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Abstract: As modern populations are living longer, age-related health issues have become more common. One growing 
concern is the age-related bone density loss that increases the individual’s risk for fractures, which unfortunately seems 
to disproportionately afflict women. These fractures are not only detrimental to the individuals’ lives but also come with a 
great economic burden to the societies. Although age-related bone loss is a normal phenomenon, studies on archaeological 
individuals have demonstrated that the pattern how this occurs has experienced changes due to our changing lifestyles. 
Hence, to add to our understanding of secular trends in age-related bone loss, we studied age- and sex-related differences 
in vertebral and femoral bone densities of a recent past population of late 19th and early 20th century Americans. We used 
a sample of 114 individuals (55 males, 59 females) from the Robert J. Terry Anatomical Skeletal Collection. Peripheral 
quantitative computed tomography (pQCT) was used to scan the dry bones. We took one scan from the 4th lumbar vertebra 
and three scans from the femur. The associations between the age, sex and bone density were analyzed. We were able to 
detect age-related bone loss in both vertebra and femur. It was observed that men tended to lose more bone density on the 
vertebra, whereas bone loss in women was more pronounced in the femur. We speculate that differences to modern and 
earlier archaeological populations are related to the major lifestyle differences between the periods.
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Introduction

As the number of people reaching older age is increasing 
so are the age-related health issues. One of these is the age-
related bone density loss, often accompanied by osteopo-
rosis, a disease that causes excessive bone loss. Bone loss 
increases the vulnerability to bone fractures that are not 
only a heavy economic burden on healthcare systems (Riggs 
& Melton III 1995) but often lead to a negative impact on 
people’s quality of life (Lips et al. 1999; Fechtenbaum et al. 
2005) and can even cause disability and increased mortality 
(Ensrud et al. 2000; Hasserius et al. 2003).

Bone fractures in older age are common among both 
sexes (Lunt et al. 1997; O’Neill & The European Prospective 
Osteoporosis Study (EPOS) Group 2002). However, depend-
ing on the definition of a “vertebral fracture”, women tend to 

exhibit a two to three-fold greater incidence of fractures than 
men (Cummings & Melton 2002; O’Neill & The European 
Prospective Osteoporosis Study (EPOS) Group 2002). 
Similarly, women also exhibit twice as many hip fractures as 
men (Cummings & Melton 2002). Although the differences 
in bone density are only moderate in younger age (Ebbesen 
et al. 1999; Duan et al. 2001a; Riggs et al. 2004; Bouxsein & 
Karasik 2006; Oppenheimer-Velez et al. 2018), age-related 
changes tend to increase the sex differences in later years. 
The sex differences have mainly been associated with a 
greater net-bone density loss that women experience after 
menopause and their overall smaller bones compared to men 
(Gilsanz et al. 1994; Duan et al. 2001b; Bruno et al. 2014). 
Men appear to have a smaller net-bone loss than women due 
to a larger periosteal growth during aging, that is able to com-
pensate the bone loss (Duan, et al. 2001a; Duan et al. 2001b; 
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Seeman 2001). Hence, it has been suggested that men’s bone 
strength decreases less than women during aging (Ruff & 
Hayes 1988; Duan et al. 2001a; Lauretani et al. 2008).

Previous quantitative computed tomography (QCT) and 
peripheral QCT (pQCT) studies on vertebral density have 
indicated that women have either slightly higher or similar 
total and trabecular densities in younger age compared to 
men (Ebbesen et al. 1999; Riggs et al. 2004; Bouxsein & 
Karasik 2006; Oppenheimer-Velez et al. 2018) but tend to 
lose more density especially after menopause, causing older 
women to have lower bone densities than older men (Riggs 
et al. 2004; Bouxsein & Karasik 2006; Hayashi et al. 2011; 
Oppenheimer-Velez et al. 2018). Similarly, in the femur, the 
volumetric density of the neck and midshaft has been found 
to be comparable between sexes in the younger age and even 
higher in women in case of the neck (Duan et al. 2003; Center 
et al. 2004; Wang et al. 2005; Peacock et al. 2009). In the 
older age, a more pronounced difference between the sexes 
can be found in the mid-shaft density (Taaffe et al. 2003), but 
no significant difference in the femoral neck density seems to 
emerge (Center et al. 2004).

Interestingly studies on archaeological samples indicated 
that the pattern of bone loss might not always have been 
the same as the one observed in the current post-industrial-
ized societies (Lees et al. 1993; Ekenman et al. 1995; Mays 
1996; Mays 2000; Mays 2001; Agarwal et al. 2004; Mays 
2006; Mays et al. 2006; Agarwal & Grynpas 2009; Agarwal 
2012; Beauchesne & Agarwal 2017). For example, Agarwal 
(2012) found difference in bone loss between rural and 
urban sites. In rural context both men and women lost bone 
in younger but not older age. In contrast, in urban setting 
women tended to lose more density than men similarly to 
the modern population. Mays (1996; 2000; 2001; 2006) on 
the other hand, has reported that both earlier medieval and 
later industrialized women experienced cortical bone loss, 
whereas only industrialized men were found to show signs 
of bone loss. These results would seem to indicate that large 
changes in lifestyles and living environment due to urban-
ization and industrialization could have influenced the bone 
density and its age-related loss. This is also supported by 
research comparing hunter-gatherer, horticultural and indus-
trialized populations that indicated differences in the bone 
density between the more active and sedentary populations 
(Chirchir et al. 2017).

One of the largest lifestyle changes in the recent past is 
due the industrialization which both increasingly draw people 
to urban environments and facilitated changes in our means 
to provide to ourselves (Blumin 2006; Barca & Bridge 2015; 
Atack et al. 2022). As such this is an important period as it 
could be seen as transformational point between the early 
urbanization to the modern urban lifestyle. Apart from few 
archaeological studies offering some insight in bone density 
of this period, the subject is still relatively scarcely studied. 
To add to our understanding how the industrialization and 
urbanization during 20th century has affected the age-related 

bone density loss, we studied a well-preserved skeletal col-
lection of 19th and 20th century European descent Americans. 
We are not aware that Terry collection would have been 
utilized on the subject before. Hence, it can offer us new 
information on population that lived at the height of indus-
trialization. We chose the pQCT as method, as it has been 
used in few earlier studies of archaeological individuals and 
skeletal collection with promising results (Suby et al. 2009; 
Agarwal 2012; Chirchir et al. 2015; Chirchir et al. 2017).

Since lifestyle (e.g. physical activity and diet) have been 
demonstrated to affect bone density loss (Dawson-Hughes 
et al. 1997; Puntila et al. 2001; Vuillemin et al. 2001; Devine 
et al. 2004; Di Daniele et al. 2004; Daly et al. 2008; Chastin 
et al. 2014), it is beneficial to see how the changes in lifestyle 
in the last hundred years may have affected bones’ aging 
process. In addition, our previous study on the age-related 
trends in the vertebral dimensions on 119 individuals from 
the Terry skeletal collection found no convincing evidence 
of a great increase in dimensions during aging (Junno et al. 
2015), giving us grounds to consider that the potential age-
related differences in this population may be more prominent 
in bone mineral properties than geometry.

As the period in this study encased a great increase in 
urbanisation, we are expecting that the results may show 
age-related bone loss trends that are closer to those observed 
in the contemporary populations, but might still partly reflect 
past conditions. Hence, we hypothesize to find at least partly 
similar age-related changes in bone density to those that 
have been reported by the previous studies on contemporary 
populations, based on the earlier studies of the past popula-
tions that have indicated similar bone loss trends in urban, 
industrialized population and modern population com-
pared to agricultural populations (Mays 2000; Mays 2001; 
Agarwal 2012). These modern age-related trends include  
1) similar bone density between sexes in younger age, 2) the 
greater bone loss in females in both sites, and 3) the femoral 
shaft is likely to loss least amount of density (Hannan et al. 
1992; Yu et al. 1999; Riggs et al. 2004; Marshall et al. 2006; 
Sigurdsson et al. 2006; Lang et al. 2012; Oppenheimer-Velez 
et al. 2018).

Material

The present sample consisted of 114 human skeletons from 
the anatomical Terry Collection, originally included an 
industrial working-class population of an Anglo-American 
origin from the late 19th and early 20th century (Hunt & 
Albanese 2005). Adult cadavers with a broad age spectrum 
(24–77 years) were selected. Individuals with visible pathol-
ogies were excluded. We are utilizing the same sample as our 
earlier study (Junno et al. 2015), except we left five individu-
als out as they were missing at least one density value. Age 
at death, sex, and occupation (if known) were obtained from 
the Terry Collection database.
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Methods

Computed tomography scanning
pQCT scans of the fourth lumbar vertebra (L4), femoral 
neck, femoral head, and the femoral diaphysis of each speci-
men were obtained using a Stratec XCT Research SA scan-
ner (Stratec Medizintechnik GmbH, Pforzheim, Germany) 
which is an automated system for the measurement of bone 
density in bone samples (Ferretti 1999). Scans were analyzed 
using the manufacturer’s software version 6.20 with built-in 
algorithms for converting the CT scan into quantitative bone 
density measures (Augat et al. 1998). Slice thickness and 
pixel size were set at 0.7 mm and 100 µm, respectively. A 
hydroxyapatite phantom was used with daily quality assur-
ance (measurement error < 1 %).

Specific sites of the scans are demonstrated in Figs 1 
and 2. As regards the vertebrae, a frontal scan was per-
formed on the middle part of the corpus of L4. The site was 
chosen due to the fact that human vertebrae are primarily 
loaded in the longitudinal direction (Ferguson & Steffen 
2003; Adams & Dolan 2005). Correspondingly, one slice 
(perpendicular to the diaphysis) was obtained from the 
middle part of the femoral diaphysis, the second slice was 
from the femoral neck, and third from the femoral head 
which was scanned perpendicular to the head-neck axis, 
midway between the lateral border of the articular surface 
and the medial extent of the articular surface along the 
head-neck axis.

For each scan, the appropriate region of interest (ROI) 
was detected automatically by the software. All the verte-

bral and femoral densities (mg/cm3) were obtained from the 
output of the pQCT software using the method described by 
Chirchir et al. (2017).

