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2. Abstract and key terms

The woven bone created during the healing of bone regeneration processes is
characterized as being extremely inhomogeneous and having a variable stiffness that
increases with time. Therefore, it is important to study how the mechanical properties of
woven bone are dependent on its microarchitecture and especially on its porosity and
mineral content. The porosity and the x-ray greyscale of specimens taken from bone
transport studies in sheep were assessed by means of ex vivo imaging. Our study
demonstrates that the porosity of the woven bone in the distraction area diminishes during
the healing process from 73.3% 35 days after surgery to 31.9% 525 days after surgery. In
addition, the woven bone’s porosity is negatively correlated with its Young’s modulus.
The x-ray greyscale, was measured as an indicator of the level of mineralisation of the
woven bone. Greyscale index has been demonstrated to be inversely proportional to
porosity and to increase to up to 60-80% of the level in cortical bone. The results of this
study may contribute to the development of micromechanical models of woven bone and

improvements in in silico modelling.

Key words: porosity, greyscale, x-ray, mineralisation, elastic modulus, pore area, woven

bone, bone transport.
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3. Introduction

Many orthopaedic treatments, such as fractures or segmental bone defects, depend on the
generation of new bone tissue or woven bone. Orthopaedic treatments associated to bone
regeneration processes consume a large amount of resources of the health systems in most
countries in the world, affect many patients and not all of them end successfully. For
example, infection or non-union may affect at least 5% of complex tibial fractures'’,
subsequently require treatment of tibial defects. In general, segmental bone loss occurs at
0.4% of all fractures**. It implies that yearly over two million people need a segmental
bone defect treatment worldwide, with costs around US $3 billion every year*®. One of
the techniques used in the treatment of segmental bone defects is bone transport* which
consists of applying distraction osteogenesis'”!®. In the case of femoral distraction

osteogenesis, this type of interventions have a cost around US $50,000%.

Distraction osteogenesis is a very complex process which poses numerous challenges.
Good judgement, accurate knowledge and meticulous techniques are necessary for
selecting and designing devices, performing corticotomies, maximising bone
regeneration, managing pin sites, maintaining articular function and timing fixator
removal'®. Bone transport presents two sites at which woven bone develops: the
distraction callus and the docking site. As the woven bone generated during the healing
process needs to extend to areas without bone, it is quickly formed and poorly organised
and is characterised as having a variable stiffness that increases with time®®*!. As its
structure evolves, the composition?® and mechanical properties also consequently
change®. Therefore, it is important to study how the mechanical properties of woven bone
are dependent on its microarchitecture and especially on its porosity and degree of

mineralisation.
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The porosity of cortical bone has been widely studied. In a recent review, Currey and
Shahar!? identified five levels of porosity, namely (from large to small) (1) the marrow
cavity, (2) channels for the nutrient arteries that traverse the cortex, (3) vascular porosity
within the cortex, (4) lacunar-canalicular porosity, and the (5) ‘nanoporosity’ between the
collagen and the hydroxyapatite crystals. Apart from the central medullary cavity, these
channels do not result in a high porosity, 10% at most'2. It has been demonstrated that the
mechanical properties of cortical bone depend on its porosity”>>?73%40 In fact, high
cortical porosity has been negatively associated with bone stiffness, toughness and
elasticity, as well as impact energy absorption capacity®®>!!3¥, The elastic modulus of
the cortical bone is related to porosity to the 10.9th power?®; accordingly, a change in
porosity from 10% to 15% results in a 46% reduction in the cortical bone’s elastic
modulus. Studies conducted on trabecular bone point to it having a porosity between 70-
95%3>38. There is no significant correlation between the porosity of cortical bone and the

porosity of trabecular bone*’.

There have also been studies on mineral content in both cortical and trabecular
bone”'4222435 The mineral content of trabecular bone, studied in vertebrate animals, was
approximately 95% of the mineral content of cortical bone®!®. Currey’ calculated the
amount of calcium in dehydrated bone using a colorimetric method, relating the Young's
modulus to the degree of mineralisation of the cortical. Currey'® showed that low mineral
content in the bone caused it to have a lower elastic modulus than a bone with high

1% calculated the mineral content of both cortical and

mineral content. Renders et a
trabecular bone, finding that the degree of mineralisation of trabecular bone was much

lower than that of cortical bone during the process of creating new bone.

