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2.2 An overview of the studies included in this literature review that use a comb
biomechanical and biochemical approach to simulate bone remodelling. For
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Terminology and description of the common parameters within the BCPM, wh
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The initial conditions of the BCPM, as described by Mil@23) with the exception
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Anatomy of a long bone, illustrating the diaphysis, the epiphyses, cortical
GNJF 0SOdzf I NJ 62yS> SLIALIKeaSIt tAyS 63

Cortical bone structure, illustrating the osteon and its components (blood vesse

red and blue), nerve fibre (in yellow), Haversian canal, lamellag2 andi S 2 O & (i

(A) Frontal midsection of proximal femur. (B) Trabecular bone. (C) Magnified set
of trabecular bone. (D) Cortical bone. (E) Magnified segment of cortical t
Adapted from Gray & LeWmfg918X X X X X X X X X X X X X X X X X X X X X

Trabecular bone structure, illustrating the trabeculae and its components (the lac

osteocytes, lamellae, and canaliculi). Adapted from Betts €2@L3X X X X X X X

3D Xray phase nanotomography image showing the bone laceaaalicular

network (LCN). Adapted frodu et al(202IX X X X X X X X X X X X X X X X X

Bone histology images showing the osteoclast, osteoblast, and osteocyte bone

Adapted fromRyan and PremananddB017X X X X X X X X X X X X X X X X

The bone remodelling process, illustrating the five stages of remodelling: quies
FOGAGIGA2Y Y NBa2NLIiA2yZ F2N¥IGA2YZ

Overview of the bone remodelling signalling pathways muadecules, illustrating the
aAAyrEfAYy3 LI GKgl &@ayY -satebinySciwandtive] moleculE
PTH, MCSF, TGF | yﬁz bhXXXXXXXXXXXXXXXXXXXX

Healthy (top) and osteoporotic (bottom) vertebral bodies. The decrease in trabe

bone can be seen in the osteoporotic cksrguson and StefffR003)X X X X X X X
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1.11

1.12

1.13
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21

2.2

2.3

24

Left: CT images of the spine showing a healthy and disease (multiple myeloms
(Healthyg Gaillard(2016) Diseased; Yap et al(2010). Middle: Lateral radiograpl
of the skull, showing the lytic lesions as a result of multiple myel@rsaly et al.,
2011) Right: Anterioiposterior radiograph of the right humerus, showing ly
lesions and a fracture due to multiple myelolfiéealy et al., 2011 he yellow arrows
highlight the loss of trabecular bone, the red arrows highlight the lytic lesions,
GKS aINBSY INNRPg KAIKEAIKGA GKS FNIO

Astrando 2y S FTRFELIIF A2y INPYBONBYRNB&ISY A A

Examples of crossections of trabecular bone in the C57BL/6 mouse proximal t
Left: Control (healthy) case. Right: Ovariectomy case (ovariectomy leads to hor
imbalance that replicates an accelerated bone resorption phenotype simile

postmenopaisal osteoporosis (Section 4). Adapted from Roberts €2@L9X X X X

Examples of crossections of cortical bone in the NOD scid gamma mouse ¢
femur. Left: Control (healthy) case. Right: Myeloma bone disease model
(injection of U266GFFuc cells from a human myeloma patient leads to myelo
bone disease model)miages courtesy of Evans et@024X X X X X X X X X X X

A schematic of a microomputer tomography scanner, illustrating theaa§ source,

thexN> 8as GKS &FYLX S FyR AdGa GdzNyGl of

Examples of micr€T crossections of trabecular (left) and cortical (right) bone frc

the BALB/c mice proximal tibiae. Adapted from Oliviero ¢RAILOX X X X X X X X

Examples of the cortical bone in the distal mouse femur, comparing a{@itlimage
GAGK | NBaztdzZiazy 2F ndo>Y OYARRE S
necp>Y ONRAIKGOUD LYHDBXRDX AZMK K X X X X X XX

An example of the CT2FE pipeline, showing the CT image, manual segmentz
the image, meshing to generate the FE model, and the application of

heterogeneous material properties. Image courtesipoXinshan Xi X X X X X X X
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2.5

2.6

2.7

2.8

2.9

2.10

2.11

A schematic illustrating the pipeline from tibia to midf& model. From left to righi
mouse tibia, micreCT scan of entire tibia, micféE model of 80% length of tibi.
Adapted from Oliviero et af2021bKX X X X X X X X X X X X X X X X X X X X >

Left: A representation of the mic#6E model of a midfibula diaphysis with the appl
loading and boundary conditions. Right: The effective strain distribution (EFF
over the micreFE model. Adapted froldemmatian et al(2021X X X X X X X X X

Left: A mouse tibia with strain gauges attached. Right: Mouse tibia, with strain g:

attached, placed in the loading devi(&tadelmann et al., 2008)X X X X X X X X >

An example of a comparison between the contour plots of the longitudinal sti
(X ) calculated using digital image correlation (DIC) and rit&onodelling. Adapte:
from Pereira et al(2015K X X X X X X X X X X X X X X X X X X X X X X X X

Example of the pipeline used to validate miétB models using digital volun
correlation (DVC). Left to right: The sample (mouse tibia) was placed within a Ic
jig and micreCT scanned in an unloaded configuration. The tibia was then loade:
scanng again. The DVC was applied: the loaded scan was registered to the unl
scan to calculate the displacement field. The miEEmodel was generated from tf
unloaded scan. The displacements outputted by the DVC and the -Ficimodel
were compared. Adated fromOliviero et al(2018X X X X X X X X X X X X X X

Beam theory is used to compute tm®rmal force (N) and bending moments (
- ) at a crosssection of the mouse tibia, which is used to compute the stra

AGNBaaSAaT 2NJAGNI Ay SySnNnEe RSyarde

Micromechanical representation of cortical bone, based on a poromicromecha
model (a model which contains microstructural features, for determining

mechanical interactions between pore pressures and stresses acting on the
bone)(Scheineretal.,, 20X X X X X X X X X X X X X X X X X X X X X X X
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2.12

2.13

2.14

2.15

3.1

The bone remodelling algorithm flow chart (left), used in the study by Cheong
(2020a), showing the generation of the pseutacro-CT images and the optimisatic
algorithm (in bluegrey) to compute the parameters for bone remodelling. (1)
remodeling unit lattice. (2) Boundary conditions of the midf& model. (3
Remodelling algorithm with formation limit k and rate of remodellingCBeong et
al,, 2020aX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Visual comparison of the spatial distribution betwdarsilico(left) andin vivo(right)
models of bone adaptation within the trabecular bone in the mouse caudal vert
(Schulte et al., 201X X X X X X X X X X X X X X X X X X X X X X X X X

