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PCT/ AU00/ 0GQ8% doses, bisphosphonates may actually inhibit bone formation and
osteoblast function. In fact one of the previously well-documented
indications for bisphosphonates is in the prevention of heterotopic
ossification after spinal cord injury or hip arthroplasty. {Stover st al
25 “Disodium etidronate in the prevention of postoperative recurrence of
heterotopic ossification in spinal-cord injury patients” J Bone Joint Surg Am
1976:58({5):683-8 and Finerman and Stover “Heterotopic ossification
following hip replacement or spinal cord injury. Two clinical studies with
EHDP.” Metab Bone Dis Relat Res 1981;3:337-42 and Banovac and Gonzalez
30 “Evaluation and management of heterotopic ossification in patients with
spinal cord injury”. Spinal Cord 1997;35:158-62.)
The bisphosphonate etidronate, was first trialed for the treatment of
primary ostecporosis many years ago. Results showed some success in
increasing bone density and possibly controlling fracture rates {Licata,
35 supra).
Since then, the use of bisphosphonates in the treatment and



prevention of osteoporosis has becone well known. They are particularly

val uabl e in the !'managenent of postmnmenopausal osteoporosis but indications
for the 'use whowbsse drugs in the treatment of other di sectisuvmsoedstecting
bones has al so becone well known. 5 Because bi sphosphonates are capabl e of
I nhibiting bone resorption they are usgd as effective therapeutic agents
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Although the use of bisphosphonates in the above mentioned and
25 other disorders is well documented, "their mode of action is still being
unravelled. ‘As a result, their full therapeutic potential is gradually being
realised” (see abstract, Russell et al, "Bisphosphonates: from the laboratory to
the clinic and back again” Bone 1999 Jul; 25(1):97-106).
The present invention provides a considerable number of novel and
30 important indications for the administration of bisphosphonates.
Description of the Invention
In a first aspect, the present invention consists in a drug selected from
a group consisting of at least one bisphosphonate when used for promoting
bone growth.
35 ‘Preferably, bone growth is promoted at a fracture site. Furthermore, it
is envisaged that boue growth is promoted between a bone and a prosthesis,



In a second aspect, the present invention consists in a drug selected from

a group c I.std.ng of at |east one bi sphosphonate when treating a
fracture. 41ﬁ5%9preferred enbodi ment, the drug of eltﬁﬁﬁ‘g’ﬂ‘g P2 st or the

second aspect is the bisphosphonate ZoI edronate. In a further preferred
enbodi nent, the drug of either the f¥rst or the second aspect is the
bi sphosphonate Pam dronate. In another enbodi nent, the drug nay be another
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In a fifth aspect, the present invention consists in a method for treating
a fractured bone, the method including administering to a subject with a
fractured bone a therapeutically effective amount of a drug selected from the

25 group consisting of at least one bisphosphonate.

Preferably, the drug is administered to the subject as a single dose. It
is further preferred that the single dose of drug is administered at an early
stage of treatment of the fractured bone.

In a sixth aspect, the present invention consists in a method for

30 treating a fractured bone, the method including the steps of:

(a) administering to a subject with a fractured bone a therapeutically
effective amount of a drug selected from a group consisting of at least one
bisphosphonate; and

(b) providing a vibratory stunu.lus to the fractured bone.

35 Preferred embodiments disclose that the use of a drug from the class of
bisphosphonates in promoting bone growth or treating a fracture may be




the site at which the fracture has occurred and all ow ng the bone to heal
whil st splinted in that way, sone fractures sinply require the patient to
rest; 5 sonmewbroagiser es nmay require the application of a regg®edesszur gi cal

i nterventions: and other fractures are appropriately nanaged with a
conmbination of the latter two alternatizves. Furthernore, as an alternative
or an addition, as disclosed above, the step of providing of a vibratory
stimulus to the fractured bone may al so be desirable in certain
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I nvention, t&@&h@%ﬁ?ﬁﬁ%ﬁ%rﬁsjﬂsﬁﬂ%ﬁéé 8 Qﬁélﬁt es are applicable to
ar .

t he managenent Ofl‘ fractures ar reachi ng ndeed, preferred
enbodi nent s di sclBEE Mayhe exerakadvaniasss to nsingah 1gsst ppe frsfpmiba es may be
i ndi cat ed i reltssaé bisphosphonates bl Uedreatméntad bone frajtukesc Meass ofghssew bone

formatimn i nugistioasd irsbneRleRBULARST Beloh)NERRReleE!) g&ﬂlﬁ&goﬂg whgé}) Bone
transport 30W@1'nﬂ(% {)n%rl eea%l ng. Qewoﬁgg&g. f or{*lrat I on |€ e_r actures freated by
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significantly decrease the length of time which is taken for a fracture to heal.
According to this invention, the circumstances in which
bisphosphonates are applicable to the management of fractures are far
25 reaching. Indeed, preferred embodiments disclose that the situations in
which bisphosphonates may be indicated in fracture care include at least:
(i) Increasing new bone formation in distraction osteogenesis:
(a) Bone lengthening
(b) Bone transport
30 (ii) Increasing new bone formation in fractures treated by open
reduction
(iii) Increasing new bone formation in fractures treated by
intramedullary fixation
(iv) Increasing new bone formation in fractures treated by
35 external fixation
(v) Delayed union




I n osteoporotic individuals.or in locally osteoporotic bone 5 segnents

(viii) Tre actures in which there are potenti.al i
%dtﬁﬂssfz? ﬂf.«gj | yoi ncI udi ng:

unconpl i cated healing, for exanple: (a) Fractures in the e

neck of femur; supracondylar fenur; tibia; ankle; hunmerus; and the 10
distal radius (note that this |ist rrerely provi des exanpl es, and the use of
bi sphosphonates according to this invention is not by any neans linmited to
treating thesegvﬂ‘)rnnpwvﬁig thelogteogenia pytentiobof Bonegiraft eantdlegoushat  matter,

in people of all as pl gcrﬁﬁ)orgﬁl?thﬁhéﬁaﬁe x%lft's‘&H&ltEE@Cture (c) Pat hol ogi cal

fracture (d) Scaph en fractyre Fracture with
periosteal di s AFibk -’BWB‘g(’ﬁthf)a%‘llrt b¢ H’%@PBFtégteF‘PfﬁtﬁxPH&ﬁfiF‘é‘cfﬁr ol onged
i mobi | i sati on whein osteepuretic inglividpas ar i kicglly bsteoporatipbene f enor al
fractuyes, tibial gégnaghsres; and fractures of the foot and ankle. (x)

Treatment of p ts W t.h avascul crosi s po,enhan e new bone
formation and 3}’%‘53 txgafragﬁggs %ngﬁh)%‘ﬁgéé"? petentighin
pseudarthrosis of nheomplicatedihenlingl foredamplendi ti ons. Furt her preferred

enbodi nments al so d'(ae]cllqg@tueesrmrmggldgi-lngghain%nﬁéckdfrfgruggt ions for using
bi sphosphonates in ortho aed

| oce ncl adm ni stering
bi sphosphonat es to i ncVEaE® fl%%ﬁﬂ“ﬁr gF’mbBﬂ]él% ‘E’Bemgoa‘}%gﬁ%ﬁ repl acenent
prostieses; and coati r@sqabradllusp[rﬂogﬂhesms listtmerslyspiowisiesonat es t o enhance
the latter nentioned Iéj@_[,%ﬂ@g'laﬁat&ﬁ&raﬂlﬁﬁak hdxﬁte%'acc&uﬁig foher apy shoul d

al so reduce the effect skhetic str Prost hetic
i nplants may be so coa és ny I%Ar{p{scﬁ ﬁgpy\}éeangi11}1he%q8§§,aklfxgn to coating
wi th hydroxyapatite ort QW%FWP%P%P}HGQ’@#W@% fadhathg. Furthernore,
bi sphosphonat es may bemsttedin peaplé bf altiegs that is, This Sheet Has Been
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(c) Pathological fracture
(d) Scaphoid fracture
(e) Open' fracture
() Fracture with periosteal disruption
20 (ix) Treating fractures that require prolonged immobilisation when
treated non-operatively, for example: femoral fractures, tibial
fractures; and fractures of the foot and ankle.
(x} Treatment of patients with avascular necrosis to enhance new
bone formation and prevent collapse
25 (xi) Treatment of congenital pseudarthrosis of the tibia and related
conditions.
Further preferred embodiments also disclose a number of additional
indications for using bisphosphonates in orthopaedic procedures. These
include administering bisphosphonates to increase ingrowth of bone into

30 joint replacement prostheses; and coating joint prosthesis with
bisphosphonates to enhance the latter mentioned ingrowth at a more local
level. Such therapy should also reduce the effects of periprosthetic stress
shielding. Prosthetic implants may be so coated as an alternative, or in
addition to coating with hydroxyapatite or some other osteoinductive

35 coating.

Furthermore, bisphosphonates may be used in arthrodesis, that is,
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6 fusing of a joint to increase the fusion rate. One preferred enbodi nent
di scl oses that the drug chosen fromthe class of bisphosphonates for
carryi ng outW@pi#ss2nvention is Pamidronate. Another prePEFT/AENEBOMI nent

di scl oses that the drug chosen fromthe group 5 is Zol edronate. However, in
further preferred enbodi nents, other 6bi sphosphonat es maybe used in
addition (where no adverse interaction results),' or as an alternative, to
Pam dronat e_or Zol edyonat e. g : es of further bisphosphonates include,
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preferr edt e*i‘ilﬁ&%ﬁ&fét Rlseafa)ﬁaﬁoﬂﬁn&fona&mﬂla: BESBbILAS, may 20 be as a .
perl opera ive I enou u 0 O a r.an r one (0] er
% 164) IHIE(J)IF %ﬁlnﬁgﬁ%gﬁﬁ q?lled% Q Bgnts

route. 1 ter nat §p5 prescri bed.
Al prefer r@edaémale oserlmﬂmwﬂeqﬁwanmw §1~prrrgd131a|t ﬂiﬁeﬁrﬂml@iﬁ“ﬂ@ﬁl}l sage
current andof the\@eg Gotiird &2l ﬁﬁ@&ﬁe@éux@dﬁfﬁbﬂiﬂg&hhﬁﬁcﬁ‘u@mbm gdrug. Such

rovi de. t heraiilo ﬁrﬂ@hﬁﬁ"“‘éﬁe&?ﬁf‘? En Qlf“?i@f‘? os BN 1 ealing
and/or pro qtﬁg*h@&*l@ﬁb“@ﬁ@ﬂé’“”&’@?ﬂp as"-"I’he present invention also
di scl oges that i adenkercniladinmer mbsequem admnehe]rchisbsenmpbaddl tionally apply

a vi bratorymﬁFl féﬁt%i %Ffaﬁxtt‘lﬁseéix ﬁen Th@e}ﬂu% qulytastl mul us may be

rovided b raso at 0 or an
Iot her chaFﬁsE‘H'?SSﬁﬂ/t f"ff&@?@é”?fgggﬁlaéseé?ed W‘B@l éP’l’l‘b‘sW’Bg&fi@’r[’ ti mul at Yon.

