19.6% (135 out of 1275) in the female 
AM group exhibited Grade 2 and above 
(combined: AY – 14.0% or 183 out of 
1303; AM - 26.6% or 339 out of 1275).
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Table 4. Osteophyte grades of three vertebral segments in Adult Young Groups (Age 20–35 years) 

Osteophyte Grade
(Adult Young)

Cervical Thoracic Lumbar

Male Female Male Female Male Female

0 78 (66.7%) 184 (75.4%) 90 (43.3%) 279 (61.5%) 27 (32.9%) 67 (33.8%)

1 13 (11.1%) 35 (14.3%) 83 (39.9%) 161 (35.5%) 27 (32.9%) 76 (38.4%)

2 17 (14.5%) 17 (7.0%) 29 (13.9%) 14 (3.1%) 18 (22.0%) 29 (14.6%)

3 9 (7.7%) 8 (3.3%) 6 (2.9%) 0 (0.0%) 10 (12.2%) 24 (12.1%)

4 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (1.0%)

N 117 244 208 454 82 198

Mean 0.63 0.38 0.76 0.42 1.13 1.08

SD 1.00 0.76 0.80 0.55 1.11 1.03

Table 5. Osteophyte grades of three vertebral segments in Adult Middle Groups (Age 36–50 years). In each 
sex-age group, the number of cases with percentage in parenthesis represented the numbers of vertebrae

Osteophyte Grade
(Adult Middle)

Cervical   Thoracic  Lumbar

Male Female Male Female Male Female

0 98 (59.4%) 128 (66.7%) 115 (39.8%) 205 (59.1%) 14 (10.4%) 33 (22.3%)

1 27 (16.6%) 33 (17.2%) 97 (33.6%) 109 (31.4%) 33 (24.6%) 44 (29.7%)

2 12 (7.3%) 19 (9.9%) 38 (13.1%) 31 (8.9%) 41 (30.6%) 33 (22.3%)

3 19 (11.5%) 12 (6.3%) 27 (9.3%) 2 (0.6%) 39 (29.1%) 36 (24.3%)

4 9 (5.5%) 0 (0.0%) 12 (4.2%) 0 (0.0%) 7 (5.2%) 2 (1.4%)

N 165 192 289 347 134 148

Mean 0.87 0.56 1.05 0.51 1.94 1.53

SD 1.27 0.91 1.13 0.68 1.08 1.13

Overall, the lumbar spine had the 
highest prevalence of osteophytes 
that were at Grade 2 and above in the 
Adult Middle groups, yielding 64.9% 
in males and 48.0% in females (Ap-
pendix Table  4). Specifically, the male 
Adult Young group had a  high prev-
alence of osteophytosis (Grade 2 or 
above) in C5-7 (33.3–44.4%), T6-12 
(16.7–31.6%), and L1-5 (17.6–43.8%), 
with L3 and L5 displaying the highest 
prevalence (43.8%). The male Adult 
Middle group had high values from 

C3-7 (18.2–41.7%), with 41.7% in C6 
to higher values from T10 (44.0%) and 
L4 (77.8%). In the female Adult Young 
group, high values were from C5-6 
(22.0–25.5%) and L2-5 (22.5 to 42.5%), 
while they were generally low in the 
thoracic segment. However, the female 
Adult Middle group demonstrated high 
values from C5-6 (40.7%), while they 
were 33.3–62.1% from L1-5 and 20.0% 
from T8-9 (Appendix Table 4). 

In terms of the mean osteophytic val-
ue (MOV), different sex-age groups had 
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different patterns, yet all lumbar ele-
ments, lower thoracic elements, C5, and 
C6 generally exhibited high stages of os-
teopathic formation (Appendix Table 5; 
Fig. 6). In the male Adult Young group, 
the five top values were as followed (in 
the same decreasing order hereafter): L5, 
L4, L3, T9, and C5 (range 1.38–1.06). 
Moreover, the female Adult Young group 
had top five figures from L4, L5, L3, L2, 

and C6 (range 1.45–1.06). Additional-
ly, the top five calculations in the male 
Adult Middle category were from L4, 
L3, L2, L5, and L1 (range 2.19–1.59), 
followed by T10, C6, T11, T9, and C5 
(range 1.52–1.26). By comparison, the 
top five values in the female Adult Mid-
dle group were in L5, L4, L3, L2, and C5 
(range 1.83–1.26), followed by L1, C6, 
T7, T8, and T10 (1.20-0.73). 

Fig. 6. The mean osteophytic value (MOV) (mean osteophyte grades of individual vertebra) in the four sex-
age groups for the Dahekou skeletons. Abbreviations: MAY – Male Adult Young; FAY – Female Adult 
Young; MAM – Male Adult Middle; FAM – Female Adult Middle. 

Facet Joint Osteoarthritis

Facet joint osteoarthritis was investigat-
ed in 6082 joint facets from 1520 ver-
tebrae in twenty-two adult males (nine 
in the young group and thirteen in the 
middle group), as well as in seventy-one 
adult females (forty-one in the young 
group and thirty in the middle group). 
Overall, the prevalence of joint facet ar-
thritis was relatively low: 235 of 6082 
joint facets (3.9%) exhibited osteoarthri-

tis at Grade 2 or above (Grade 2: 140 or 
2.3%, Grade 3: 77 or 1.3%, and Grade 
4: 18 or 0.3%). Generally, the percent-
ages of Grade 2 and above were higher 
in males than in age-matched females 
(Table 6). Accordingly, the prevalence 
and severity of facet joint osteoarthritis 
was low in the female groups. However, 
signs of joint facet osteoarthritis were 
more prevalent in the male groups. In 
fact, the male Adult Young group had 
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relatively higher thoracic joint facet ar-
thritis, while the male Adult Middle 
group had higher cervical joint facet ar-
thritis (Appendix Table 6). The side dif-
ference in affected bone was unremark-
able in females. By comparison, males 
expressed a general trend in which the 

left side had higher severity of facet 
joint osteoarthritis than the right side 
in both young and middle adult groups; 
this pattern was especially high in C3 
and C7 (left > right) within the male 
Middle Adult groups (Fig. 7; Appendix 
Table 6). 