Statistical analysis
The data was analyzed using the SPSS software (IBM, 
Armonk, NY, USA) version 26. Two age groups, < and ≥ 50 
years were created based on the specimens’ known ages at 
death. We compared the bone densities across the groups in 
terms of eight outcome variables: (1) vertebral total density 
(VtotD), (2) vertebral trabecular density (VtraD), (3) femo-
ral head total density (FHtotD), (4) femoral head trabecular 
density (FHtraD), (5) femoral neck cortical density (FNcrtD) 
and (6) femoral shaft cortical density (FcrtD). The cut-off 
was set at 50 years since it provided the most even age cat-
egories among the sample (young: n = 59, old: n = 55) and 
seems to be an important cut-off after which the deterioration 
of bone quality markedly increases (Eastell & Lambert 2002; 
Felsenberg et al. 2002; Bergström et al. 2008; Compston 
et al. 2009).

First, the connection of the vertebral and femoral den-
sities to one another, age, and age group was tested using 
bivariate correlation analysis. Differences between the age 
groups were then analyzed with linear regression. An inde-
pendent sample t-test was used to study sex differences in 
bone densities. p-values of < 0.05 were considered statisti-
cally significant.

In a supplementary analysis, three age groups (< 40, 
40–50, > 50 years) were constructed and compared using 
analysis of variance (ANOVA) with Scheffe’s post hoc test.

Fig. 1.  Illustrates the specific site on L4 where the pQCT scan 
was taken.

Fig. 2.  Demonstrates the specific sites on the femur where the 
pQCT scans were taken. (A) illustrates the scan taken from the 
head, (B) the neck, and (C) the shaft.
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Results

The means of the sex and age groups and the differences 
between them are shown in Table 1 and Figs 3–8 illustrate 
the changes in the densities during ageing for both sexes. 
Slight to moderate age-related bone loss was detected in 
all the bone sites for the pooled sex sample. The greatest 
difference between age groups in the pooled sample was in 
the VtraD (–17 %). For the men, the greatest difference was 
also found in the VtraD (–20 %) and after that in the VtotD 
(–15 %). The men´s femoral densities had an almost non-
existent change between the age groups (between –2 % and 
–5 %). The women, on the other hand, demonstrated largest 
difference between the age groups in the FHtotD (–20 %) and 
the FHtraD (–20 %). Rest of the vertebral and femoral densi-
ties experienced moderated decreases between age groups 
(between –11 % and –14 %). Differences between sexes 
were extremely small in the vertebra and only decreased in 
the older group. In the femur, the largest differences between 
sexes were found in the femoral head and shaft. In both, the 
decrease in density was greater in women and hence increas-
ing the sex differences in the older age group.

The Pearson bivariate correlations were done using both 
the age as continues variant and the two age groups, < and 
≥ 50 years (Table 2). They showed a statistically significant 
negative correlation sample between age and the VtraD (r = 

–0.430, with age group r = –0.427), VtotD (r = –0.386, with 
age group r = –0.353), FHtraD (r = –0.355, with age group  
r = –0.288), FHtotD (r = –0.343, with age group r = –0.285), 
FNcrtD (r = –0.239, with age group r = –0.245) and FcrtD  
(r = –0.459, with age group r = –0.423) in the pooled sample. 
The men´s sample showed slightly stronger negative correla-
tion between age and VtraD (r = –0.442, with age group r = 
–0.479) and VtotD (r = –0.410, with age group r = –0.405) 
densities than women’s (r = –0.414 and r = –0.354 respec-
tively, with age group r = –0.372 and r = –0.306). However, 
only the women showed statistically significant negative 
correlations between age and the FHtraD (r = –0.547, with 
age group r = –0.499), FHtotD (r = –0.541, with age group 
r = –0.506), FNcrtD (r = –0.300, with age group r = –0.343) 
and FcrtD (r = –0.645, with age group r = –0.609).

The linear regression analysis (Table 3) for the pooled 
sample showed that the VtotD (p < 0.001), VtraD (p < 0.001), 
FHtotD (p = 0.001), FHtraD (p = 0.001), FNcrtD (p = 0.007) 
and FcrtD (p < 0.001) were smaller at the older age. For men, 
only the VtraD and VtotD were lower in the older age group 
(p < 0.001 and p = 0.002, respectively). For women, all the 
vertebral and femoral densities showed decline between the 
age groups (p < 0.005). In the independent student t-test 
(Table 4) only FHtotD, FHtraD and FcrtD showed statisti-
cally significant difference between sexes in the pooled  
(p < 0.001 for all) and old age (p < 0.001 for all) samples.

Table 1.  Presents the mean bone densities in different categories (sex, age and age/sex specific groups) and shows the the changes 
in bone densities between age and sex groups.

Pooled sex
Change 
between 

age 
groups✷

Men
Change 
between 

age 
groups✷

Women
Change 
between 

age 
groups✷

Difference 
between sexes 

(women to 
men)✭

Pooled ages Differences 
between 

sexes 
(women to 

men)✭

Young Old Young Old Young Old Men Women

N 59 55 28 27 30 29 Young Old 55 59

Density Mean Mean % Mean Mean % Mean Mean % % % Mean Mean %

VtotD¶ 
(mg/cm3)

360.1 ± 
61.3

311.7 ± 
67.9

–13 %
371.7 ± 

64.1
317.4 ± 

62.7
–15 %

349.5 ± 
58.7

307.9 ± 
72.6

–12 % –6 % –3 %
345.0 ± 

68.6
329.0 ± 

68.6
–5 %

VtraD† 
(mg/cm3)

271.1 ± 
55.5

225.5 ± 
40.0

–17 %
278.7 ± 

61.1
223.2 ± 

40.8
–20 %

264.5 ± 
50.6

228.7 ± 
39.5

–14 % –5 % +2 %
251.4 ± 

58.8
246.9 ± 

48.6
–2 %

FHtotD‡ 
(mg/cm3)

525.3 ± 
99.9

461.1 ± 
118.0

–12 %
538.6 ± 
104.8

527.9 ± 
121.7

–2 %
508.3 ± 

92.8
406.0 ± 

84.4
–20 % –6 % –30 %

533.3 ± 
112.5

458.0 ± 
102.0

–16 %

FHtraD✦ 
(mg/cm3)

796.6 ± 
154.7

695.4 ± 
184.5

–13 %
817.1 ± 
164.1

795.0 ± 
192.7

–3 %
770.3 ± 
141.8

613.6 ± 
135.1

–20 % –6 % –30 %
806.2 ± 
177.4

693.3 ± 
158.4

–16 %

FNcrtD✢ 
(mg/cm3)

415.7 ± 
70.4

381.3 ± 
66.6

–8 %
397.2 ± 

69.7
379.1 ± 

73.6
–5 %

432.1 ± 
68.9

385.5 ± 
60.4

–11 % +8 % +2 %
388.3 ± 

71.5
409.2 ± 

68.5
+5 %

FcrtD❖ 
(mg/cm3)

1057.3 ± 
64.7

980.4 ± 
99.0

–7 %
1075.5 ± 

53.5
1048.0 ± 

41.9
–3 %

1042.6 ± 
70.6

917.7 ± 
93.7

–12 % –3 % –14 %
1062.0 ± 

49.7
981.2 ± 
103.4

–8 %

† Vertebral trabecular density
‡ Femoral head total density
✦ Femoral head trabecular density
✢ Femoral neck cortical density
❖ Femoral shaft cortical density
✷ Calculated as change percentage
✭ Calculated as reference percentage
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Fig. 3.  Scatter plot presenting the distribution of total density according to age in the vertebra for 
both sexes.

Fig. 4.  Scatter plot presenting the distribution of trabecular density according to age in the vertebra 
for both sexes.
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Fig. 5.  Scatter plot presenting the distribution of total density according to age in the femoral head 
for both sexes.

Fig. 6.  Scatter plot presenting the distribution of trabecular density according to age in the femoral 
head for both sexes.
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Fig. 7.  Scatter plot presenting the distribution of cortical density according to age in the femoral 
neck for both sexes.

Fig. 8.  Scatter plot presenting the distribution of cortical density according to age in the femoral 
shaft for both sexes.
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Table 3.  Presents the linear regression results for all densities in pooled sample that was adjusted for age group and sex. Shows also 
the results for seperated samples of men and women that are adjusted only for the age group.

Pooled* Men Women
Lower among  

oldera
p for age 
difference

Lower among  
oldera

p for age 
difference

Lower among  
oldera

p for age 
difference

VtotD (mg/cm3) –48.1 (–24.2; –72.1) < 0.001 –55.2 (–20.9; –89.4) 0.002 –41.6 (–7.2; –76.0) 0.019
VtraD (mg/cm3) –45.5 (–27.3; –63.6) < 0.001 –55.8 (–27.6; –84.1) < 0.001 –35.8 (–12.1; –59.5) 0.004
FHtotD (mg/cm3) –62.8 (–24.6; –101.0) 0.001 –20.2 (41.0; –81.5) 0.511 –102.4 (–56.1; –148.6) < 0.001
FHtraD (mg/cm3) –99.1 (–39.3; –158.8) 0.001 –37.1 (59.3; –133.6) 0.444 –156.6 (–84.4; –228.9) < 0.001
FNcrtD (mg/cm3) –34.8 (–9.6; –60.1) 0.007 –22.2 (16.4; –60.9) 0.253 –46.6 (–12.7; –80.4) 0.008
FcrtD (mg/cm3) –79.4 (–52.3; –106.6) < 0.001 –22.2 (4.3; –48.6) 0.099 –124.9 (–81.7; –168.1) < 0.001

a Beta estimate (95 % confidence interval) according to the linear regression models
* Adjusted for sex

Table 2.  Presents the Pearson´s bivariate correlations between age or agegroup and vertebral densities and femoral densities.
Pooled Men Women

Age Agegroups Age Agegroup Age Agegroup
VtotD (mg/cm3) –0.391** –0.353** –0.410** –0.405** –0.364** –0.306*
VtraD (mg/cm3) –0.432** –0.427** –0.442** –0.479** –0.419** –0.372**
FHtotD (mg/cm3) –0.343** –0.285** –0.150 –0.091 –0.548** –0.506**
FHtraD (mg/cm3) –0.355** –0.288** –0.172 –0.105 –0.552** –0.499**
FNcrtD (mg/cm3) –0.241* –0.245** –0.209 –0.157 –0.303* –0.343**
FcrtD (mg/cm3) –0.462** –0.423** –0.219 –0.225 –0.656** –0.609**

* significant at the 0.05 level
** siginificant at the 0.01 level

Table 4.  Presents the differences between sexes according to the independent student t-test.