IR sone enbddsesrents the vibratory stinmulus may be applied at any

frequency Wh' Ch § H?ﬁﬁh&fp&g%&e&so&ﬁﬁe% 'ﬂY@moHé‘of ilﬁm’fxﬁﬁf’ah%ﬁ@ﬁagpf a

fractured b p of "providing a

ideet b R apmsderinaly of Py
vibrat#fy s ?WB@“ Wégﬁﬁ\éq”f’l}ﬂp ugipy. o nﬁ%ergxa ¥ GPB M Ery stinul us
at the resouﬂnatrduteqﬁhmtmélyameutsewéansmldblsphsspimnatexﬁayabpjency bei ng

cal cul at ed NG BRffed i R Ve WnlioRliflbits bPARGRRAAA  Thi s Sheet
Has Been Regﬁ%scaege cim"en an f}lture available modes of administration for the drug.
Such modes of administration must, of course be plausible, convenient and
25 provide the patient with a therapeutically effective dose for treating and/or
promoting healing of the fractured bone.
The present invention also discloses that in some embodiments, it is
preferable to additionally apply a vibratory stimulus to the fractured bone.
The vibratory stimulus may be provided by ultrasound stimulation and
30 vibration stimulation, or any other mechanism and/or device capable of
providing vibratory stimulation. In some embodiments, the vibratory
stimulus may be applied at any frequency which is considered to be effective
in the treatment of a fractured bone. In preferred embodiments, however, the
step of providing a vibratory stimulus includes periodically providing a
35 vibratory stimulus at the resonant frequency of the bone, said resonant
frequency being calculated as a function of the bone's vibratory response to
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| ~~1 ~ WD 01/ 13922 PCT/ AUOCO' 00982 7 the vibratory stinmulus. In order to
have this ‘g,alz’ﬁ gﬁd. this step may be broken down into fré‘ﬁAﬁ(ﬁ}o&ﬁ%’i ng
a/f? pr ov d bone; (b)

conmponent s: iding a vibratory stinmulus to the fracture

detecting the vibratory response of tyhe bone to the vibratory 5 stinulus;
(c) generating a signal representative of the vibratory response; (d) .
processing the signal to identify at | east one resonant frequency of the

bone; and the)itRatew slimglve. $h R té hawcthissdchidvedyilis stepiyayHe mul us to the

¥y SUri . _
bone such, 10 that it i | ppate, the bone's at | east one
r esonant qug%dletgoé“{}?l_nt_%%?%glrtm%ﬁg%gﬁf;%g%gt ep of (grovi ding a vibratory
stinulus to the) previding aribratay simplys todbe fraptusedbensy enbodi nents di scl ose
that at |east W)detebtifipdesvibrnalyaesionst df the betdsitails dbadotyo t he pati ent

early_in tr&%mclogrse of treatnment. In this regard, different bones and
di f f ePent E‘typeg 'of fracture heal 15 at varying rates. Accordingly, the

early phase’ of (0 Benezefing e sigaplogpresenigtive of fag RIRIOZBFRSPONSEhe adni ni strati on
of a bi sphosph)pisesding shecdignadto ientify sttlagst onasesonapbfsedueney of f ect on t he
stinmulati qpe%gﬁie,%gl i feration of osteoblasts. In cases where the provision
of a vibratory stimylus is uii I i(ged, It IS referﬁble t hat 20 Is)uch sti mul us
be provided | atedProviding @ signgl ig.adjpstithe vibmatnty stipplus totheBeReSBFR st mul ati on
wi | | 1assi sthat it is dteomapiproxiniate; thé boie’s dtdedsi oge fesananirfeaquencyyet  anot her
preferred embogiyIRn or RBYENSep QBvidiify AGBktbS/ fthik8 t9the? DI sphosphonat e
and the provi mag of _a Vi brat or&ﬁﬂil Id[ils MRy, 0gcur e€rl'1§ Ln t he course of
t r eat ment .fractuss Pope i wiilised  pre qrabodiments disclose thatatlegstoge it o
tines, thedisplwgphenaté shouldbe ddministeras torthg paent aadydaitheequsse ofh the | ater

stages Of {dRALALNTh tAS rbgars Odifefbit BendsCandediffersint &ies P fractuss hédli ef
Description of .th

mverte on ARBVIRRESH deopg, Beedl sBARRY e B BobBiaBOR . U0 T 1
whi ch: 30 such vaniablagbws t he generic formula for bi sphosphonates. Fig. 2 is a
graph from exampé edshinibtratidul 6K d bigplidsphohidié et aibe édilyBaag havlaneral Density
(BVD) at 08 R3S Al he¥indbubR aid pRi-RAbR oPbOYLE s Afifloasdd St Al the
regenerate | n the con_roﬁ group w th'l engt ,neg l'egs and the control group
wi th non- | eheetbspepvisigiyof & WBF@WYS"’,“‘B‘FI“E Hupdlisednly ‘?/H'feg‘%’g@lﬁm 35 for the
BVD @b t hesuchgénmiag ke prowideddatgr tuthewionisernd treatnepthsineelnieghaicalFig. 3 is a
graph fronaXARRbS wil bididt3h 1R hiAburhtisn 6f theeBRAE BrabtrEMA ik -'
another preferred embodiment, however, both the administration of a :
bisphosphonate and the provision of a vibratory stimulus may occur early in
the course of treatment. In alternative embodiments, they may be used at
25 opposite times, they may be alternated, or they may both be delivered in the
later stages of treatment as is considered to be most appropriate.
Brief Description of the Drawings
By way of example, preferred embodiments of the invention are
described with reference to the accompanying drawihgs in which:
30 Fig. 1 shows the generic formula for bisphosphonates.
Fig. 2 is a graph from example 1 illustrating the differences in Bone
Mineral Density (BMD) at the regenerate and at locations both proximal and
distal the regenerate in the control group with lengthened legs and the
control group with non-lengthened legs (there is, of course, no value given
35 for the BMD at the regenerate for the group with non-lengthened legs);
Fig. 3 is a graph from example 1 illustrating the differences in BMD at




W41/ 13922 4 A PCT/ AUaa/ 00982 8 the regenerate and at |ocations both
proxi mal and distal the regenerate in the pamdronate treated group with

| engt hened MQYBIBRY t he pani dronate treated group with PEHAVMEEPEhened | egs
(there is, of course, no value given for the BMD at the regenerate for the
gr oup with non-1 engthened, l-egs); 5 Figg 4 is a graph fromexanple 1
Iflustrating the differences in BVD at the regenerate and at | ocations

bot h pr oxi and di st al nerate.in t roI
| engt hened d@éihca{’ﬁ‘gseqogﬁﬂ‘@%’tn@ha etlﬁgeq%éiﬁﬁ%hm?ed | egs;
Fig. 5ill ugﬁnﬁdxwammamd@mgawhbll@@thmwdegsf e psmihonateireatedpeci men 10

fromthe co gfddgiwﬁh%ﬁ-lafg%éﬂaa 1égsqme§éle M&wﬂb%ﬁ@%ﬁeﬁ%g&eup of
exanpl e 1; BWJ ng E?E om exarrg} {lﬁf%‘igﬁ& ng the differences in
peak | oad f‘%@er’tfﬁf’ f?g‘%) &RYP &p 'é?‘blf‘“ﬁ e treated group and
for thes non- opeFlatént aagrdplmiremamremp&mhulhmltragngthﬁdlﬁfntenit@s imBMD®ati s a graph
from exanpl gnelrel éﬁé%&lferaﬁﬂla@ﬂmhﬁ&as%dctﬁ QESARAL A dxbi&ﬁﬂi&% ed%ét@xﬁ fiwpect to
Youngs Modul us, (1% str hrei?ﬁﬁﬁ ge naé@tggera gf gerate am dronat e
treated groGp™% cﬁ?‘b‘?“’f Adpas POt reale Brov WiBoup.  Fi gures
8A, 833 andlmﬂmnedéﬁrgphs fromexanple 3 illustrating the bone 20 mineral
fOBt ent in the prigxd Hﬁistrafe?ﬂﬁﬂﬂ&@b@th?wém@l aﬂ&kelfcﬁgﬁﬁmeﬁn Qfsp@dlmgﬁper ated "
from eRanpi 508 QubBEEPuE A8 B KPR PobITBERY R g U Lol [ che
regenerate. emlgnlﬁédo Is a graph fromexanple 3 illustrating final BMC at
six weeks 25 asFigepBurgahibftofdekampleg2iflhstrbfidg thielBifandcds ia mﬁ%éle graphs from
of an oper ai Sl T e ﬁ’%ﬁf%& 5‘14%& B8 Splonh SIRABA S | PRI S
Figure 12 i 8OBOgeR quqpuﬁ’tl‘ﬁ)atl ng final BND at six weeks 30
as neasared by (Iig'7E|a§grﬁ1ﬁ1ﬁ&nl@ampgfmﬂlusimﬁﬂgﬂieaﬁﬁéﬁnaeiﬂﬂlmﬁhgﬁti ng final
cross-secti gpgl Eg m%smi&ﬁﬁ@ ®6s %ﬁfﬁr%@e {?é/n- teEI re 14 depicts

e ra ra

QCT scans from ateln t|b ae that were
the medi an PB§A watedrrafedgteup pRd &gdhe gersgpera alﬂfigﬂ’%‘l is a graph

from exanpl eox&mllgrmqi.r ating final nonent of inertia at six weeks as
measured by QCT.pigfedA 18P0 SEL ARG RE 2xample 3 illustrating the bone
20 miineral content in the proximal, regenerate and distal segments of an
operated tibia at 2, 4 and 6 weeks post operation respectively.
Figure 9 is a graph from example 3 illustrating Bone Mineral Content
(BMC) accrual in the regenerate.
Figure 10 is a graph from example 3 illustrating final BMC at six weeks
25 as measured by QCT.
Figures 11A, 11B and 11C are graphs from example 3 illustrating BMD
in the proximal, regenerate and distal segments of an operated tibia at 2, 4
and 6 weeks post operation respectively.
Figure 12 is a graph from example 3 illustrating final BMD at six weeks
30 as measured by QCT.
Figure 13 is a graph from example 3 illustrating final cross-sectional
area at six weeks as measured by QCT.
Figure 14 depicts QCT scans from example 3 of regenerate in rabbit
operated tibiae that were the median for cross sectional area in each group.
35 Figure 15 is a graph from example 3 illustrating final moment of inertia
at six weeks as measured by QCT.



9 Figure 16 is a sinplified view of a device for the application of a

vi bratory @blomgg%s to a fractured bone. Preferred Made PéET/A0dolondspg Qut the
I nvention I n preferred enbodi ments, zol edronate or "pam dronate and/ or

another 5 drug fromthe class of bigphosphonates is used for the

manuf acture of a nedicanent for pronoting bone growh or treating a
fractured bone. A therapeutically effective dose of the nedi canent. or
zol edronate orfj Qfﬁﬂﬁifs(hmm@hﬁadihm afreodévéce for shuhapplivetian of &l one, is then

appr opr| at ?‘ﬁa&ﬁ’f&rﬂoﬁ Lered to a patient via an intravenous
route. &%% gﬁﬂ% fur.t her d| scl ose that such adm nistration -
of the dr 1502 d fodecof Gargying Qufithe 1 Yo course of treating the fractured
bone. The adnjmnprefersedi ambanlimanisl mihdmpmmmalmdromﬁsrandfpr@elpﬂl,ﬁl stage has a
positive isPHbSHhoa Rk @%dusl%ﬂ%i{}ﬁrlﬁéﬂ qﬁbteie&seteobl asts. No
furthér a‘%&éﬁ?g fmt(?%%&% ?Ht]@hrge tlon%l“ﬁ rfa y rbelwred but can be
15 adni ni dnedigament fgepromgiing &fg &' ‘ggﬁ Gf the patient to
the first dosaA. thﬁupellrtmaﬁgre&ecw&:@seséﬂmm&dlcsmam lor gpledEpataer e may be
prescri be&;hﬁ {éaa{dd?&laﬂeﬂa?ér% hb?ﬁhd?fa@é albihé Ab esphgpaépidtelyt aken in the
y

initial ee ure he n not h enbodlnent a course
of oral blﬁfﬂ’ﬂﬁg;gﬂ’bgé‘fhé‘é‘ns r?%l é#'gyealfor!iwtr (Iiatecourse of fracture
heal itng to augmfarmdasmbmﬂlﬁmnmfurtbﬁr dmclasmmsmadlwlﬁraéwpw thhie present

i nvention 8 tdiczehPsRly dlhﬁs the ceaRe oﬁ?tﬁb@ﬁngr&mtfiactmdlbﬁnept[‘héer able to