However, there seems to be little published work on measurements of the porosity and

mineralisation of woven bone. The properties of the tissues have been analysed in most
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cases at a macroscopic and microscopic level**. To assess the degree of mineralisation,
computed tomography?>*, dual-energy X-ray absorptiometry (DEXA)!, or backscattered
electron imaging (qBEI)***7 have been used. This last technique allows for the
determination of the calcium content from backscattered electron microscope images.

The macroscopic mechanical properties of woven bone have been analysed ex vivo'*, in

Vl-v06,28-30

and in silico’>*°. For example, Mora-Macias et al.*> and Manjubala et al.>* have
evaluated the temporal and spatial variations of woven bone during both bone transport
and fracture healing calluses respectively using nanoindentation measurements. In
addition, Manjubala et al**, correlated the mineral content and the nanoindentation

modulus for woven bone during fracture healing. Vetter et al.*! also reported the evolution

of the porosity of the woven bone in fracture healing.

The measurement of the porosity and mineral content of woven bone can be of enormous
value for in silico models*. Table 1 shows the values for porosity used in
mechanobiological models found in the literature on fracture healing and distraction
osteogenesis™!?2!. As can be observed, a value of 80% is typically assigned to woven
bone, while 4% is selected for cortical bone. It must be highlighted that the value of 80%
used in these works is not taken from any experimental study, which highlights the

necessity of experimentally measuring the porosity of woven bone. Furthermore, Vetter

1.42 1.33

et al.*” and Mora-Macias et al.”> demonstrate the influence of taking into account the
woven bone porosity in in silico studies. The former showed, differences in the strain
field of a fracture callus between a computational model that takes into account the
heterogeneity of the woven bone and another that considers the callus to be homogenous,

once bony bridge is reached. Similarly, Mora-Macias et al.>* showed that correlation with

experimental results is not possible after bony bridging if homogeneous callus and
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constant porosity are assumed in an in silico model of distraction osteogenesis. Stiffness

of the callus reported by this model was compared against reported in vivo results®

Table 1: Values for the porosity and Young’s modulus (E) of the woven and cortical bone

used in mechanobiological models.

To the best of the authors’ knowledge, no direct measurement of porosity has yet been
carried out in woven bone generated during distraction osteogenesis. Also, no correlation
of the stiffness of the callus with mineralisation and porosity has ever been made.
Consequently, the overall goals of this study are: (1) to quantify the temporal evolution
of the porosity of the woven bone throughout the distraction callus; (2) to evaluate its
relative x-ray greyscale with reference to cortical bone greyscale, as a qualitative indicator
of the level of mineralisation; and (3) to investigate the relationships between these two

variables (porosity and greyscale) and the Young’s modulus of the woven bone.

4. Materials and methods

Bone transport experiment

The bone transport experiment was performed using 11 Merino sheep, aged between 3
and 5 years, with an average weight of 53+8.5 kg?®. Bone transport was applied in the
metatarsus of the right hind limb, where the distraction callus was generated during 15
days (1mm/day). During the experiments, the welfare of each of the sheep was guaranteed
according to the regulations of the Research Ethics Committee of the University of
Seville. The animals in the experiment in question were euthanized at different stages of

the bone transport process to obtain ex vivo samples of the distraction callus.

To analyse the evolution of the porosity, 6 callus samples in which most of the tissue had

been ossified were used (one per animal and time point, sheep were euthanised at days
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35, 50, 79, 98, 161 and 525 after surgery). Specimens were prepared as in a previous
study®?, in which the same samples were used to measure the elastic modulus via
nanoindentation. For each callus sample, a sheet 2 mm thick was extracted from the
surface parallel to the frontal plane of the limb (Fig. 1a). The sheets of callus tissue were
embedded in an Epofix® (Struers, California, US) resin cylinder (25 mm in diameter and
25 mm in height). The surface of the samples was polished with carbide papers (P600 to
P4000) and diamond slurry (from 3 to 0.25 pm). Colloidal silica slurry (0.04 um) was
used for the final polishing step. The specimens were ultrasonically cleaned with distilled
water between each polishing step. An instance of a sample obtained at the end of the
process described, corresponding to a specimen harvested 35 days after surgery, is shown
in Fig. lc. For each specimen, a digital image was taken through an optical microscope
(micrograph) from the distraction callus area (Figs. 2a, 2b and 2c¢). Since one animal was
euthanised per time-point, a total of 6 micrographs were obtained. In addition, for each
animal, a cortical bone sample from the proximal bone segment was also considered and

equally processed for control measurements (Figs. 1b and 1d).