(A) Flowchart of the bone remodelling simulations used by Lerebours ¢(4l6)

taking into account (a) the global mechanical loading, (b) the bone cell popul
model, and (c) the bone material and geometry adaptatioihe mechanica
components of the model are outlined in red, and the coloured red boxes shov
mechanical stimuli used in the model. The biochemical components of the mod
outlined in blue, and the coloured blue boxes show the biochemical stireali in
the model. (B) The multiscale representation of bone, used in the study by Lere
et al. (2016) illustrating (1) the organ scale (femur bone geometry), (2) the tis
scale (midshaft cross section), and (3) the cellular level (representative vc
element of cortical bone). Adapted from Lerebours ef2016K X X X X X X X X >

A flowchart of the bone remodelling model used in the study by Ashrafi @G20X d

Left: Schematic of thén vivotibial loading model. Right: Overview of the de
collection timeline in C57BL/6 mice, acquired from a previous stRdperts et al.,
2020) OVX: ovariectomy, OVX+ML: ovariectomy and mechanical loc
Ovariectomy was performed at age 14 weeks, miCiioimages were taken every tv
weeks throughout the duration of the study, treatment window commenced at w
18 and wasvithdrawn by week 23. Images from weeks 18 and 20 were used ir

d0dzRe OKAIKEAIKGESR Ay NBROXXXXXXXXX
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3.2

3.3

3.4

3.5

Flowchart illustrating the main steps of the pipeline to create the migEmodels
from the micreCT images and to evaluate the apparent mechanical properties: (
A to G) micreCT acquisition, image registration, image segmentation (binarisat
creation of the micreFE models, results generation, pgsbcessing of the loce
RA&LI I OSYSyida yR aiNIAyasz OFf Odz I i

(a) Three independent unitary load cases (1N in the infexigrerior direction (i),

1N in the medidateral direction (f), and 1N in thenterior-posterior direction (k)

for each mouse at each time point) were used to calculate the failure load alon
different loading directions. (b) Schematic representation of the loading directiol
' Fdzy OtAz2y 2F (GKS (g2 | y3at S asuperiorlaysk
RSaONAROSa 6& ° YR Nry3aSa FNRY nc 4
posterior axis, going anticlockwise (infer@rdzLIS NRA 2 NJ @A S60 A

ranges from 0° to 355° in steps of 5°. (c) Examplaree loading directions (fromn
fSFG G2 NRAIKGOY ‘Toncs: FncT ‘Tncsz

Heatmaps of the mean values of FL_FE and coefficients of variation (CV) ac
f 21 RAy3 RAND Oibmzyhdange ‘G355%)yfor badh Graups (@QVX ar
OVX+ML) and time points (W18 and W20). The red square and arrow highlig
loading direction for which the maximum FL_FE was found. Qu¥ariectomy,

OVX+MIc ovariectomy and mechanical loading, Wi8eek 18W20¢s S S| H

Heatmaps of theneannormalised failure load (NFL_FE) across all loading direc
0‘ AY -oNicy>3 S pB55°) MibgtAdsoups (OVX and OVX+ML) and i
points (W18 and W20). The values in grey show the loading directions associate
FL_FE to be not significanttlifferent to the FL_FE obtained for the nominal a
loading direction. The yellow square and arrow highlight the loading directiot
which the maximunmeanNFL_FE was founthe failure loads have been normalis
by the nominal axial case, hence whyK S [ n ©OVXk évaridcioryi
OVX+MIc ovariectomy and mechanical loading, Wi8eek 18, W2@ 6 S S| H
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3.6

3.7

3.8

Minimum principal strain distribution of two representative tibiae (Qd/Xouse 3,
OVX+MLg mouse 5) obtained using a load of magnitude 1N at W18 and W=
should be noted that at W18 both groups were untreated, so observed differe
are associated mainly with different animals. Left: Load applied along the nol
FEAFE 2 RKYAcRANBDIARYDPOAARRE SY [ 2

F3a20AF0SR 6A0GK GKS YAYyAYdzY C[yYC9 6
f2FIRAY3 RANBOGAZY |a34a20AF0SR 6AGK QI
ovariectomy, OVX+M{.ovariecomy and mechanical loading, Wt8veek 18, W20
CHSS]T HAXXXXXXXXXXXXXXXXXXXXXXXXXXX

Internal minimum principal strain distribution of a representative tibia (mouse
within the OVX+ML group, obtained using a load magnitude 1N at W18 and Wz
each week three loading directions are shown: the load applied along the noi
axial loadi@d@ RANBOGA2Y o6 I ncX . I ncox

 43220AF 3SR 6AGK GKS YAYAYdzy C[yYC9 o
f2FrRAY3I RANBOUGUAZ2Y aa20AF0SR 6AGK i
ovariectomy, W1& week 18, W2@ 4 SS{1 HAXXXX XXX XX X X X X

[ SFTAY 1SFGYILI 2F GKS oazfdziS Roetveesd
GAYS LRAyGa o62my @& 2Hn0 F2NJ hz-. -38N

Ay N3557)38fferances are all statistically insignificant (Wilcoxon test,
neapoO® wAIKGY [ SFAGYFLI 2F F 6ap C[iéolicd
All loading directions were statistically significant when the two time points v
compared (Wilcoxon test, p < 0.05). Qd0¢ariectomy, W1& week 18, W2@ week
HAOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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3.9 Left: Heatmap of the percentage difference in mean failure IgdelL{_FE) betweel
GAYS LRAYyGa 62my @& 2un0 F2N hx. -38°N
. in range 0 355°). Differences are all statistically insignificant (Wilcoxon test,
nonpOd® aARRESY 1SHGYIL 2F pcl[dyCco ¥
Heatmap of the difference between the percentage points between the failure
across the two groups (OVX vs @K 0 o6 nC[ 3YPC9ULv F2NJ |
loading directions were statistically significant when the two time poinere
compared (Wilcoxon test, p < 0.05). The blue square and arrow highlight the lo
direction for which the maximum difference was found. @\6Xariectomy, OVX+M

¢ ovariectomy and mechanical loading, Wil&eek 18, W2@ week 20P P P d d @ 93

3.10 Heatmaps of the mean values of safety factor (SF) and coefficients of variatio

20 F ONRaa it f-2hRXE5s°) Brodd0upsahdhtitne point

The red square and arrow highlight the loading direction for whichnfaximum

safety factor was found, and the dashed red areas highlight the loading direc

where the safety factor was between 1 and 1.5 (low safety factor values).cC

ovariectomy, OVX+M¢t ovariectomy and mechanical loading, W4 8eek 18, and
W20cwe§°[ HAXXXXXXXXXXXXXXXXXXXXXXXXXX 95

