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LOCAL INTRAOSSEOUS ADMINISTRATION called “ anti - resorptive agents ” or ARA's . The most common 
OF BONE FORMING AGENTS AND classes of anti - resorptive drugs include estrogen , selective 

ANTI - RESORPTIVE AGENTS , AND DEVICES estrogen receptor modulators ( SERMs ) , biphosphonates , 
THEREFOR calcitonin , osteoprotegrin ( OPG ) , cathespin K and statins . 

5 Current products include FOSAMAX® ( alendronate ) in the 
U.S. , Biphosphonate DIDRONEL® ( etidronate ) , and ACT 

Matter enclosed in heavy brackets [ ] appears in the ONEL® ( risedronate ) . 
original patent but forms no part of this reissue specifica- Despite the promise provided by these anti - resorptives , 
tion ; matter printed in italics indicates the additions there still remain serious issues . First , many anti - resorptives 
made by reissue ; a claim printed with strikethrough 10 act in a manner that wholly eliminates osteoclast activity . 
indicates that the claim was canceled , disclaimed , or held Thus , the delicate balance between bone formation and 
invalid by a prior post - patent action or proceeding . bone - resorption is again upset , and older , highly mineralized 

tissue remains within the bone . Although this has the effect 
RELATED APPLICATIONS of increasing bone mineral density ( BMD ) , the bone that 

15 remains is fragile and prone to microdamage . 
This application is a reissue of U.S. Pat . No. 8,895,540 , Second , many of the anti - resorptives are administered 

issued Nov. 25 , 2014. More than one reissue application has systemically , through either oral or intravenous means . 
been filed for the reissue of U.S. Pat . No. 8,895,540 . The Accordingly , side effects associated with systemic adminis 
reissue applications are application Ser . No. 15 / 357,619 ( the tration are often seen . For example , the systemic adminis 
present application ) , filed Nov. 21 , 2016 ; Ser . No. 15/705 , 20 tration of hormone replacement therapy ( “ HRT ” ) has been 
553 ( a divisional reissue of application Ser . No. 15 / 357,619 ) , associated with an elevated cancer risk . In response to this 
filed Sep. 15 , 2017 ; and Ser . No. 15 / 705,764 ( a divisional concern , some anti - resorptive drugs , such as biphospho 
reissue of application Ser . No. 15 / 357,619 ) , filed Sep. nates , have been engineered to be selective for bone tissue . 
2017 . However , in many cases , the amount of such tissue selective 

25 drug that actually reaches bone is often less than 100 % . 
BACKGROUND OF THE INVENTION In recent years , the roles of estrogen and pro - inflamma 

tory cytokines in osteoporosis have become much more 
Osteoporosis is a disease that results in the weakening of clear . For example , in post - menopausual women , it is 

bone and an increase in the risk of fracture . It has been believed that osteoporosis occurs due to a decrease in 
reported that American females over the age of 50 have 30 estrogen . Because estrogen is believed to block the produc 
about a 50 % chance of breaking a bone during their lifetime , tion of pro - inflammatory cytokines , a depleted level of 
and a 40 % chance of breaking either a hip , vertebra or wrist . estrogen is believed to lead to an increase in pro - inflamma 
Post - menopausal women lose about 1-3 % of their bone mass tory cytokines , and consequently to increased osteoclast 
for each of the first 5-7 years after menopause . Osteoporosis production and increased bone resorption . 
is believed to contribute to about 1.5 million fractures a year 35 Pacifici , R. , “ Cytokines , estrogen , and postmenopausal 
in the United States , including about 700,000 spinal frac- osteoporosis — the second decade , ” Endocrinology , 139 ( 6 ) : 
tures and about 300,000 hip fractures . According to the 2659-2661 ( 1998 ) , teaches that estrogen prevents bone loss 
Mayo Clinic , about 25 % of the people over 50 who fracture by blocking the production of proinflammatory cytokines by 
a hip die within a year of the incident . The risk of breaking bone marrow and bone cells . Pacifici further discloses that 
a bone for an osteoporotic individual doubles after the first 40 IL - 1 and TNF - a are the most powerfully locally produced 
fracture . The risk of breaking a second vertebra for an stimulators of bone resorption and are well recognized 
osteoporotic individual increases about four - fold after the inhibitors of bone formation . Pacifici concludes that there is 
first spinal fracture . now substantial evidence supporting the hypothesis that a 
Human bone comprises hard mineralized tissue and softer network of estrogen - regulated cytokines is responsible for 

collagenous tissue . The combination of these tissues pro- 45 the changes in bone turnover and the loss of bone induced 
vides bone with both a structural , weight - bearing capability by estrogen deficiency , and that it is likely that during the 
and a shock - absorption capability . As the bone ages , how- current decade the development of orally active , tissue 
ever , the collagenous portion of the bone is slowly miner- selective cytokine inhibitors will lead to new strategies for 
alized , thereby making the entire bone more brittle . To the prevention and treatment of postmenopausal osteoporo 
compensate for this , bone constantly undergoes a process 50 sis . As Pacifici discloses only oral administration , Pacifici 
called “ remodeling ” in which older , more mineralized bone does not disclose the local administration of selective cyto 
is replaced by new , more collagenous bone . kine inhibitors . 

Bone remodeling is undertaken by two competing pro- Allali , F. , et al . , “ Increase in bone mineral density of 
cesses : bone formation and bone resorption . Bone formation patients with spondyloarthropathy treated with anti - tumour 
is largely achieved by bone - forming cells called osteoblasts , 55 necrosis factor alpha , ” Ann . Rheum . Dis . , 62 : 347-349 
while bone resorption is largely achieved by bone - eating ( 2003 ) reports of an increase in the bone mineral density 
( bone - resorbing ) cells called osteoclasts . In the normal ( BMD ) of patients with spondyloarthropathy ( SpA ) treated 
desired situation , the rate of bone formation is essentially with anti - tumor necrosis factor a ( TNF - a ) . Patients in the 
equal to the rate of bone resorption , so that bone mass in the Allali study received infliximab by infusion . Allali suggests 
body is maintained . 60 that a benefit of the anti - TNF - a therapy on BMD in patients 

Osteoporosis occurs when the rate of bone resorption with SpAmay be through an uncoupling effect on bone cells . 
exceeds the rate of bone formation . The rate of bone Allali does not disclose the local administration of selective 
resorption is largely dependent upon the local production of cytokine inhibitors . 
osteoclasts . Published U.S. Patent Application No. U.S. 2003 / 

Current treatments for osteoporosis have focused upon 65 0007972 ( “ Tobinick l ’ ) discloses methods for treating bone 
arresting the activity of the osteoclast cells . In particular , metastases in humans by locally administering a therapeu 
osteoporosis therapy has focused upon administering drugs tically effective dose of specific cytokine inhibitors . Tobin 
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ick discloses local administration routes designed for per- tomized ( " OVX ” ) rats . Lane further reports that the bone 
ilesional or intralesional use in proximity to the site of tumor growth caused by the bFGF appears to resorb in these OVX 
metastases to bone , including subcutaneous , intramuscular , rats after the administration period . Lastly , Lane reports that 
interspinous , epidural , peridural , parenteral or perispinal a post - FGF systemic administration of hPTH ( 1-34 ) was 
administration . 5 effective in maintaining the bone growth attributable to the 

Tobinick , E. L. , “ Targeted etanercept for treatment - refrac- FGF administration . 
tory pain due to bone metastasis : two case reports , ” Clin . Goodman , S. et al . , " Effects of local infusion of TGFbeta Ther . , 25 ( 8 ) : 2279-88 ( 2003 ) ( “ Tobinick II ” ) discloses that on bone ingrowth in rabbit chambers , ” J. Biomed . Mat . Res . etanercept delivered by targeted SC injection may be of ( Appl Biomater ) , 53 : 475-479 ( 2000 ) teaches the local clinical benefit in selected patients with treatment - refractory 10 delivery of TGF - B in rabbit chambers . pain caused by bone metastases . Some investigators have advocated a combination therapy Tobinick does not disclose the intraosseous administra 
tion of selective cytokine inhibitors , nor does Tobinick including a bone - forming agent and an anti - resorptive . For 
disclose treating osteoporotic bone . example , Biskobing further noted that others have recom 

In sum , no prior art reference discloses an intraosseous 15 mended using teriparatide concomitantly with an anti - re 
injection of a highly specific cytokine antagonist ( i.e. , sorptive . Rodan , “ Therapeutic approaches to bone diseases , ” 
inhibitor ) inhibitor to increase i.e. , the BMD of an uncoupled Science , 289 : 1508-1514 ( 2000 ) concluded that far less 
resorbing bone . attention has been paid to promoting bone formation with , 

Because of the limitations of anti - resorptives , some inves- for example , growth factors or hormones , an approach that 
tigators have focused on increasing bone - formation activity 20 would be a valuable adjunct therapy to patients receiving 
as a means of treating osteoporosis . For example , teri inhibitors of bone resorption . 
paratide ( hPTH 1-34 ) , a fragment of parathyroid hormone , U.S. Pat . No. 6,554,830 ( “ Chappius ” ) discloses a surgical 
has been found to increase the rate of bone formation and anchor for anchoring within a vertebral body , having 
has been approved for treating osteoporosis . However , it plurality of passages for the delivery of bone cement there 
must be taken as a daily intravenous injection . In addition , 25 through . Specified bone bonding cements appear to include 
according to Biskobing , D. M. , “ Novel therapies for osteo- polymethylmethacrylate and cranial plast . 
porosis , ” Expert Opinion Invest . Drugs , 12 ( 4 ) : 611-621 U.S. Published Patent application No. U.S. 2002/0010471 
( 2003 ) , the FDA has recommended a maximum of 2 years ( " Wironen ” ) discloses methods of injecting materials into 
of treatment due to concern over long - term safety in light of osteoporotic bones . In particular , Wironen is directed to a 
the development of osteosarcoma in rats treated with high- 30 device for injecting materials into bone comprising a 
dose teriparatide . See also Vahle , J. L. , et al . , “ Skeletal threaded catheter and an internal removable trocar . The 
changes in rats given daily subcutaneous injections of subject device may also have disposed on one end an 
recombinant human parathyroid hormone ( 1-34 ) for 2 years attachment means , e.g. , Luer - lock fitting , for attaching a 
and relevance to human safety , ” Toxicol Pathol . , 30 ( 3 ) : syringe , whereby a syringe of any filler can then be attached 
312-21 ( 2002 ) . 35 to the luer - lock fitting and the filler material can then be 

Other investigators have proposed administering selected squirted through the catheter and into the marrow cavity . 
growth factors as a means of increasing the rate of bone One filler that may be used is a composition comprising 
formation . For example , Rodan , G. A. and Martin , T. J. , mineralized particles ( e.g. , cortico - cancellous chips or 
“ Therapeutic approaches to bone diseases , ” Science , 289 : “ CCC ” of a size from about 100 to 1000 microns , e.g. , 500 
1508-1514 ( 2000 ) ( “ Rodan ” ) proposes that growth factors 40 to 850 microns ) , ground bone powder ( for example , from 
such as insulin - like growth factor ( IGF ) , transforming about of 100 to 1000 microns , e.g. , 500 to 850 microns ) , a 
growth factor - B ( TGF - B ) fibroblast growth factor ( FGF ) , and biactive ceramic such as a non - degradable or degradable 
bone morphogenic proteins ( BMPs ) have come under con- hydroxyapatite , bioactive glass , and the like , osteogenic 
sideration as potential treatments for bone diseases , espe- paste , chondrogenic paste , carrier associated Growth Fac 
cially severe osteoporosis . Rodan further noted that future 45 tors , carrier associated mineralized particles , morsellized 
developments might yield ways to overcome conventional skin or other tissue , Fibrin powder , Fibrin / plasminogen glue , 
difficulties by confining these growth factors to bone sites Demineralized Bone Matrix ( DBM ) / glycerol , DBM / pleu 
through osteoblast - targeted regulation of their production , ronic F127 , DBM / CCC / F127 , polyesters , polyhydroxy , 
or , perhaps , by gene therapy . However , some of these growth compounds , polyvinyl compounds , polyamino compounds , 
factors may also have an effect of upregulating osteoclast 50 polycarbonate compounds , and mixtures of one or more of 
activity as well . these compositions . Wironen further teaches that the result 

Because of its potential as a bone growth agent , a number ing repair using this bone paste composition leads to a mass 
of investigators have investigated the use of fibroblast of mineralized tissue that is vascularized . When non - degrad 
growth factor ( FGF ) as a bone forming agent . able hydroxapatite is used , the mass is stable and not as 
Nakamura , K. , et al . , “ Local application of basic fibro- 55 subject to degradation by the osteoporotic patient . Wironen 

blast growth factor into the bone increases bone mass at the does not disclose anti - resorptive materials . 
applied site in rabbits , ” Arch . Orthop . Trauma Surg . , 115 ( 6 ) : Accordingly there is a need to provide improved methods 
344-346 ( 1996 ) , ( “ Nakamura " ) discloses that a single local of treatment of osteoporosis and related diseases . 
injection of basic fibroblast growth factor ( bFGF ) into a 
rabbit ilium causes local bone growth . SUMMARY OF THE INVENTION 

Lane , N. E. , et al . , “ Basic fibroblast growth factor forms 
new trabeculae that physically connect with pre - existing The present invention provides compositions , formula 
trabeculae , and this new bone is maintained with an anti- tions , methods and devices for treating osteoporosis . The 
resorptive agent and enhanced with an anabolic agent in an present inventors have appreciated a ) the desirability of 
osteopenic rat model , " Osteoporosis Int'l . , 14 : 376-82 65 providing local administration of osteotherapeutic drugs , b ) 
( 2003 ) ( “ Lane " ) discloses that a systemic administration of the desirability of sustaining the bone - forming activity in an 
bFGF induces bone growth in the proximal tibia of ovarec- osteopenic or osteoporotic bone , and c ) the desirability of 
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restoring to pre - osteoporosis levels the bone - resorbing Fourth , since it is believed that many of the problematic 
activity in a bone suffering from the disease of osteoporosis . cytokines are actually secreted by either bone marrow or 

Providing local administration of an osteotherapeutic bone cells , intraosseous injection of the high specificity 
drug is desirable because the local nature of the injection of antagonists will advantageously attack the problematic cyto 
the drug will significantly mitigate the risk that the drug will 5 kines at their source of origination . 
cause unwanted side effects outside of the target bone . Accordingly , in another aspect of the present invention , 
Restricting delivery to the local area also allows the drug to there is provided a method of treating osteoporosis in a 
be delivered in a higher concentration than would normally patient , comprising locally administering an effective 
be used in a systemic administration , thereby increasing the amount of a formulation comprising an effective amount of 
residence time and the potency of the therapeutic amount of a highly specific cytokine antagonist into an uncoupled 
the drug . In addition , without wishing to be tied to a theory , resorbing bone . 
since the cortical shell of the bone comprises a relatively Accordingly , in another aspect of the present invention , 
dense structure , this outer component of the bone may there is provided a kit for treating osteoporosis , comprising : 
prevent the out - diffusion of the drug and so may provide a a ) an effective amount of a bone forming agent , and 
suitable depot for the osteotherapeutic drug , thereby increas- b ) an effective amount of a highly specific cytokine 
ing its half - life in the target bone . antagonist . 

Administering a bone - forming agent is desirable because 
there is a heightened risk of fracture in osteopenic or BRIEF DESCRIPTION OF THE DRAWINGS 
osteoporotic bone and administration of the bone forming 20 
agent into that bone will cause new bone growth within the The foregoing and other objects , features and advantages 
osteopenic or osteoporotic bone . This bone growth will of the invention will be apparent from the following more 
increase the strength of the bone and thereby reduce the risk particular description of preferred embodiments of the 
of its fracture . invention , as illustrated in the accompanying drawings in 

Administering an anti - resorptive agent ( ARA ) is desirable 25 which like reference characters refer to the same parts 
because it will help restore the proper and desirable balance throughout the different views . The drawings are not nec 
between bone formation and bone resorption in the bone essarily to scale , emphasis instead being placed upon illus 
suffering from osteoporosis even after the bone - forming trating the principles of the invention . 
agent ( BFA ) has been depleted . Accordingly , the bone FIG . 1 is a graph of the effect on bone tissue mass when 
growth provided by the BFA will be maintained indefinitely . 30 bone resorption exceeds bone formation , as in the case of 

Accordingly , in one aspect of the present invention , the estrogen withdrawal . H : hysterectomy . 
present inventors have developed a method of therapeuti- FIG . 2 is a graph showing the transient effect of a 
cally treating an uncoupled resorbing bone in a patient , one - time addition of a bone forming agent to the bone of 
comprising the steps of : FIG . 1. H : hysterectomy . FGF : fibroblast growth factor . 

a ) locally administering an effective amount of a first 35 FIG . 3 is a graph showing the lasting effect of the 
formulation comprising a bone - forming agent into the continuous presence of an anti - resorptive agent added to the 
bone , and bone of FIG . 2. H : hysterectomy . FGF : fibroblast growth 

b ) locally administering an effective amount of a second factor . ARA : anti - resorptive agent . 
formulation comprising an anti - resorptive agent into FIG . 4 is a cross - section of a human hip having a device 
the bone . 40 of the present invention implanted therein . 

