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The bisphosphonate etidronate, was first trialed for the treatment of

primary osteoporosis 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 treatiment and



t hese di sorders has centred around the safety of continuing such treatnent
followng a reveal ed fracture. Many of these studies hqi{% Lound g&at

bi sphosphonat es have no adverse effects on the restoratPoff pfary g4

mechani cal integrity of a long bone after fracture or on fracture healing

(see. for exanple. 20 Goodship et al “Use of a bi sphosphonat e (pam dronat e)
to nodul ate fracture repair in ovine bone" Am Oncol 1994: 5 Suppl 7:S53-5:
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Al t hough tVi&ab %“bfhetﬁ“%‘b%&?é‘t?dﬁr?étpéét“r“ﬁlqﬂﬁés M@H‘i’b‘?ﬁ‘? E’dl ‘FﬂPOZ’S ot her
di sor der s fosthsalske di@hm&hhgdm theheeatnrendef othadiswdeissaffectihp boakng

unr avel | e(fzasAgsoaD(ecgﬁllé \%el i(pgiv full therapeuti c potential is gradually

bei ng real s Russel | et al._ "Bisphosphonates: fromthe
| abor@t ory to Berave¢ bisphosplipusdesaragapable grehibygues bene regrption7- 106) . The

present '@M@ﬂiﬂe%e@%@‘éﬂ@@ﬁvéﬂlﬁé@é‘ﬁdrﬁﬁ hes frhugétzzeralebnm\beﬂs and 30 i nportant
i ndi cation i st Description of the

t
| nventi on fﬁ%?cgﬁursg?béf%%rff'ise‘{ﬁ%uepp%g%mr Pﬁ\%@lﬁg?}a gsn%l ¥ in a drug
sel ect ed tfypencalcgemipormaligsanayart metastaisboumdiskassfhospaotiat e when used

for promoig 1n&c9r;r3rt%rv@t\rvtms 1?& Brgﬁaegvaﬁz}zmarmm QYg ISy ot ed at a

fracture S|te er m)re b egwsa dheg one %ro n~fh i s pronoted
bet wen aSHBRB:18A8-1858}F oLheeB e also gelcubtgaley 1830a treaBeRt 44 xat i on devi ce
or any ot hﬁﬂnplmey@lbndaebtalst l:amnieamﬁetaétas’leseamiemmgeasneczmpetﬂaetapr esent

nventi on CONSiathRs duraBleAFEIpLEANLA AR, cPRRlebigaaL o |east

one bi sphosphona]t a fra a preferred
embodi nenEven Wéleeﬁfjgct@feseﬁrﬁﬁépldeﬁeh@wﬂ%@l dheir Hek obpemransgdet is the

bi SphOSthfh@ﬁﬁxc%ﬁbQﬂEﬁ@?édebymbﬁrefséﬂdehﬁTSulath%rﬁeﬁ QIB)QG ﬁaﬂ!y the drug of
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' ConSI st nlglravelﬁad l./gsaa res%li]te ﬂ?él? ?&?ﬁ?erapeuhc 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 bone growth is promoted between a bone and a prosthesis.




Preferably, the drug is adm nistered to the subject as a single dose. It is
further preferred that the single dose of drug is adm 33:[ red gro ?n early
stage of treatnent of the fractured bone. In a sixth a b rugry B\esent
invention consists in a method for 30 treating a fractured bone. the nethod
including the steps of: (a) administeging to a subject with a fractured
bone a therapeutically effective anount of a drug selected froma group
consisting of at |east one bisphosphonate: and (b) providing a vibratory
stimul us bont hean‘lasxadwrcedn hapethadoderalentd iarad ment s di scl ose that the

use of a dr ug S hos onat es.i,n o} ne growth or
treating a fractur bl aﬁé&ﬁ th%én%eﬁ darst %bﬁonsé‘eptfﬂ”? é‘ﬁﬁ%s? g“&%l cli ni cal
al ternati {res 4 eroum\tagmglgapffaﬁ drsstioed bisphespharate fvigot usedSontreatimgst