Table 6. Grades of joint facet arthritis at left and right sides in four sex-age groups. In each sex-age-side 
group, the number of cases with percentage in parenthesis represented numbers of joint facets. Cervical 
and thoracic vertebrae combined 

Male Adult Young
 (Individual N=9)

Female Adult Young
(Individual N=41)

Male Adult Middle
(Individual N=13)

Female Adult Middle
(Individual N=30)

Left Right Left Right Left Right Left Right

0
230  

(79.9%)
225  

(78.1%)
1220 

(91.7%)
1220 

(91.7%)
382  

(82.5%)
374  

(80.8%)
826  

(86.0%)
824  

(85.8%)

1 30 (10.4%) 39 (13.5%) 101 (7.6%) 101 (7.6%) 31 (6.7%) 48 (10.4%) 92 (9.6%) 104 (10.8%)

2 17 (5.9%) 14 (4.9%) 5 (0.4%) 4 (0.3%) 27 (5.8%) 24 (5.2%) 25 (2.6%) 24 (2.51%)

3 7 (2.4%) 8 (2.8%) 4 (0.3%) 5 (0.4%) 17 (3.7%) 11 (2.4%) 17 (1.8%) 8 (0.8%)

4 4 (1.4%) 2 (0.7%) 0 (0.0%) 0 (0.0%) 6 (1.3%) 6 (1.3%) 0 (0.0%) 0 (0.0%)

N 288 288 1330 1330 463 463 960 960 

Mean 0.35 0.34 0.09 0.09 0.35 0.33 0.20 0.18

SD 0.81 0.76 0.33 0.34 0.85 0.79 0.57 0.5

Fig. 7. Side difference of joint facet arthritis in Dahekou skeletons. Abbreviations: MAY – Male Adult Young; 
FAY – Female Adult Young; MAM – Male Adult Middle; FAM – Female Adult Middle; L – Left; R – Right. 
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Discussion

There was discordance in the paleoepi-
demiology of vertebral compressive frac-
tures (VCF) and age-related degenerative 
joint diseases (DJD) at the Bronze Age 
Dahekou site. While females had an 
overall higher VCF prevalence and earlier 
manifestation of VCF than males, males 
had a  higher severity of DJD than fe-
males. These sex-based differences in the 
patterns of VCF and DJD may indicate 
different mechanisms for attaining spinal 
changes in males and females, both natu-
rally and socioeconomically.  

Vertebral Fractures in Urban 
and Agricultural Populations

In contemporary humans, the prevalence 
of vertebral fractures increases with age 
for both males and females; postmeno-
pausal women have higher risks because 
of their higher prevalence of osteoporo-
sis (Cummings et al. 1985, 1989; Coop-
er et  al. 1992; Cummings and Melton 
2002). At Dahekou, females had an over-
all higher VCF prevalence that was not 
at variance with the modern population, 
thus suggesting the effects of osteopo-
rosis. Females at Dahekou also demon-
strated an earlier manifestation of VCF 
than males, which may indicate an early 
onset of age-related changes and osteopo-
rosis within females rather than males. 
In our opinion, a higher prevalence in fe-
males is most likely related to sex-based 
differences in pathophysiology, a circum-
stance in which females could have high-
er hormone deficiency-related osteoporo-
sis than males. Moreover, osteoporotic 
fractures are uncommon in physically 
active populations (Jónsson et  al. 1992; 
Sanders et al. 2002; Pisani et al. 2016). 
In this regard, the low VCF in males at 
Dahekou may suggest higher physical 

stress in males among various biological 
and physical factors. Vice versa, these 
trends suggest that women at Dahekou 
were generally involved in low physical 
stress during their daily lives, a phenom-
enon of gender-biased divisions of labor 
that was corroborated by the severity of 
DJDs (high in males and low in females). 

Physioanatomy and life history, along 
with gendered divisions in socioeconom-
ic statuses and roles (hence different la-
bor-related stressors) might be respon-
sible for the different patterns found at 
Dahekou. Females from this location 
generally had high grades of osteophyto-
sis in the lumbar and cervical segments 
and very low grades in thoracic seg-
ments. On the contrary, although males 
had high lumbar osteophytotic develop-
ment to a  lesser degree, they did exhib-
it relatively higher osteophytosis at the 
thoracic area compared to females. This 
pattern of sex-based differences at the 
Dahekou site might have been the con-
sequence of a  gender-based division of 
labor: males and females both engaged in 
physically demanding jobs, yet the types 
of jobs were different. Hence, what type 
of labor division did the Dahekou popu-
lation engage in as a result of its socioec-
onomic mode? 

The age of the Ba State was in the era 
of the feudalism system. During the eco-
nomic mode of the feudalism system, ci-
vilian men practiced agriculture in rural 
areas or specialized in craft and service 
industries within urban areas, including 
cities and towns (Barford 2005; Agnew 
et  al. 2015). Under this structure, the 
overall injury patterns could be interpret-
ed in light of feudal socioeconomic rela-
tions and class conflict. As mentioned 
earlier, limited evidence (including the 
balanced male vs. female ratio and lack of 
signs for skull injury (Appendix Table 1) 
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indicated a lack of intense interpersonal 
conflicts in a relatively peaceful period. 

 Risks of skeletal injuries include oc-
cupational risks (i.e., from farm labor in 
agriculture), environmental health risks 
(i.e., rugged terrain), and interperson-
al conflicts (i.e., war, battles, structural 
violence, or fights and assaults) (Agnew 
et al. 2015). There are remarkable differ-
ences in VCF prevalence among different 
populations throughout the Eurasian 

continent (Table 7), due to differences in 
settlement patterns, subsistence meth-
ods, social stability, age-related factors of 
change, mortality patterns, and genetic 
factors. Differences in the frequency of 
bone fractures among different popula-
tions are related to differences in social 
status (Geber 2015), environment/terrain 
(Kilgore et al. 1997), occupation (Grauer 
and Roberts 1996), or economic setting, 
i.e., rural vs. urban (Agnew et al. 2015). 