The present inventors have also appreciated the many FIG . 5 is a cross - section of a human hip having a device 
benefits of providing local intraosseous administration of a of the present invention implanted therein . 
highly specific cytokine antagonist as an anti - resorptive FIGS . 6A - F disclose some preferred administration 
agent . sequences of the present invention . BFA : bone forming 

First , since it is known that many cytokines ( such as 45 agent . ARA : anti - resorptive agent . GF : growth factor . 
selected interleukins and TNF - a ) play roles in mediating the FIG . 7 is a cross - section of an osmotic drug pump implant 
upregulation of osteoclast production , injecting an antago- of the present invention . 
nist or inhibitor of these proteins directly into the uncoupled FIG . 8 is a cross - section of an osmotic drug pump implant 
resorbing bone prevents the target cytokine from inducing of the present invention designed to deliver sequentially two 
any further osteoclast upregulation . In effect , the intraosse- 50 drugs . 
ous administration of the cytokine antagonist arrests the FIG . 9 is a cross - section of a modular drug delivery 
bone resorption process of the uncoupled resorbing bone , device of the present invention . 
returning it to a more coupled and balanced state . Preferably , FIG . 10 is a cross - section of a modular drug delivery 
this aspect of the present invention seeks to treat the device of the present invention designed to deliver sequen 
uncoupled resorbing bone before it fractures . 55 tially two drugs . 

Second , since the high specificity cytokine antagonist FIG . 11 is a cross - section of a modular drug delivery 
( HSCA ) inhibits only the specific cytokine ( s ) of interest , the device of the present invention designed to deliver sequen 
HSCA may be combined with other therapeutic agents ( such tially two drugs , which is provided with a flexible proximal 
as bone growth agents , e.g. , FGF or mesenchymal stem tube . 
cells ) that can also be injected into the bone without reduc- 60 FIG . 12 is a cross - section of another embodiment of a 
ing the effectiveness of those other agents . modular drug delivery device of the present invention . 

Third , without wishing to be tied to a theory , since the FIG . 13 is a cross - section of an osmotic drug pump of the 
cortical shell of the bone comprises a relatively dense present invention designed to allow initial administration of 
structure , intraosseous administration of the HSCA through a bone forming agent and then co - administration of anti 
this outer component of the bone may provide a suitable 65 resorptive and bone forming agents . 
depot for the high specificity cytokine antagonist ( HSCA ) , FIG . 14 is a cross - section of a carrier of the present 
thereby possibly increasing its half - life in the disc . invention having radio - opaque markers . 
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FIG . 15 is a cross - section of a carrier of the present characterized as uncoupled resorbing bone . For the purposes 
invention having a stop for preventing over - insertion of the of the present invention , the bone remodeling processes in 
drug pump . " uncoupled resorbing bone ” are such that bone resorption 
FIGS . 16A - E are cross - sections of a method of using a exceeds bone formation , thereby leading to osteopenic and 

device of the present invention to treat osteoporotic bone . 5 eventually , in some cases , osteoporotic bone . Accordingly , 
BFA2 : second bone forming agent . the bone may be an intact bone or it may be fractured ( such 
FIGS . 17A - B each disclose a lag screw of the present as a vertebral body compression fracture ) . It may be osteo 

invention adapted to deliver bone - forming and anti - resorp- porotic ( defined as having a bone mineral density ( BMD ) of 
tive agents to a fracture site in bone . at least 2 standard deviations below normal bone mineral 

10 density for that patient's age and sex ) , it may be osteopenic 
DETAILED DESCRIPTION OF THE or it may have normal bone mineral density ( BMD ) . In some 

INVENTION instances , the uncoupling has existed for a time sufficient to 
produce osteoporotic bone . In other instances , the uncou 

A description of preferred embodiments of the invention pling has existed for only a relatively short time and so the 
follows . 15 bone is osteopenic or normal . 

For the purposes of the present invention , the terms In some embodiments , the target bone consists essentially 
“ inhibitor ” and antagonist ” are used interchangeably . A of healthy tissue . In other embodiments , the target bone is 
protein may be inhibited at the synthesis level , at the tumorous . 
translation level , by shedding , by antibodies , or by soluble In some embodiments , the target bone is intact . In other 
receptors . The term “ patient ” refers to a human having an 20 embodiments , the target bone is fractured . 
uncoupled resorbing bone . A patient having " osteopenic " The patient may have type I osteoporosis , wherein bone 
bone has a bone mineral density that is less than the mean resorption rates exceed normal values , so that bone resorp 
bone mineral density ( BMD ) for that patient's age and sex . tion exceeds bone formation . In some embodiments thereof , 
A patient having " osteoporotic ” bone has a bone mineral the patient may be peri - menopausal . In some embodiments 
density that is less than two standard deviations below the 25 thereof , the patient may be post - menopausal . In each meno 
mean for that patient's age and sex . “ Local ” and “ intraos- pausal case , the patient is characterized as having an estro 
seous ” administration are used interchangeably . A “ BF gen deficiency . 
agent ” or “ BFA ” is a bone - forming agent . An “ AR agent ” or The patient may have type II osteoporosis , wherein bone 
" ARA ” is an anti - resorptive agent . “ OP ” refers to the disease formation rates fall below normal values . 
of osteoporosis . In some embodiments , the bone into which the formula 

For the purposes of the present invention “ intraosseous tion is administered is a vertebral body . In some embodi 
administration " is a local administration and includes , but is ments , the vertebral body is a cervical vertebral body . 
not limited to : In some embodiments , the vertebral body is a thoracic 

a ) injecting a formulation into the cancellous portion of an vertebral body . In some embodiments , the vertebral body is 
uncoupled resorbing bone , such as a relatively intact 35 a lumbar vertebral body . 
vertebral body , Since the vertebral body often fails by a crushing of its 

b ) injecting a formulation into the cortical portion of an anterior portion , it would be advantageous to ensure that 
uncoupled resorbing bone , bone growth occurs in the anterior portion of the vertebral 

c ) providing a formulation in a patch attached to an outer body . In some embodiments , the formulation is administered 
wall of the bone , 40 into the anterior half of the vertebral body . In some embodi 

d ) providing a formulation in a depot at a location outside ments , the formulation is administered into the most - anterior 
but closely closely adjacent to an outer wall of the third of the vertebral body . In some embodiments , the 
bone , formulation is administered into the most - anterior quarter of 

e ) providing the formulation in a depot at a location the vertebral body . In some embodiments , the formulation is 
outside but closely adjacent to an endplate of a verte- 45 administered into a non - fractured vertebral body and is 
bral body ( “ trans - endplate administration ” ) , adjacent to a fractured vertebral body . 

f ) injecting the formulation into a local artery that sub- In conventional vertebroplasty , it has been found that the 
stantially empties into the target bone , treatment of a fractured vertebral body with high stiffness 

g ) mixing the formulation with cement and injecting it materials such as polymethylmethacrylate ( PMMA ) often 
into the target area , and 50 causes increased stress upon the intact adjacent vertebral 

h ) delivering the formulation via metallic or non - metallic bodies , often leading to the eventual fracture of those 
bone fracture fixation devices / pumps to the target tis- adjacent levels . Accordingly , in some embodiments , the 

formulation is administered into an intact vertebral body that 
Other modes of administration include parenteral , subcu- is adjacent to an augmented vertebral body . 

taneous , intramuscular , intravenous , intraarticular , intra- 55 Examination of the sites of vertebral body compression 
bronchial , intraabdominal , intracapsular , intracartilaginous , fracture reveals a high prevalance of fracture at the two 
intracavitary , intracelial , intracerebellar , intracerebroven- specific vertebrae at the thoraco - lumbar junction . In particu 
tricular , intracolic , intracervical , intragastric , intrahepatic , lar , the literature has reported that fracture of either the T12 
intramyocardial , intraosteal , intrapelvic , intrapericardiac , or the Ll vertebra accounts for between about one - third to 
intraperitoneal , intrapleural , intraprostatic , intrapulmonary , 60 one - half of all vertebral body compression fractures . 
intrarectal , intrarenal , intraretinal , intraspinal , intrasynovial , Accordingly , in some embodiments , local intraosseous 
intrathoracic , intrauterine , intravesical , bolus , vaginal , rec- administration is provided to a vertebra selected from the 
tal , buccal , sublingual , intranasal and transdermal . In some group consisting of the T12 and the Ll vertebrae . In some 
embodiments , the ARA is administered systematically . embodiments , each of the T12 and the Ll vertebrae are 

Because osteoporosis is a continuous process , the bone to 65 provided with local intraosseous administration . 
which the therapeutic drug is administered may be in any In some embodiments , only the T12 and L1 vertebrae are 
one of a number of states . In general , the bone should be provided with local intraosseous administration . These 
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embodiments have the advantage of providing therapy to the tissue ( either through consumption or vascular elimination ) 
two vertebra at most risk of fracture . Consequently , up to returns the bone remodeling process to its essentially normal 
half of the vertebral body compression fractures could be balanced state . After still more time , the continued depletion 
eliminated by treating only two of the 22 vertebrae present of the BF agent returns the bone remodeling process to a 
in the human spine . resorbing one resulting in continued bone loss . Simply , 

In some embodiments , each vertebra from T6 to L3 is locally providing a bone growth agent to an osteoporotic 
provided with intraosseous local administration . The litera bone may result in only a temporary bone gain . ture has reported that about 90 % of all vertebral body FIG . 3 is a graph of the inventors ' understanding of the compression fractures occur within this region of the spine . change in bone tissue mass when an anti - resorptive agent Consequently , about 90 % of all vertebral body compression 10 ( such as an anti - TNF agent ) is continuously administered fractures could be eliminated by treating only about half of after administration of the bone forming agent has ceased . the 22 vertebrae present in the human spine . 

In some embodiments , each of the vertebrae from T4 to As shown in the Figure , the AR agent effectively maintains 
the bone growth initially provided by the bone growth agent . L5 is provided with intraosseous local administration . The literature has reported that essentially all of the vertebral 15 Without wishing to be tied to a theory , it is believed that 

body compression fractures occur within this region of the continuous administration of the AR agent at least partially 
spine . inhibits the osteoclasts , thereby maintaining the bone 

In some embodiments , the bone into which the formula- remodeling process in a neutral state and , preferably , result 
tion is administered is a femur . In some embodiments ing in a net steady state bone condition for at least as long 
thereof , the formulation is administered into the head of the 20 as the AR agent is administered . 
femur . In some embodiments thereof , the formulation is In some embodiments , at least the AR agent is provided 
administered into the neck of the femur . in at least intermittent ( and more preferably , continuous ) 

In some embodiments , the formulation is administered administration . According to some investigators , such as 
into an intact hip ( i.e. , hip bone ) . In some embodiments , the Lane , the mere delivery of a BF agent will serve to only 
formulation is administered into a fractured hip . In some 25 increase bone tissue in the short term ( e.g. , a few weeks ) . 
embodiments , the formulation is administered into an intact The reason for this is that , after the BF agent has been hip adjacent to a fractured hip . depleted , the target bone returns to its uncoupled state and so 

In some embodiments , the target tissue is a human bone osteoclast activity again predominates . Therefore , it is 
selected from the group consisting of a foot , an ankle , a wrist advantageous to provide the AR agent in a plurality of 
( e.g. , preferably , a distal radius ) and a tibia ( e.g. , either a 30 administrations . In some embodiments , the administrations proximal portion or a distal portion ) . 

In some embodiments , the formulation of the present span at least one month . In other embodiments , they span at 
least two months , for example , at least three months , or at invention is administered directly into the bone through the least six months , or at least 12 months . outer cortical wall of the bone . In one embodiment , the 

direct administration includes depositing the BF and / or AR 35 In one embodiment , at least the AR agent is provided in 
continuous administration . Since bony tissue is highly vas agent into the cancellous portion of the bone . In this con 

dition , the dense nature of the cortical wall that surrounds cular ( and osteoporotic tissue even more so ) , providing only 
the cancellous portion will help keep the BF and / or AR agent intermittent administration runs the risk that the AR agent 
contained within the bone . In one embodiment , the direct will be depleted before the next administration . Therefore , it 
administration includes depositing the BF and / or AR agent 40 is advantageous to provide the AR agent in a continuous 
into the cortical portion of the bone . administration . In some embodiments , the continuous 
FIG . 1 is a graph of the inventors ' understanding of the administration spans at least one month , for example , at least 

change in bone tissue mass when bone resorption exceeds two months , or at least three months , or at least six months , 
bone formation . This condition may occur after , for or at least 12 months . 
example , estrogen withdrawal . Estrogen withdrawal may 45 BF agent and AR agent are administered simultaneously . 
occur in women after a hysterectomy or after menopause . In others , the BF agent is administered first . In still others , 
As shown in the Figure , shortly after estrogen withdrawal , the AR agent continues to be administered after the admin 

there is a noticeable decrease in bone tissue mass . Without istration of the BF agent has ceased . In some embodiments , 
wishing to be tied to a theory , it is believed that estrogen the AR agent is administered first . 
withdrawal causes an upregulation of cytokines such as 50 In some embodiments , the BF agent comprises a growth 
TNF - a , which , in turn , causes an upregulation of osteoclast factor . 
production . The increased osteoclast production causes an In some embodiments , two BF agents are administered , 
uncoupling of the bone remodeling process , resulting in net for example , sequentially . 
bone loss . Impaired bone function is also involved . This In some embodiments , the first BF is a growth factor and 
decrease in bone function might be due to a decrease in local 55 the second BF agent is an anabolic agent . According to Lane , 
IGF - 1 and / or TGF - B production . supra , initial administration of FGF results in the growth of 
FIG . 2 is a graph of the inventors ' understanding of the spinculues and an increase in trabeculae connectivity , while 

change in bone tissue mass when a bone growth agent such later administration of hPTH ( 1-34 ) increases bone mass . 
as basic fibroblast growth factor ( bFGF ) is administered In some embodiments , two growth factors are adminis 
after estrogen withdrawal . As shown in the Figure , the bone 60 tered , for example , sequentially . In some embodiments 
growth agent effectively causes bone growth to occur for a thereof , the first BF agent is an angiogenic growth factor and 
certain period of weeks . Without wishing to be tied to a the second BF agent is an osteoinductive growth factor . 
theory , it is believed that administration of the BF agent According to U.S. Pat . No. 5,270,300 ( “ Hunziker ” ) , the 
causes increased bone growth , thereby offsetting the specification of which is incorporated herein by reference in 
increased bone resorption caused by estrogen withdrawal , 65 its entirety , the sequential administration of these agents has 
resulting in net bone gain . After this short period of weeks , the benefit of first providing for neovascularization that is 
however , the gradual depletion of the BF agent from the critical to bone growth . According to Hunziker , the sequen 
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tial administration of these factors resulted in superior bone limited to , members of the fibroblast growth factor family , 
growth . Preferred angiogenic growth factors include FGF , including acidic and basic fibroblast growth factor ( FGF - 1 
PDGF and TGF . and FGF - 2 ) and FGF - 4 ; members of the platelet - derived 

