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Human bone porosity may be an indicator of many bone diseases but it can also reflect the influence of postmortem
alterations. The usually reported values for textural parameters, such as specific surface area or porosity of
archeological bones, are not consistent as pathology and taphonomy may alter bone morphology at nano and/or
micrometrical levels. To illustrate those points, four archeological human bones were chosen; they differ in the
environment where they were found and on their attributed diseases.
Complementary analysis techniques commonly mentioned in material science were used to characterize the
chosen samples: gas adsorption, small angle X-ray scattering and scanning electron microscopy. It is shown
that, even if the differences between human pathological and healthy bones can be clear in fresh materials,
such alterations may be masked by taphonomy in archeological bones.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Bone is a composite material constituted by an organic non crystal-
line protein, collagen, and a crystalline inorganic component, mineral
hydroxyapatite (Weiner and Traub, 1992; Labastida Pólito et al.,
2006), arranged in a complex internal and external structure which
generates some porosity. Porosity as part of healthy human bone
microarchitecture is due to numerous channels such as Harvesian and
Volkmann canals averaging about 50 μm in diameter, osteocytic voids
(quasi ellipsoidal and a few μmsize) and canaliculi (diameter of approx-
imately 200 μm). However, porosity varies depending on type or abnor-
mal bone tissue; for instance, beneath the periosteum as a response to
infection and age. The cortical porosity increases from ca. 8% for young
individuals up to 24–28% for elder individuals. Harvesian canals
increase significantly with age whereas lacuna porosity decreases
slightly. The microstructure of bone tissues clearly influences its me-
chanical properties, porosity and, ultimately, its resistance to postmor-
tem degradation (Wang and Ni, 2003; Turner-Walker, 2008).
es en Materiales, Universidad
4510 México D.F., Mexico.
Furthermore, many skeletal diseases, according to their acute or
chronic process, can rapidly form woven bone that is poorly organized
and always has a porous appearance due to the loose organization of
the mineralized osteoid fibers, and tends to contain more vascular
spaces than compact bone (Ortner, 2008). Pathological conditions as
periostosis, osteoporosis or treponematosis, among others, are well
known for their impact on bone pores (Waldron, 2009). Then, bone
porosity can be also due to the individual response (according to sex,
age and immune reaction), to taphonomy (interaction of bone with
soil, degradation) and to different diseases such as treponematosis,
anemia, or osteoporosis (Walker et al., 2009). It is thus tempting to
use porosity as an indicator of age or as a possible indicator of pathology.

However, after burial, external processes may alter the texture and
the morphology of the skeleton. In previous works, it has been shown
how the role of climate and chronologymay definediagenetic pathways
(Gutierrez, 2001). For instance, habits, such as covering human remains
with pigment can alter the preservation and the microscopical
morphology of skeletons buried in the Maya zone (Cervini-Silva et al.,
2013). Among those modifications, texture is one of the most altered
features. Taphonomy, either through natural or human processes,
modifies specific surface area and pore size distribution. Taphonomic
alteration acts at different levels. Porosity is linked to the rearrangement
of the crystal structure (Roberts et al., 2002; Bosch et al., 2011). It, then,
varies depending on the degree of bone degradation.
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The problem is then difficult, as it depends also on themeasurement
technique. A review of the anthropological and archeological references
reveals that results obtained with the current methodologies to mea-
sure specific surface area and pore size distributions are contradictory
as they may depend on the used technique. Experiments with small
angle X-ray scattering (SAXS) (Hiller and Wess, 2006; Pijoan et al.,
2007) or nuclear magnetic resonance (NMR) (Wang and Ni, 2003)
determine the external and internal porosity; they can differ from gas
adsorption method, which, definitely, is the most direct technique to
evaluate texture (Sing, 2001; Smith et al., 2008). Indeed, when a gas
or vapor phase is brought into contact with a solid, part of it is taken
up and remains on the outside attached to the surface. In physisorption
(physical adsorption), there is aweakVanderWaals attraction between
the adsorbate and the solid surface. The technique based on those
principles is a useful tool to determine specific surface area, pore size
distribution and porosity (Rouquerol et al., 1999), but it is related only
to pores accessible to gases, i.e. open porosity.