Densities
Pooled Young Old
p-value p-value p-value

VtotD (mg/cm3) 0.216 0.177 0.664
VtraD (mg/cm3) 0.655 0.362 0.539
FHtotD (mg/cm3) < 0.001 0.186 < 0.001
FHtraD (mg/cm3) < 0.001 0.186 < 0.001
FNcrtD (mg/cm3) 0.114 0.069 0.623
FcrtD (mg/cm3) < 0.001 0.075 < 0.001

Using the three age categories for ANOVA with Scheffe 
post hoc showed that men tended to lose density more 
even pace in vertebrae than women (see Supplement 1). 
Men showed difference in density between groups 1 and 
3 whereas in women trabecular density indicated change 
already between groups 1 and 2. In femur, women mainly 
showed change in bone density in later in life between age 
groups 2 and 3. Only exception being femoral neck that 
showed more even bone loss during ageing.

Occupation
We were able to find occupation information for 77 individ-
uals (40 men and 37 women) of the sample. The distribu-
tions of the occupations for men and women are presented 
in Fig. 9. We can see that a clear majority of men were 
laborers or day laborers, whereas almost three-quarters of 
women were either housewives or had housework listed as 
their occupation. Next category for both sexes was service 
or crafts work. Very few had some type of office work or 
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factory work and only a couple of men were listed as farm-
ers. There was a very clear division between the jobs done 
by men and women and especially women tended to mainly 
do housework, whether this meant in their own home or as 
hired hand.

Discussion

Sex- and age-related changes
In this cross-sectional study, we studied the age- and sex-
specific changes in the bone densities of the vertebral body 
and the femoral head, neck and shaft in a recent past popu-

Fig. 9.  Pie charts presenting the division of occupations in (A) men and (B) women.

 Sex- and site-specific, age-related changes in bone density    25



lation of industrialized Americans. A slight decline in the 
bone density between the age groups (< and ≥ 50 years) was 
observed in all sites. However, only women showed a statis-
tically significant decrease in femoral densities between the 
age groups. These results, especially for the vertebra, differ 
from what we could typically find in modern humans but 
also partly from the earlier populations.

In the contemporary populations CT based studies on the 
vertebrae (Ebbesen et al. 1999; Riggs et al. 2004; Bouxsein 
& Karasik 2006; Oppenheimer-Velez et al. 2018;) have sug-
gested that younger aged men and women do not seem to 
differ in the volumetric trabecular density, which seemed 
to be the case also in our study. The greater bone loss in 
modern women compared to men is typically observed most 
often after the menopause (Riggs et al. 2004; Hayashi et al. 
2011; Oppenheimer-Velez et al. 2018), which is in agree-
ment with the observations in the archaeological urban pop-
ulation (Agarwal 2012). However, in archaeological rural 
populations, it has been observed that both sexes tended to 
experience bone loss already before an age of 50 (Agarwal 
et al. 2004; Agarwal & Grynpas 2009; Agarwal 2012). 
Also, not all studies on the contemporary populations have 
reported the same results. For example, Ebbesen et al. (1999) 
observed no sex differences in the loss of trabecular and 
total densities in the L3 vertebrae. Similarly, Eckstein et al. 
(2007) found no sex differences in bone microstructure in 
older individuals for the lumbar vertebrae. In our study both 
sexes were noted to experience age-related bone loss in ver-
tebrae. Although we mainly studied only two age groups, our 
results from using three age categories did indicate possible 
differences in the timing of the bone lose between sexes, as 
men seemed to lose density more evenly than women and 
women experienced trabecular bone loss already before age 
of 50. However, we did not detect larger bone loss in women 
compared to men; instead, men seemed to lose slightly more 
density than women. In addition, no statistically significant 
differences in vertebral bone densities were detected between 
the sexes in either age group.

In femur, we found no statistically significant difference 
in the densities between the young adult men and women. 
The femoral neck showed slightly higher values for women 
than men, especially at the young age group, although the 
difference was not statistically significant. Studies on the 
modern populations have also reported similar results for 
the femoral neck (Tsai et al. 1997; Duan et al. 2003; Saeed 
et al. 2009). It has also been shown that women tend to lose 
more density in the femoral neck than men (Tsai et al. 1997; 
Marshall et al. 2006; Meta et al. 2006; Sigurdsson et al. 
2006; Wang & Niebur 2006), which was also the case in 
our sample and seems to have been typical in archaeological 
populations (Lees et al. 1993; Mays 2006) indicating con-
tinuum in this feature despite changes in lifestyles. However, 
not all studies in archaeological populations have shown sex 
differences in bone loss (Ekenman et al. 1995).

Interestingly, although our women sample showed 
approximately two-fold bone loss in the femoral neck com-
pared to men, there still was no statistically significant dif-
ference between sexes in the bone density in older age. This 
also seems to be the case in some of the modern populations’ 
studies (Wang et al. 2005), although some have reported 
lower densities for the older women compared to the men 
(Tsai et al. 1997).

The bone loss was greatest in the head of the femur for the 
women, probably due it being the most trabecular-rich part. 
Previous studies have demonstrated a greater loss in trabecu-
lar-rich sites than cortical-containing sites (Beck et al. 2000; 
Meta et al. 2006). In contemporary human studies, age-
related changes in the femoral head have been observed, but 
unlike in our results, no significant sex-related differences 
have been noted (Greenwood et al. 2018). Intriguingly, over-
all in the femur for women, the bone loss seemed to occur 
later in life than in vertebrae.

For men, density loss was low in the shaft’s cortical den-
sity. This lines up with what has been reported by previous 
research on contemporary populations (Marshall et al. 2006). 
Although studies on the bone mineral density (g/cm2) have 
indicated that women would lose more density in the tro-
chanter area than men (Hannan et al. 1992; Tsai et al. 1997), 
it has also been shown that the cortical bone loss tends to be 
mild in both sexes (Marshall et al. 2006; Meta et al. 2006; 
Sigurdsson et al. 2006). It is therefore interesting that our 
sample indicated such clear sex differences in the shaft’s cor-
tical density loss.

Factors underlying the bone loss patterns
We argue that the greatest factor influencing the bone loss 
differences between the time periods is the level of physical 
activity, as in the 19th-century and even in early 20th physi-
cal activity levels were completely different from those of 
modern-day societies. Majority of people had an occupation 
that required at least some level of manual work and weekly 
working hours were higher than in modern days (Floud 
et al. 2011). The increased urbanization of the industrialized 
period also meant changes in occupations compared to the 
earlier agriculturally oriented societies.

In our sample the majority of men had been recorded as 
either laborers or day laborers. This label could include a 
variety of jobs; hence it is hard to label them as a physically 
demanding category per se, although most of them likely 
required some level of physical activity. The next most com-
mon occupations were service, and crafts works. Very few 
individuals were labeled as a farmer, factory, or office worker. 
In women, almost three-quarters were listed as housewives 
or had housework as their occupation. Apart from that, the 
next most common occupation category was services and 
crafts jobs. A couple of women were office workers and only 
one individual worked in a factory. Although less is known 
about the employment and retirement of the women from 
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that time period, it is likely that working days were long and 
strenuous for both sexes. Retirement was not very common. 
Over half of the men aged 60 and above were reported to still 
be working in the second half of the 19th century and this did 
not seem to drop much before the 1930s (Ransom & Sutch 
1986). As for housework, especially if it is one’s own house, 
it is not something that one really retires from, so house-
wives likely continued to work until they could no longer.

Physical activity has been shown to have a mostly posi-
tive effect on bone health and hinder bone loss (Langsetmo 
et al. 2012; Chastin et al. 2014; Johansson et al. 2015; Strope 
et al. 2015). Although the results are quite varied, some 
studies have indicated that men might benefit from physi-
cal activity more in their femur than women (Nguyen et al. 
2000; Vuillemin et al. 2001; Chastin et al. 2014; Johansson 
et al. 2015). Therefore, we speculate that the men in our sam-
ple could have been exposed to harder physical labor until 
later in life which could have benefitted them in terms of 
their femoral densities. Women, on the other hand, have been 
reported not to benefit from physical activity as much, espe-
cially regarding the lower limbs (Silman et al. 1997; Puntila 
et al. 2001; Gerdhem et al. 2003a; Gerdhem et al. 2003b; 
Gába et al. 2012; Chastin et al. 2014). Rather, some research 
has indicated that they might benefit more from light activi-
ties and standing jobs, especially when it comes to vertebrae 
(Ebrahim et al. 1997; Silman et al. 1997; Douchi et al. 2000; 
Puntila et al. 2001). This could indicate that although women 
in our sample may not have reaped the benefits from chores 
and activities at home in terms of their femur, it may have 
been beneficial to their spine. However, it is good to note 
that housework in 19th and 20th century was quite different 
than what is today. It was usually a whole day job, mean-
ing long days standing and doing physically laborious work. 
Unlike with men, women’s day lasted from the moment they 
woke up to moment they went to bed. Even the first elec-
tronic devices did not really shorten their day as time that 
was saved from one chore was often transferred to another 
(Davidson 1982; Simonton 1998). Some of the housewives 
could also add to the family’s income by either helping with 
their husband’s occupation or practice boarding or inn keep-
ing (Goldin 1993). So, although it might at first glance seem 
that women were speared from the physically hard work by 
doing mainly housework this is likely not the case.

The possible beneficial effects of working habits on the 
women’s vertebrae are also supported by results from our 
previous research on the age-related changes in vertebral 
dimensions among the same sample. The study indicated 
that although men did not experience a statistically signifi-
cant age-related increase in the vertebral cross-sectional 
area, females did (Junno et al. 2015). This would mean that 
women experienced larger periosteal increase, maybe due 
to high physical strain, which could have decreased the net-
loss of bone (Duan et al. 2001b). On the other hand, this 
could also represent site specific microstructural differences 

between men and women. For example, Eckstein et al. (2007) 
observed significant sex difference in bone microstructure in 
the femoral neck and shaft, but not in the lumbar vertebrae.

In addition to physical activities, there are other fac-
tors that may have affected the bone density loss. One is 
the calcium intake, which in modern populations has been 
demonstrated to have a positive influence on bone density, 
especially together with physical activity (Dawson-Hughes 
et al. 1997; Devine et al. 2004; Di Daniele et al. 2004). It 
has been estimated that dairy and eggs represented around 
9 % of the caloric intake during the 19th century, although 
the proportion of expenditure that people used on non-grain 
products tended to increase with their wealth (Floud et al. 
2011). Yet, in the frame of this study it is difficult to estimate 
how large an effect this could have had on this population.

