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properties determinationand 3 rigorous methixl venfication
Ly miodeling o bone that was actually tesied.

Mlethmls: A 101000 mm cube of trabeculis bone was
laken from @ verebral body of o whale, the specimen was
tested inthree directions, in cach a sirain of 003% was
apglied al e plaens and the axial siress aml Irangverse
straing were asseascd. Each cxperiment was repeated four
times, The marphalogy of the cubes was digitised in a serial
sectioning procedure, and numerically reconstructed inoa
voxel matnx, The voxels that represenied bone were frans-
formed in a FE Model. At each face of the cubs a thin shoe
(max, OAmm) was eliminaed from ihe model b ensure
that o representative part of the trabeculas in the modsl
were lond carrying, The resulting model consisted of
510,000 three dimensional brack eberents of B0xB0xED
micron. The elastic modulus of the elements was initially
set an | 0N Mpa, the poissan ratie was sl to 003, The three
cxperimantal compression lests were simulated assiming 4
frictionless coniact between specimen and platen. A special
purpose FE code was used to solve the sesuliing FE
problem. Because the apparent elastic modulus is a lincar
functien of the local tissue modules, the laer could be
estimaied by fitting the experimental to U analytical
rezulls.

Results: The experimental resulls show similar apparent
meduli in the & and ¥ dirsction and a lower modulus in te
o livection. The poisson rato for the cube ns a whole can
be calculated from the fransverse siraing and is appros-
imalely(0.3 for the = direction and approgimately halt that
wilue for e x and ¥ directions. The best fit botween
experimental resulls and FE results was found for a tissee
medulus of Es5T58 Mpa (3d=7 10). The apparent rransverse
struing and maduli, detrmined byfor the FE model after
scaling the results for the tissue modulus show pood agres-
ment with the expeimental results.

DHscussion: The apparent aniselropic malerial propertics
found experimentally wers reasonably well reproduced by
the FE model with isotropic materiol propertiss. Differ-
ences between the eaperimental resulls and the simulation
resulls can be caplained in pam by arefacls in the bone
spemcirnen boundary arca thar were ned modelled in the FE
moxliel. [0 was concluded that the methods used inthis study
priovide an accurate wol foe the quanification of relations
bepween parameters a1 ihe Lssoee 2nd ar the apparent
[=wel
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Intradduction: Bone is casential 10 beter understand sinic-
tre dizarders and bone remodeling, w confinm a diagnosis,
1o provide o predictive fak of aclore o o moniter the
affect of therapy on the skeletal mass. Inothe last thres
decades, momerous Ieﬂ.‘hni-:ples. have been duvtlupcd and
improved in order 1o pu‘rrnrm non-invasive measurement of
the minarnl content of both axial and appendicolar skele-
ton, Recently, technigques which have been adapied w0
Forlboar i;hil:nllﬂ'; that octur in bone presentesl the Fu.chu.IiaJ
for predicting mechanical properties, The goal of thes an-
gimal study is bo assess the precision of DEXA (dual-energy
X-ray absorpliometer) measuremeants by comporing this
non-invasive fechnigue 1o an invasive method (seanning
clectron  microscope or  SEM) which is taken as a
reference.

Materials and methods: The mid-dinphysiz of 7 poirs of
fibins and femurs were obtained from dops of different
ages, sexes, weights and breeds, Slices 2 om thickness were
cul using o low speed saw. For cach sample. bone mineral
content BMOC{G)Y and bone mineral density or BMD (gf
e’ ) were determined by wsing a DEXA (Lunar radiation,
Madisea, WL Four and & sectors (cirgumferential analysis)
were defined  for femurs and fibias, respeclively. Each
specimen was placed in oo plastic dish and covered by 12
cm of water 10 simulate soft tsgues, BMD were defined for
all regions of interesl. Furthermore, each sample wos pol-
fshed with dinmond posie, dehydraied seepwise in sthanaol
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(G- 100%) and coversd with a thin carbon film. Then,
ohzsrvation was performed using a SEM (JEQL JEMS40),
The chemical composition was defined Ly nel incnsity
ralioflCaMP) and mineral content [(lan v PR ICacs [Po)f
%5 A synthetic hydroxyopatite cubs was emgployed as a
control ahject (o} in the aim to calibrate the mictoseops and
quantify chemical paramelsrs,

Results: First. sectorial annlyses were perfonned for both
devices in order to siudy the BMC and chemical composi-
tion vanatens for femurs and tibias, From DEXA meazure-
ments & slight dominance of BMD was observed along the
lateral-median (LM) axis for both twe bones and also in the
pastero-lateral (PLY and postero-median (PM) sectors for
tibia. From SEM, a mineral variation was also observed for
harthy tabia and Femor but in differemt sectors, W nioded also
important standard  deviation {500, Second, comalation
(btween e 2 orechnigques was investigared; the threshold
for good correlation was st o r 2 =070 peb05) results are
obgninad for tilaas.

Disowssion: The stwly demonstrated that for global analy-
sis [mean walses) mo variation was deiected in BMD,
Howevar, on a sample per sanple basis, variations con-
sistent with SEM measurements could be obzerved. A poor
gomelation was found between resulls from DEXA and
SEM. The non-zero inlercepd for regression line indicates
that DEXA never estimates the BMOC of femur and 1ibia.
This may be explained by the fact thot 5EM measures a
smaller volume compared 10 DEXA and only considers the
minesal clements whereas DEXA is based on photon
atorprion theough the thickness of the material and takes
olesr elerments such as marrow inle account, This sty
sugpests that DEXA only gives qualitative datn amd
information for both BMC and BMD. Moreover, the major
conclusion from this work was the lack of comelation
between the two technigues,
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The effec of dicldanac on callus prodection in humans is
investigated. In a prospective randormised wial patients
wers allocaled one of two analgesia regimens following
fracture: oral diclofens: SLhng it eipght hourly intervals as
required (Grovp 1% or oral dibydrocodeine &lmg al six
hourly intervals (Groug 21 Fracture healing was stuchied in
15 conssoutive footballers with wndisplaced tibial fraciures.
We mepsured the Callus Index from lateral radiographs
taken at regular intervals.