Table 7. Vertebral Compressive Fracture in various populations/groups (Methods of investigation may vary 
among sites)

Population/Site Period/Age Economic 
 mode

VCF Prevalence
Source

Male Female

Dahekou, Yicheng, 
Shangxi, China

Western Zhou 
(1045-771 BCE) Urban

6.5%  
(3 of 46) 

Middle aged 
man

24.3% (18 of 
74) Young to 
Middle aged  

women

This  
study

Xitun, Yanqin, Beijing, 
China

Han  
(202BCE-220CE) 

Millet 
Agriculture

0%  
(0 of 126)

0.6%  
(1 of 167) Zhou, 2014

Gouwan, Xichuan, Henan, 
China

Late Neolithic  
(5000-3000BCE)

Rice and Millet 
Agriculture

2.6% 
(1 of 39)

0%  
(0 of 26) Wang, 2015

Matengkong, Xi’an, Shaan 
Xi, China

Eastern Zhou  
(770-256BCE) Agriculture 12.5%  

(3 of 24)
7.7%  

(2 of 26) Wang, 2019

Xuecun, Henan, China Han 
(202BCE-220CE) Agriculture 2.6%  

(2 of 76)
1.6%  

(1 of 61)
Sun,  
2013

Da’an, Jilin, China Warring States to West 
Han (475BCE-8CE)

Hunting-
Fishing

2.8% 
(1 of 36)

0%  
(0 of 67)

Xiao,  
2014

Lamadong, Beipiao, 
Liaoning, China

Jin  
(31-420CE)

Millet 
Agriculture

0.5%  
(1 of 214)

0%  
(0 of 190) Chen, 2009

Changle, Zhongwei, 
Ningxia, China

Han 
(202BCE-220CE) Agriculture 5.6%  

(2 of 36)
10.3%  

(3 of 29)
Zhang, 
2018

Taojiazai,Xining, Qinghai, 
China

Han-Jin  
(202BCE-420CE) Agriculture 0.6%  

(1 of 175)
0%  

(0 of 167)
Zhang, 
2008

Jucun, Jiangxian, Shanxi,  
China

Western Zhou  
(1046-771BCE) Agriculture 0.8%  

(2 of 258)
0.7% 

 (2 of 296) Zhao, 2018

Gaohong, Liulin, Shanxi,  
China

Late Shang 
(1250-1046BCE) Agriculture 27.3%  

(3 of 11)
0%  

(0 of 5) Liang, 2017

Xiaonanzhuang, Taiyuan, 
Shanxi, China

Warring States  
(475-221BCE) Agriculture 0%  

(0 of 7)
10.0%  

(1 of 10)
Hou,  
2017

Niedian, Jinzhong, Shanxi, 
China

Zhou  
(1046-256BCE) Agriculture 9.1% – 5 (all female) of 55 

male & female combined
Hou,  
2017
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Population/Site Period/Age Economic 
 mode

VCF Prevalence
Source

Male Female

North Liujiazhuang,  
Anyang, Henan, China

Late Shang  
(1250-1046BCE) Agriculture 6.1% – 3 (all female) of 49 

male & female combine Yuan, 2010

Chuanzhang, Zungeer, 
Inner Mongolia, China

Warring States to Han 
 (475BCE-8CE) Agriculture 0%  

(0 of 165)
0.8%  

(1 of 132)
Ana’er, 
2018

Liangwangcheng, Peizhou,  
Jiangsu, China

Late Neolithic  
(2800-2500BCE)

Rice  
Agriculture

1.2% – 1 (sex-age un-
known) of 86 male & 

female combined

Zhu et al., 
2013

Chongpingyuan, Yichuan, 
Shaanxi, China

Early Spring-Autumn 
Period (770-650BCE) Agriculture 14.3% 

(1 of 7)
9.0%  

(1 of 11)
Chen et al., 

2018

Giecz, Poland 950-1250 CE Rural
50.0%, 

Adults ≥ 18 
years

29.8%, ≥ 18 
years

Agnew 
et al., 2015

Poznań-Sródka, Poland 950-1250 CE Urban 0%, Adult ≥ 
18 years

3.7%, ≥ 18 
years

Agnew 
et al., 2015

Modern American Women
5-10% mid-

dle aged 
women

Ensrud and 
Schousboe, 

2011

Agriculture has been one of the most 
dangerous occupations since its origin 
due to high physical demands (McCurdy 
and Carroll 2000), and is still dangerous 
in modern times with the involvement 
of machinery (Myers 2001; Chari et al. 
2017). Past bioarchaeological studies 
support the conclusion that rural areas 
with agricultural practices such as farm-
ing and animal husbandry had higher 
frequencies of trauma than urban areas 
(Judd and Roberts 1999; Djurić et  al. 
2006; Agnew et  al. 2015). For exam-
ple, Agnew et al.’s (2015) study of me-
dieval rural and urban settings shows 
a  distinct difference in the prevalence 
of trunk fractures (including VCF), with 
VCF prevalence being higher in rural 
areas than urban areas. Overall, agri-
cultural populations engaged in a  labo-
rious lifestyle, reflected in a  variety of 
injuries related to repetitive and high-
risk activities. Although urban popu-
lations engaged in craft specialization 

and participated in repetitive activities, 
their lifestyle resulted in a lesser risk of 
fracture (Agnew et al. 2015). The lack of 
skull fractures at Dahekou also suggests 
a low risk of injury from intentional in-
terpersonal conflicts, while the relative-
ly high incidence of limb and rib bone 
injuries in males might indicate a  life-
style with higher physical stress. At the 
rural Medieval Poland Giecz site, the 
prevalence of VCF was 50%, whereas the 
prevalence of VCF at the urban Medieval 
Poland Poznań-Sródka site was close to 
0% (Agnew et al. 2015). The prevalence 
of VCF was 6.5% in males at Dahekou, 
corroborating the presumption of an ur-
ban lifestyle at Dahekou. The relatively 
low prevalence of VCF suggests that the 
economic activities males at Dahekou 
participated in were less stressful than 
a  typical agricultural lifestyle in terms 
of the stress on the spine, though nu-
trition and genetic adaptation (hence 
better bone quality) might be among the 

Table 7 (cont.)
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biological and environmental factors in 
addition to sample bias in these stud-
ies. Nonetheless, the low prevalence of 
vertebral fractures corroborates with the 
presumption of an urban lifestyle for the 
economic mode of the Dahekou popu-
lation. 