P Spﬁé%ﬁ%?f' i\%#’%gt?% %‘6%‘&@5‘&’885@% Eé ﬁ%“ BOsB98S, 22 ¢ por at o
by ref er ereffect ainthestinulatiey and praliferatin pf peegh 8yl t rasound
stinulati CH&nﬁﬂiitx’dhbﬁ af il bispligspharidte maydie raqgnreﬂ Ibat canabdnani sm and/ or

devi g?m‘;ap? ?ﬁ%m‘?ep Oﬁmglrg ggtlbgéﬂ%% the rbdPénsd bthe &ﬁeﬁﬁ%@?ﬁétﬂ red

enbo vi bratory stinmulus includes
peri odi caldofeprow ding a vibratory stimulus at the resonant frequency of
the 30 bone, Faitherhtsaracdurie afguenalbispliasphondte maytbedprescribefliact i on of t he

bone’ s ?ﬁ%eﬂm @&?H%@rai 913F:H8‘sp‘l‘xbﬁ£tét1§’{a\keﬁﬁﬁ%iﬁhal\%iéé hedes ence to

Fi gure 16, ati.on. d termne theé

1 y mJ) t a ofo aﬁg Bb hgl g
speci fic refdeRime F' Siment. a caursp g ofaf BIPPRRSANORECE Lo hone 11
t o stzonul ahaypbe given Melsmﬂmfcoursm!é&name hea!qlﬁetﬁ@}lswn%@uﬂﬁe bone 11, and

mai nt ai n %hﬂ&ﬁcﬁ“noeﬂbéﬁe 1;43@,; fsr@qyency for a period of tinme. This ensures-
gg%—} RHU{) 07 Bbgglz%fliaresezgt mveﬁ@o 19 HRL10RELHRE 1Pl exgﬂ&ﬁrﬁfss it 40 01/13922
preferable to additionally apply a vibratory stimulus to the fractured bone as
set out in International Application No PCT/AU99/00974 and herein
25 incorporated by reference. The vibratory stimulus may be provided by
ultrasound stimulation and vibration stimulation, or any other mechanism
and/or device capable of providing vibratory stimulation. In such preferred
embodiments, the step of providing a vibratory stimulus includes
periodically providing a vibratory stimulus at the resonant frequency of the |
30 bone, said resonant frequency being calculated as a function of the bone's
vibratory response to the vibratory stimulus.
With reference to Figure 16, the vibratory stimulation device 10 is
adapted to determine the specific resonant frequency of a bone 11, and to
then subject the bone 11 to stimulation at the specific resonant frequency of
35 the bone 11, and maintain stimulation at that frequency for a period of time.
This ensures optimal stimulation and thus optimal promotion of bone mass,




whil st at the sanme tine, avoids the risk of over-stinulation or
overloading, and thus, fracture of the bone. The device 10 includes a

vi bration st MAMAIPE 12 which, when activated, stinulateCTiAvootnosze 11 over
a range of frequencies, causing 5 vibration of the bone 11. The stinul ator
12 is driven by a signal generator halilsed in the conmputer 14. The signal
génerator, when initially activated, can cause the stinulator 12 to

vi brate over_a.range of freguencjes. .The.signal enerator can, for

exanpl e, swe¥ llfttﬂ?g}begﬁnﬁ{‘@ ’r%’ﬁbdee'eig? "Ff@ﬁ%‘@ﬁ'@g@é‘.l‘gﬁ?é?‘?ﬂv@go%@n%ui tabl e
stinul at ors @nl thus| foatdure of thebdneg eccentric mass, 10 an el ectromagnetic

shaker, and a varhalk@ict 16 USRI aRbRBEn ghﬁm‘i&nizcwhiﬁh,a@ﬁ&vﬂ?r . The
as a orce

stimulator 12.c i neor. rqée a_ spinul us sensar. Suc

t ransducer, ?cgv%ﬂf %%Pu}t%ﬁeé’ ¢ PoRA TOYF 8IR1EE P ?‘E?q’c‘ﬁg’“ff’oﬁ%wb‘%ﬁ the stimulator
12. The 5vi bribragien ofthe brnedd: hetsfimplater 22 isairives by Breigid gensrator 13 can 15
1(::orrpri 51(:3 a{l lensed ef BigRioaiputir 12. H{lﬂérsi?énizl gelﬁfa@?@eﬁﬁﬁﬁﬁnﬁiﬁﬁivaw@ det ec': o(rj 13
ransmits s rein the signals.are converte
from anal og%g dtag&gélh%isp%‘ﬁ?tgfr){r?gbn‘ggﬁ ee%vvxgsgﬁl&esoé A% e r AT e
frequency ESRENHPIGIR, fve example; seeeprthrongh vhis ranseof freguensiese. The conput er
14 can incorpormlapsmmahisﬁ:mﬂabs@iMcma@&otahalge&%mﬁ%ﬁ@é the peak

20 ' C | . Of d ' th
resonant 1 CaRectEpnp e et B Al SRRl SR rput o can
T

N ‘ : ul B Conmput er can
di spl ay ei t HEnsAuepsy The stimulaten 1 cagrinptrperste g stimulussarsorauichhanact eri sti cs
of the vi brfatcetsansdwiparts eaduiton teostinmmlas provitkidao thaBénedsy B t he resonant
frequency byyghlisef12f the device, or a treating physician. The device 10

can 25 include a,ghmangal ) frecgJ(ngc ontrol 15 for stimulation. Preferably,
fromthe signal 7§ BOEUPRY areqpte # dptegter 13 The dpfestopadcat t he resonant
f requenlEi es copiprist en borelerometem or & phnslifytaf accelérgmetert. oThd@etsétorug at or 12 to
stinmul ate t RgnsHReeheldieidls tdd cARPERX i [ B rtek ency. The
device can i nnsrgoga .e.galstis.i ma(r: {gl}]ﬁat%%%\%eu% e st@é:_ﬂr%sr%?%opertaepiﬁlgof 30 the
sti nul at or "% (ij‘sléa gt apd then pyocgssed o defgrming, the freqUEREY ni ght be set
by maki ng ardoa}gbtdmfmée@smpﬂhﬁﬁbmtaxysmm éTher @gupert4canni ng on the
conput er 14 ind¥rdrateddd éﬁtoxﬁ_ﬁllié'&ldl?d?ﬁ% ﬁﬁaﬁ!‘&amb%ﬁiﬂg%}gﬁgﬁﬂe vi bratory

I

S R A A e R R
e e s et 10
to the bone it 1 ) _ m eristi '
envi saged t Bl h PGSR RN inffuad dotemitedioh F the resonant
frequency by a user of the device, or a treating physician. The device 10 can
25 include a manual frequency control 15 for stimulation. Preferably, from the
signals received, the computer 14 identifies one of the resonant frequencies
of the bone 11 and transmits a signal to the stimulator 12 to stimulate the
bone 11 at, or approximate, the one resonant frequency.
The device can incorporate a timer that allows the time of operation of
30 the stimulator 12 to be pre-set prior to activation. Such a time might be set
by making an appropriate entry into a software programme running on the
computer 14. Preferably, adjustment to the amplitude of the vibratory
stimulus can be made by suitable entries into the software running on the
computer 14.
35 Whilst Figure 16 depicts a simple representation of the device whereby
the vibration stimulator 12 and the detector 13 are applied to the bone via an




skin of the affected |linb, wherein the stinulation of the bone could be

| nparted transcutaneously, or via a frane, or other lik Fﬂe | ur roundi ng
the 1inb, ¥RAVPH particular, a plaster cast. 51t is fu? é'yo"@ﬁg\#saged t hat
this nmethod of treatnment be used in the treatnment of several bone

di sorders to pronote bone tissue gro’v&h and also to nmaintain bone nass.
Exanpl es include the healing of a fracture site wherein the vibration
caused to the

| | , b6 L@ksi on at the
Site of A8 fﬂ%ﬁ?&%ﬁggﬂfﬁ%“h’%ﬁg%?‘:“ﬂémﬁ““ﬁé’f?@ﬁﬁ%‘?g‘%* 10" heal i ng. The

J e { ro bo
stimul at i GfRP @lhmtbl”‘f}‘-eﬁ?}v ﬁtt“,lmg'é’ﬁ&i‘ﬁ %Polfeo‘fqéﬁrf‘ghe of the intact
portions dimpaited bansgutsweovslyi or viaarframe ad othes like device snrroandivge  f or mat i on
and IOrevef}},égﬁlbqfanaﬁSmﬁ%,@pjag&e}agstj ntact bone. As the stinulation
i nparted by deyi.c 0 Is requl.ated.to he.at. . the s v QR roxi mately the
sane, °f r equenci? @r%@ap@gﬁgr{.ﬁatﬁ?@q@gﬁw ogftref‘ﬁ}}elgg’%elfsgg I‘iléafl)% pronotion of
bone ti ssueatmenitdf severabeane diserdensdo pramete bene sissussgrewth apdalspdey i f t he
Pone s Silﬁ?hkﬁﬁbgﬂyhﬁbﬁdﬁm aimpled Tl b!huﬁlg_ &t efladtard diee wnaemaﬂt deui
requency t.he.bopne. , i.s r.ead at the device
10 coul d H‘Be%{}?ﬁ?'%ce} s?g‘h@é{gf@%}é&gﬁtf1@615?%%18%@91‘&5%&3%%?i on neans such
as an i nt riersianat the gite offraginre whichinduimlgadsoieeprpmetigs of BeR& her. In this
manngp, thﬁafiﬁ%”‘!{hé stimafatioardsdivsecmidrbdiiearns behdingre towjonosf | ncr eased

o' ot b S B, T R BTRSERpe 12°C21 T

[N
»

t he bone’ C requen ~a ( that the device 10
can be t r daupationcand praFention ofpstaoparasisdndhe & ng. %‘étq‘%nt' s home. In this
way, . the stigmilgigor finpartddcbypdevidblpisaepilagd aobedt thecdantehat al | the patient :

need do t . ' j | itga!l ator 12
and the v%@%gc?ﬁl%lﬁfé gtﬂigc%g}e%h?e&?ﬁg%g%gg% | _uléhaf ?ﬁthgltg ﬁgil;;ggdy part,

and 8t i vAremoten gbbenatisgye srowth iz optimised and Qcﬁgfsglr)‘@\f?%‘%ﬁt% 8 vibratory
sti mul us iif thetbdnedesimply stimulgied ata frbfpeencyamrelated tothendsasaride provi ded
later in tf?ﬁu%;a&éﬁhgfbohé.eat ment, 30 since nmechanical stinmulation

pr of or o enboNHURD: Ml eoiyBRReY fhet B AR ARAY it B ¥PUEET D0 phona e
and the prisatscitioneaslntod beng with adixatign meangsychhacen inteamedullaryt he course of
L r eatzﬁg nt ina@ﬂuscz}iéi_ilt@Itﬁ@ Bénéipietes togéme»zthistlh@merﬂ e .faﬂﬂ%ﬁomcif Honeat an_ 3 t ) rrgg
e Voot R SIS bty Wil 9 LBy B DL b
appr opr i atand thpfixationoeanpaty ppaRRICHIRULS, the bonsiwresgnan dreqyenskcl osure will
now provi de a Itwaf atbetlmi énvibageththas the ddvice Toecaf Beclrarspotted headlily
adm ni st r a]40fefiford yibd th £paRéis MWnled 17 this&hdy/, Bifdevice 10 would be
25 pre-programmed such that all the patient need do to use the device would be
to attach the vibration stimulator 12 and the vibration detector 13 to the
affected limb, or other body part, and activate the device 10.
In cases where the provision of a vibratory stimulus is utilised, it is
preferable that such stimulus be provided later in the course of treatment,
30 since mechanical stimulation assisting in the maturation of the healing
fracture. In yet another preferred embodiment, however, both the
administration of a bisphosphonate and the provision of a vibratory stimulus
may occur early in the course of treatment. As disclosed above, however,

these two modes of treatment may be used at opposite times, they may be
35 alternated, or they may both be delivered in the later stages of treatment as is
considered to be most appropriate.