Fig. 1.Location of the (a) distraction callus and (b) cortical bone samples within the cross
section (parallel to frontal plane) of the intervened metatarsus. Photographs shown in (c)
and (d) correspond to the distraction callus and cortical bone samples respectively, taken

from the sheep sacrificed at day 79 after surgery.

To analyse the evolution of the x-ray greyscale of the distraction callus, radiographs of
the 11 sheep were taken periodically in vivo, from initial surgery to slaughter, or the end
of the intervention. In total, 172 radiographs were taken on two distinct planes,
mediolateral and dorsoplantar, and at different time points after surgery (Table 2).
Radiographs were taken weekly from surgery to one month after surgery, then every two

weeks until 6 months after surgery, then monthly from 6 months after surgery (Table 2).
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Table 2. Time points at which radiographs were taken of each of the 11 sheep in the study

Estimation of porosity

For the quantification of the porosity throughout the entire distraction process, 6
micrographs (one per specimen and sacrifice time-point) of the distraction callus were
analysed through image processing with Matlab®. The process followed to estimate the
porosity is illustrated in Fig. 2: (1) manual selection of the different areas in the
micrograph (woven bone, soft tissue, pores, edges) (Fig 2a); (2) manual removal of
undesired zones (soft tissue, edges); it should be noted that the colour value of the soft
tissue is equal to the colour of the edges and is not considered in estimation of porosity
(Fig. 2b, 2c¢); therefore the region of interest for porosity measurement corresponds with
pores and bone tissue areas i.e. non-green areas in Fig. 2d; (3) conversion of the image to
greyscale (Fig. 2d); (4) conversion of the image to black and white to be able to
distinguish woven bone (white) from pores (black) (Fig. 2e); and, finally, (5)

quantification of the porosity.

Fig 2. a) Areas of the mineralised callus identified in the micrographs for the estimation
of porosity in the micrograph corresponding to 79 days after surgery; b) delimitation of
the callus section; c) region of interest for porosity measurements (non-green areas); d)

image conversion to greyscale; e) conversion to black (pores) and white (woven bone).

In step (2), instead of developing an unreliable programme, it was decided to manually
modify the micrographs using a freeware image editing programme (GIMP). In each
micrograph, the boundary of the callus is carefully analysed, delimited and stained green

(RGB, G255), and then eliminated by applying the appropriate colour filter.
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In step (4), images are treated as an array of zeros (black) and ones (white) in which each
array element symbolises a pixel of the image. The array elements of value 1 correspond
to the parts of the callus that are ossified, whereas the elements of value 0 correspond to

pores within the callus.

In step (5), the total percentage of porosity in each micrograph is calculated as the ratio

of the pores to the total area:

Porosity (%) = 2292 100 (1)

Total area

To analyse the development of the new bone tissue’s microarchitecture, the maximum
pore area was also automatically calculated. These parameters were evaluated for each
micrograph of the distraction callus using the commercial software Matlab® by means of
an algorithm based on the function bwboundaries. This function traces, within a binary
image, all boundaries of independent regions (pores), and areas were quantified to
calculate the maximum pore size. The algorithm used allows eliminating any bone islands

present within the pores.

The resolution of the micrographs used and the technique applied allow detecting pores
from a size of 25 pm in woven bone samples and 6 um in cortical bone. Therefore, pores
with a diameter less than 25 um in woven bone, and 6 um in cortical bone, were not taken

into account.

The resolution of the micrographs used and the technique applied allow detecting pores
from a size of 25 pm in woven bone samples and 6 um in cortical bone. Therefore, pores
with a diameter less than 25 pm in woven bone, and 6 um in cortical bone, were not taken

into account.