Spinal Osteophytosis  
and Gender-Based Labor Divisions

At Dahekou, the high limb and rib bone 
fractures might also suggest that males 
from the site had higher environmen-
tally specific physical stressors than fe-
males (Appendix Table 1), which might 
indicate a gender-biased division of labor 
within in an urban lifestyle. On the other 
hand, it is proposed that females would 
be more involved in childcare and house-
hold chores, as well as the business and 
service industries (Agnew et  al. 2015). 
However, females from the Dahekou site 
would have engaged in some physically 
demanding tasks,such as water trans-
portation, child-carrying, food process-
ing, and needlework; heavy loading in 
these scenarios would be on the cervical 
(head-loading) and lumbar (compressive 
and bending forces) vertebral segments. 
It is worth noting that there would have 
been an efficient water supply system 
during the Zhou Dynasty, in which 
joined clay pipes equipped with cleaning 
pools and valve trenches were installed 
underground to transfer water into the 
city (An 1992; Du and Chen 2007). In 
the city of the Ba State, fresh water from 
water cisterns might have been trans-
ferred to households using pots. Women 
might have used tumplines to carry wa-
ter home as in other ancient human so-
cieties (Bridges 1994), or for other items 
such as children, materials and products 
(Moromizato et  al. 2007). In addition, 
there were certainly more factors compli-

cating this gender-divided labor model, 
yet it formed a simplified economic mod-
el for further studies involving other fac-
tors. Researchers would need to consider 
the life history of females (pregnancy, 
postpartum, weaning, and menopause) 
and other environmental and socioeco-
nomic parameters. 

Osteophytic grades were generally 
high in the lumbar area for both males 
and females, as exhibited by the grades 
on L4 and L5 (Table 8). Akin to VCF, 
these vertebrae contribute most to the 
ergonomic support for upright positions 
and are more prone to compromise. At 
Dahekou, the high severity of osteoar-
thritis in males at both the vertebral 
body and facet joints suggest an arduous 
(though less dangerous) urban life than 
rural life. 

Joint facet osteoarthritis in the spine 
is caused by a  combination of multi-
ple factors including usage, overload, 
age-related changes, injury, and pos-
sible genetic predisposition. Manifes-
tations of the condition involves pain, 
swelling, and loss of flexibility (Butler 
et al. 1990; Dreyfuss et al. 1994; Dreyer 
and Dreyfuss 1996; Manchikanti et al. 
2004; Cavanaugh et  al. 2006; Kalich-
man and Hunter 2007; Gellhorn et al. 
2013; Kim et  al. 2015). The overall 
severity of joint facet osteoarthritis at 
Dahekou was low, yet males had high-
er development of the condition than 
females, indicating multiple factors 
that included overall body mass, higher 
physical stress, genetic predisposition, 
or sample bias. Males also exhibited 
asymmetry in facet joint osteoarthritis 
[similar to a finding by Bridges (1994) in 
prehistoric Native Americans], suggest-
ing relatively more lateral bending activ-
ities than anterior or posterior bending 
involved in urban professions (including 
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metallurgy, pottery making, glass work-
ing, stone cutting, and brick making), 
in addition to right-favored handedness. 
Female patterns of joint facet osteoar-
thritis were more symmetrical, suggest-
ing more axially oriented movements 
or a  greater relation to the flexion and 
extension of urban female activities, 
such as head-loading (i.e., water trans-
portation), childcare, trade, and work in 
the service industry. It is worth noting 
that the status of women during the 
Bronze Age may have been different be-
tween China and Europe. For example, 
archaeological working in southeastern 
Spain revealed that women could have 
been correlated to the ruling class in 
the Bronze Age El Argar society (about 
4,000 years ago) (Lull et al. 2021), which 
would denote a totally different patterns 
of labor division. 

Inequality of Spinal Health at Dahekou
Ultimately, our research demonstrates 
that there were VCF-related, female-bi-
ased health inequalities with a  high 
prevalence of osteoporotic fractures in 
females at the Dahekou site (an urban 
setting with a  feudal economy). This 
socioeconomic context was essential 
in identifying a  sex-based health issue 
within this population. We did uncover 
a male-biased health inequality in terms 
of vertebral osteoarthritis. Males experi-
enced more severe cases of the condition, 
indicating more male-biased and physi-
cally demanding socioeconomic roles. 
As mentioned above, bone loss-induced 
fractures were uncommon in physically 
active populations (Jónsson et  al. 1992; 
Sanders et al. 2002; Pisani et al. 2016). 
Thus, the high osteoarthritis coupled 
with the low VCF in males at Dahekou 

Table 8. Comparison between Dahekou and other groups in vertebrae mostly affected by osteophytosis

Site Date Economic 
Mode

Vertebrae most 
severely affected 
by osteophytosis

References

Dahekou, China 1,045 – 771 BCE Urban C5-6, T7-L5 in 
males

This study

Joseon People, South Korea 1,500 – 1,900 CE Agriculture C5, T9-10, L4-5 Kim et al., 2012

Raymond Dart Collection & 
University of Pretoria Collec-
tion, South African

Contemporary 
skeletal collections 

derived from cadavers

Mixed con-
temporary 
lifestyles 

C5, L4-5 Van der Merwe 
et al., 2006

Ca-Ala-329, California, 
U.S.A.

1,200 –1,600 CE L4-5 Jurmain, 1990

Perry Site Lu 25, Alabama, 
U.S.A.