enbodi mrent of the invention has on the healing process, and therefore,
treatnent of a fractured bone. 5 Each of the follow ng exanples relates to
the adm ni stWaOFB220f a bi sphosphonate in distracti on oFcragensess. One of
the ains of distraction osteogenesis is to |lengthen the |inb upon which
the procedure is performed. The perfazmance of a distraction osteogenesis
necessitates fracturing of the bone. Follow ng placenent of an external
frame on the I|i he bone is cut. 10 During healing, the new hone forns
as the frane is%%bﬂ’?ﬁ"&?% Isclegg will pow; &mﬁ‘gé&dg‘é"etdﬁ%ﬂ%ﬁéalﬁlspf act ur ed
during the pheefenis whichhthe atlivénistratbol ofa dfugacsdrdiby tb apedfuired di straction
ost eogenesi SRR JIithé AivEnfio had &l UMHAlRS BrdcBS, ich the

' E‘ori bonee. ggﬂp?% %ﬁaﬁgﬁﬁ

adm ni strati.on, of qu%\m dr ng%g has nate in

Di straction adractyrgd banss o/ kgl i 5 Met hods: . Experi nental design
Twenty Ei ght - weekachlof thefodlodiig eabiyilessrelateictothe sdimiriétaltionlafagt heni ng.

et am e 15 ISpHOBSITLEt R B0y DOPREEe, Onell (R GITR Sk Ofation "\ o1 ed wi th
Hal ot hane Zafnggﬁeglewﬁéﬁeﬁéhﬁ’i‘ H?eniﬁﬂgg’]’%ﬂ Vﬂi‘%’ Rleﬂ?rﬁ?e\g%&er is{pe HB‘P%A-ost eot ony
was per f or mEdeqsrforingeasiai distraction nstepgdnesis netsssidates factating ofe appl i ed
using four GohéloFéllowing placBimeht of asext<Phaldhe on BusHab SMEBone bd at(y) . After a

I f . I i | heped 0. . f
dayer oo dftraR e 3ub b BollPorel A0 5 PRGN o o5 Vet in

situ for 27 daydtisdespnssthe hane is fratured during thaprotdduze. dhatphei dronate 3.0

i n]g/ kg di | utrestlts ofﬁeﬁﬂylﬁmmg\dmrf agton bitedbgmests afe a}:p?&ﬁi[ﬁlt@foirnt lraoper ative
i nfusion ov . ahhits; control ani S were given
saline inf u;ﬁliugns. ng%%fﬁég?sp ﬁlﬁg'ﬂé% %@I{Dﬁ‘g‘ <ug§’§lv\cg;i’gl§d‘?ﬁ°ﬂ?t§thg§ 85%5 ®the end of
surgery and=sgabs 1 irpgate in Distraation Dgtepgenesisddesaidmakg) wer e supplied with
30 rablét pdfdthbdsand water ad libitum At 42 days the rabbits were

sacrificed wt 150nmg/ kg. Radi ographi ¢ and Bone M neral
SrRnda el

Density Anal ysi | s were disarticulated through the knee and
the soft tissuz@“‘f”&FIBPFTW&EIE‘?M'FH@‘EWﬁmﬁsén&er‘é?ﬂté@lﬁln st andard AP and
lateral 35lqugtieattg. Bimilanthbpitaiodelsltivediean bepori e Ak plendfiateans Mil ti x

H UPH conf i ' ' | ofliot g;ﬁgiﬁqg o . ith a 50 kV and 4
m WO §1/ 13%%%%@25%%#@% a%g % xﬁoi)‘u)rilgﬁ% %ﬁﬁgﬁp%ﬁ%fag fil mdistance of
1.1 nefers. *FHERP 770 80f Qrvger 1 aain dasepeaduidrithinleach
di ssect ed spdlibeterostentomywae petformedibroepchphblib amdiab Orthefis 0e1 00!
appr opri at efiyatbPiadBESIedAERiR urOrth6HL 8 ShAHALE pins (Orthofix, Bussolengo,
Italy). After a latency of 24 hours the tibia was lengthened 0.375mm every 12
“hours for 15 days, producing an 11.25 mm distraction. The fixator was then
25 left in situ for 27 days to allow the regenerate to consolidate. Pamidronate
3.0 mg/kg diluted to 30mg/100ml was administered as a single intraoperative
infusion over two hours to 10 of the rabbits; 10 control animals were given
saline infusions. Buprenorphine 0.05 mg/kg was administered at the end of
surgery and again 12 hours post operatively. The animals were supplied with
30 rabbit pellet and water ad libitum. At 42 days the rabbits were sacrificed
with IV Lethobarb 150mg/kg.
Radiographic and Bone Mineral Density Analysis
Both hind limbs were disarticulated through the knee and the soft
tissues left intact. The limbs were oriented in standard AP and lateral
35 projections and plain radiographs taken with a Siemens Multix HUPH
configuration using digital luminescent cassettes with a 50 kV and 4 mA




| ength. 5 Bone mineral density (BUD) neasurenents were nade using a total

body dual W?)%f ray densitoneter (LUNAR DPX, Radiati g I\/adl son,
W sconsi n) g&éﬁés been used in this context in previous ,rgeapor?z
scans were performed with the tibia gfiented in the antero- posterlor (AP)

and |l ateral projections, using software specifically designed for 10
nmeasuring small animls (LUNAR DPX, Small Aninmal Software, 1.0c LUNAR,
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i e Sttty e i e e
9.6 nm hi h%ﬂt’g&}éﬁ-rﬁwﬁggg}o REgt Rashigtion CBIRS;  one RO was
positi onecMadlsdJméNxsegmm)r dVXA has bequr usadnimlthis@ontextindpmviowdirepats.t 0 20 it.
distal ang apocausfiel gbumbl i Fle ik SBhaE BE AR pdelilor 10 P ance 11 om
i X
t he bone 3@%@ é?ﬁ?‘ﬁ Bﬁojeﬁ}mflﬁr‘bgé“grég@[ﬂ’ fté)ca&;g&i@s‘ﬁﬁ fFenerated for each
I engtlﬁenedn@asmlag smalltapimals {LUNARSEPX, $wall daihalSnftwarer hbed tibia, for each
Fz)[s oj ect i orLUIBAR, Raistesn C6FHR, PMATsOf SWRkcBSsif]. CTie Meg@m%gchab\?" L eport edI as
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per f or med sicﬂ?ﬁwbiel pedfotimbd shiagabiby fdr&HmeﬂepﬂiefHﬂrﬂiblﬁbi?th‘é/%md&er e IObser vers.
Five .pair ti ols were
e;\él sgdI s%%perlc'gfs at{h y anlc}B?l xedﬁ“ﬂﬁ%ﬁ mgégtdeeggg?so&rnac‘ﬁ%% ach bone was
transverse‘F‘iFes”&%l%'?%@ e Do pespectivgly (frompaomal to distelldi st al bone segnents
prior to decal Regiona BMID measﬁieﬁmimﬁereEideins@byplmmmegoﬂBohour s. Each

segnent ;}gﬁ g{cﬁgggtsq%“ﬁghym% %’i';aééxsrldl;-,;}aelarf sRded tibﬂa paraffin

bl ock [ were cut at
5 ?nccfoﬁ'seoawd{@ﬂg?mﬂmeﬁ ﬁé@?xﬁ&%&?ﬁﬂew %Hf%tﬂlelltf’ie 'F*téﬂ&ﬁ) 00982 14

eosi 20 Botih Ipdhndmgperateddiliai tmodR@I's welteplaedisodhat thayl mmdckedaheonsensus
assess rrgnltdlam dif¥ep ﬁﬁﬁmm@ofﬁﬁﬁégﬁﬂgfggﬁm qlé’fhe saffel dis@hcd i%ﬁ#ptelszal extent -
t h| E:Err?ésg t&og?lae (E%xge Fi H"%‘f“’a‘élﬁaﬁa}"ﬂ ﬁb !ieﬁ&‘ﬂs‘?"aﬁ% 68% sectioni ng,’
it lengthened tibia and two measurements for each non-operated tibia, for each
projection. BMD values were expressed as g/cm® and group data reported as
25 mean and standard deviation. Lengthened and non-operated tibia samples

were compared using paired t-tests; non-paired tests were used to compare
between groups.
Histological Analysis _
The histological analysis was performed in a blinded fashion by two
30 pathologists who were observers. Five pairs of tibiae from the Pamidronate
group and five controls were excised sub-periosteally and fixed in 10%
buffered formalin. Each bone was transversely sectioned into proximal,
regenerate and distal bone segments prior to decalcification in standard
EDTA solution over 48 hours. Each segment was then longitudinally sliced
35 and half embedded in paraffin blocks yielding six blocks per rabbit. Sections
for microscopy were cut at 5 microns and stained with haematoxylin and



5 was not neasured precisely. The osteoclast activity in the regenerate was
expressed as dunber per high-powered field (O ynpus, BH2, 40x objective)
The degree WOWMAINRDHDLI| astic rinmng was al so assessed. RSIIVAW/009EXxCl usi ons
10 There were 3 postoperative conplications necessitating exclusion from
DXA anal ysis: one tibial fracture notegd on day 1 near the distal pin sites
(pam dronate group); one fenoral fracture on day 23 requiring euthanasia

(pam dronate grou&@; and gne conmon peroneal nerve pal sy (control).
Cont rol Rab®tsit-VBefé patiplegists sramaingd ad the perbiopsand BRde pchnseRsthe di straction
gap. All tihésasmemebﬂtlmlamdtmabf gevabdne foainatioia @bt thickmees teetbnait day 42.
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bone of theRegpdisat ed and non-operated |inbs at six weeks (p=0.332
proxi mal , p=0. Ziﬁ,ﬁgﬁ,hgl) (Figure 3). The sane effect was seen on the

| at era),, scans ur e conmpares. the B from AP s _of the. operated
ateraly bbb 3 TR Fempraties Sores SR o lelotir B! pe
proxi mal anBXA@mab«sxss one Bbiakbfracinreonsted agdané neanfbadistalerinaides ncr eased by a

mean of 40Wﬂﬁﬁﬂdx@ﬁ&‘iﬂg@@ﬂq€6ﬂe\4€in‘zﬁxaﬁ branfdbn dEpes Bkt bibasiggiener ate vas
i ncreased b (p=0.017).