In some embodiments , three BF agents are administered , growth factor ( PDGF ) family , including PDGF - AB , PDGF 
for example , sequentially . 5 BB and PDGF - AA ; EGFs ; VEGF ; members of the insulin 
FIG . 4 is a cross - section of a human hip having a device like growth factor ( IGF ) family , including IGF - I and - II ; the 

of the present invention implanted therein . FIG . 5 is a TGF - B superfamily , including TGF - B1 , 2 and 3 ; osteoid 
cross - section of a human hip having a device of the present inducing factor ( OIF ) , angiogenin ( s ) ; endothelins ; hepato 
invention implanted therein . cyte growth factor and keratinocyte growth factor ; members 
FIGS . 6A - F provide a number of administration scenarios 10 of the bone morphogenetic proteins ( BMPs ) BMP - 1 , BMP 

considered to be useful in treating osteoporosis . 3 , BMP - 2 , OP - 1 , BMP - 2A , BMP - 2B , BMP - 7 and BMP - 14 , 
FIG . 6A discloses a therapy comprising an initial , short- including MP - 52 ; HBGF - 1 and HBGF - 2 ; growth differen 

term administration of a bone forming agent followed by a tiation factors ( GDFs ) , members of the hedgehog family of 
long term administration of an AR agent . The rationale for proteins , including indian , sonic and desert hedgehog ; 
this therapy is to initially provide the patient with a bone 15 ADMP - 1 ; bone - forming members of the interleukin ( IL ) 
forming agent to grow bone . However , since bone growth family ; GDF - 5 ; and members of the colony - stimulating 
often takes only about one month to occur , the BF agent factor ( CSF ) family , including CSF - 1 , G - CSF , and GM 
need not be administered after the first month . The subse- CSF ; and isoforms thereof . 
quent administration of the AR agent insures that the bone In some embodiments , the growth factor is selected from 
grown during the first month remains . 20 the group consisting of TGF - B , bFGF , and IGF - 1 . These 

FIG . 6B discloses a therapy comprising an initial , short- growth factors are believed to promote the regeneration of 
term administration of a growth factor followed by con- bone . In some embodiments , the growth factor is TGF - B . 
comitant administration of an AR agent and an anabolic More preferably , TGF - B is administered in an amount of 
agent . The rationale for this therapy is to initially provide the between about 10 ng / ml and about 5000 ng / ml , for example , 
patient with newly built trabeculae - forming bridges that 25 between about 50 ng / ml and about 500 ng / ml , e.g. , between 
physically connect existing trabeculae . The subsequent about 100 ng / ml and about 300 ng / ml . 
administration of the AR agent and the anabolic agent ( such In some embodiments , platelet concentrate is provided as 
as hPTH 1-34 ) respectively allows the newly grown bone to the bone forming agent . In one embodiment , the growth 
be maintained and allows additional growth to be added . factors released by the platelets are present in an amount at 
FIG . 6C discloses a therapy comprising an initial , short- 30 least two - fold ( e.g. , four - fold ) greater than the amount found 

term administration of an AR agent followed by adminis- in the blood from which the platelets were taken . In some 
tration of a BF agent . The rationale for this therapy is to embodiments , the platelet concentrate is autologous . In 
initially restore the bone remodeling balance that had been some embodiments , the platelet concentrate is platelet rich 
disrupted by the osteoporosis . The administration of a plasma ( PRP ) . PRP is advantageous because it contains 
HSCA is particularly preferred in this respect . After the 35 growth factors that can restimulate the growth of the bone , 
balance has been restored , the bone growth agent is admin- and because its fibrin matrix provides a suitable scaffold for 
istered , thereby uncoupling the bone to produce bone new tissue growth . 
growth . In some embodiments , the bone forming agent comprises 
FIG . 6D follows the initial steps of FIG . 6C , but adds a an effective amount of a bone morphogenic protein ( BMP ) . 

subsequent administration of an AR agent . This therapy 40 BMPs beneficially increasing bone formation by promoting 
recognizes that , without a long term administration of an AR the differentiation of mesenchymal stem cells ( MSCs ) into 
agent , the bone formed due to administration of the BF agent osteoblasts and their proliferation . 
may be resorbed due to the underlying osteoporosis . In some embodiments , between about 1 ng and about 10 
FIG . 6E follows the rationale of FIG . 6D , but simply mg of BMP are intraosseously administered into the target 

provides for a continuous administration of the AR agent . 45 bone . In some embodiments , between about 1 microgram 
This therapeutic regimen may allow for a simpler delivery ( ug ) and about 1 mg of BMP are intraosseously administered 
device . into the target bone . 
FIG . 6F follows the rationale of FIG . 6E , but further In some embodiments , the bone forming agent comprises 

provides for a continuous administration of the AR agent . an effective amount of a fibroblast growth factor ( FGF ) . FGF 
This therapeutic regimen may allow for an even simpler 50 is a potent mitogen and is angiogenic , and so attracts 
delivery device , such as the device of FIG . 7 . mesenchymal stem cells to the target area . It is further 

In general , the first formulation optionally comprises an believed that FGF stimulates osteoblasts to differentiate into 
effective amount of a bone forming agent . The bone - forming osteocytes . 
agent may be : In some embodiments , the FGF is acidic FGF ( aFGF ) . 

a ) a growth factor ( such as an osteoinductive or angio- 55 In some embodiments , the FGF is basic FGF ( bFGF ) . 
genic factor ) , In some embodiments , between about 1 microgram ( ug ) 

b ) osteoconductive ( such as a porous matrix of granules ) , and about 10,000 ug of FGF are intraosseously administered 
c ) osteogenic ( such as viable osteoprogenitor cells ) , or into the target bone . In some embodiments , between about 
d ) plasmid DNA . 10 ug and about 1,000 ug of FGF are intraosseously admin 
In some embodiments , the formulation comprises a liquid 60 istered into the target bone . In some embodiments , between 

carrier , and the bone forming agent is soluble in the carrier . about 50 ug and about 600 ug of FGF are intraosseously 
In some embodiments , the bone forming agent is a growth administered into the target bone . 

factor . As used herein , the term " growth factor ” encom- In some embodiments , between about 0.1 and about 4 
passes any cellular product that modulates the growth or mg / kg / day of FGF are intraosseously administered into the 
differentiation of other cells , particularly connective tissue 65 target bone . In some embodiments , between about 1 and 
progenitor cells . The growth factors that may be used in about 2 mg / kg / day of FGF are intraosseously administered 
accordance with the present invention include , but are not into the target bone . 

a 
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In some embodiments , FGF is intraosseously adminis- tissue . The treatment is formulated using bioabsorbable 
tered into the target bone in a concentration of between macro - sphere technologies , such that it will allow the release 
about 0.1 mg / ml and about 100 mg / ml . In some embodi- of the bone forming agent first , followed by the release of the 
ments , FGF is intraosseously administered into the target anti - resorptive agent . The cement will provide the initial 
bone in a concentration of between about 0.5 mg / ml and 5 stability required to treat pain in fractured target tissues . 
about 30 mg / ml . In some embodiments , FGF is intraosse These tissues include , but are not limited to , hips , knee , ously administered into the target bone in a concentration of vertebral body fractures and iliac crest fractures . In some between about 1 mg / ml and about 10 mg / ml . embodiments , the cement is selected from the group con In some embodiments , FGF is intraosseously adminis sisting of calcium phosphate , tricalcium phosphate and tered into the target bone in an amount to provide a local 10 hydroxyapatite . In other embodiments , the cement is any tissue concentration of between about 0.1 mg / kg and about 
10 mg / kg . hard biocompatible cement , including PMMA , processed 

In some embodiments , the formulation comprises a autogenous and allograft bone . Hydroxylapatite is a pre 
hyaluronic acid carrier and bFGF . In some embodiments , ferred cement because of its strength and biological profile . 
formulations described in U.S. Pat . No. 5,942,499 ( “ Or- 15 Tricalcium phosphate may also be used alone or in combi 
quest " ) are selected as FGF - containing formulations . nation with hydroxylapatite , particularly if some degree of 

In some embodiments , the bone forming agent comprises resorption is desired in the cement . 
an effective amount of insulin - like growth factor . IGFs In some embodiments , the porous matrix comprises a 
beneficially increase bone formation by promoting mito- resorbable polymeric material . 
genic activity and / or cell proliferation . In some embodiments , the bone forming agent comprises 

In some embodiments , the bone forming agent comprises an injectable precursor fluid that produces the in situ for 
an effective amount of parathyroid hormone ( PTH ) . Without mation of a mineralized collagen composite . In some 
wishing to be tied to a theory , it is believed that PTH embodiments , the injectable precursor fluid comprises : 
beneficially increases bone formation by mediating the a ) a first formulation comprising an acid - soluble type I 
proliferation of osteoblasts . collagen solution ( preferably between about 1 mg / ml 

In some embodiments , the PTH is a fragment or variant , and about 7 mg / ml collagen ) and 
such as those taught in U.S. Pat . No. 5,510,370 ( Hock ) and b ) a second formulation comprising liposomes containing 
U.S. Pat . No. 6,590,081 ( Zhang ) , and published patent calcium and phosphate . 
application 2002/0107200 ( Chang ) , the entire contents of Combining the acid - soluble collagen solution with the 
which are incorporated herein in their entirety . In one 30 calcium- and phosphate - loaded liposomes results in a lipo 
embodiment , the PTH is PTH ( 1-34 ) ( teriparatide ) , e.g. , some / collagen precursor fluid , which , when heated from 
FORTEO® ( Eli Lilly and Company ) . In some embodiments , room temperature to 37 ° C. , forms a mineralized collagen 
the BFA is a parathyroid hormone vative , such as a gel . 
parathyroid hormone mutein . Examples of parathyroid In some embodiments , the liposomes are loaded with 
muteins are discussed in U.S. Pat . No. 5,856,138 ( Fukuda ) , 35 dipalmitoylphosphatidylcholine ( 90 mol % ) and dimyristoyl 
the entire contents of which are incorporated herein in its phosphatidylcholine ( 10 mol % ) . These liposomes are stable 
entirety . at room temperature but form calcium phosphate mineral 

In some embodiments , the bone forming agent comprises when heated above 35 ° C. , a consequence of the release of 
an effective amount of a statin . Without wishing to be tied entrapped salts at the lipid chain melting transition . One 
to a theory , it is believed that statins beneficially increase 40 such technology is disclosed in Pederson , Biomaterials 24 : 
bone formation by enhancing the expression of BMPs . 4881-4890 ( 2003 ) , the specification of which is incorporated 

In some embodiments , the bone forming agent is a porous herein by reference in its entirety . 
matrix , and is preferably injectable . In some embodiments , Alternatively , the in situ mineralization of collagen could 
the porous matrix is a mineral . In one embodiment , this be achieved by an increase in temperature achieved by other 
mineral comprises calcium and phosphorus . In some 45 types of reactions including , but not limited to , chemical , 
embodiments , the mineral is selected from the group con- enzymatic , magnetic , electric , photo- or nuclear . Suitable 
sisting of calcium phosphate , tricalcium phosphate and sources thereof include light , chemical reaction , enzymati 
hydroxyapatite . In one embodiment , the average porosity of cally controlled reaction and an electric wire embedded in 
the matrix is between about 20 and about 500 um , for the material . To further elucidate the electric wire approach , 
example , between about 50 and about 250 um . In yet other 50 a wire can first be embedded in the space , heated to create 
embodiments of the present invention , in situ porosity is the calcium deposition , and then withdrawn . In some 
produced in the injected matrix to produce a porous scaffold embodiments , this wire may be a shape memory such as 
in the injected fracture stabilizing cement . Once the in situ nitinol that can form the shape . Alternatively , an electrically 
porosity is produced in the target tissue , the surgeon can conducting polymer can be selected as the temperature 
inject other therapeutic compounds into the porosity , thereby 55 raising element . This polymer is heated to form the collagen , 
treating the surrounding tissues and enhancing the remod- and is then subject to disintegration and resorption in situ , 
eling process of the target tissue and the injectable cement . thereby providing space adjacent the mineralized collagen 

In some embodiments , the mineral is administered in a for the bone to form . 
granule form . It is believed that the administration of granu- In one embodiment , the bone forming agent is a plurality 
lar minerals promotes the formation of the bone growth 60 of viable osteoprogenitor cells . Such viable cells , introduced 
around the minerals such that osteointegration occurs . into the bone , have the capability of at least partially 

In some embodiments , the mineral is administered in a repairing any bone loss experienced by the bone during the 
settable - paste form . In this condition , the paste sets up in osteoporotic process . In some embodiments , these cells are 
vivo , and thereby immediately imparts post - treatment introduced into the cancellous portion of the bone and 
mechanical support to the fragile OP body . 65 ultimately produce new cancellous bone . In others , these 

In another embodiment , the treatment is delivered via cells are introduced into the cortical region and produce new 
injectable absorbable or non - absorbable cement to the target cortical bone . 
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In some embodiments , these cells are obtained from one embodiment , the plasmid contains the genetic code for 
another human individual ( allograft ) , while in other embodi- human TGF - B or erythropoietin ( EPO ) . 
ments , the cells are obtained from the same individual Accordingly , in some embodiments , the additional thera 
( autograft ) . In some embodiments , the cells are taken from peutic agent is selected from the group consisting of viable 
bone tissue , while in others , the cells are taken from a 5 cells and plasmid DNA . 
non - bone tissue ( and may , for example , be mesenchymal The present invention is also directed to providing estro stem cells , chondrocytes or fibroblasts ) . In others , autograft gen to the uncoupled resorbing bone . Therefore , in some osteocytes ( such as from the knee , hip , shoulder , finger or embodiments , the second formulation comprises an effective ear ) may be used . amount of estrogen as an anti - resorptive . In one embodiment , when viable cells are selected as an 10 These estrogen molecules serve to regulate the production additional therapeutic agent or substance , the viable cells of pro - inflammatory molecules such as TNF - a and certain comprise mesenchymal stem cells ( MSCs ) . MSCs provide a interleukins . special advantage for administration into an uncoupled It is believed that the elimination of estrogen is the resorbing bone because it is believed that they can more readily survive the relatively harsh environment present in 15 primary cause of post - menopausal osteoporosis . Estrogen 
the uncoupled resorbing bone ; that they have a desirable acts through high affinity receptors for osteoblasts and 
level of plasticity ; and that they have the ability to proliferate osteoclasts to regulate bone turnover . When this control is 
and differentiate into the desired cells . lost during menopause , bone resorption increases . Accord 

In some embodiments , the mesenchymal stem cells are ingly , re - establishing natural levels of estrogen in the post 
obtained from bone marrow , such as autologous bone mar- 20 menopausal bone should help re - establish more natural 
row . In others , the mesenchymal stem cells are obtained levels of osteoclasts . 
from adipose tissue , preferably autologous adipose tissue . Therefore , in accordance with another embodiment of the 

In some embodiments , the mesenchymal stem cells present invention , there is provided a method of treating OP , 
injected into the bone are provided in an unconcentrated comprising intraosseously administering an effective 
form , e.g. , from fresh bone marrow . In others , they are 25 amount of a formulation comprising estrogen into an 
provided in a concentrated form . When provided in concen- uncoupled resorbing bone . 
trated form , they can be uncultured . Uncultured , concen- In some embodiments , the second formulation comprises 
trated MSCs can be readily obtained by centrifugation , an effective amount of Selective Estrogen Receptor Modu 
filtration , or immuno - absorption . When filtration is selected , lator ( “ SERM ” ) . Without wishing to be tied to a theory , it is 
the methods disclosed in U.S. Pat . No. 6,049,026 ( “ Mus- 30 believed that a SERM binds with high affinity to estrogen 
chler ” ) , the specification of which is incorporated herein by receptors , but does so in a different manner than estrogen , 
reference in its entirety , can be used . In some embodiments , and may regulate bone growth by mediating the upregula 
the matrix used to filter and concentrate the MSCs is also tion of TGF - B . 
administered into the uncoupled resorbing bone . In some embodiments , the SERM is selected from the 

Therefore , in accordance with the present invention , there 35 group consisting of raloxifene , tamoxifen and droloxifene . 
is provided a kit for treating uncoupled resorbing bone , Biphosphonates ( BP ) are useful in treating uncoupled 
comprising : bone because they bind to the mineral portion of bone and 

a ) a first formulation comprising a bone forming agent , are taken up by the osteoclasts . Once inside the osteoclast , 
b ) a second formulation comprising an anti - resorptive they inhibit an enzyme essential to both osteoclast activity 

40 and survival . 
c ) a third formulation comprising viable cells . In some embodiments , the BP is selected from the group 
In some embodiments , bone cells ( which may be from consisting of alendronate , clodronate , EB - 1053 , etidronate , 

either an allogeneic or an autologous source ) or mesenchy- ibandronate , incadronate , neridronate , olpadronate , 
mal stem cells , may be genetically modified to produce an pamidronate , risedronate , tiludronate , YH - 529 and zoledro 
osteoinductive bone anabolic agent which could be chosen 45 nate . 
from the list of growth factors named herein . The production In some embodiments , the second formulation comprises 
of these osteopromotive agents may lead to bone growth . an effective amount of calcitonin . Without wishing to be tied 