Greyscale quantification
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To analyse how the bone distraction callus is mineralised, radiographs were examined in
terms of their greyscale value. The first step was to select the callus area to be analysed,
removing any undesired elements, such as fixator parts (Fig 3). Then, three areas are
delimited using the image editor (GIMP): one corresponding to the distraction callus,
another to the cortical bone and a third to a 20 x 20 pixel matrix at the upper left-hand
corner of the radiograph, taken as a reference (black area surrounded by green lines, Fig.
3c). These three zones are converted to greyscale values by calculating the mean of the
pixel values corresponding to the callus (GTey q;us), the cortical bone (GTey orticq:) and
the black reference (Grey,, ference) and their standard deviation. Afterwards, the
percentage of relative mineralisation of the callus with reference to the mineralisation of

the cortical bone (greyscale index) is calculated as:

%) — GreYcallus—GreYreference x 100 (2)

Greyscale index ( — ——
GreYcortical—GTreYreference

Fig 3. Areas identified in the radiographs for greyscale quantification: (a) initial
radiograph, (b) distraction callus and surrounding area and (c) delimited zones within the
last area (distraction callus tissue and a 20 x 20 pixel matrix at the upper left-hand corner

taken as a reference).

Correlation analysis

The coefficient of determination (R?) was calculated to analyse the correlation among the
variables measured and others measured in previous studies (porosity, greyscale index,
Young’s Modulus (E) and maximum pore area):

Ziy (i )?
R? =1 — =L 3
RCE ®)

where f7...f» are the predictions by the linear regression of a variable Y associated to the

fitted values Y;...Y,. Y is the mean of the measured and fitted data Y = % Ly
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5. Results

Porosity in the distraction callus tissue.

Porosity has been measured for samples of woven and cortical bone. The temporal
evolution of the porosity of the woven bone within the distraction callus is presented (Fig.
4). For the woven bone, the measured porosity decreases over time. The porosity values
of the distraction callus tissue decrease over time approximately 73.3% 35 days after
surgery to 31.9% 525 days after surgery. It may be observed that the rate slows down
during healing. For example, it decreases 10.2% in 15 days, from day 35 to 50, and 11.4%
in 364 days, from day 161 to day 525. The degrees of cortical bone porosity are similar
and independent of the sample taken. The mean value and standard deviation of the
cortical bone porosity in the samples analysed was 4.1% + 3.1%. The mean value is
included in Fig. 4 for reference, which also shows the maximum pore area for each

micrograph, calculated relative to the total callus area.

Fig 4. Porosity values and relative maximum pore area (Poremax) in the distraction callus
for the different days analysed. Values for the mean porosity of the cortical bone samples

are also shown for comparison.

Maximum pore area relative to the total callus area (Fig. 4), evaluated from the
micrographs, decreases from 52.0% 35 days after surgery to 6.0% 161 days after surgery.
According to the samples analysed, at day 525, maximum pore area in the callus increases

again to 16.7%.

Evolution of the greyscale index

The evolution of the greyscale index in the distraction callus tissue is shown in Fig. 5.

Each point of this figure represents the value of the greyscale index measured in
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radiographs at the time points in Table 2. This value increases up to 60-80% of the

greyscale index of the cortical bone, between 70 and 140 days after surgery

Fig. 5: Progression of greyscale index relative to the greyscale index of cortical bone (%)

during the bone transport process.

6. Discussion

This study measured the temporal evolution of the porosity as well as the greyscale of
woven bone in x-rays. Data showed that the porosity of woven bone can be as much as
80% at the initial stages of the bone transport process (Fig. 4). A similar value for porosity
can be found in trabecular bone, with values ranging from 70-95%3%8. At the end of bone
transport, porosity values measured were much lower (31.9% at 525 days) and tend
towards the values measured for cortical bone (4%), which are in concordance with values

found in the literature’ and with data taken from mechanobiological models>!°-2!,

Similar range of values for the woven bone porosity were reported by Vetter et al.*! in a
fracture healing process. However, the level of porosity seems to decrease more rapidly
in fracture healing, from 70% to 30% approximately in 49 days, compared to distraction
osteogenesis, from 73.3% to 31.9% in 490 days. On the other hand, Mora Macias et al.*?
showed that the woven bone generated during distraction osteogenesis seems to present
a similar temporal evolution of the elastic modulus than fracture healing®*. Therefore, it
could be concluded that the particularities in the evolution of the ossification of the
distraction osteogenesis callus? affect the evolution of the woven bone microarchitecture
and therefore its macroscopic stiffness despite presenting a similar evolution of the elastic

modulus than fracture healing.
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In silico studies published in the literature use a constant value for the porosity of
immature bone: 80%>!°2!. As can be seen in Fig 4, the initial porosity measured in this
study, corresponding to day 35 after surgery, is very close to this value: 73.3%. However,
as the bone healing process takes place, the percentage of porosity decreases
considerably, especially during the first few days of the study, and rapidly deviates from
the values used in in silico models, which were considered constant throughout the
process. Thus, the constant value of 80% porosity used in the literature does not seem to
be adequate for modelling the development of the mechanical properties of the woven
bone during the complete healing process. Porosity of the woven bone must be considered
in computational models of the bone regeneration processes, especially after bony