3.11 Left: Heatmap of the Rralues when conducting a linear regression analysis betw
the midshaft cortical thickness (Ct.Th) and the predicted failure load (FL_FE),
all mice in both groups (OVX and OVX+ML) and at both time points (weeks !
20), for all loading directpa 6 ° A30°, Nd rghgeS355°). The yellow are:
highlights the loading directions which have a@wv&ue which is greater than the*F
GBIt dzS 2F GKS y2 Y AP The Fedsqate and ar@vghigblight t
maximum Rvalue. RightHeatmap of the normalised range, across all mice in t
groups (OVX and OVX+ML) and at both time points (weeks 18 and 20), for all |
RANBOG A 2y 330°) inraRgg GoNIPYE DK XX X X X X X X X X X X X 96

z A
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4.2

4.3

4.4

4.5

The frequency plots for strain energy density (SED; mean + standard devi
betweenOH at X F2NJ GKS f2FRAYy3 RANBOGA:
0-355°, for both groups at both time points. OVX, ovariectomy; OVX+ML, ovarie(
YR YSOKFYAOIt t2FRAY3IT 2mys 6SS| ™

The frequency plots for strain energy density (SED; mean * standard devi
betweenG2at ' = F2NJ GKS f 21 RAy3d PRMNBEIYAR2Y
90°, 135°, for both groups at both time points. OVX, ovariectomy; OVX
20 NASOG2Ye YR YSOKFYyAOFf f2FRAYy3T

The frequency plotdor strain energy density (SED; mean * standard devial
between G2 MPa, for the loading directions associated with the largest chang
RA &GN O dainic2 i YOR T I'n ™Mo 8857 compafed to thecnonhiny
axial case, for both groupat both time points. OVX, ovariectomy; OVX+!
20 NASOG2Ye YR YSOKFYAOFt f2FRAYy3T

Heatmaps of the mean values of the median"d®0" percentile of the SEI
Oppt Y{ 950 YR (GKS O2STFFAOASY(H 27F O

Ooncs  -855°) fdklboffdg®ups (OVX and OVX+ML) and time points (
and W20). The blue square and arrow highlight the loading titimedor which the
minimum 95P_SED was found, and the yellow square and arrow highlight the Ic
direction for which the maximum 95P_SED was found. OVX, ovariectomy; OV

ovariectomy and mechanictl2  RAY 3T 2 mMy X gSEXXMXKX:
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4.6

4.7

4.8

Heatmaps of the normalisethedian 9%'-100" percentile of the SED (N95P_SE
FONRaa ff 21 RAYdn RA NE CRGER) 206bavh Fr8upsiON
and OVX+ML) and time points (W18 and W20). The values in grey show the |
directions associated with the 95P_SED to be notfsignily different to a 95P_SE
obtained for the nominal axial loading direction. The green square and a
highlight the loading direction for which the minimum N95P_SED was found, ar
yellow square and arrow highlight the loadingedition for which the maximun
95P_SED was found. OVX, ovariectomy; OVX+ML, ovariectomy and mec
f2FRAYIT 2mMyI 4SS MyT 2ZXRMEXNEEAXXNX.

Strain energy density (SED) distributions of two representative t{@a&mouse 2,
OVX+Mtmouse 5) obtained using a load of magnitude 12 N at W18 and W:
should be noted that at W18 both groups were untreated, so observed differe
are associated mainly with different animals. Left: Load applied along the noi
axid f2FRAy3a RANBOGAZ2Y o6 I ncx . T
directions associated with the maximum median"@B0" percentile of the SEIL
Oppt Y{ 950 0 *-459. Right tard appliell alangithe loading direct
associated with theY A Y A YdzY dpt ¢{95 o6 [ wmncZ
h+-ba[ZX 20FNASOG2Y8 YR YSOKFYAOI .

The frequency plots for strain energy density (SED; mean * standard devi
between 32 MPa, for the loading directions associated with the minimum mec
95N-100" LISNDSY At S 2F GKS {95 6 T fiods
LISNOSYGAES 2F (KPc IS5 ¥R KSN YR YAV
for both groups at both time points. OVX, ovariectomy; OVX+ML, ovariectom
YSOKFYAOLt t2FRAYIT 2mMys 6581 XYXXX!
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4.9

4.10

51

5.2

Left: Heatmap of the absolute difference in mean 95P_SE(gbgSED) betweer
time points W18v8 Hn U T2 NJ h+ - ANR dzLJ F2 NJ | -80°,

Ay  N3I557)IWBfferances are all statistically insignificant (Wilcoxon test,
0.05). Right: Heatmap of a85t SED for the OVX+ML group for all loac
directions. The values in grey show the loading directions associated with
AAIAYATFAOLYG RAFFSNByOSa o6SiGgSSy Gad
ovariectomy, OVX+Md.ovariectomy and mechanical loadinW18¢ week 18, W20
CHSS]T HAXXXXXXXXXXXXXXXXXXXXXXXXX XXX

Left: Heatmap of the percentage difference in the mediafi-280" percentile of the
{95 onpppliyw{950 06SiGvSSy G(AYS LRAyila

RANBOUAZ2Y A -om'c ZAY MBFYHNHiffgeh&es are all statistica
AYAaAAYAFAOFIYyG 062Aft O02E2y (S4&il Zbetweehtime
points (W18 vs W20) for the OVX+ML group for all loading directions. The val
grey show the loading directions associated with 1sagnificant differences betwee;
GAYS LRAy(Ga 62AfO02E2y GSad=z hr I omd
RATTSNBYOSa AY nopptyp{95 T2NJ 6KS h=+-
directions. Differences are all statistically significant(ManK A Gy S& |
The red square and arrow highlight the loading direction for which the sme
difference was found, and the yellow square and arrow highlight the loading dire
for which the largest difference was found. OVX, ovariectomy; OVX+ML, ovarie
YR YSOKFYAOIt f2FRAY3IT 2mys 4SS w™

Preprocessing pipeline for input into the biomechaobemo model. (A) Micr€T
images are taken, (B) Images are registered, (C) Images are segmented using tl
14 threshold, (D) Section of interest is cropped, (E) Cortical pores are automa
filled and trabeculae are manually removed, (F) Surface coordinates for each sl
mapped, (G) Surface maps are smoothed, (H) Surface points are sampled, ()
finite element (micreFE) model is generated from the segmented images, (J) M
FEmodeli NXzy | yR (4KS aiN}XAy SySNH& RSy

[20FGA2Y 2F @K aSOotAz2y 2F AyiliSNBadi
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5.3