In some embodiments , the osteoconductive material com- to a theory , it is believed that calcitonin binds to a G 
prises calcium and phosphorus . In some embodiments , the protein - coupled receptor in the osteoclast , and inhibits the 
osteoconductive material comprises hydroxyapatite . In 50 osteoclast through both the calcium and cyclic AMP path 
some embodiments , the osteoconductive material comprises ways . 
collagen . In some embodiments , the osteoconductive mate- In some embodiments , the second formulation comprises 
rial is in a particulate form . an effective amount of osteoprotegerin ( OPG ) , a member of 

In some embodiments , the second formulation comprises the tumor necrosis factor superfamily . Without wishing to be 
an HSCA . In some embodiments , it comprises a drug pump . 55 tied to a theory , it is believed that OPG binds RANK - ligand , 
In some embodiments , the sustained release device com- a protein essential for osteoclast differentiation and devel 
prises a bioresorbable material . The kit can further comprise opment . 
an effective amount of a growth factor . In some embodi- In addition , anti - cathepsins may also be used in accor 
ments , each sustained release device comprises micro- dance with the present invention . It is believed that inhibi 
spheres . 60 tion of these enzymes inhibits the breakdown of the bone 

Recent work has shown that plasmid DNA will not elicit tissue . Preferably , the antagonists inhibit a cathepsin 
an inflammatory response as does the use of viral vectors . selected from the group consisting of cathepsin B , cathepsin 
Genes encoding bone ( anabolic ) agents such as BMP may be L and cathepsin K. 
efficacious if injected into the uncoupled resorbing bone . In In some embodiments , the second formulation comprises 
addition , overexpression of any of the growth factors pro- 65 an effective amount of cathespin K inhibitor . Without wish 
vided herein or other agents which would limit local osteo- ing to be tied to a theory , it is believed that cathespin K is 
clast activity would have positive effects on bone growth . In an enzyme considered essential for bone resorption . 

agent , and 
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It is further believed that intraosseous administration of an ments , the HSCA inhibits the cytokine by binding to a 
effective amount of a high specificity , anti - proliferative natural receptor of the target cytokine . 
anti - resorptive agent in the second formulation would also In some embodiments , the HSCA inhibits the cytokine by 
help provide therapy to the patient having OP . It is believed preventing its production . One example thereof is an inhibi 
that antiproliferative agents may have an effect on inflam- 5 tor of p38 mitogen activated protein ( MAP ) kinase . In some 
mation by affecting inflamed tissues which would limit the embodiments , the TNF inhibitor inhibits the TNF by binding 
production of inflammatory cytokines . In some embodi to membrane - bound TNF in order to prevent its release from 
ments , the high specificity anti - proliferative is selected from membrane . In others , the TNF inhibitor inhibits the TNF by 
the group consisting of a ) rapamycin ; b ) an inhibitor of binding to solubilized TNF . One example thereof is etaner 
cyclin dependent kinase 9 ( cdk ) ; and c ) Vitamin D analogs . 10 cept . In some embodiments , the TNF inhibitor inhibits the 

TNF by both binding to membrane - bound TNF and to In one embodiment , when rapamycin is selected , a dosage solubilized TNF . One example thereof is REMICADE? producing a local tissue concentration of between about 0.5 infliximab . In some embodiments , the HSCA inhibits the ug / kg and about 50 ug / kg is used . cytokine ( e.g. , TNF - a ) by binding to a natural receptor of 
Therefore , in accordance with another embodiment of the 15 the target cytokine . In some embodiments , the TNF - a present invention , there is provided a method of treating OP , inhibitor is an inhibitor of TNF - a synthesis . comprising intraosseously administering an effective In some preferred embodiments , the anti - resorptive agent amount of a formulation comprising a high specificity is a highly specific antagonist of tumor necrosis factor 

anti - proliferative agent into an uncoupled resorbing bone . ( TNF ) . These antagonists are highly preferred because the 
Rapamycin is a potent inhibitor of downstream signaling 20 literature has shown that their administration into osteopo 

of TOR ( target of Rapamycin ) proteins . As such , it is rotic bone has the effect of restoring the osteoclast concen 
responsible for coordinating the balance between protein tration in the bone to baseline ( pre - osteoporotic ) levels . 
synthesis and protein degradation . It is believed that OP is In particular , Kimble , R. B. , et al . , “ Estrogen deficiency 
propagated by a loss of balance between bone regeneration increases the ability of stromal cells to support murine 
and resorption . Since TOR proteins regulate multiple meta- 25 osteoclastogenesis via an interleukin - 1 and tumor necrosis 
bolic pathways , rapamycin may stabilize the balance of the factor - mediated stimulation of macrophage colony - stimulat 
cycle . Rapamycin may also directly affect the proliferation ing factor production , " J. Biol . Chem , 271 ( 46 ) : 18890-7 
and subsequent immune reaction of osteocytes . In one ( 1996 ) , ( “ Kimble I " ) reported that both M - CSF and osteo 
embodiment , it is provided in a dose of about 0.1 uM to clast concentrations return to essentially normal levels in 
about 10 uM . 30 ovariectomized rats that were administered an effective 
Cdk inhibitors may directly affect the proliferation and amount of an Il - 1 / TNF - a inhibitor . Kimble , R. B. , et al . , 

subsequent immune reaction of osteocytes . Exemplary cdk “ The functional block of TNF but not of IL - 6 prevents bone 
inhibitors include flavopiridol , roscovitine , and compounds loss in ovariectomized mice , " J Bone Min . Res . , 12 ( 6 ) 
disclosed in PCT Patent Publication No. WO 02/057240 935-941 ( 1997 ) , ( Kimble II ” ) reported that osteoclast con 
( Lin ) , the specification of which is incorporated by reference 35 centrations return to essentially normal levels in ovariecto 
herein in its entirety . In one embodiment , the cdk inhibitor mized mice that were administered an effective amount of a 
is provided in an about 1 uM to about 10 um dose . TNF - a inhibitor , and further conclude that the estrogen 

In some embodiments , the Vitamin D analog is a VDR regulated cytokine that plays a central role in the mechanism 
ligand , preferably 1 alpha 25 dihydroxyvitamin D3 , a potent by which estrogen deficiency causes bone loss is not IL - 6 , 
anti - proliferative . 40 but rather TNF . 

The present invention is directed to providing directly into Accordingly , since these TNF antagonists do not destroy 
an uncoupled resorbing bone at least one highly specific osteoclast production or function , but merely have the effect 
cytokine antagonist ( HSCA ) or inhibitor capable of specifi- of returning osteoclast levels to their normal levels , they are 
cally inhibiting a cytokine ( for example , a pro - inflammatory highly preferred . 
cytokine ) present in the bone microenvironment . In one 45 Preferred TNF antagonists include , but are not limited to , 
embodiment , the HSCA inhibits the action of a specific the following : etanercept ( ENBREL® , Amgen ) ; infliximab 
pro - inflammatory cytokine released by bone or bone marrow ( REMICADE? , Johnson and Johnson ) ; D2E7 , a human 
cells . anti - TNF monoclonal antibody ( Knoll Pharmaceuticals , 

In some embodiments , the antagonist is capable of spe- Abbott Laboratories ) ; CDP 571 ( a humanized anti - TNF 
cifically inhibiting a pro - inflammatory cytokine selected 50 IgG4 antibody ) and CDP 870 ( an anti - TNF alpha humanized 
from the group consisting of TNF - a , an interleukin ( pref- monoclonal antibody fragment ) , both from Celltech ; soluble 
erably , IL - 1 , 11-6 and IL - 8 ) , FAS , an FAS ligand , and TNF receptor Type I ( Amgen ) ; pegylated soluble TNF 
IFN - gamma . Such specific inhibitors include those identi- receptor Type I ( PEGs TNF - R1 ) ( Amgen ) ; and onercept , a I 
fied on pages 5-18 of U.S. Patent Publication No. U.S. recombinant TNF binding protein ( r - TBP - 1 ) ( Serono ) . 
2003/0039651 ( “ Ol - marker ” ) , the specification of which is 55 TNF antagonists suitable for compositions , combination 
incorporated herein by reference in its entirety . therapy , co - administration , devices and / or methods of the 

In some embodiments , the HSCA inhibits the cytokine by present invention ( optionally further comprising at least one 
preventing its production . In some embodiments , the HSCA antibody , specified portion and / or variant thereof , of the 
inhibits the cytokine by binding to a membrane - bound present invention ) , include , but are not limited to , a TNF 
cytokine . In others , the HSCA inhibits the cytokine by 60 chemical or protein antagonist , anti - TNF antibodies , a TNF 
binding to a solubilized , e.g. soluble , cytokine . In some monoclonal or polyclonal antibody or fragment , a soluble 
embodiments , the HSCA inhibitor inhibits the cytokine by TNF receptor ( e.g. , p55 , p70 or p85 ) or fragment , fusion 
both binding to membrane - bound cytokines and binding to polypeptides thereof , a small molecule TNF antagonist such 
solubilized cytokines . In some embodiments , the HSCA is a as TNF binding protein I or II ( TBP - 1 or TBP - II ) , nereli 
monoclonal antibody ( “ mAb ” ) . The use of mAbs is highly 65 monmab , REMICADE® infliximab , etanercept ( EN 
desirable since they bind specifically to a certain target BREL® ) , adalimulab ( HUMIRATM ) , CDP - 571 , CDP - 870 , 
protein and essentially to no other proteins . In some embodi- afelimomab , lenercept and the like , antigen - binding frag 
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ments thereof , and receptor molecules which bind specifi- Interscience ) ( 1992-2000 ) ; Kozbor et al . , Immunol . Today , 
cally to TNF ; compounds which prevent and / or inhibit TNF 4 : 72-79 ( 1983 ) ; and Ausubel et al . , eds . Current Protocols in 
synthesis , TNF release or its action on target cells , such as Molecular Biology , ( NY : Wiley Interscience ) ( 1987-2000 ) ; 
thalidomide , tenidap , and phosphodiesterase inhibitors ( e.g. and Muller , R. , “ Determination of affinity and specificity of 
pentoxifylline and rolipram ) ; A2b adenosine receptor ago- 5 anti - hapten antibodies by competitive radioimmunoassay , ” 
nists and A2b adenosine receptor enhancers ; compounds Meth . Enzymol . , 92 : 589-601 ( 1983 ) , which are entirely 
which prevent and / or inhibit TNF receptor signalling , such incorporated herein by reference . 
as mitogen activated protein ( MAP ) kinase inhibitors ; com- In a particular embodiment , murine monoclonal antibody 
pounds which block and / or inhibit membrane TNF cleavage , A2 is produced by a cell line designated c134A . Chimeric 
such as metalloproteinase inhibitors ; compounds which 10 antibody cA2 is produced by a cell line designated c168A . 
block and / or inhibit TNF activity , such as angiotensin con- CA2 is described in detail in U.S. Pat . No. 6,284,471 ( Le et 
verting enzyme ( ACE ) inhibitors ( e.g. , captopril ) ; and com- al . ) which is incorporated by reference herein in its entirety . 
pounds which block and / or inhibit TNF production and / or Additional examples of monoclonal anti - TNF antibodies 
synthesis , such as MAP kinase inhibitors . that can be used in the present invention are described in the 

In one embodiment , the TNA antagonist is a cycline 15 art ( see , e.g. , U.S. Pat . No. 5,231,024 ; Möller , A. , et al . , 
compound . Cycline compounds inhibit TNF - a in a non- " Monoclonal antibodies to human tumor necrosis factor 
specific manner . TNF - a and other similar bioactive sub- alpha : in vitro and in vivo application , ” A. et al . , Cytokine 
stances are first produced in an inactive form and transported 2 ( 3 ) : 162-169 ( 1990 ) ; U.S. Pat . No. 6,277,969 ; Rathjen et 
to the cell membrane . Upon activation , the active part of the al . , International Publication No. WO 91/02078 ( published 
pro - TNF - a is cleaved and released . This process is called 20 Feb. 21 , 1991 ) ; Rubin et al . , EPO Patent Publication No. O 
shedding and may be initiated by one or more enzymes . 218 868 ( published Apr. 22 , 1987 ) ; Yone et al . , EPO Patent 
These enzymes all have in common a metal ion and are Publication No. 0 288 088 ( published Oct. 26 , 1988 ) ; Liang , 
called matrix metalloproteinases ( MMPs ) . Cycline com- C. M. , et al . , " Production and characterization of monoclo 
pounds are known to bind to metal ions and will thereby nal antibodies against recombinant human tumor necrosis 
inhibit the action of the MMP and subsequently the release 25 factor / cachectin , ” Biochem . Biophys . Res . Comm . , 137 : 
of TNF - a and other pro - inflammatory cytokines in a non- 847-854 ( 1986 ) ; Meager , A. , et al . , “ Preparation and char 
specific manner . In some embodiments , the cycline com- acterization of monoclonal antibodies directed against anti 
pound is selected from the group consisting of doxycycline , genic determinants of recombinant human tumour necrosis 
lymecycline , oxicycline compound , tetracycline , minocy- factor ( rTNF ) , ” Hybridoma , 6 : 305-311 ( 1987 ) ; Fendly , B. 
cline , chemically modified tetracycline ( CMT ) and 30 M. , et al . , “ Murine monoclonal antibodies defining neutral 
KB - R7785 . izing epitopes on tumor necrosis factor , ” Hybridoma , 6 : 
As used herein , a “ tumor necrosis factor antibody , ” “ TNF 359-369 ( 1987 ) ; Bringman , T. S. , et al . , “ Monoclonal anti 

antibody , " " TNFa antibody , " or fragment and the like bodies to human tumor necrosis factors alpha and beta : 
decreases , blocks , inhibits , abrogates or interferes with application for affinity purification , immunoassays , and as 
TNFa activity in vitro , in situ and / or preferably in vivo . For 35 structural probes , ” Hybridoma , 6 : 489-507 ( 1987 ) ; and 
example , a suitable TNF human antibody of the present Hirai , M. , et al . , “ Production and characterization of mono 
invention can bind TNFa and includes anti - TNF antibodies , clonal antibodies to human tumor necrosis factor , ” J. Immu 
antigen - binding fragments thereof , and specified mutants or nol . Meth . , 96 : 57-62 ( 1987 ) , which references are entirely 
domains thereof that bind specifically to TNF - alpha incorporated herein by reference ) . 
( TNFa ) . A suitable TNF antibody or fragment can also 40 Preferred TNF receptor molecules useful in the present 
decrease block , abrogate , interfere , prevent and / or inhibit invention include those that bind TNFa with high specificity 
TNF RNA , DNA or protein synthesis , TNF release , TNF ( see , e.g. , Feldmann et al . , International Publication No. WO 
receptor signaling , membrane TNF cleavage , TNF activity , 92/07076 ( published Apr. 30 , 1992 ) ; Schall , T. J. et al . , 
TNF production and / or synthesis . “ Molecular cloning and expression of a receptor for human 

The chimeric antibody cA2 comprises the antigen binding 45 tumor necrosis factor , ” Cell , 61 : 361-370 ( 1990 ) ; and 
variable region of the high - specificity neutralizing mouse Loetscher , H. et al . , “ Molecular cloning and expression of 
anti - human TNFa IgG1 antibody , designated A2 , and the the human 55 kd tumor necrosis factor receptor , ” Cell , 61 : 
constant regions of a human IgG1 , kappa immunoglobulin . 351-359 ( 1990 ) , which are entirely incorporated herein by 
The human IgG1 Fc region improves allogeneic antibody reference ) and , optionally , possess low immunogenicity . In 
effector function , increases the circulating serum half - life 50 particular , the 55 kDa ( p55 TNF - R ) and the 75 kDa ( p75 
and decreases the immunogenicity of the antibody . The TNF - R ) TNF cell surface receptors are useful in the present 
avidity and epitope specificity of the chimeric antibody A2 invention . Truncated forms of these receptors , comprising 
is derived from the variable region of the murine antibody the extracellular domains ( ECD ) of the receptors or func 
A2 . In a particular embodiment , a preferred source for tional portions thereof ( see , e.g. , Corcoran , A. E. et al . , 
nucleic acids encoding the variable region of the murine 55 “ Characterization of ligand binding by the human p55 
antibody A2 is the A2 hybridoma cell line . tumour - necrosis - factor receptor . Involvement of individual 