As regards the bone loss experienced by the women, one 
might need to consider the changes that may have affected the 
hormonal influence of the bone loss, such as the age of men-
arche, the age of menopause, the number of years of menstru-
ation, the number of children and duration of nursing. All of 
these have been noted to have some kind of an effect on bone 
density (Fehily et al. 1992; Vico et al. 1992; Fox et al. 1993; 
Kritz-Silverstein & Barrett-Connor 1993; Ito et al. 1995; 
Galuska & Sowers 1999; Ho & Kung 2005; Streeten et al. 
2005; Chevalley et al. 2008; Crandall et al. 2017; Lee 2019; 
Seo et al. 2021). For example, a younger age at menarche, 
an older age at menopause, and a longer period of menstrua-
tion have been shown to have positive effects on bone density 
(Fox et al. 1993; Kritz-Silverstein & Barrett-Connor 1993; 
Ito et al. 1995; Galuska & Sowers 1999; Chevalley et al. 
2008; Sioka et al. 2010). This is a positive note for modern 
women since temporal trends seem to be an advantage for all 
three concepts (Gottschalk et al. 2020). However, again, in 
the frame of this study it is not possible to consider in detail 
the influence of these on bone density.

Strengths and weaknesses
The strength of our study is the large sample size of indi-
viduals from the well-kept and documented collection that 
included individuals of different ages. On the other hand, the 
collection itself might also be a source of bias. Since Terry’s 
skeletal collection consists of individuals mainly from the 
latter half of 19th century and early 20th century, reaching 
the age of 60 years, likely meant you were healthier and 
more robust than your average peer. This could mean that 
we are comparing weaker individuals (the ones who died at 
a younger age) to stronger (the ones that lived until old age). 
Hence, the bone densities in the younger group could have 
been lower than average or higher than average in the older 
group. However, we believe that the bias would decrease the 
age differences rather than increase them. We also acknowl-
edge that we did observe an age-related bone loss in our sam-
ple, but it could be less than what would have been observed 
in a longitudinal study.
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Conclusions

We found age-related changes in the lumbar vertebra and 
three sites in the femur: head, neck, and shaft. The great-
est loss of bone density occurred in the most trabecular-rich 
parts: the vertebral body and femoral head. There were also 
great differences in bone loss patterns between the sexes. 
Men lost most density in the lumbar vertebrae whereas 
women in the femoral head. The loss of cortical density in 
the femoral neck and shaft was minuscule in men but sta-
tistically significant in women. As men have been typically 
observed to lose less bone density in vertebrae compared to 
women in contemporary populations, it was unexpected that 
men lost more density than women. We suggest that these 
patterns could reflect differences in lifestyle over the time, 
with men likely required to work late in life which could 
have benefitted the bone density of lower limbs. Women’s 
vertebrae instead could have benefitted from the slightly 
lighter activities and long periods of time spent standing 
while working at home.

Acknowledgments: We would like to thank the National Museum 
of Natural History of the Smithsonian Institution, Washington, 
United States, for access to the Robert J. Terry anatomical skel-
etal collection. This work was financially supported by the Finnish 
Cultural Foundation and Finnish Academy of Science and Letters, 
which had no involvement in study design, execution, or reporting.

Competing interests
The authors declare no competing interests.

Data availability
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

References

Adams, M. A., & Dolan, P. (2005). Spine biomechanics. Journal 
of Biomechanics, 38(10), 1972–1983. https://doi.org/10.1016/j.
jbiomech.2005.03.028 PMID:15936025

Agarwal, S. C. (2012). The Past of Sex, Gender, and Health: 
Bioarchaeology of the Aging Skeleton. American Anthro
pologist, 114(2), 322–335. https://doi.org/10.1111/j.1548-1433. 
2012.01428.x

Agarwal, S. C., Dumitriu, M., Tomlinson, G. A., & Grynpas, 
M. D. (2004). Medieval trabecular bone architecture: The 
influence of age, sex, and lifestyle. American Journal of 
Physical Anthropology, 124(1), 33–44. https://doi.org/10.1002/
ajpa.10335 PMID:15085546

Agarwal, S. C., & Grynpas, M. D. (2009). Measuring and interpret-
ing age-related loss of vertebral bone mineral density in a medi-
eval population. American Journal of Physical Anthropology, 
139(2), 244–252. https://doi.org/10.1002/ajpa.20977 PMID: 
19140184

Atack, J., Margo, R. A., & Rhode, P. W. (2022). Industrialization and 
urbanization in nineteenth century America. Regional Science 
and Urban Economics, 94, 103678. https://doi.org/10.1016/j.
regsciurbeco.2021.103678

Augat, P., Gordon, C. L., Lang, T. F., Iida, H., & Genant, H. K. 
(1998). Accuracy of cortical and trabecular bone measurements 
with peripheral quantitative computed tomography (pQCT). 
Physics in Medicine and Biology, 43(10), 2873–2883. https://
doi.org/10.1088/0031-9155/43/10/015 PMID:9814524

Barca, S., & Bridge, G. (2015). Industrialisation and environmen-
tal change. In T. Perreault, G. Bridge, & J. McCarthy (Eds.), 
The Routledge handbook of political ecology (pp. 366–377). 
Abingdon, Oxon: Routledge.

Beauchesne, P., & Agarwal, S. C. (2017). A multi-method assess-
ment of bone maintenance and loss in an Imperial Roman popu-
lation: Implications for future studies of age-related bone loss in 
the past. American Journal of Physical Anthropology, 164(1), 
41–61. https://doi.org/10.1002/ajpa.23256 PMID:28581022

Beck, T. J., Looker, A. C., Ruff, C. B., Sievanen, H., & Wahner, 
H. W. (2000). Structural trends in the aging femoral neck and 
proximal shaft: Analysis of the Third National Health and 
Nutrition Examination Survey dual-energy X-ray absorpti-
ometry data. Journal of Bone and Mineral Research, 15(12), 
2297–2304. https://doi.org/10.1359/jbmr.2000.15.12.2297 
PMID:11127194

Bergström, U., Björnstig, U., Stenlund, H., Jonsson, H., & 
Svensson, O. (2008). Fracture mechanisms and fracture pattern 
in men and women aged 50 years and older: A study of a 12-year 
population-based injury register, Umeå, Sweden. Osteoporosis 
International, 19(9), 1267–1273. https://doi.org/10.1007/
s00198-007-0549-z PMID:18214568

Blumin, S. M. (2006). Driven to the City: Urbanization and 
Industrialization in the Nineteenth Century. OAH Magazine of 
History, 20(3), 47–53. https://doi.org/10.1093/maghis/20.3.47

Bouxsein, M. L., & Karasik, D. (2006). Bone geometry and skeletal 
fragility. Current Osteoporosis Reports, 4(2), 49–56. https://doi.
org/10.1007/s11914-006-0002-9 PMID:16822403

Bruno, A. G., Broe, K. E., Zhang, X., Samelson, E. J., Meng, C.-A., 
Manoharan, R., … Bouxsein, M. L. (2014). Vertebral size, bone 
density, and strength in men and women matched for age and 
areal spine BMD. Journal of Bone and Mineral Research, 29(3), 
562–569. https://doi.org/10.1002/jbmr.2067 PMID:23955966

Center, J. R., Nguyen, T. V., Pocock, N. A., & Eisman, J. A. (2004). 
Volumetric bone density at the femoral neck as a common mea-
sure of hip fracture risk for men and women. The Journal of 
Clinical Endocrinology and Metabolism, 89(6), 2776–2782. 
https://doi.org/10.1210/jc.2003-030551 PMID:15181057

Chastin, S. F. M., Mandrichenko, O., Helbostadt, J. L., & Skelton, 
D. A. (2014). Associations between objectively-measured 
sedentary behaviour and physical activity with bone mineral 
density in adults and older adults, the NHANES study. Bone, 
64, 254–262. https://doi.org/10.1016/j.bone.2014.04.009 
PMID:24735973

Chevalley, T., Bonjour, J.-P., Ferrari, S., & Rizzoli, R. (2008). 
Influence of age at menarche on forearm bone microstructure in 
healthy young women. The Journal of Clinical Endocrinology 
and Metabolism, 93(7), 2594–2601. https://doi.org/10.1210/
jc.2007-2644 PMID:18430772

Chirchir, H., Kivell, T. L., Ruff, C. B., Hublin, J.-J., Carlson, K. J., 
Zipfel, B., & Richmond, B. G. (2015). Recent origin of low 

28    N. Korpinen, P. Oura, J.-A. Junno

https://doi.org/10.1016/j.jbiomech.2005.03.028
https://doi.org/10.1016/j.jbiomech.2005.03.028
https://www.ncbi.nlm.nih.gov/pubmed/15936025
https://doi.org/10.1111/j.1548-1433.2012.01428.x
https://doi.org/10.1111/j.1548-1433.2012.01428.x
https://doi.org/10.1002/ajpa.10335
https://doi.org/10.1002/ajpa.10335
https://www.ncbi.nlm.nih.gov/pubmed/15085546
https://doi.org/10.1002/ajpa.20977
https://www.ncbi.nlm.nih.gov/pubmed/19140184
https://www.ncbi.nlm.nih.gov/pubmed/19140184
https://doi.org/10.1016/j.regsciurbeco.2021.103678
https://doi.org/10.1016/j.regsciurbeco.2021.103678
https://doi.org/10.1088/0031-9155/43/10/015
https://doi.org/10.1088/0031-9155/43/10/015
https://www.ncbi.nlm.nih.gov/pubmed/9814524
https://doi.org/10.1002/ajpa.23256
https://www.ncbi.nlm.nih.gov/pubmed/28581022
https://doi.org/10.1359/jbmr.2000.15.12.2297
https://www.ncbi.nlm.nih.gov/pubmed/11127194
https://doi.org/10.1007/s00198-007-0549-z
https://doi.org/10.1007/s00198-007-0549-z
https://www.ncbi.nlm.nih.gov/pubmed/18214568
https://doi.org/10.1093/maghis/20.3.47
https://doi.org/10.1007/s11914-006-0002-9
https://doi.org/10.1007/s11914-006-0002-9
https://www.ncbi.nlm.nih.gov/pubmed/16822403
https://doi.org/10.1002/jbmr.2067
https://www.ncbi.nlm.nih.gov/pubmed/23955966
https://doi.org/10.1210/jc.2003-030551
https://www.ncbi.nlm.nih.gov/pubmed/15181057
https://doi.org/10.1016/j.bone.2014.04.009
https://www.ncbi.nlm.nih.gov/pubmed/24735973
https://doi.org/10.1210/jc.2007-2644
https://doi.org/10.1210/jc.2007-2644
https://www.ncbi.nlm.nih.gov/pubmed/18430772


trabecular bone density in modern humans. Proceedings of the 
National Academy of Sciences of the United States of America, 
112(2), 366–371. https://doi.org/10.1073/pnas.1411696112 
PMID:25535354