appropri agel¥tyrgnaged by sinply applying a pl aster cast to the site at

whi ch the fragture has occg ({ed atglgadglowln bone to heal whil st
splifted in tHAE RE&{EIGpRbedimenty g gt} 1é’q Terférst Rethpasacend to rest: 5
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pot ent i nhi bi nor furtereshisaiinaat, ithe donepins s dopt igestvt beweahd i n the
preventi ggnggnﬁﬁtﬁgmgggl s. and therefore decrease di suse osteoporosis
associ at e nj ur and they may al so significantly decrease the
length of tink® aoueH 1@Ss}wt?él%%plreéentamﬁfﬁat;purcenslétsrielathe usgobedimg to this
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di sci ose iaﬁl?l%ad%ree Si glcgﬁ‘fn?ﬁorg\tﬁaéwgb? gﬂﬁ%ﬁcﬂgﬂ%‘? ‘es may be indicated in
fracture car énlarfeﬂthldep%qt thepsesent i vestiomeemisiggs hewnethed ffor treettingn i n
di stract h%cﬂﬁé@ggﬁéﬁﬁbﬁnetﬁ@a uﬁﬂﬁﬁnggit?%{lﬁﬁ&'eﬂﬂg(tgé s%g}%%t Wigpsport 30 (i)

| ncr easi ﬁg ot one formation open reduction (iii)
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- fixati ongroup con51st1ng 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:

(2) 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 stimulus 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




(iv) Increasing new bone formation in fractures treated by 35 external
fixation (v) Delayed union 5 16 February 2004 (vi) |gprovin ability
of bone to support internal fixation devices in osteopgpégpguﬁXE@Q?duals or
in locally osteoporotic bone segnents (vii) Treating fractures in which
there are potential inpedinents to unconplicated healing, for exanple: (a)
Fractures in the elderly including: netk of fenur; supracondylar fenur;
tibia; ankle; humerus; and the distal radius (note that this list nmerely

rovi des exanples,,. a t he of..bi sphosphanat es_accordi ng to thi
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fatigue fr@getsiear (iclPaihRhadreBhs béAattH &nd dllowsaPieishiferdaiadre - _ (e)

Open fracture (fj. Fracture with periosteal . disruption (viji) Treating
Fact ur os Whis sehigthd & el maisbt frechiues pioubl BRUGRDY Prisdua e

non- oper atsiousd fyactficas papmgujuére therappéicafioaof arresge bof dirgical r act ures; and
fractures .of. . . §.Q0 I r Lwents al so

di scl ose éﬁ%&%g%&gf 5%@@?%‘*?2’%5 riegglf%gﬁrgﬁgﬁ}eggl llgg}agg@&qu osphonates in
or t hopaedicenphiviiQiupethe latiesiave alderpadivasinf nrtbeanpisgappi gHewMETes to

i ncrease iaRgHdAidn.ofs digNEsedniboveOihetsté e BF penBig dir0SbRAGKSstiraathscoat i ng
joint pro tt(nlgsh% tWl t% b'ethOZaﬁ)sho nat. es tg enhé‘ﬂcﬁ tiheu Ilse%tltleer R 'ltlloned
i ngrowt h 3? F iIRFiETEd Rape gy gfso g de f%??é?)f? SHOUT A8t 8ducé The effects
~of peri pevet dfcthese. oot lhtishbizlternabvesisfareichosempicaneanaging de so coat ed
as an al t @5Ralky $one! thehréddi inRhtich &R8lds8gt ddmiydrariAbRitiba&tor sone
ot her ost eoi d‘cl;&(*:r}'fl ve .coati ng. .Orle E eferred enbodi nent di scloses that the
drug chos@hedrasirehethe Qgsg‘ Cgfb”f}??ﬁ é@ﬁﬁ@ﬁé‘? e patiettar rying out this
i nvention is PHmerdnoaabe sevindtdieantages ¢o nethgarttieat onatdrdg fohodes t hat t he
drug chos i I referred
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enbodi nmen . bi'sphosphonat es, In additron ere no
advelkse i Atecdiaeioseshil gisidesgble Cifﬁalég%-aN@é?ﬂhﬁlﬁ%,oﬁf@aﬁa}ﬁ‘ﬂ Bhate or
Zol edr onawegll nowabgdogse Cleal, it is Resrthivhilb asphgnaiesof theliticke, gehetalar e not
limted t endr. t i { r .l rqpnat e and
| ncadr onag %Yé?illf?éégufﬁlﬁetﬁ ¢ B{rﬂe‘g% gﬁ@%é@%@’@gt‘?‘g%@ggnﬁr u&gi {smadm' nistered to
a 16 Fédiowing: piphopphianates can dimnlnie esieeblast prolifenedioarmsddi ment, it is