54

5.5

5.6

Pipeline for the biomecharohemo model. (A) External stragmergy density (SEL
results are mapped to the sampled surface points, (B) Initial conditions foi
representative surface elements (RSEs) are assigned, (C) Mechanosensation f
is applied, (D) Bone cell population model is run, and the geometrgdated, (E)
t NERAOGSR &adzaNFIF OSa | NB 2dzi Lzl 6 SRX XX

Cell type availability across the representative surface elements (RSEs). RSE:
periosteum (P) can only undergo formation (green arrow) and consiststéoblasts
and bone lining cells. RSEs on the endosteal surf&cedi® undergo both formatior
(green arrow) and resorption (red arrow) and consists of osteoblasts
230S20fFa0GaAXXXXXXXXXXXXXXXXXXXXXXXX

Strain energyensity (SED) distribution across three example slices of the secti
interest (slice 712 refers to the most superior slice in the section of interest, slic
represents the mieklice and slice 584 represents the most inferior slice of the sec
of interest). The green crosses signify the location of the minimum SED, and tt
ONRP&aSa aAdayAi¥Fe GKS t20FG4A2y 2F GKS

Sigmoidal mechanical H functiorfs:  represents the upregulation of lining ce
differentiation, ( represents the upregulation of osteoblast precurs
proliferation,(  j represents the downregulation of RANKL production,

with respect to the strain energy density (SED). Each plot shows the sigmo
functions sensitivity with respect to the SED for each of the slices in the secti
AYUSNBAEGTXXXXXXXXXX X XK IKIKIKIKIKKIKKX X X
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5.7

5.8

5.9

5.10

Cell concentrations for days 1 to 14. The periosteal remodelling is defined b
number of osteoblast precursors (OBp), active remodelling osteoblasts)(@&ave
osteoclasts (OCa), OPG, TGRANKL, OPRBANKL compounds (OL), and RA
RANKL compounds (KL). The endoseabdellingis defined by the number of activ
modelling osteoblast{OBa&,). The results show these values over time for -
representative surface elementsy®vhich correspond to the maximum strain ener
density (blue line) and theSRvhich corresponds for the minimum strain ener
density (red line), allowing fdhe range of the cellular and molecular concentratic
across the slice to be seen. The results are shown for three example slices (sli

cny FYR PYynoXXXXXXXXXXXXXXXXXXXXXXX

Geometrical changes on the periosteum ) and endosteumj( %) across days 1 t
14. Left: Geometrical changes for three example slices, the black line mark
location of maximum strain energy density. RightS changes for points on the
surfaces which are greater than the voxel size (10.4um) across all slices. Ti

shows the mean + standard deviationypfandn € ONR aa |t &f A

Comparisons of the model predictions and the experimental data for L
adaptation. Three example slices are shown. Mguedictions for week 20 (i.e., da
14) are in red, experimental data for week 18 are in a thin black line, and experin
data for week 20 are in blue. The bone adaptation on the periost¢iican be seer
in the centre column, and the bone adaptation for the endostguf) can be seen tc
the right. The representative surface elements (RSES) increase around the per
surface starting from the black line and arrow and increasing clockwise. F
marked by a pink line denote simulated measurements within £10.4um (i.e.,
voxel) of the expemental results for the three slice exampldhemean + std bone
FRFELIGIFGA2Y | ONRr&aa tt atAaosSa OFly oS

Percentage of points along the periosteum and endosteum which are wlithuum
6APSdE 2yS @G2EStUV 2F (GKS SELISNAYSyY
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6.1

6.2

6.3

6.4

6.5

6.6

The location of the region of the femora scanned. The region was located 1!
proximally from the distal growth plat and scanned using synchrotron radie
microO2 YLJdzG SR (2Y23aNI LIKe& o6@2ESt aAal Sy

Flowchart illustrating the main steps of the pipeline to create the miEEomodels
from the SRmicro-CT images and to evaluate the apparent local mechai
properties: (A) Skicro-CT acquisition, (B) region of interest (ROI) extraction
segmentation(binarisation), (C) calculation of the porosity from the extracted F
(D) micreFE models, displaced independently in the supenéerior (Sl), medio
lateral (ML) and anterieposterior (AP) directions, (E) results generation, pc
processing of thele QG A2y FT2NOS& owCoOX RAALXFC
to calculate the local mechanical properties ((F) the normalised stiffness and tt
degree of anisotropy (DA)). Steps A, B and C were undertaken by my collabc
(Evansetal.,, 202X X X X X X X X X X X X X X X X X X X X X X X X X X ]

The boxplots for the Naive and Disease groups for the normalised stiffness N
(left) and the porosity (%) (right). The * indicates significance, when tested witl

non-parametric twotailed Mann2 KA Gy Se ! GSaidz sAGK I

The boxplots for the Naive and Disease groups for each ROI location within the
(anterior, posterior, medial, lateral) for the normalised stiffness (NAn(teft) and
the porosity (%) (right). The * indicates significance, when tested with the

parametric twotailedMann? KA Gy Se | GSadz 6A0GK | 2

The boxplots for the Naive and Disease groups for each ROI location within the
(anterior, posterior, medial, lateral) for the degree of anisotropy. The * indic
significance, when tested with the negarametric twetailed MannrWhitney U test,
witht AA3IYATAOIYyOS t S80St 2F nonpXXXXX

An example ROI from each of the Naive (top two sets of ROI) and Disease (|
two sets of ROI) groups showing the minimum principal strain distributions whe
ROI is loaded in the superimferior (Sl), medidateral (ML), and the anterier
posterior6 ! t 0 OF 8SaXXXXXXXXXXXXXXXXDPXXXX
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6.7

6.8

6.9

Al

A2

The bar plots for the median number of osteocyte lacunae (left) and the me
@2t dzyS 2F GKS 2 3)i{rigm) @ihin Se dutbe RAay (0.88mih =dy
for both the Naive and Disease groups. The error bar represents the IQR.
indicates significance, when tested with the nparametric twotailed Mann
2 KAGySe | (GSadz gAGK + aAaA3IYAFAOlIyOS

The linearegressions for the (A) normalised stiffness and the porosity for the po
Naive and Disease data (green), (B) normalised stiffness and the porosity for the
(blue) and Disease (red) groups, (C) the degree of anisotropy and the porosity 1
pooled Naive and Disease data (green), (D) the degree of anisotropy and the pc
for the Naive (blue) and Disease (red) groups, (E) the normalised stiffness a
osteocyte lacunae volume for the pooled Naive and Disease data (green), (
normalisedstiffness and the osteocyte lacunae volume are not correlated for ei
the Naive or the Disease groups, (G) the degree of anisotropy and the oste
lacunae volume for the pooled Naive and Disease data (green), and (H) the det
anisotropy and thexsteocyte lacunae volume are not correlated for either the Ne
2NJ 0KS 5AaSFaS INRIZIEXXXXXXXXXXXXXX