Chimeric A2 ( cA2 ) neutralizes the cytotoxic effect of both cysteine - rich repeats , ” Eur . J. Biochem . , 223 : 831-840 
natural and recombinant human TNFa in a dose dependent ( 1994 ) ) , are also useful in the present invention . Truncated 
manner . From binding assays of chimeric antibody cA2 and forms of the TNF receptors , comprising the ECD , have been 
recombinant human TNFa , the specificity constant of chi- 60 detected in urine and serum as 30 kDa and 40 kDa TNFa 
meric antibody cA2 was calculated to be 1.04x1010M - 1 . inhibitory binding proteins ( Engelmann , H. et al . , “ Two 
Preferred methods for determining monoclonal antibody tumor necrosis factor - binding proteins purified from human 
specificity and specificity by competitive inhibition can be urine . Evidence for immunological cross - reactivity with cell 
found in Harlow et al . , Antibodies : A Laboratory Manual , surface tumor necrosis factor receptors , ” J. Biol . Chem . , 
Cold Spring Harbor Laboratory Press , Cold Spring Harbor , 65 265. , 1531-1536 ( 1990 ) ) . TNF receptor multimeric mol 
N.Y. ( 1988 ) ; Colligan et al . , eds .; Current Protocols in ecules and TNF immunoreceptor fusion molecules , and 
Immunology , ( NY : Greene Publishing Assoc . and Wiley derivatives and fragments or portions thereof , are additional 
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examples of TNF receptor molecules which are useful in the example , a functional equivalent of a TNF receptor molecule 
methods and compositions of the present invention . The can contain a " silent " codon or one or more amino acid 
TNF receptor molecules which can be used in the invention substitutions , deletions or additions ( e.g. , substitution of one 
are characterized by their ability to treat patients for acidic amino acid for another acidic amino acid ; or substi 
extended periods with good to excellent alleviation of symp- 5 tution of one codon encoding the same or a different 
toms and low toxicity . Low immunogenicity and / or high hydrophobic amino acid for another codon encoding a specificity , as well as other undefined properties , can con hydrophobic amino acid ) . See Ausubel et al . , Current Pro tribute to the therapeutic results achieved . tocols in Molecular Biology ( NY : Greene Publishing Assoc . TNF receptor multimeric molecules useful in the present and Wiley - Interscience ) ( 1987-2003 ) . invention can comprise all or a functional portion of the 10 
ECD of two or more TNF receptors linked via one or more In some embodiments , the monoclonal antibody that 
polypeptide linkers or other nonpeptide linkers , such as inhibits TNF - a is selected from the group consisting of 
polyethylene glycol ( PEG ) . The multimeric molecules can monoclonal rodent - human antibodies , rodent antibodies , 
further comprise a signal peptide of a secreted protein to human antibodies or any portion or portions thereof , having 
direct expression of the multimeric molecule . 15 at least one antigen binding region of an immunoglobulin 
TNF immunoreceptor fusion molecules useful in the variable region , which antibody binds TNF . Preferably , this 

methods and compositions of the present invention can monoclonal antibody is selected from the group of com 
comprise at least one portion of one or more immunoglobu- pounds disclosed in U.S. Pat . No. 6,277,969 , the specifica 
lin molecules and all or a functional portion of one or more tion of which is entirely incorporated herein by reference . In 
TNF receptors . These immunoreceptor fusion molecules can 20 some embodiments , REMICADE® infliximab is delivered 
be assembled as monomers , or hetero- or homo - multimers . in a formulation having an infliximab concentration of The immunoreceptor fusion molecules can also be monova between about 0.4 mg / ml and about 4 mg / ml . lent or multivalent . An example of such a TNF immunore 
ceptor fusion molecule is TNF receptor / IgG fusion protein . In some embodiments , the specific inhibitor of TNF - a is 
TNF immunoreceptor fusion molecules and methods for 25 an inhibitor of p38 MAP kinase , preferably , a small mol 
their production have been described in the art ( Lesslauer , ecule inhibitor of p38 MAP kinase . The inhibition of p38 
W. et al . , “ Recombinant soluble tumor necrosis factor recep MAP kinase is believed to block production of both TNF - a 
tor proteins protect mice from lipopolysaccharide - induced and Il - 2 , both of which are pro - inflammatory cytokines . The 
lethality , ” Eur . J. Immunol , 21 : 2883-2886 ( 1991 ) ; Ashke- small molecule inhibitors of p38 MAP kinase are very 
nazi , A. , et al . , " Protection against endotoxic shock by a 30 specific & potent ( ~ nM ) . Without wishing to be tied to a 
tumor necrosis factor receptor immunoadhesin , ” Proc . Natl . theory , it is believed that inhibition of p38 should not block 
Acad . Sci . USA , 88 : 10535-10539 ( 1991 ) ; Peppel , K. et al . , TGF signaling nor TGF activity . It is further believed that 
“ A tumor necrosis factor ( TNF ) receptor - IgG heavy chain p38 inhibitors may also block induction of some metallo 
chimeric protein as a bivalent antagonist of TNF activity , ” J. proteinases , COX 2 and NO synthetase . It is further believed 
Exp . Med . , 174 : 1483-1489 ( 1991 ) ; Kolls , J. et al . , “ Pro- 35 that P38 inhibitors do not inhibit interleukins involved in 1 
longed and effective blockade of tumor necrosis factor immune cell proliferation such as IL - 2 . 
activity through adenovirus - mediated gene transfer , ” Proc . 
Natl . Acad . Sci . USA , 91 : 215-219 ( 1994 ) ; Butler , D. M. et Intraosseous administration of an effective amount of a 
al . , “ TNF receptor fusion proteins are effective inhibitors of high specificity antagonist ( HSA ) of p38 kinase would also 
TNF - mediated cytotoxicity on human KYM - 1D4 rhab- 40 help provide therapy to a patient having OP . It is believed 
domyosarcoma cells , ” Cytokine , 6 ( 6 ) : 616-623 ( 1994 ) ; that the p38 kinase site regulates the production of TNF - a , 
Baker , D. et al . , “ Control of established experimental aller IL - 1 and COX - 2 enzyme . 
gic encephalomyelitis by inhibition of tumor necrosis factor Therefore , in accordance with another embodiment of the 
( TNF ) activity within the central nervous system using present invention , there is provided a method of treating OP , 
monoclonal antibodies and TNF receptor - immunoglobulin 45 comprising locally intraosseously administering an effective 
fusion proteins , ” Eur . J. Immunol . , 24 : 2040-2048 ( 1994 ) ; amount of a formulation comprising a high specificity 
and Beutler et al . , U.S. Pat . No. 5,447,851 , each of which antagonist of p38 kinase into an OP bone . references are entirely incorporated herein by reference ) . 
Methods for producing immunoreceptor fusion molecules Preferably , they are provided in an about 10 nM to about 
can also be found in Capon et al . , U.S. Pat . No. 5,116,964 ; 50 10 uM dose . Some high specificity antagonists of p38 kinase 
Capon et al . , U.S. Pat . No. 5,225,538 ; and Capon , D. J. et al . , are disclosed in Zhang , C. , “ Mitogen - activated protein 
“ Designing CD4 immunoadhesins for AIDS therapy , " ( MAP ) kinase regulates production of tumor necrosis factor 
Nature , 337 : 525-531 ( 1989 ) , which references are entirely alpha and release of arachidonic acid in mast cells . Indica 
incorporated herein by reference . tions of communication between p38 and p42 MAP 
A functional equivalent , derivative , fragment or region of 55 kinases , ” J. Biol . Chem . , 272 ( 20 ) : 13397-402 ( 1997 ) ; 

a TNF receptor molecule refers to a protein or peptide which Pargellis , C. , “ Inhibition of p38 MAP kinase by utilizing a 
comprises a portion of the TNF receptor molecule , or the novel allosteric binding site , ” Nature Structural Biology , 
portion of the TNF receptor molecule nucleic acid sequence 9 ( 4 ) : 268-272 ( 2002 ) ; and Chae , H. J. , “ The p38 mitogen 
which encodes the TNF receptor molecule , that is of suffi- activated protein kinase pathway regulates interleukin - 6 
cient size and sequences to functionally resemble a TNF 60 synthesis in response to tumor necrosis factor in osteo 
receptor molecule that can be used in the present invention blasts , ” Bone , 28 ( 1 ) : 45-53 ( 2001 ) , and in U.S. Pat . No. 
( e.g. , binds TNFa with high specificity and possesses low 6,541,477 ( “ Goehring ” ) and U.S. Pat . No. 5,965,583 
immunogenicity ) . A functional equivalent of a TNF receptor ( “ Beers ” ) , the specifications of which are herein incorpo 
molecule also includes a modified TNF receptor molecule rated by reference in their entirety . Preferably , the HSA of 
that functionally resembles a TNF receptor molecule that 65 p38 kinase is administered in a dosage to produce a local 
can be used in the present invention ( e.g. , binds TNFa with tissue concentration of between about 5 ug / kg and about 50 
high specificity and possesses low immunogenicity ) . For ug / kg . 
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In some embodiments , the p38 kinase inhibitor is selected In one embodiment , at least one of the substances is an 
from the group consisting of : antagonist of TNF - a . In one embodiment , the other sub 

a ) diaryl imidizole ; stance is an antagonist of an interleukin . 
b ) N , N - diaryl urea ( developed by Bayer , Boehringer BFAs and ARAs of the present invention can be admin 

Ingelheim and Vertex ) ; 5 istered either as individual therapeutic agents or in combi 
c ) N , N - diaryl urea ( developed by Vertex ) ; nation with other therapeutic agents . They can be adminis 
d ) benzophenone ( developed by Leo Pharmaceuticals ) ; tered alone or with a pharmaceutical carrier selected on the 
e ) pyrazole ketone ( developed by Hoffman - LaRoche ) ; basis of the chosen route of administration and standard 
f ) indole amide ( developed by GlaxoSmithKline and pharmaceutical practice . 

Scios ) ; The dosage administered will , of course , vary depending 
g ) diamides ( developed by AstraZeneca ) ; upon known factors such as the pharmacodynamic charac 
h ) quinazoline ( developed by GlaxoSmithKline ) ; teristics of the particular agent , and its mode and route of 
i ) pyrimido [ 4,5 - d ] pyrimidinone ( developed by GlaxoS- administration ; age , health , and weight of the recipient ; 

mithKline and Hoffman LaRoche ) ; and nature and extent of symptoms , kind of concurrent treat 
j ) pyridylamino - quinazolines ( developed by Scios ) . 15 ment , frequency of treatment , and the effect desired . Usually 
Members of this group are described , for example , in a daily dosage of active ingredient can be about 0.01 to 100 

Zhang et al . , supra , Pargellis et al . , supra , Chae et al . , supra , milligrams per kilogram of body weight . In one embodi 
Cirillo , P. F. et al . , “ The non - diaryl heterocycle classes of ment , about 1.0 to 5 , and preferably about 1 to 10 milligrams 
p38 MAP kinase inhibitors , ” Current Topics in Medicinal per kilogram per day given in divided doses 1 to 6 times a 
Chemistry , 2 : 1021-1035 ( 2002 ) , Boehm et al , Exp . Opin , 20 day or in sustained release form is effective to obtain desired 
Ther . Patents , 10 ( 1 ) : 25-38 ( 2000 ) , and Lee , J. C. et al . , results . 
“ Inhibition of p38 MAP kinase as a therapeutic strategy , " In some embodiments , agents can be administered in a 
Immunopharmacology , 47 : 185-2001 ( 2000 ) . dosage of about 0.1 to about 100 mg / kg , such as about 0.5 , 

In some embodiments , the p38 kinase inhibitor is selected 0.9 , 1.0 , 1.1 , 1.5 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 
from the group consisting of SK & F 86002 ; SB 203580 ; 25 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 40 , 
L - 167307 ; HEP 689 ; SB220025 ; VX - 745 ; SU4984 ; RWJ 45 , 50 , 60 , 70 , 80 , 90 or 100 mg / kg , per day , on at least one 
68354 ; ZM336372 ; PD098059 ; SB235699 ; and SB220025 . of day 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 

In some embodiments , the p38 kinase inhibitor is char- 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 
acterized as a l - aryl - 2 - pyridinyl heterocycle . In some 34 , 35 , 36 , 37 , 38 , 39 , or 40 , or alternatively , at least one of 
embodiments , the 1 - aryl - 2 - pyridinyl heterocycle is selected 30 week 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 
from the group consisting of : 18 , 19 or 20 , or any combination thereof , using single or 

a ) 4,5 substituted imidazole , divided doses of every 24 , 12 , 8 , 6 , 4 , or 2 hours , or any 
b ) 1,4,5 substituted imidizole ; combination thereof . In one embodiment , the agents are 
c ) 2,4,5 substituted imidizole ; administered three times in one month , e.g. three times in the 
d ) 1,2,4,5 substituted imidizole ; and 35 first month . 

non - imidizole 5 - membered ring heterocycle . In some embodiments , dosage forms ( composition ) suit 
In some embodiments , the p38 kinase inhibitor has at least able for internal administration generally contain from about 

3 cyclic groups . 0.1 milligram to about 500 milligrams of active ingredient 
In some embodiments , the p38 kinase inhibitor is selected per unit . In these pharmaceutical compositions , the active 

from the group consisting of a molecule that is readily 40 ingredient will ordinarily be present in an amount of about 
soluble in water and a substantially water - insoluble mol- 0.5-95 % by weight based on the total weight of the com 
ecule . In some embodiments , the highly specific antagonist position . 
is a p38 kinase inhibitor that is a substantially water- In some embodiments , agents can be formulated as a 
insoluble molecule . The substantially water insoluble p38 solution , suspension , emulsion or lyophilized powder in 
inhibitor may be advantageous in that , if injected into the 45 association with a pharmaceutically acceptable parenteral 
uncoupled resorbing bone , it will remain in the bone as a vehicle . Examples of such vehicles are water , saline , Ring 
solid and will only slightly solubize over time , thereby er's solution , dextrose solution , and 5 % human serum albu 
providing sustained release . min . Liposomes and nonaqueous vehicles such as fixed oils 

In some embodiments , the HSCA is a specific antagonist can also be used . The vehicle or lyophilized powder can 
( i.e. , inhibitor ) of an interleukin . Preferably , the target inter- 50 contain additives that maintain isotonicity ( e.g. , sodium 
leukin is selected from the group consisting IL - 1 , IL - 2 , IL - 6 , chloride , mannitol ) and chemical stability ( e.g. , buffers and 
IL - 8 , IL - 1B and IL - 12 . Preferred antagonists include , but are preservatives ) . The formulation is sterilized by commonly 
not limited to , Kineretg ( recombinant IL 1 - RA , Amgen ) , used techniques . Suitable pharmaceutical carriers are 
IL1 - Receptor Type 2 ( Amgen ) and IL - 1 Trap ( Regeneron ) . described in the most recent edition of Remington's Phar 

Since it is known that many pro - inflammatory proteins 55 maceutical Sciences , A. Osol , a standard reference text in 
play a role in osteoporosis , and that the antagonists of the this field of art . 
present invention are highly specific , it is further believed Because osteoporosis ( " OP ” ) involves the progressive 
that injecting at least two of the highly specific antagonists resorption of bone in which many factors are involved , in 
of the present invention directly into the bone would be even many instances , simply providing a single dose or even a 
more advantageous in certain embodiments . 60 regimen over the space of a few days may not be sufficient a 