4,000 – 1,000 BCE Hunter-
gatherers

L3-4, C5-6, 
T7-9

Rojas-Sepulveda 
et al., 2008

Koprivno, Croatia 1,600 – 1,900 CE Rural 
Agriculture/

Pastoral

C6, T4, L5 Novak & Slaus, 
2011

Sisak, Croatio 1,600 – 1,900 CE Urban C5, T7, L5 Novak & 
Slaus,2011

Spitalfields, England 1,800 – 1,900 CE Urban T8-9 Waldron, 1991

El Mirador cave, Spain 4,880 – 4,390 BP Agriculture 
and animal 
husbandry

L>T>C Yustos et al., 
2021
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(and high prevalence of rib fractures) sug-
gests higher physical stress in males as 
well. Vice versa, the low osteoarthritis 
coupled with high VCF in females would 
suggest that women at Dahekou were 
generally involved in low labor-intensive 
activities.

However, even though stress on the 
trunk from daily activities was higher 
in males than females, females not only 
had more VCF but also early onset of 
VCF. Although we proposed that the Da-
hekou population was an urban setting 
based on the overall low male injuries 
and other indicators, females at Dahek-
ou had a VCF rate at 24.3%, which was 
similar to the prevalence rate of 29.8% of 
females in the rural setting of the Giecz 
site in Medieval Poland. Modern-time 
vertebral fractures are typically the re-
sult of high-energy trauma, such as a fall 
from height, autmobile accident, sports 
accident, or gunshot wounds. Neverthe-
less, why did Dahekou females have such 
a high frequency of VCF? Could this high 
rate of vertebral fractures be the outcome 
from a high incidence of trauma, such as 
from accidental falls or violence against 
women? Would this pattern indicate an 
unrecognized high risk in a  localized 
urban setting at Dahekou, overall poor 
bone quality in females at Dahekou, or 
just a sample bias? There were no signs 
of intensive interpersonal conflict at Da-
hekou and no evidence of systematic vi-
olence against women, as depicted in the 
high incidence of head injuries and rib 
fractures in females from the Heartland 
of the Wari Empire, Peru (Tung 2012); 
thus, this alternative explanation is less 
likely. Previous stable isotopic analysis 
of human bones from the Zhou Dynas-
ty have demonstrated dietary differences 
favoring males (i.e., Dong et  al. 2017; 
Barbera et al. 2020; Miller et al. 2020), 

while findings indicating egalitarianism 
between males and females in access to 
food resourses have been recovered from 
some archaeological sites of the Zhou 
Dynasty as well (Lan 2017; Ling 2010; 
Ling et  al. 2017; Pechenkina 2018). 
These data indicate the possibility of 
health inequalities that were linked to 
a male-biased inequality of food access in 
ancient China. In our opinion, the possi-
ble major causes of VCF in the females of 
Dahekou were due to hormone deficien-
cy, poor nutrition, and/or lack of physical 
activities compared to their age-matched 
male counterparts. The latter conclusion 
was in accordance with an urban lifestyle, 
while the former might indicate that fe-
males had lower socioeconomic statuses 
compared to males in ancient societies 
in China (Holmgren 1981), as has been 
seen in other ancient complex socie-
ties globally (Schepartz et al. 2017) and 
therefore, had lower diet standards and 
poorer nutrition than males (i.e., Dong 
et  al. 2017; Barbera et  al. 2020; Miller 
et al. 2020; but see Lan 2017; Ling 2010; 
Ling et al. 2017; Pechenkina 2018). High 
prevalence of low back pain is also found 
in pregnant, postpartum, and osteoporo-
tic females (Katonis et al. 2011; Krishna-
kumar et al. 2016; Wang et al. 2016). In 
this regard, females at Dahekou had an 
overall lower spinal health status. 

As earlier mentioned, the Dahekou 
population provides a  useful urban set-
ting: a relatively peaceful and feudalistic 
society whose production mode fostered 
various age and work related skeletal 
pathologies. However, a  full body inves-
tigation is thus warranted, including 
study of the skull, trunk, and extremities 
(along with arthritis of the limb joints). 

Nonetheless, the findings of this study 
demonstrate the disparities of vertebral 
health between the two sexes. While 
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age-related changes of female vertebral 
column may be more susceptible to hor-
mone deficiency-related pathophysiol-
ogies such as osteoporosis, age-related 
changes of the male vertebral column may 
be more prone to heavy, labor induced 
physical stress. Accordingly, the male-fe-
male health inequality found in our study 
is probably the outcome of combined 
factors. These factors include sex-based 
differences in physioanatomy (an image 
analysis of bone qualities including bone 
mass, distribution and biomechanical 
strength is warranted), sex-based stress 
levels (differences between non-specific 
stress indicators on the skeletal remains 
of males and females), gendered divisions 
of socioeconomic roles in an urban set-
ting, nutrition (an isotopic analysis for 
diet reconstruction is warranted), and 
social statuses (a  mortuary analysis of 
grave goods and grave values is warrant-
ed). Coupled with imaging, isotropic, and 
mortuary analyses, knowledge of how 
sex-based differences in pathophysiology 
and different levels of physical stress (due 
to gendered divisions of labor) influence 
the etiology and pathophysiology of skel-
etal degenerative diseases can reveal the 
impact of anatophysiological and socio-
cultural factors on health disparities in 
bioarcheological studies.

Limitations of This Study and Future 
Research Directions 

In this study, the model involving sex-
based differences in anatophysiology and 
gender-based divisions of labor between 
males and females was simplified. Ad-
ditional factors such as overall skeletal 
health/pathology status, bone quality 
analysis (total bone mass, patterns of 
bone distribution, and bone biomechani-
cal strength) should be considered. A die-
tary analysis along with grave goods and 

burial values should be included as well. 
For example, it is not possible at the cur-
rent stage to confirm poor nutrition and 
lack of physical activity in females at the 
Dahekou site. The age group division 
was arbitrary and used as a  convenient 
method to generate sex-age groups com-
parable in males and females. However, 
the life history of females (i.e., pregnan-
cy, breastfeeding, a weaning, fertility, and 
menopause) should be taken into consid-
eration in the future. 