pr ef er r edjichgdse (CABuS EonRtt D¢ BldyOareQlisd PStedt UthiBREMIST R&dclastidbong t he
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addi ti Qn%iégﬂﬁgﬁﬂmc%s@g{@ l@h%ﬁ'%pﬁim_%%ﬁﬁﬁ iPRRBYor alifhchiteSogeRRdI ment, it
is envisaged that g response to. the fiyst dose woul gw%f assessed before
admi ni st er i ng AAGAT18 A2 fhig hrention, the FirpumSianges i, red embodi ments) the
nmode of ablisphosphioat iesmrerayplimbées tathpananpgemadiitve frastumey arofas i nf usi on,
oralky, t der : j a course of an
or aI2|5 bi s p{?ggﬁl?}gh g? Jtiaééréag E%fg%%? gggo rﬁ_‘g g&%#%ﬁ%ﬁ(&a&# (r%é% %{fl\%&%%lst lgr native

embodi menwhicabisplzosphobates srayelr ingherted in frmaturgrare mcliwde gastabl e nodes of
admi ni strati of)f olndre&sidg How e forMERSn 9h daifdtonidsaddgenesnaist , of course
be pl ausi bl e, con rgrent1 ﬁﬁ}g ﬁrovi de the patient with a therapeutically

ef fective dose fottTeatl Shtiieor pronoting healing of the fractured bone.
The present i nventb)dong tsasgpstcl oses that in sone enbodi ments, it is
pregegrabl e to@ddifdeqahd ¥eRRIng BrivbB6REQMMcBifkiUbARALY ddea fractured
bone. The vi brat orﬁy Stﬁl nmul us may be provided by ultrasound stimulation and
vi bration stinul af ddlr? °8r any ot her nechani sm and/or device capabl e of
provi di ng vi bfiai ofnycredsimgihew ibome formsvom i fsotiraeheatedtbive vi brat ory
stimulus may be appldgdidlarafkafibgquency which is considered to be
effective in r eat ment 'O&P&a fractur eﬁypon erred enbodi nent s,

he R e. In aprﬁiD
however, the SVEplHSFE3siRRMRAY RGNS IARLRH Iy Iraciured Beatt R OVudes periodical |y

pro%s di ng a vi br agxaesnad fixauibms at the resonant frequency of the bone, said
r esonant freqHﬁ”CﬁSeﬂ%&‘gnfﬁ' culated as a function of the bone's vibratory




response to 16 February 2004 the vibratory stinmulus. In order to have

this achieved. this step may be broken down into the fqllow n onents:
(a) providing a vibratory stinulus to_the fractured boag:ﬁgﬁﬂ%gﬁg&i ng the

vi bratory response of the bone to the vibratory 5 stinmulus: (c) generating
a signal representative of the vibratory response: (d) processing the
signal to identify at |east, one.resqnant frequency of the bone: and (e)
provi ding a si gidl Fprawngdhe ?ﬁ’é‘%"ggaf’%ﬁ?%w%l‘%m% fpaboBone such 10
that it is at. or appvizes imbsteopbmetiodndiidailsloeas locally dsespaadtic f r equency.
Whet her or not the %toflﬁ’s«?% Qﬁt(gvi ding a vibz~atory stinulus to the fractured
bone is utilised, prererr a efbodi ments di sclose that at |east one

bi sphosphouat e (¥HbUirgating Haetuses istwhisd thera are prentaltimpediments tohe cour se

?f t{eat mrslntl. Ilg t Ringof@UidEfd }ggaiﬁlg,rﬁﬂtexg_ﬂﬁ)@? anflhdi ffelrent htypesfo{h
racture hea at varying rates. ~Accor.di ngly. e early phase o e
course depends upo )suééc\?‘g}eﬁ% ?é? é‘léﬁlﬁﬁ%hﬁl%tqeﬁkiogfﬁf@ﬂr?a bi sphosphouat e
at Is'quh a?' earI]}/ st?gesxjk;aeccmdybsﬂ feimer; abi@@hk%ahhh@r_ﬁg;iam@?i on agd t
proliferation of osteo : er e _provisi.on of a vibratory
stinulus is utilised, ?’tsg’alﬁ?%Pg%&ggﬁg%%ﬁséﬁwﬁxI?r%‘flfiiﬁuI us be provided
later in the course ofexamplieseand theiuseof bispirmspbanates acuordigiton wil |l assi st

in the maturation of tg tiBg i L ferred
enbodi ment however: bot&)?; ?ﬁghgd%dih?ﬁ%?&%inllénhr%?hgﬁg?w%gfg%%uate and the