Therefore , in accordance with the present invention , there to manage the OP . Therefore , there is a need to provide a 
is provided a method of treating an osteoporotic bone , long - term drug therapy treatment of OP that does not require 
comprising administering a formulation comprising at least multiple injections . Accordingly , it is desirable for the AR 
two highly specific antagonists of pro - inflammatory cytok- and / or BF agent to remain within the bone as long as 
ines selected from the group consisting of TNF - a , an 65 possible in a pharmaceutically effective amount . The half 
interleukin ( preferably , IL - 1 , Il - 6 and IL - 8 ) , FAS , an FAS life of the AR and / or BF agent within the bone will depend 
ligand and IFN - gamma into the bone . upon many factors , including the size of the AR and / or BF 
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agent and its charge . In general , the larger the molecular lipid . In some embodiments , the DEPOFOAMTM technol 
weight of the AR and / or BF agent , the more likely it is to ogy of Skyepharma PLC ( London , United Kingdom ) is 
remain contained by the bone . selected . 
When selecting an AR and / or BF agent with a relatively In some embodiments , the sustained delivery device 

short half - life ( residence time ) in the bone , it would be 5 comprises a delivery system disclosed in U.S. Pat . No. 
desirable for a relatively large dose of the AR and / or BF 5,270,300 ( “ Hunziker ” ) , the specification of which is incor 
agent to be administered into the bone . In this condition , the porated herein by reference in its entirety . 
residence time of the AR and / or BF agent would not cause In some embodiments , the sustained delivery device 
the AR and / or BF agent to fall below therapeutically effec- comprises a liposomal delivery system , such as that dis 
tive concentrations until an extended period of time has 10 closed in WO 03/000190 . Liposomes are small spheres 
elapsed . whose walls are layers of lipids with water . As they form , 
When injecting formulations into the bone , it is desirable liposomes entrap water and any water soluble solutes that 

that the volume of drug delivered be no more than about 10 are present . Because of this entrapping ability , they are 
ml , for example , no more than about 5 ml , ( i.e. , a maximum useful as delivery systems . For the purposes of the present 
of about 5 ml ) for example , between about 1 and about 3 ml . 15 invention , a preferred embodiment includes the use of a 
As noted above , continuous delivery of the AR and / or BF multilamellar vesicle , and any naturally occurring phospho 

agent is considered to be highly advantageous . Accordingly , lipid , such as dipalmitoylphosphatidylcholine ( DPPC ) . 
in some embodiments , at least the BF and / or AR agent is A liposome may be a vesicle having at least one lipid 
provided in a sustained release ( i.e. , delivery ) device . The bilayer surrounding an inner liquid phase ( a lipid bilayer 
sustained release device is adapted to remain within the bone 20 surrounding either a liquid core or a liquid phase dispersed 
for a prolonged period and slowly release the BF and / or AR between it and another lipid bilayer ) . The liposome may 
agent contained therein to the surrounding environment . have various structures such as multilamellar ( MLVs ) , uni 
This mode of delivery allows a BF and / or AR agent to lamellar ( ULVs ) and paucilamellar ( PLVs ) vesicles . The 
remain in therapeutically effective amounts within the bone resulting structure of the liposome is dependent , in part , on 
for a prolonged period . One or more additional therapeutic 25 the choice of materials forming the hydrophobic phase and 
agents can also be delivered by a sustained delivery device . the manufacturing parameters , such as temperature and 

In some embodiments , the BF and / or AR agent is pre- incubation time . 
dominantly released from the sustained delivery device by Some liposomes comprise at least one amphiphilic 
its diffusion through the sustained delivery device ( for bilayer - forming substance . The therapeutic substances con 
example , through a polymer or a porous ceramic such as 30 tained therein may be contained either within the lipid 
hydroxyapatite ) . In others , the BF and / or AR agent is bilayer or the hydrophilic compartments of the liposome . 
predominantly released from the sustained delivery device The amphiphilic bilayer - forming substance comprises both 
by the biodegradation of the sustained delivery device ( for a hydrophilic and a lipophilic group and is capable of 
example , biodegradation of a polymer or a porous ceramic forming , either alone or in combination with other lipids , the 
such as hydroxyapatite ) . In others , the BF and / or AR agent 35 bilayer of a liposome . The lipid can have single or multiple 
is predominantly released from the sustained delivery device lipophilic side chains being either saturated or unsaturated in 
by convection , such as through a drug pump . nature and branched or linear in structure . The amphiphilic 

In some embodiments , the sustained release device ( i.e. , bilayer - forming substance can be a phospoholipid or a 
sustained delivery device ) comprises a bioresorbable mate- ceramide . 
rial whose gradual erosion causes the gradual release of the 40 In some embodiments , the sustained delivery device 
BF and / or AR agent to the bone environment . In some comprises the co - polymer poly - DL - lactide - co - glycolide 
embodiments , the sustained release device comprises a ( PLG ) . Preferably , the formulation is manufactured by com 
bioresorbable polymer . In one embodiment , the bioresorb- bining the BF and / or AR agent , the co - polymer and a solvent 
able polymer has a half - life of at least one month , for to form a droplet , and then evaporating the solvent to form 
example , at least two months , e.g. , at least 6 months . 45 a microsphere . The plurality of microspheres are then com 

In some embodiments , the sustained release device pro- bined in a biocompatible diluent . Preferably , the BF and / or 
vides continuous release . In others , it provides intermittent AR agent is released from the co - polymer by its diffusion 
release . In others , the sustained release device comprises a therethrough and by the biodegradation of the co - polymer . 
biosensor . Other release modes may also be used . In some embodiments hereof , the PROLEASE® technology 

In some embodiments , the sustained delivery device 50 of Alkermes ( Cambridge , Mass . ) is selected . 
comprises a plurality of bioerodable macrospheres . In some In some embodiments , the sustained delivery device 
embodiments , the BF and / or AR agent is preferably con- comprises a hydrogel . Hydrogels can also be used to deliver 
tained in a gelatin ( or water or other solvent ) within the the BF and / or AR agent in a time - release manner to the disc 
capsule , and is released to the bone environment when the environment . A “ hydrogel ” is a substance formed when an 
outer shell of the capsule has been eroded . The device can 55 organic polymer ( natural or synthetic ) is set or solidified to 
include a plurality of capsules having outer shells of varying create a three - dimensional open - lattice structure that entraps 
thickness , so that the sequential breakdown of the outer molecules of water or other solution to form a gel . The 
shells provides periodic release of the BF and / or AR agent . solidification can occur , e.g. , by aggregation , coagulation , 

In some embodiments , the sustained delivery device hydrophobic interactions , or cross - linking . The hydrogels 
comprises a plurality ( e.g. , at least one hundred ) of water- 60 employed in this invention rapidly solidify to keep the BF 
containing chambers , each chamber containing the BF and / and / or AR agent at the application site , thereby eliminating 
or AR agent . Each chamber is defined by bilayer lipid undesired migration from the bone . The hydrogels are also 
membranes comprising synthetic duplicates of naturally biocompatible , e.g. , not toxic , to cells suspended in the 
occurring lipids . The release of the drug can be controlled by hydrogel . 
varying at least one of the aqueous excipients , the lipid 65 A “ hydrogel - BF and / or AR agent composition ” is a sus 
components , and the manufacturing parameters . In one pension of a hydrogel - containing desired agent . The hydro 
embodiment , the formulation comprises no more than 10 % gel - BF and / or AR agent composition forms a uniform dis 
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tribution of BF and / or AR agent with a well - defined and sustained release device comprises a drug pump . In some 
precisely controllable density . Moreover , the hydrogel can embodiments , it comprises bioresorbable materials . The kits 
support very large densities of BF and / or AR agent . can also encompass an effective amount of a growth factor . 

Hydrogels suitable for use in the present invention include When selecting an BF and / or AR agent with a relatively 
water - containing gels , i.e. , polymers characterized by hydro- 5 long half - life , it may be assumed that a relatively small dose 
philicity and insolubility in water . See , for instance , “ Hydro- of the BF and / or AR agent can be administered into the bone . 
gels ” , In Concise Encyclopedia of Polymer Science and In this condition , the slow depletion of the BF and / or AR 
Engineering , Mark et al . , eds . ( Wiley and Sons ) pp . 458-459 agent would not cause the BF and / or AR agent to fall below 
( 1990 ) , the disclosure of which is incorporated herein therapeutically effective levels in the bone until an extended 
entirely by reference in its entirety . Although their use is 10 period of time has elapsed . 
optional in the present invention , the inclusion of hydrogels In some embodiments in which BF and / or AR agents have 
can be highly advantageous since they tend to contribute a long half - lives within the bone , the dose administered can be 
number of desirable qualities . By virtue of their hydrophilic , 
water - containing nature , hydrogels can : For example , if it is believed that a BF and / or AR agent 

a ) house viable cells , such as mesenchymal stem cells and 15 is effective when present in the range of about 1-10 mg / kg 
b ) assist with load bearing capabilities of the bone . or 1-10 ppm ( as is believed to be the case for the TNF 
In one embodiment , the hydrogel is a fine , powdery antagonist REMICADE® infliximab as an AR agent ) , and 

synthetic hydrogel . The hydrogel can include one or more of since the cancellous portion of a cervical vertebral body has 
the following : polysaccharides , proteins , polyphosphazenes , a volume of about 3 ml ( or 3 cc or 3 g ) , then only about 3-30 
poly ( oxyethylene ) -poly ( oxypropylene ) block polymers , 20 ug of the HSCA would need be administered to the bone in 
poly ( oxyethylene ) -poly ( oxypropylene ) block polymers of order to provide a long lasting effective amount of the drug . 
ethylene diamine , poly ( acrylic acids ) , poly ( methacrylic The small amounts available by this route reduce the 
acids ) , copolymers of acrylic acid and methacrylic acid , chances of deleterious side effects of the BF and / or AR 
poly ( vinyl acetate ) , and sulfonated polymers . agent . 

In general , these polymers are at least partially soluble in 25 For example , suppose a clinician administered 0.3 ml of 
aqueous solutions , e.g. , water , or aqueous alcohol solutions 60 mg / ml REMICADE® infliximab into a 2.7 cc bone , 
that have charged side groups , or a monovalent ionic salt thereby producing an infliximab concentration in the bone of 
thereof . There are many examples of polymers with acidic about 6 mg / ml , or 6 parts per thousand . Without wishing to 
side groups that can be reacted with cations , e.g. , poly be tied to a theory , if infliximab has the same half - life within 
( phosphazenes ) , poly ( acrylic acids ) , and poly ( methacrylic 30 a bone as it does when administered systemically ( i.e. , about 
acids ) . Examples of acidic groups include carboxylic acid 1 week ) , then the concentration of infliximab would remain 
groups , sulfonic acid groups , and halogenated ( preferably above about 10 ppm for about 9 weeks . Therefore , if another 
fluorinated ) alcohol groups . Examples of polymers with dose were needed , the clinician would only need to provide 
basic side groups that can react with anions are poly ( vinyl the second dose after about two months . 
amines ) , poly ( vinyl pyridine ) and poly ( vinyl imidazole ) . Therefore , in some embodiments , the BF and / or AR agent 

In some embodiments , the sustained delivery device is provided in a dose of less than about 1 for example , 
includes a polymer selected from the group consisting of a maximum of about 0.5 mg , e.g. , less than about 0.5 mg , 
PLA , PGA , PCL and mixtures thereof . e.g. , less than about 0.1 mg , e.g. , less than about 0.01 mg , 
When the sustained delivery vehicle is essentially a depot , e.g. , less than about 0.001 mg . The smaller amounts avail 

preferably , the formulation of the present invention is 40 able by this route reduce the chances of deleterious side 
injected into the bone through a small bore needle . In some effects of the BF and / or AR agent . Preferably , the BF and / or 
embodiments , the needle has a bore of about 22 gauge or AR agent provided in these smaller amounts is a TNF 
less , so that the possibilities of producing tissue damage are antagonist , more preferably it is REMICADE® infliximab . 
mitigated . For example , the needle can have a bore of about In some embodiments , the formulation is administered in an 
24 gauge or a smaller bore , so that the possibilities of 45 amount effective to reduce osteoclast production . In some 
producing tissue damage are even further mitigated . embodiments , the formulation is administered in an amount 

Accordingly , in another aspect of the present invention , effective to maintain the bone mineral density of the target 
there is provided a kit for treating an osteoporotic bone , bone . In some embodiments , the formulation is administered 
comprising : in an amount effective to increase the bone mineral density 

a ) a first formulation comprising a bone forming agent , 50 of the target bone . 
b ) a second formulation comprising an effective amount In accordance with one aspect of the invention , the BF 

of an anti - resorptive agent , and agent , the AR agent and an additional ( e.g. , third ) therapeu 
c ) a sustained release device adapted to deliver the second tic agent ( s ) are locally administered into the bone . More than 

formulation into the bone . one additional therapeutic agent can be administered . For 
Accordingly , in another aspect of the present invention , 55 example , there can be fourth , fifth and sixth therapeutic 

there is provided a kit for treating agents . 
a ) a first formulation comprising an effective amount of a In some embodiments , the BF agent , AR agent and 

bone - forming agent , additional therapeutic agent ( s ) are administered simultane 
b ) a first sustained release device adapted to deliver the ously . In others , the BF agent is administered first . In some 

first formulation into the bone , 60 embodiments , the AR agent is administered after the BF 
c ) a second formulation comprising an effective amount agent has been depleted . 

of an anti - resorptive agent , and Examples of other ( additional ) therapeutic agents include , 
d ) a second sustained release device adapted to deliver the but are not limited to : vitamins and other nutritional supple 

second formulation into the bone . ments ; hormones ; glycoproteins ; fibronectin ; peptides and 
In some embodiments , the bone forming agent is an 65 proteins ; carbohydrates ( both simple and / or complex ) ; pro 

osteoconductive material , an anabolic agent , a growth factor teoglycans ; oligonucleotides ( sense and / or antisense DNA 
( such as BMP or FGF ) . In some embodiments , the second and / or RNA ) ; demineralized bone matrix ; antibodies ( for 
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example , to infectious agents , tumors , drugs or hormones ) ; embodiments , the NSAID is a dual inhibitor of both the 
gene therapy reagents ; and anti - cancer agents . Genetically COX and LOX pathways , and is preferably TEPOXALINTM 
altered cells and / or other cells may also be included in a ( available from Johnson & Johnson ) . 
matrix of this invention . If desired , substances such as pain As noted above , local treatment of osteoporosis requires 
killers and narcotics may also be admixed with a polymer for 5 the sustained presence of the anti - resorptive agent within a 
delivery and release to the bone . very vascular bony tissue . Accordingly , it appears that 

In some embodiments particularly suited for cancer providing a slow , continuous release of the anti - resorptive 
patients , an anti - cancer drug is locally administered . into the bony tissue would insure the sustained presence of 

In some embodiments particularly suited for patients the anti - resorptive agent . 
having a fracture , an antibiotic is locally administered for 10 Therefore , in some embodiments , there is provided a 
infection control . device for providing sustained delivery of a therapeutic 

In some embodiments , the formulation includes a agent into a bone , for example , a device comprising : 
radioopaque agent so that the injected material can be a ) a chamber for housing an anti - resorptive agent , 
fluoroscopically monitored . b ) an exit port in fluid communication with the chamber , 

In some embodiments , the formulation comprises a suit- 15 c ) an effective amount of an anti - resorptive agent housed 
able biocompatible solvent such as saline . In some embodi- within the chamber , and 
ments , the solvent is selected from the solvents disclosed in d ) means for expelling the anti - resorptive agent from the 
U.S. Pat . No. 6,277,969 , the specification of which is chamber through the exit port . 
incorporated herein by reference in its entirety . In some In some embodiments , the device comprises a formula 
embodiments , the solvent is preferably selected from the 20 tion ( e.g. , a first formulation ) comprising an effective 
group consisting of dimethyl sulfoxide ( DMSO ) and etha- amount of the anti - resorptive agent housed within the cham 
nol . ber . 