The excavation at Dahekou contin-
ues. An expanded study to have all skel-
etons studied, especially those from elite 
classes (with larger grave chambers and 
richer grave goods), would be helpful in 
studying the impact of social stratifica-
tion (Zhou et al. 2021). For example, an 
investigation of females of different so-
cial classes during the Bronze Age using 
the life course approach following Agar-
wal (2016) would be suitable. Moreover, 
radiological analysis of vertebrae would 
also assist in better characterizing bone 
changes in aging spines. Furthermore, 
we suggest that spine pathology would be 
better studied within the context of the 
whole skeleton. 

There has been limited information 
on facet joint osteoarthritis occuring af-
ter the degeneration of the intervertebral 
disc (Butler et  al. 1990). This suggests 
that facet joint diseases are secondary to 
mechanical changes in the overall load-
ing patterns of the spine. However, due 
to differences in sample sizes, a  paired 
study of osteophytosis in vertebral body 
and joint facets was not carried out in 
the current investigation. This process 
would be possible in the future when 
more skeletal remains at Dahekou are 
available. 

The term degenerative joint disease 
(DJD) was used in this study, though there 
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are arguments that they are age-related 
adaptations (Anderson and Loeser 2011; 
Yustos et  al. 2021). The scoring grades 
were still rough; for example, the read-
ings for joint facet osteoarthritis,relied 
more on the development of osteophytes 
and mean scores of osteophytosis. For the 
joint facet investigation, the number of 
individuals suited for this section of our 
study was imbalanced (71 females vs. 22 
males). However, because our study was 
the first systematic investigation of fac-
et joint osteoarthritis in skeletons from 
Northern China, the results were report-
ed to prompt more studies in this direc-
tion. For the data analysis, mean values 
of osteophytosis were averages of two or 
four readings in a vertebra, which might 
affect the severity of osteoarthritis. All of 
these results and analyses need to be re-
fined in the future. The reported results 
focused on trends, with statistical signif-
icance in differences, which was due to 
the small or biased sample sizes and rel-
atively high Coefficient of Variations (for 
example, the scores of osteophytosis in 
vertebral body was 1.22 for all specimens 
combined), which lowered confidence in 
the interpretation of our results. 

In addition, three vertebral segments 
in this study (cervical, thoracic, and lum-
bar) were investigated to assess the devel-
opment of osteophytosis and prevalence 
of VCF. From the one-hundred and twen-
ty individuals in the Dahekou population 
included in this study, there were 2578 
total vertebrae (Appendix Table 1). On 
average, 21.5 vertebrae out of 24 (89.6%) 
in these three spinal segments combined 
were in good condition, and therefore, 
included in this study. Thus, there is 
a  need tobe cautious of sampling bias 
and exaggeration of difference compared 
to other sites with less favorable preser-
vation status (Tables 7–8). 

Conclusion

Vertebral compressive fractures, osteo-
phytosis of the vertebral body, and joint 
facet arthritis were investigated in skel-
etal remains from the Bronze Age Dahe-
kou site in China. Patterns of VCF and 
DJD in different sex-age groups indicated 
a  sex-based difference in paleoepidemi-
ology, mostly likely due to differences in 
pathophysiological and socioeconomic 
roles during a  peaceful and feudalistic 
urban economy. Overall, females had 
a  higher prevalence of VCF, with the 
majority of cases found in females be-
tween twenty-five and thirty years old. 
This result suggests increased cases of 
osteoporosis in females, a  physiological 
disease that affected more females. The 
prevalence of osteophytosis of the verte-
bral body was higher in the more senior 
group for both males and females, signi-
fying natural development with skeletal 
use along with age-related changes. De-
spite the knowledge that age was a factor, 
there was also a sex-based difference, as 
the overall severity of osteophytosis was 
higher in males than in females. This 
finding might demonstrate the conse-
quences of gender-based labor divisions 
or sex-based genetic dispositions. Like-
wise, males had more severe joint facet 
arthritis than females, indicating higher 
physical stress and lower spinal health 
status in males. These patterns of DJD 
in different sex-age groups point towards 
a  sex-based difference in paleoepidemi-
ology, suggesting the combined effect of 
gendered differences in life history and 
socioeconomic roles. Hence, these find-
ings signify a  sex-based health dispar-
ity. Comparable to other groups with 
similar socio-economic structures, the 
Dahekou population lived in a  feudal-
istic urban area during a  peaceful time. 
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A  comprehensive study is warranted to 
ascertain whether city-state Ba exem-
plifies ancient Chinese life during the 
Bronze age. Knowledge of how sex-based 
differences in pathophysiology, as well as 
different levels of physical stress (due to 
gendered divisions of labor) influence the 
etiology and pathophysiology of skeletal 
degenerative diseases is beneficial. This 
view will help distinguish these elements 
from other sociocultural factors contrib-
uting to health disparities in historic and 
contemporary environments. 
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Appendix Table 1. Signs of trauma or fractures at the Dahekou site (Phases 7–13)

Individual Sex Age Trauma/Fractures

M9161 F 30-35 Right fibular

M12199 M 25-30 6 left 2 right ribs

M12170 M 30-35 Nasal bone

M9045 M 35± 1 right rib 

M9236 M 35± Left ulnar distal

M12084 M 35± 2 left ribs

M12115 M 35± Left ulnar, right clavicle, 2 ribs

M9351 M 36-40 3 (? Left) ribs

M10070 M 36-40 Right scapular, 1 left rib

M11201 M 36-40 1 left rib

M12004 M 36-40 Right humerus, left 3rd metacarpal

M12100 M 36-40 Left tibia two fractures, left radius distal

M12127 M 36-40 Right ulnar, 1 left rib

M11203 M 40± 2 right ribs

M12003 M 40± Mandible right condyle, right & left ribs

M12118 M 40± 2 left ribs

M12076 M 40-45 2 right ribs

Appendix Table 2. Sample size of vertebrae in spine segments in four sex-age groups. The first number is 
the total vertebrae from cervical (C1-7), thoracic (T1-12), and lumbar (L1-5) segments well preserved 
enough to be examined in this study; the second number in the parenthesis is the average number of 
vertebrae preserved well enough to be included in this study 

Cervical Thoracic Lumbar Sum

Male Female Male Female Male Female Male Female Combined

Adult 
Young

117 
(6.2)