Serial measurement of Callus [ndex from the laleral
radiopraph was a useful Indicator of healing, This tech-
nigue allowed an accurate predicior of healing when com-
pared with e w0 removal of all support, clinical
wssessment of healing, callus bridging, tme 10 full weighi
beuring and refum o work,

Mo significant difference was datected berween the 1wo
growps for any of the summary meisores wied (p=lh 1640
Car study indicates that the use of diclofenae in the carly
stages of fracture healing has no detectable effect on the
inhibition of callus formation in patients wilth rangverse
undisplaced tibial fractures. The probability that dickefenac
coald cause an atrephic non union is small, A much larger
atuly would be required 1o prove an effect of reduction of
callus growih.

CHAMGES IN HUMAN BONE HYDROXYAPATITE
DURING INDIVIDUAL AGEING
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The mineral companent of bone s thoaght o wndergs
sipnificanl chianges in strecture and composition during (e
course of development, bul these modifications are Ll
known as regord the migrostruciural level and the chose

mintimship hetween bone cryslals, |.'h|.e!'|_'.I E'F'Jm"':l'ﬂ'ﬂlih:
{HAL and the orpanic components of fone tssue. The Fit
of ihis 5:[5{1:( was o inwesligaie the chanpes in the H.‘.
cr}'_':[,als of human bone sccurring during, life, |l:|a|ir|g u-*“
crystallinity degree. intemal energy level, and mechapie,
propertics.

Material and method: Corical baoe Bopsy specine,
were carmied out From the femaoral and tbial riri-shyy
during the course of surgicn] procedures in &1 mabes o
different age (min=5ys; max=T4ys} affected with waumy;,.
fractures of the inferior limbs, Each bone sample oo
divided into 3 fragmentz which underwent bisiologicy)
differentzal thermal analysis (DTA), Xeray  diffracig,
(XRD) and chemical analysis.

Samnples were carcfully sectionsd in atcordance wip

fromeal and transversal plane, cleaned of periosteum, adse,
ent sofl tssue anl marmow, funher fractionated and po.
dered in oriber 19 allow chemical. DTA and XRD analys,
The crystallinity index (CE), the erystal size (D value), 3
the CuP ratio were calculated.
Hesults: Hislology of the specimens almost always showy
nommal cortical bone; features showing the presence o
osteoporosis wers observed in very fow specimens fake,
from elderly patients. XRD analysis showed a low depr
of crystallinity in cortical bome specimens taken frop
young subjects (mean age =1 16ys) as revealed by the meg,
values of {0.51) and D {162.8). The values of the crysis).
Tinity parameters increazed in adull subjects with 8 mey
ape of 408 ys (Cl=061; D=195.4), and reached the highes
level, 1.2, the highest degree of crystalline perfection, i
subjects aped about 738 ys (Cl=067; D=205.3). DTy
showed that the level of intemal energy of each bope
specimen decreasesl with increasing individual age and thy
it wiis inversely proporional to the degree of erystallisiy
of bone minsral.

Chemical analysis showed thal the average of the Cap

ratio was |49 in the proup of young subjects, 163 in the
grosp of adulis and 1.4 in the proup of the sldery
sulyjecls.
Discussion: Our results clearly show that. in physiclogia)
condilions, the Ca'P molar ratio of bone mineral propor
tionally increases with age. In the same time, the degree of
crystallinity of bone mineral, expressed by the D vales,
increases with individual age, ie. with the age of mienl
Even if the number of cases analysed s oo small 10 draw
any conclusion, revertheless, we may identify three phass
in the development of bone erystals and their depres of
crysallinity: &) an inital phase when bons mineral &
scarcely crystallised and rapidly increpses its crystalliz
criber and its Ca'Poratko up e 30 years of age. b) o midde
phase during which Bone linke increases its TP ratio, b
much improves its coystalline perfection up to 50 years, ad
¢} a lote phase duning which nevenbeless the Ca/P ratis
maintains an almos! conslanl value, bone mineral increass
its degree of crystallinity aml the HA crystals size. It may
be that bone mineral continues 10 undergo stnoctural char
ges even after full or neady-full mineralisation is achieved.
and bone mineral increases its erystalline perfection afer
mineralization is vimually complete. Such an increasing
digree of ervstal perfeciion weuld be expecied to infwens
the mechanical properties of bone,

EFFECTS OF BISPHOSPHONATE IN A RAT
MODEL OF CORTICAL AND TRABECULAR
OSTEOPGROSIS.
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Postmenopausal osteoperosis is charclerissd by incresssd
bone wmover where bone resomplion sxdcesils new bos
formaricn. Bisghosphonates are potent infubitars of oaled
clast activity and have been used in several disesases wilk
inercased bone melabolism, We have found that treatitf
cophprectomized rats on a low Cadiel with the hispho®
phonate, clodronate. gives an increaseid femosal stiffne
and maximum siress in the femor Alse the mechankd

parameters af the femora] reck increassd in he clodrons
weated group,  Since the femorl geometry anl ashing|
show a significant reduction in femoral growth in @
ireated groug, the increased strenpih suggests an increase i
ihe material propeny of the bone in the clodronale-imeated)
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