In this work, we chose to study and compare bones, which at first
glance, i.e. by macroscopic criteria, are modified in different degrees
by taphonomyor treponematosis. The results obtainedwith gas adsorp-
tion are comparedwith those provided by scanning electronmicroscopy
and small angle X-ray scattering. The final purpose is to compare textur-
al evaluations at nano-metric andmacro-metric levels and to show how
difficult it is to establish, in archeological bonesmodified by taphonomy,
a clear correlation between porosity and osteopathology. Only four
extreme samples were chosen. Indeed, the taphonomy in a site as
Tlatelolco (Mansilla et al., 2003), which was an island in the salted
lake of Texcoco must be different than the expected one in a cave as
Cueva de la Candelaria, located in a semi desert zone of North Mexico.
The remains found in Cueva de la Candelaria are known as one of
the best-preserved skeletal collections, with organic material present
(soft tissue), showing evidence of severe lesions of treponematosis
(Mansilla and Pijoan, 2005).

2. Experimental

2.1. Archeological context

The island of Tlatelolco in the Northern part of the Lake of Texcoco
(Fig. 1) was occupied by a Náhuatl speaking group who settled there
Fig. 1. Location of Tlatelolco and Cueva de la Candelaria. Tlatelolco, the twin city of
Tenochtitlan, was settled at the Precolumbian Texcoco Lake, now Mexico City and the
Cueva de la Candelaria is situated in North Mexico.
in the 13th century. The city of Tenochtitlán (actual Mexico City) was
largely dependent on the market of Tlatelolco, the most important site
of commerce in the area. The place was very humid and temperatures
could vary from 0 to 35 °C although most of the time it was ca. 25 °C.

Instead, the Cueva de la Candelaria was chosen by a semi-nomadic
group of mainly hunter–gatherers to deposit their dead from 800 to
1200 A.D. More than 4000 objects, 200 human remains, and many
organic materials have been collected, as the microclimate in the cave
propitiates at least partial mummification. The Cueva de la Candelaria
is in the Sierra de la Candelaria (Coahuila) where the weather is very
dry; it is, indeed, one of the driest and hottest of Mexico (Fig. 1).

The osteological sample was chosen to compare normal with mor-
phologically altered bones by treponematosis. The term treponematosis
is described by Powell and Cook (2005) as a set of four similar diseases
known as venereal syphilis, endemic syphilis (bejel), yaws, and pinta.
This family of diseases is caused by Treponema infection. One of the
four diseases (pinta), is due to Treponema carateum, and produces le-
sions of the skin only. The other three syndromes can affect the skeletal
system and other organs. They are associated with different subspecies
of Treponema pallidum. The three syndromes of treponematosis that
affect the skeleton (syphilis, bejel and yaws) produce specific lesions
that could, in some cases, be considered to be pathognomonic of trepo-
nematosis (Powell and Cook, 2005). Ortner (2008) mentions that some
efforts have been made to distinguish between the three skeletal man-
ifestations of the three syndromes of treponematosis affecting the
skeleton. Slight differences may be apparent in the adequate skeletal
samples but he mentions that this research remains to be done.
Hackett (1976) studied and described the cranial lesions and their
developmental stages; the classic macroscopic appearance of skull
vault lesions is caries sicca, a crater-like lesion with central destructive
focus and reactive, compact bone formation on themargins of the lesion.
The combination of a crater like lesion with the radiating lines of active
lytic lesions, remodeling, and scarring is pathognomonic of treponemal
infection (Ortner, 2008; Pinhasi and Mays, 2008; Waldron, 2009). Such
features together with the prevalence of the total individuals affected
may be used to infer if a bone is affected by treponematosis.

Still, Hackett (1976) cautions against attempts to differentiate
syphilis, yaws, and treponarid (endemic syphilis) based upon isolated
dry bones specimens, noting in his summary that the bone lesions of
these closely related diseases cannot, at present, be separated. Still,
they may be useful to make differential diagnosis between treponema-
tosis and other diseases, such as tuberculosis, pyogenic osteomyelitis,
chronic ulcers or Paget's disease. Periosteal reactive bone formation
such aswoven bone lesions remodeled into compact bone and, destruc-
tive lesions on the diaphyseal long bone surface characterizes the
abnormalities apparent in the apendicular skeleton (Ortner, 2008). On
bones near the surface such as the tibia, this alteration is characteristic
of skeleton collections with a diagnosis of treponematosis (Waldron,
2009).