244 
(5.8)

208 
(10.9)

454 
(10.8)

82 
(4.3)

198 
(4.7)

407 
(21.4)

896 
(21.3)

1303 
(21.4)

Adult 
Middle

165 
(6.1)

192 
(6.0)

289 
(10.7)

347 
(10.8)

134 
(5.0)

148 
(4.6)

588 
(21.8)

687 
(21.5)

1275 
(21.6)

Total 282 
(6.1)

436 
(5.9)

497 
(10.8)

801 
(10.8)

216 
(4.7)

346 
(4.7)

995 
(21.6)

1583 
(21.4)

2578 
(21.5)

Com-
bined

718 (6.0) 1298 (10.8) 562 (4.7) 2578 (21.5)
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Appendix Table 3. Individuals exhibited Vertebral Compressive Fracture (VCF) in the Dahekou population. 
Abbreviations: W – Wedge deformity fracture; CR – Crush deformity fracture

Individual Sex Age (Years) Location VCF Type 

Female Adult 
Young

M10081 F 25± L4-5 Crush 

M12108 F 25-30 L5 Wedge 

M7013 F 25-30 T4 Wedge 

M8010 F 25-30 L3-4 Wedge 

M8265 F 25-30 L5 Crush 

M9056 F 25-30 L5 Crush 

M9161 F 30-35 L1, L5 Crush 

Female Adult 
Middle

M12128 F 35-40 L5 Crush

M9234 F 35-40 L5 Crush

M9374 F 35-40 T8 Crush

M9052 F 40± L4-5 Wedge

M9054 F 40± C5-6 Crush 

M9057 F 40± L5 Wedge

M7103 F 40-45 L5 Wedge

M12057 F 45-50 L4-5 (W); L2-3 (beginning of CR) Wedge & Crush 

M9066 F 45-50 T8, L2-3 (CR); T12, L1, L5 (W) Crush & Wedge 

M9163 F 45-50 T7, L1(W); L5 (CR) Wedge & Crush 

M9380 F 45-50 L1 (CR); L2, L5 (W) Crush & Wedge

Male Adult 
Middle

M12127 M 35-40 L1 Crush 

M12143 M 35-40 T10-12 Wedge  

M12288 M 45± L5 Crush 
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Appendix Table 4. Prevalence per individual vertebrae of high severity of osteophytosis (Grade 2 and above) 
in four sex age groups

Adult Young Adult Middle

Male Female Male Female

  N ≥G2 % N ≥G2 % N ≥G2 % N ≥G2 %

C1 14 1 7.1 35 0 0 24 1 4.2 28 0 0

C2 17 2 11.8 33 0 0 24 3 12.5 31 0 0

C3 16 1 6.3 31 1 3.2 23 6 26.1 27 1 3.7

C4 17 2 11.8 34 4 11.8 22 4 18.2 24 5 20.8

C5 18 8 44.4 36 9 25.0 23 8 34.8 27 11 40.7

C6 18 6 33.3 36 8 22.2 24 10 41.7 27 11 40.7

C7 17 6 35.3 39 3 7.7 25 8 32.0 28 3 10.7

T1 18 1 5.6 39 0 0 25 5 20.0 30 0 0

T2 18 1 5.6 38 0 0 25 3 12.0 29 0 0

T3 17 2 11.8 39 0 0 24 5 20.8 28 0 0

T4 15 0 0 38 2 5.3 24 6 25.0 27 0 0

T5 17 1 5.9 39 1 2.6 23 5 21.7 27 1 3.7

T6 17 3 17.6 37 0 0 23 4 17.4 28 4 14.3

T7 17 4 23.5 36 0 0 22 7 31.8 28 5 17.9

T8 17 5 29.4 37 2 5.4 23 6 26.1 30 6 20.0

T9 17 4 23.5 38 3 7.9 25 10 40.0 30 6 20.0

T10 18 5 27.8 36 4 11.1 25 11 44.0 30 5 16.7

T11 19 6 31.6 39 2 5.1 25 9 36.0 30 3 10.0

T12 18 3 16.7 38 0 0 25 6 24.0 30 3 10.0

L1 16 4 25.0 39 1 2.6 27 13 48.1 30 10 33.3

L2 17 3 17.6 40 9 22.5 26 17 65.4 30 13 43.3

L3 16 7 43.8 39 13 33.3 27 19 70.4 30 13 43.3

L4 17 7 41.2 40 17 42.5 27 21 77.8 29 17 58.6

L5 16 7 43.8 40 15 37.5 27 17 63.0 29 18 62.1

TOTAL 407 89 21.9 896 94 10.5 588 204 34.7 687 135 19.7
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Appendix Table 5. The mean osteophytic value (MOV) (mean osteophyte grades of individual vertebra) in 
four sex-age groups