S
provi sion of a vi brat oSS RSOy ObRRY Pthes dTagtyrgs, fgét}é’éur se of
treatnment. |n alternatmattepibpdoplerdfsll 4deey may be used at 25 opposite

times. they nmay be @ggﬁ_gﬁg@%%g%fagféutgﬁ » both be delivered in the |ater

stages of treatnent nsi 0 De nost appropriate. Brief
Description of the O Rathelog®pl (tagtus¢ exanpl e. preferred enbodi ments of the
invention are descr(dpestaphbid fr&ft@rence to the acconpanying drawings in _
which: 30 Fig. 1 shosz t he generic formula for bisphosphonates. Fig. 2 is a
graph from exanpl e ) (PPISFAG % g t he differences in Bone M neral Density
(BVMD) at the regendfjatiractoce afth paddsteridisraphiopr oxi mal and distal the

w h non- | engt kel Fne rePhaKe i gy FERLOIERES LEUmRANNUbITREE' (0 Pl
BMVD at the regenertstated ppntoperafivelip for example: famemhfmeresgdjal Fig. 3 is a
graph from exanpl &rdethtelsUgid Abéfed SethdifbbeafDgRle! N BMVD at
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
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
coating.
One preferred embodiment discloses that the drug chosen from the
class of bisphosphonates for carrying out this invention is Pamidronate.
Another preferred embodiment discloses that the drug chosen from the
group is Zoledronate. However, in further preferred embodiments, other
bisphosphonates may be used in addition (where no adverse interaction
results), or as an alternative, to Pamidronate or Zoledronate. Examples of
further bisphosphonates include, but are not limited to, Alendronate,
Tiludronate, Risedronate, Ibandronate and Incadronate.
In further preferred embodiments, the drug is administered to a
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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 vibratory stimulus at the resonant frequency of the bone, said
resonant frequency being calculated as a function of the bone's vibratory
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In preferred enbodi nents. zol edronate or pam dronate and/or another 5 drug
fromthe class of bisphosphonates is used for the nmanu
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The device can incorporate a timer that allows the tinme of operation of 30
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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.




5 Each of the follow ng exanples relates to the adm ni stration of a
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35 and half enbedded in paraffin blocks yielding six blocks per rabbit.
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non- operatﬁéullrrbg at six weeks (p=0.332 proxinmal. p=0.256 distal) (Figure
3). The s& "é YL was seen on the Iat eral scans. Figure 4 conpares the
BMD from AP scEhe vibiratitus opatedeced by abdetector A 3bBihe detfioteml Ieaiudr onat e
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35 groups wWas not srgni can ts are conpared in
Tabl e 1. vmeom@salaﬁuméaﬂb”a@@ YHDE peeans dhat dajereings dhepeak of 22rb in the

16 Fabr uaayce2&@fiodmeltitydisipladahiengsfoie Home@idSb. determines the
resonant frequency of the bone. In another embodiment. the computer can
display either numerically and/or graphically the measured characteristics of

the vibratory response to allow manual determination of 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
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inthis studc?/ ggﬁg an increa £ in bone formation. as well as a decrease
in bone YYYKYIE P HPORPRY R HE admi ni stration of palllidronate. This was
found particularly in the endosteal 25 region of the bone surrounding the
| engthening as well as in the regenerate. and was nore obvious in the
operated |l eg. Other studies have recently suggested that bisphosphonates

i nfluence cells of osteoblastic lineage in a fashion distinct fromtheir
inhibitory effects on osteoclasts (Gulialli et al. "Bi sphosphonates
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As panlidronate increased the bone form ng capacity of the regenerate. it
is possible that it's use slay increase the risk of pr re
consolidation. 35 The length of the regenerate was dec?gg§g'é|’a5¥280‘}'rean of
0.8 nIm(8% in the rabbits given pam dronate. Wile this small anmount is
not alarm ng. the 16 February Z004 18 Summary of Findings: The effect of
a single 3 ng / kg dose of pamidronate (Novartis) on Bone Mneral Density
(BVD) was examj B ? in.a g ractiq osteog‘ﬁaesis nodel in inmature rabbits.
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di sarti cdlamedegtdihged)to 8tmgkoeml aved dcdhrirdstbted as a single intraoperative

infusion over two hours to 10 of the rabbits; 10 control animals were given

X

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 H/UPH
configuration using digital luminescent cassettes with a 50 kV and 4 mA




tissues left intact. The linbs were oriented in standard AP and | at er al

projections and plain radi ographs taken with a Si enens
configuration using digital |um nescent cassettes wt h1gw§érwyg.y§b~ mA

exposure with a tube to filmdistance of 1.1 neters. The distance between
10 pin sites was nmeasured from each dissected specinen so that each