The frequency plot showing the variability of the number of osteocyte lacunae ar
the ROIs and the variability of tlesteocyte lacunae volume among the ROIs, for
pooled Naive and Disease groups (left), the Naive group (middle) and the D
ANRdzL) ONRAIKITOPOXXXXXXXXXXXXXXXXXXXX

Flowchart illustrating the main steps of tipépeline to create the section 5 micieE
models from the micreCT images: (from A to G) migBd acquisition, imag
registration, section cropping, image segmentation (binarisation), creation of
section micreFE models, results generation, pgsbcesing of the strains anc
AONBEASAXXXXXXXXXXXXXXXXXXXXXXXXXXX

The cropped micCT images of the tibia belonging to the mouse investiga
showing 80% length of the tibia (beginning the crop from below the proximal gr
LX FG6S0s GKS NBY2@It 2F (GKS FTAaodzAg | =
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A3

A4

A5

A6

A7

Top: The location of the section of interest is depicted alongside the reference s
and a schematic of the boundary conditioMiddle: The table shows the magnituc
of the force and moment components in each axial direction for case 1. Bottom
linear regression graphs for case 1, showing the: (A) maximum principal stra

minimum principal strain; (C) effective strain; ahd&k S 650 &G NI A Y

Top: The location of the section of interest is depicted alongside the reference s
and a schematic of the boundary conditions. Middle: The table shows the magr
of the force and momentomponents in each axial direction for case 2. Bottom: "
linear regression graphs for case 2, showing the: (A) maximum principal stra
YAYAYdzY LINAYOALIf AGNIAYT 6/0 SFFTFSO

Top: Thdocation of the section of interest is depicted alongside the reference sy:
and a schematic of the boundary conditions. Middle: The table shows the magr
of the force and moment components in each axial direction for case 1. Bottom
linear regression graphs for case 1, showing the: (A) maximum principal strait
minimum principal strain; (C) effective strain; and the (D) strain energy dens
{ SOGA2Y mMn 2F GKS GAOALF XXXXXXXXXXXX

Top: The location of the section of interest is depicted alongside the reference s
and a schematic of the boundary conditions. Middle: The table shows the magr
of the force and moment components in each axial direction for case 2. Bottom
linear regression graphs for case 2, showing the: (A) maximum principal stral
minimum principal strain; (C) effective strain; and the (D) strain energy dens
{SOGA2Y mMn 2F (GKS GAOALF XXXXXXXXXXXX

Top: The location of the section of interest is depicted alongside the refer
system. Bottom: A schematic of the boundary conditions for the three unitary f
cases (A, B & C) alongside the frequency plots which show the maximur
minimum principalstrains in Section 5 of the tibia. The black star (*) shows
maximum value of strain and the black triangke )(shows the minimum value c

AONI AYXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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A8

A9

Al10

All

Top: The location of the section of interest is depicted alongsiderdference
system. Bottom: A schematic of the boundary conditions for the three unitary f
cases (A, B & C) alongside the frequency plots which show the effective strain a
strain energy density in Section 5 of the tibia. NB: the SED graph hasdzded in
the xaxis to allow for a clearer view of the frequency plot. The black star (*) st
the maximum value of strain and the black triangle) (shows the minimum value ¢
AONI AYXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Top: Thelocation of the section of interest is depicted alongside the refere
system. Bottom: A schematic of the boundary conditions for the three uni
moment cases (A, B & C) alongside the frequency plots which show the maximu
minimum principal straingn Section 5 of the tibia. The black star (*) shows
maximum value of strain and the black triangke )(shows the minimum value c
AONT AYXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Top: The location of the section of interestdspicted alongside the referenc
system. Bottom: A schematic of the boundary conditions for the three uni
moment cases (A, B & C) alongside the frequency plots which show the eff
strain and the strain energy density in Section 5 of the tibia.thNBBSED graph ha
been scaled in the-axis to allow for a clearer view of the frequency plot. The bl
star (*) shows the maximum value of strain and the black triargle ghows the
YAYAYdzY GFfdzS 2F AGNI AYyXXXXXXXXXXXX

Top: The location of the section of interest is depicted alongside the reference s
and a schematic of the boundary conditions. Middle: The table shows the magr
of the force and moment components in each axial direction for case 1. Bottom
frequency plots which show the (A) maximum and (B) minimum principal strain
the effective strain and the (D) strain energy density in Section 5 of the tibia
black star (*) shows the maximum value of strain and the black triagg)eshows
the minimdzY @ f dzS 2F A0 NI AYyXXXXXXXXXXXXX
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Al2

Bl

B2

Top: The location of the section of interest is depicted alongside the reference s
and a schematic of the boundary conditions. Middle: The table shows#gmitude
of the force and moment components in each axial direction for case 2. Bottom
frequency plots which show the (A) maximum and (B) minimum principal strain
the effective strain and the (D) strain energy density in Section 5 of the Tihm
black star (*) shows the maximum value of strain and the black triagg)eshows
0KS YAYAYdzY @FfdzS 2F A0GNIFAYyXXXXXXXX

The heatmaps for every comparison between each location (anterior (A), pos
(P), medialM), lateral (L)) within the bone within the Naive group (first colun
Disease group (second column), and for the Naive compared to the Disease
(third column) for the normalised stiffness (first row), porosity (second row),
degree of anisotropythird row). The cells are coloured based on theirgiue when
tested with the nonparametric twotailed MannWhitney U test (first and secon
columns) or with the nosparametric twetailed Wilcoxon test (third column). Th
black represents that no testas done, as intrdocation comparisons are irrelevan
Pt adrdAadaolrt GSada ¢SNBE O2yRdz0GS
The boxplots for the Naive and Disease groups for each ROI loaded in each di
(superiorinferior (SI), medidateral (ML), anterioposterior (AP)) and at eac
location (anterior, posterior, medial, lateral) within the bone for the normalis
stiffness (N/mm). The * indicates significance, when tested with the 1pamametric

two-tailedMann2 KA Gy Se | (GSadx gA0GK | &AA3IYyA
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2D Two-dimensional

3D Threedimensional

95P SED Median of the95"-100" percentile of the strain energy density

A Anterior

ABM Agentbased model

I 6 an dp ' Absolute difference in 95P_SED from the finite element model between time
points

absFLt FE Absolute difference in failure load from the finite element mobdetween time

points
AP Anterior-posterior
Bcl2 B-cell ymphoma 2
BCPM Bone cell population model
BMC Bone mineral content
BMD Bone mineral density
BMU Bone multicellular unit
BT Beam theory
BV Bone volume
BV/TV Bone volume fraction
Ct.Th Cortical thickness
Cv Coefficient of variation
DA Degree of anisotropy
DIC Digital image correlation
DvC Digital volume correlation
E ,2dzy3Qa Y2 RdzZ dza
P Force in the anterioposterior direction
FE Finite element
ps Force in thanferior-superior direction
FL_FE Failure load from the finite element model
paL Force in the medidateral direction
IQR Interquartile range
L Lateral
LC Bone lining cell