rabbl t t
Lat er al scaﬁ)?néﬁh&}%&é s ,ra}%igm{ehcg @ﬁ Bergfl%ﬂlnfsf‘&awﬁsy c?’?té‘s%nces The BMD
for the non- opefCantral Rebis Mgdetont rol and pani dronate 35 groups was not
si gni fiscant |y dirbfislebbne fo@sgon 6cutirted B ke distrRed nﬂaﬁb@e 1. There was
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speci nens coP F%‘étfé’ﬁ “élx‘bﬂﬂ ‘P&e@ﬂtﬁ g S@@? glggmym SFH%Zr abbit culled
on day 23 \Hsera®tas Iarstgmlfdkmm teductien anBMIBinshotH e prokinkd andfdisth t he
pam dronat e; gpaHR & aRkndhig e AR @5patd WA IS IhichbAdfled 3E
20 the non-operated limb (p<0.02). Similar significant differences were present
on the lateral scans.
Pamidronate Group
The reduction in BMD in the proximal and distal segments was not
found in the pamidronate group, with no significant difference in BMD
25 between the bone of the operated and non-operated limbs at six weeks
(p=0.332 proximal, p=0.256 distal) (Figure 3). The same effect was seen on
the lateral scans.
Figure 4 compares the BMD from AP scans of the operated limbs for
rabbits given pamidronate versus controls. The BMD of the proximal and
30 distal bone surrounding the regenerate has increased by a mean of 40% and
39% respectively (p<0.01). The BMD in the regenerate was increased by a
mean of 43% over the control rabbit tibiae (p=0.017). Lateral scans also
confirmed the above significant differences.
The BMD for the non-operated limbs of control and pamidronate
35 groups was not significantly different. These results are compared in Table
1. There was an increase in the mean regenerate area of 22% in the



control specinens. The pam dronate group denonstrated increased regenerate
g p g
formation W&@/l%&?m nent osteoblastic rinmmng and decr egggfluediposder s of

osteocl asts ( HPF v 3.4 / HPF in controls) with |ess evidence of bone
renodel ling (Fig 5). There was al so ipncreased endosteal bone 10 formation

in the bone cortex adjacent to the régenerate, producing an increase in |
cortical thickness (Fig. 5). There was a marked increase in bone formation

around t he thalcsﬂatt@grdulp (pRO.g3pN dronate group. There was a degree of
varlablllty in e{s]e factors within the pam dronate group, as with the
variability se VD val ues. _15 Di scussi on: é IS exp erlrrent a single
dose of 3 ngy/ k@Pfshe t?&kﬁR?FWé%"ste@Wéhwe%e’EWIF lb‘bﬁt?@g’&? 1¥-he begl nni ng
of the | enghdpbbigulled Bnayizsevasagatincledet fretieanalysisb dhe tildaodel | i ng. Thi s

strat egy IS _ a rrarkedly
posi t%e Zﬁ? t?lpggn%@?’ggghﬁ OQ’tﬁ |2\%|4t%q%ré mnég}f%ﬁ%nﬁﬁfgwamg%cretlon in the
regener at econtxal spRqimens.n B?m Bn%‘EEtg R gpmt gcredtfifced at day 42. As
the pani dr mgeferatecdformati@nwith prominentrestobblastic immying ahd deeresed i ncrease in
regerer at tené Bé@totwg&eamstm(iler/ﬂw?aé ”|m‘ﬁ cgﬁﬁbls) ﬂz‘i&{l@&téﬁﬂ&hncgl t hert )
pani dronat e, from rr one l.eeched o e regenerate bone
to exert aofRADg e [&3%3 g.gf”ﬁc‘?%gaaéﬁ rfnﬁrq,agscg%xéqoggeg? Eén%s due to an
anaboid ¢ efo&matmnatdmcbmye qootes ladiagestt tp thetegenerate protucingyan  vitanin D. :
E; L;Pﬁ;s |r gﬁfc?éagé" inl &%@%ﬁ&&*éﬂr}‘?’ 610 g’gﬁﬁeﬁv&é&%%nﬁﬂcﬁﬂtiﬁ%S&% in (ﬂgznﬁ\/?z bI o when
coi nci denthW“f‘Ho’éﬁﬁj’ ?‘eﬂﬂ@?‘%’ SRt TroR? 5%%%‘3’%6 %gfgsa gée

affinity fofvasiahBityiiméhese fadtersiwithindbe pamidrenats gepupmas Wiy tBeon wi t h a 30
pul satil e dﬁ%ﬂh@%em,{hweﬂheﬁ positive effect for three to six nonths

(dorj eux tal. »Cyclic admnlstratlon of pam dronate in children with
sever SS%SF\ is inperfecta” E@% JI\/Ed 1998; 339: 947-52). Li et al
(supr a) s et odn thig eyperitppntaa s’rqﬂl‘b@\?sie Banp/ks ef pampidirenate was givgn '

bi sphosp howme rhllitﬁfsadlyhe Bégifihithg fofi e lebjthehingab meinimise mlegatévereffentst he event
Fract ur e o Lo Sody Y e o e B herapy for
si xt een Wep $ F‘il ﬁé’P‘HF v\@oafmgﬁﬁ W%&f&rﬁ to E{f‘?ﬂ?ﬁgased cal | us
f or magd on mireral aocrdtion intthe regeneratay Ostaeclastqumdier lﬂédrﬁdbwt! o forma
cortical p&%ﬁm@@réd‘ﬁc&@ﬁt Mﬂé r&@ﬂﬁ%aﬁhﬁﬁb&hﬂte—rﬂﬁé’ ivenat thdafiné bpt t he
t her apy sho ce l.ow re mg lin QU g"élltah L& 8t udy was
needed. 5 AY&FY: ﬁ}edﬁ?ﬁ@gé{l‘fr\%seéflfra%eflg °F8’ﬁ§88| Pfiﬁ]é)‘ coﬁ i Ntidus dosi ng
with bisphwshinterestig. rither pantidrogatei framtke swraindingbanedaediedasgenesi s
because of jnto the regenerate bone to exert a local effect, or the increase in regenerate
25 was due to an anabolic effect secondary to changes in PTH and 1,25-(0OH),
vitamin D. Further research is required to evaluate these hypotheses.
It was hypothesised that a pulsatile pre-dosage regimen would be
desirable when coincident with surgical intervention. As pamidronate has a
strong affinity for bone mineral, it is possible to load the skeleton with a
30 pulsatile dose that will exert a positive effect for three to six months
(Glorieux et al, "Cyclic administration of pamidronate in children with severe
osteogenesis imperfecta” N. Engl. ] Med 1998; 339: 947-52). Li et al (supra)
set out to determine if patients receiving continuing bisphosphonate therapy
should have this treatment withdrawn in the event of a fracture. They
35 showed increased callus formation in rat femoral fractures pre-treated with
incadronate. Continuation of therapy for sixteen weeks after fracture




a detrinmental effect on longitudinal growth. In a study using daily

subcut aneous al endronate, normal growing mce showed dimnution in |leg

| ength, as P PVER2decr eased ducti | i ty after treatnent (REHAVYOAB2al, 10
"Al endronate reduces fractures w thout increasing bone strength in a

growi ng nouse nodel of osteogenesis téperfecta” Proceedi ngs of Paediatric
Ot hopaedi ¢ Society of North America, May, 1999). In the experinment, no
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growth inh898%n rmay wel| have been ni ni mi sed by the one dose reginen.
The staidy of LiApart bmnegptive)efftcts anoemodelling: cantinnongdesing with growt h, but
]Ehe 20 comp@isph tHoﬁQﬂe@ﬂ{a@ﬁMbé aeldlﬁmeemtdi&&etm&m détdéﬁ éﬂéﬂﬁ'bb?.’adsléﬁﬂt ed rat "
enora were or ezt reated and _gontrol groups. e
hi st ol ogi c Pldsﬁg‘f'ﬁ'&%e"a #etcgf’gﬂ%gt&@m? 6@3&‘ ghaf’ ?’e‘éé’éﬁaﬁybone formati on,
as wel | as sukkwtanesyealendissate. pemesl grawing mure shawag dipdnutionindest r at i on of
Eam dr onat elenktH, as Wl és@éﬂﬂafhﬂrducﬁlitﬁﬁ}tet thdatthéet (Raglsbed] 25 regi 03 of the
one syrroup n r nd was
more obvi ous&;eﬁgﬁ?gﬁ 1o BB FRnYR theBoth bbi BN i 0 1
that bi spho&stenarodsl ‘PrﬂsFetﬁ‘&?fEélséglPP%fe‘E?ﬂ Becesdings of P %edlfqtﬂ@age in a fashion
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amount i s nithibitianmaygwell havei®@e hiibdgized PEThe\idOd®0 9&dmen.7 Thef f er ence di d

oSl by 1ty g BRLRUAR (ot T n Pl it AR il RE AT LR | Y. One
Iroabblt 2 veﬁ°$8‘?‘?i‘ﬁf’dﬁ‘é?f’%@fi§’f“é’l"f%‘g&’§} g@nﬁ?f‘é‘l““&ﬁ%@?éﬁ‘z tiemppia were 5o at ed
limb on dayslxgter thansthess/ofthe preytrested and poineleveuns; however it is 5
possi bl e that t"l‘hebﬁét@l ﬂﬁﬁ@ lﬁf’thﬁstshﬂl)/%ﬁg éseammrskseﬁh@bene The

t oxi col ogi c fects tes | .chi e yet to have been
fully eval ugfrg’t?L %s ?gcéeaﬁgflkgg s?“ﬁ“%“é‘?}g was chosen
admmlstratlon of pamidronate. This was found particularly in the endosteal
25 region of the bone surrounding the lengthening as well as in the regenerate,

and was more obvious in the operated leg. Other studies have recently
suggested that hisphosphonates influence cells of osteoblastic lineage in a
fashion distinct from their inhibitory effects on osteoclasts (Giuliani et al,
“Bisphosphonates stimulate formation of osteoblast precursors and
30 mineralized nodules in murine and human bone marrow cultures in vitro and
promote early osteoblastogenesis in young and aged mice in vivo" Bonte 1998,
May; 22(5):455-61).
As pamidronate increased the bone forming capacity of the regenerate,
it is possible that it'’s use may increase the risk of premature consolidation.
35 The length of the regenerate was decreased by a mean of 0.8 mun (8%) in the
rabbits given pamidronate. While this small amount is not alarming, the



because that is the dose conunonly given to children with osteogenesi S

I mper f ect Lux et al, supra). 10 The large increa t hr oughout
t he | engt ﬁ‘géedﬁl%nb that were obtained follow ng a si ng e Qooggﬁ(z)f

pam dronate may have a positive the 7apeutlc effect in children undergoing
limb | engthening. The fact that pant‘dronate increased the anmount of
regenerate that formed provides a prom sing prospect worth continuing
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refinement of the dosage regimen and examination of possible toxicological
effects are required prior to a clinical trial.

Table I
Comparison of Mean Data between Pamidronate and Control Groups Standard
Deviation, upper and lower 95% Confidence Limits in Parentheses

Variuble Pamidronale |Control Difference [95% CI {p value
Length of lengthened [106.0 (3.4) |107.6 (4.5) |-1.57 -1(-5.76, 2.63) ]0.44
limb (m) .

Length of non-operated [97.4 (2.0) 98.8 (2.2) |-1.45 (-3.59. 0.74) J0.18
limb (mm) :

Weight of lengthened 10.9 (0.6) 8.7 (0.9) 2.2 (1.37. 3.03) }<0.001
tibia (g) '

Weight of non-operated {9.3 (0.5) 8.1 (0.4) 1.19 (0.71, 1.67) |[<0.001
tibia (g)

Regenerate length (mm)}}9.6 (0.6) 10.4 (0.7) |-0.75 (-1.45,-0.04) {0.04
Regenerate area (cm®)  |0.83 (0.09)  10.68 (0.13) ]0.15 (0.03, 0.27) {0.017
AP BMD proximal to  [0.51 (0-07) [0.36 (0.09) [0.14 (0.06, 0.23) {0.004
regenerate (g/cm?)

AP BMD in regenerate [0.47 (0.11) [0.33 (0.11) [0.14 (0.03. 0.25) (0.017
[/ cm?)