Chirchir, H., Ruff, C. B., Junno, J.-A., & Potts, R. (2017). Low 
trabecular bone density in recent sedentary modern humans. 
American Journal of Physical Anthropology, 162(3), 550–560. 
https://doi.org/10.1002/ajpa.23138 PMID:28101969

Compston, J., Cooper, A., Cooper, C., Francis, R., Kanis, J. A., 
Marsh, D., … Wilkins, M., & the National Osteoporosis 
Guideline Group (NOGG). (2009). Guidelines for the diagno-
sis and management of osteoporosis in postmenopausal women 
and men from the age of 50 years in the UK. Maturitas, 62(2), 
105–108. https://doi.org/10.1016/j.maturitas.2008.11.022 
PMID:19135323

Crandall, C. J., Liu, J., Cauley, J., Newcomb, P. A., Manson, J. E., 
Vitolins, M. Z., … Stefanick, M. L. (2017). Associations of 
Parity, Breastfeeding, and Fractures in the Women’s Health 
Observational Study. Obstetrics and Gynecology, 130(1), 
171–180. https://doi.org/10.1097/AOG.0000000000002096 
PMID:28594759

Cummings, S. R., & Melton, L. J. (2002). Epidemiology and 
outcomes of osteoporotic fractures. Lancet, 359(9319), 
1761–1767. https://doi.org/10.1016/S0140-6736(02)08657-9 
PMID:12049882

Daly, R. M., Ahlborg, H. G., Ringsberg, K., Gardsell, P., Sernbo, 
I., & Karlsson, M. K. (2008). Association between changes in 
habitual physical activity and changes in bone density, mus-
cle strength, and functional performance in elderly men and 
women. Journal of the American Geriatrics Society, 56(12), 
2252–2260. https://doi.org/10.1111/j.1532-5415.2008.02039.x 
PMID:19016934

Davidson, C. (1982). A woman’s work is never done. A history of 
housework in the British Isles 1650-1950. London: Chatto & 
Windus.

Dawson-Hughes, B., Harris, S. S., Krall, E. A., & Dallal, G. E. 
(1997). Effect of calcium and vitamin D supplementation on 
bone density in men and women 65 years of age or older. The 
New England Journal of Medicine, 337(10), 670–676. https://
doi.org/10.1056/NEJM199709043371003 PMID:9278463

Devine, A., Dhaliwal, S. S., Dick, I. M., Bollerslev, J., & Prince, 
R. L. (2004). Physical activity and calcium consumption 
are important determinants of lower limb bone mass in older 
women. Journal of Bone and Mineral Research, 19(10), 1634–
1639. https://doi.org/10.1359/JBMR.040804 PMID:15355558

Di Daniele, N., Carbonelli, M. G., Candeloro, N., Iacopino, L., 
De Lorenzo, A., & Andreoli, A. (2004). Effect of supplemen-
tation of calcium and vitamin D on bone mineral density and 
bone mineral content in peri- and post-menopause women; a 
double-blind, randomized, controlled trial. Pharmacological 
Research, 50(6), 637–641. https://doi.org/10.1016/S1043-
6618(04)00145-8 PMID:15501704

Douchi, T., Yamamoto, S., Oki, T., Maruta, K., Kuwahata, R., 
Yamasaki, H., & Nagata, Y. (2000). The effects of physical 
exercise on body fat distribution and bone mineral density in 
postmenopausal women. Maturitas, 35(1), 25–30. https://doi.
org/10.1016/S0378-5122(00)00094-3 PMID:10802396

Duan, Y., Seeman, E., & Turner, C. H. (2001a). The biomechanical 
basis of vertebral body fragility in men and women. Journal 
of Bone and Mineral Research, 16(12), 2276–2283. https://doi.
org/10.1359/jbmr.2001.16.12.2276 PMID:11760842

Duan, Y., Turner, C. H., Kim, B.-T., & Seeman, E. (2001b). Sexual 
dimorphism in vertebral fragility is more the result of gender 
differences in age-related bone gain than bone loss. Journal of 
Bone and Mineral Research, 16(12), 2267–2275. https://doi.
org/10.1359/jbmr.2001.16.12.2267 PMID:11760841

Duan, Y., Beck, T. J., Wang, X.-F., & Seeman, E. (2003). Structural 
and biomechanical basis of sexual dimorphism in femoral neck 
fragility has its origins in growth and aging. Journal of Bone and 
Mineral Research, 18(10), 1766–1774. https://doi.org/10.1359/
jbmr.2003.18.10.1766 PMID:14584886

Eastell, R., & Lambert, H. (2002). Strategies for skeletal health in 
the elderly. The Proceedings of the Nutrition Society, 61(2), 173–
180. https://doi.org/10.1079/PNS2002160 PMID:12133198

Ebbesen, E. N., Thomsen, J. S., Beck-Nielsen, H., Nepper-
Rasmussen, H. J., & Mosekilde, L. (1999). Age- and gender-
related differences in vertebral bone mass, density, and strength. 
Journal of Bone and Mineral Research, 14(8), 1394–1403. 
https://doi.org/10.1359/jbmr.1999.14.8.1394 PMID:10457272

Ebrahim, S., Thompson, P. W., Baskaran, V., & Evans, K. (1997). 
Randomized placebo-controlled trial of brisk walking in the 
prevention of postmenopausal osteoporosis. Age and Ageing, 
26(4), 253–260. https://doi.org/10.1093/ageing/26.4.253 
PMID:9271287

Eckstein, F., Matsuura, M., Kuhn, V., Priemel, M., Müller, R., Link, 
T. M., & Lochmüller, E. M. (2007). Sex differences of human 
trabecular bone microstructure in aging are site-dependent. 
Journal of Bone and Mineral Research, 22(6), 817–824. https://
doi.org/10.1359/jbmr.070301 PMID:17352643

Ekenman, I., Eriksson, S. A., & Lindgren, J. U. (1995). Bone den-
sity in medieval skeletons. Calcified Tissue International, 56(5), 
355–358. https://doi.org/10.1007/BF00301601 PMID:7621340

Ensrud, K. E., Thompson, D. E., Cauley, J. A., Nevitt, M. C., 
Kado, D. M., Hochberg, M. C., … Black, D. M., & the Fracture 
Intervention Trial Research Group. (2000). Prevalent vertebral 
deformities predict mortality and hospitalization in older women 
with low bone mass. Journal of the American Geriatrics Society, 
48(3), 241–249. https://doi.org/10.1111/j.1532-5415.2000.
tb02641.x PMID:10733048

Fechtenbaum, J., Cropet, C., Kolta, S., Horlait, S., Orcel, P., & 
Roux, C. (2005). The severity of vertebral fractures and health-
related quality of life in osteoporotic postmenopausal women. 
Osteoporosis International, 16(12), 2175–2179. https://doi.org/ 
10.1007/s00198-005-2023-0 PMID:16220230

Fehily, A. M., Coles, R. J., Evans, W. D., & Elwood, P. C. (1992). 
Factors affecting bone density in young adults. The American 
Journal of Clinical Nutrition, 56(3), 579–586. https://doi.org/ 
10.1093/ajcn/56.3.579 PMID:1503072

Felsenberg, D., Silman, A. J., Lunt, M., Armbrecht, G., Ismail, 
A. A., Finn, J. D., … O’Neill, T. W., & the European Prospective 
Osteoporosis Study (EPOS) Group. (2002). Incidence of 
vertebral fracture in europe: Results from the European 
Prospective Osteoporosis Study (EPOS). Journal of Bone and 
Mineral Research, 17(4), 716–724. https://doi.org/10.1359/
jbmr.2002.17.4.716 PMID:11918229

Ferguson, S. J., & Steffen, T. (2003). Biomechanics of the aging 
spine. European Spine Journal, 12(Suppl 2, Suppl 2), S97–S103. 
https://doi.org/10.1007/s00586-003-0621-0 PMID:13680317

Ferretti, J. L. (1999). Peripheral Quantitative Computed Tomography 
for Evaluating Structural and Mechanical Properties of Small 
Bone. In Y. An & R. Draughn (Eds.), Mechanical testing of bone 