LCN Lacunacanaliculi network

LRP5/6 Lowdensitylipoprotein-related receptors 5 and 6
M Medial

MAP Moment about theanterior-posterioraxis
MBD Myeloma bone disease

M-CSF Macrophage colomgtimulating factor
Micro-CT Micro-computed tomography

Micro-FE Micro-finite element

Mm'S Moment about theinferior-superioraxis
ML Medio-lateral

MM Multiple myeloma

MML Moment about the medidateral axis

N95P_SED  Normalisedmedian of the95th-100th percentiles of thetrain energy density

NFL_FE Normalised failure load from thinite element model
NO Nitric oxide

NSG NOD.C¢Prkdcscidll2rgtm1Wil/SzJ

OB Osteoblast

OB, Osteaoblast precursor

oG Osteoclast

Ocy.LV Osteocyte lacunae volume

Ocy.L/BV Osteocyte lacunae density

ODE Ordinary differential equation

OPG Osteoprotegerin

OovVX Ovariectomy

OVX+ML Ovariectomy and mechanical loading
P Posterior

pCREB Phosphorylation of CREB

PD Pharmacodynamic

PF Endosteal array

PK Pharmacokinetic

PK/PD Pharmacokinetic/pharmacodynamic
PLR Perilacunaremodelling

P Periosteal array

PTH Parathyroid hormone
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RANK
RANKL
RF

ROI

RSE
Runx2
RVE
S_FE
Scl

SD

SED

SF

Sl
SRmicro-CT
Th.BV/TV
Th.N
Th.Sp
TGH
TMD
U266

UK

W18

W20
WHO
wnt
n95Pg_FE

n95Pt_FE

nFLg_FE

NFLt_FE

Receptor activator of nuclear factor kappa

Receptor activator of nuclear factor kappa £ A 3 y R
Reaction forces

Region of interest

Representative surface element

Runtrelated transcription factor 2

Representative volume element

Apparent bone stiffness from the finite element model
Sclerostin

Standard deviation

Strain energy density

Safety factor

Superiorinferior

Synchrotron radiation computed tomography

Trabecular bone volume fraction

Trabecular number

Trabecular spacing

Transforming growth factor type beta

Tissue mineral density

U266GFRuc cells

United Kingdom

Week 18

Week 20

World Health Organisation

Winglessrelated integration site

Percentage point difference of the median™®%00" percentiles from the SED
between groups

Percentage difference in the median"®%00" percentiles from the SED betwee
time points

Percentage point difference of the failure load from the finite element model
between groups

Percentage difference in failure load from the finite element model between ti
points
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1.1 Introduction

1.1.1 Motivation

.2yS RA&SlI&aSazr adzOK la 2aiGS2L2NRaAAa YR Y&St2Yl
020K AYRAQGARdzZ-fa yR KSIfGKOFNB aeaidsSvya 62NI RoA
jdz t AGe 2F fAFS odzli FtHARAAY OWMNG A6 Rk ¥ ol YR ORMIGAD

hadS2LR2NRaA&Y OKIFNIOGSNRA&ESR o6& NBRdAzOSR o62yS Y
KSAIKGSYSR 02y S FNI IA0OHANR2ILISR yA \CENBTRE SR y®NIR2OII dzNE
HnuMm NBLER2NI O2yRdzZOGSR Ay (GKS ! yAGSR YAY3IAR2Y 0! YU
FNBE iSOG SR ®el ywas SELJEIKREAR &2ny/HRMe 2y RAALINR L2 Nb2VY |
GAGK NRdAZAKfE& umod: 2F 62YSYy YR com: 2F YSysz |
230S2LR2NRPAAAD ¢KS NBLRNI Fdz2NIKSN) KAIKEAIKGaAa GKS
FNISATMIGOG dZNBE 2 OO0dzNBE LISNJ YA ydzi S6 REz$ A & 2 S I ¢f KE S=SF NB
TN} OGidzNBa Oly SR (2 AYRAGARdIZ t& o6SAy3a Ay LI A
LINBYlF GdzZNBE Y2NIFfAdGed ¢KS O02ai 2F 240S2LR2NRaO FNI
2F KSIHtGKOINB aLISYyRAyY3I30 ASIfdkiZefk & B8 CHdzMdiTRe SENOWAHNS S &
L2 LJdzf F e2y AYy GKS 'Y F3ISR pn 2N Y2NB A& LINBRAOUG™SHE
YdzYoSNJ 2F FNYIATAGE FNIOGdzZNBa FFNB tA1Ste G2 AyON

l'f 0 K2dAK YdzZ aLX S Y&St2YIFX | Gells 2F 062yS YINNRg
LY Yy YdeR2ING&EKSNY LNBElFYyR /I yOSNI wS3IAAGNRE HaumT
LydSttAaasSyO0S yR { dz2NBSAt i3 yAQsS A (yaASitsF wnyn2uin T bol Yy Py
ympr: 2F RAFIY2&aSR LI d3RiBYBYEE vROOTH AWK 8§ | 8IG (0 2 |
2a0G82LRNRPaAAAY a.5 AYyONBlasSa GKS Nmral 2F FNF Ol dzNB
AY Y2NIFtAdGe O2YLI NBR{ G2 R(KAG $af 2NERI HARINGE 0 TN ANIydzNB!
YeSt2YlF Aa (GelLAOlIffte RAIGBMBASKRI ENBHY R LEKRBAGHRBIA!
fABAY3I SAGK 2a0GS52 L1 NENB &a AYNKER NI KA D SR Ak AnFANGDAOKZE | NJ
O2y&aARSNAY3I (KIG KAIKSNI YdzZ a L S wWEFL2WHzANR NGRS
6w2al12 S& fdI HAmMyOD