radi ograph coul d be re-scal ed approprBately for neasurenents of regenerate
| engt h. The di sarticul ated bones were stripped of all soft tissue and
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e_S
meal? YouH@“%J] nbY$qidh %éﬁ\@asw@wrﬁ%ymwfmxnamm@rl@eae@an@a@h.p@amt both the
central wesd 3.6, 4mdnacsr7%wegmﬁdega(tfﬁnﬁ\p%x1hmt@amtél I 1 cm of regenerate

section. wer %Ze(éloni%?ﬁﬁﬂ) iReasdreilents Rekre ogtamed Ey pllacqng reglons of
interest” (ROI's) 9.6 mm high on the scan images. For each lengthened tibia.
one ROI was positioned in the regenerate, one proximal to it and one distal to
20 it. In the non-operated tibia. two ROI's were placed so that they matched the
distal and proximal ROI of the lengthened tibia (ie the same distance from
the bone ends). A total of three measurements were thus generated for each
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 haematoxvlin and




10 The area under the stress strain curves for the central "slice" was _
calculated for the distracted tibiae in both control qg gsnldrgp@é

groups. These were again conpared with an unpaired two 3 t.

Resul fs: Reliable bone formation occurred in the distraction gap. A

tibiae 15 were clinically and radi ographically united at day 42. There was
a significant increase in bone mnerd4 density proximal and distal to the
regenerate in the panidronate group (Table II) There were al so significant

i ncreases in bﬁ&ﬁ u('? ng tcontent 12?1 W? ﬁfcr ease in bone area.
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Ost eo~enesi s 1(,9,9&? i Met hods 10 Experinmental Design Twenty-four
ei ght -week-old ma g Wag%lts nderwen

The reduction in BMD in t € proxima andbcixstal 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




| engt hening. Simlar rabbit nodels have been reported. After preneditation
with IMKetaniine 15 n ig/kg and Xyl azi ne 4ng/ kg. anae [

adnuni stered with Hal othane 2% and Oxygen 1 1/mn. Af ?éﬁg’?@%ﬁ?ﬂon of 15
the right ower extrenuty we perfornmed an open md-tibial drill hole
osteotonly and applied an Orthofix MléLOO fixator using four Orthofix 3 nun
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bi sphosphonate " 5. The.drug Zo] edronate when used for pronoting new bone
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15 ‘Medizintechnik Gmbh, Pforzheim. Germany). Two millimetre slices were
obtained. 15 slices in the right (lengthened) tibiae and 10 in the non-operated
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 (iInm*), 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 = -I—Z—Dl
12
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= M‘—
!

M= moment at x




16 February 2004 29 administered at an early stage of treat rrent of the
fractured bone. 17. The nethod of claim 14 wherein the gtrl')_.dg 4

adm nistration is as a perioperative intravenous inf usf T?ry?ﬂg met hod
of claim 14 wherein the node of adm nistration is oral. 5 19. The method of
claim 14 wherein the node of adninist30ation is transdermal. 20. A nethod of
treating a fractured bone, the nethod including the steps of: (a)
adm.nistering to g, spbj ect; with a fractured bone a therapeutically 10
effecti ve anount 6f—ard drgg-(sel€dted fromthe group consisting of at |east
one bi sphosphonate,2 and @b) providing a vibratory stinulus to the fractured
bone. 21. The )imbhﬂctabﬂméxajerfn@ﬂ ashéreeifmadse vi bratory stinmulus is provided
by ul trasound stl Eg ﬂex‘?{ofvl Brion stimulation. s5 22. The nethod of
claim20 or claifh the Vi bratory stinulus includes periodically
provi ding a V|\b=|=a:h@tlﬁyc%@lqirlﬂlhi’éleaffomﬁéﬁﬁ@’%%rnant frequency of the bone. 23.
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function of t one [ e3RaNS 0.. 1 i mulus. 20 24.
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effectlve i in the
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treat ment” fromthe group
consi st i nbEhese ware [agakk CIRRATB é’b‘ﬁ}béﬁﬁ’é’li’éiré whwertategltesbr  pronmt i ng new bone
formati orpadyl@: fracture 30 site in an individual suffering from del ayed
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fracture site erin rom ono a fracture, the
met hod imzémd:lmgcaékvmx adewgraghmellym@xtgdmté@yélé t%rwéam cally effective

amount  ofg %uﬂEMQ i5eldast §dbbhoMihbRI1 d6RBy 9@3@11151 m:gdi@ialab theast one
bi sphospho
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time of dncmeses.in bonkGnimaluamyerR0(Phere was a 13% increase in bone area.
although this was not statistically significant (p=0.2).