It would be useful for the clinician to first perform a Now referring to FIG . 7 , there is provided an osmotic 
diagnostic test in order to confirm that the targeted bone is , pump implant 1 for providing sustained delivery of a thera 
in fact , osteoporotic or osteopenic prior to providing the 25 peutic agent into a bone . In this embodiment , the osmotic 
injection . This is typically done through a DEXA ( Dual pump implant comprises : 
X - Ray Absorptiometer ) analysis . a ) a tubular member 11 including a proximal end portion 

In some embodiments , post - delivery monitoring or track- 13 , a distal end portion 15 and a throughbore 17 , 
ing is used to assess bone density and growth . b ) a semi - permeable membrane 21 located in the proximal 

It is believed that intraosseous administration of an effec- 30 end portion of the tubular member , 
tive amount of a high specificity antagonist of the NO c ) a piston 25 provided in the tubular member , defining a 
synthase enzyme would also help provide therapy to the proximal chamber 27 and a distal chamber 29 , 
patient having OP . It is believed that the NO synthase d ) an osmotic engine 31 located in the proximal chamber , 
enzyme regulates the production of NO , which is known to and 
have pro - inflammatory effects . e ) a therapeutic drug 35 located in the distal chamber , 

Therefore , in accordance with another embodiment of the wherein the tubular member has an outer surface adapted to 
present invention , there is provided a method of treating OP , anchor to the bone , for example , an outer surface having a 
comprising intraosseously administering effective fastening means 19 ( e.g. , a threadform ) thereon . 
amount of a formulation comprising a high specificity In some embodiments , the tubular member has an outer 
antagonist of NO synthase into an uncoupled resorbing 40 surface which has a hook thereon . In some embodiments , the 
bone . outer surface has a porosity effective for inducing bone 

Examples of high specificity antagonists include NO growth , such as a porosity with an average pore size of 
synthase N - iminoethyl - L - lysine ( L - NIL ) , and between about 20 um and about 500 um . 
NO - monomethyl - L - arginine . The device shown in FIG . 7 works upon the following 

In some embodiments , the high specificity antagonists of 45 principle . Water infiltrates the semi - permeable membrane 
NO synthase may be administered systemically . and is imbibed in the osmotic engine . Upon the receipt of 

The present invention is also directed to providing a water , the material selected for the osmotic engine swells . 
highly specific anti - apoptosis molecule to the uncoupled Since the semi - permable membrane is fixed and the piston 
resorbing bone . These molecules serve to protect against is axially movable , the force produced by the swelling of the 
osteocyte apoptosis . Preferred compounds include EPO , 50 osmotic engine forces the piston to slide distally . This 
erythropoetin mimetic peptides , EPO mimetibodies , IGF - I , movement in turn forces the drug out the distal exit port 5 . 
IGF - II and caspase inhibitors . In some embodiments , design features of the device are 

Therefore , in accordance with another embodiment of the adopted from U.S. Pat . No. 5,728,396 ( “ Peery ' ) , the speci 
present invention , there is provided a method of treating OP , fication of which is incorporated by reference in its entirety . 
comprising intraosseously administering an effective 55 In some embodiments , the therapeutic drug provided in 
amount of a formulation comprising a high specificity FIG . 7 is an anti - resorptive ( AR ) agent . In some embodi 
anti - apoptotic agent into an uncoupled resorbing bone . ments , the device is tailored to provide the AR agent in an 

In addition , non - steroidal anti - inflammatory drugs amount of at least 70 % of the predetermined therapeutic 
( NSAIDs ) may also be selected as an additional , e.g. , a level for at least about six ( 6 ) months . In some embodiments , 
second , therapeutic agent . In some embodiments , the 60 the therapeutic drug provided is a bone forming agent , such 
NSAID anabolic , and is , for example , selected from the as a growth factor ( e.g. , BMP or a FGF ) . 
group consisting of TOLMETINTM ( available from Ortho- A major impediment to many osmotic engine - based deliv 
MacNeil ) , SUPROLTM ( available from Johnson & Johnson ) , ery devices is the start - up time . In effect , the osmotic engine 
and Tiaprofenic acid ( available from Roussel Labs ) . Pref- must be primed before the therapeutic drug is eluted from 
erably , the anabolic NSAID is administered in a dosage 65 the distal end of the device . However , since Lane , supra , has 
sufficient to produce an initial local tissue concentration of demonstrated that the anti - resorptive agent need not be 
between about 5 ug / kg and about 500 ug / kg . In some present during the initial bone - growth process , the device 
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need not provide the AR agent for that initial period . Rather iii ) a throughbore in fluid communication with the entry 
the device may deliver the AR agent after a lead time of at and exit holes ; 
least 15 days and still provide therapy . b ) a first formulation comprising an effective amount of a 

Because the bone is a very vascular tissue ( and especially bone forming agent , and 
so in many osteoporotic patients ) , it may be that the vascu- c ) a second formulation comprising an effective amount 
larity also drains the locally administered bone forming of an anti - resorptive agent . 
agent ( BF agent ) quickly . For example , it is reasonable to Although the device of FIG . 4 is useful for delivering an 
expect BF agent levels to be essentially depleted within anti - resorptive agent for a period of at least 6 months , the 
about 10-15 days of their local administration . Since in the requirement that the AR agent be delivered ad infinitum 
case of many BF agents , it may be advantageous to provide requires replacement of the device of FIG . 4 with another 
an effective amount of the BF agent within the bone for a device . However , it is believed that replacement of the 
longer duration , there appears to be a need for a device that device of FIG . 4 will be problematic for at least two reasons . 
insures the continuous presence of the BF agent for an First , removal of the device ( for example , by turning the 
indefinite period . threadform in the opposite direction ) may well damage the 
Now referring to FIG . 8 , there is provided an osmotic bone surrounding the device . This damage may produce a 

pump implant for providing sustained delivery of two thera- loose fit between the bone and the second device when it is 
peutic agents to a bone , comprising : ultimately inserted into the bone . Second , because the device 

a ) a tubular member 61 having a proximal end portion 63 , has administered a bone forming agent and an anti - resorp 
a distal end portion 65 and a throughbore 67 , 20 tive agent to the bone , the threadform may have been 

b ) a semi - permeable membrane 71 located in the proximal osteointegrated into the bone , thereby making its removal 
end portion of the tubular member , extremely difficult . 

c ) a distal piston 75 provided in the tubular member , Accordingly , there is a need for a device that allows for 
defining an intermediate chamber 77 and a distal cham- easy removal of the drug pump . 

For example , now referring to FIG . 9 , there is provided a 
d ) a proximal piston 81 provided in the tubular member , drug delivery implant 101 for providing sustained delivery 

defining the intermediate chamber 77 and a proximal of a therapeutic agent to a bone , comprising : 
chamber 83 , a ) an osmotic pump 105 having an outer surface 107 , an 

e ) an osmotic engine 85 located in the proximal chamber , inner chamber 108 and an exit port 109 , and 
f ) a first therapeutic drug 91 ( for example , a bone forming 30 b ) a carrier 111 having a recess 113 for receiving the 

agent ) located in the distal chamber , and and a means for fastening to bone 115 . 
g ) a second therapeutic drug 95 ( for example , an anti- The drug delivery implant of the present invention is 

resorptive agent ) located in the intermediate chamber . advantageous because it allows for the intermittent removal 
Wherein the tubular member has an outer surface adapted and replacement of a spent osmotic pump without harming 

to anchor to the bone , for example , an outer surface having 35 the surrounding bone . 
a fastening means 97 ( e.g. , a threadform ) thereon . In some embodiments , the osmotic pump comprises : 

In some embodiments , the tubular member has an outer a ) a tubular member ( i.e. , tube ) 121 including a proximal 
surface which has a hook thereon . In some embodiments , the end portion 123 , a distal end portion 125 and a through 
outer surface has a porosity effective for inducing bone bore 127 , 
growth , such as a porosity with an average pore size of 40 b ) a semi - permeable membrane 131 located in the proxi 
between about 20 um and about 500 um . mal end portion of the tubular member , 

The principal mode of action of the device of FIG . 8 is c ) a piston 135 provided in the tubular member , defining 
essentially similar to that of FIG . 7 , except that two thera- a proximal chamber 137 and a distal chamber 139 , 
peutic agents are sequentially delivered . d ) an osmotic engine 141 located in the proximal cham 

In some embodiments , the distal portion of the sidewall of 45 ber , and 
the tubular member has at least one exit hole ( see e.g. , FIG . e ) a therapeutic drug 143 located in the distal chamber . 
8 , and exit hole 99 ) , and the distal piston is sized so that its In some embodiments , the carrier 111 comprises a tubular 
length is less than the distance from the distal hole and to the member comprising : 
sidewall holes . In use , the distal piston travels distally and i ) proximal end portion 151 , 
pushes the BF agent out of each of the distal hole and the 50 ii ) a distal end portion 153 and 
sidewall holes . Eventually , the distal piston reaches and iii ) a throughbore 155 defining an inner surface 159 , 
seats within the distal end of the chamber . However , since wherein the outer surface has a threadform 115 thereon and 
the length of the distal piston is such that it does not occlude the inner surface is adapted for releasable engagement of the 
the sidewall hole , the AR agent can still elute out of the outer surface of the osmotic pump . 
sidewall holes . Accordingly , the proximal piston pushes the 55 In some embodiments , the implant comprises a through 
AR agent out of the sidewall holes . bore in fluid communication with the exit port . In some 

Since the treatment of osteoporosis is benefited by the embodiments , the drug pump comprises an osmotic engine 
sequential , continuous administration of the BF agent and disposed within the throughbore . In some embodiments , the 
the AR agent , this embodiment is advantageous because it drug pump contains a formulation ( e.g. , a first formulation ) 
allows for the sequential , continuous administration of the 60 comprising an effective amount of a bone - forming agent 
BF agent and the AR agent . and / or an anti - resorptive agent . In some embodiments , the 

Accordingly , in another aspect of the present invention , drug pump comprises a cylindrical outer surface , the carrier 
there is provided a kit for treating osteoporosis , comprising : has a throughbore and the cylindrical outer surface is 

a ) a bone anchor comprising : adapted to fit within the throughbore . 
i ) an outer surface having at least one exit hole , In use , the device is implanted into the bone and the first 
ii ) a distal end portion having at least one entry hole , osmotic pump is actuated and provides therapeutic amounts 
and of drug to the patient . After the first osmotic pump is spent , 
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it is removed and replaced by a second fresh osmotic pump . can be implanted into an osteoporotic or osteopenic hip or 
This process can be continued indefinitely . knee prior to replacement thereof with a prosthetic hip or 

In some spinal fields , problematic intervertebral discs are knee . 
often removed and replaced with either a fusion cage or a In some embodiments , the spent osmotic pump can be 
motion disc . In each case , one benefit of the implant is the 5 removed by a device comprising a magnet . 
restoration of disc height between adjacent vertebrae lost In one embodiment ( for example , as shown in FIG . 10 ) , 
during degeneration of the disc . However , osteoporotic there is provided a drug delivery device having both a 
patients who are otherwise candidates for prosthetic disc or modular design and a dual drug delivery capability . Accord 
fusion cage replacement may be excluded from these sur ingly , it has all the advantages of the devices shown in earlier 
geries due to concerns that the severity of the osteoporosis 10 Figures , but with further advantages . 

Now referring to FIG . 10 , there is provided an osmotic may cause the natural endplates adjacent the problematic 
intervertebral disc to subside into the implant , thereby pump implant 171 for providing sustained delivery of at 

least two therapeutic drugs to a bone , comprising : decreasing the height of the disc space . a ) a tubular member 173 having a proximal end portion Accordingly , in one aspect of the present invention , the 175 , a distal end portion 177 and a throughbore 179 , 
device of the present invention is inserted into at least one b ) a semi - permeable membrane 181 located in the proxi ( and preferably both ) of the osteoporotic vertebral bodies mal end portion of the tubular member , adjacent to the intervertebral disc targeted for replacement . c ) a distal piston 183 provided in the tubular member , 

Therefore , in accordance with the present invention , there defining an intermediate chamber 185 and a distal 
is provided a method of treating an osteoporotic patient , 20 chamber 187 , 
comprising the steps of : d ) a proximal piston 189 provided in the tubular member , 

a ) providing an osteoporotic patient having a functional defining the intermediate chamber and a proximal 
spinal unit comprising i ) an upper vertebral body , ii ) a chamber 191 , 
lower vertebral body and iii ) an intervertebral disc e ) an osmotic engine 193 located in the proximal chamber , 
therebetween , and 

b ) inserting a device adapted to deliver an effective f ) a first therapeutic drug 195 ( preferably , a bone forming 
amount of a bone growth agent into at least one of the agent ) located in the distal chamber , 
vertebral bodies , g ) a second therapeutic drug 197 ( preferably , an anti 

c ) removing at least a portion of the intervertebral disc to resorptive agent ) located in the intermediate chamber . 
create a disc space , and In some embodiments , the carrier comprises a tubular 

d ) inserting a spinal implant into the disc space . member comprising : 
In some embodiments the device of the present invention i ) a proximal end portion , 

is inserted into the adjacent vertebrae prior to the disc ii ) a distal end portion , and 
replacement surgery . In some embodiments , the insertion of iii ) a throughbore defining an outer surface and an inner 
the device of the present invention is inserted into the 35 surface , 
adjacent vertebrae about one to about twelve months prior to wherein the outer surface has a threadform thereon and the 
the disc replacement surgery , for example , between about inner surface is adapted for releasable engagement of the 
one and about six months , e.g. , between about three and outer surface of the osmotic pump . 
about six months . In other embodiments , the formulation is delivered into 

In one embodiment , the device is adapted to deliver an 40 the bone through the endplate of the vertebral body . 
effective amount of an anti - resorptive agent as well . In one When a modular drug delivery device is selected , the 
embodiment , the device is adapted to deliver the agent or system should be designed so that the drug pump is easily 
agents into both of the vertebral bodies . insertable into the carrier , remains in place during use and is 

In some embodiments , the implant is a fusion cage . In easily removable . 
others , it is a motion disc . The motion disc is preferably 45 In some embodiments ( for example , as shown in FIG . 12 ) , 
selected from the group consisting of a cushion disc and an these attributes are achieved by providing a rubber annulus 
articulating disc . In some embodiments , the articulating disc 199 upon the inner annulus of the drug pump bore . 
comprises When the drug pump must be replaced , the clinician is 

a ) a first prosthetic vertebral endplate comprising : confronted with the problem of finding the pump ( whose 
i ) an outer surface adapted to mate with a vertebral 50 proximal end is located a few centimeters below the skin 
body and surface ) and redamaging soft tissue overlying the pump . 

ii ) an inner surface comprising a first articulation Accordingly , in some embodiments , and now referring to 
surface suitable for supporting articulation motion ; FIG . 11 , the carrier is provided with a proximal transmus 
and cular tube 200 located proximal to its threaded portion and 

b ) a second prosthetic vertebral endplate comprising : 55 in fluid communication with the throughbore . Because the 
i ) an outer surface adapted to mate with a vertebral tube extends essentially all the way to the skin surface , the 
body and clinician will now be able to locate the device with relative 

ii ) an inner surface comprising a second articulation ease . In addition , the clinician no longer needs to re - damage 
surface suitable for supporting articulation motion . the soft tissue lying between the skin and the target bone . In 

In some embodiments , the motion disc is a two - piece 60 some embodiments , the tube may be perforated with holes 
design ( wherein the articulation surfaces of the prosthetic 202 for providing fluid access to the semi - permeable mem 
endplates are adapted to form an articulation interface ) . In branes of the osmotic pump . 
others , the motion disc is a three - piece design further Now referring to FIG . 11 , in some embodiments , the 
including a core ( wherein opposed articulation surfaces of proximal portion of the flexible tube is provided with a 
the core are adapted to form two articulation interfaces with 65 radio - opaque marker 201 ( See FIG . 14 ) so that its identifi 
the corresponding articulation surfaces of the prosthetic cation under fluroscopy is even easier . In other embodi 
endplates ) . Likewise , the implant of the present invention ments , the radio - opaque marker ( s ) are replaced with LEDs . 
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In some patients , the osteoporosis may be so extensive material , such as TEFLON® . It is believed that the TEF 
that a threadform - based carrier may not provide a sufficient LON® will prevent bony ingrowth into the exit port holes 
purchase into the bone , thereby producing implant instabil- from the bony tissue outside . 
ity . Accordingly , in some embodiments , the carrier com- In some embodiments , the treatment is delivered by 
prises a helix . 5 loading a hollowed out fracture fixation device or devices 

Therefore , in accordance with the present invention , a including a tubular bone screw , a tubular lag screw , and a 
drug delivery implant for providing sustained delivery of a fracture fixation plate . These devices can be either metallic 
therapeutic agent to a bone is provided , comprising : or non - metallic , and absorbable or non - absorbable . As 

above , these devices may also have two compartments : one a ) an osmotic pump having an outer surface and an exit 10 loaded with a bone forming agent and a second loaded with 
an anti - resorptive agent . In another embodiment , one com b ) a substantially helical carrier defining an inner recess , partment is loaded with the bone forming and anti - resorptive wherein the osmotic pump is received within the inner agents contained in bioabsorbable macro - spheres . The mac 
rosphere dissolution is tailored such that the bone forming Now referring to FIG . 12 , in order to ease the insertion of 15 agents are released first followed by the release of the the drug pump into the carrier and to mitigate any potential anti - resorptive agent . In some embodiments , the macro 

rubber wear issues , the distal end of the drug pump may be spheres are constructed such that both drugs are released 
provided with a beveled nose 207 or bulleted nose . Like- simultaneously . 
wise , the carrier may be provided with a beveled distal end Now referring to FIG . 17a , there is provided a cannulated 
208 as well . 20 lag screw adapted to deliver bone - forming and anti - resorp 