5S@St2LIAY3 I RSSLISNI dzyRSNEGFYRAY3I 2F K2g (GKSasS (
GNBIFGYSYyld adNYdS3aasSa FyR (Kdza ffSOAlLay3d (GKS 0 dz
LIKEF NYF O2f 23A0Ft AYyGSNUSydayaOlhiszteSos3atBROAYNYA D
Y2RStfa 0SAy3 (KS Y2ald O02YY2y {®@D2ddi R S M YIESE ADi2vF
602YLdzii a2yt 0 Y2RSt& 20SNJ I LR2oSNFdAZ G22f F2N
NBaLRyaSadaybaxeirendze KRR LJ RSONBFasS G4KS aYS GF1Sy 1
G2 YIFIN] Sey3adx odzi GKSe& Ff a2 RdzOS (GKS ydzYoSNJ 27
Ob/ owad® CazNImBYNYERURSG2X Ay3d 2LI8ya | gSydzSa T2N SEL
LIKSy2YSyl GKFEG YIFe 0SS RAYOdzZ G 2NJ AYLI2aaroftsS (2
SOl tdz a2y 2F @ NARIN &OSKI NR 20 H MO

tKS 202S00@S 2F (GKA& OKFLIWGSNI A& (2 LINRPGARS Iy A
YR LKeéaArAzfz23es yR (GKS ReylFrYAO LINROSaasSa AyKSN
a1StSGlrtf RA&ASIHASAE SEIYAYSRSGADEKAYY i&NBSybRrRYEAS
OA2YSOKIYAOlIf LKSYy2YSyl Faa20AFr0iSR gAGK 02yS3I |

LINBOt AYAOlFt NBaSINODKD
1.1.2 Researcaims andobjectives

The aim of this project is to develop biomechaninadilicomodelsto enhancethe understanding of
how skeletal diseases, such as osteoporosis and MBD, affect the bone propEnisnderstanding
is critical for improving the ability to predict bone remdidieg during treatments for these conditions.

To do thisfour objectives have been set:
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1.2 Bone anatomy & physiology

1.2.1 Introduction to bone

.2yS A& F NBYFNJIo06tS oaadsSe LG y26 2yte aSN®BsSa
LIN2(GSOa2yZ YR Y20AtAG¥S(b dzd t A C2ARMAEBEHE eoagRe QINEZOA IR
OA2YSOKIYAOIf TdzyOoe2yas &dzOK | 36 T34t i b&/BD YR &
AyalalryoO0Ssy GKS FSYdaNEX (GKS f2y3Said o02yS Ay GKS Kd:



I O PaA xSl f 3 Ay AT NHzyYyAYy3ISX YR 2dzYLAYy3ad ! RRAa2Y I f
0@ aSNBAYy3a a | NBaASNW2ANI F2NJ YAYSNI t@&. AfyR AT Allay.
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.2yS A& | ReYylIYAO o0aadsSz OFLIo6tS 2F NBaLRyRAy3 i
GKS oAt AGe G2 FRFLIWG FyR NBLIANI AG&aStFE SylofAay3
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AYGNRRdzOa2y FNB &GNHzOGdzNBR (2 LINPINBaaradNee SELX
0KS gK2fS 02Rel7a yiRKS2 NS 8/dz8 S&SHSt t dzf | NJ I yR Y2t SOd

1.2.2 Body and orgdavel

1.2.2.1 Types of bone
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1.2.2.2 Anatomical terminology
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1.2.2.3 Morphology of bone at the organ level
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1.2.3 Tissue level
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1.2.4 Cellular and molecul@vel
1.2.4.1 Bon€omposition
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1.2.4.2 The bone cells
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1.2.5 Bondre)modelling
1.2.5.1 Bone modelling
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1.2.5.3 Bone remodelling pathways
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1.3 Skeletabiseases andhterventions

1.3.1 Osteoporosis
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1.4 Bonebiomechanics
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1.4.2 Bone remodelling theories
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1.5 Mousemodels

1.5.1 Similarities and differences between mouse and human bone
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1.5.2 Mouse models for osteoporosis
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1.5.3 Mouse models for multiple myeloma
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2.1 Introduction
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2.2 Bondmaging
2.2.1 MicreComputed Tomography

aiAOMNRY LIzl SR G2 Y 2Nl LAKRSIDO2/KRAENRY 05 AYIIAYy3I G§SOKYA
AYYSNI YAONR&AGNUzOGdzNBE 2F &l yYLi Sa |yR Aa O2yaiaRS
Y2 NLIK2f 2 380 . A2ydzENPSRAS/YRSHA %k O N 2 N A m oM Y AGkkyr i - NB (0 NI
GKNRdzZAK GKS &I YL S yR I'"DFUYANER2¢¥VE HS5REVSHS2 A

OCAIdzNE HOPMOUDP 9AGTMERNI GREINBDEYLIWERE RENISOKSNE Aa N
Ydzft s dzZRS 2F LINRP2SOoe2ya (2 0SS OF LJWWdZNBRXZ 6KAOK | NEF



Sample

X-rays
e
e Detector
\\_X—ray source if /_

Z

CA 3 dzNIB &HAKSYY | o @O 22YFLIdk( SYNU GiNeRY 2 I NI LIK @ IO y¥ BSMED S E  dzE

NI}e&a>X GKS alYLXS FyR AGa GdaNYyidlotST IyR GKS RS S

I ANBFG RSFHE 2F AYyF2NXlIo#y QIYY 38S 08K SHNBER HDNDP W
20A1 GSR (2 SIOK @2E3t &60d 5 yLOWNE Kl & BSISlyT O ADMNS
f 2 f 0aadz2S YAYSNI{ LKRYWSBNNR 00 dd NG YST SINES O ly'Y
Ay 2NRSNJ (2 RSAONAROGS GKS YAONRINOKAGSOUGIZINBE 2F (K
NAO6Sa GKS F@SNFXr3IS GKAOlySaa 2F GKS 02N

02 WKEA2608ddr¥aSAy dSi f dX Hamno

CA 3 dzNBE IHYOLHEYS ant @ TRNBOOMNR/ & 2F GNI 050dz | NJ 6f SDO | yR
1. kO YAOS LINPEAYIE o0®WMHIMPORI LIGSR FTNBY htAGAiSN

2 KAf STHYAGNE YYAYA ARBXEYBR2NAAL 2 TSEV24868Y H 2% BEN
AAIYAUOLyiGfeé KAILKSEIQINDE o NEIj NB ABf dzb 2V $OAY I &0 yyA

RdzS (2 A2yAT AYEhNKBA LAY SSE LRI NBSARE OF RN B 46 RIFG

OH



pK2fS Y2dzaS o0Al M yI2ES I GRANSOIR (IKG YMnyAYEE SaSO
Oht AGASNRD SWiSHIKMNRE SJam DT GKS al0lyyAy3a YSGK2RI NJ
NBazfdeoe2y NRIdZAKf& F2dz2NJ aYSa | NHXNRGEK I ya 8RNI & X v
AyaihlyOSs ¢gKSy GmimsyYNON A iimNS 0 SOAEABSISHMNG 42 dzoa2y A 3
adzYOA Syl o