 Sex- and site-specific, age-related changes in bone density    29

https://doi.org/10.1073/pnas.1411696112
https://www.ncbi.nlm.nih.gov/pubmed/25535354
https://doi.org/10.1002/ajpa.23138
https://www.ncbi.nlm.nih.gov/pubmed/28101969
https://doi.org/10.1016/j.maturitas.2008.11.022
https://www.ncbi.nlm.nih.gov/pubmed/19135323
https://doi.org/10.1097/AOG.0000000000002096
https://www.ncbi.nlm.nih.gov/pubmed/28594759
https://doi.org/10.1016/S0140-6736%2802%2908657-9
https://www.ncbi.nlm.nih.gov/pubmed/12049882
https://doi.org/10.1111/j.1532-5415.2008.02039.x
https://www.ncbi.nlm.nih.gov/pubmed/19016934
https://doi.org/10.1056/NEJM199709043371003
https://doi.org/10.1056/NEJM199709043371003
https://www.ncbi.nlm.nih.gov/pubmed/9278463
https://doi.org/10.1359/JBMR.040804
https://www.ncbi.nlm.nih.gov/pubmed/15355558
https://doi.org/10.1016/S1043-6618%2804%2900145-8
https://doi.org/10.1016/S1043-6618%2804%2900145-8
https://www.ncbi.nlm.nih.gov/pubmed/15501704
https://doi.org/10.1016/S0378-5122%2800%2900094-3
https://doi.org/10.1016/S0378-5122%2800%2900094-3
https://www.ncbi.nlm.nih.gov/pubmed/10802396
https://doi.org/10.1359/jbmr.2001.16.12.2276
https://doi.org/10.1359/jbmr.2001.16.12.2276
https://www.ncbi.nlm.nih.gov/pubmed/11760842
https://doi.org/10.1359/jbmr.2001.16.12.2267
https://doi.org/10.1359/jbmr.2001.16.12.2267
https://www.ncbi.nlm.nih.gov/pubmed/11760841
https://doi.org/10.1359/jbmr.2003.18.10.1766
https://doi.org/10.1359/jbmr.2003.18.10.1766
https://www.ncbi.nlm.nih.gov/pubmed/14584886
https://doi.org/10.1079/PNS2002160
https://www.ncbi.nlm.nih.gov/pubmed/12133198
https://doi.org/10.1359/jbmr.1999.14.8.1394
https://www.ncbi.nlm.nih.gov/pubmed/10457272
https://doi.org/10.1093/ageing/26.4.253
https://www.ncbi.nlm.nih.gov/pubmed/9271287
https://doi.org/10.1359/jbmr.070301
https://doi.org/10.1359/jbmr.070301
https://www.ncbi.nlm.nih.gov/pubmed/17352643
https://doi.org/10.1007/BF00301601
https://www.ncbi.nlm.nih.gov/pubmed/7621340
https://doi.org/10.1111/j.1532-5415.2000.tb02641.x
https://doi.org/10.1111/j.1532-5415.2000.tb02641.x
https://www.ncbi.nlm.nih.gov/pubmed/10733048
https://doi.org/10.1007/s00198-005-2023-0
https://doi.org/10.1007/s00198-005-2023-0
https://www.ncbi.nlm.nih.gov/pubmed/16220230
https://doi.org/10.1093/ajcn/56.3.579
https://doi.org/10.1093/ajcn/56.3.579
https://www.ncbi.nlm.nih.gov/pubmed/1503072
https://doi.org/10.1359/jbmr.2002.17.4.716
https://doi.org/10.1359/jbmr.2002.17.4.716
https://www.ncbi.nlm.nih.gov/pubmed/11918229
https://doi.org/10.1007/s00586-003-0621-0
https://www.ncbi.nlm.nih.gov/pubmed/13680317


and the boneimplant interface (pp. 385–405). Boca Raton: 
CRC Press. https://doi.org/10.1201/9781420073560.ch26

Floud, R., Fogel, R. W., Harris, B., & Hong, S. C. (2011). Chapter 
6: 6.1 Elimination Of Chronic Malnutrition. In R. Floud, R. W. 
Fogel, B. Harris, & S. C. Hong (Eds.), The Changing Body: 
Health, Nutrition, and Human Development in the Western 
World Since 1700 (pp. 300–329). Cambridge: Cambridge 
University Press and NBER.

Fox, K. M., Magaziner, J., Sherwin, R., Scott, J. C., Plato, C. C., 
Nevitt, M., & Cummings, S., & the Study of Osteoporotic 
Fractures Research Group. (1993). Reproductive corre-
lates of bone mass in elderly women. Journal of Bone and 
Mineral Research, 8(8), 901–908. https://doi.org/10.1002/
jbmr.5650080802 PMID:8213252

Gába, A., Kapuš, O., Pelclová, J., & Riegerová, J. (2012). The rela-
tionship between accelerometer-determined physical activity 
(PA) and body composition and bone mineral density (BMD) 
in postmenopausal women. Archives of Gerontology and 
Geriatrics, 54(3), e315–e321. https://doi.org/10.1016/j.arch-
ger.2012.02.001 PMID:22405095

Galuska, D. A., & Sowers, M. R. (1999). Menstrual history and 
bone density in young women. Journal of Women’s Health & 
GenderBased Medicine, 8(5), 647–656. https://doi.org/10.1089/
jwh.1.1999.8.647 PMID:10839651

Gerdhem, P., Åkesson, K., & Obrant, K. J. (2003a). Effect of pre-
vious and present physical activity on bone mass in elderly 
women. Osteoporosis International, 14(3), 208–212. https://doi.
org/10.1007/s00198-002-1362-3 PMID:12730785

Gerdhem, P., Ringsberg, K. A. M., Åkesson, K., & Obrant, K. J. 
(2003b). Influence of muscle strength, physical activity and 
weight on bone mass in a population-based sample of 1004 
elderly women. Osteoporosis International, 14(9), 768–772. 
https://doi.org/10.1007/s00198-003-1444-x PMID:12904841

Gilsanz, V., Boechat, M. I., Gilsanz, R., Loro, M. L., Roe, T. F., 
& Goodman, W. G. (1994). Gender differences in vertebral 
sizes in adults: Biomechanical implications. Radiology, 190(3), 
678–682. https://doi.org/10.1148/radiology.190.3.8115610 
PMID:8115610

Goldin, C. (1993). The Economic Status Of Women in the Early 
Republic: Quantitative Evidence. In N. F. Cott (Ed.), Industrial 
Wage Work (pp. 3–32). Berlin: De Gruyter.

Gottschalk, M. S., Eskild, A., Hofvind, S., Gran, J. M., & Bjelland, 
E. K. (2020). Temporal trends in age at menarche and age at 
menopause: A population study of 312 656 women in Norway. 
Human Reproduction (Oxford, England), 35(2), 464–471. 
https://doi.org/10.1093/humrep/dez288 PMID:31990353

Greenwood, C., Clement, J., Dicken, A., Evans, P., Lyburn, I., 
Martin, R. M., … Rogers, K. (2018). Age-related changes in 
femoral head trabecular microarchitecture. Aging and Disease, 
9(6), 976–987. https://doi.org/10.14336/AD.2018.0124 
PMID:30574411

Hannan, M. T., Felson, D. T., & Anderson, J. J. (1992). Bone 
mineral density in elderly men and women: Results from 
the Framingham osteoporosis study. Journal of Bone and 
Mineral Research, 7(5), 547–553. https://doi.org/10.1002/jbmr. 
5650070511 PMID:1615761

Hasserius, R., Karlsson, M. K., Nilsson, B. E., Redlund-Johnell, I., 
& Johnell, O., & the European Vertebral Osteoporosis Study. 
(2003). Prevalent vertebral deformities predict increased mor-
tality and increased fracture rate in both men and women: 
A 10-year population-based study of 598 individuals from 

the Swedish cohort in the European Vertebral Osteoporosis 
Study. Osteoporosis International, 14(1), 61–68. https://doi.
org/10.1007/s00198-002-1316-9 PMID:12577186

Hayashi, T., Chen, H., Miyamoto, K., Zhou, X., Hara, T., 
Yokoyama, R., … Fujita, H. (2011). Analysis of bone mineral 
density distribution at trabecular bones in thoracic and lumbar 
vertebrae using X-ray CT images. Journal of Bone and Mineral 
Metabolism, 29(2), 174–185. https://doi.org/10.1007/s00774-
010-0204-1 PMID:20635105

Ho, A. Y. Y., & Kung, A. W. C. (2005). Determinants of peak 
bone mineral density and bone area in young women. Journal 
of Bone and Mineral Metabolism, 23(6), 470–475. https://doi.
org/10.1007/s00774-005-0630-7 PMID:16261454

Hunt, D. R., & Albanese, J. (2005). History and demographic com-
position of the Robert J. Terry anatomical collection. American 
Journal of Physical Anthropology, 127(4), 406–417. https://doi.
org/10.1002/ajpa.20135 PMID:15624209

Ito, M., Yamada, M., Hayashi, K., Ohki, M., Uetani, M., & 
Nakamura, T. (1995). Relation of early menarche to high bone 
mineral density. Calcified Tissue International, 57(1), 11–14. 
https://doi.org/10.1007/BF00298989 PMID:7671158

Johansson, J., Nordström, A., & Nordström, P. (2015). Objectively 
measured physical activity is associated with parameters of 
bone in 70-year-old men and women. Bone, 81, 72–79. https://
doi.org/10.1016/j.bone.2015.07.001 PMID:26151120

Junno, J.-A., Paananen, M., Karppinen, J., Niinimäki, J., Niskanen, 
M., Maijanen, H., … Ruff, C. (2015). Age-related trends in 
vertebral dimensions. Journal of Anatomy, 226(5), 434–439. 
https://doi.org/10.1111/joa.12295 PMID:25913516

Kritz-Silverstein, D., & Barrett-Connor, E. (1993). Early meno-
pause, number of reproductive years, and bone mineral den-
sity in postmenopausal women. American Journal of Public 
Health, 83(7), 983–988. https://doi.org/10.2105/AJPH.83.7.983 
PMID:8328621

Lang, T. F., Sigurdsson, S., Karlsdottir, G., Oskarsdottir, D., 
Sigmarsdottir, A., Chengshi, J., … Keyak, J. H. (2012). Age-
related loss of proximal femoral strength in elderly men and 
women: The Age Gene/Environment Susceptibility Study – 
Reykjavik. Bone, 50(3), 743–748. https://doi.org/10.1016/j.
bone.2011.12.001 PMID:22178403

Langsetmo, L., Hitchcock, C. L., Kingwell, E. J., Davison, K. S., 
Berger, C., Forsmo, S., … Prior, J. C., & the Canadian Multicentre 
Osteoporosis Study Research Group. (2012). Physical activ-
ity, body mass index and bone mineral density-associations 
in a prospective population-based cohort of women and men: 
The Canadian Multicentre Osteoporosis Study (CaMos). Bone, 
50(1), 401–408. https://doi.org/10.1016/j.bone.2011.11.009 
PMID:22154839

Lauretani, F., Bandinelli, S., Griswold, M. E., Maggio, M., Semba, 
R., Guralnik, J. M., & Ferrucci, L. (2008). Longitudinal changes 
in BMD and bone geometry in a population-based study. 
Journal of Bone and Mineral Research, 23(3), 400–408. https://
doi.org/10.1359/jbmr.071103 PMID:17997708

Lee, E. N. (2019). Effects of Parity and Breastfeeding Duration 
on Bone Density in Postmenopausal Women. Asian Nursing 
Research, 13(2), 161–167. https://doi.org/10.1016/j.anr.2019. 
04.002 PMID:31026513

Lees, B., Molleson, T., Arnett, T. R., & Stevenson, J. C. (1993). 
Differences in proximal femur bone density over two  
centuries. Lancet, 341(8846), 673–675. https://doi.org/10.1016/ 
0140-6736(93)90433-H PMID:8095581