2.2. Samples

In Table 1, the labeling, the origin of the samples, the type of bone and
the apparent disease following the macroscopic criteria previously
exposed are presented. The samples were ground for Small Angle X-
ray Scattering (SAXS) and Gas Adsorption measurements. In Scanning
Electron Microscopy- Energy Dispersive X-ray Spectroscopy (SEM-EDS),
a flake of the material was characterized to maintain the external surface
structure.

2.3. Characterization methods

All boneswere studied by nitrogen adsorption–desorption isotherms
at −196 °C, scanning electron microscopy and small angle X-ray
scattering. The adsorption desorption isotherms were obtained with a
Quadrasorb automatical equipment provided by Quantachrome. Samples



Table 1
Mexican human bone samples; labeling and origin.

Type of bone Origin classification Labeling Macroscopic conditiona

Right tibia Cueva de la Candelaria #19 CP expl. 1953–56 MC-tibia-s Treponematosis
Tlatelolco caja 353 TS MT-tibia-h Normal appearance

Metacarpal bone Tlatelolco ent.C 1985 MT-metacarpal-s Treponematosis
Left fibula Cueva de la Candelaria #13 CS MC-fibula-h Normal appearance

a Following the criteria of Mays (2008) and Waldron (2009).

a

b

0.00

0.01

0.02

0.03

0.04

0.05

0 0.2 0.4 0.6 0.8 1

P/P0

V
liq

(c
m

3/
g)

0.00

0.00

0.04

0.06

0.08

0.10

0.12

0.14

0 0.2 0.4 0.6 0.8 1

P/P0

V
liq

(c
m

3/
g)

Fig. 2. Comparison of the N2 adsorption–desorption isotherms at −196 °C of the
Tlatelolco samples a) MT-tibia-h and b) MT-metacarpal-s.
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were previously outgassed overnight at 110 °Cwith a dynamical vacuum
of ca. 10−6 mbar. Scanning electron microscopy studies were performed
with a Leica Stereoscan 440 microscope. The samples were previously
sputteredwith gold to avoid charge problems. The EDS results correspond
to an area of 80 × 70 μm. SAXS experiments were performed with a
Kratky camera. The powdered sample was introduced into a capillary
tube. Intensity I(h) wasmeasured for 9min in order to obtain good qual-
ity statistics. The SAXS datawere processedwith the ITP program (Glatter
and Gruber, 1993).

3. Results

3.1. Gas adsorption

In gas adsorption, the dynamic phase equilibrium established is
usually expressed in terms of partial pressure of the adsorbate per
unit mass of the adsorbent. If the data are taken over a range of gas
pressures at a constant temperature, a plot of gas loading on the adsor-
bent versus partial pressure of the gas can bemade. Such a plot is called
the adsorption isotherm. For pure gases, experimental physical adsorp-
tion isotherms have shapes that are classified into 5 types. By far the
most common are types I, II and IV, each one corresponds to a particular
interaction of the gasmolecules and the solid adsorbate. For instance, an
inherent property of type I isotherms is that adsorption is limited to the
completion of a single monolayer of adsorbate at the adsorbent surface.
Type I isotherms are observed for the adsorption of gases on micropo-
rous solids whose pore sizes are not much larger than the molecular
diameter of the adsorbate. An example is the adsorption of oxygen on
carbon black at −183 °C.

The samples from the Cueva de la Candelaria did not adsorb
nitrogen at the used experimental conditions; therefore, they are not
porous; i.e. pores are not accessible to gases, but this result has to be
compared to SAXS measurements which include also closed porosity
(porosity which is not accessible to gases). The shape of nitrogen ad-
sorption isotherms for Tlatelolco samples corresponds to the well-
known irreversible type II or IIb; a hysteresis loop type H3 as defined
by IUPAC is present (Rouquerol et al., 1999) (Fig. 2). This type of hyster-
esis loop corresponds to adsorbents constituted by aggregates of platy
particles or adsorbents with slit shaped mesopores. It is typical of
clays and, natural or synthetic, hydroxyapatite (El Shafei et al., 2004).

The surface area was determined using the BET equation (Table 2).
The Tlatelolco samples were not microporous (pores less than 2 nm)
as far as gas adsorption is concerned. However, the total pore volume,
Vp, could be obtained from the amount of (liquid) nitrogen adsorbed
at a relative pressure p/p0 = 1. If mesopores are slit-like, their mean
width may be estimated using the equation d = 2VP/SBET. In sample
MT-tibia-h, it turned out to be 7.42 nm and in MT-metacarpal-s it was
5.44 nm; these values are the same as the sizes expected for canaliculi.