2.2.2 Synchrotronadiationcomputedtomography
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2.2.3 3D geometrical reconstructions from higholution images
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2.3 Blomechanical computational models
2.3.1 Models for the prediction of bone mechanical properties
2.3.1.1 Finiteelement models
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2.3.1.1.1 Clinical applications of FE models
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2.3.1.1.2 MicrécE models of mouse bone
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2.3.1.1.2.1 Micrd-E models af vivomicro-CT images
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2.3.1.1.22 Micro-FE models @Rmicro-CTimages

{WAGNEE 20SNAYI &dzLISNRA 2N NBA2f deatZy | @X RLAANSFR NI Af KC
27 YOONP2RSt & GKIG OFLIidzNB AYyaNAROF(GIS 62yS YAONRA

¢2 RIFEIGST 2yteée 2yS aiddRenw S BNG (il S0 OWA2GNEE aa (2 K48 i da

2F GKS 2aG820e8iS t1 Odzylo8 S22y oK S HBING MRS on.
@ FT2OWBOIRGIEY OmMAISYy3aISas Ay (KSasS &GNIAyas NBGSIH
YSOKFYAOFf LINPLISNbSa | ONPaa RAGENBWERRSIE 3

R 2y AYIaSGo 2yF 217K SilKySNBID A d2F2 WA A KIZNB T midc 0 & ¢
2RSta 2F GKS naoopYY &4S0Oe2y 2F (GKS UodzZ I AyOf

(j))
O(

QX
;U(

(@]
N

VS
i dz
y

O ©
Lo -
Q)¢
< »w w



60KS 02yS YIGNRE AYYSRAIFGSt& | NRdzyR GKS t I Odzyl S
GKSANI 26y YI (MENJDHtfl SLIMPILI§ NB & | ¢/ Rl fitidenAra § 2 f INGNS21 LISK
tKAE AyOfdzaazy 2F (KS EAIY2RSEES It HBRY iS22 Ay Yi2KNS
dzy RSNAGFYRAY3 2F GKS 20t 062yS YSOKI yS®OIBDABNE LI
fAYAoay3d (KS Ay@Sasdloezy (2 I &AAy3amMBaaivEeEAiAyh ONT
Y2RSt A LBNAKSFEI t RIGF NBYlLIAya |y 2y32Ay3 OKLffSy

- EFF mag
— :
‘ ! F 20
(. T, [ ]
— | B e )
'.F‘"' .‘TC N2 1 !
> .“’:2 i :
R
x\7§ oy ) !
‘ 0.0

CAIdzNBSBYc NBLINBASYaa o23/RIAT 2AIK S YWOREPO dzf I RA L LJ
f2FRAY3 YR 02dzyRFNE O2yRAs2yad wAaKGY ¢S SiSOc
Y2RSt & ! RI SN BIRs FWERSd mivt @

LGYUE AYLRNIIYG G2 y230S8 GKFG &GdRASE dzaAy3 GKAA |
OHNH MOdza SRNE(YF (ISRS OKI y3ISas FdzZNIKSNJ NBaSI®WOK Aa
Y2RSt 4 WNENR [ VONRPAaad RAGSNBYG o62yS NBIA2yaAs AydSNI

2.3.1.1.23 Validation of micrd-E models based anvivomicro-CT images of the mouse tibia
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2.3.1.2 Beam theory
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Finite element models (FE) models  Beam theory (BT)
Advantages Can handle a wide range of Involves weldefined equations anc

geometries, materials, and loadiny requires minimal computational

conditions. It can also account for resources. This makes it a quick a

complex interactions between efficient approach.

different parts of a structure.

Can capture micratructural

deformations, especially when

using refined meshes.

Disadvantages Requires specialised software anc  Assumes the bone is a slender

expertise for setting up the model beam and experiences small

defining material properties, and deflections. It cannot account for

interpreting the results. complex geometries, neaniform

Running FBimulations can be loads, or material nonlinearities.

computationally expensive, Assumes that no shear strains are

especially for complex models. present.
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2.32 Computational models for predicting bone adaptation over time
2.3.2.1 Mechanoregulation models for predicting bone adaptation
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2.32.12 Mechanoregulation models of human bone
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2.32.1.3 Preclinical applications of mechanoregulation models
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2.32.1.3.1 Mechanoregulation models of the mouse tibia
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2.4.2 Agenbasedmodels
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2.5.1 Micromechanics BCPMs
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3.1 Introduction
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3.2 Materials and methods

3.2.1Experimentain vivodata
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l - mechanical loading treatment (12N peak load, 40 cycles/day, 3 days/week on alternate days)
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Weight (g)
Group Mouse
w14 W16 W18 W20 w22 W24
1 18 20 22 22 24 28
2 20 22 22 24 26 26
i 3 20 24 24 26 28 28
5 16 18 22 22 26 26
6 20 24 22 26 28 30
mean+SD | 18.8+1.789 | 21.6+2.608|224+0.894|240+2.000|264+1673|27.6+1673
1 20 24 214 21.3 21.8
2 20 22 222 20.1 20.2
8 18 22 20.2 18.9 19.8
OVX+ML 4 20 22 20.1 18.1 18.4
5 20 24 21.8 21 22
6 22 24 24.2 23.6 22.6
mean + SD | 20.0+ 1.265| 23.0+1.095 | 21.7 + 1.510 | 20.5+ 1.948 | 20.8 + 1.600 -
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3.2.2 Imageprocessing andhicro-FEmodels
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Micro-CT Image Segmentation Finite Results Post Failure load
image registration element model processing & apparent
stiffness
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3D micro-CT Image Finite Results
registration element model
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3.2.3 Postprocessing
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Loading direction for Minimum FL_FE  Loading direction for = Maximum FL_FE S_FE (mean +

minimum FL_FE (6, (mean + SD) [N] maximum FL_FE (6, (mean + SD) [N] SD) [N/mm]

range of ¢) [] range of ¢) [']
OVX-W18 30, [30-45] 12.6 £ 0.772 10, [205-210] ‘ 657 + 478 2432 + 271
OVX-W20 30, [35-45] 12.5 £ 0.691 10, [205-210] ‘ 66.3 + 4.40 237.0 + 22.8
OVX + ML-WIS 30, [40-45] | 13.3 + 0.606 | 10, [205-210] ‘ 69.5 + 2.15  m37es0
OVX_ML-W20 | 30, [45-50] | 15.1 + 0.659 | 10, [205-210] | 780 + 3.34 2930+ 154

SD, standard deviation; OVX, ovariectomy; OVX + ML, ovariectomy and mechanical loading; W18, week 18; and W20, week 20.
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4.2 Materials and methods

4.2.1Experimentain vivodata
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4.2.2 Imagerocessing andiicro-FEmodels
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4.2.3 Posprocessing
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