bridging, as showed Vetter et al.*> and Mora-Macias et al. >,

Pore area analysis (Fig. 4) shows that the high values of porosity in the initial stages of
the consolidation period may be due to a large average pore area. This can also be
observed in Fig. 6, which shows the pore distribution (black areas) in the micrographs
from 35 and 525 days after surgery. The high interconnectivity existing in the initial
stages of healing (Fig. 6) explains the high values of the maximum pore area during the
first 100 days after surgery. In addition, it can be observed in Fig 4 that the maximum
pore area increases from day 161 to day 565 (up to 3 times). This may be due to the fact
that the pores of the woven bone in the distraction callus may be regrouped. The pore area
might increase during the last stages of the process due to the re-establishment of the
medullary cavity (Fig. 6b), as by day 525 intense remodelling activity has already taken
place?®. Although the reported evolution between 161 and 525 days after surgery should
be taken with caution because, with one sample per time point, it could also be due to

interindividual differences.
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Fig. 6: Pore distribution (black areas) in the micrographs from a) 35 and b) 525 days.

Blue line represents the border of the pore with the greatest area.

The greyscale index at the end of the experiment (Fig. 5) is between 50-60%, below the
peak values reached 70-140 days after surgery. A greyscale index of 100% would imply
that the bone sample being studied has been totally remodelled into cortical bone. It may
be observed that the temporal progression of the greyscale index follows a similar trend
than the temporal progression of the volume of the callus measured in previous studies®.
Both reached a peak between 70 and 140 days after surgery. After this, the greyscale
index decreased. The authors think that this decrease in the greyscale index is due to the
development of the medullary cavity®®, which is a large area with no mineral content.
Therefore, the greyscale index after reaching the peak value may not be considered a good

indicator of the evolution of the mean mineral content of the callus.

The relationship between the elastic modulus of the woven bone (E), the porosity and the
greyscale index is shown in Fig. 7. There is an inverse linear correlation between the
porosity and the greyscale index of the bone distraction callus (R?>= 0.864) according to
Fig. 7a. Inverse linear correlation may be observed (Fig 7b) between the elastic modulus
of the woven bone measured in a previous study’? and the porosity (R?=0.927). As the
consolidation phase takes place, the porosity decreases and the greyscale index increases,
as has been proven in previous studies of cortical bone?®!!38: the greater the porosity,
the lower the stiffness and vice versa. In addition, the relationship between the Young’s
modulus and the greyscale index (Fig. 7c) shows that there is a strong relationship (R?=
0.777): the greater the greyscale index, the greater the Young’s modulus, which is also in
accordance with data from the literature’-*. Finally, it can also be observed in Fig. 7d that

the maximum area of the pores is also correlated with the percentage of porosity (R*=
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0.735). Therefore, it seems that the microarchitecture of the woven bone becomes more

compact by means of reducing both porosity and the pore area.

Fig. 7. Relationships between porosity, greyscale index, Young’s Modulus (E) and
maximum pore area. (a) Mean greyscale of the week corresponding to the time point
when porosity was measured versus porosity level. (b) E versus porosity. (¢) E versus
mean greyscale of the week corresponding to the time point when E was measured. (d)
Maximum pore versus porosity level. E data were measured in a previous work*?. Note
that a and ¢ show only 5 experimental points because the radiography study ended 374
days after surgery; however, porosity and E were evaluated once more at 525 days after

surgery.

There are several limitations in the present study. Firstly, in order to calculate the porosity
it has been assumed that pores correspond to the black regions, although soft tissue could
also be located in these areas. In addition, pores with a diameter of less than 25 um were
not taken into account in porosity measurements of woven bone samples, 6 um in the
case of cortical bone ones. Secondly, the study carried out has been developed in two
dimensions. Finally, the need to use different animals for each time point introduces a
source of variation in the porosity measurements. Therefore, future studies with a higher

number of samples per time point will be valuable to make stronger conclusions.