30    N. Korpinen, P. Oura, J.-A. Junno

https://doi.org/10.1201/9781420073560.ch26
https://doi.org/10.1002/jbmr.5650080802
https://doi.org/10.1002/jbmr.5650080802
https://www.ncbi.nlm.nih.gov/pubmed/8213252
https://doi.org/10.1016/j.archger.2012.02.001
https://doi.org/10.1016/j.archger.2012.02.001
https://www.ncbi.nlm.nih.gov/pubmed/22405095
https://doi.org/10.1089/jwh.1.1999.8.647
https://doi.org/10.1089/jwh.1.1999.8.647
https://www.ncbi.nlm.nih.gov/pubmed/10839651
https://doi.org/10.1007/s00198-002-1362-3
https://doi.org/10.1007/s00198-002-1362-3
https://www.ncbi.nlm.nih.gov/pubmed/12730785
https://doi.org/10.1007/s00198-003-1444-x
https://www.ncbi.nlm.nih.gov/pubmed/12904841
https://doi.org/10.1148/radiology.190.3.8115610
https://www.ncbi.nlm.nih.gov/pubmed/8115610
https://doi.org/10.1093/humrep/dez288
https://www.ncbi.nlm.nih.gov/pubmed/31990353
https://doi.org/10.14336/AD.2018.0124
https://www.ncbi.nlm.nih.gov/pubmed/30574411
https://doi.org/10.1002/jbmr.5650070511
https://doi.org/10.1002/jbmr.5650070511
https://www.ncbi.nlm.nih.gov/pubmed/1615761
https://doi.org/10.1007/s00198-002-1316-9
https://doi.org/10.1007/s00198-002-1316-9
https://www.ncbi.nlm.nih.gov/pubmed/12577186
https://doi.org/10.1007/s00774-010-0204-1
https://doi.org/10.1007/s00774-010-0204-1
https://www.ncbi.nlm.nih.gov/pubmed/20635105
https://doi.org/10.1007/s00774-005-0630-7
https://doi.org/10.1007/s00774-005-0630-7
https://www.ncbi.nlm.nih.gov/pubmed/16261454
https://doi.org/10.1002/ajpa.20135
https://doi.org/10.1002/ajpa.20135
https://www.ncbi.nlm.nih.gov/pubmed/15624209
https://doi.org/10.1007/BF00298989
https://www.ncbi.nlm.nih.gov/pubmed/7671158
https://doi.org/10.1016/j.bone.2015.07.001
https://doi.org/10.1016/j.bone.2015.07.001
https://www.ncbi.nlm.nih.gov/pubmed/26151120
https://doi.org/10.1111/joa.12295
https://www.ncbi.nlm.nih.gov/pubmed/25913516
https://doi.org/10.2105/AJPH.83.7.983
https://www.ncbi.nlm.nih.gov/pubmed/8328621
https://doi.org/10.1016/j.bone.2011.12.001
https://doi.org/10.1016/j.bone.2011.12.001
https://www.ncbi.nlm.nih.gov/pubmed/22178403
https://doi.org/10.1016/j.bone.2011.11.009
https://www.ncbi.nlm.nih.gov/pubmed/22154839
https://doi.org/10.1359/jbmr.071103
https://doi.org/10.1359/jbmr.071103
https://www.ncbi.nlm.nih.gov/pubmed/17997708
https://doi.org/10.1016/j.anr.2019.04.002
https://doi.org/10.1016/j.anr.2019.04.002
https://www.ncbi.nlm.nih.gov/pubmed/31026513
https://doi.org/10.1016/0140-6736%2893%2990433-H
https://doi.org/10.1016/0140-6736%2893%2990433-H
https://www.ncbi.nlm.nih.gov/pubmed/8095581


Lips, P., Cooper, C., Agnusdei, D., Caulin, F., Egger, P., Johnell, O., 
… Wiklund, I., & the Working Party for Quality of Life of the 
European Foundation for Osteoporosis. (1999). Quality of life 
in patients with vertebral fractures: Validation of the Quality of 
Life Questionnaire of the European Foundation for Osteoporosis 
(QUALEFFO). Osteoporosis International, 10(2), 150–160. 
https://doi.org/10.1007/s001980050210 PMID:10501796

Lunt, M., Felsenberg, D., Reeve, J., Benevolenskaya, L., Cannata, 
J., Dequeker, J., … Silman, A. J. (1997). Bone density variation 
and its effects on risk of vertebral deformity in men and women 
studied in thirteen European centers: The EVOS Study. Journal 
of Bone and Mineral Research, 12(11), 1883–1894. https://doi.
org/10.1359/jbmr.1997.12.11.1883 PMID:9383693

Marshall, L. M., Lang, T. F., Lambert, L. C., Zmuda, J. M., Ensrud, 
K. E., & Orwoll, E. S., & the Osteoporotic Fractures in Men 
(MrOS) Research Group. (2006). Dimensions and volumetric 
BMD of the proximal femur and their relation to age among older 
U.S. men. Journal of Bone and Mineral Research, 21(8), 1197–
1206. https://doi.org/10.1359/jbmr.060506 PMID:16869717

Mays, S. (1996). Age-Dependent Cortical Bone Loss in a 
Medieval Population. International Journal of Osteo
archaeology, 6(2), 144–154. https://doi.org/10.1002/(SICI) 
1099-1212(199603)6:23.0.CO;2-G

Mays, S. (2000). Age-dependent cortical bone loss in women from 
18th and early 19th century London. American Journal of Physical 
Anthropology, 112(3), 349–361. https://doi.org/10.1002/1096-
8644(200007)112:33.0.CO;2-0 PMID:10861352

Mays, S. (2001). Effects of age and occupation on cortical bone in 
a group of 18th-19th century British men. American Journal of 
Physical Anthropology, 116(1), 34–44. https://doi.org/10.1002/
ajpa.1099 PMID:11536115

Mays, S. A. (2006). Age-related cortical bone loss in women 
from a 3rd-4th century AD population from England. American 
Journal of Physical Anthropology, 129(4), 518–528. https://doi.
org/10.1002/ajpa.20365 PMID:16342260

Mays, S., Turner-Walker, G., & Syversen, U. (2006). Osteoporosis 
in a population from medieval Norway. American Journal 
of Physical Anthropology, 131(3), 343–351. https://doi.org/ 
10.1002/ajpa.20445 PMID:16634046

Meta, M., Lu, Y., Keyak, J. H., & Lang, T. (2006). Young-elderly 
differences in bone density, geometry and strength indices 
depend on proximal femur sub-region: A cross sectional study 
in Caucasian-American women. Bone, 39(1), 152–158. https://
doi.org/10.1016/j.bone.2005.11.020 PMID:16459156

Nguyen, T. V., Center, J. R., & Eisman, J. A. (2000). Osteoporosis 
in elderly men and women: Effects of dietary calcium, physi-
cal activity, and body mass index. Journal of Bone and 
Mineral Research, 15(2), 322–331. https://doi.org/10.1359/
jbmr.2000.15.2.322 PMID:10703935

O’Neill, T. W., & the The European Prospective Osteoporosis Study 
(EPOS) Group. (2002). The relationship between bone density 
and incident vertebral fracture in men and women. Journal of 
Bone and Mineral Research, 17(12), 2214–2221. https://doi.
org/10.1359/jbmr.2002.17.12.2214 PMID:12469915

Oppenheimer-Velez, M. L., Giambini, H., Rezaei, A., Camp, J. J., 
Khosla, S., & Lu, L. (2018). The trabecular effect: A popula-
tion-based longitudinal study on age and sex differences in 
bone mineral density and vertebral load bearing capacity. 
Clinical Biomechanics (Bristol, Avon), 55, 73–78. https://doi.
org/10.1016/j.clinbiomech.2018.03.022 PMID:29698852

Peacock, M., Buckwalter, K. A., Persohn, S., Hangartner, T. N.,  
Econs, M. J., & Hui, S. (2009). Race and sex differences 
in bone mineral density and geometry at the femur. Bone, 
45(2), 218–225. https://doi.org/10.1016/j.bone.2009.04.236 
PMID:19394455

Puntila, E., Kröger, H., Lakka, T., Tuppurainen, M., Jurvelin, J., 
& Honkanen, R. (2001). Leisure-time physical activity and rate 
of bone loss among peri- and postmenopausal women: A lon-
gitudinal study. Bone, 29(5), 442–446. https://doi.org/10.1016/
S8756-3282(01)00597-X PMID:11704496

Ransom, R. L., & Sutch, R. (1986). The Labor of Older Americans: 
Retirement of Men On and Off the Job, 1870-1937. The Journal 
of Economic History, 46(1), 1–30. Retrieved from https://www.
jstor.org/stable/2121264 Accessed November 5, 2021 https://
doi.org/10.1017/S0022050700045472

Riggs, B. L., & Melton, L. J., III. (1995). The worldwide prob-
lem of osteoporosis: Insights afforded by epidemiology. Bone, 
17(5, Suppl), 505S–511S. https://doi.org/10.1016/8756-
3282(95)00258-4 PMID:8573428

Riggs, B. L., Melton Iii, L. J., III, Robb, R. A., Camp, J. J., Atkinson, 
E. J., Peterson, J. M., … Khosla, S. (2004). Population-based 
study of age and sex differences in bone volumetric density, 
size, geometry, and structure at different skeletal sites. Journal 
of Bone and Mineral Research, 19(12), 1945–1954. https://doi.
org/10.1359/jbmr.040916 PMID:15537436

Ruff, C. B., & Hayes, W. C. (1988). Sex differences in age-
related remodeling of the femur and tibia. Journal of 
Orthopaedic Research, 6(6), 886–896. https://doi.org/10.1002/
jor.1100060613 PMID:3171769

Saeed, I., Carpenter, R. D., Leblanc, A. D., Li, J., Keyak, J. H., 
Sibonga, J. D., & Lang, T. F. (2009). Quantitative computed 
tomography reveals the effects of race and sex on bone size 
and trabecular and cortical bone density. Journal of Clinical 
Densitometry, 12(3), 330–336. https://doi.org/10.1016/j.jocd. 
2009.04.001 PMID:19577939

Seeman, E. (2001). During aging, men lose less bone than women 
because they gain more periosteal bone, not because they 
resorb less endosteal bone. Calcified Tissue International, 
69(4), 205–208. https://doi.org/10.1007/s00223-001-1040-z 
PMID:11730251

Seo, E., Lee, Y., & Kim, H. C. (2021). Association between parity 
and low bone density among postmenopausal Korean women. 
Journal of Preventive Medicine and Public Health, 54(4), 284–
292. https://doi.org/10.3961/jpmph.21.162 PMID:34370942

Sigurdsson, G., Aspelund, T., Chang, M., Jonsdottir, B., Sigurdsson, 
S., Eiriksdottir, G., … Lang, T. F. (2006). Increasing sex differ-
ence in bone strength in old age: The Age, Gene/Environment 
Susceptibility-Reykjavik study (AGES-REYKJAVIK). Bone, 
39(3), 644–651. https://doi.org/10.1016/j.bone.2006.03.020 
PMID:16790372

Silman, A. J., O’Neill, T. W., Cooper, C., Kanis, J., & Felsenberg, 
D. (1997). Influence of physical activity on vertebral defor-
mity in men and women: Results from the European Vertebral 
Osteoporosis Study. Journal of Bone and Mineral Research, 
12(5), 813–819. https://doi.org/10.1359/jbmr.1997.12.5.813 
PMID:9144348

Simonton, D. (1998). A History of European Women’s Work: 
1700 to the present. PART II. The nineteenth century, c. 1790–
1880(pp. 85–178). London: Routledge.