3.2. Small angle X-ray diffraction

If the relevant structural features are at superatomic level, from a
few tenths up to about 100 nm, small-angle X-ray scattering (SAXS) is
the most widely used technique (Craievich, 2002). In this characteriza-
tion technique, not often mentioned in archeological bone studies, the
X-ray scattering intensity is experimentally determined as a function
of the scattering vector q whose modulus is given by q = (4π/λ).sinθ,
where λ is the X-ray wavelength and θ is half the scattering angle
between the directions of the scattered and transmitted beams. The
scattered intensity is due to differences in electron density, for instance
pores in a continuousmedium or dense particles or both. It is difficult to
decidewhich oneof those heterogeneities is responsible of the observed
scattering due to Babinet's theoremwhich states that the X-ray scatter-
ing intensity, I(q), of a small particle with homogeneous electron
density cannot be distinguished from the scattering of an infinite large
sample with the same electron density but with a cut-out of the size
of the small particle. The angular deviation of scattered rays has an
inverse relationship with size. Then, the position and shape of an X-
ray scattering curve can be used to determine the average shape and
size of heterogeneities in a sample. The analysis of the SAXS curve
provides the gyration radius, the size distribution, the shape and the
fractal dimension of the scattering heterogeneities (Guinier and Fournet,
1955; Kataoka et al., 1993, 1994; Wess et al., 2001a,b; Vinogradova
et al., 2003).

image of Fig.�2


Table 2
Textural features of the Mesoamerican bones as determined by gas adsorption.

Bone type Origin Labeling Bone condition SBET (m2/g ±0.7) Vp (cm3/g ±0.01)

Right tibia Cueva de la Candelaria
#19 CP expl. 1953–56

MC-tibia-s Treponematosis b2a –

Tlatelolco
Caja 353 TS

MT-tibia-h Normal appearance 35 0.13

Metacarpal Tlatelolco
ent. C 1985

MT-metacarpal-s Treponematosis 22 0.05

Left fibula Cueva de la Candelaria
#13 CS

MC-fibula-h Normal appearance b2a –

a This is the lowest SBET value that can be determined with the equipment and available amount of sample used.
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The diameters corresponding to the peaks found in the heterogene-
ity size distributions, the shape of heterogeneities, and the gyration radii
are compared in Table 3. Heterogeneity size distributions of the studied
Mesoamerican bones are broad, from D= 0.5 to 5 nm (Fig. 3). The dis-
tributions of healthy archeological bones (MC-fibula-h and MT-tibia-h)
are similar, with three peaks at 1.2, 2.7 and 4.4 nm. The peak at 4.4 nm
may be attributed to the diameter of tropocollagen molecules, isolated
or associated (Dubey and Tomar, 2009) or to the average thickness
of mineral hydroxyapatite in archeological bone (5.16 nm) which due
to remineralization may be larger than the mean value of non
archeological bone (3.49 nm) (Wess et al., 2001a,b). The peaks at 1.2
and 2.7 nm could be due to smaller fractions. Still, this point illustrates
the difficulty of interpretation of SAXS measurements in systems as
complex as bone. Indeed, SAXS is due to electron density contrast
among hydroxyapatite particles, collagen or pores and the surrounding
medium. Thus, the peak at 2.7 nm may be attributed, as well, to the
average size of hydroxyapatite crystallites, which turns out to be 2.3–
2.8 nm (Hiller and Wess, 2006) or even 3.49 nm (Wess et al., 2001a,
b). The SAXS curve corresponds mostly to the highest contrast, which
in this case, is the electron density contrast between the mineral and
collagenous components; then, the peak corresponds mostly to the
size of the hydroxyapatite crystals.

However, when disease or taphonomy generates somemicroporos-
ity, the interpretation may not be clear. The diseased samples of this
group (MC-tibia-s and MT-metac-s) do not show any significant differ-
ences fromhealthy bone; hence, themeasured heterogeneity size distri-
butions correspond to the nanometrical features of bone and do not
reflect the changes in porosity. Therefore, the use of the word “hetero-
geneities” in this case is justified as such heterogeneities are microfi-
brils, tropocollagen molecules and mostly hydroxyapatite crystals
typical of bone, those heterogeneities do not depend on taphonomy
or treponematosis. It has been already shown how constant are the
composition and structure of bone (Piga et al., 2013).