20 The lengthened tibiae in the pamidronate group were 32% stronger for
peak load (p=0.004) (Fig 6). The peak 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 30% 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




30 30. The nmethod of claim29 wherein a further parenteral dose of the at

| east one bi sphosphonate is adm ni stered about four to six,week fter the
initial dose. 31. The method of claim 29 wherein furthé‘? %’tbé'l'aréf?ggg of the
at | east one 5 bisphosphonate are adm nistered in a daily or second daily
regi men comrenci ng about four to six weeks after the initial dose for a
period of about two nonths or until s%fi ci ent new bone has been forned.
32. A nethod of pronoting new bone formation in a subject, the nethod
including the steps of surgically perform ng the procedure of distraction

10 OSteogQH@?bﬁeﬂ l?bdﬂ? Hio?%%ﬂdtﬂga ibfﬁntiEQ:o'iﬁMlﬁ%o@ggﬁH hsel eﬂ] eg f][omlt_he
group consi.sting of a ast. ong . bjsphosphonate. . _The od of claim
32 wherei lﬁmjéjsg]t’O’Faéﬁi’ieagﬁﬁntb‘?lkd;e)ﬂlc?gbﬁ’g‘ﬁa{s gt”?‘ggg(’(‘]’ﬁilﬂ?%f’@v&fg‘&ﬁrenteral ly as
a singl e desefiaitl:ahe hepothekis beimgthaft theibipphyspldhateTwd] metrbasxt edfrlycl ai m 33
wherein a r . Of ot : I one:hi,sphosphonate is
admi ni st er g%oépdsh(é%@?a %‘ﬁ{aﬁeﬁgpgﬁlg e ?xsef} {rlg%'?%locﬁﬂgetlelrti %gllgrtﬁgp to three
mont s af f¥achapical pilpuigticaoweuldarcelaiatergal isdnuarrationi m 33 wherein furt her
oral dosega®LEme at | east one bi sphosphonate are adm nistered in a daily,

second dgicoyn R iris¥atii Dath $etWER Caktroll Bfd Paull@fbrdile Bréups 3> WNefein the

regi men QOITETICES  aboyt  OREkd 20t MR gL S prter the | mtTal parenteral
dose for @ periodof Mé}a t—t TOTIAT UrS il 4 NSENTE valae
IS Y] TR RS Y A LI TR NS 7
oy VDR alTPTEMERREe 171 OE L3N APy gy T weol ~ O RINS YT v cal ca
V] ca]pca\/] Or ] st [y 2804) " S6el - dadar e il 2 de0noe Y
e #zupkft? BMD, 'rf\"gl, 281291 enl-2nte ealé: Lai I\\':::?l%dﬂq’% ealca] ca] ca] cal ¢
a] ca] ca] ¢ Q%LQW%&%%/\'. 30,0 naﬁ@u qﬂscv #eOpar v o< O RERERINGE /] 16666678k8
K- Total BMD Dist 79. ) . 60.07 7
<t ==@aoB[A¥PR 1 caledlcallc?al c B2l cal £4tlcal cal®% }ealica] ca] ca] ca] c
a]ca]ca] -'Z-; Ce BlUpE EEE8 : """!!@JLLP*R;
R>RU: WMAATER ML kf*ﬁt- ﬁl} &k | .a} r§;313(7 ] r‘n?-ﬁ ] ra]rnq%'a S~n] ol ] Ca] Ca] CaU] ca
] ca] ca] ca] ca] ca] cMa] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca! " cc9c<cce f
fSfiiii+ o oy R . .
y=ycz7{ B o-{vdtrar vk ar oo cavy car cavrearecateal carcarcarcaV] cal ca] cal cau
] ca] caV] dMebthwdscaV] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca O-a~2
+5WASPXVKPzt o@b;@h{e@&&jpgg{gﬁa] ca] ca] ca] caV] ca] ca] caV] caV] ca] ca] ca] ca] ca] ca
] caV] ca] caV]c }qua al. ca ca% a%) U%\ a}}J c%bjc\:a] C \/g‘?a _
QYLj >Gy3} xr rrg% gé'f‘?ﬂ!i]eé 4 eéfi E‘ﬁ‘é} Eea gﬂéf ts ARy K ik 4 caV] ca] ca] cau
] ca] caU] dehgthching] SaMliaanpbit|moddls Avye bfemtdpraieda)After premedication
P by) (AL EVLEN sadheahe d9teabe dalnl salarlanl eakoal cal cal cal cal cav
] ca] ca] cal.ca] ca cg c_ah %? . .
administered wit othane 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 surgerv (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
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(“Fine” collimation, sample size of 0.6 x 1.2 mm. and sample interval of 1/16
seconds).