Adult Young Adult Middle

Male Female Male Female

N Mean SD N Mean SD N Mean SD N Mean SD

C1 14 0.14 0.53 35 0.00 0.00 24 0.25 0.68 28 0.00 0.00

C2 17 0.41 0.87 33 0.03 0.17 24 0.50 1.18 31 0.00 0.00

C3 16 0.31 0.79 31 0.23 0.62 23 0.87 1.49 27 0.41 0.69

C4 17 0.47 0.87 34 0.56 0.86 22 0.82 1.37 24 0.71 1.00

C5 18 1.06 1.26 36 0.69 0.98 23 1.26 1.36 27 1.26 1.20

C6 18 1.00 1.08 36 0.72 0.94 24 1.42 1.21 27 1.11 1.09

C7 17 0.88 1.05 39 0.38 0.71 25 1.00 1.22 28 0.54 0.69

T1 18 0.39 0.61 39 0.10 0.31 25 0.56 0.82 30 0.07 0.25

T2 18 0.33 0.59 38 0.08 0.27 25 0.40 0.71 29 0.03 0.19

T3 17 0.53 0.72 39 0.21 0.41 24 0.88 1.15 28 0.21 0.42

T4 15 0.60 0.51 38 0.47 0.60 24 1.04 1.12 27 0.37 0.49

T5 17 0.76 0.56 39 0.59 0.55 23 0.91 0.73 27 0.44 0.58

T6 17 0.94 0.83 37 0.57 0.50 23 1.00 0.85 28 0.57 0.74

T7 17 0.94 0.90 36 0.56 0.50 22 1.23 0.97 28 0.82 0.72

T8 17 0.88 0.86 37 0.62 0.59 23 1.17 1.03 30 0.80 0.85

T9 17 1.18 0.88 38 0.66 0.63 25 1.36 1.22 30 0.73 0.78

T10 18 1.00 1.03 36 0.44 0.69 25 1.52 1.42 30 0.73 0.74

T11 19 0.89 0.88 39 0.41 0.59 25 1.40 1.50 30 0.70 0.75

T12 18 0.72 0.75 38 0.32 0.47 25 1.08 1.32 30 0.60 0.67

L1 16 0.94 0.93 39 0.51 0.56 27 1.59 1.12 30 1.20 1.16

L2 17 0.94 0.97 40 0.93 0.80 26 2.04 1.11 30 1.47 1.17

L3 16 1.19 1.11 39 1.23 1.13 27 2.11 1.09 30 1.47 1.07

L4 17 1.24 1.03 40 1.45 1.13 27 2.19 1.00 29 1.69 1.07

L5 16 1.38 1.09 40 1.28 1.15 27 1.78 1.05 29 1.83 1.14

TOTAL 407 0.80 0.92 896 0.55 0.79 588 1.20 1.23 687 0.74 0.95
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Appendix Table 6. Mean severity of joint facet osteoarthritis in cervical and thoracic segments

Male Adult Young
( Individual N=9)

Female Adult Young
(Individual N=41)

Male Adult Middle
(Individual N=13)

Female Adult Middle
(Individual N=30)

N Mean SD N Mean SD N Mean SD N Mean SD

C1 L 12 0.00 0.00 66 0.05 0.27 24 0.04 0.20 49 0.02 0.14

R 12 0.00 0.00 66 0.03 0.17 24 0.04 0.20 51 0.04 0.20

C2 L 16 0.13 0.50 64 0.08 0.32 25 0.40 1.00 57 0.14 0.40

R 16 0.06 0.25 64 0.08 0.32 25 0.60 1.19 55 0.16 0.42

C3 L 18 0.33 0.84 62 0.10 0.39 26 1.35 1.32 48 0.31 0.78

R 18 0.11 0.32 62 0.06 0.31 26 0.96 1.18 48 0.17 0.56

C4 L 18 0.44 0.86 64 0.08 0.41 24 0.92 1.14 44 0.34 0.91

R 18 0.44 0.86 64 0.03 0.18 24 0.88 0.99 44 0.20 0.59

C5 L 18 0.22 0.94 70 0.09 0.41 24 0.71 0.95 48 0.40 0.87

R 18 0.28 0.46 70 0.07 0.26 24 0.88 0.95 48 0.21 0.41

C6 L 18 0.33 0.97 70 0.06 0.23 22 0.59 0.96 47 0.26 0.61

R 18 0.22 0.43 70 0.04 0.20 22 0.41 0.67 47 0.19 0.54

C7 L 18 0.39 1.04 74 0.04 0.20 24 0.96 1.16 48 0.29 0.77

R 18 0.39 1.04 74 0.03 0.16 24 0.71 0.91 48 0.27 0.61

T1 L 16 0.44 1.03 76 0.05 0.22 26 0.42 0.90 54 0.20 0.56

R 16 0.50 1.10 76 0.07 0.25 26 0.46 0.81 54 0.17 0.47

T2 L 16 0.13 0.34 72 0.04 0.20 26 0.04 0.20 52 0.10 0.30

R 16 0.13 0.34 72 0.08 0.40 26 0.08 0.27 52 0.10 0.30

T3 L 14 0.36 0.63 78 0.04 0.19 26 0.04 0.20 48 0.02 0.14

R 14 0.50 0.94 78 0.08 0.39 26 0.08 0.39 48 0.02 0.14

T4 L 12 0.50 0.90 72 0.03 0.17 24 0.00 0.00 52 0.06 0.31

R 12 0.67 1.15 72 0.03 0.17 24 0.00 0.00 52 0.08 0.33

T5 L 14 0.21 0.58 74 0.08 0.27 22 0.00 0.00 48 0.08 0.28

R 14 0.21 0.58 74 0.08 0.27 22 0.00 0.00 48 0.17 0.48

T6 L 12 0.33 0.78 70 0.09 0.28 24 0.00 0.00 52 0.12 0.32

R 12 0.33 0.78 70 0.11 0.36 24 0.00 0.00 52 0.15 0.46

T7 L 12 0.42 0.79 70 0.06 0.23 22 0.00 0.00 50 0.12 0.33

R 12 0.42 0.79 70 0.10 0.42 22 0.00 0.00 50 0.16 0.42

T8 L 14 0.29 0.73 72 0.07 0.26 24 0.04 0.20 54 0.11 0.37

R 14 0.29 0.61 72 0.06 0.23 24 0.04 0.20 54 0.13 0.44

T9 L 14 0.57 1.16 68 0.15 0.36 24 0.13 0.34 54 0.31 0.58

R 14 0.57 1.16 68 0.16 0.37 24 0.17 0.48 54 0.28 0.60

T10 L 16 0.75 1.13 66 0.23 0.42 24 0.17 0.48 54 0.30 0.60

R 16 0.75 1.13 66 0.21 0.41 24 0.54 1.22 54 0.24 0.47

T11 L 16 0.38 0.62 70 0.26 0.56 26 0.38 1.13 53 0.38 0.77

R 16 0.38 0.62 70 0.24 0.55 26 0.38 1.13 53 0.38 0.74

T12 L 14 0.43 0.65 72 0.21 0.50 26 0.31 1.09 48 0.29 0.68

R 14 0.36 0.50 72 0.21 0.50 26 0.00 0.00 48 0.38 0.79

SUM 576 0.35 0.79 2660 0.09 0.33 926 0.34 0.82 1920 0.19 0.53
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