3.3. Scanning electron microscopy

Fig. 4 is a micrograph of the seemingly healthy bone from la
Candelaria, MC-fibula-h; the feather-like texture is typical of bone
Table 3
Comparison of results obtained by gas adsorption, SAXS and SEM.

Sample Gas adsorption
(S in m2/g ±0.7)
(Vp in cm3/g ±0.01)

SA
(di
cur

MC-tibia-s S (m2/g) b2 Bro
MT-tibia-h S (m2/g) = 35

Vp (cm3/g) = 0.13
d = 7.42 nm

Bro

MT-metacarpal-s S (m2/g) = 22
Vp (cm3/g) = 0.05
d = 5.44 nm

Bro

MC-fibula-h S (m2/g) b2 Bro
surfaces and it has been often observed in other healthy bones (Weiner
and Traub, 1992; Pijoan et al., 2007; Trujillo-Mederos et al., 2012;
Fantner et al., under review). At a lower magnification a large pore is
evident ca. 30 μm.

In the corresponding bone with pathological alterations, MC-tibia-s
(Fig. 5), a large pore ca. 8 μm and smaller pores ca. 0.3 μm are evident.
Still, instead of a feather-like surface a smooth surface with fading
spheres ca. 1 to 2 μmon top is evident. This surface is definitely different
from the one observed in sample MC-fibula-h.

The surface of the healthy bone from Tlatelolco, MT-tibia-h, is
smooth with cracks (Fig. 6). The feather-like morphology reported for
sample MC-fibula-h is not observed. Large pores ca. 15 and 90 μm are
present. The surface seems to be covered by a layer of a plastic and
smoothmaterial, most probably clay or a residue of collageneousmate-
rial coming from dried skin. Note that the specific surface area of these
samples is very low and, if the contribution of clay was significant, it
would be much higher as the specific surface area of illite, for instance,
is ca. 80 m2/g or for montmorillonite ca. 60 m2/g (Macht et al., 2011).

The corresponding surface of the diseased sample from Tlatelolco is
very peculiar as several morphologies were evident. In Fig. 7, the very
large pore is ca. 60 μm and the small ones are ca. 1 μm. The surface is
covered by filaments, evident in Fig. 8, which emerge from the small
pores. Their diameter is ca. 0.1 μm and reproduces those reported by
Trujillo-Mederos et al. (2012) for bones boiled in salted water.
4. Discussion

The results exposed previously seem contradictory. Gas adsorption
isothermswere only obtained in Tlatelolco samples; gas is not adsorbed
by the other samples, i.e. la Candelaria materials were not porous. But,
SAXS technique showed that the heterogeneities in all samples are com-
prised between 0.8 and 4.5 nm. The bone surface was smooth in the
tibia samples MT-tibia-h, MC-tibia-s, independently of the origin or
the alterations. The sample from Tlatelolco MT-metacarpal-s presents
collagen filaments on the surface and sample MC-fibula-h has the
expected texture in a seemingly healthy bone. No correlation between
those results and treponematosis is evident (Table 3).
XS
ameter values from size distribution
ves in nm ± 0.3)

SEM

ad distribution from 0.8 to 4.5 nm Smooth surface
ad distribution from 0.8 to 4.5 nm Smooth surface

ad distribution from 0.8 to 4.5 nm Filaments

ad distribution from 0.8 to 4.5 nm Feather-like texture
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Fig. 3. Pore size distributions of the Mesoamerican samples (frequency vs diameter in Å).
From bottom to top: a) MC-fibula-h, b) MC-tibia-s, c) MT-tibia-h, and d) MT-metac-s.