Sioka, C., Fotopoulos, A., Georgiou, A., Xourgia, X., 
Papadopoulos, A., & Kalef-Ezra, J. A. (2010). Age at men-

 Sex- and site-specific, age-related changes in bone density    31

https://doi.org/10.1007/s001980050210
https://www.ncbi.nlm.nih.gov/pubmed/10501796
https://doi.org/10.1359/jbmr.1997.12.11.1883
https://doi.org/10.1359/jbmr.1997.12.11.1883
https://www.ncbi.nlm.nih.gov/pubmed/9383693
https://doi.org/10.1359/jbmr.060506
https://www.ncbi.nlm.nih.gov/pubmed/16869717
https://doi.org/10.1002/%28SICI%291099-1212%28199603%296/AID-OA261%3E3.0.CO%3B2-G
https://doi.org/10.1002/%28SICI%291099-1212%28199603%296/AID-OA261%3E3.0.CO%3B2-G
https://doi.org/10.1002/1096-8644%28200007%29112/AID-AJPA6%3E3.0.CO%3B2-0
https://doi.org/10.1002/1096-8644%28200007%29112/AID-AJPA6%3E3.0.CO%3B2-0
https://www.ncbi.nlm.nih.gov/pubmed/10861352
https://doi.org/10.1002/ajpa.1099
https://doi.org/10.1002/ajpa.1099
https://www.ncbi.nlm.nih.gov/pubmed/11536115
https://doi.org/10.1002/ajpa.20365
https://doi.org/10.1002/ajpa.20365
https://www.ncbi.nlm.nih.gov/pubmed/16342260
https://doi.org/10.1002/ajpa.20445
https://doi.org/10.1002/ajpa.20445
https://www.ncbi.nlm.nih.gov/pubmed/16634046
https://doi.org/10.1016/j.bone.2005.11.020
https://doi.org/10.1016/j.bone.2005.11.020
https://www.ncbi.nlm.nih.gov/pubmed/16459156
https://doi.org/10.1359/jbmr.2000.15.2.322
https://doi.org/10.1359/jbmr.2000.15.2.322
https://www.ncbi.nlm.nih.gov/pubmed/10703935
https://doi.org/10.1359/jbmr.2002.17.12.2214
https://doi.org/10.1359/jbmr.2002.17.12.2214
https://www.ncbi.nlm.nih.gov/pubmed/12469915
https://doi.org/10.1016/j.clinbiomech.2018.03.022
https://doi.org/10.1016/j.clinbiomech.2018.03.022
https://www.ncbi.nlm.nih.gov/pubmed/29698852
https://doi.org/10.1016/j.bone.2009.04.236
https://www.ncbi.nlm.nih.gov/pubmed/19394455
https://doi.org/10.1016/S8756-3282%2801%2900597-X
https://doi.org/10.1016/S8756-3282%2801%2900597-X
https://www.ncbi.nlm.nih.gov/pubmed/11704496
https://www.jstor.org/stable/2121264
https://www.jstor.org/stable/2121264
https://doi.org/10.1017/S0022050700045472
https://doi.org/10.1017/S0022050700045472
https://doi.org/10.1016/8756-3282%2895%2900258-4
https://doi.org/10.1016/8756-3282%2895%2900258-4
https://www.ncbi.nlm.nih.gov/pubmed/8573428
https://doi.org/10.1359/jbmr.040916
https://doi.org/10.1359/jbmr.040916
https://www.ncbi.nlm.nih.gov/pubmed/15537436
https://doi.org/10.1002/jor.1100060613
https://doi.org/10.1002/jor.1100060613
https://www.ncbi.nlm.nih.gov/pubmed/3171769
https://doi.org/10.1016/j.jocd.2009.04.001
https://doi.org/10.1016/j.jocd.2009.04.001
https://www.ncbi.nlm.nih.gov/pubmed/19577939
https://doi.org/10.1007/s00223-001-1040-z
https://www.ncbi.nlm.nih.gov/pubmed/11730251
https://doi.org/10.3961/jpmph.21.162
https://www.ncbi.nlm.nih.gov/pubmed/34370942
https://doi.org/10.1016/j.bone.2006.03.020
https://www.ncbi.nlm.nih.gov/pubmed/16790372
https://doi.org/10.1359/jbmr.1997.12.5.813
https://www.ncbi.nlm.nih.gov/pubmed/9144348


arche, age at menopause and duration of fertility as risk fac-
tors for osteoporosis. Climateric, 13(1), 63–71. https://doi.
org/10.3109/13697130903075337 PMID:19731122

Streeten, E. A., Ryan, K. A., McBride, D. J., Pollin, T. I., Shuldiner, 
A. R., & Mitchell, B. D. (2005). The relationship between 
parity and bone mineral density in women characterized by a 
homogeneous lifestyle and high parity. The Journal of Clinical 
Endocrinology and Metabolism, 90(8), 4536–4541. https://doi.
org/10.1210/jc.2004-1924 PMID:15899951

Strope, M. A., Nigh, P., Carter, M. I., Lin, N., Jiang, J., & Hinton, 
P. S. (2015). Physical Activity-Associated Bone Loading 
During Adolescence and Young Adulthood Is Positively 
Associated With Adult Bone Mineral Density in Men. 
American Journal of Men’s Health, 9(6), 442–450. https://doi.
org/10.1177/1557988314549749 PMID:25237041

Suby, J. A., Guichón, R. A., Cointry, G., & Ferretti, J. (2009). 
Volumetric BMD Values of Archaeological Human Bone 
Remains with pQCT and DEXA. Journal of Taphonomy, 7(1), 
29–45.

Taaffe, D. R., Lang, T. F., Fuerst, T., Cauley, J. A., Nevitt, M. C., & 
Harris, T. B. (2003). Sex- and race-related differences in cross-
sectional geometry and bone density of the femoral mid-shaft in 
older adults. Annals of Human Biology, 30(3), 329–346. https://
doi.org/10.1080/0301446031000089588 PMID:12850965

Tsai, K. S., Cheng, W. C., Sanchez, T. V., Chen, C. K., Chieng, 
P. U., & Yang, R. S. (1997). Bone densitometry of proximal 
femur in Chinese subjects: Gender differences in bone mass 
and bone areas. Bone, 20(4), 365–369. https://doi.org/10.1016/
S8756-3282(97)00094-X PMID:9108357

Vico, L., Prallet, B., Chappard, D., Pallot-Prades, B., Pupier, R., & 
Alexandre, C. (1992). Contributions of chronological age, age at 

menarche and menopause and of anthropometric parameters to 
axial and peripheral bone densities. Osteoporosis International, 
2(3), 153–158. https://doi.org/10.1007/BF01623823 PMID: 
1627903

Vuillemin, A., Guillemin, F., Jouanny, P., Denis, G., & Jeandel, 
C. (2001). Differential influence of physical activity on lum-
bar spine and femoral neck bone mineral density in the elderly 
population. The Journals of Gerontology. Series A, Biological 
Sciences and Medical Sciences, 56(6), B248–B253. https://doi.
org/10.1093/gerona/56.6.B248 PMID:11382786

Wang, X., & Niebur, G. L. (2006). Microdamage propagation in 
trabecular bone due to changes in loading mode. Journal of 
Biomechanics, 39(5), 781–790. https://doi.org/10.1016/j.jbio-
mech.2005.02.007 PMID:16488217

Wang, X.-F., Duan, Y., Beck, T. J., & Seeman, E. (2005). Varying 
contributions of growth and ageing to racial and sex differ-
ences in femoral neck structure and strength in old age. Bone, 
36(6), 978–986. https://doi.org/10.1016/j.bone.2004.11.015 
PMID:15869919

Yu, W., Qin, M., Xu, L., van Kuijk, C., Meng, X., Xing, X., … 
Genant, H. K. (1999). Normal changes in spinal bone min-
eral density in a Chinese population: Assessment by quan-
titative computed tomography and dual-energy X-ray 
absorptiometry. Osteoporosis International, 9(2), 179–187. 
https://doi.org/10.1007/s001980050133 PMID:10367047

Manuscript received: 13 July 2022
Revisions requested: 22 August 2022
Revised version received: 21 December 2022
Manuscript accepted: 09 January 2023

Supplement 1.  Table presenting the results for ANOVA with Scheffe post hoc for three age categories.
Group Age group N VtotD VtraD FHtotD FHtraD FNcrtD FcrtD

Men 1 < 40 28 367.7 276.4 541.0 820.7 396.8 1071.0
2 40–50 6 368.7 250.8 564.4 855.1 409.2 1054.4
3 > 50 21 308.0 218.3 514.1 773.0 371.1 1047.0

p < 0.005 1 vs 3 1 vs 3 NA NA NA NA
Women 1 < 40 15 373.2 282.0 514.4 782.1 449.4 1051.6

2 40–50 20 318.7 240.1 480.6 727.5 410.2 1019.1
3 > 50 24 310.0 230.7 404.0 609.2 383.3 905.6

p < 0.005 1 vs 3 1 vs 2 2 vs 3 2 vs 3 1 vs 3 2 vs 3
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