To the authors’ knowledge, the dependence of the mechanical properties of woven bone
on its microarchitecture and especially on its porosity and greyscale has not yet been
analysed. In this work, ex vivo samples, as well as radiographs, have been used to measure
both porosity and greyscale. The second could be related to the mineral content of the
woven bone. Therefore, the results of this study may contribute to the development of

micromechanical models of woven bone and improvements in in silico modelling.
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However, this is a preliminary study. Further three-dimensional works, as well as a larger

number of samples to be analysed, are needed to completely corroborate the data.
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10. Tables, figure and legends

Authors Application Eimmature | Porosity | Ecortical Porosity
bone Immature bone Cortical
(MPa) bone (%) | (MPa) bone (%)
Lacroix & Tissue 1000 80 20000 4
Prendergast [29] | differentiation
Isaksson et al. 1000 80 15750 4
[30,31] Bone regeneration
Boccaccio et al 1000 80 20000 -
[34] Bone regeneration
Burke & Kelly 1000 80 20000 4
[32] Cell differentiation

Table 1: Values for the porosity and Young’s modulus (E) of the woven and cortical

bone used in mechanobiological models
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488
489

490

491

Sheep

Time points evaluated (days from surgery)

10, 16, 24, 31, 38, 51, 64, 72, 83, 98

7,23,30,37,44, 52, 66, 79

7,21, 28, 34

o

8,21, 28,35,42,49, 64, 80, 94, 128, 154

7,22,29,37,45, 56,70, 100, 130, 143, 150, 176, 192, 206, 220, 247, 277,
311, 343, 374

7,21, 28,36

9,21

8,22,29

O [0 |Q |\ [

17

10

10, 21, 28, 35, 42, 49, 57, 74, 80, 101, 107, 137, 171, 203, 234

11

7,22,29,36,43,52

Table 2. Time points at which radiographs were taken of each of the 11 sheep in the

study
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callus

Diastal cortical
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Fig. 1.Location of the (a) distraction callus and (b) cortical bone samples within the
cross section (parallel to frontal plane) of the intervened metatarsus. Photographs shown
in (c) and (d) correspond to the distraction callus and cortical bone samples respectively

taken from the sheep sacrificed at day 79 after surgery.
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Fig. 2. a) Areas of the mineralised callus identified in the micrographs for the
estimation of porosity, in the micrograph corresponding to 79 days after surgery; b)
delimitation of the callus section; c) region of interest for porosity measurements (non-
green areas); d) image conversion to greyscale; €) conversion to black (pores) and white

(woven bone).
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Fig. 3. Areas identified in the radiographs for greyscale quantification: (a) initial
radiograph, (b) distraction callus and surrounding area and (c) delimited zones within
the last area (distraction callus tissue and a 20 x 20 pixel matrix at the upper left-hand

corner taken as a reference).
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Fig. 4. Porosity values and relative maximum pore area (Poremax) in the distraction

callus for the different days analysed. Values for the mean porosity of the cortical bone

T
I Porosity (%)
[ Poremax (%)

35

50 79 98 161 525  Cortical

samples are also shown for comparison.
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Fig. 5: Progression of greyscale index relative to the greyscale index of cortical bone

Days from surgery

(%) during the bone transport process.

L o O _
O o
L o) @ i
O o 0O O O ©
- e) O .
o @®
o o)
L & OO o i
°& ° o
L o® o @] _
(@)
o
R O |
@)
o 0 _
@)
_@ O —
S o
(oNe) i
S
) 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

400



O Joy U WM

DO UGG OTOTOTE D DB BB D DD DNWWWWWWWWWWNNNRNNNNNNN R, R RRRFRR PR,
R WNRFROWOVWO-JONTRWNROW®®JIAOAURWNROWGWOW-JANOREWNRFROWOW®OW-JANTREWNRLOW®O-TI0 N WNR O W

526

527

528

(a) (b)

Fig. 6: Pore distribution (black areas) in the micrographs from a) 35 and b) 525 days.

Blue line represents the border of the pore with the greatest area.
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Fig. 7. Relationships between porosity, greyscale index fevel, Young’s Modulus (E) and
maximum pore area. (a) Mean greyscale of the week corresponding to the time point
when porosity was measured versus porosity level. (b) E versus porosity. (¢) E versus

mean greyscale of the week corresponding to the time point when E was measured. (d)

Maximum pore versus porosity level. E data were measured in a previous work>?. Note

that a and ¢ show only 5 experimental points because the radiography study ended 374
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days after surgery; however, porosity and E were evaluated once more at 525 days after

surgery.