Fig. 4. Surfacemorphology of the seemingly healthy bone from la Candelaria,MC-fibula-h,
at two magnifications: a) ×1000 and b) ×500.
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The bone porous system is a hierarchical complex structure. Two
ranges of sizes may be distinguished, on the one hand, a micrometric
porosity (Haversian canals) and, on the other, a nanometric one corre-
sponding to lacunae and canaliculi. In gas adsorption characterization,
MC-tibia-s and MC-fibula-h, both from la Candelaria, were not porous,
i.e. that the nanometric porous system, which is the responsible for
the high specific surfaces, was not reached by nitrogen. The organic
compounds formed during natural mummifying then, most probably,
occlude access to lacunae and canaliculi. As Tlatelolco burials were not
mummified such process did not occur; thus, they present higher
specific surface areas, 35 and 22 m2/g. Reported specific surface values
vary from 20 to 100 m2/g (Smith et al., 2008; Figueiredo et al., 2010).
These values reproduce those reported in previous works for
archeological bones (Hedges et al., 1995; Bosch et al., 2011). Remember
that the surface area of fresh bone is 85–170 m2/g (Misra et al., 1978)
and that in archeological bones a loss of microporosity and increase in
macroporosity has been reported (Hedges et al., 1995). Using the
correlation proposed by Nielsen-Marsh and Hedges (1999) the amount
of protein left in the Tlatelolco bones would be 3.5% for the MT-
metacarpal-s and more than 5% for the MT tibia-h. As bone degrades,
the amount of collagen diminishes (Hedges and Law, 1989), but colla-
gen itself also degrades so that it is no longer well-defined chemically;
therefore, sample MT-metacarpal-s is more degraded.

The size distributions obtained using SAXS correspond to the hetero-
geneities in the samples. Only the last peak of the distribution could be
Fig. 5. Surface morphology of the pathologically altered bone from la Candelaria, MC-tibia-s,
at two magnifications: a) ×5000 and b) ×2500.

image of Fig.�5


Fig. 7. Surface morphology of the pathological bone from Tlatelolco, MT-metacarpal-s, at
two magnifications: a) x 2000 and b) x 500.

Fig. 6. Surface morphology of the seemingly healthy bone from Tlatelolco, MT-tibia-h,
at ×2000 magnification.
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attributed to pores as it corresponds to the sizes determined in the
Tlatelolco sampleswith gas adsorption. Still, it is the same in all samples,
and gas adsorption showed that the samples from La Candelaria were
definitely different from those of Tlatelolco. This disagreement can be
explained proposing closed pores in La Candelaria samples as suggested
by the scanning electron microscopy images. Open pores are detected
by gas adsorption which is a surface technique but small angle X ray
scattering which is a bulk technique includes closed pores (bubbles
for instance). The remaining part of the distribution must be due to
solid materials, such as the components of bone or clays from soil.
Still, the sizes correspond to residues of collagen fibrils. Collagen fibrils
are, indeed, 10 nm diameter and 300 nm length, depending on the
type of collagen. From control modern bones, the average thickness of
mineral compound in archeological bone has been evaluated to be
5.16 nm and 3.49 nm in non-archeological control bone. The spread of
the values reveals that a wide range of crystal sizes can be attained by
mineral remodeling over time. Hence, gas adsorption measurements
with SEM and SAXS provide a clear picture of bone morphology.

Porosity due to treponematosis may not be evident if determined by
gas adsorption as mummifying conditions may occlude it. In this case,
surface morphology revealed by SEM indicates that the surface is
smooth and flat. Instead, bones from Tlatelolco present the expected
specific surface areas of archeological bones. Still, SEM shows that the
small amount of collagen migrates to the surface due to a salted water
environment. This result is most interesting as the exiting collagen
does not block pores (which are then detected by gas adsorption) in a
mechanism whose result is similar to a boiling process in salted water.
Such similarity has been already mentioned in previous works (Collins
et al., 2002; Roberts et al., 2002; Bosch et al., 2011; Trujillo-Mederos
et al., 2012).
Fig. 8. Surface morphology of the pathological bone from Tlatelolco, MT-metacarpal-s, at
high magnification: ×10,000.
5. Conclusion

The differences between human pathological and healthy bones
may be clear macroscopically. Porosity can be an indicator of trepone-
matosis. However, those criteria may be masked by taphonomy. In the
present work we found that salted water may affect the morphology
of bone asmuch as if it was boiled in seawater. Bone pores are occluded
in the La Candelaria cave samples. This result is important since it is
known that this cultural group has treponematosis and that porosity
is one of the changes caused by this infection. Physical characterization
techniques were used to show that the macroscopic morphology
is reproduced at a nanometric level. It is difficult to separate, in
archeological human bones, the effect of disease and taphonomy.
Furthermore, the usual technique to determine porosity in materials
(gas adsorption), complemented with scanning electron microscopy
and small angle X-ray scattering, reveals that porosity is still a relative
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value which depends, not only on the features of bone sample, but on
the characterization technique.
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