AP BMD distal to 0.48 (0.10) 0.34 (0.08) (0.14 (0.04, 0.23) |0.007
regenerate (g/ cm?) :

AP BMD in proximal  0.48 (0.05) 0.44 (0.03) [0.04 (0.00. 0.09) (0.053
non-operaled limb

&/ cm?)

AP BMD in distal non- |0.44 (0.04) |0.42 (0.02) |0.02 (-0.02, 0.05) |o.31
operated limb

I(g/ cm®)




The effect of a single 3 ng / kg dose of pam dronate (Novartis) on Bone
M neral Density (BVMD) was exam ned in a distraction osteogenesis nodel in

i mmat ur e rabidigased: Sevent een rabbits (9 control, 8 gi verpdigiobsopnat )
were exanined by Dual X-ray Absorbtionietry (DXA). There was a significant

increase in BMD in the pamidronate grup over controls. The nean areal BMD
(g/cn2) in the bone proximl and distal to the regenerate bone was

i ncreased by 40% and 39% respectively conpared to controls (p<0.05). The
BMVMD of the rSgemermefFibditgsne was i ncreased by a nean of 43% over controls

b the pam dy onat o cHECLD a gl 27 kg 30 b pdPRA il N bt BBE P o e
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Twenty ei ght.- old mal e NZWrabbits underwent tibial |engthening. After
4534

prenedi cat i M Ket ai mi ne, 15 %g and Xyl azi ne_ 4ng/ kg, anaesthesia
was admi ni st er edigiolegical epalysis of ping rabhils (Bepghpl ¢ pamidropatehn open
m d-tibi al devehledran increatecintastepblastic penhingrmd niinexatiedtionadfithe 30 and an

O thof g M n&ia¥ePinOhe WYaHiABRAL SabbiBIRde. | ?Hére(%#sr}gsf | FraadblRALT  PI NS
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di stract i onboffhadjad¢end tethewegeneradein tietrablitsgiven panidechatlays to al | ow t he

regenerate to coRgfdiciatethadZAmhAe itﬂm%fﬁg{i%‘%giﬂ’ﬂﬂ&%ﬁu%b&o /100 m 35

of - the ranBREEl Nor EURERER FedPh it stppas ety proociein.
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the end of asMGIof thefbgakithid bbde NPiftBei¥8dy toWRBAALd HRInfechhifRafNi MBI S Were
supplied w }ntl)preﬁlbeg 'of tlpeeéelggﬁeraatg %ft\é\l@écfnr:in?s%ation of pamidronate is required.
Example 2: Pamidronate in Distraction Osteogenesis (dose 1mg/kg)
Methods:
25 Experimental design
Twenty eight-week-old male NZW rabbits underwent tibial
lengthening. After premedication with IM Ketamine 15 mg/kg and Xylazine
4mg/kg, anaesthesia was administered with Halothane 2%, and Oxygen 1
Jmin. An open mid-tibial drill hole ostectomy was performed on each rabbit
30 and an Orthofix M-100 fixator was applied using four Orthofix 3 mm half
pins (Orthofix, Bussolengo, Italy). After a latency of 24 hours the tibia was
lengthened 0.375mm every 12 hours for 15 days, producing an 11.25 mm
distraction. The fixator was then left in situ for 27 days to allow the
regenerate to consolidate. Pamidronate 1.0 mg/kg diluted to 30mg/100 ml
35 was administered as a single intraoperative infusion over two hours to 10 of

the rabbits; 10 control animals were given saline infusions. Buprenorphine



libitum At 42 days the rabbits were sacrificed with IV Lethobarb 150ng/ kg.

Radi ogr ap Bone M neral Density Analysis 5 Both h vvere
di sarti curgﬁgg%rough the knee and the soft tissues | gﬁjmbéo{

limbs were oriented in standard AP apd lateral projections and pI a|n
radi ographs taken with a Sienens Multix H UPH configuration using digital
| um nescent cassettes with a 50 kV and 4 mA exposure with a tube to film’

di stance qjoslm; &raﬂmﬁﬁ@erédﬁtﬂié(b@ldbﬁfsmw&Qiﬁgal'hizﬂlﬁﬁrszb%t neasured from
each di ssect eqlr SB’eﬁta}é? T ﬁlals ggﬁf:ed watﬁjx ogbl?gguec[ “ﬁ]t%e re-scal ed

appropri at é’F enera I sarticul ated

bones wer élhtqﬂi! pftd2 dﬁysaﬂhle 1‘%‘871%5 W‘F@:ﬁ@l@‘lféﬁﬁd with Iy é*éﬂmbﬁl?bi W@nbﬁ/lﬁ rat ec
XCT- 960A pQCT Rediegrdplit dnd Bung Minesal Demsisy Amilysisec 15 Medi zi nt echni k

Grbh, Pf or zhei g%nqﬁL% Y'I%&alsrml nd E@Brﬁroﬁbh?ﬁéh\i@rﬁld t%@tsgft”ed 15 slices

in thd right ( ene ae a erated tibiae. Five
sl i ces werlisseggsf td%ftaat nede Himbs peere arienied in gtandard %WT‘&‘I‘ lateralji stal  bone, and
cor r espondirjgcidiismd plainvadijvgraphsadkenneithl b SiatheisavialtbnH{URH non-  oper at ed

limb. Quanti.b eavlgnﬁl i taqlmm&ffa&'c&sseﬁs%m@ \AFVtaPQ ;{ggongest 20

predictive po 8{ iﬂél ca rengt (r)P bone (Harp et
al ., 1994)exPafiEe ¥g t81 Sfance:p 13?5“%‘??6 ﬁél‘sé nSPebvestat a on bone
m nenal deisisitys was ngasuréd flbnrmclnduseaﬂedcspernmens()rmat eachl cross sectional

area (NunZldio %ﬁ)ﬁ cHaRl @é ROcHRAUpPISHialtdly FEREAUGALntS BRlSgehsateN ANl Y
nonent of |ne , and maXximimy co-ordinate (vertical distance from

25 the nedehgih- bend| ng plane in mm). Strain was cal cul ated for each
speci men by f ofhedlisarticulated bones-were 2fipred of elliseftitisowe gnd amalysedal di st ance

fr fm Celnt rRif)f a SBSEc XOT-9605p0) c;rl s@ﬁ‘ﬂiéf} aﬁﬂraﬁﬁﬁrsiﬁﬁﬁftﬁﬁf& tﬁiéi‘ilj at2 ZStrrm W
| Ly GOk BB LIRS, 2, S 0505
ver ti caI dibtainert d5fstiges indhe mhbflem;bgned) tibiae and 10 in the non-opelated
tibiae. Five slices were thus obtained in the regenerate, proximal and distal
bone, and corresponding areas to the proximal and distal bone in the non-
operated limb. Quantitative CT is the noninvasive method with the strongest
20 predictive power for the mechanical strength of newly formed bone (Harp et
al., 1994). The software allowed analysis and generation of data on bone
mineral density as mg/cm®, bone mineral content (mg) and cross sectional
area (mm?®). Data was also generated for mechanical analysis, namely
moment of inertia (mm®*), and maximum y co-ordinate (vertical distance from
25 the neutral bending plane in mm).
Strain was calculated for each specimen by formula 1:

Strain = 222

D= deflection
y= vertical distance from centre of mass
30 L= span length
Stress was calculated at 2 mm intervals along the central section of specimen
from formula 2: '

Stress= .11'!}_2 '-

M= moment at x



1= second nonent of inertia x = distance along bone fromleft roller 5 The
Young's nodul us of elasticity was calculated as the slope of the |I|inear
portion of tWROBIREss/strain curve for each "slice" or 2PEFAP®OESYal . The
mean Young's nodulus values for the control and treated groups at both the
central "=slice" and for averaged dat&%over the central 1 cmof regenerate
séction, were conpared using an unpaired two tailed t-test. 10 The area
under the stress stpgimn qusres ,for the central "slice" was cal culated for
the distracted tily 4T ®-&4ptrol and pam dronate groups. These were
again conpared with an unpaired two-tailed t test. Results: Reliable bone
formation occur r¥s vesticaldisignes ireceBle geWassal | tibiae 15 were clinically
and radi ogr aphi qal efondiiontnabf @epiad2. There was a significant increase in

bone m neral densit | | the regenerate in the
LR b el -

pam dronate grod were also significapt increases in
bone mitheral corkhenYoungisapedulpsofplastigity yeas &4 J‘ﬁt?ﬂﬁdhésg’d’éé’f 48] t hough thi s
was not st alingir matibly obibgsirbssisanain yve f@)eack Gslitkeot 2ngih hetaeedl.t i bi ae in the

pam dronate gro evxﬁ&ﬁ@&i’{eﬁhgmeg vAl8Es fob B cd A8 ad PTidat@l Houeki 0 6). The
hs that for 3t BRIEABACRRSEN atlb” ER iR grerares Gk ovardhR Gl AR BS was not
si gni fi cant regenémfecseetion, bedreveempaed natngdingnpajpsd twakaledddesteduced to only
(b s ekper  mant e xpiufler (eticd Sk corsdlr &5 Lol slick? whst DS o0 ¢ he
begi nni ng ogﬁfﬁr@tq%eﬁﬁﬂ%éﬁf%%%r@aﬁ%gﬁob%tﬂ%ﬂ?&?lg"é’ﬁitp i lfod\?gerﬂﬂ‘tlpﬁ' n peak | oad
at si x weekTheseasere@daipcomparedpoith an vopairetytwosksiledi t tast. previ ous experi nent,
oSt eopor 0Si Resilfs: oundi ng t he | engt heni ng was reduced. Al though not 30

marked as had odCUFPEIORh I paaP e TR Rt prcun o ALl o
experi Hent weeatlidcalln andyadiogrgphirally upited dt dayadZe Themewhn8r ease i n peak | oad
is li klel Yy t SighBicdieinkfRaDinbond GhifakE densiGRoLRAL Bnd Gstil®o 8d i N tcr eaf ed
Femai ned antRanerals e FEERopalo BolBrably 3. ThAe TR A pipufiage 1 1Y
PCT/ AU0O/ 00bmpeases)in haae ppainarahgontprt. fiespwas ads¥rincrenssin hone grfar ol s.
Conbi ni ng  Hits@iphapionatmt statisticalytsigoficar ¢hameral stinul ation may prove to
be begeticial; ’I%Q%ﬁ%ﬁ’cﬁfe?%ii . iﬁ%@ﬁ Rbndd r&%ss%}%ﬁ%o §ef’¥o{r | 1ncrease
early “osteoblasti¢c ptoliTeration a I ncreaSe bone m neral “content, while
t he peak load (p=0.004) (Fig 6). The pea load in the lengthened tibiae in the
pamidronate group was the same as that for the non-operated control tibiae.
Young's modulus was not significantly different between operated groups,
and was reduced to only about 309 of the value of the in tact tibiae (Fig 7).
25 Discussion:
In this experiment, a single dose of 1.0 mg/kg given to the rabbits at the
beginning of the lengthening produced significant improvement in peak load
at six weeks measured by four point bending. As in our previous experiment,
osteoporosis surrounding the lengthening was reduced. Although not
30 statistically significant, there was an increase in callus area, but not as
marked as had occurred in specimens from the group in the previous
experiment treated with 3.0 mg/kg of pamidronate.
The increase in peak load is likely to be due to both increased
regenerate volume and increased mineral content at six weeks. The fact that
35 modulus of elasticity remained unchanged with pamidronate indicates that

ol



5 mechani cal stinulation would accelerate callus maturation. TABLE |1
Conpari son @%@L@ bet ween Control and Pam dronate G oups_ Control