Regional BMC and BMD measurements were obtained by placing
“regions of interest” (ROI's) 9.6 mm high on the scan images. For each
lengthened tibia, one ROI was positioned in the regenerate. one proximal to
it and one distal to it. In the non-operated tibia, two ROI's were placed so
that they matched the distal and proximal ROI of the lengthened tibia (ie the
same distance from the bone ends). A total of three measurements are thus
generated for each lengthened tibia and two measurements for each non-
operated tibia. BMC values were expressed in grams (g) and BMD values
expressed as g/cm® and group data reported as mean. standard deviation and
95% confidence intervals.

After culling. both hind limbs were disarticulated through the knee
and the soft tissues left intact. The limbs were oriented in standard AP and
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 measurerhents of
length in millimetres (mm).

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 analvsis software (Stratec Medizintechnik Gmbh. Pforzheim.
Germany). Two millimetre slices were obtained. 15 slices in the right
(lengthened) tibiae and 10 in the non-operated 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. The software
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Results

Exclusions
One rabbit in the single dose zoledronate group died suddenly of a

gastrointestinal illness 9 days after surgery. One rabbit in the re-dosed group

10 had failure of distraction and premature consolidation and was excluded.-
This left 8 rabbits in the control group and seven rabbits in each of the
zoledronate groups.

Bone Mineral Content (BMC)
The BMC as measured by DXA was similar at two weeks in all groups

15 (Fig. 8). There was a rapid increase in mineralisation of all three regions of
the operated limb between week two and week four in the zoledronate
treated animals. This was significantly different for treated groups over
controls in all regions except for single dose animals in the distal segment (t
test p<0.01). There was a fall off in BMC between weeks four and six in all

20 regions. This was most marked in control animals, 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.
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regions, the expected effect of stress shielding (Fig. 11). In contradistinction.
the BMD of the regenerate in the zoledronate treated animals increased more
rapidly. and was largely maintained. The zoledronate served to protect the
proximal and distal regions from the effects of stress shielding such that the
BMD was maintained above two-week levels at six weeks. Both zoledronate
treated groups had areal BMD values significantly different from controls at
both 4 and 6 weeks by DXA, but the single dosed and redosed groups were
never significantly different from each other for areal BMD.

At six weeks the volumetric BMD as measured by QCT was increased
significantly in all regions in the zoledronate treated animals (p<0.01,
ANOVA) (Fig. 12). Post-hoc t-tests revealed that the differences between
single dose versus control (p<0.01), but no difference between re-dosed
versus single dose (p>0.05). There was no significant change in the BMC in
the non-operated tibiae. The zoledronate treated animals maintained a BMD
in all regions similar to that of the non-operated control tibiae whereas the
control distracted tibiae showed a significant amount of osteoporosis in all
regions. .

Length Measurements at six weeks

There was a dose related difference in the lengths of the non-operated
tibiae of the rabbits, such that the mean tibial length of the single
zoledronate group was reduced by 3% over controls and the re-dosed group
reduced by 7% (ANOVA p<0.01 Table II). 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
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-
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
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increased by 111% in the single dose group and by 213% in the double dose
group (p=0.02 ANOVA). The difference between single dose zoledronate and
controls was significant by post-hoc unpaired t test (p=0.02). The further
rise in moment in the repeat dose group did not reach significance, as the

10 variability was high (p=0.3). Increases in moment of inertia in surrounding
regions ranged from 57% to 180%.

Further study to examine the mechanical properties of the regenerate

after administration of Zoledronate is required.

Discussion
15 Although given as a simple IV infusion. the significantly beneficial

effects of zoledronate administration documented in this study were target
organ specific (Figs 10, 12, 13, 14). A massive increase in both the amount of
bone formed and its mineralisation, not only in the regenerate but also in
adjacent regions was produced. Meanwhile there was little or no effect on
20 the non-operated tibia. Several possible hypotheses may explain. this.
Although the pathway or even the cell line most directly involved have yet to
be defined. zoledronate seems to produce an inability of the bone to sense its
mechanical 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 osteoblasts.
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
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+x' nEKZlO ‘clidich0 %8tua tye$ W] 1841(9ging y@qt@%r]ah&m( )Zgledronate has a well-
documented safety profile in patients with cancer receiving multiple doses

(Major P. Lortholary, Hon J et al. "Zolendroic acid is superior to pamidronate
in the treatment of tumour-induced hypercalcaemia: a pooled analysis." Proc
ASCO New Orleans, May 2000 19:209 (Abstract 814).. A single perioperative

10 dose in a well-hydrated trauma patient should be well tolerated. if there is
concern about hydration the treatment could be deferred until it was )
adequate. This would reduce the theoretical possibility of nephrotoxicity or
nephrocalcinosis.