After the drug pump has dispensed the drug , it should be tive agents to a fracture site in the bone . The lag screw 201 
removed from the patient and replaced with a new one . of the present invention comprises : 
However , since the pump has been securely situated with the a ) a tubular portion 203 containing a bore 205 and an 
carrier , its removal may be problematic . Accordingly , in outside surface 207 , 
some embodiments , the drug pump is provided with removal 25 b ) a threaded portion 209 located upon a proximal portion 
means . In some embodiments , and still referring to FIG . 12 , 211 of the outside surface , 
the removal means comprises a thread 209 provided upon c ) a plurality of holes 217 connecting the bore and the 
the inner annulus of the drug pump . In some embodiments , outside surface , and 
the spent osmotic pump can have a removal thread 209 on d ) a stop 213 located upon a distal portion 215 of the 

outside surface . its inner bore ( as shown in FIG . 12 ) , and be removed by a As with conventional lag screws , when the threaded distal device ( not shown ) having a complementary thread . During 
removal , the clinician inserts a screwdriver down the carrier portion of the tubular portion is advanced beyond the 

fracture and the stop begins to abut the bone ice , the lag tube and breaches the proximal semi - permeable membrane screw acts as a vise to close the fracture . of the pump , thereby gaining access to the pump bore . The In one embodiment , the bore 205 of FIG . 17a is filled with screwdriver is fitted with a thread that mates with the thread a first plurality of macrospheres containing a bone forming located upon the inner surface of the drug pump . Subsequent agent ( such as MP - 52 BMP14 ) , and a second plurality of 
rotation of the screwdriver engages the pump to the screw- macrospheres containing an anti - resorptive agent ( such as 
driver . Lastly , the clinician removes the screwdriver and the infliximab ) . MP - 52 is described in detail in PCT Publication 
pump engaged thereto from the patient . 40 No. WO 93/16099 ( Neidhardt ) , the entire contents of which 

In other embodiments , the removal means can include a are incorporated herein by reference in their entirety . The 
recess provided at the distal end portion of the tube ( modular macrospheres are designed so that the bone - forming agent is 
hips ) . released in about the first month , and the anti - resorptive 
Now referring to FIGS . 12 and 15 , in some embodiments , agent is released thereafter . 

the pump has a proximal laterally extending ridge 203 , and 45 In the embodiment of FIG . 17b , the bore contains an 
the carrier has a ledge 205. Together , these features provide osmotic drug pump 231 containing a bone forming agent 
a stop that insures the drug pump is not over - extended into ( such as MP52 ) , and an anti - resorptive agent ( such as 
the carrier . When a replacement drug pump is provided in infliximab ) . The pump is designed so that the bone - forming 
the carrier , it would be advantageous to insure the ultimate agent is released in about the first month , and the anti 
location of the pump vis - a - vis the carrier . Accordingly , in 50 resorptive agent is released thereafter . 
some embodiments , the drug pump is provided with a stop . Although the devices of the present invention are well 
In some embodiments , the stop comprises a lip extending suited for treating osteoporosis , these devices may also be 
radially from the outer surface of the proximal end portion used to treat other pathologies , including cancer tumors 
of the pump . When the replacement pump is inserted into the located in bones . For example , the device of FIG . 7 may be 
carrier bore , the stop will seat upon a ledge formed upon the 55 adapted to locally deliver an anti - cancer drug to a tumor 
proximal end of the annulus , thereby insuring a fixed loca- located in a bone by simply replacing the anti - resorptive 
tion within the carrier . agent with an anti - cancer drug . The dual delivery device of 

In some embodiments , the barrel of the osmotic pump is FIG . 8 may be used if the cancer has caused osteoporosis as 
made of a titanium alloy . well . The modular device of FIG . 9 may be used if it is 

In some embodiments , the carrier is made of a titanium 60 believed the patient may benefit from a long term treatment 
alloy or carbon - fiber reinforced polymer , such as PEEK . requiring replacement of a spent device with a new device . 
Preferably , it is made of a material having a stiffness In some embodiments , the distal end of the device is 
relatively close to that of cancellous bone . Preferably , it is located at or near the tumor . In other embodiments , the distal 
made of a material having a stiffness ( i.e. , a modulus of end of the device is located at or near the region ( i.e. , 
elasticity ) of between about 0.1 and about 10 GPa . 65 volume ) formerly occupied by a tumor . 

In some embodiments , the exit port holes at the distal end The present inventors believe that OP can be more effec 
portion of the osmotic pump are coated with a non - stick tively prevented than treated . Prevention is more likely to be 
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the most - cost effective approach , considering the enormous muscles to the outer edge of the bone , and finally punctures 
cost and morbidity of OP related complications . It would be the cortical wall of the uncoupled resorbing bone . 
desirable to achieve as high a peak bone density as possible Next , the stylet is removed from the needle . 
prior to skeletal maturation . This could be accomplished by Next , the clinician receives a syringe having a smaller 
considering estrogen injections at menopause for high risk 5 gauge needle adapted to fit within the larger gauge needle . 
patients . These risk factors include small stature , sedentary This needle is typically a 22 or 24 gauge needle . The barrel life style , post - menopausal caucasian women having a life of the syringe contains a formulation of the present inven long history of calcium deficiency . Other factors include tion . genetic factors , alcoholism , and byparathyroidism . The formulation contains REMICADE® infliximab , and 

infliximab concentration of between about 0.4 mg / ml 
EXEMPLIFICATION and about 4 mg / ml . 

Next , the clinician advances the smaller needle co - axially 
Example 1 through the larger needle and past the distal end of the larger 

needle and past the cortical wall of the bone . The smaller 
This non - limiting prophetic example describes how to needle is then further advanced into the center of the 

intraosseously administer a first formulation comprising a cancellous portion . Finally , the clinician depresses the 
bone - forming agent and a second formulation comprising a plunger of the syringe , thereby injecting between about 0.1 
HSCA ( an anti - resorptive agent ) into an uncoupled resorb- and 1 ml of the formulation into the OP bone . 
ing bone . 

First , a clinician uses a diagnostic test to verify that a bone Example III 
within a patient is osteoporotic . 

Next , the clinician provides a local anesthetic ( such as 5 This non - limiting prophetic example is substantially simi 
ml lidocaine ) to the region dorsal to the vertebral body to lar to that of Example II , except that the formulation 
reduce subcutaneous pain . 25 comprises a depot - type sustained release device comprising 

Next , the clinician punctures the skin of the patient dorsal the co - polymer poly - DL - lactide - co - glycolide ( PLG ) . The 
to the OP bone with a relatively large ( e.g. , 18-19 gauge ) formulation contains infliximab as the antagonist , and has an 
needle having a stylet therein , and advances the needle infliximab concentration of between about 30 mg / ml and 
through subcutaneous fat and dorsal sacrolumbar ligament about 60 mg / ml . 
and muscles to the outer edge of the pedicle , and finally 30 
punctures the cortical wall of the uncoupled resorbing bone . Example IV 
Next , the stylet is removed from the needle . This non - limiting prophetic example describes how to Next , the clinician receives a drug delivery device of FIG . administer intraosseously a formulation comprising a bone 9 , in which an osmotic drug pump having a smaller outer surface is adapted to fit within the larger bore of the carrier . 35 forming agent ( BFA ) and an anti - resorptive agent ( ARA ) into an uncoupled resorbing bone . This outer surface of the drug pump is about 4 mm in First , a clinician uses a diagnostic test to verify that a bone diameter . The barrel of the drug pump contains first and within a patient has high levels of a particular pro - inflam second formulations of the present invention . matory cytokine . 
The first formulation contains an effective amount of Next , the clinician provides a local anesthetic ( such as 5 bFGF ( basic fibroblast growth factor ) , while the second ml lidocaine ) to the region dorsal to the vertebral body to formulation contains REMICADE® infliximab , and has an reduce subcutaneous pain . 

infliximab concentration of between about 0.4 mg / ml and Next , the clinician punctures the skin of the patient dorsal about 4 mg / ml . to the bone with a relatively large ( e.g. , 18-19 gauge ) needle 
Next , the physician advances the device co - axially 45 having a stylet therein , and advances the needle through 

through the cannula and screwed into the cortical wall of the subcutaneous fat and dorsal sacrolumbar ligament and 
bone . Water enters the semi - permeable membrane of the muscles to the outer edge of the bone , and finally punctures 
device , eventually causes the expulsion of the first and then the cortical wall of the uncoupled resorbing bone . 
the second formulation into the OP bone . Next , the stylet and needle are advanced about 7 mm , and 

50 then removed thereby leaving a tubular recess in the bone . 
Example II Next , now referring to FIG . 16A , a threaded carrier 

having an inner throughbore and a plurality of exit holes is 
This non - limiting prophetic example describes how to inserted into the recess by screwing the thread form into the 

tubular recess . intraosseously administer a formulation comprising a HSCA 
( an anti - resorptive agent ) and saline into an uncoupled Now referring to FIG . 16B , a cannula is inserted into the 
resorbing bone . throughbore . 

Now referring to FIG . 16C , a flowable particulate bone First , a clinician uses a diagnostic test to verify that a bone 
within a patient has high levels of a particular pro - inflam forming agent ( BFA ) such as hydroxyapatite is flowed into 

the proximal end of the cannula . The BFA exits through the matory cytokine . 60 exit holes and enters the osteoporotic bone . 
Next , the clinician provides a local anesthetic ( such as 5 Now referring to FIG . 161 ) , the cannula is removed . 

ml lidocaine ) to the region dorsal to the vertebral body to Now referring to FIG . 16E , an osmotic drug pump is 
reduce subcutaneous pain . snugly placed into the throughbore of the carrier . The drug 
Next , the clinician punctures the skin of the patient dorsal pump contains a first distally located formulation compris 

to the bone with a relatively large ( e.g. , 18-19 gauge ) needle 65 ing a second bone forming agent ( such as a BMP or FGF ) 
having a stylet therein , and advances the needle through and a second proximally located formulation containing an 
subcutaneous fat and dorsal sacrolumbar ligament and anti - resorptive agent ( ARA ) such as REMICADE® inflix 
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imab , and has an infliximab concentration of between about 15. The method of claim 8 wherein the bone is a hip bone . 
0.4 mg / ml and about 4 mg / ml . 16. A method of treating an osteoporotic patient having a 
As water infiltrates the semi - permeable membrane of the spinal unit comprising an upper vertebral body , a lower 

osmotic pump , the osmotic engine expands thereby , forcing vertebral body , and an intervertebral disc therebetween , 
each formulation distally . The first bone forming agent exits 5 comprising : inserting a sustained release device into at least 
through each of the three distal holes . When the distal piston one vertebral body adjacent to the intervertebral disc , 
reaches the distal end of the throughbore and blocks the wherein the device is adapted to deliver an effective amount central exit hole , the ARA exits the throughbore through the of a bone forming agent and an anti - resorptive agent into the remaining two lateral holes . cancellous or cortical portion of the vertebral body , and the While this invention has been particularly shown and 10 anti - resorptive agent comprises REMICADE® infliximab described with references to preferred embodiments thereof , and wherein an effective amount of the bone forming agent it will be understood by those skilled in the art that various 
changes in form and details may be made therein without and anti - resorptive agent remains within the bone for at least 
departing from the scope of the invention encompassed by one month after administration . 
the appended claims . 17. A method of therapeutically treating an uncoupled 

What is claimed is : resorbing bone in a patient , comprising administering an 
1. A method of therapeutically treating an uncoupled effective amount of a sustained release formulation com 

resorbing bone in a patient , comprising the steps of : prising an anti - resorptive agent into the cancellous or cor 
a ) administering an effective amount of a first formulation tical portion of the uncoupled resorbing bone , wherein the 

comprising a bone forming agent into the cancellous or 20 bone is nontumorous and wherein the anti - resorptive agent 
cortical portion of the uncoupled resorbing bone , and is a highly specific cytokine antagonist comprising REMI 

b ) administering an effective amount of a second formu- CADE? infliximab and wherein an effective amount of the 
lation comprising an anti - resorptive agent in a sus- anti - resorptive agent remains within the bone for at least one 
tained release form into the cancellous or cortical month after administration of the formulation . 
portion of the uncoupled resorbing bone , wherein the 25 18. A method of therapeutically treating an uncoupled 
anti - resorptive agent is a highly specific cytokine resorbing bone in a patient , comprising the steps of : 
antagonist comprising REMICADE® infliximab and a ) administering an effective amount of a first formulation 
wherein an effective amount of the anti - resorptive comprising a bone forming agent into the cancellous or 
agent remains within the bone for at least one month cortical portion of the uncoupled resorbing bone , and 
after administration of the second formulation . b ) administering an effective amount of a second formu 

2. The method of claim 1 wherein the bone is non lation comprising an anti - resorptive agent in a sus 
fractured . tained release form into the cancellous or cortical 

3. The method of claim 1 wherein the amount of the first portion of the uncoupled resorbing wherein the 
formulation comprising the bone forming agent is effective anti - resorptive agent is a highly specific cytokine 
to increase the density of the bone . antagonist comprising REMICADE® infliximab , 

4. The method of claim 1 wherein the patient is post wherein the second formulation remains in the bone in 
menopausal . an effective amount for at least one month . 

5. The method of claim 1 wherein the uncoupled resorb- 19. The method of claim 1 , wherein the bone forming 
ing bone is a vertebral body . agent is released from a sustained release device . 

6. The method of claim 1 wherein the uncoupled resorb- 40 20. The method of claim 1 , wherein the uncoupled resorb 
ing bone is a vertebral body and is adjacent to a fractured ing bone is osteoporotic or osteopenic . 
vertebral body . 21. The method of claim 8 wherein the anti - resorptive 

7. The method of claim 1 wherein the uncoupled resorb- agent remains in the bone in an effective amount for at least 
ing bone is a hip bone . two months . 

8. A method of treating osteoporosis in a patient , com- 45 22. The method of claim 16 wherein the device is adapted 
prising administering an effective amount of a sustained to deliver the bone forming agent and the anti - resorptive 
release formulation comprising an effective amount of a agent into the vertebral body for at least two months . 
highly specific cytokine antagonist into the cancellous or 23. The method of claim 17 wherein the anti - resorptive 
cortical portion of at least one uncoupled resorbing bone , agent remains in the bone in an effective amount for at least 
wherein the highly specific cytokine antagonist comprises 50 two months . 
REMICADE® infliximab and wherein an effective amount 24. A method of treating a patient having a spinal 
of the highly specific cytokine antagonist remains within the condition , the method comprising : 
bone for at least one month after administration of the administering a first treatment of a pain - relieving therapy 
formulation . for a first period of time from a first plurality of 

9. The method of claim 8 wherein at least one bone into 55 locations at a vertebra of the patient ; and 
which the formulation is administered is non - fractured . administering a second treatment of the pain - relieving 

10. The method of claim 8 wherein the amount is effective therapy for a second period of time from a second 
to increase the bone mineral density of the bone . plurality of locations at the vertebra of the patient , 

11. The method of claim 8 wherein the patient is post- wherein the first plurality of locations is greater in num 
menopausal . ber than the second plurality of locations , wherein the 

12. The method of claim 8 wherein the bone is a vertebral administering of the first and second treatments is of a 
body . common modality of delivery . 

13. The method of claim 8 wherein the uncoupled resorb- 25. The method of claim 24 , wherein the first and second 
ing bone is a vertebral body and is adjacent to a fractured plurality of locations have at least one location in common . 
vertebral body . 26. The method of claim 24 , further comprising sensing 

14. The method of claim 8 wherein the bone is osteopo- with a sensor a condition predicate to administering the first 
rotic . treatment , the second treatment , or a combination thereof . 
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27. The method of claim 26 , wherein the sensor is a 

biosensor 
28. The method of claim 24 , wherein an implant implanted 

in the patient administers the first and second treatments . 
29. The method of claim 28 , wherein the implant includes 5 

a first component and a second component , and wherein 
administering the first treatment includes stimulating tissue 
of the patient at the vertebra of the patient in at least one of 
an axial direction relative to the first and second components 
and a radial direction relative to the first and second 10 
components . 

30. The method of claim 28 , wherein the implant includes 
a first component and a second component , and wherein 
administering the first treatment includes stimulating tissue 
of the patient at the vertebra of the patient in both an axial 15 
direction relative to the first and second components and a 
radial direction relative to the first and second components . 

31. The method of claim 28 , wherein the implant includes 
a first component and a second component , and wherein 
administering the second treatment therapy includes stimu- 20 
lating tissue of the patient at the vertebra of the patient in a 
radial direction relative to the first and second components . 

32. The method of claim 28 , wherein at least a portion of 
the implant is implanted in a vertebral body of the patient . 

33. The method of claim 28 , wherein at least a portion of 25 
the implant is implanted at a location adjacent to a vertebral 
body of the patient . 

* * 