Pam dr onat e A SD Mean SD % i ncrease P val ue TOT BMC BS99 ¢ 6g
34.52 6.27 23%0.03 TOTI BMC Regan 26.13 10.70 30.47 6.67 17% NS TOI BMC
Dist 28.04 4.65 34.47 4.34 23%0.00421Total BMD Prox 585.53 69.61 650.73
47.06 11% 0.03 Total BMD Re en 530.06 77.61 575.03 62.12 8% NS Total BMD’
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open i d- t{Comphariden bf Disialbetwest GautoshandRPhmidpbnate Grougs t hof i ¥ M 100 fi xat or
usi ng fourl Othofix 3{nunCotadlf pilnsPfididuatel x| Bussol engo, Iftaly). The
left |owerf extremty \sisad ef [SDi n_{Mamt . |8Dt er  dg6limdresse VP eflu®4 hours t he

ti bi a was |[Ten@MEPes (. 323:90) evess 134.5kbur $.37r 14 28864603 pr dduci ng a t ot al
of 10.5 nTOT BMGRegauat|i 0126.1Fhe10.70{at 30.420 weis6Ahen [1GPNS n siltu for 28 days
to al | ow t[HET BMfthiet atle 126.08bnsb65|dat’e.47|The 63| nal s 248616004andoni sed such

t hat ei ght{Tetal BMD Proverc 5858t 88i61] 0rb58.78 qi 4%06| sal i Ma%WW3/ i rif usi ons

(contr ol s)[Totel BMD mria| S30:88) 7764 er576.03! . zol e@%diSit e _dver 20 minutes
at the ti r‘EotdeMD%’ ri' 65D e7%éRe 7398Fledr e aﬁ%wﬂaof ur tfher ei ght

ani mal s wgAmadroxen a gecdl@7 i 1) .28(0|_edh: te QO0%MP/ kg lon day 14
(re-dosed |Arsa®@dgmnat e). BAABend-Thi 4690 g3 ni stlered at the
end of surldmePidnd adai 46.88 hdif¥ pd887jopertid vel y 8HINS | adi mal s. The
animal s were supplied WO 01/13922 PCTI AUOQ 00982 22 with rabbit pellet and
wat er ad |jbitum, A 44 days the rabbits rificed, with IV Lethobarb
150n.g/ kg Bk e J: £,01edrona D AZISHLAGON L ISTE [ > U L1 ,.Lx.- _

10 Experimental Design
Twenty-four eight-week-old male NZW rabbits underwent tibial
lengthening. Similar rabbit models have been reported. After premedication -
with IM Ketamine 15 mg/kg and Xylazine 4mg/kg, anaesthesia was
administered with Halothane 2%, and Oxygen 1 l/min. After preparation of
15 the right lower extremity we performed an open mid-tibial drill hole
osteotomy and applied an Orthofix M-100 fixator using four Orthofix 3 mm
half pins (Orthofix, Bussolengo, Italy). The left lower extremity was left in
tact. After a latency of 24 hours the tibia was lengthened 0.375mm every 12
hours for 14 days, producing a total of 10.5 mm of distraction. The fixator
20 was then left in situ for 28 days to allow the regenerate to consolidate.
_ The animals were randomised such that eight animals were operated
on and given saline-only infusions {controls). eight animals were given 0.1
mg/kg zoledronate over 20 minutes at the time of surgery (single dose
zoledronate), and a further eight animals were given a second dose of
25 zoledronate 0.1 mg/kg on day 14 (re-dosed zoledronate).
Buprenorphine 0.05 mg/kg was administered at the end of surgery and
again 12 hours post operatively to all animals. The animals were supplied



Hone mi neral content (BMC) and density (BMD) neasurenents were 5 made at
two, four and six weeks using a total body dual energy x-ray densitoneter
(LUNAR DPX, BEME¥on Corps, Madi son, Wsconsin). DXA scRaTsUMSs2per f or med
with the tibia oriented in ajigin the ant ero-posterior (AP) projection,
using software specifically designed f&r measuring small aninmals (LUNAR
DPX, Small Ani mal Softvvare, 1. Cc LUNAR, Radi ation 10 Corps, Madison,
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were thus 35ambd§tamafnomth¢é>omegad@r attetalpfdneemieaaudmdnstam thwene, and
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co-ordinate (verdd. %Lllﬁxig,slt)&ﬂqﬁné 1S %?e o cuiate oug% t%e nee ' "
and the soft tissues left intact. The limbs were oriented in standard AP and

25 lateral projections and plain radiographs taken with a Siemens Multix H/UPH
configuration using digital luminescent cassettes with a 50 kV and 4 mA
exposure with a tube to film distance of 1.1 meters. A calibrated marker on
the film allowed the image to be re~scaled appropriately for measurements of
length in millimetres (mm).

30 To expand the analysis at six weeks the disarticulated bones were then
stripped of all soft tissues and analysed using a Stratec XCT-960A pQCT
scanner and analysis software (Stratec Medizintechnik Gmbh, Pforzheim,
Germany). Two millimetre slices were obtained, 15 slices in the right
(lengthened) tibiae and 10 in the non-operated tibige. Five slices were thus

35 obtained in the regenerate, proximal and distal bone, and corresponding
areas to the proximal and distal bone in the non-operated limb. The software



5 mMm). Results Exclusions One rabbit in the single dose zol edronate gr oup

di ed suddighéllggna gastrointestinal illness 9 days afteE,CfH %

rabbit in dosed group 10 had failure of distractiron an prenature
consol idation and was excl uded. Thl? | eft 8 rabbits in the control group
and seven rabbits in each of the $dronat e groups. Bone M neral Content
(BMC) The BMC as neasured by DXA was similar at two weeks in all groups 15
(Fig. 8). alld%ed akiabysi d’xﬂ@eﬂeﬂaﬁ@ﬁ%ﬁﬂ&taldhIiimieaﬁﬁalereﬂatbimty@s‘g/aﬂ t hree regions
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segnent (tmakiafiim j<o-dddinatelfvenizaldistanct fioin tefnentraBbénding plans ineeks f our
and six in_all 20 regions. This. was nost marked in control aninmals, nuch
reduc®d i ™ ﬂe si ngl e dose group and mnimal in the double dose group,
such that fesaffs treated groups had significantly increased BMC at six weeks
over controls. Exalhgodbfference bet ween singl e dose and redosed aninals for

BMC was si gni b&;ﬁ%ﬁblﬁﬁ ;@ ﬁ‘;%h{ﬁ%&\‘,&fgﬁ‘ le@&m&hg@ﬂasegrrents but
% i

not inthe 257Te enera m.neral accrual in

the regendgasireinjgslinakiline Hmealds B‘EW(? ﬁ‘ﬂélé?? SSAETHMR n t he
t r eatted arhaalefaﬁu(el-'dfghstmctlopaﬂd@tc}mam vesolidatéksant wasie®luddden al | groups

shed sone g Q?ef[f{s%@ésuntﬁé1éoﬁlﬂ/a? ﬁﬁé{d&%ﬁ&ﬂbﬁt@me@mﬁmhaol edronate group

(p<0.05 v Cq? E si ngl'e At six weeks the BMC as neasured
by QCT was? Rafe grpups gnificantly in aII regions in the zol edronate

treated ani nmal Bogpiinenal GMOMBMG)g. 10). The effect was enhanced in the
doubl e dose gr @4 BMG s Heaamé®bpDXA #vas Binsilhr at B96 eblein all goups r eveal ed

that jhe ?éf 16 B, RG53 r R e RSB o Z\&m b gt doub! e dose
e oparaded llwbth?@VW?fg( oeanthweeknoug i dignate\n 01/ 13922

signifi ca
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in the prd®FRFO-Ahd Hheze wes g I3l G hetwaep arae ‘E‘F‘iﬂggts"bllnasl ress
shi eladi ng refions. Thjs wasunosinharked & cmntrolcammals, much reduced in the

single dose group and minimal in the double dose group, such that both

treated groups had significantly increased BMC at six weeks over controls.

The difference between single dose and redosed animals for BMC was

significant at six weeks in the proximal and distal segments, but not in the

25 regenerate (p<0.01). _
The velocity of bone mineral accrual in the regenerate was

significantly higher between weeks 2 and 4 in the treated animals (Fig. 9,

p<0.01). Between weeks 4 and 6, when all groups shed some bone mineral,

this was least so in the redosed zoledronate group (p<0.05 v control, NS v

30 single dose).
At six weeks the BMC as measured by QCT was increased significantly
in all regions in the zoledronate treated animals (p<0.01, ANOVA) (Fig. 10).
The effect was enhanced in the double dose group in a dose-related fashion.
Post-hoc t-tests revealed that the differences between single dose versus
35 control and double dose versus single dose were both significant (p<0.05).
There was no significant change in the BMC in the non-operated tibiae.



the BMD of the regenerate in the zol edronate treated aninmals increased nore
rapidly, and was | argely maintained. The zol edronate served to protect the
proxi mal andwdioptssi2z regi ons fromthe effects of stress sIPCEAUPMEIBuUch t hat
the BMD was nmi ntai ned above two-week | evels at six weeks. Both

zol edronate 10 treated groups had areas BVD val ues significantly different
fromcontrols at both 4 and 6 weeks by DXA, but the single dosed and
redosed groups were _never significantly different fromeach other for
areal BMD. At si§°¥%@%"‘1“l’1930%%rretri c BMVD as neasured by QCT was increased
si.gni ficantly i nThé tontedigemsp BMDtihé¢he sigenkreteasantasereddy BRAnal s (p<0. 01, 15
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dose group and b &egletgw?/;{landc}se ?'elatg,(lf %&f?erggcseeiu the lengths of the non-operated
tibiae of the rabbits, such that the mean tibial length of the single
25 zoledronate group was reduced by 3% over controls and the re-dosed group
reduced by 7% (ANOVA p<0.01 Table Iff). The re-dosed zoledronate group
had significantly shorter operated right tibiae as well, but the regenerate
lengths were not different between the groups. These data suggest a small but
definite dose-related negative effect of zoledronate in longitudinal growth at
30 the physis.
Cross-sectional Area Measurements at six weeks
There was a significant dose-dependant increase in cross sectional area
in all regions in zoledronate treated animals as measured by QCT (p<0.01,
ANOVA). There was no effect at all on the cross sectional area of the non-
35 operated tibiae (Fig. 13). The most marked effect was seen in the regenerate,
with increases of 56% in the single dose group and 105% in the double dose



group (p=0.02 ANOVA). The difference between single dose zoI edronate and
controls wWggethgs ficant by post-hoc unpaired t test (pzQ % The further
rise in nmoment In the repeat dose group did not reach srﬁﬁﬂ" "@gme as the
10 variability was high (p=0.3). Incseases in nmoment of inertia in
surrounding regions ranged from57%to 180% Further study to exam ne the
mechani cal properties of the regenerate after adm nistration of
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ost eobl asafer adsainisitesion of Solpdronass is requireh| ast growth factor (bFGF).
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mechamcal environment. Unlike control tibiae, in which the BMD
progressively dropped, bone mineral was not shed in the bone surrounding
25 the osteotomy and distraction. Meanwhile new bone formed in a more
vigorous fashion than in controls, even though the bone was rigidly held in
the fixator.
Another possibility is that osteoclastic inhibition delays remodelling
until more than the usual amount of callus is formed. There is also the
30 possibility that the bisphosphonates are acting directly on ostecblasts,
perhaps through basic fibroblast growth factor (bFGF). Further study to try
and elucidate exactly which growth factors have been stimulated or inhibited
by bisphosphonate administration is required.
Of importance is the observation that the BMD was returned to the
35 value of the control non-operated limb and the increases in BMC were largely
due to increased amount of new bone of normal density. If the density to