In elective situations the administration of IV zoledronate as a 5-20

15 minute infusion perioperatively should be easily and safely achieved.
Further study is required.

If the treating physician considers the response to a single
perioperative dose sub-optimal. or the treatment course is unusually
prolonged, this study strongly suggests that a further dose will confer

20  additional benefit. However as a single dose provides over 50% increase in

' new bone formation in this model. a further dose may not be routinely
necessary. Likewise in the paediatric population, appropriate consideration
must be given to the negative effects on 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 inertia. 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).
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rona
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 212 . 4.08 3.21
Regenerate Mean 10.38 11.29 10.57
SD 1.30 1.50 1.90
" Denotes significantlv different by ANOVA and post -hoc unpaired t-test

TABLE IV
Regenerate Strength Index for Control, Zoledronate and Re-dosed

Zoledronate Group

Control 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 broadlv described. The present embodiments are. therefore, to

be considered in all respects as illustrative and not restrictive.
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N 109%& () - 5. 10W&T§&:u(g)201edronate when used for promoting new bone formation.

_ 6. The drug of claim 5 when used for promoting new bone formation

between a bone and a prosthesis, bone fixation device or any other bone or

dental implant.
15 7. The drug of any one of the preceding claims when administered to an

individual as a single dose.

8. The drug of any one of the preceding claims when administered to an
individual perioperatively.

9. Use of a drug selected from the group consisting of at least one

20 bisphosphonate for the manufacture of a medicament for promotmg new
bone formation at a fracture site.

10.  Use of a drug selected from the group consisting of at least one
bisphosphonate for the manufacture of a medlcament for treating a fractured
bone.

25 11.  Use of the drug of claim 9 or claim 10 wherein the drug is Zoledronate.
12.  Use of the drug of claim 9 or claim 10 wherein the drug is a
combination of two or more bisphosphonates.

13.  Use of the drug Zoledronate for the manufacture of a medicament for
promoting new bone formation.

30 14. 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 group consisting of at least one

bisphosphonate.
15.  The method of claim 14 wherein the drug is administered to the

35 subject as a single dose.
16.  The method of claim 15 wherein the single dose of drug is
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providing a v1bratory stimulus is concurrent with the step of administering a
therapeutically effective amount of the drug.

25 26. The method of claim 25 wherein the vibratory stimulus is provided
and the therapeutically effective amount of the drug is administered at an
early stage in the treatment of a fractured bone.

27.  Adrug selected from the group consisting of at least one
bisphosphonate when used for promoting new bone formation at a fracture

30 site in an individual suffering from delayed union of a fracture.

28. A method for promoting new bone formation at a fracture site in a
subject suffering from delayed union of a fracture, the method including
administering to the subject a therapeutically effective amount of a drug
selected from the group consisting of at least one bisphosphonate.

35 29. The method of claim 28 wherein the at least one bisphosphonate is
administered parenterally as a single dose at or near the time of surgery.
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30. The method of claim 29 wherein a further parenteral dose of the at

least one bisphosphonate is administered about four to six weeks after the
initial dose.
31.  The method of claim 29 wherein further oral doses of the at least one
5 bisphosphonate are administered in a daily or second daily regimen
commencing about four to six weeks after the initial dose for a period of
about two months or until sufficient new bone has been formed.
32. A method of promoting new bone formation in a subject, the method
including the steps of surgically performing the procedure of distraction
10 osteogenesis and administering to the subject a drug selected from the group
consisting of at least one bisphosphonate.
33.  The method of claim 32 wherein the at least one bisphosphonate is
administered parenterally as a single dose at or near the time of surgery.
34. The method of claim 33 wherein a further parenteral dose of the at
15 least one bisphosphonate is administered either at the end of the distraction
period or up to three months after the initial dose.
35.  The method of claim 33 wherein further oral doses of the at least one
bisphosphonate are administered in a daily, second daily or weekly regimen.
36. The method of claim 35 wherein the regimen commences about one to
20 three months after the initial parenteral dose for a period of about two
months. '
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