in the treatnent of tunour-induced hypercal caemi a: a pool ed analysis." Proc
ASCO New Ol eans, May 2000 19, 209 (Abstract 814).. A single perioperative
10 dose in awmhinafzydrated trauna patient should be wel | roisvcovesl | f
there is concern about hydration the treatnent could be deferred until it
was adequate. This would reduce the tigeoretical possibility of
nephrotoxicity or nephrocalcinosis. In elective situations the
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section ar‘(i,%seiq% aé’ﬁqu%&r}%%gltvuél%ﬁt@lggél}] ui‘gg%‘é‘% ﬁt ‘?le .ed elfr:@f’ getai e failure has
been docunentagempheut hydrgtipsy thetreptmantepudd be defgaed patil ad"’ﬁsai lure in long
bones occur sadequetet This visild retince the thesietival gossibilith obsepliro@xitilgt oror si on t he
nonent of |n§é}h&%£ag§%%?portlonal to r4, or the square of the cross

sectional area. : |_ncr,eas§1 iaﬁ Cross sec ",%?' area of regenerate
thus transl ates [belegtivs sitatigns thejaquypisationef iVraledrgnategga fdhy i ncrease in
t he re-posedménae mfasjontpesoparativelit Shouldbe eadly and safelpathiefedi nertia. The 35

regenerate sgf th,d _increased also in proportion to the cross
sect i onal af%gﬁ{aa (Xq 1/,13922 PCT/ AUOCQ 00982 27 The effects seen in

this experiment HrtBe HgaUngPhysiciah popsideas thsdesponss s sigsler el ating to
pani dr onat e petiviperaive dbsesub-gigimdleonthe $eatmemicetrst ¢ hupwmiatlhe ani mal s for
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strategy WOUlddedhhyVLik@RRE gk tHefhelRitri atidh, appiOpHihteQRiBHbagyROSEd t O
physi ol ogi ¢ arlnuét%% g'n? t%sthg ggga?{v]:a Sitbts Oh longitudinal growth related to
bisphosphonate administration. This study showed a dose related negative
25 effect on longitudinal growth, although this was only 3% in single dose and
7% in re-dosed animals, it suggests that prolonged administration of
zoledronate in growing children may be ill-advised.
The increase in cross sectional area is an extremely significant benefit.
Regenerate failure has been documented to be largely in bending and fracture
30 failure in long bones occurs in either bending or torsion. In both bending
and torsion the moment of inertia is proportional to r*, or the square of the
cross sectional area. The 56% increase in cross sectional area of regenerate
thus translates to 111% increase in moment of inerlia. The 105% increase in
the re-dosed group equates to a 213% increase in moment of inertia. The
35 regenerate strength index was increased also in proportion to the cross
sectional area (Table IV).



t he bi sphosphonate wore off over tine. rather that renodelling in the
stress 10 shi el ded environnent of the fixator. Further studies to | ook at
t he behaviV@p/3®2 t he bone after fixator renoval are r cREWVAUSODOIFABLE || |
Ti bi al and Regenerate Lengths for Control, Zol edronate and Re-dosed

Zol edronate Group Control Zol edronag® 1 ZoI edronate 2 Nunber 8 7 7 Left
Ti bia Mean 98.00 95.14* 91.14* SD 1.41 2.48 2.79 Right Tibia Mean 107.75

107. 43 101. 57% 0 29 10.57 SD
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fracture t I or claim2 when used for pronoting
bone grO\Af%hglbgﬁm%éerféxab%rnrgﬂg’ﬁ’ arg gaousl{elqem s, bone fixation device or any

ot her bon&@.enLaLJ_mlLanL_A__A_dmg_sej_em_ecLi_mm_a_gmup. consi sti ng

of at | eapibislntdRezenAR DRSS fo? Conkiel) waﬂnﬁ% dndetd-désada fracture.

Zoledronate Group
Control Zoledronate 1 Zoledronate 2

Number 8 7 7
Left Tibia Mean 98.00 95.14* 91,14*

SD 1.41 2.48 2.79
Right Tibia Mean  107.75 107.43 101.57*

SD 2.12 4.08 3.21
Regenerate Mean  10.38 11.29 10.57

SD 1.30 1.50 1.90
* Denotes significantlv different bv ANOVA and post-hoc ugpaued t-test
TABLE IV
Regenerate Strength Index for Control, Zoledronate and Re-dosed
Zoledronate Group

Confrol Zoledronate 1 Zoledronate 2
RSI 2.09 3.26 4.49
% above control - 56% . 114%
15 It will be appreciated by persons skilled in the art that numerous

variations and/or modifications may be made to the invention as shown in
the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to
be considered in all respects as illustrative and not restrictive.




5. The drug of any one of the preceding clains wherein the bisphosphonate
I s Zol edronate. 6 The drug of any one of clains 1 to 4 wherein the

bi sphosphona¥@%/8922pani dronate. 15 7. The drug of any ondPCBAUSMeME?s 1 to 4
wherein the drug is a conbination of two or nore bisphosphonates. 8. Use
of a drug selected fromthe group congBsting of at |east one

bi sphosphonate for the manufacture of a nedi canent for pronoting bone
growt h. 20 3: .of the drug of claim8 for the pronotion of bone growth
at a fract ‘e. 10. Use of the drug of claim8 for the pronotion of
bone growt h et wadrugselesdedbiramd growp eensissisigof atilpastiane hisphesphangtesel ect ed
from a groupvieansesd forgogbtins bbeagowde 25 bi sphosphonate for the .
manuf act ur e ,of ' [ a fr ~aapne. (12, Use of the
drug of any zbnealg?%e%]{ugi%%ﬂ tlo Iiéf{\%%Eeir@??]l%fl}%ﬁg?Jﬁégglso“qggf@&m&w&?e. 13. Use

of the ®rugsBe any one of claims 8 to 11 wherein the drug is 30
Pani dr onat e 3. 14. Thésdrugof tlatin drorglaih Biliewis:dobr plodhdtingthdn@ gidwttherein the
O

drug is a | natsyl t R ' 0 t 1 A et hod for
treating a ?’rgac euraaeljéfq%ggltei,a %setﬁ%%ﬁgge ?%%ﬁ%t}l |é§€8&§aﬁl n's ebr".“ﬁg"%t 0 a subj ect
with a fractgPeyUBPABt a t herapeutically effective 35 amount of a drug

sel ected fram a Aydogsetsotsi fSémagradp adnsistiag bf arleastlons bixphphshoate. This
Sheet Ifas B Bq%%@ q“’-%ﬁléé#et& 4111111111111111111 14 3 WO 01113922
T

PCTI AUO0100 . ofd of claim15 wherein the drug is
adni ni stered to rug ohany-eneQf the preg 1@8@&@?%@%’@8 met hod of claim 16

wher ei n t hebisphgéphodateds Bbledrangtd. s admi ni stered at an early stage of
treatment of therd itk uf £sf G clamb 1o HneTBi A0 bRRELAHRL D, Wher ei N the

node of adm’Pnls r at Is"as a perioperative Intravenous I nfusion. 19. The
met hod of cF&MA'?BI G herein the node of administration is oral. 20. The
met hodt®f cPai mTie debg pbany diecofmbadms dfto ddmbereimt the dirggisiascombitatims der mal .

of two or more bisphosphonates.
8.  Use of a drug selected from the group consisting of at least one
bisphosphonate for the manufacture of a medicament for promoting bone
growth.
20 9.  Use of the drug of claim 8 for the promotion of bone growth ata
fracture site.
10.  Use of the drug of claim 8 for the promotion of bone growth betwsen a
bone and a prosthesis.
11.  Use of a drug selected from a group consisting of at least one
25 bisphosphonate for the manufacture of a medicament for treating a fractured
bone.
12.  Use of the drug of any one of claims 8 to 11 wherein the drug is
Zoledronate.
13.  Use of the drug of any one of claims 8 to 11 wherein the drug is
30 Pamidronate.
14.  Use of the drug of any one of claims 8 to 11 wherein the drug is a
combination of two or more bisphosphonates.
15. A method for treating a fractured bone, the method including
administering to a subject with a fractured bone a therapeutically effective
35 ‘amount of a drug selected from a group consisting of at least one
bisphosphonate.
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10 21. A nethod for treating a fractured bone, the nethod including the
steps O._(a mnistering to a subject with a fractu
therapeuti‘géf’%lg}%geffective anount of a drug sel ected fr%ﬁgﬁp@@g’ﬂg
consisting of at |east one bisphosphonate; and 15 (b) providing a
vibratory stinmulus to the fractured tbne. 22. The method of claim 21
wherein the vibratory stimulus is provided by wultrasound stinulation or
vibration 4t i ngf,@hiePhba ofZtaim TEwhBieh? theddruglishdhihistoledab@hen 22 wherein the
vibratory stinulus . |i2§c udes periodically providing a vibratory stinulus at
t he resondHPIeshas s g ®of the bone. 24. The method of claim 23 wherein -
the resonam fTheuowthod ¢fclaint thiwherein thessingle dees ofolrugis t he bone's vibratory

response tgnlilRstbdhPuPEPithga bfUseathent difthe LRSS Bdneany one of clainms 21

to 24_wherein e vi.bratorv. | Ul WS .l S PLOV) . . tage in the
treat frent ttﬁe fl}eélg‘f‘ﬁ?fgcamgbﬁgewﬁg’fé‘% %e.m%%%o#re %‘?%a?mgﬁ%g%%e gf claims 21
to 24 wherperiopetative intpavehonsy ifasdehg a vibratory stinulus is concurrent wth
'[2?e 'Sl'hep quhad’lrh?hml fd oRELl@im 1$1ﬁhatmutﬂecmbﬂwoeéchﬁirﬁétt&ioaﬁnum. of the drug.

: e o] C : . V. : 4 is provided and
t he t herapeut ?'Eﬁ? Pﬁ’et@%@?}é@%ﬁ%ﬁﬁge %‘Eg@éfr)%%ﬁllﬁlgg a r%ﬂﬁf'st elroed at an 30
early stad@ﬂsﬁemllﬁ!- treatnent of a fractured bone. 28. The nethod of claim
24 wher ei 1t heAvhéthad dontreitingal frsctared jhonw, the dnethodlinchelihg dieagtepst i cal | y
effective Jmount of at |least one drug fromthe class of bisphosphonates is
adm ni stered at a_late sta in the

ate stage | treatment .of a fractured,, bone. This
Sheet Has Been(aRapmigigigring %‘i’ aspojpetit P?fPC“FPd B—Qn? a therppeytically | 111111 ME
S effective amount of a drug selected from a group consisting of at least one
bisphosphonate; and
15 (b) providing a vibratory stimulus to the fractured bone.

22. The method of claim 21 wherein the vibratory stimulus is provided by
ultrasound stimulation or vibration stimulation.

23. The method of claim 21 or claim 22 wherein the vibratory stimulus
includes periodically providing a vibratory stimulus at the resonant

20 frequency of the bone.

24. The method of claim 23 wherein the resonant frequency is calculated
as a function of the bone's vibratory response to the vibratory stimulus.

25. The method of any one of claims 21 to 24 wherein the vibratory
stimulus is provided at a late stage in the treatment of the fractured bone.

25 26. The method of any one of claims 21 to 24 wherein the step of
providing a vibratory stimulus is concurrent with the step of administering a
therapeutically effective amount of the drug.

27. The method of claim 26 wherein the vibratory stimulus is provided
and the therapeutically effective amount of the drug is administered at an

30 early stage in the treatment of a fractured bone.

28. The method of claim 24 wherein the vibratory stimulus is provided
and the therapeutically effective amount of at least one drug from the class of
bisphosphonates is administered at a late stage in the treatment of a fractured
bone.
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